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ABSTRACT

A principal focus of the discipline of paleopathology is the examination of the

epidemiological parameters of infectious disease pathogens in past populations. For over

a century, scholars have attempted to establish the source, evolutionary history, and
transmission dynamics of treponemal infection.

This study presents the results of a pathological examination of 6 17 individuals

From several leprous and non-leprous cemeteries from England and Denmark, extending
through the Viking, Medieval and Early Modem Periods. This research involved the
application of macroscopic and radiographic techniques in order to examine the
established osseous indicators for treponemal infection and leprosy. This analysis
attempts to assess the representation of these conditions in past European populations.
and establish the distribution of treponemal infection and leprosy within leper and non-

leper cemetery contexts. In addition, this study provides a reexamination of the
documentary evidence used to argue for the pre-Columbian existence of treponemal
infection in the Old and New Worlds, and the literary material purported to demonstrate a
medieval diagnostic confusion between leprosy and syphilis.

The results of this work suggests that on the basis of archaeological, documentary
and osteological evidence, the assertion that a medieval diagnostic confusion existed

between leprosy and syphilis can no longer be supported. Therefore, it is no longer

iii

tenable to use this line of investigation in the search for the pre-Columbian existence of
treponemal infection in Europe

In addition, this research contains a radiocarbon analysis of the observed
treponemal cases in the sample. The calibrated radiocarbon results made it impossible to
assert with assurance that the cases represent pre-Columbian cases of the disease.
However, on the basis of the reexamination of available skeletal, archaeological and
historical material, it is suggested that the disease was introduced into Northern Europe at
some point after the 10" century A.D. Thus, it is suggested that the disease complex was
not transported to Europe from the New World by Christopher Columbus and his crew at

the climax of the 15' century.
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CHAPTER ONE
Introduction and General Background

1,I Introduction

A principle focus of the discipline of paleopathology, is the examination of the

epidemiological parameters of infectious disease pathogens in past populations. For over
a century, scholars have attempted to establish the source, evolutionary history, and

transmission dynamics of treponemal infection. This disease complex is represented by
four distinct clinical conditions: pinta, yaws, endemic syphilis and acquired venereal
syphilis. Each of the different forms of the disease is characterized by specific climatic.
geographic, and social restrictions. However, the specific nature of the causative agent of
these diseases has been one of the most controversial subjects in medicine and
anthropology. The debate has focused on two principal issues. First. whether or not the
four conditions are caused by different species of bacteria within the genus Treponema.
or alternately are distinct clinical expressions of a single species Treponerna pallidztm.
While this debate may appear purely academic in nature. it has profound implications for
the transmission history of the treponemal complex. If all four conditions are caused by
Treponerna pallidurn, then it has been suggested that the four different disease

manifestations result from differing climatic and social conditions. However, if the four
conditions are caused by different strains of the bacteria Treponema, then it is possible to
argue that the specific forms of disease evolved separately in distinct portions of the
world. Unfortunately, recent scientific studies have been unable to differentiate between
the four strains, as they are indistinguishable in their appearance and physical
characteristics.

2

The second major issue relating to treponemal disease is concerned with the
origins and subsequent transmission history of acquired venereal syphilis. For several
centuries, scholars have attempted to identify the evolutionary history of this condition in
European populations. Three hypotheses have been generated to account for the
transmission of the disease: the Columbian hypothesis, the Pre-Columbian hypothesis,
madfie U&irim~ h;pth.esis. Ezch of ihese h;";oheses

:dies on e:pid;nce f i ~ m

documentary and osteological sources fiom the New and Old Worlds. The argument
focuses on whether or not acquired venereal syphilis was present in Europe prior to t l ~ e
return of Christopher Columbus and his crew fiom the New World in 1493 A.D. This
debate is in part generated by the historically established 'epidemic' of venereal syphilis
in Europe in the 16" century. Proponents of the Columbian hypothesis (Bruhl 1890.
Harrison 1959, Dennie 1962, Crosby 1969, Baker and Armelagos 1988) assert that this
epidemic resulted fiom the transportation of venereal syphilis from the New World by
Columbus at the climax of the 15" century. Thus, the epidemic of venereal syphilis
resulted from the introduction of this new disease into a European 'virgin' population.
with no previous exposure to the pathogen. Conversely. supporters of the Pre-Columbian
hypothesis (Buret 1891, Sudhoff 1926, Holcomb 1934,1935. Hackett 1963,1967.
Cockburn 1961) argue that venereal syphilis had been present in Europe for a long time
prior to the return of Columbus, but the disease had not been diagnostically differentiated

from leprosy. Furthermore, they claim that the decade after the return of Columbus is
insufficient time to cause a European pandemic of the disease by 1500 A.D. This is "not
an epidemiological reality with a chronic disease such as syphilis"(Roberts and
Manchester 1995: 157). In addition, they suggest that this view is supported by ancient
and medieval documentary evidence that demonstrates a belief in the venereal
transmission of leprosy. Resolution of this debate has been problematic, due to the
difficulties in interpreting both the literary and osteological evidence.

1.2 Goals of the Study

The primary focus of this research is an examination of a key tenet of the PreColumbian position. This involves the assertion that acquired venereal syphilis was
present in Europe before the return of Columbus and his crew horn the New World in
1493 A.D. Proponents of the ?re-Columbian h;.gcthesis saggest thst the d i s t s e h z hsc! a

long history within European populations, but was not identified as a distinct condition
until the late 15" century. This lack of identification resulted from the medieval
diagnostic conhsion between treponemal infection and leprosy. The principle source of
information for this argument is documentary evidence from ancient, classical and
medieval scholars. However. the references contained within this material are often
vague and contradictory. In terms ofthe osteological evidence, according to the PreColumbian hypothesis, in medieval times. medical practitioners were not capable of
identifying the distinct clinical symptoms of leprosy and acquired venereal syphilis.
Thus, this confusion led to 'syphilitics' being classified as lepers, and subsequently being
included in the leper hospital burial populations. Therefore, if this confusion actually
existed, one should expect to find individuals exhibiting osseous change compatible with
a diagnosis of venereal syphilis in leper hospital cemetery populations. Likewise. one
would expect to find leprous individuals buried in non-leper hospital cemetery contexts.
Therefore, the focus of this research is concerned with two principle areas of
investigation. First, whether or not a diagnostic confusion existed between these two
pathological conditions in the medieval period? Second, if cases of treponemal infection
were identified in the sample, one must address whether they represent preColumbian or
post-Colurnbian cases of the disease complex.
Five main objectives of this study are to:
1.

Evaluate established pathological osseous indicators for
treponemal infection and leprosy to assess the representation of
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these conditions in Anglo-Saxon, Viking, and Medieval
populations from Northern Europe.
Establish the distribution of treponemal infection and leprosy
within both leper and non-leper hospital cemetery contexts.
3.

Assess the documentary evidence used to argue for the PreColumbian existence of treponemal infection in the Old and New
World, and the literary material purported to demonstrate a
medieval diagnostic confusion between syphilis and leprosy.

4.

Establish on the basis of the archaeological, documentary, and
osteological evidence whether the assertion of a medieval
diagnostic confusion can be supported.

5.

Evaluate the archaeological dating and radiocarbon results in order
to assess if the treponemal cases represent pre-Columbian or postColumbian cases of the disease complex in medieval European
populations.

This approach is designed to carefully examine the possible etiological
characteristics of leprosy and syphilis, in addition to assessing whether or not these two
conditions were confbsed by medieval practitioners. For over a century, the suggestion
that a medieval diagnostic confusion existed between leprosy and syphilis has been
presented in the literature without any attempt to confin it in the osteological record.
This study marks the first time that an attempt has been made to validate or refute major
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assertions of the Pre-Colurnbianist position on the basis of a careful and extensive
osteological analysis.

This study demands a sample of reasonably complete human remains, exhibiting
clear pathological diagnostic criteria for both conditions within firm archaeological

cor??exts.h mit ti on, the skeletd remaim m u ?possess I high, degree of prese~!r?tiond
quality. The skeletal sample should represent multiple age groups. have a reasonably
even sex distribution, and be associated with several continuous time periods. With the
exception of the Viking material fiom Stengade 11, all collections in the total sample span
several centuries throughout the late Anglo-Saxon and medieval periods.
This analytical approach requires that the investigator conduct the research with

the following design: The collections should be well defined. both biologically and
within their archaeological contexts. The former includes a demographic profile of the
skeletons (i.e., age and sex distribution), as well as a thorough examination of the
pathological lesions associated with treponemal infection and leprosy. It is essential to
establish the overall pattern and distribution of pathological lesions, in order to eliminate
other pathological entities fiom the differential diagnosis. Therefore, the ultimate aim is

to provide a synthesis of all the biological information provided by both the human
remains and their context, in order to provide as accurate a diagnosis as possible given
present analytical techniques.
1.3 The Skeletal Samples

As the primary focus of the present research was the investigation of the possible
medieval diagnostic confusion between leprosy and treponemal infection, it was essential
to select collections that represented material from both leper and non-leper hospital
contexts in Europe. The number of skeletal collections excavated from leper hospital
cemeteries is small, and most of this material has been retrieved from cemetery
populations in Northern Europe. As most of the skeletal material from leper hospital
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contexts has been retrieved through archaeological excavations in England and Denmark,
this examination focused on these geographic regions. The complete sample consisted of
osseous remains from three leper hospital cemeteries and five non-leper hospital
cemeteries. The entire sample was composed of 6 17 individuals. All of the material
recovered fiom leper hospital cemeteries was restricted to sites within England. These
sites inc!udrtd:

St. Margaret's Hospital, High Wycombe (Buckingharnshire)
St. Mary and St. Thomas Hospital, Ilford, (Essex)
Hospital of St. James and St. Mary Magdalene, Chichester, (West Sussex)

The non-leper hospital cemetery populations were retrieved fiom four sites in
England, and a single site in Langelands Island, Denmark.These sites included:

Dominican Friary of Blackfriars, Gloucester, (Gloucestershire)
Blackfriars Friary, Ipswich, (Suffolk)
Rivenhall (Essex)

Wharram Percy (North Yorkshire)
Stengade 11, Langelands Island (Denmark)

The English skeletal material ranges in date fiom the late Anglo-Saxon period (10"I 1' centuries) through to the Victorian period (19" century). The Danish material

"

represents a Viking period cemetery dated to between the-'9 1 1 centuries. The entire
series of skeletons was examined fiom each collection with the exception of material
fiom the Blackfriars Friary (Ipswich), Rivenhall (Essex), and Wharram Percy (North

Yorkshire). In these coliections only selected individuals exhibiting osseous change
compatible with a diagnosis of leprosy or treponemal infection were examined.

As a number of the skeletal collections span several centuries, it is difficult to define
the historical context of the sample as a whole. In a general sense, this sample principally
spans the Medieval (Middle Ages) and Early Modem periods, as defined by historians
and archaeologists. The Middle Ages is defined as the "period of European history
Sct;vccn antiquity ard h c Rcnaissancc, oftcn datcd from X.D. 475 to X.D. 1453''

(American Heritage College Dictionary: 1993:862). The Early Modern Period is difficult
to define, as historians differ on the events that establish its advent and close. However.
the Early Modem Period generally corresponds to the period from the Renaissance
through the Wars of Religion to the beginning of the Enlightenment and Industrial
Revolution in the mid- 1 8 century
~
(Dr. D. Peen: personal communication).
There is a range of archaeological and documentary information available for the
different collections. While the archaeological details of some of the collections have
been discussed in published reports, a number of the excavation reports have remained
unpublished. Historic references are available for selected collections, but have not been
preserved to the present for others. This disparity has resulted in the availability of
detailed information for specific collections and very little extant and reliable information
for others. For the site of St. Mary and St. Thomas Hospital, Ilford (Essex), previous
reliance on inaccurate historic information had led to a misinterpretation of the context of
the skeletal material. Subsequent reexamination of this archaeological and literary
evidence by the author, concluded that the skeletal material from this collection predates
the establishment of the leper hospital cemetery at this location.

1.4 Synopsis by Chapter

As the debate concerning the origins and evolutionary history of treponemal infection
has spanned over several centuries, there is an enormous amount of literature to
encompass in any study. There is no question that this plethora of literature is extremely
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daunting and often confbsing to even the specialist reader. However, for a thorough
treatment of the subject it is essential to investigate the documentary, clinical,
archaeological and osteological evidence in detail. This section will concern itself with a
general review of the material contained within each chapter of the thesis.
Chapter P:o

(Clinicat Literature RcvicqVv)prcscnts

air, o

~ c r iofi h~ c ilinical

examination of treponemal infection and leprosy. The clinical features of the treponemal
diseases, pinta, yaws. endemic syphilis (bejel), acquired venereal syphilis and congenital
syphilis are presented in detail. The clinical features are discussed for the three forms of
leprosy: polar tuberculoid, borderline, and polar lepromatous. The chapter continues with
a discussion of the identification of causative organisms in each condition, including
genetic, serological and animal studies. The modem geographic distribution of the
distinct conditions is discussed, in addition to the implications that these distributions
have on examinations of the disease complexes in the past. The transmission dynamics of
treponemal infection and leprosy are presented both in terms of the general transmission

of the disparate conditions, and the clinical mathematical models that have been
generated in order to investigate their complex transmission characteristics. The issues
relating to cross immunity between the treponemal infections is discussed. The chapter
includes a discussion of the incubation period in leprosy. and the difficulty in establishing
the time of first exposure to the disease.

Chapter Three (Historical Literature Review) provides a detailed account of the
principle theories that discuss the evolution of treponemal infection, and the historical
literature which has been interpreted to support these varied perspectives. This chapter
presents the argument surrounding the relationship between the causative organisms of
the four distinct diseases, and the difficulty in establishing their clinical parameters. The

documentary evidence is reviewed and critically analyzed. The documentary evidence
focuses on the two principle issues investigated in this research: the introduction of the
treponemal infection into Europe, and the possible medieval diagnostic confusion
between leprosy and syphilis. This includes relevant Biblical, Classical and Early Asian
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sources, in addition to an extensive investigation of the Medieval literature. The medieval
material has been divided into four sections, each discussing a major area of contention in
the debate. These include the work of the Spanish chroniclers, the use of the holy wood
'guaiacum', the siege of Naples, and the edicts against syphilis. The chapter concludes
with a discussion of whether a medieval diagnostic codusion between leprosy and
syphilis can he supported by ?he documentary evideme.

Chapter Four (Bone Changes in Treponemal Infection and Leprosy) provides a
detailed account of the pathological osseous change associated with the different
conditions. The chapter details the bone changes associated with acquired venereal
syphilis (bone changes of the skull, infiacranial skeleton. joint changes, neurosyphilis).
congenital syphilis (early congenital syphilis, late congenital syphilis, dental changes),
and the cranial and infiacranial changes associated with the non-venereal forms of

treponemal infection, endemic syphilis and yaws. As pinta is not known to affect the
skeleton, it was not included in this discussion. The chapter continues with a discussion
of the bone changes associated with lepromatous leprosy, including bone changes of the
skull (facies leprosa), leprogenic odontodysplasia, osteoporosis, and infracranial changes
of the hands, feet, tibia, fibula, and other non-specific bone changes. The chapter
concludes with a presentation of the differential diagnosis for yaws, endemic syphilis,
acquired venereal syphilis, congenital syphilis and leprosy.
Chapter Five (Old and New World Paleopathological Evidence for Treponemal
Infection) presents the skeletal evidence for non-venereal and possible acquired venereal
syphilis in both Old and New World prehistoric and historic populations. This chapter
discusses the overwhelming distribution of evidence in the New World, and the
implications that this fact has on the possible transmission of the disease complex at the
terminus of the 15h century.
Chapter Six (Skeletal Collections) provides a detailed account of the eight collections
included in this sample. This includes three leper hospital cemeteries, and five non-leper
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hospital cemeteries fiom England and Denmark. This material presents the site location,
excavation, chronological context, and burial distribution. The archaeological history of
each collection is presented, in addition to the documentary evidence relating to the
individual burial populations.

Chapter Seven (Methds) presents s detdled disc~ssionof the indi:khdd b w i d
populations, the techniques used for the age and sex determination of the skeletal
individuals, and the macroscopic examination of cranial and infracranial lesions. The
chapter continues with a discussion of the identification of cases of leprosy and
treponemal infection in the sample as a whole. The radiographic examination is
presented, in addition to a discussion of the statistical tests applied to the sample. The
radiocarbon analysis is discussed in detail.
Chapter Eight (Results) presents the results of the above examinations. The sex and
age distribution for the sample is offered. There is a thorough discussion of the diagnosis

and distribution of treponernal infection in the population. The three identified
treponemal cases are presented and discussed in detail. This chapter includes a
presentation of the diagnosis and distribution of leprosy in the sample. The radiocarbon
results for samples from the treponemal specimens are reviewed.
Chapter Nine (Discussion) is concerned with a detailed discussion of the osteoIogica1

and documentary evidence. On the basis of a systematic examination of the disparate
lines of evidence it is concluded that the existence of a medieval diagnostic confusion
between leprosy and syphilis can no longer be supported. This chapter discusses the issue

of pre-Columbian or post-Columbian treponernal infection in Europe, and the
problematic nature of interpreting radiocarbon results.
Chapter Ten (Conclusions) provides a synthesis of the conclusions offered in the
previous chapter. There is a discussion of the strengths and weaknesses of this research
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project. Included in this chapter is a discussion of future research considerations. This

chapter presents a summation of the research project.

CHAPTER TWO
Clinical Chapter

2.1 Introduction

Modem clinical medicine recognizes the treponernal complex to include four
distinct disease manifestations known as pinta. yaws. endemic (bejel) and venereal
syphilis. The causative agent of these diseases has been one of the most controversial
subjects in both medicine and anthropology. The debate centres on the question of the
biochemical and epidemiological relationship between the disease entities. It is the
species or subspecies distinction that has been the focus of dispute. The controversy
focuses on whether the different clinical manifestations of the four conditions. along with
their different geographical and climatic distribution justifies the division of the
Treponema bacteria into three distinct species. Therefore, the question revolves around
the issue of whether or not the four conditions are caused by different species of bacteria

within the genus Treponerna, or alternately are simply distinct clinical expressions of a
single species Treponema pallidurn. Resolution of this debate is complicated by the fact
that the different forms of treponemal bacteria cannot be distinguished From each other

on the basis of appearance or physical laboratory characteristics (Dooley and Binford
1976). While clinicians assign each of the four medical conditions @ i n k yaws. endemic
syphilis and venereal syphilis) to a different causative organism differentiated at the
subspecies level, the organisms themselves are not biochemically distinguishable. The
subject of the evolution of the diseases and their causative organisms has not been agreed
upon by paleopathologists. At first appearance this argument may appear to be merely
one of intellectual curiosity. However, an understanding of the clinical relationship
between these four conditions is essential if we are to understand the evolutionary history
of the genus, and the impact of treponemal infection on past populations.

2.2 Clinical Features of the Treponemal Diseases

Of all the four conditions that represent the treponemal disease complex, pinta is
the form that is of l e s t stconcern to the pdeopatho!ogis:. mc cstabliskmmt of the iiistury

of pinta in Central and South America is vital in terms of assessing the evolutionary
history of the spirochete. However, as it is the only form of treponemal infection that has
not been observed to effect the osseous tissue, there is little likelihood that it will be
identified in past skeletal populations. Although the demonstration of inflammation in
pinta is identical to the three other treponemal infections, the pathological change
associated with this condition is restricted to the skin only (Roberts and
Manchesterl983). In spite of the fact that pinta affects only the skin of infected
individuals, the disease process is capable of causing considerable cosmetic damage
(Damjanov and Linder 1996). Unlike the other nonvenereal forms of treponemal disease.
pinta is not a condition of early childhood but occurs more commonly in adolescence and
adult life (Relman, Swartz and Weller 1998). Transmission is considered to occur
through direct and indirect contact with infectious cases (Guthe and Willcox 1954). Pinta
is not considered to be highly contagious, and many years of intimate contact may occur
before transmission occurs to family members (Relman, Swartz and Weller 1998).
However, pinta is distinct from the other forms of treponemal infection in that the
affected individual remains infectious for many years (Hackett 1963).
Clinical manifestations of pink are restricted to the skin, and %ere is no certain
evidence of congenital disease or of systemic cardiovascular or neurological
involvement"(Guthe and Willcox 195454). The incubation period is believed to be
between one to three weeks. Primary pinta "lesions are followed by secondary
manifestations with localized and sometimes extensive dissemination, as in
syphilisW(Gutheand Willcox 195454). The initial lesion is an;

"Erythematous papule, usually on the exposed skin of the face, arms, or
legs. The lesion slowly enlarges over weeks or months to form a
psoriasiform plaque. Satellite lesions develop and become incorporated
into the initial lesion. Secondary erythrosquamous lesions, termed pintids,
develop 3 to 5 months after the satellite lesions. One to 3 years after the
appearance of the initial lesion, dyschromic lesions develop at new sites or
at the sites of earlier lesions. These lesions are initially red, become brown
or yellow, and then acquire a slate-blue to violet hue before gradually
becoming white, achrornic lesions. Dark-field microscopy of the initial
lesions, the pintids, and the late dyschromic lesions reveals treponemes.
Serologic tests are positive"(Relman, Swartz, and Weller 1998:6-7).
Pinta is restricted geographically to Central and South America, and the
Caribbean region. However, its distribution overlies the distribution of yaws to a
substantial extent, and its position probably belongs to a gradient between yaws and
endemic syphilis (Hudson 1965). Evidence that is indistinguishable with pinta has been
recorded in yaws regions in sub-Saharan Africa, Cuba, and Guam, and in endemic
syphilis areas in the Middle East and North Africa (Lacapere 1923, Pardo-Costello and
Ferrer 1942, Allen and Goodale 1946, Hudson 1958). However, it has been suggested
that these cases reported in other regions are more likely to be 'pintide yaws'(Guthe and
Willcox 1954). The antiquity and original distribution of this condition is not yet known
with assurance. The skin lesions associated with pinta are referred to as ernpeines, which

is a term that appears in early Spanish descriptions of treponemal infection (buvus)in the
1 5 century
~
(Holcomb 1942). Thus, it is possible that this condition has a considerable
antiquity in the New World, and may have existed in indigenous populations at the time
of Spanish contact. Whether or not this condition has a history in the Old World is at
present unknown. As early as the 6" century Isidore of Seville (560-636) described a type
of 'leprosy' characterized by patches of changed colour and in some cases large regions
of totally unnatural colour (Hudson 1961). The term erythrosquamous refers to a red
pigmented epidemic scale (Garber 1942). The term dyschromic is a general term
referring to any abnormality in the colour of the skin (Garber 1942). As all of these
changes are observed in pinta, Hudson (1965) implies that this condition has been
associated with human populations prior to the migrations to the New World.

2.2.2. Yaws

Yaws is a non-venereal form of treponemd infection that is caused by the
spirochete Treponema pailidurn subspecies pertenue. It is a disease that is
characteristically acquired in childhood, with a microscopic appearance (histological
!esions) and many clinical fcati.iics that rcscmblc venereal syphilis. Yaws occurs in tile
tropical regions of Africa, Asia, and Central and South America, and is transmitted by
direct contact with infected skin lesions. The treponemes enter the body at sites of dermal
laceration or abrasion, multiply locally and then spread systemically, although lesions are
restricted to cutaneous and osseous tissue almost exclusively (Damjanov and Linder
1996). The initial infection occurs between 5 and 15 years of age and may occur in three
stages; primary, secondary and tertiary which may be separated by latent periods with no
clinical evidence of disease (Relman, Swartz, and Weller 1998). With the exception of a
single reported case for yaws by Roman (1 986), congenital treponemal disease has only
been described for venereal syphilis (Alkan 1989).
As the initial lesion is developing Veponemes reach the neighbouring lymph

glands, which become enlarged; some time later treponemes enter the blood-stream and
are carried throughout the body, enter the skin and multiply there to produce the
papillomata"(Hackett 1963:11). The tenn papilloma(ta) refers to a "circumscribed
overgrowth or hypertrophy of the papillae of a cutaneous or mucous surface; the
papillomata include warts, condylomata, cutaneous horns, and various polypi" (Garber
1942: 799). The early dermal lesions of yaws are characterized by numerous, usually
discrete, proliferative papillomata which contain numerous infective treponernes (Hackett

1957). Yaws papillomata in the areas of the axillae and genitalia may resemble the
condylomata of syphilis, particularly in adults (Hackett 1963). Condyloma(ta) are defined
as a "wart-like excrescence at the anus or vulva, or on the glans penis" (Garber 1942:
242). The primary sore or "mother yaw" often appears at the area of an abrasion and is

observed on the exposed parts of the body such as the legs, arms, buttocks or face. The
initial lesions are very similar to those seen in venereal syphilis "but those representing
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the different stages of yaws may appear far closer to each other in time than the
corresponding lesions in syphilisfl(Guthe and Willcox 195454). In addition, it appears
that tissue destruction occurs earlier, and is a more constant feature in yaws than in
syphilis (Guthe and Willcox 1954). The primary lesion is a small nonindurated papule at
the site of exposure that appears within 3 to 5 weeks after infection (Brown 1982). The
+.*;.,&.~ratcd
m
i ~ f ~toi sa spot oi xca of b ~ d ~ tissue
n ~ (Garber
d
1912j. fl~us,a
nonindurated papule is one that is soft (not associated with hardening). The lesion
enlarges over time to form the elevated, granulomatous papilloma (mother yaw) that can
be several centimeters in diameter. The term granuloma(ta) refers to a "circumscribed
collection of epithelioid cells and leucocytes, resembling granulation tissue, surrounding
a central point of irritation" (Garber 1942: 458). The "lesion usually ulcerates and exudes
a serous fluid containing infective treponemes. The papilloma is painless unless it
becomes secondarily infected with bacteria. Draining lymph nodes are usually enlarged
but not painhl. The initial lesion, which most commonly occurs on one of the legs. heals

after many months" (Relman, Swartz and Weller 1998: 10). Very little is known as to the
rate of occurrence of initial lesions in yaws. However, in a study of tea plantation
populations in Assam, Powcll(1923) failed to observe initial lesions in 20% of 205
individuals who developed early yaws 25-121 days after the initial exposure.
Secondary lesions appear after dissemination, and may appear before the initial
lesion has healed. Secondary manifestations may appear at any location on the skin or at
mucocutaneous borders, but they occur most often in the moist intertriginous areas of the
skin (Relmm, Swartz and Weller 1998). The term intertriginous refers to "dermatitis
occuring between two folds of the skin, as between the buttocks, between the scrotum
and the thigh, etc" (Garber 1942: 550). In geographic regions characterized by high yaws
prevalency, secondary lesions may be multiple, are typically papilomatous and usually
exude serous fluid (Vorst 1985). Hyperkeratotic lesions may appear on the palms of the
hands and particularly on the soles of the feet. Hyperkeratosis is defined as a
"hypertrophy of the horny layer of the epidermis.. ."(Garber 1942: 517). These plantar
lesions identified as "crab yaws" are particularly painful (Guthe and Willcox 1954).
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During this secondary stage periostitis "develops and may produce pain in the tibia and
other long bones. Such involvement may resolve without deformity or may lead to the
development of saber shin and dactylytis. Secondary lesions usually heal in about 6
months, but relapses may occur later, when yaws usually becomes latentW(Relman,
Swartz and Weller 1998: 10- 11).
The progress of the disease in the tertiary stage is probably of most interest to the
paleopathologist. The tertiary stage of yaws is the period most characterized by bone
pathology. The tertiary lesions of yaws develop "5 or more years after infection and
affect 10% to 20% of patients with primary yaws. These lesions include gummas that
involve the skin and bones and that often lead to chronic ulcerations"(Relman, Swartz
and Weller 1998:1 1). The tertiary lesions may also cause destruction of the nose,
paranasal tissues, and palate (gangosa); hypertrophic osteitis of facial bones (goundou):
hyperkeratoses of the palms and soles; juxta-articular fibromatous nodules; and
osteoperiostits (Sengupta 1985). The cardiovascular and neurological symptoms
associated with venereal syphilis are rarely observed in tertiary yaws (Rrlman, S w m
and Weller 1998).

2.2 3 . Endemic Syp hilk (Bejel)
Endemic syphilis is caused by the treponeme Treponema pafZidum subspecies

endemicurn,and shares the same species name as the spirochete that causes venereal
syphilis (Darnjanov and Linder 1996). This form o f treponemal infection is present in
arid and temperate areas of Africa, the Middle East, temperate Asia, Europe, and North

America. Transmission of the disease is through non-venereal means such as direct or
indirect contact with infected individuals or fomites (Alkan 1989). Endemic syphilis is an
"infection with epidemiological features which have furthered its spread primarily among
children to such an extent that the epidemiological term "endemic syphilis" has by
common usage become identified with the mere presence of the clinical syndrome most
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frequently found as the first sign of this childhood disease- namely, oral mucous patches"
(Guthe and Willcox 195447). The predilection of endemic syphilis for young individuals
was observed amongst the Ramadi of Iraq, where 94% of the individuals affected with

secondary lesions were children below the age of 7 years (Akrawi 1949). This form of
treponemal infection demonstrates a clear predilection for the skin, mucous membranes,
mc! osseols tissue ~ 5 t h
=t? dmcst exc!usivc abscncz of c a i d i o ~ a s z d z
and ccntrd

nervous system involvement (Rost 1942).
Identification of the onset of the disease is problematic in that initial lesions are
unusual, and are often regarded as not occurring at all (Hackett 1963). The disease
appears to commence with symptoms that belong to the secondary stage of syphilis;
particularly the mucous patch that is the most distinct feature of this stage (Akrawi 1949).
This lack of primary sore in endemic syphilis has been a source of puzzlement to
scholars. Hudson (1937) attempted to explain this phenomenon by suggesting the
possibility of a different immunology related to a congenital allergic hypersensitivity of

the skin. However, he questions this assertion in light of the fact that yaws expresses a
primary lesion (mother yaw) even though it is also an essentially untreated disease
acquired in childhood that one would expect to immunologically resemble endemic
syphilis. Akrawi (1949) suggests that three factors are significant in the absence of the
primary sore and in shaping the variety of treponemal infection: difference in the
virulence of the virus, difference in the size of the inoculum, and difference of
immunology in the host. He suggests that '%heprevalence of the infection among children
in a given tribal community can only be explained by the repeated minimal infections that
occur daily in the life of these children. It seems very likely that extragenital syphilitic
infections as we know them are rare accidental massive infections, while in bejel repeated

minimal infections are the determining factors in the production of this nonvenereal and
extragenital form of the diseaseY'(Akrawi1949: 120). Interestingly, on the basis of pilot
surveys in the Sudan in areas where endemic syphilis was thought to be prevalent Grin

(1961) observed that the characteristic mucous lesions occurred only in areas where
syphilis was present, and not where yaws alone was prevalent.

In endemic syphilis, the source of the invading treponemes is generally thought to
be the buccal mucosal papules and less importantly the more infrequent condylomata
(Hackett 1963). Therefore, the causative organism is able to penetrate intact mucous
membranes, but this entrance is assisted by labial, oral or mucosal lesions (Relman,
S:va;tz, and Weller !998). M e i pialif~rationoccurs at the site of prinlary iilfection

"bloodstream dissemination sometimes causes a secondary stage of illness and a
subsequent latent phase. Tertiary gummatous lesions develop in only about 10% to 20%
of patients with endemic syphilis"(Relman, Swartz and Weller 1998:1 1). It is generally

held that the incubation period is about 3 weeks, but identification of the specific onset is
complicated by the often lack of primary lesions. Therefore, in most cases the first
appearance of the disease is in the secondary stage and consists of;
"indurated mucous membrane lesions of the lips, tongue, and oropharynv
or consist of papillomas at the oral cornmissures. At times both mucous
membrane lesions and papillomas may be present. Disseminated
papillomas are most common in moist areas such as the axillae, the
nasolabial folds, and the anal cleft. As in yaws, painful periostitis of long
bones occurs. Secondary lesions heal slowly over many months, after
which a prolonged latent period occurs. Late manifestations include
gummatous lesions of the skin and bones with erosive palatal perforation
and destruction of the nose and adjacent tissues. Cardiovascular or
neurologic complications and congenital infections rarely, if ever, occur.
Diagnosis and treatment are the same as those for yawsm(Relman,Swartz
and Weller 1998:ll).
Although the minority of individuals infected with endemic syphilis will develop
tertiary symptoms of the disease, untreated cases can lead to gross destruction of tissue.
and considerable disfigurement (Jones 1953). In the rare event when cardiovascular or

neurologic signs of the disease are present, it is not certain "whether such involvement in
endemic syphilis may not be attributable to cases of venereal origin in areas with mixed
venereal and non-venereal syphi1ism(Gutheand Willcox 1954:s 1). In addition, reports of
congenital bejel have not been confirmed in cases where it has been possible to observe
children born of women seropositive during pregnancy for any length of time (Guthe and
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Willcox 1954). However, in a study of 2 18 individuals from the Ramadi district of Iraq,
Akrawi (1949) observed five cases of typical Hutchinson's teeth and 3 1 cases of saddle
nose. Of the 2 18 individuals, 73 were children between the ages of 1 and 15, and it was in
this group that the majority of cases of saddle nose were observed. He interpreted this
evidence as clear signs of congenital transmission of bejel. However, as the observed
tr;.besme~?
hzc! fiequer.t contzict -:.5th areas chaacterizcd by Y C E C ~ Csyphilis,
~!
it is

possible that these individuals are in reality cases of congenital venereal syphilis.
As observed in areas associated with yaws, there is a seasonal increase in the
attack rate of endemic syphilis with the arrival of summer and warmer weather (Guthe

and Willcox 1954). It is likely that this increase in infection results from a combination of
increased body moisture, and the increase of environmental factors that may be involved

in transmission.

2.2.4. Ve~tereal
Syphilis

Acquired venereal syphilis is caused by the spirochete Treponema pallidurn, and
is almost always a sexually transmitted disease, although congenital infections are known
to be contracted in utero (Relman, Swartz and Weller 1998). Detailed reviews of the
clinical manifestations of venereal syphilis are available (Merritt 1940, Stokes et al. 1944.
McElligott 1960, Clark and Danbolt 1964, Kampmeier 1964, Olansky 1964, Parker 1972,
Chapel 1980, Hart 1986, Hira et al. 1987, Diaz-Mitoma et al. 1987 Jackman and Radolf
1989, Mindel et al. 1989, Anderson et al. 1989, Hutchinson and Hook 1990). As venereal
syphilis is transmitted from one individual to another it is often labeled as sporadic or
acquired (Hudson 1965a). It is the only form of treponemal infection that flourishes in a
diverse range of climates, and is characteristic of an urban and relatively hygienic
environment (Hackett 1963, Hudson 1965a). With the exception of congenital cases,
venereal syphilis, unlike the other treponemal forms, is not a condition associated with
childhood, and is predominantly identified in individuals who have achieved sexual
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maturity. There are three stages of the disease, primary, secondary and tertiary, and the

clinical manifestations are protean, depending largely on the chronological stage of the
illness (Tramont 1995). The spirochete is a very fragile microbe outside of the human
body, so that it is extremely unlikely that it can be contracted from inanimate objects
(Pelczar and Chan 1981).
The causative organism "enters the body during sexual contact through minute
abrasions of the epithelium, by penetrating intact mucous membranes, or possibly

through unbroken skin via hair follicles. The incubation period of syphilis ranges fkom I0
to 90 days (average 21 days) following infection. Syphilis, if left untreated. runs through
several stages"(Pe1czar and Chan 1981: 550). The incubation period appears to be
significantly influenced by the size of the inoculurn (Hook and Mana 1992). Magnuson
et al. (1956) examined the transmission dynamics of syphilis by injecting federal
prisoners intradermally with 10 spirochetes. They observed that chancres developed a

mean of 28.7 days later. Sexual contact with "patients who have early syphilis is
associated with the highest risk of developing the disease, whereas sexual contact with
patients who have latent disease is associated with lower riskM(Hookand Marra 1992).
Studies concerned with the sexual partners of syphilis patients have estimated idection
risks of between 10 to 60 percent, and it is generally held that approximately one third of
patients exposed to early syphilis will develop the disease (Moore et al. 1963, von
Werssowetz 1948, Schroeter et al. 1971, Schober et al. 1983, Schrijvers et al. 1989).

The primary stage of syphilis commences "with the appearance of a chancre and
ends with the involvement of the regional lymph nodes, to which the organisms
migrateV(Ortnerand Putschar 1981: 182). M e r the incubation period of a few weeks
following exposure, a distinct primary lesion (chancre) appears at the area of entry
(Ortner and Putschar 1981). At this early stage of the disease the "chancre occurs on the

penis or scrotum of 70% of men and on the vulva or cervix of 50% of women. The
chancre is a slightly elevated, firm,reddened papule, up to several centimeters in
diameter that erodes to create a clean-based, shallow ulcer. The contiguous induration
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creates a button-like mass directly subjacent to the eroded skin, providing the basis of the
designation hard chancre"(Cotran, Kumar and Robbins 1994: 344). In syphilis, the "usual
necrosis of the primary indurated papular lesion leading to the typical hard chancre is
obviously due to the direct toxic action of T.pallidum"(Hasselmann 1957: 5). The lesions
of early syphilis are often teeming with spirochetes, and sera from condylomata may
ccntain millions of orgwisms per milliliter (Relmar., S ~ ~and
~ Wcllcr
t z 1998).

k ;he

final stage of the primary period, '?he spirochetes invade the lymph nodes, causing them

to become enlarged and firm.After 3 to 5 weeks, the chancre spontaneously heals. and
the disease outwardly appears quiescent. But meantime, the organisms are distributed by
the bloodstream throughout the bodyW(Pelczarand Chan 1981: 55 1).

The systemic and mucocutaneous symptoms of secondary syphilis develop about

6 weeks after the chancre has healed, with approximately 25% of untreated individuals
developing to the secondary stage (Damjanov and Linder 1996). By this stage the
treponemes have been disseminated throughout the body, and an effective immunologic
response has not been activated. There is at this stage a generalized spread of the disease
and widespread lymphadenopathy (diseased lymph nodes) (Pelczar and Chan 1981).
Lymphadenopathy has been estimated to occur in 50-85% of patients with secondary
syphilis (King and Nicol 1975). Several anatomical sites can be involved at this stage.
such as the central nervous system, liver, eyes, lymph nodes, bones and joints (Relman,

Swartz, and Weller 1998: 2). Histologically, the "lesions of secondary syphilis show the
same plasma cell infiltrate and obliterative endarteritis as the primary chancre, although
the inflammation is often less intenseW(Cotran,Kumar and Robbins 1994: 344). In
secondary syphilis widespread mucocutaneous lesions involve the oral cavity, palms of
the hands, and soles of the feet. The rash is frequently macular, with discrete red-brown

spots less than 5 m m in diameter (Cotran, Kurnar and Robbins 1994). Based on a study of
105 patients with secondary syphilis, Chapel (1 980) concluded that the types of

cutaneous lesions are generally divided into;

(1) "macular or roseolar, (2) papular, (3) papulosquamous, or (4)
pustular. Morphologic features of the lesions tend to vary with

the duration of the eruption. The macular syphilide is usually
the first to appear, and this lesion may fade or evolve into other
lesions. The majority of the patients studied had maculopapular
and papulosquamous lesions. The relative rarity of purely
macular lesions is probably attributable to the median 14-day
interval f3om recognition of lesions by the patient to
presentation at the clinicy'(Chapel 1980: 163).

During this stage of the disease, reddened mucous patches in the mouth or vagina
contain the largest number of organisms and are the most infectious (Cotran, Kumar and
Robbins 1994). Lesions of the mucosa and the mucocutaneous junctions have been
observed in 58% and 56.2% of patients with secondary syphilis (Stokes et al. 1944).
Chapel (1980) noted that the palms of the hands and soles of the feet were the most
frequently involved anatomical sites. Volar lesions "were present on 63 patients (60%).
Both palms and soles were involved in 47 cases, the soles alone in 13, and the pdrns
alone in three. In eight patients all secondary syphilitic lesions were limited to the volar
aspects of the hands and feet9'(Chapel 1980: 163). Furthermore, it appears that not only
do volar lesions occur in as many as 80% of patients, but the lesions persist longer at
these sites (Chapel et al. 1979). Alopecia (loss of hair) of secondary syphilis usually
effects the skull, but eyebrows and eyelashes may be involved (Chapel 1980). Less
common manifestations of secondary syphilis are meningitis (1 to 2%), iritis, hepatitis
(lo%), nephropathy, osteitis and gastropathy (Relman, Swartz and Weller 1998). Bone

involvement is much more common in congenital and tertiary syphilis than in secondary
syphilis. However, arthritis may occur in 4% to 8% of patients at this stage, and
musculoskeletal manifestations of any kind may be present in as much as 20% of patients
(Reginato 1993).
It appears that invasion of the central nervous system during the secondary stage
is more common than previously believed. Central nervous system involvement is often
asymptomatic, and symptomatic neurosyphilis can be divided into several clinical
syndromes that may overlap, or occur at any time after primary infection (Hook and
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Marra 1992). Therefore, neurosyphilis cannot simply be viewed as an indicator of tertiary
syphilis, as it encompasses a heterogeneous collection of syndromes spanning all the
distinct phases of syphilis (Merritt 1940, Merritt et al. 1946). Typically, evidence of
Treponema pallidurn can be isolated from the cerebrospinal fluid of a minimum of 30%

of patients with untreated primary or secondary syphilis, despite the absence of other
clLnica! evidence of centld nertczs system involvernext in some cases (Lukcha;: ct d.

1988). This fact was suggested by Chesney and Kemp (1924), who noted that the
organism could be demonstrated in cerebrospinal fluid from 15 to 30 percent of patients
who had no other abnormality of the cerebrospinal fluid. Several researchers have

observed that cerebrospinal fluid protein and cellular abnormalities occurred in 10 to 20
percent of patients with primary syphilis, and in 30 to 70 percent of patients with
secondary syphilis (Wile and Hasley 1921, Mills 1927, Wile and Stokes 1914, Moore
1922). Although abnormalities in cerebrospinal fluid resolve by the end of the secondary
stage of infection in 68% of patients, clinical observation of central nervous system
involvement at this stage is of paramount clinical value (Stokes et al. 1944, Hahn and
Clark 1946). This importance of cerebrospinal fluid examination was observed by Moore
and Hopkins (1930) who observed that patients with the most abnormal fluid samples
were at highest risk to develop subsequent neurosyphilis. Prior to effective treatment. the
development of symptomatic neurosyphilis has developed in 4 to 9 percent of patients
with untreated syphilis (Moore and Hopkins 1930, Sparling 1990). This is confirmed by

both the Tuskegee and Oslo studies conducted prior to the development of antibiotic
treatment. The Oslo study was concerned with the examination of untreated syphilis in
whites in Norway between 1890 and 1910. Although there was a follow-up study of the
untreated patients between 1925 to 1927, the original study was abandoned with the
advent of arsenic therapy (Clark and Danbolt 1955). On the basis of this study,
researchers observed that in neurosyphilis there was a 2 to 1 ratio of males to females,
with rates of 9.4% for males and 5% for females. In addition, it was noted that

neurosyphilis "did develop in patients who were infected before the age of 15 but not in
males infected after the age of 4OW(Clarkand Danboit 1955: 342). The controversial
Tuskegee experiment conducted by the United States Public Health service commenced
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in 1932 to "delineate further the natural history of untreated syphilis. A total of 4 12 men
with untreated syphilis and 204 uninfected matched controls were followed

prospectively" (Caplan 1992: 3 1). Although effective antibiotic treatment for venereal
syphilis had not been developed at the onset of this study, it was available during the later
period. This research is particularly contentious as physicians selected to withhold
antibiotic treatment without the consent of p x t i ~ i p w ~ tEAe
s . rcsdts obtained fiam
autopsy examination indicated that central nervous system syphilis was observed in 4%
of the patients (Caplan 1992: 3 1).
In conclusion, the secondary stage of syphilis infection lasts for "several weeks,
and the symptoms, including lesions, disappear without treatment. But, meantime, the

treponemas have probably begun to invade other organs in the body. It is only in the
primary and secondary stages of syphilis, which last for up to 2 years, that an individual
is infectious to others"(Pe1czar and Chan 1981: 35 1). After resolution of the rash
associated with secondary syphilis, the disease enters the latent stage, during which the
disease is only identified by a positive serologic test (Relman, Swam and Weller 1998).
Latent syphilis is subdivided into an early and late period. Latent "infections of less than
a year's duration are considered to be in the early latent stage; those that have persisted
for longer than 1 year are considered to be in the late latent stage. It is important to
recognize the early latent stage because about 25% of untreated patients undergo at least
one mucocutaneous relapse during the first 2 years after initial infection"(Relman, Swartz
and Weller 1998: 2). It has been estimated that as many as 90% of such relapses occur
within 1 year of initial infection (Clark and Danbolt 1955). The latent period is extremely
variable, and can range fiom several months, years, or even a lifetime (Pelczar and Chan
1981). The late latent period lasts until "the onset of tertiary disease, which is recognized
clinically in 30% to 40% of untreated patients. Anatomical evidence of syphilitic
infection can be found at autopsy in a still higher percentage"(Damjanov and Linder
1996: 8 14).
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The tertiary stage of venereal syphilis is of the most interest to the
paleopathologist, as it is the period when the osseous system is most effected. Current
knowledge of the course of tertiary syphilis prior to effective treatment, and the
development of lesions in this stage comes primarily from the Oslo and Tuskegee studies
(Gjestland 1955, Clark and Danbolt 1955, Rockwell, Yobs and Moore 1964, Jones 1981.
Caplan 1992), Jones, !08 1). h I?.e Oslo study, which :vas miquc iii that it involved a
retrospective analysis of the original study population 40 to 60 years after their initial
diagnosis, only 1 1% of the untreated patients died from syphilis and 10% had
cardiovascular disease (Gjestland 1955, Clark and Danbolt 1955). Neurosyphi lis (tabes
dorsalis, meningovascular syphilis, general paresis, or gurnmas of the brain) occurred in
7% of patients, including people who were infected before 15 years of age. Late benign

syphilis, manifested principally by gummas of the bone. skin and liver, occurred in 16%
of untreated patients (Gjestland 1955, Clark and Danbolt 1955). The term gumma refers

to an "infectious granuloma, the characteristic lesion of late, or tertiary, syphilis,
occuning in any of the organs or tissues; in time it undergoes fatty and caseous
degeneration, its center breaking down into a peculiar gummy material" (Garber 1942:
463). In the Tuskegee study, after 20 years of follow-up. syphilitic involvement of the
cardiovascular system or central nervous system was the primary cause of death in 30%

of infected individuals (Rockwell et al. 1964, Caplan 1992).
Neurosyphilis in tertiary syphilis takes several forms that are designated as
meningovascular syphilis, tabes dorsalis, and general paresis (Cotran, Kumar and
Robbins 1994). Meningovascular syphilis,

"most commonly occurs four to seven years after infection and presents
with evidence of focal central nervous system ischemia or stroke.
Parenchymatous neurosyphilis (general paresis and tabes dorsalis)
typically occurs later, often decades after infection. Paretic neurosyphilis
is a chronic, progressive dementing illness. The symptoms of tabes
dorsalis are sensory ataxia, lightning pains, and autonomic dysfunction.
Uveitis, retinitis, or optic neuritis may occur as isolated processes or in
patients with syphilitic meningitis, whereas optic atrophy occurs most
often in patients with tabes dorsalis"(Hook and Marra 1992: 1064).

27

Tabes dorsalis is of particular interest to the paleopathologist, as it can cause
changes that effect the skeletal system, specifically the distal joints. This condition results
from "demyelination of the posterior column of the spinal cord, the dorsal roots, and
dorsal root ganglia, resulting in ataxia, gait disturbances, incontinence of feces and urine,
degenerative joint changes (Charcot joints), and ulcerations as a result of decreased
semory o~tput"(D3mjmovand Lhder 1996: 5 14-5). Charcot's joint n o d i ~ i n i o n l y

affects the knee and leads to severe osteoarthritis and destruction of the joint as a result of
repeated trauma (Relman, Swartz and Weller 1998).
Cardiovascular syphilis occurs in approximately 10% of untreated patients
(Damjanov and Linder 1996). The basic lesion of acquired cardiovascular syphilis is
aortitis, which is unknown in congenital syphilis and was not observed in the Oslo study

in patients with acquired syphilis if it occurred before the age of 14 (Kampmeier 1964,
Clark and Danbolt 1955). The course of syphilitic aortitis "most probably represents an
early invasion of the aortic wall by the Treponema pallidurn during the early years of
infection when there is recurrent spirochetemia"(Kampmeier 1964: 686). In tertiary
syphilis, particularly in males;

"aortitis with aortic insufficiency in the form of saccular aneurysm affects
the thoracic aorta and occasionally the coronary vessels. The clinical
features of aortitis usually reflect dilation of the aortic ring, which
produces valve incompetence and left ventricular hypertrophy. Syphilitic
aneurysms, which are one third as frequent as aortic insufficiency, almost
always involve the thoracic aorta (more than 50% occur in the ascending
aorta); they rarely involve the abdominal aorta. The aneurysms are usually
saccular, but fusiform aneurysms have also been noted. Clinical
manifestations (cough, dyspnea, hoarseness, dysphagia, root pain, and a
pulsating intercostal or supraclavicular mass) stem from encroachment on
adjacent intrathoracic structures. Aneurysms may rupture into the
pericardium, pleural space, or bronchial tree"(Relman, Swartz and Weller
1998: 6).
If the aortic root is involved, the dilatation can cause functional regurgitation,

although the valve leaflets remain undamaged (Damjanov and Linder 1996). Not
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uncommonly, "changes in the aortic wall cause deformity or narrowing of the coronary
ostia impairing coronary flow manifested by myocardial insufficiency or by
angina9'(Kampmeier1964: 686). In the Tuskegee study, cardiovascular complications
including hypertension were more common then neurological complications, and aortitis
was found to be 25 to 35% more common in autopsied syphilitics than in the control
populztion (Czplar. 1992). NI s~ddiesof the incidence of aortic iiisifficicncy anct

aneurysm indicate that it is far more common in males than in females (Kampmeier
1964). In untreated patients 'bprogressivedisease in the aortic wall continues from 10 to
30 years after infection before the complications of aortitis may become

manifest"(Kampmeier 1964: 686).

The final type of tertiary lesion is the gumma, which may occur in any organ, and
is indicative of late benign syphilis (Damjanov and Linder 1996). Generally this
characteristic lesion of late benign syphilis develops between 3 to 7 years after initial
infection, and usually arise in the "skin, bone, or liver; they also appear in the stomach,
brain, heart, and upper respiratory tract (as perforations of the osseous nasal septum or
destructive lesions of the hard palate)"(Relrnan, Swartz and Weller 1998: 6). Syphilitic
gummas are "white-gray and rubbery, occur singly or multiply, and vary in size From
microscopic defects resembling tubercles to large tumor-like masses.. .Histologically. the

gummas contain a center of coagulated, necrotic material and margins composed of
plump or palisaded macrophages and fibroblasts surrounded by large numbers of
mononuclear leukocytes, chiefly plasma cells. Treponemes are scant in these gummas
and are difficult to demonstraten(Cotran, Kumar and Robbins 1994: 344).

2.2.5. Congeniral Syphilis

It is generally held by clinicians that venereal syphilis is the only form of

treponemal infection that can be transmitted congenitally. Researchers have established
that congenital syphilis does not occur often before the sixth month of gestation. It has
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been "considered that this age distribution is attributable to the development of the ability
of the placenta to transmit the organism fiom mother to fetus. Such transplacental
transmission has been assumed to be impossible during the earlier stage of gestation. The
incidence of congenital syphilis with gestational age may be indicative, however, of the
timing of development of fetal ability to respond to stimuli"(Si1verstein 1962: 197).
Congenital and neonatal syphilis "are acquired 2!?er mtemal bxterenia, m d passagc of
the spirochetes across the placenta" (Damjanov and Linder 1996: 8 15). Bacteremia is
defined as the "presence of living bacteria in the circulating blood" (Garber 1942: 1 17).
Congenital syphilis is most severe when the mother's infection is of recent origin. An
assessment of the transmission rates of congenital syphilis in the pre-antibiotic era is
extremely difficult, as many of the affected pregnancies do not continue to full term. As
the treponemes do not appear to invade the placental tissue or the fetus until at least the

fifth month of gestation, syphilis "causes late abortion, stillbirth, or death soon after
delivery, or it may persist in latent form to become apparent only during childhood or
adult 1ifew(Cotran,Kumar and Robbins 1994: 345). The placenta "shows typical but
nondiagnostic changes that include acute or chronic inflammation of the villi, relative
immaturity of the villi, endovascular proliferation, and plasmacytic inflammation in the
decidua. The diagnosis is confirmed by demonstration of the spirochete in the
placenta"(Damjanov and Linder 1996: 8 15). Among 4500 consecutive autopsies
conducted prior to 1933 at Johns Hopkins Hospital, 189 fatal cases of congenital syphilis
were observed, with only two cases older than four years of age (Smith 1933). In massive
"infections, all organs and tissues of the fehls are permeated with numerous treponemal
organisms. Since the immune capacity to mount an inflammatory response is not yet
developed in the first half of pregnancy, such aborted fetuses show no tissue
changes"(0rtner and Putschar 1981: 198). Like latent venereal syphilis, congenital

syphilis is divided into an early and late stage. In perinatal and infantile syphilis "a
diffuse rash develops, which differs fiom that of the acquired secondary stage in that
there is extensive sloughing of the epithelium, particularly on the palms, soles, and skin
about the mouth and anus. These lesions teem with spirochetes"(Cotran, Kurnar and
Robbins 1994: 345). The hallmarks of congenital syphilis are;

"hepatosplenomegaly, generalized lymphadenopathy, skin rashes,
interference with epiphyseal growth plates, rhinitis (sniffles),
periostitis, and immaturity or inflammation in many organs.
Thrombocytopenia and anemia may be present. The primary
differential diagnosis is with other congenital infections, such as
toxoplasmosis, rubella, and cytomegalovirus. The Jarisch
Hencheimer reaction is common after antimicrobial therapy.
Chronic sequelae include recurrent arthropathy with bilateral knee
efhsions (Glutton's joints), maldevelopment of the nose (saddle
nose) and tibia (saber shin), and notched, widely spaced incisors
(Hutchinson's teeth)"(Damjanov and Linder 1996: 8 15).

The internal organs, particularly the liver can be severely affected in congenital
syphilis. When the liver is involved,

"diffi~sefibrosis permeates lobules to isolate hepatic cells into
small nests, accompanied by the characteristic white cell infiltrate
and vascular changes. Gurnrnas are occasionally found in the liver,
even in early cases. The lungs may be affected by a diffuse
interstitial fibrosis. In the syphilitic stillborn, the lungs appear as
pale, airless organs bneumonia alba). The generalized
spirochetemia may lead to diffise interstitial inflammatory
reactions in virtually any other organ of the body (e.g., the
pancreas, kidneys, heart, spleen, thymus, endocrine organs, and
central nervous system"(Cotran, Kumar and Robbins 1994: 345).
As early as the mid nineteenth century, Sir Jonathan Hutchinson established that

the classic signs of late congenital syphilis involved deafhess, interstitial keratitis,
synovitis, periostitis and in rare instances, cutaneous gummas (Kampmeier 1977). Today,
clinicians generally hold that a triad of features are most distinctive in late congenital
syphilis: interstitial keratitis of the eyes, Hutchinson's incisors and eighth nerve deafness.
Hutchinson observed that interstitial keratitis of the eyes generally had its onset at
puberty, was bilateral in distribution, and manifested itself in a ground-glass appearance

with vascularization (Jackson 1980). In addition, changes to the eyes can involve
choroiditis with abnormal pigment production causing spotting of the retina (Cotran,

Kumar and Robbins 1994: 345). Dental symptoms primarily af'fect the upper central
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incisor teeth which appear shorter and tapered with convergence of the medial and lateral
sides, often have a half-moon notch on the cutting edge, and bulging sides and anterioposterior thickening (barrel shaped) (Stokes, Beerman, and Ingraham 1944). Changes
have also been observed in rare instances, in the lateral incisors, canines and first molars
(mulberry molars) of the deciduous dentition (Bradlaw 1953). Eighth nerve deafness and
optic r.eP:e ztrophy ccc3sionally dcvclop scco~daiito rilefiingsvajcular sy pliiis (Co triui,

Kumar and Robbins 1994: 346). However, Robinson (1969) notes that eighth nerve
damage is rare, and effects 1- 10% of cases of late congenital syphilis. In addition, he
records that it usually appears by puberty, and is typically bilateral. However, he warns
that in the absence of Hutchinson's teeth or chronic interstitial keratitis, eighth nerve
deahess is not a reliable indicator of congenital syphilis.
The majority of infants do not demonstrate any symptoms of the disease despite
the presence of positive CSF titers on the Venereal Disease Research Laboratories

(VDRL) slide flocculation test, abnormal CSF findings, or abnormal results on long-bone
radiography (Reyes et d.1993 cited in Relman, Swartz and Weller 1998). A positive
"serologic reaction alone is of doubtful validity, for it is known that the property of
producing a positive test may be transferred from the maternal blood to the fetal blood
without the fetus being syphilitic (Filde's law)" (Evans 1940: 197). This observation has
been confirmed by Christie (1 938) who demonstrated that some assistance is offered by

the quantitative measurement of the complement fixing antibodies. He noted that if these
are present in a nonsyphilitic child at birth their concentration in the blood serum will
rapidly diminish and disappear in approximately three weeks. If the child is syphilitic
there will be no observable decrease, or only a decrease of temporary duration in the titer,
and a rise in the titer observed in a period of between four to six weeks is an indicator of
definite syphilitic infection. A negative serologic test in a newborn infmt is also
inconclusive, as many children who eventually demonstrate symptoms of syphilis have a
negative serologic test at birth (Evans 1940). This fact was observed by both Cooke and
Jeans (cited in Stokes et al. 1927), and Ingraham (1935) who noted that a negative
serologic test occurred in 37% and 33% of syphilitic children respectively. Ingraham
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(1935) suggests that the dark field examination of scrapings of the umbilical vein is
helpful for making an early diagnosis in ambiguous cases. The roentgen examination of
the long bones as a useful diagnostic tool has attained importance particularly as a result
of the work of Vogt (1 93 1), Pendergrass and Bromer (1929) and McLean (193 1a, 1931b).
With the advent of efficient screening and treatment programs, the incidence of
co~genitk!syphilis declined 9094 be~seer.!911 and !372 hi the C'aiad States

(Henderson 1975). However, in 1991 in the United States there were 4422 cases of
congenitai syphilis reported, which is dramatically higher than the 410 cases identified in

1986 (Kilmarx and St. Louis 1995).

2.3 Identification of Causative Organisms
Traditionally, the causative agents responsible for pinta, yaws, endemic and
venereal syphilis have been attributed to the bacterial species Treponema carafeurn.

Treponema pertenue, and Treponema pallidum respectively. Although the treponemal
disease complex has had a long-standing relationship with human populations, the
clinical identification of the specific causative agents has been a very recent occurrence.
Venereal syphilis was identified as a treponematoses "only in 1905, when F.R. Schaudin
described Spirocheta pallida, afterwards named Treponema pallidum, in the serosity of
the genital lesion of a syphilitic patient9'(Guerra 1978: 41). Yaws was also identified as

being caused by Treponema pertenue in 1905 by A. Castellani when the treponeme was
isolated in tissue samples from a patient with the condition. Lastly, the disease pinta
"although first suggested by S. G o d e z Herrejon in 1929 to be a treponematoses, was

not confirmed to be so until 1938, when F. Leon y Blanco found the Treponema
carateurn in the skin lesions of pinta patients, confirming this fact by self
inoculation'?(Guerra 1978:4 1).
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The microbiological classification for the genus Treponema categorizes all forms
under the species Treponema pallidurn, with a further subdivision into four subspecies.
The causative agents of pinta, yaws, endemic and venereal syphilis are classified as

Treponemupallidurn subspecies carateurn,pertenue, endemicum, and pallidum
respectively. The Treponema species are tightly coiled, gram negative, microaerophilic

bacteria (spircchetes) " h t a e s u r e 0. ! to 0.2 p :vide m d 5 to 20 pi [long. nisir
motility is a characteristic rapid rotation about their long axis with flexing and bending of
the spirochete"(Darnjanov and Linder 1996:812). These organisms have "an axial
periplasmic flagella wound around a slender, helical protoplasm, all of which are covered
by a unit membrane called the outer sheath"(Cotran, Kumar and Robbins 1994: 343). The
outer membrane or sheath is "called aperiplast which surrounds the remaining inner
components of the cell (collectively termed the protoplasmic cylinder). An axialfilament.
composed of three to six fibrils, is located between the periplast and the protoplasmic
cylinderV(Pelczarand Chan 1981552).
These subspecies cause diseases with some clinical similarities but considerably
different severity and epidemiology. Treponema pallidum is known only to infect humans
in nature, although a restricted number of experimental animals such as chimpanzees,
rabbits and hamsters can be infected (Damjanov and Linder 1996). However, the only
treponema which cannot be "microscopically differentiated from the human Treponema

pallidum is the Treponerna cuniculi responsible for the venereal infection in rabbits
(Guerra 1978:40). Pathogenic treponemes "cannot be cultured, and only laboratoryadapted strains survive for more than brief periods in vitro"(Damjanov and Linder 1996:

8 12). Non-pathogenic strains "of T.pallidum, such as the Reiter and Noguchi strains,
have been successfully cultivated in vitro and serve as sources of antigens for diagnostic
laboratory tests"(Pe1czar and Chan 19815 5 2 ) . Although virulent T.pallidum spirochetes
have not been cultured successfuIly, they are detectable by silver stains, dark-field

examination, and immunofluorescence techniques (Cotran, Kumar, and Robbins 1994).

2.3.1. Early Clinical Research (1915-1981)
Prior to the development of sophisticated serological and DNA analysis, it was
impossible to differentiate between the treponemal bacteria on the basis of appearance or
physical laboratory characteristics. It is this inability to establish a species or subspecies
distinction, which has ken at the centre of the debae r e g d i n g t
!
x evolutionary Mstoiy
of the genus Treponema. At present, a large portion of the early clinical research in this
area is dated. However, this work has formed the foundation from which the three
principle evolutionary hypotheses (Pre-Columbian, Columbian, Unitarian) have been
generated. Therefore, it is essential to review this material in order to assess the course of
scientific investigation into the relationship between the treponemal bacteria and human
populations
The three evolutionary hypotheses regarding the genus Treponema were
developed principally during the period between 1930-1970. At this time, scholars
recognized four clinically distinct disease manifestations in human populations.
However, contemporary investigative techniques had not been able to identify differences
between the causative organisms. The observation that all the "treponematoses except
sporadic syphilis are essentially non-venereally transmitted has been held to account for
some of the differences (i-e., non-occurrence of systemic cardiovascular and neurological
involvement) between them and venereal syphilis; but it does not explain the variations
among the other treponematoses" (Guthe and Willcox 1954:43). Therefore, in terms of
their serological reactions, morphology, and reaction to treatment, the non-venereal forms
of disease are indistinguishable from Treponema pallidurn (Brothwell 1970). Hackett

(1963) and his supporters maintained that the four distinct clinical conditions are caused
by three individual bacterial species within the genus Treponema. Alternately, Hudson
(1968) and his followers believed that all four diseases are caused by a single species

Treponerna pallidurn, which manifests itself differently depending on both cultuml and

environmental conditions. This final suggestion was fiuther supported by the relationship
between disease manifestation and temperature, observed in animal inoculation studies.
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Prior to the development of DNA techniques, it appeared that the differences
between the clinical features of the four diseases were quantitative rather than qualitative
in nature. It had been noted by Turner (1959) that the treponema of the four diseases were
morphologically indistinguishable, all had the identical serological tests, although they
produce different pathological processes, and they all responded positively to the same
tleatment regimen. In sdditicn, he stated that thc f ~ uconditions
i
advance in a similar

pattern from an early stage of primary and secondary lesions to a latent stage concluding
with tertiary lesions. Furthermore, the spirochetes of the four syndromes appeared
identical under any degree of magnification, they
"have the same characteristic motility and spiral form; their challenge elicits a
response within the human body that produces the same complement fixation
reaction (Wassermann test) and flocculation reaction (e.g., Kahn test). None of
the modem tests such as the TPI (Treponema pallidurn immobilization)
differentiates the parasites. The fact that they share the same antigenic structure,
with components differing only quantitatively, gives strong support to the
assumption that they are strains of the same species rather than different
species"(Hudson 1965:886).

A review of the histo-pathological characteristics of the treponemal complex can

be found in Hasselmann (1 957). Samples from infected individuals representing all the

disease syndromes had been extensively studied microscopicaily, in an attempt to
distinguish between them. However, it was generally held by the clinical community that
pathological differentiation was not possible (Ferris and Turner 1937).
Principally since the 19303, a number of animal studies have attempted to
establish markers for differentiating between the four disease manifestations. In addition.
researchers have used animal studies to investigate the immunity parameters of the four
conditions. The latter studies will be discussed more Mly in the section concerned with
transmission. Due to the problems with spirochete cultivation, at present the only way to
distinguish between the strains is to infect laboratory animals and assess the ensuing
symptoms. The problem lies in the ability to accurately assess the results, and then apply
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animal models to humans. In addition, the number of animal species which are suitable

for this type of research is limited, which may contribute to the lack of precision and
small number and range of observations that have been presented. In terms of animal
inoculation the "symptoms thus created are different. but the contrast is by no means a
sharp one"(Crosby 1969:224). In addition, the symptomatic indicators seen in one animal
(rabbits) are not always identical to those found in mother species (hmsfers) (Guthe

1960, Hackett 1963, Weisman 1966, Manson-Bahr 1966, Morton 1966, Crosby 1969).
The results appear to be dependent on experimental conditions and the selection of
laboratory animal (Tumer and Hollander 1957). Animal inoculation has not been
successful in the case of pinta, although it is assumed that this does not result fiom
inherent negativism but to the inability to identify an appropriate animal for inoculation
(Hudson 1965).
The earliest clinical experiments concerning animal inoculation were conducted
in the late 19* century. The only treponeme which is microscopically indistinguishable
from known human variants, is Treponema cuniculi. This form results in a natural
venereal infection in rabbits. The organism was identified by Bayon in 1913 and had not
yet been cultivated by 1963 (Hackett 1963). In 1916, Dr. U.J. Wile successfully
inoculated rabbits with syphilitic treponemes retrieved fiom the brains of living syphilitic
patients (Wile 1916). The primary step was to isolate active strains of the treponemes in
different parts of the world so that they could be used for comparative studies (Tumer et

al. 1953). Since that time, experimental animal inoculations have demonstrated
reasonably consistent differences in the lesions caused by the treponemd variants of
yaws, endemic, and venereal syphilis (Tumer and Hollander 1957). Turner and Hollander
(1957) observed that the largest differences were between lesions that were caused by the
strains for yaws and venereal syphilis, while the lesions of endemic syphilis were
intermediate. It appears that the differences observed in animal experiments are
essentially quantitative rather than qualitative in nature, and *it is believed that the
characteristics of a particular strain are based primarily on its capacity to produce
hyaluronic acid (Guthe and Willcox 1954:97). However, Turner and Hollander (1957)
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note that the differences observed in one animal may not always agree with those found
in a different one.
A large number of animal studies have concentrated on rabbits, as they appear to

be the only species associated with an alternate treponemal strain Treponema cuniculi
The literature on this fern of treponemd bifkctior. md the clinical mmifestztitions of the
disease following intratesticular and intracutaneous inoculation has been reviewed by
McLeod and Turner (1946). They note that natural infections commence with an initial
genital lesion following an incubation period of between 2-8 weeks. The appearance of
metastatic skin lesions following intratesticular inoculation when there was no possibility
of auto-infection demonstrated that infection of the blood stream must have occurred. It
appears that immunosuppression in rabbits with experimental syphilis accelerates the rate
of increase and maximal concentrations of treponemal spirochetes in the lesions
(Lukehart et al. 1981). Importantly, the lesions observed in cases of infection by
Treponema cuniculi differ from the lesions resulting from Treponernapallidurn. The

former are characterized by erythematous papules which increase in size and become
hypertrophic and crusted. The term erythematous refers to papules characterized by
redness of the skin (Garber 1942). The lymph glands also become enlarged, and
treponemes can be observed in them by animal inoculation. No lesions of viscera or
osseous tissue have been observed (McLeod and Turner 1946). As a result of their
experiments with inoculation of the causative organisms of yaws and syphilis, Ferris and
Turner (1938) concluded that in rabbits "the initial lesion produced by T.pertenue
following intracutaneous inoculation was less rapid in its development and did not attain

the size of the lesion produced by S. pallida. In lesions of comparable size, the histologic
changes are qualitatively the same in yaws and syphilis, consisting predominantly in
lymphocytic infiltration about hair follicles and small blood vessels. The lesions of yaws
subside rapidly, while those of syphilis become indurated by new formation of fibrous
tissue"(Ferris and Turner 1938: 500). By the early 196OYs,attempts to demonstrate
congenital transmission of Treponema curziculi have been unsuccessll (Festenstein and
Bokkenheuser 1961). This may to a large degree result from the higher body temperature
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of rabbits (39 degrees C.), and the suitability of rabbits for experimental purposes has
been questioned on the basis of this observation (Festenstein and Bokkenheuser 1961).
The optimal temperature for the treponemes is around 35-37 degrees C, and they are
destroyed above 40 degrees C. (Turner and Hollander 1957).
However, on the basis of rabbit studies, It h~ been esbblished ~43tthere is a c!ex

relationship between temperature and the response of animals to inoculation with
treponemes (Yamamoto 1928, Bessemans 1938). Hollander and Turner (1954) conducted
a study that attempted to identify the effect of environmental temperature on local body
temperature and on the development of lesions in experimental animals. They observed
that in intravenously inoculated rabbits who were housed in a cool environment, lesions
appeared on the cool, shaved areas of the body and not on the fur protected and warmer
areas, or on the colder exposed areas like the ears and head. Therefore, they concluded
that the treponemes have a critical temperature threshold, which is approximately 2 to 5
degrees Celsius lower than maximal body temperature. Thus, the authors concluded that
there is a recognizable relationship between lesion distribution and environmental
temperature. In a later study, Turner and Hollander (1957) demonstrated that maintaining
rabbits that had been inoculated with treponemes at cool air temperatures resulted in
higher infection rates, shorter incubation periods, and more severe lesions than
maintaining them at higher air temperatures. Infection rates in some species of rabbits
may be as high as 40%. However, members of the primate order (humans, apes and
monkeys) appear to be unsuxeptible, and the inoculation of rats, white mice and guinea
pigs with Treponema cuniculi gives rise to a latent infection (McLeod and Turner 1946).
Both yaws and pinta are characterized by distal cutaneous lesions, whereas

endemic syphilis has proximal cutaneous lesions (Varela and Avila 1947, Csonka 1953).
Among the treponemal infections "only venereal syphilis has internal lesions, sexual
transmission, and congenital infection. As the inf'ection moves from the tropics to the
temperate zone, the clinical manifestations progress fiom distal to proximal, and fiom
external to internalW(Hollander198 1: 36). Thus, it appears that treponemal disease
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patterns reflect the environmental temperature. Despite the fact that the "maximal internal
body temperature of the human host is always 37' C, the temperature of the surface in
contact with the environment must vary with the temperature of the environment. The
temperature gradient from 37' C to the body surface temperature necessarily differs with
the climatic zone. Since, as in experimental animals, lesions develop preferentially in
tissues that are zt the o p h d for the grorvtfi of treponcmcs, each climatic zonc has a

distinctive disease pattern"(Hol1ander 1981:37).
This observation in animal studies is particularly interesting in light of the fact
that environmental conditions appear to have a profound effect on disease manifestations
in humans. Hudson notes that not only do the treponemal diseases represent a biological
gradient, but "constant shifting occurs among its components. For example,
environmental changes may convert nonvenereal syphilis into venereal syphilis or into
yaws; on the other hand, yaws may assume characteristics of pinta or endemic
syphilis"(Hudson 1965: 889). He fiuther notes that in parts of Africa north and south of
the equator where a savanna region meets rain forest, areas characterized by yaws may
touch areas of endemic syphilis, and cases of treponematosis may be identified as either
of these conditions. It appears that the "line of demarcation shifts with the seasons;
during the humid season more lesions are like yaws, during the dry season there are more
cases of endemic syphilis in the transition zone. If people with yaws have occasion to
climb from hot and humid lowlands to the heights of hills and mountains, they shortly
lose the characteristic skin lesions of yaws and develop the mouth and crotch lesions of
endemic syphilis"(Hudson 1965: 889). This conversion was detected amongst the African
gold miners of the Transvaal, where it was observed that individuals may enter the deep
mines with inconspicuous skin lesions but then develop florid eruptions with abundant
treponemes as they worked below the surface under conditions of extreme humidity and
heat (Hackett 1953, 1957b). Among non-industrialized rural populations of the Ethiopian
highlands, individuals suffer fiom endemic syphilis as a result of the altitude, even
though they live in the latitude of only 5 to 15 degrees north (Guthe 1949). Buccal
mucosal lesions characteristic of endemic syphilis have been observed in 6% of 150 yaws
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patients in Uganda (Hackett 1946, 1951). The relevant Lango district in Uganda where
"these mucosal lesions were seen, consists of woodland savanna. The northern endemic
syphilis zone of Afkica in Sudan is only about a hundred miles north of Lango9'(Hackett
1963:12). In the southern Sudan, Grin (1 96 1) observed the occurrence of endemic

syphilis and yaws, and notes the mixture of endemic infections in one area and even in a
single individual. Both Ramsay (1925, 1927) in Assam, and L6pez-Gzal md Se!!ards

(1926) in the Philippines noted the physical restriction of generalized early yaws lesions
(papillomata) to the nose, mouth, and moist areas of the body, in mountain dwellers
living in a cool climate, and the wider anatomical distribution of these lesions in yaws
patients living at lower and warmer altitudes. Ramsay observed this trend in mountaindwelling patients who had moved down to the humid plains.
Researchers have also noted the transition from venereal to nonvenereal syphilis

and vice versa (Willcox 1960). Although this form of transition is influenced by climatic
factors, the role of cultural factors such as level of hygiene and use of clothing cannot be
ignored. Therefore, populations living in close proximity but engaging in different
cultural practices can manifest different forms of treponemal infection. This situation was
observed by Hudson (1932) in the region of the town of Deir-ez-Zor in the Syrian Desert.

In the clinical analysis a distinction was made between the townsmen and the Bedouin
populations. These two groups share the same language, religion, and genetic heritage,
although they differ markedly in their social life. The townsmen have "settled abodes,
fixed occupations, regular lives, good food, and the environment of a community and
town life. The Bedouins, on the other hand, are peasant-farmers or sheep-herders, living

in mud huts or cloth tents, with inadequate shelter fiom heat and cold, with poor food,
scanty clothing, very hard work, and the environment of nomads on the face of the bare
desert9'(Hudson 1932: 45 1). He noticed that the Bedouins and a majority of the townsmen
suffer fiom endemic syphilis (bejel), whereas the Christian community and urbanized
portion of the townspeople suffer fiom the venereal form of treponemal infection
(Hudson 1932). Thus, it is important to take into account the role of cultural environment
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as well as the climatic environment when attempting to establish the clinical parameters
of treponemal disease.

2.3.2 Seroiogical and DNA Research

In a serological context, several of the changes in '?.he blood of infected
individuals are indistinguishable in the three bacterial infections"(Roberts and
Manchester 1983: 151). In a study by Noordhoek et al. (1 990),an attempt was made to
serologically differentiate syphilis From yaws. In this study "69 monoclonal antibody
species raised against Treponema pallidum subsp. Pallidurn were tested by
immunoblotting for their reactivity with Treponema pallidurn subsp.
Pertenue"(Noordhoek et al. 1990:1600). The authors observed that d l monoclonal
antibodies reacted with antigens with the same molecular weight of both subspecies.
They fiuther noted that no "differences in reactivity between sera from yaws patients and

from syphilis patients were found by Western blot (immunoblot) analysis of cell lysates
of T. pallidum subsp. Patlidurn and T.pallidum subsp. Perrenue "(Noordhoek et at. 1990:

1600). In a W e r attempt to distinguish between the subspecies, the authors attempted to
exploit the only recorded molecular difference between the subspecies. In a former study
Noordhoek et al. (1989) observed a substantial difference in the electrophoretic mobility
between a proteinase K-treated antigen retrieved from Treponema pallidum subsp.
PaNidum and a homo logous antigen born Treponema pallidurn subsp. Pertenue. The
difference lies in an amino acid at position 40 in the 19-kDa polypeptides TpFI and

TyFl . In the case of subspeciespallidum the amino acid is glutamine, as opposed to
arginine at this position in the subspecies pertenue. In the later study, the authors tried to
"exploit the one amino acid difference between TpF 1 and TyF 1 by searching for an
antigenic difference between these proteinsW(Noordhoeket al. 1990:1600). However, no
difference was observed by the researchers who concluded that the "single amino acid
difference in TpFl and TyFl can be used as a means to differentiate syphilis and yaws by
serological testingW(Noordhoeket al. 1990:1606). As a result of these investigations, the
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authors concluded that the differentiation of treponematoses by serology is at present not
possible. This conclusion is supported by the work of Fohn et al. (1988) who were unable
to show any significant differences between syphilis sera and sera from pinta patients in
reactivity to various Treponema pallidum subsp. pullidurn protein antigens.
Although it appears that no known serological test has been devised t~
differentiate between the four subspecies, an examination of DNA sequences suggests
that this may be a positive area for future research. In a further study Noordhoek et al.
(1990b), observed that the presence of either an A or a G at the position corresponding to
the second residue of codon 40 in the DNA encoding TpF 1 and TyFl was also observed
in the genomic DNA of subspecies pallidurn and subspecies pertenue. This research

concluded that that strains horn patients infected with syphilis generally contain an
adenine, whereas those from yaws have a guanine, as the second residue in codon 40 of
the genes encoding TpFl or TyFI . Although this research provides a possible tool for
differentiating the strains at the level of DNA. it is unlikely that it will be particularly
useful in clinical diagnosis.
With the development of sophisticated techniques for the examination of DNA.
several scholars have concerned themselves with mapping the genetic code of the
bacteria of the genus Treponemo. With the use of a technique known as contour-clamped
homogeneous electric field (CHEF) electrophoresis, a form of pulsed-field gel
electrophoresis (PFGE), researchers were able to determine the size and conformation of
the Treponema palZidum subsp. pollidurn chromosome (Walker et al. 1991). This study

demonstrated that Treponema pallidum subsp. pallidum has a single, circular
chromosome with a size of approximately 1o6 bp. At only 10 bp. the genome of

Treponemapallidum is one of the smallest among the prokaryotes. It has been suggested
that this reduction in genome size may "provide a selective advantage by decreasing the
amount of energy expended on genome replication and maintenanceW(Walkeret al.
1995:1803). Furthermore, the results of DNA sequence homology analysis concludes that
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Treponemapertenue and the subspecies of Treponemapallidurn are identical, and may be
viewed as a single species (Fieldsteel 1983).
The ability of PFGE to resolve large DNA fragments has been utilized in the
construction of physical maps of bacterial chromosomes (Holloway et al. 1992, Krawiec
and Riley 1990). As physicd mapping does "not require the use of genetic trar,sfe:

systems, it provides a previously unavailable means to study the genetic organization of
7'. pallidum"(Walker et al. 1995: 1797). Walker et aI. (1995) reported the conshvction of

a physical macrorestriction map of the chromosome of Treponema pallidurn. This map

was "generated by CHEF electrophoresis of the products of single and double digestions
of the intact Treponema paNidurn chromosome with the restriction endonucleases 1Votl.
Sfil, Srp, and Spel, and by hybridization of Southern blots of these gels with probes

prepared fiom a T.pallidum cosmid library, restriction fragments eluted fiom CHEF gels.
or DNA segments encoding certain T. pallidurn genesW(Walkeret al. 1995:1797). The
importance of this research lies in the fact that it represented the first stage in the study of
the arrangement and linkage of genes on the Treponernapallidurn chromosome. Physical

maps "such as the one derived in this study will provide a basis for the derivation of
contiguous DNA libraries and for continued analysis of the genetic content and
organization of the T.pallidum genomew(Walkeret al. 1995: 1803). Recently. the
complete genome sequence of Treponema pallidurn has been determined, and
demonstrated to be 1,138,006 base pairs containing 1041 predicted coding sequences.
i.e., open reading fiames (Fraser et al. 1998). In addition, these scholars compared the
genome sequence of Treponemapailidurn with that of another pathogenic spirochete,
Borrelia burgdorfiri, the causative agent of Lyme disease. This comparison "identified
unique and common genes and substantiates the considerable diversity observed among
pathogenic spirochetesy'(Fraseret al. 1998: 375).

In addition to the mapping of the complete genome of TreponernapalZidum the
sequence of the 1.14 million base pairs that constitute the microbe's genetic code have
also been identified (Pennisi 1998). On the basis of the examination of the complete
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collection of genes it was determined that the spirochete was a metabolically crippled
organism. It has very "few sets of enzymes for building complex molecules such as
enzyme cofactors, fatty acids, or even nucleotides, the building blocks of DNA, and no
genes for some of the proteins key to transporting electrons. Instead, it steals molecules
essential to life from its host"(Pennisi 1998:324). The genome also suggested possible
clues to the virulence of the spirochete. In particular, genes were identified which code

for proteins that may assist the spirochete in attaching to and infiltrating skin, bone, heart.
and other host tissue. The sequencing of surface proteins may present the key to how the
spirochete evades the human immune system. It appears that the spirochete "easily
recombines the genes for these proteins, mixing up their amino acid makeup so that the
immune system does not recognize them, allowing some spirochetes to survive the
immune system's initial assault and reemerge later9'(Pennisi 1998: 325). Lastly, it appears
that the "genome also suggests that the spirochete lacks genes that protect it from damage

by reactive oxygen molecules. It presumably can flourish only in low-oxygen
environrnents"(Pemisi 1998:325). Clearly the Treponema pallidurn spirochete is a
delicate organism which is easily destroyed by exposure to oxygen or desiccation
(Steinbock 1976). Storage of blood products at refrigerator temperature for 48 hours
prevents transmission of the treponeme by blood transfusion (Relman, Swartz and Weller

1998).

2.4 Geographical Distribution

The treponemal infections occur in four clinically distinct disease entities, which
have a widespread distribution in both the tropical and temperate zones. Through an
examination of the geographical distribution of the treponemal infections prior to
antibiotic treatment, it appears that climatic and cultural conditions play a major role in
the manifestations of the disease complex. Therefore, the epidemiological progress of the

individual conditions appears to be significantly determined by factors such as
temperature and humidity, level of hygiene and living conditions. As a result of these

45

influencing factors, the four forms of the disease have been identified as occurring within
specific ecological environments. Naturally it is impossible to assert with certainty that
the distribution of the four conditions today is consistent with their presence in the past.
However, based on records of the pre-antibiotic distribution of the disease, in addition to
the long-standing recognition of these disease entities amongst many disparate
popdations, it is possible to 3ssume thzt the geogs!pMcal distribution of the four

conditions has existed for many centuries.
Of the three non-venereal forms of the disease, Pinta is restricted in its geographic
distribution to the tropical regions of Mexico and Central and South America (Holcomb
1942, Beeman 1943, Guthe and Willcox 1954, Hudson 1965). Besides the presence of
pinta in Mexico and Columbia, where it is estimated to affect at least 2% of the
population, the disease is also found in parts of Argentina, Cuba, Chile, Ecuador, the
Dominican Republic, Peru, Venezuela, Haiti, and certain of the islands of the Antilles

(Guthe and Willcox 195454). It has been suggested that the disease described "as early
as 1519 by Heman Cortes during the period of Spanish conquest in the Western
hemisphere was probably not yaws but the 'blue stain disease'. or pinta.. ."(Guthe and
Willcox 1954:42). On the basis of historic documents it appears that a condition very
similar to pinta was recognized in Central and South American populations since the Age
of Discovery. At this time the native people stated that this disease had been present
amongst them for considerable antiquity, and it is likely that the relationship between the
pathogen and its host population has existed in this region for countless generations.
Yaws is a worldwide disease of rural populations of the humid tropics (Turner

1937, Saunders 1951, Murray et al. 1956, Steinboch 1976, Ortner and Putschar 1981). It
has been suggested that as many as 50 million cases of yaws exist throughout the modem
world (Guthe and Willcox 1954). The disease that we identify today as yaws was not
recognized until early in the 17" century in the West Indies and in the 18' century in

Brazil. However, a description 'Was given as early as 1558 of a yaws-like disease among
Indian children in Rio de Janiero and other areas of Brazil, to which it may have been
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imported from Africa "(Guthe and Willcox 1954:42). Today, yaws is found in the
northernmost countries of South America, to a limited extent in Central America
(Panama), and most noticeably in the Caribbean region. Africa represents the largest
reservoir of yaws cases in the world with a conservative estimate of approximately 25
million cases in total (Guttie and Willcox 1954). In Southeast Asia, yaws has been
identified throughout Indcnesin LIL?O

t!e 2eninsuls inc!uding t!e regions of Thi!m.d,

Malaya and the states of Indo-China. It is also found in scattered areas in southern India,
Ceylon, and Burma. In the Western Pacific, yaws has been identified in Papua New
Guinea the Philippines, and in the Solomon, Ellis, Gilbert and other island groups (Guthe
and Willcox 1954). It is generally held that in many countries associated with endemic
yaws, 10-25 percent of the total population may exhibit some form of the disease
(Aufderheide and Rodriguez-Martin 1998). In addition, the condition known as 'irkintja'
amongst the aborigines of Australia has been identified as yaws (Hackett 1936).
Non-venereal endemic syphilis or 'bejel' has a distribution among non-industrial
populations living in subtropical and temperate climates (Grin 1935, 1953, Christiansen

1954, Csonka 1953, Ghouroury 1954, Willcox 1951, Davies 1956, Mathurin 1953,
Hudson 1928, 1937, 195 1, 1958, 1961, 1965). This constitutes the arid regions north and
south of the yaws region (Roberts and Manchester 1983). Whereas both yaws and nonvenereal syphilis occur in areas characterized by a hot climate, it appears that the defining
factor is the level of humidity. In the pre-antibiotic era endemic syphilis was found in
native populations of subtropical North Africa, the Near East, and temperate Asia, and is
not found in the Americas (Ortner and Putschar 1981). However, recent skeletal material
examined fiom various sites in the Baja Peninsula has been identified as demonstrating
lesions and epidemiological parameters which are suggestive of endemic syphilis (Dr. E.
Molto: personal communication). Non-venereal syphilis has also been identified in
Europe, and is thought to represent the 17' century 'sibbens' of Scotland, the 'spirocolon
of Greece and Russia, and the Norwegian *radesyge'(Guthe and Willcox 1954). The

disease has also been identified in Bosnia and Serbia where prior 7 0 the mass treatment

47

campaign of 1948-52, there were an estimated 100,000 cases (5%) among the two million
inhabitants of the rural areas of Bosnia7'(Gutheand Willcox 1954:49).
Venereal or acquired syphilis is the only form of the disease that does not appear
to be restricted by geography or climate. This distinctive quality is largely due to the fact

ihat this is ihc o d y f ~ i i nof the discas; complcx that is 'Jaismitted thiough sexual
intercourse. However, venereal syphilis does not appear to be present in areas where
another form of the treponematosis is present in significant numbers (Steinbockl976).
Although this form is widespread throughout the world, it is a sporadic disease that
appears to have a predilection for the population dense urban centres of civilization
(Roberts and Manchester 1983). Therefore, it has been suggested that the transmission of
venereal syphilis followed the "habitations and colonizations of urbanized white
racesW(Ortnerand Putschar 1981:180).

2.5 Transmission

The rate at which any infective organism is transmitted in a community is highly
dependent on demographic factors such as population size, and age structure, as well as
environmental constraints, mode of transmission and cultural practices. In the case of the
genus Treponema, climatic conditions and social behaviour have profound effects on the
expression of the disease entities. Only in the case of venereal syphilis does climate and
living conditions appear to have a more limited influence. It appears that the different

strains of treponeme have adapted themselves to specific environments, and this explains
why one strain predominates in particular climatic situations. In areas characterized by

hot and humid climates, the skin remains constantly moist. This humidity allows the
treponeme to exist and produce lesions over a large body surface; a state that is
characteristic exclusively of yaws (Steinbock 1976). In hot and drier conditions "such as

the desert or savannah, the human skin is kept dry, and the treponeme can exist only in
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the mouth, axilla, and groin, where there is sufficient moisture. This distribution of
lesions constitutes the syndrome of endemic syphilis"(Steinbock 1976: 92). Although
venereal syphilis appears to have no climatic restraints, it is more commonly found in
temperate areas characterized by populations who are heavily clothed (Steinbock 1976).

In tcms cif trmsmission, at1 strains sf thc ecpoiicmc sic similai Li i i c fact &at all
cause exclusively human diseases. Therefore, they are all transmitted from an infected
person to a non-infected individual without the presence of an intermediate animal host.
What distinguishes the three other forms from the venereal variant is that they are
transmitted through body contact that is not sexual in nature, and are notably diseases of'
childhood (Roberts and Manchester 1983). Venereal syphilis "is acquired in adulthood
through the act of sexual intercourse with a person infected with Treponema
pallidum"(Roberts and Manchester 1983: 153). In all four of the treponematoses the
invading spirochetes enter "he body through the skin or mucous membrane near the skin
surface. In venereal syphilis, Treponema pallidurn enters mostly in areas of sexual
contact, especially the genitalia. In endemic syphilis and yaws, the infection may locate
anywhere on the body surface by intimate contact, mostly already occurring in
childhood"(0rtner and Putschar 1981:180). From experimental studies with monkeys,
Schobl (1 928) suggested that generalized skin lesions resulted from treponemes coming
from the skin.Research concerning ectromelia (viral infection) in mice have shown that

during a primary blood infection, the virus enters the bone marrow or other tissues where
multiplication occurs. This is followed by an additional blood-stream infection by the
virus that leads to the generalized skin lesions ( F e ~ e 1950).
r
Researchers have attempted to establish the number of treponemes required to
evoke an infectious episode (Beerman 1946, Thibierge and Lacassagne 1923, Magnuson
et al. 1948, 1956, Schobl 1928, Turner and Hollander 1957). Infection induced in animals
has followed the "inoculation of two treponemes and of material in which treponemes

were too few to be found microscopically" (Hackettl963: 1 1). Based on the results of the
inoculation of known numbers of a virulent strain of Treponemapallidum into
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susceptible male volunteers and 12 rabbits, Magnuson et al. (1956) estimated that the
50% infectious dose was fewer than 57 treponemes. As few as 10 treponemes were able

to produce generalized infection with papular primary lesions but these developed at a
slower rate than after larger doses which were more often associated with ulceration. One
thousand to ten thousand treponemes consistently resulted in lesions with an incubation
period of !9 days, which is comistent with t!d of sexldly acqzired syphilis (Ms~.uscn
et al. 1956). In addition, Magnuson et al. (1948) have suggested that as few as one to two

treponemes may be enough to cause infection once they have passed through the
epithelial layers of the skin or mucous membranes. Furthermore, Turner and Hollander
(1957) observed that the intradermal inoculation of 500 Treponerna pallidum (Nichol's
strain) in rabbits was followed by an incubation period of 17 days. With each tenfold
decrease or increase in treponeme number, the incubation period was lengthened or
shortened by four to five days. In a period of 32 days, they concluded that a single
treponeme could produce approximately 100 million organisms, which they believed
were necessary to produce a visible lesion. Furthermore. experimental studies on rabbits
have shown that in early lesions Treponema pallidum divides (replicates) every 30 to 33
hours, and in later stages the division time can be longer (Eagle 1948, Magnuson, Eagle
and Fleischman 1948, Yobs, Rockwell and Clark 1964, Collart, Borel and Durel 1964).

This observation has been supported by data showing the persistence of viable
treponemes in the lymph nodes of latently infected rabbits and humans after doses of
penicillin that are curative in the early stages of disease (Yobs, Rockwell and Clark 1964,
Collart, Borel and Durel 1964).

The number of studies that have concentrated on the identification of transmission
rates in the nonvenereal forms of treponemal infection have been relatively small. In the

case of pinta, the total prevalence of the disease in a clinically active stage might be as
high as 80% seroreacton because a latency stage does not occur (Marquez et al. 1955).

On the basis of their investigation of pinta in Mexico, Sosa-Martinez and Peralta (196 1)
observed that among 2,110 individuals examined, 37.4% of them had pinta. They fbrther
noted that the "age specific morbidity rates per 100,000 population increased
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progressively from 1,900 in the age group 0 to 4 years to 75,500 in the 60 years and older
group. The disease attacked all ages9'(Sosa-Martinez and Perdta 1961: 565). Amongst
some villages in Senegal, prevalence rates of endemic syphilis have been recorded as
92% seroreactors, and clinically active cases of 40/0 (Seneca1 et al. 1962). In an
examination of endemic syphilis in Bosnia, Grin and Guthe (1973) found great variations

i? the endemicity of the disease in different geographic arcas. During 'Sic initial t;catizsr.t
survey, infectious lesions on average ranged between 0 to 4.4%, and seroreactivity from
0.75 to 16.6% in the different administrative units as a whole. However, in some villages,
the incidence of infectious lesions was as high as 14%, and seroreactors numbered over
50%. The researchers note that this "pattern is characteristic of endemic syphilis, and foci
of high prevalence are often found next to areas of very low prevalenceV(Grinand Guthe

1973:2). In the case of yaws, the prevalence in 1948 in British and French Guyana was
"26.4 and 4 1.3 per 100,000 of the population, respectively.. .Probably the highest
prevalence of yaws in the world existed, until recently, in Haiti, where more than 50% of
the population were afflicted"(Guthe and Willcox 1954: 52). From their material in Java.

Li and Soebekti (1955) concluded that 45% to 60% of individuals with a history of yaws
were seroreactors, and that as many as 15% to 20% of people giving no history of yaws
were also seroreactors. Although the incidence of yaws in Southeast Asia and the Pacific
varies greatly between different countries, the average seems to be around 10%
(Hasselmann 1957). However, based on the data coilected in Indonesia between 1950-1,

Hasselmann (1957) estimated the overall incidence of yaws to be 17.7% in the different
target areas under study. Finally, when assessing the presence of yaws in the Philippines
in 1952, it was estimated that there was an incidence "of less than 10 per cent, in the
target areas, with cumulative data indicating nearly 200,000 cases treated out of about 3.5
million examined (i.e., about 5.7 per cent)"(Hasselmann 1957: 5).
It is unfortunate that a large proportion of research focusing on the transmission
pathways of treponemal infection has solely concentrated on venereal syphilis. There
have only been a limited number of studies that have attempted to examine the mode of
transmission in societies that are not characterized by a population dense, urban
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environment. However, scholars who have examined non-venereal forms of infection
describe similar transmission patterns (Akrawi 1949, Guthe and Willcox 1954,
Hasselmann 1957, Hackett 1963, Hudson 1965, Grin and Guthe 1973, Alkan 1989). The
principal mode of transmission is through direct or indirect contact with secretions from
infectious lesions. The treponemes "enter at sites of dermal abrasion or laceration,
multiply locally, and then qmad systemically, although lcsions dcvclop only in L ~ C
skin

and osseous tissues"(Relman, Swartz and Weller 1998:7). In non-industrial populations,
this transfer occurs among "children and adolescents through their play, and by drinking

vessels and common eating and other household utensils under primitive. crowded,
substandard conditions of livingW(Gutheand Willcox 1954:47). In situations where
individuals are sleeping closely together, and where children are scantily clothed there is

an increase in transmission resulting from increased episodes of body contact (Steinbock
1976). In cases of bejel (endemic syphilis) where many active early lesions are evident as
oral mucous patches, the rate of transmission is highly effected by activities such as
kissing and communal household items. This has been observed in both Bedouin Arabs
and in Yugoslavian children, both characterized by the use of communal drinking vessels
(Akrawi 1949, Grin 1953, Grin and Guthe 1973).

Although the primary mode of transmission for yaws is consistent with the other
non-venereal forms of disease, it has W e r been suggested that infection may result
from contact with infected moist soil. This mode of infection might explain the high

incidence of primary yaws lesions on the soles of the feet, and on the ankles and calves

(Alkan 1989). The frequency of primary yaws lesions on the distal region of the leg has
also been explained by transmission of the treponemes from the fingers of a patient with
moist papillomata to the fingers of a susceptible individual, who transfers the treponemes
upon rubbing an abraded area of the leg (Hackett 1957). The possibility of soil
transmission in cases of non-venereal treponemal infection is particularly interesting in
that similar trends have been observed in leprosy. Chakrabarty and Dastidar (1 989) have

suggested that there is a correlation between the prevalence of leprosy and the
distribution of fossil fbels and their surface soil seepages at global, regional and
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individual counhy levels. This was concluded on the basis of the occurrence of fossil fuel
metabolizing soil bacteria that were indistinguishable from those isolated from human
leprosy cases. The soil-born infection would enter the host through injuries in the skin or
through the respiratory tract. Therefore, the "balance of soil-to-man and man-to-man
infections in variable proportions in different situations determines the final endemicity
of I c p i ~ g " ( C h a k r a b ~and
i i D ~ t i !d959:?91).
~

~ o i l - t ~ - bai~d ~WZGI-~Gm

human infections in turn depend upon conditions such as overcrowding, poor nutrition
and hygiene, consanguinity, living standards, and mode of tilling the land and cultivation.

Several of these factors are also epidemiologically relevant in the examination of nonvenereal treponemal transmission.
Furthermore. researchers have suggested that animal vectors such as flies may
play a role in transmission. Alkan (1989) tested this theory by conducting an experiment
in which "flies, after settling on a scarified mucous patch, were made to settle for a few
minutes on the lip of a non-syphilitic, bejel-free volunteer"(A1kan 1989:122). Although
no sore developed in the volunteer, within two months their previously negative

Wassermann reaction became positive. This suggests that flies may play a role in disease
transmission in cases where individuals demonstrate active oral lesions in an environment

with a high density of insects. It has also been suggested that biting insects may increase
the levels of transmission in cases of pinta (Shchez et al. 1961 in Hackett 1963). In the
case of pinta, G o d e z Herrejon and Ortiz Lombardini (1938) considered the possibility

of an animal vector, and focused on a species of the insect family Simuliidae (black
flies). Their transmission experiments demonstrated that it was possible to observe
treponernes in the gut of black flies that had previously fed on an individual infected with
pinta. In addition, Leon Blanco (1940) observed treponemes in black flies and bed bugs
after feeding them on the skin lesions of patients infected with pinta. Although it is
possible that insect vectors play a role in the transmission of pinta, Sosa-Martinez and
Peralta (1961) state that the general clinical consensus is that transmission occurs by
direct contact with an infected individual.
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In relation to the non-venereal forms of disease, it has been observed that there is
a seasonal increase in the attack rate with the arrival of summer and warmer weather
(Guthe and Willcox 1954, Hackett and Guthe 1956, Ldpez-Rizal and Sellards 1926,
Ramsay 1925, Harding 1949). Harding (1949) notes that some researchers have observed
a higher prevalence of yaws in the cooler rainy season than in the hot dry season. In
renions ~ . 4 t hdistinct wet and A"; sescns the p-vdence

'"bA

of active yrcvs identified by

surveys during the former season will be much higher than in the dry season (Hackett and
Guthe 1956). In terms of the clinical control of yaws, if the "prevalence of active yaws is
established fiom ~bservationsmade during the dry season it should be at least doubled
before the treatment policy is determined"(Hackett and Guthe 1956: 880). It appears that
"heat and moisture, but principally the former, appear to be the main factors in producing
the characteristic lesions of framboesia, for the cooler the climate the more do yaws and

syphilis resemble each otherY'(Rarnsay1925: 85). In addition. it appears that proximity
"to marshes or lakes may be among the physiographic factors facilitating the spread of
infection in areas with poor hygienic standards, although such factors appear to play a
smaller role as environmental situations improven(Guthe and Willcox 1954:s 1). This fact
has been observed in adjacent Iraqi villages inhabited by Djibours and Kurds where the

conditions in transmission rate were significantly different (Csonka 1953). In relation to
the climatic factors of heat and humidity that appear to affect the incidence of treponemd

infection, it has been observed that the distribution of malaria may also be a significant
transmission factor. Powell (1896 cited in Ramsay 1925) observed in India that one of the
most significant characteristics of framboesia (yaws) is the disappearance of the eruption
during or after a febrile attack. He further notes that he observed malaria as a curative
agent on many occasions, and that in India yaws is most prevalent in gardens where the
incidence of malaria is least. However, he cautions that in order to be effective, the fever
must be of several days duration. Based on his research in Assam, Ramsay (1925)
concurs with Powell, and states that Yhe prevalence and severity of tertiary fiamboesial
lesions depends upon the absence, incidence and degree of malarial infection in a yawinfected region"(Rarnsay 1925: 86).

54

The vast majority of work related to treponemal transmission has concentrated on
venereal syphilis. This is in part due to the fact that it is the most virulent of the
treponemal complex, and also that it is the form of disease that is most often clinically
identified in industrialized Western nations. Venereal syphilis is a disease transmitted
through sexual contact, or congenitally in utero (Relman, Swartz and Weller 1998). It is
difficult to assess the transmission rate of sj~hilisin the pi~-mtiSioticcia, as most cf the

studies have been conducted since the advent of antibiotic treatment. However, a few
studies offer an idea of the transmission rate prior to effective treatment (Brandt 1987,
1988, Hook and Marra 1992, Rosahn 1947, Kilrnarx and St. Louis 1995, Hudson1932,
Wenger 1940, JAMA 1998). In the early period of the 20" Century, syphilis was a
leading cause of neurologic and cardiac disease in the United States. Evidence of
venereal syphilis was found in 3% to 30% of autopsy cases (Rosahn 1947). In the 1920's
more than 20% of the patients in United States mental institutions had tertiary syphilis
(general paresis) (Brandt 1987.1988). By 1941, only 10% of patients in mental
institutions were diagnosed with tertiary syphilis (Hook and Marra 1992). In an
examination of 3383 contacts in Chattanooga Tennessee from 1941-45, von Werssowetz
(1948) identified that 48.5% of individuals had had or had acquired syphilis during the
three-month follow-up period. A further study in 1941 in Nashville Tennessee found that
of 226 married couples; both partners were infected in 57.1% of cases (Klingbeil and

Clark 1941). A study in 1949 in Dallas Texas reported that 100 of 161 (62.1 %) subjects
exposed to early infectious venereal syphilis became infected (Alexander and Schoch
1949). In a study of serological specimens examined in Chicago, Wenger (1940)
observed that in a population of 97,72 1 white males between the ages of 2 1 and 3 1 years,
1.9% had positive reactions. Among the African-American male population of the same
age group, 17.2% of 27,067 individuals tested positive for the disease. On the basis of a
study of patients with acquired syphilis conducted between September 1937 to May 1939
at Vanderbilt Hospital (Nashville, Tennessee), it was observed that of the "387
designated sexual contacts of 204 patients with primary or secondary syphilis, 343
(88.7%) were examined; 258 of these (75.3 percent) were found to have syphilis"(C1ark
1940: 367).
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The decline of venereal syphilis accelerated after World War 11, as penicillin
treatment became more widely available. By 1979, "only 162 syphilis-related admissions
to mental institutions were mported, 98 percent fewer than 60 years earIier"(Hook and

Marra 1992: 1060). Similarly, the recorded number of syphilis-related deaths dropped
more than 50-fold between the early 1940's and the 1980's (Brandt 1987). Intensive
public health efforts and penicillin therapy "in the 1940's made syplliiis reasonably rare,

with only 3.9 cases of primary and secondary syphilis reported per 100,000 population in
1956 (STDS 1993). However, since the 1950's the United States "has had successive
epidemics with peaks approximately every 10 years. The maximum rates during these
epidemics have been increasing, and in the last major epidemic, the rates peaked in 1990
at 20.3 per 100,000, the highest rate since 1949"(Kilmarx and St. Louis 1995:1053). In
1985, the incidence of venereal syphilis among heterosexual women and men began to
rapidly increase, a trend that also led to profound increases in congenital syphilis (Rolfs
and Nakashima 1990, Ricci et al. 1989). In a study conducted in two hospitals in London
England in the early 1980's, Schober et al. (1983) identified an overall total of 99 index
cases of the disease which yielded 127 contacts, 65 (5 1%) of whom had syphilis. They
noted no significant difference between figures for homosexuals and heterosexuals. The
researchers observed that their findings were very similar to those of the pre-penicillin
era, and they questioned why such a large number of contacts who were exposed to

primary syphilis "did not develop the infection, despite the fact that their partners had
darkground positive genital or anal lesions"(Schober et al. 1983: 219). They concluded
that this lack of understanding of transmission dynamics demonstrates our lack "of
knowledge of T.paflidum versus host relationships and of the risks associated with
different forms of sexual contact and the difficulty in assessing frequency of sexual
contact. Further studies are obviously needed"(Schober et al. 1983: 2 19). Between the
years 1985-1990, when 50,223 cases of primary and secondary syphilis were reported,
there was a 75% increase in the incidence of the disease (Hook and Marra 1992).
Although the disease was widespread, the changes in rates were not racially or
geographically uniform (Hook and Marra 1992). The rates among black males increased
126 %, and for black females 23 1%, whereas the rates for other subgroups of the
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population remained stable or even declined (Rolfs and Nakashima 1990). In 1997, the
incidence of primary and secondary venereal syphilis in the United States was 3.2 per
100,000 population (JAMA 1998).
Venereal syphilis is unique in that it is the only form of treponemal infection

proven to bc capable of txaiisnissiun in utero. Hotvev::,

as previously stated, it is

possible that transmission in utero may be a rare feature of nonvenereal syphilis. It has
been estimated that in untreated cases, 25 per cent of fetuses die before birth, another 25
to 30 per cent succumb shortly after birth, and the remainder developed late symptomatic
complications (Pelczar and Chan 1981). In the pre-antibiotic era, Murdock (1937) notes
that in h e city of Syracuse New York for the period between 1934-7 there were 18
infected syphilitic babies out of 7,429 pregnancies, or .24%. A study conducted by
Dufield in 1939 in New York City observed an incidence rate of 0.6% of 94,467 white
babies and 6.3% of 7,694 Negro babies (cited in Buchman and Lieberman 1941). Cole
(1937) asserts that probably there is an incidence of fiom 15 to 20 per cent of prenatal
(congenital) syphilis in various stations of society in the United States. Buchman and
Lieberman (1941:6) note that '?he numerous factors such as race, color, locality, social
and economic status and prenatal therapy play such an important part that comparative

figures are not obtainable".
In relatively rare instances researchers have recorded the occurrence of sporadic
acquired syphilis contracted non-venereally by children from adults with infectious
venereal syphilis (Jeans and Cook 1930, Smith 1939, Dyar and Goodwin 1941, Stokes et

al. 1944, Tucker and Mulheim 1948, Tucker and Mulherin 1948, Eisenberg et al. 1949,
Taylor 1954, Rajam et al. 1955, Hackett 1963). Non-venereally acquired sporadic
syphilis "in children is mainly an urban disease in any climate and originates fiom simple
contact with infectious venereal syphilis in adults or through contaminated objects. Thus,
non-venereally acquired sporadic syphilis and venereal syphilis are present in the
community and perhaps in the same family at the same time. Transmission among
children may follow infection of children from adults and children may infect adults, but
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the epidemiological pattern is that of venereal syphilis with incidental infection of
childrenW(Hackett1963: 10).
Although little is known about this form of eeponemal transmission, it appears
that initial lesions are infrequent in cases of non-venereaily acquired sporadic syphilis
(Eisenberg et d. 1949, .bjm et d. 1955). !E 3 study of 20 c a e s of mn-venered1.rJ

acquired sporadic syphilis in 1947 at a clinic in Chicago, Eisenberg et al. (1 949) observed
that none of the children examined demonstrated a primary lesion. Jeans and Cooke
(1930) in an observation of 34 cases of the disease state that the manifestations of this
form of infection are those of acquired syphilis in adults, with the exception that mucous
membrane lesions and condylomata are more frequent, and the Wassermann reaction is
more easily reversible. In the absence of treatment, non-venereally acquired sporadic
syphilis "gives rise to all the severe late manifestations of venereal syphilis"(Hackett
1963: lo). Tucker and Mulheim (1948) noted that over one third of extra-genital chancres

in children were in the buccal region of the mouth. Fournier (1 903 cited in Hacken 1963)
observed that of 642 extra-genital chancres in venereal syphilis, 484 of them were present
on the head, and of these 435 occurred on or in the mouth region (328 on the lips). He
notes that approximately 10% of the chancres were extra-genital. Eisenberg et al. (1 949)
observed that in one of their cases an extragenital chancre was acquired asexually on her
nipple, by a mother infected by her infected infant. Tucker and Mulherin (1948) in a
survey of 2 19 extra-genital chancres observed 5 chancres on the nipple. Smith (1 939)
stated that of 125 cases coliected over a period of 17 years from several different clinics,
45 of them occurred in children under the age of 10 years. Dyar and Goodwin (1941)

reported that in 19 cases observed by them, 8 were under the age of 10 years. Smith
(1939) attempted to calculate the incidence rate by comparing the acquired syphilis rate

in children to cases of early acquired syphilis in adults, and observed that the ratio was
one to 100. Eisenberg et al. (1949) in comparing all cases diagnosed as secondary
syphilis with those acquired asexually in children under 10 years of age, estimated an
incidence rate of 2.8 percent. In all of their cases of non-sexually acquired syphilis "one
member of the household or family in a close relationship with the child had been
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diagnosed as having secondary syphilisW(Eisenberget al. 1949: 10). In addition, they
concluded that overcrowded "home conditions and lack of education in hygiene matters
appear to be conducive to acquiring syphilis asexually among children exposed to
infectious syphilis"(Eisenberg et al. 1949: 10). Therefore, it appears that there are rare
instances when children acquire venereal syphilis through asexual contact with close
adults.

2.6 Mathematical Modeis for Disease Transmission

Several researchers have attempted to construct mathematical models for disease
transmission ( O m a n et al. 1996, Smith and Brumfield 1955, Garnett et al. 1997, Cates et
al. 1996, McGrath 1988% 1988b, 1991, Sattenspiel 1990). The advantage of these clinical

epidemiological studies is that they are able to establish the parameters of population
interaction and organism transmission with a degree of accuracy that is impossible for the
paleopathologist. The focus of the majority of mathematical modeling studies has been to
establish a model of "epidemic syphilis transmission based on empiric data, to stimulate
and ascertain behavioural and sociological features necessary to produce epidemic

transmission, and to explore mechanisms leading to resolution of epidemic
transmission"(0xman et al. 1996: 30). The difficulty in establishing clinical parameters
for modeling results from the difficulty in establishing the period of infectiousness. For
their model, Cates et al. (1996) established that on the average ''the moment of infection
is followed by an incubation period of 3 weeks, by a 5-week period of primary syphilis,

and by a 6-week period of secondary syphilis, after which the syphilis infection becomes
latent. The 11 weeks of primary and secondary syphilis are considered the period of
infectiousness"(Cates et al. 1996: 69). Using a basic meta-analytic approach, it is
suggested that on average 4 out of 10 sexual encounters between an infected and an
uninfected person will result in the transmission of venereal syphilis (Cates et al. 1996).
Alexander et al. (1949) observed a transmission rate of 62.1%, which appears to be high
related to other studies. Most researchers have recorded transmission rates ranging from
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15.9% to 5 1.2% (Idsoe et al. 1954, Moore et al. 1963, Schroeter et al. 1971, and Schober
et al. 1983). However, all of these studies did not stratify by the stage of infection, a

factor that probably accounts for the wide range of transmission rates reported by
different studies (Cates et al. 1996). Data retrieved from national syphilis control
programs suggest that an untreated person with syphilis would generate, on average? 0.17
ncw infccrions pcr *seek

;he 5 vieeks af primary syphiiis mil 0.5 new idections

per week during the 6 weeks of secondary syphilis, with a reproductive rate of 1.15
(Blount (1971) cited in Cates et d.1996).
Over the last few decades, the heterogeneous distribution of all sexually
transmitted diseases including syphilis, has led to the development of the notion of 'core
populations' (Brunham 1991, Lajmanovich and Yorke 1976, Yorke et al. 1978). The core
population is defined as "those that contribute a disproportionate share to sustaining STD
rates in comrnunities"(Cates et al. 1996: 70). On the basis of their model, and empirical
data provided by other scholars Cates et al. (1996) conclude that syphilis core groups will

need higher rates of sexual partner exchange than other sexually transmitted diseases to
maintain the infection within their sexual network. The significance of core populations
in syphilis transmission was confirmed by the mathematical model devised by Garnett et
ai. (1997). They note that "Treponema pallidurn has a moderate to high probability of

transmission during contact between susceptible and infectious sexual partners. This,
combined with questions over the existence of any immunity to reinfection, helps to
ensure the long-term persistence of syphilis within "core" activity groups"(Garnett et al.
1997: 185). In Seville, Spain, syphilis (in addition to chlamydia and gonorrhea) showed a
distinct spatial clustering (Aivarez-Dardet et al. 1985). In upstate New York, the
distribution of syphilis was more diverse than that of gonorrhea, but still was observed to
concentrate in two endemic foci (Rothenberg 1986). Finally, Oxman et al. (1996)
constructed a mathematical study using a multi-compartment iterative computer
simulation using empirically derived input data. On the basis of this study the researchers
concluded that epidemic 'transtransmission resulted fiom adding a small group of individuals
with very high levels of partner exchange (300-400 partners per year) to a population

60

with levels of partner exchange seen in the general population. Epidemic resolution could

result from immunity or subtle changes in the size or partner exchange rate of the core
group (Oxman et al. 1996:30). They fkther noted that the simulation demonstrated that

? h e transmission dynamics of epidemic syphilis is critically dependent on the effects of
small subpopulations with varying levels of sexual activity"(0xman et al. 1996: 37). Hill
md ?.fuggt (1 954) suggest ?hat there are ~dditiom1cult!&

fcaors thzt hr:e definite

relationships to prevalence of venereal syphilis. These include "age, marital status,
dwelling area, migration, estimated social class, occupation, education, home condition.
home conveniences, and church and organization participationY'(Hilland Mugge 1954:
592).

2.7 Cross Immunity
The establishment of clinical transmission dynamics for the treponemal complex

has been difficult to achieve, as there appears to be an inherent cross-immunity between
the four different disease manifestations. This cross-immunity may result from the fact
that the four strains "share antigenic determinants, a fact that has triggered the theory that
these organisms have a common origin and that genetic modifications were initiated by
changes in temperature and other environmental factors. These shared antigens give rise
to cross-reactive antibodies that are common to all treponemal diseases, thus precluding
differential diagnosis on the basis of serological testsW(Alkan1989: 4 17). It appears that a
substantial degree of cross-immunity exists among the various strains of treponemes,
although "the results with bejel and yaws strains are less clear than with different strains
of syphilis. It has also been shown by cross-immunity studies using the Treponema
pallidurn (TPI)test that a close antigenic relationship among the treponemes is
probable"(Guthe and Willcox 1954:98). On the basis of clinical studies, it is clear that

immunity in syphilis is gradually acquired and is incomplete (Damjanov and Linder
1996). Adoptive immunity to "syphilis can be transferred adoptively in experimental

animals by injection of T-lymphocytes. In humans there is considerable evidence of
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depression of various aspects of the T-lymphocyte response at and during the infection,
possibly mediated by a serum factor"(Damjanov and Linder 1996: 8 13).

The immune response to treponemal infection is both humoral and cellular. The
role of "antibodies in pathogenesis and immunity is not entirely clear. Passive transfer of
antibody into experimental guinea pigs delayed and ameliorated the development of

primary lesions but did not prevent dissemination of the spirochetes to regional lymph

nodes"(Darnjanov and Linder 1996: 8 13). A number of researchers have investigated the
dynamics of cross-immunity in both animal and human studies (Schobl and Miyao 1929.
Turner, 1936, Magnuson and Rosenau 1948, Magnuson et al. 1951, Edmundson et al.
1953, Idsoe et al. 1954, Magnuson et al. 1956, Turner and Hollander 1957, Cannefa~
1965, Fitzgerald 1981, Sell and Norris 1983, Stmgnell et al. 1984, Musher 1990, Sell and

Hsu 1993, Oxman et al. 1996, Gamen et al. 1997). Based on their research with rabbits,
Turner and Hollander (1 957) found substantial cross-protection between Treponema

cuniczili, Treponerna pallidum and Treponema perienue. However, this cross-immunity
was stronger between Treponema pullidurn and Treponema perienue than either were to

Treponema cuniculi. The blood sera of the infected rabbits became reactive to the reagin
and treponemal tests. It has been suggested that because of this "close immunological
relationship with the others, Treponema cuniculi may be a nearer descendant of the
unknown forerunner in animals of the human pathogenic treponemes"(Hackett 1963: 18).
The results of monkey experiments conducted by Schobl and Miyao (1 929) suggests that
the immunity of syphilitic animals to yaws is of a higher degree than the immunity of
yaws animals to venereal syphilis. In addition, it was observed that in monkeys infected
with syphilis treponemes, immunity to both yaws and syphilis occurred earlier than did

immunity in monkeys infected with yaws treponemes (Schobl and Miyao 1929). A
review of the experimental studies in animals as it relates to immunity in humans can be
found in Magnuson (1 948) and Idsoe et d.(1954). However, on the basis of these animal
studies is had generally been accepted that bacteriological "curability of syphilis by
penicillin is considered to have been proved conclusively in the rabbit. With this has
come demonstration that production of immunity appears to be dependent upon duration
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of the immunidng infection"(Magnuson et al. 1956: 41). Reagin and the treponemal
agglutinating and immobilizing substances have become generally held to be antibodies,
which suggests that multiple antibodies are produced in response to infection (Nelson and
Mayer 1949, McLeod and Magnuson 1953, McLeod and Stokes 1955).
Prior to the developrne~.tnf effective c!bicd treJt.nenf once

= ildividud had

been infected with syphilis that person remained infected, and infectious for long periods
of time. Once primary lesions were observed, experimental inoculations failed to produce
fresh symptoms, and immunity was seen to restrict the establishment of new infections
(Rollet 1865). It has been suggested that acquired immunity may be dependent upon the
stage at which effective treatment was used, which seems to be the case in animal models
(Cannefax 1965). In the rabbit model for Treponema pallidum infection there does appear
to be acquired immunity to infection (Cannefax 1965). However, clinical "observations
of repeat infections suggest that the immunity acquired in rabbits is not universal in
treated humans. However, this may be a result of early treatment reducing the time
infections have to generate immunityW(Garnettet al. 1997: 190). Fiumara and colleagues
(cited in Damjanov and Linder 1996) have described patients who were reinfected after
venereally or congenitally acquired primary infection. On the basis of their inoculation
studies on human volunteers at Sing Sing Prison (New York), Magnuson et al. (1 956)
observed 040% rates of resistance to challenge with Treponema pallidum after a
previous natural syphilis infection. The researchers observed the development of primary
lesions that contained treponemes in 9 of 1 1 men who had previously been treated for
early syphilis, in 10 of 26 men with previously treated late latent syphilis, and in 4 of 5
individuals who had been treated for congenital syphilis. The study suggests that there is
a transient, inefficient acquired immunity in humans. However, Garnett et ai. (1997) urge
for caution in the interpretation of this study as the inoculum administered was probably
much larger than what would be expected in a naturally acquired dose. Furthermore, they
note that "the results are further confked because 12 of the 19 "protected" had been
inoculated with heat-treated T. pailidurn earlier in the studyW(Garnettet al. 1997: 190).
Research on animal models by Sell and Hsu (1993) suggests that it is not possible to
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generate immune protection using heat-inactivated organisms. However, there is "a
possibility that some of the heat-treated bacteria may not have been killed and were the
cause of protectionY'(Gamettet al. 1997: 190). It has been suggested that in humans,
infection with yaws or syphilis of more than a year's duration probably makes the patient
non-susceptible to superinfection with the same treponeme or with the other (Medina
1954, 1959 cited in Hackett 1963). Medina (1954 citcd in Hackctt 1963) found IM
a

small number of untreated pinta patients in both the early and late stages could not be
infected with virulent yaws treponemes. However, Medina refers to studies by Blanc in
which patients manifesting various stages of syphilis could be readily infected with the

pinta treponeme as if no immunity existed. It has been noted that once the "immune

phase of the infection begins, the spirochetes may be sequestered in lesions or in
protected sites. Spirochetes have been demonstrated in ocular tissues and as viable
organisms recovered from those tissues by inoculation of rabbits many years after the
primary infection"(Damjanov and Linder 1996:8 13). As the clinical parameters for
acquired immunity have not been clearly established at the present time, researchers will
have to wait for fbrther studies in the area. However, it does appear that acquired
immunity is not complete, and varies to a high degree.

Since the 1920's, the importance of understanding the dynamics of crossimmunity has been a major focus of world treatment campaigns. As it appears that
infection with non-venereal forms of treponemal infection can confer immunity to
venereal syphilis in a portion of the infected population, the impact of mass treatment

campaigns could be profound. For example, Lambert (1936) states that as a result of one
of the earliest mass campaigns against yaws in Western Samoa between 1923-1926, in
which 25,000 people out of a population of 40,000 received treatment, the incidence of
both primary and secondary yaws was reduced almost to zero by 1926, and it appeared
that infectious yaws was disappearing in the region. However, even if the "eradication of
yaws was possible its achievement would, in the writer's opinion, be not without danger
owing to the at least partial immuniv it appears to confer against syphilis, so that the
disappearance of yaws might be followed by a big increase in the incidence of
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syphilisW(Harding1949: 363). Harding (1949) notes that this fact was observed in his
research in Nigeria and Sierra Leone, where there is a high prevalence of syphilis in areas
where yaws does not exist, and the disease is comparatively rare in regions where yaws is
endemic. This is supported by the work of Hacken (1 947) in Uganda, where he observed
a high prevalence of syphilis at Masaka where yaws is uncommon, and an infrequent

presence of the disease iF. Lim where y~r,vsis endemic. The results of this ezli-r resexch
has recently been confirmed in a mathematical modeling study on syphilis by Oxman et
al. (1996). This study concluded that in the "absence of any other intervention, a 30% rate

of resistance to reinfection resulted in a marked diminution of transmission. A 60% rate
resulted in total resolution of epidemic tmnsmission"(0xman et al. 1996: 37). Therefore.
it is clear that partial cross-immunity between the four strains of treponemal infection can
have significant effects on the incidence and prevalence of the individual conditions.

In the era prior to the development of sophisticated DNA examination, it was
impossible to differentiate between the treponemal organisms on the basis of physical,
biochemical or serological properties. This inability led some researchers to conclude that
the four clinical disease processes resulted fiom the same organism under different
cultural and environmental conditions. It appears that social and ecological conditions.
particularly temperature, have a profound effect on the clinical manifestation of
treponemal infection. It is essential that these factors be considered in any
paleopathoiogical analysis. The recent mapping of the complete genome of Treponema

pallidurn, and future concentration on the mapping of Treponerna pertentie and
Treponema carateurn may fmally allow researchers to differentiate between the
treponemal spirochetes. However, it is questionable as to how useful DNA differentiation
will be to the paleopathologist. First, although evidence of the spirochete has been
successllly retrieved fiom archaeological bone, the laboratory process is extremely
destructive, with a large portion of the skeleton lost (Tuross 1991). Given the small
number of cases of treponemal infection identified in the Old World archaeological
record, there is no possibility that these rare specimens would be submitted to destructive
analysis. In addition, even in cases where destructive analysis would be possible, the cost
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of DNA research, laboratory requirements and individual training in sophisticated
analytical techniques would be extremely prohibitive.
2.8 LEPROSY

Leprosy is a chronic infectious disease caused by an acid fast bacillus identified

as Mycobacterium leprae. The label 'acid fast' refers to the fact that the bacillus, when
stained with a red dye (carbol fuchsin), retains the red colour when treated with an acid
(Jopling 1971: 8). The Mycobacteriurn was discovered by Dr. G.H. Armauer Hansen in
1873, and was the first pathogenic micro-organism to be associated with a specific
disease (Steinbock 1976: 195-6). Subsequently, leprosy has often been referred to as
'Hansen's disease'. The sex and age distributions of the disease suggest that it has a
tendency to differentially affect particular age and sex categories.
The leprosy bacillus is unique in that researchers have been unable to cultivate it
in artificial media, and attempts to infect human volunteers have consistently failed. Only
since the 1960's have investigators had any success in transmitting the disease to animals
(Jopling 1971: 12). Although leprosy has long been considered as primarily a disease of
humans, naturally acquired cases have been described in two mangabey monkeys
(Gormus et al. 1988). Experimental leprosy has also been successfully transmitted to a
rhesus monkey (Baskin et al. 1987). In addition, the disease has been demonstrated to
occur naturally in wild armadillos (Dasypur novemcinctus) in Louisiana and Texas
(Wdsh et al. 1975, 1986). At present, the relationship between leprosy in humans and the
disease in wild armadillos has not been clarified. There have been reports of the
development of the disease in humans after contact with armadillos (Lumpkin et al.
1983). This cross- transmission suggests that the causative agents of the human and

armadillo form of the disease share a close evolutionary relationship. However, the
majority of cases of human leprosy occur in areas where armadillos are not indigenous,
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and the relationship between the two manifestations of the disease is considered to be
relatively minor (Hastings et al. 1988).
The clinical features of leprosy have been divided into three categories, which are
dependent on the mechanisms involved. These are ?he multiplication and dissemination
of ? v ~ ~ ~ b ~ c t ckcprac,
r i u mthe patient 's imm.me response to .I@cobactcriumkcprzc md

its antigens, and the complications of damage to peripheral nerves, which is itself the
result of the first two processes"(Pfaltzgraff and Bryceson 1985: 141). The primary focus
of the bacterium is the peripheral nervous system (Job 1988: 532). The secondary effects
of leprosy result from the spread of the bacilli to the skin, arterial blood vessels, mucous
membranes of the nose and mouth, the testes, eyes, extremities, muscles, tendons, organs
such as the kidneys and liver, and finally the bones (Ridley and Job 1985). The leprosy
bacilli are the only bacteria that are capable of entering the nerves, and it is "suspected
that they do so via endoneural blood vessels"(Jop1ing 1971: 13). The changes in the skin
result From the bacterial invasion of the nemes underneath the skin and small blood
vessels, which in turn causes a disruption in circulation of the blood, and localized areas
of anesthesia (Jackson 1989: 183). Thus the three "cardinal signs of the disease are skin
lesions, skin anesthesia, and enlarged peripheral nervesW(Hastingset al. 1988: 33 1).
On exposure, the initial host response involves the activation of macrophages that
engulf the bacteria at the point of entrance, in an attempt to destroy them. The immune
response is ofien ineffective as the bacilli are capable of existing and multiplying within
the macrophages (MacKenzie 1984: 32). A puzzling problem to immunologists is the fact
that in a third of leprosy cases the host appears to illicit no immune response to the
invading bacilli. While the early manifestations of the disease involve infiltration of the
skin and peripheral nerves, the destruction is most apparent in the extremities, as
Mycobucterium Zeprae prefer the cooler areas of the body, in particular the feet and hands

(Hiramalini et al. 1978). The multiplication of the bacilli ceases to occur at temperatures
at or above 37 degrees Celsius, which in part explains why the disease rarely affects the
internal organs of the body (Sheppard and Karat 1972).

2.9 Geographic Distribution

Through an examination of the geographic distribution of leprosy, it appears that
climate does not play a major role in the epidemiology of the disease. In the past, leprosy

was a worldwide phenomenon. However, at present, in general terms. the countries with
the highest incideoce of leprosy are situated in the tropics, in areas characterized by a
high annual rainfall (Badger 1964). The modem concentration of the disease has led to

the misconceived notion that leprosy requires a warm climate in order to exist. This idea

can be refuted by the fact that the disease has been identified in populations fiom Siberia
and Scandinavia (Anderson 1969, Irgens 1973). In the 2oLhcentury, leprosy appears to be
predominantly concentrated in tropical areas in the third world. However, it is also less
commonly present as an endemic disease in temperate regions such as the Mediterranean
littoral, as well as amongst the Australian Aborigines and native-born Americans in
Louisiana and Texas (Jopling 1971, Hargrave 1970, Badger 1964). The disease is
presently endemic in at least 153 countries in Africa, Central and South America, the Far
and Middle East, and Australia (Maurice 1989). In 1985, the World Health Organization
estimated that the total number of cases in the world was approximately 1 1.5 million. Of
these, about 62% are in Asia, 34% in Africa 3% in South America, and 1% identified in
the rest of the world (Noordeen 1985). However, only around 5,300,000 cases have
actually been reported and registered (Jopling 1971). Massive treatment campaigns in
recent years have significantly reduced the number of new cases. However, with a world
incidence of several million patients today, ''which in tropical Africa is represented by a
local incidence as high as 10 per cent, leprosy has the same impact and significance in
many parts of the world today as it had in medieval Europe; it has been linked to HIV and

A D S in terms of invoking a similar response £?om unaffected members of human

societies"(Roberts and Manchester 1983: 142). This discrepancy between actual and
reported cases has resulted fiom a number of factors. First, the p o w e m stigma attached

to the disease has caused a large number of infected individuals to avoid medical
detection and treatment. Second, the Long incubation period, and the often non-specific
symptoms have made it difficult to detect the disease in the early stages. In addition,
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declining incidence rates of the disease in specific areas appear to be associated with an
increase in age at onset, which M e r complicates the identification of the condition
(Irgens and Skjaerven 1985). Lastly, the use of different investigative techniques by
researchers has led to inconsistencies in the recorded data base. It is likely that the
concentration of the disease in third world countries is largely related to over-crowding,

poor hygiene

nutrition, md
. h d e q w t e mediczl resources. Interestingly, these sccid

characteristics are also significant epidemiological factors in the manifestation of
treponemd infection. Even though it is impossible to establish exactly how many
individuals are afTected by the disease today, there is no question that even in modem
times, leprosy remains a major health concern in a large portion of the world.

2.10 Transmission

The rate at which leprosy is transmitted in a community depends on the number of
susceptible individuals in the population, and the opportunity for contact with
Mycobacterium leprae (Jopling 1971). In addition, the transmission of the disease is

directly related to the health status and immune response of the individual (Badger 1964.
Ridley and Jopling 1966). Contrary to popular belief, leprosy is not a highly contagious
disease, which is proven by the fact that in cases of close family contact with an
individual diagnosed with lepromatous leprosy, only 5-1 0% actually contact the disease
(Steinbock 1976). Even in areas where the disease is highly endemic, the majority of
exposed people effectively resist the infection (Hastings et al. 1988). It has been
estimated that for each individual case of leprosy that develops and is detected, as many

as 200 individuals have been exposed and infected with the disease (Abe et al. 1980).
Although the mode of transmission is not yet clear, it is generally held that the bacteria
invade the host through the skin, the gastrointestinal or respiratory tract. The bacterium
multiplies slowly, and thus leprosy is a disease of very slow progress (Roberts and
Manchester 1983).
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It has long been assumed that the skin was a major focus for the transmission of
the disease. The two most likely routes of entry would be through prolonged skin-to-skin
contact, which dlows the bacilii to penetrate the skin and spread through the nerve fibres,

or through the bites of flies and other anthropods (Jopling 1971). It has been suggested
that the bacilli can pass through unbroken skin and be transported under the epidermis by
way of the superficia! !yn?phatics (Khanolkar 1945). while it is k n o w that in

lepromatous leprosy a large number of organisms exist deep in the dermis, it is
questionable if they can reach the surface of the skin in sufficient numbers to cause
infection (Noordeen 1985). Weddell et al. (1 963) reported that in an examination of a
large number of specimens fiom patients and contacts, they could find no active bacilli in
the epidermis. In addition, Pedley (1970) was unable to find any active bacilli fiom the
surface of the skin in smears fiom several lepromatous patients. While it is unlikely that
the bacillus could be transmitted through healthy skin, it is possible that it may be
transferred through abrasions. However, it is unlikely that "ulcerated skin would ever be
rubbed against healthy skin, let alone abraded skin, and, in any case, bacilli found in
necrotising skin lesions (erythema necroticans) are invariably deadW(Jopling1971 : 2-3).
It is also possible that as the first lesions of leprosy occur on the skin, this may in

fact represent the initial point of entry of the organisms (Noordeen 1985). Research on
leprosy transmission has attempted to link the occurrence of the first lesions to the
possible sites of contact. In a study investigating the location of lesions on children it was
found that forehead lesions were common in children of leprous mothers in Africa, who
carried them on their naked backs (Cochrane 1947). In contrast, in Korea it was observed
that even though leprous mothers often carried their children on their backs, the
appearance of lesions on the forehead were relatively rare, and this was related to the fact
that the mothers were fully clothed (Cochrane 1947).
The role of insects in the transportation and transmission of the disease is still a
matter of considerable debate. Anthropods are capable of carrying the leprosy bacillus,
obtained from both the skin and nasal mucous. Geater (cited in Jopling 1971)
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demonstrated that the abdomen, legs, mouth, and faeces of flies are contaminated with a
large number of bacilli after feeding on the ulcerating skin lesions and nasal mucous of

leprous patients. Additionally, it has been observed that the bacilli can remain alive for 17 days in dried nasal mucosa (Davey and Rees 1974). Narayanan et al. (1977), in a study
in Southern India, found that a large number of active bacilli were present in bed bugs

aid labontoiy b i d mosquitoes ivho had fcd an ihc lesiorrs of lepromaious paiientj. In
addition, they were able to transfer Mycobacterium leprae from humans to mice by

making the mosquitoes bite the mouse foot pads. It is possible that certain members of
the insect world may be capable of transmitting the disease, although the impact that they
have on the human contraction of the disease requires further evaluation.
At present, little is understood about the transmission of the bacilli through the
gastrointestinal system. From knowledge concerning the feeding habits of flies, it is
possible that Mycobacterium leprae could be transmitted through food, but this is merely
conjecture at this point (Jopling 1971). Of important epidemiological concern is the
identification of Mycobacterium leprae in the breast milk of lepromatous mothers,
suggesting that infants may contract the disease through the ingestion of' contaminated
milk. Pedley (1967) has estimated that through a four ounce feeding of breast milk, an
infant would ingest up to 2 million bacilli. However, the importance of this pathway of
infection may be exaggerated. A study in the Philippines determined that the incidence of
leprosy among breast-fed infants was only half of that of bottle-fed ones, suggesting that
the transmission of the disease through breast milk may be minor (Rodriguez 1926).
However, an interesting avenue for m e r research may be the investigation of whether
or not antibodies transferred from mother to child through breast milk in the first few
months of life actually equip the immune system of breast fed children to more
adequately combat the invading bacilli. Today, treatment of the pregnant lepromatous
woman with dapsone ensures that any of the bacilli present in breast milk will be dead
(Jopling 1971). Plate 2.1 presents a woman with polar lepromatous leprosy and a
seemingly healthy infant.

Plate 2.1

Woman with polar lepromatous leprosy and her
healthy infant.

Courtesy of Dr. W. Jopling (1971)

There is no question that the major source of transmission is through infected
mucosa of the nose, and more rarely the mouth. The investigation of nasal mucosa in
untreated lepromatous patients indicates that infected droplet material can be released
into the air through coughing, sneezing, and talking, and can also be absorbed by dust
(Pedley 1973). Sheppard and Karat (1972) states that a large number of bacilli can be
obtained from the nasal mucosa of infected lepromatous patients, ranging fiom between
10,000 to 10,000,000 organisms. In addition, Davey and Rees (1974) estimated that the
nasal mucosa of lepromatous patients can contain up to 10,000,000 living organisms per
day, which can survive for up to 36 hours or more. In some cases the bacilli have
remained viable for up to 9 days in tropical environments (Desikan 1977).

The viability of the bacillus outside of the host suggests that there is a distinct
possibility that the organism could also contaminate food, clothing and fbmiture. As
previously discussed, Chakrabarty and Dastidar (1989) observed that mycobacteria are
capable of existing on very simple hydrocarbon chemicals that are present in fossil fuels
on the ground surface. Thus, it is possible that a soil born infection could enter the human
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host through injuries on the skin, or through the respiratory tract. They conclude that it is
this balance between soil-to-human and human-to-human infections that define the

endemicity of leprosy in different geographic regions. This relationship is in turn
dependent upon cultural conditions such as level of hygiene, overcrowding, nutrition, and
mode of tilling and cultivation of arable land. This theory also provides an explanation

for the

number of inalcs affccted by leprosy, in that they s e the mcsf like!y tc?

come into contact with infected soil during cultivation.
Another study investigating the viability of the bacilli outside of the host found
that after exposing immunologically suppressed rats to aerosols containing
~bfycobacteriumleprae, 33 percent of them contracted the disease, supposedly through the

capillaries of the alveoli of the lungs. This appears to occur without lesions being caused
in the areas of entry, as no lesions were discovered in the respiratory tracts of the rats
(Rees and McDougall 1977). There is no question that poor housing conditions and
nutrition are major factors in the transmission of the disease for "overcrowding,
particularly at night, provides the ideal conditions for infection whether by droplets or by
skin contact, and under-nourishment reduces cell-mediated irnrnunity"(lop1ing I97 1: 4).

2.1 1 Incubation Period

Despite the technological developments in the medical profession in recent years,
there are a number of epidemiological characteristics of leprosy that continue to evade
the medical profession. At our present stage of knowledge, the duration of the incubation

period or latent period, and the onset of the disease cannot be defined, as no dependable
immunological test has been devised to measure these occurrences. The large majority of
individuals have a resistance to Mycobacterium leprae, and the invading bacilli are either
destroyed or contained so that there is no development of the disease. If the initial host
response is not effective in containing the bacilli, they will continue to multiply.
However, symptoms of the disease do not generally occur unless "an adequate number of
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bacilli is recognized by the immune system, or the bacillary load becomes
massive"(Pfa1tzgraff and Bryceson 1985). In addition, as the early symptoms of leprosy
are often non-specific and sporadic, it is often the case that the disease is not recognized
until a much later stage.
It has been established that in general the incrlhation period o f leprosy i s relatively

long in comparison to many other infectious diseases. The minimum incubation period
has been estimated to be as short as a few weeks, based on the rare occurrence of the
disease among young infants (Montestruc and Berdoneau 1954). While it is probable that
these infants would have been exposed to Mycobacterium leprae after birth, one cannot

eliminate the possibility that the illness may have been contracted in utero. It is generally
held that the bacilli do not cross the placenta, although bacillary antigens are capable of
doing so (Jopling 1971). In contrast, incubation periods of as long as 30 years have been
recorded amongst war veterans who spent short periods of time in endemic areas. but
who otherwise resided in non-endemic regions (Noordeen 1985). An examination of
American veterans who had been exposed to the disease for a brief period of time
demonstrated that the incubation period generally varied between 2.9 to 5.3 years for
tuberculoid leprosy, and 9.3 to 11.6 years for Iepromatous leprosy (National
Communicable Disease Center 1970). Jopling (1 97 1) states that the average incubation
period ranges from between 2 to 7 years, most commonly From between 3 to 5 years.
Rogers and Muir (1940) concluded that the average latent stage was between 2 to 4 years.

Muir (1948) stated that the average incubation period was 3.5 years. From an
examination of 58 children, Rodriguez (1938) concluded that 50% of the children had
contracted the disease by the time that they had reached five yean of age. In addition,
Prasad and AIi (1967) estimated the latent period to be around 4.4 years, based on their
research in Southern India. While it appears that the incubation period of leprosy is both
prolonged and extremely variable, it is generally agreed that its usual range is between 2
to 5 years.

2.12 Classification of Leprosy

The diagnosis of leprosy has been complicated by the fact that the disease does
not occur in only one or two forms, but represents a continuous spectrum of disease from
"a localized, self healing granulomatous disease with very few demonstrable leprosy

bacilli to s ddespread, progressive, mergjc disease wit!.! massive n~mbersof 31.

lepraeY'(Hastingset al. 1988: 33 1). Ridley and Jopling (1966) have devised a system to
determine the position of a patient's symptoms along this spectrum, yet in many cases the
symptoms are insidious, and a proper diagnosis cannot be made. The disease has been
divided into two polar conditions that are considered to be clinically stable. The
borderline cases of the disease which represent a spectnun of conditions between the two
polar forms, are typically clinically unstable, and can down-grade or up-grade depending
on the immune response of the individual patient. The term 'Indeterminate leprosy' refers
to cases where the specific type of the disease cannot be established. This classification
refers to an early transitory stage of leprosy found usually in children whose
immunological status has yet to be determined (Jopling 1971). It is usually associated
with a single skin macule, although multiple lesions do occur in an asymmetrical

distribution. Although a thickened nerve may be present, anaesthesia is usually absent,

and smears do not usually contain evidence of the bacillus. This form of the disease heals
without treatment in approximately three-fourths of cases (Hastings et al. 1998).
However, in many instances the condition downgrades into a determinate form of the
disease, usually borderline or lepromatous (Jopling 1971). Figure 2.1 presents the leprous
spectrum established by Jopling (197 1).

Figure 2.1:

The Leprous Spectrum

r

Lepromatous

Tuberculoid

Leprosy (LL)

Leprosy (TT)

Courtesy of Dr. W. Jopling (1971)

2.12.1 Polar Tuberculoid Leprosy

Polar tuberculoid leprosy is a less severe and localized form of the disease, which
is usually confined to the skin, eyes, and peripheral nerves, although it has been known to
affect the bone in rare cases (Job 1988). It is at present the most common form of the
disease in endemic regions. The term 'tuberculoid' refers to the fact that the
hypersensitivity reaction of the patient with this form of leprosy is similar to the one
exhibited for tuberculosis (Rogers 1984). In this form of the disease, the host-immune

response is not strong enough to destroy the invading bacilli, but is capable of engulfing
and containing them, which to a large extent prohibits the spread of the bacilli throughout
the body via the circulatory system (MacKenzie 1984). Histopathologically, in cases of
polar tuberculoid leprosy there are only a very small number of acid-fast bacilli (Hastings

et ai. 1988). This low M~cobacteriumleprae count has led to tuberculoid leprosy being
referred to as the 'paucibacillary' (few bacilli) form (Maurice 1989). In most cases, polar
tuberculoid leprosy is an insignificant form of the disease that often heals spontaneously
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in a few months time, without any form of treatment (Noordeen 1985). Therefore, this
form rarely leads to peripheral nerve damage or any disability. and the prognosis is
usually good (Pfdtzgraff and Bryceson 1985).
Generally in this form of the disease the skin macules or plaques are found singly

or i ~smd!
.
clusters, md sre chmterized by s h q borders. Insome c s e s the edge of the
lesion is elevated, which is indicative of central healing or peripheral spread (Pfaltzgraff
and Bryceson 1988). The skin lesions are erythematous in light skins and hypopigmented in dark skin, and often are associated with a coppery, orange, or red colour
(Jopling 1971). In addition, the lesions show evidence of nerve damage and subsequent
anaesthesia, with a loss of sensation to touch, pain, or temperature. These lesions can be
found on any part of the body "apart from the warmer areas such as the hairy scalp,
axillae, groins, and perineum"(Jopling 1971 : 35). Bedi et al. (1 975) have suggested that
the lesions are most likely to occur on parts of the body which are not characteristically
covered by clothing, although this has not been conclusively proven at present.
The nerve involvement in polar tuberculoid leprosy is generally not extensive, and
usually involves the enlargement of a single nerve or one group of nerves, which may or
may not demonstrate abscess formation (Cochrane 1964). The leprosy bacilli invade
either the dermal (cutaneous) nerves, or the nerve trunks. The two areas where the nerves
are most vulnerable are the portions which are nearest the surface of the body, and are
therefore cooler, and the regions where the nerves are subject to trauma (Cochrane 1964,
Jopling 1971). If the immune response is capable of restricting the infection to one or
more nerves without evidence of skin lesions, then the condition is referred to as 'pure
neural tuberculoid leprosy'. However, if the bacilli "or their antigens escape from the
nerve into the surrounding or neighbouring skin, a skin lesion is likely to develop at the
site"(Jop1ing 1971; 13 - 14).
As leprosy is a disease whose manifestations are strongly dependent on the

immune response of the individual, it is possible that a case of tuberculoid leprosy could
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down-grade into a more severe form of the disease if the immune response is
compromised. This situation apparently occurs rarely, and it is far more likely that the
disease will disappear spontaneously. An Indian study by Rammujam (1980) in which

untreated cases of leprosy in children were followed for 19 years (1937-1 956), it was
found that 78% of minor tuberculoid lesions, and 88% of major lesions healed
sp~ntmeous!y. In only i?4 of t!~e cpses did th.e individ~wlsdol?.a-grade to !epromaous

leprosy. In addition, a fkther study in India observed that after six years, 74% of
untreated 'non lepromatous' cases of the disease had been healed (Ekambaram and
Sithambaram 1977).

2.12.2 Borderline leprosy

The term 'borderline' leprosy was coined to refer to the cases which represent the
wide spectrum between the stable polar tuberculoid and polar lepromatous forms of the
disease. The term 'borderline' was initially used to indicate cases which were thought to
originate from tuberculoid lesions through repeated reactions, although the clinical
symptoms did not allow for their inclusion in the truly tuberculoid type (Wade 1940). For
a substantial period of time there appeared to be a discontinuity in terminology. and these
cases were described by the interchangeable terms of borderline, dimorphous, or
intermediate leprosy. An evaluation of the large variety of terms used to refer to this form
of the disease is too extensive to be included in this work. However, it became clear that

none of these terms was specific enough to indicate the position of the individual
manifestation in the spectrum, which necessitated the division of the borderline group
into various subgroups. Ridley and Jopling (1 966) divided the borderline category into
three distinct forms on the basis of immunological, histological, clinical, and
bacteriological f~ndings.These categories were BT (Borderline Tuberculoid) where the
immunological response is nearer to the tuberculoid end of the spectrum, BB (MidBorderline) which is in between the tuberculoid and lepromatous ends of the spectrum,
and BL (Borderline Lepromatous) near the lepromatous end. These divisions were
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primarily based on the number of bacilli retrieved from biopsy specimens. In addition, a
combination of these different levels (BT-BB, BB-BL, BL-LL) has been used to describe
ambiguous cases which seem to encompass more than one category. Subsequent
investigators have added additional subdivisions to this subgrouping (Ridley and Waters
1969, Jopling 1971).

In borderline cases of the disease, the symptoms will dramatically differ
depending on the position of the specific form along the spectrum. Nerves are attacked in
the same way as previously described, although the cellular response is often less focal
and less destructive. Sopling (197 1) has clearly defined the characteristic features of the

various borderline levels. Bacilli infiltrate the nerves and are present in relatively small
numbers at the tuberculoid end, and large numbers at the leprornatous end of the
s p e c t m . The clinical evidence of nerve damage appears to precede skin lesions by a
considerable period of time. In borderline-tuberculoid cases, the bacilli are usually not
present in the dermis, although small numbers may be found within the dermal nerves. In
mid-borderline cases, the bacilli are present in moderate numbers in both the dermis and
within the dermal nerves. Lastly, in borderline-lepromatous leprosy, the bacilli are
present in large numbers in both the skin and nerves and are "distributed singly, or in
clumps, and sometimes in small globi (bacilli massed within distended macrophages)
(Jopling 1971: 15).

2.123 Polar Lepromatous Leprosy

An enormous amount of clinical literature has concerned itself with an
examination of lepromatous leprosy. The t e n 'lepromatous' refers to the low resistant
form of the disease, and is the most severe and devastating type of leprosy. As a result of
medical intervention this is the least common manifestation of the disease today,

although it was by far the most common form in the past (Anderson 1969). Many of the
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misconceptions, and much of the stigma surrounding leprosy has resulted from society's
feaxful reaction to individuals displaying the disfiguring and incapacitating symptoms of
the lepromatous form of the disease. Naturally, this is the form of most interest to the

paleopathologist, not only because it was likely the most common form of leprosy in the
past, but also because it is the form most characterized by osseous change.

In the initial stages of lepromatous leprosy the symptoms may appear similar to
the tuberculoid form of the disease. The patient can show evidence of macules, papules,

or nodular skin lesions that usually occur on the a m s , legs, and trunk of the body. These
skin lesions are associated with anaesthesia, resulting from the invasion of the nerves by
large numbers of active bacilli (Rogers 1984). The number of hlycobacterium Zeprae
bacilli present in these lesions is significantly larger than in cases of tuberculoid leprosy,
thus the lepromatous form is referred to as 'multibacillary (many bacilli) leprosy. It has
been calculated that as many as 10' organisms can be identified in every milliliter of
blood of a lepromatous patient (Drutz et al. 1972). It has also been estimated that as many
as one million bacilli may be present in a single gram of tissue obtained from the lesions
of a lepromatous individual (MacKenzie 1984). Plate 2.2 presents a clinical case of a
female adult individual with lepromatous nodular leprosy.

Plate 2.2:

A woman with nodular lepromatous
Leprosy. Finland (1945)

Reproduced by kind permission of Dr. P. Stuart-Macadam
Macules in lepromatous leprosy are erythematous on light skins, and have a
coppery sheen in dark skins, and are usually small and numerous. Papules and nodules
may be hypo-pigmented or normal skin colour, and are in the skin not in the subcutis
(Jopling 1971). In addition, there is nodulation of the ears, thickening of the skin of the
face (leonine facies), swelling and broadening of the nose, and thinning of the eyebrows

and eyelashes known as 'madarosis' (Jopling 1971). Typically, lepromatous skin lesions
involve the cooler parts of the body, as there is a preferential growth of the bacilli at
temperatures below core body temperature (Hastings et al. 1988). The disease appears to
be blood borne rather than localized, as the lesions appear in a bilateral and symmetrical
formation throughout the body (Sheppard and Karat 1972).

This predilection for cooler temperatures results in the massive bacterial invasion
of the anterior portion of the eye, the nasal mucosa, and the peripheral nerve trunks,
especially in areas closest to the surface (Hastings et al. 1988). Whereas in the majority
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of cases these three areas tend to be affected most dramatically, in the lepromatous form
of the disease the mouth, pharynx and larynx, testes, kidneys, liver, spleen, adrenal
glands, nails, muscles, lymph glands, and most importantly the bones, are also affected
(Bernard and Vazguez 1973, Jopling 1971). Bilateral chronic oedema of the legs,
hoarseness of the voice, enlargement of the nutrient foramina, and loss of the upper
incisor teeth are also common symptoms of lepromatcus !eprosy (5ernzrd w.d V z g x z
1973, Jopling 1971).

There are specific destructive changes of the nose, mouth and facial area, which
are of particular interest to the paleopathologist. Nasal symptoms of the disease involve

stuffiness, crust formation, and odorous blood-stained discharge. The nasal mucosa
contains a large number of bacilli that can be released into the air through sneezing or
blowing (Jopling 1971). At later stages of the disease, the perforation of the nasal septum
and the increasing disintegration of the nasal cartilage ofien leads to nasal collapse
(Barton 1974). In the mouth, the mucosa of the palate and tongue become thickened, and
nodules may appear which can lead to perforation of the palate. In addition, bacillary
destruction can lead to erosion of the alveolar process of the maxilla, which results in the
loss of the upper incisor teeth (Pfdtzgraff and Bryceson 1985). The erosion of the
alveolar process of the maxilla, and the zygomatic processes leads to a flattening of the
upper lip and cheeks, which accounts for the characteristic deformity described as 'facies
leprosa' by Moller Christiansen (1953, 1961, 1974, 1978). Plate 2.3 presents a clinical

case of a male adult with resorption of the alveolar process of the maxilla. The bone
changes associated with leprosy will be thoroughly discussed in Chapter Four.

Plate 2.3:

Male with resorption o f the
Alveolar process o f the maxilla.

Reproduced by kind permission of Dr. P.Stuart-Macadam
Although the paleopathologist is not able to examine the actual destruction of the
peripheral nervous system, there are secondary changes related to this destruction that are
observable in the skeletal record. The evidence of nerve damage in lepromatous leprosy
occurs at a late stage, and therefore any neurological damage is always preceded by
evidence of the disease in the skin. Neurological symptoms involve nerve thickening,
anaesthesia, and subsequent motor dysfbnction that is dependent on the particular nerve
involved. As previously stated, the nerves are generally affected in areas where they are
cooler and closest to the surface of the skin. The sensory fibers of the nerves are usually
damaged first (Peanon and Ross 1975). The bacilli have a predilection for specific
nerves, in particular the great auricular of the neck, the supraciavicular running across the
clavicles, the ulnar above the elbow, radial and median at the wrist, antebrachial
cutaneous in the forearms, femoral cutaneous, lateral popliteal around the neck of the
fibulae, surd at the back of the legs, posterior tibia1 (distal), and the superficial peroneal
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nerves in fiont of the ankles and on the dorsa of the foot (Jopling 1971:2 1). The sensory
impairment is always symmetrical and bilateral in lepromatous leprosy, which
distinguishes it from the tuberculoid form of the disease in which the distribution is
asymmetrical (Jopling: personal communication) The bilateral distribution results from
the large number of invading bacilli, and the inability of the host to illicit an immune

response. This distribution is referred to as 'glove and stocking' anaesthesia (Ridlev and
Jopling 1966, Jopling 1971). Figure 2.2 presents the sensory nerves of the arms and legs
that are affected by leprosy.

Figure 2.2:

The sensory nerves of the arms and legs that are affected by leprosy.

anterior view

I

posterior view

I

Reproduced by kind permission of Dr. Charlotte Roberts
The damage to motor nerves leads to anaesthesia, loss of sympathetic and motor
function, and at a later stage muscle weakness, wasting, and atrophy (MacKende 1984).
Paralysis is also a characteristic feature of advanced cases of lepromatous leprosy. The

muscles which are commonly affected are those which "are supplied by the facial nerve

1
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(facial palsy), ulnar nerve (claw hand), median nerve (ape hand), both ulnar and median
nelves, lateral popliteal nerve (dropped foot), and the posterior tibia1 nenre (claw toes or
hammer toesO"(Jop1ing 1971: 24). The digits of the hands and feet become swollen and
tapered, with associated swelling and angulation of the joints (Pfaltzgraffand Bryceson
1985). In the early stages before the occurrence of total anaesthesia, the hands and feet
become hypersensitive md even slight bmgs or walking czn produce extrexe pain
(Browne 1965). The digits may shorten and show evidence of osteoporosis of the
phalanges, which can lead to compression and hairline fracture, and subsequent distortion
of the joints. The anaesthesia of the extremities, which is complicated by the associated
motor and sensory deterioration, results in unnoticed and repeated trauma and mutilation
of the feet and hands (Rogers 1984). These traumatic episodes result in the necrosis of
soft tissue, ulceration and secondary infection i.e., osteomyelitis, and septic destruction.

In addition, the destructive and infective change is more likely to occur when there is
clawing resulting *om a weakness of the muscles (PfaltzgrafY and Bryceson 1985). Plate
2.4 presents a clinical case demonstrating changes in the hands associated with

lepromatous leprosy. Plate 2.5 presents a clinical case showing ulceration of the left foot
in lepromatous leprosy.

Plate 2.4:

Changes in the hands associated with lepromatous
leprosy.

Reproduced by kind permission of Dr. C.Roberts

Plate 2.5:

Ulceration of the left foot in lepromatous
t eprosy.

Reproduced by kind pemission of Dr. C. Roberts

In conclusion, it appears that both treponemal infection and leprosy are infectious
diseases that have had a long-standing relationship with human populations. With the
exception of venereal and congenital syphilis both disease complexes share in common a
non-venereal mode of transmission, and osseous change is associated principally with the
tertiary stage of disease. The transmission dynamics for both diseases are extremely
complex, and immune status and previous exposure have considerable effects on the
behaviour of the causative organisms. Treponemal infection is profoundly affected by
social and ecological factors, particularly in terms of temperature and humidity. These
parameters appear to have far less affect on Mycobucterium leprae. The geographic
distribution of the non-venereal forms oftreponemal infection is marked, a fact that is not

recognized for acquired venereal syphilis or leprosy. While both diseases exhibit
cutaneous and osseous changes, there are considerable differences in the nature and
degree of lesions. These differences allow for differentiation of the conditions on the
basis of modem clinical parameters.

CHAPTER THREE
Historical Literature
3.1 Introduction

For over a century, the discipline of paleopathology has been concerned with an
investigation of the evolution and development of disease complexes in past populations.
Throughout humankind's evolutionary history, many factors have converged to influence
the relationship of disease factors to their particular ecosystem. As a result of their
antiquity and widespread impact, infectious diseases have always represented a major
focus of investigation. Throughout human history, a plethora of infectious diseases have
been responsible for the mortality of vast numbers of individuals, often with far reaching
social consequences. Few diseases have been associated with as much fear and
controversy as those caused by bacteria of the genus Treponema. Debate concerning the
origins and antiquity of treponemal infection has been ongoing since the late 19' century.

and they remain as some of the most controversial issues in anthropology and medical
history to the present.
The long-standing dispute focuses on two closely related issues. The first
concerns the origins of the Treponema bacterium itself. Primarily this involves the issue
of whether or not the four clinical manifestations of disease represent four distinct species
of bacteria within the genus Treponema, or if they are caused by a single entity
Treponema paZiidum. In the case of maintenance of the division between the four species
of treponeme, the complex of conditions would be referred to as the 'Treponematoses'
(Hackett 1963, 1967, 1976, 1983). If one accepts a single species as responsible for the
alternate clinical conditions then the disease complex would be known as
'Treponematosis' (Hudson 1958, 1963,1965, 1968).
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The second question revolves around the subsequent spread of venereal syphilis
through time. Three hypotheses have been generated to account for the transmission of
the disease: the Columbian, preColurnbian, and Unitarian hypotheses. Each of these
theories relies on evidence From documentary and osteological sources from the New and
Old World. However, the selective archaeological record, and the often-difficult task of
assessing skeletal and literary data have made validation of specific theories extremeiy
laborious.
Proponents of the Pre-Colurnbian and Columbian hypotheses have relied heavily
on historical documentary evidence in their search for the origins and transmission history

of treponemal infection (Holcomb 1934,1935, Hamson 1959, Cockburn 1961. Demie
1962, Hackett 1963, 1967, Hudson 1963%b, 1965a, b, 1968, Goff 1967, Crosby 1969,
Kampmeier 1984, Baker and Annelagos 1988). They have concentrated on several
disparate literary sources. First, the biblical writings of the Old and New Testaments,
which are purported to contain multiple references to leprosy and venereal syphilis.
Second, the writings of Greek, Roman and Arabic medical practitioners who provide a
number of descriptions of past disease entities. Third, the writings of ancient Indian and
Chinese physicians, which some have argued provide accurate descriptions of the two
conditions.

In terms of the medieval literature, scholars have emphasized particular texts to
examine the presence or absence of the diseases in medieval Europe. There has been a
heavy reliance on the work of the early Spanish chroniclers, many of whom had been
present in the New World in the late 15" and 16" centuries (Williams et al. 1927,
Holcomb 1934, 1935, Hudson 1961, Dennie 1962, Crosby 1969). In addition, scholars
have evaluated descriptions of the use of the holy wood 'guaiacum', which was held to be
a New World cure for venereal syphilis (Williams et al. 1927, Holcomb 1934, Cummins
1988, Russell 1989). A considerable amount of literature has been devoted to the military
activity of Charles VIII of France, who was responsible for the supposed 'Siege of

Naples' in 1494-5 (Williams et al. 1927, Baker and Armelagos 1988, Rosebury 1992,
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Luger 1993). It has been suggested that venereal syphilis was transmitted to the army of

Charles VIII by Spanish sailors who had returned fiom the New World. Numerous
scholars have evaluated the medieval 'edicts' on syphilis (Sudhoff 1926, Holcomb 1934,
Harrison 1959, Russell 1989, Luger 1993). These edicts which appear in the late fifteenth
century and early sixteenth century have been considered to be valuable sources of
information concerning the history of syphlis in Europe. Finaily, scnoiars have
investigated the secular and religious writings of medieval scholars, which some suggest
present evidence for a diagnostic confusion between venereal syphilis and leprosy
(Gordon 1959, Hudson 1961, 1963, Hackett 1967, Rubin 1974, Richards 1977,
Karnpmeier 1984, Baker and Armelagos 1988).

3.2 Hypotheses concerning the Origin of Treponemal Infection

Discussions relating to the origins and subsequent spread of the treponemal

diseases have largely been concerned with venereal syphilis. This is likely due to a
number of factors. Firstly, venereal syphilis is distinct from the other three treponemal
infections in that its mode of transmission in adults is exclusively through sexual
intercourse. and not through non-sexual skin to skin contact. Secondly, only in cases of
venereal syphilis is the treponeme capable of crossing the placenta of an infected mother.
Therefore, in cases of congenital syphilis the disease is transmitted in utero, leading to
elevated rates of miscarriage and stillbirth, and in live births, evidence of osseous change
suggestive of venereal syphilis. Thirdly, paleopathologists have tended to concentrate
disproportionately on venereal syphilis as it has the tendency to produce a higher degree

of osseous change then the other three treponemal conditions. Lastly, although substantial
proportions of early historic literary documents contain descriptions that are suggestive of
venereal syphilis, many of these are vague and not conclusive. However, records fiom the
Medieval period in Europe do exist which clearly establish the presence of the disease in
epidemic proportions at that time.
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Three alternate hypotheses have been advanced to explain the origin and
subsequent spread of venereal syphilis throughout the world. The vast majority of work
published on syphilis from the 1950's up until the present time has concentrated on this
issue. At the beginning of the 20" century, investigators of ancient disease were satisfied
with the description of individual specimens. Today the goal of paleopathology is to

undersrand a disease process within an epidemioiogicai framework. Tie investigation
ideally must attempt to provide a synthesis of all available information, presenting an
approach that is holistic in nature (Arrnelagos and McArdle 1975). As noted by Ortner
and Putschar (198 1:202),these three different and conflicting theories regarding the
origin and antiquity of syphilis are based on three distinct sources of information;
speculation based on evolutionary theory, historical documents, and pathological
evidence, all of which are not necessarily mutually exclusive. The relative dependence on
one or more of these influences strongly affects the subsequent theoretical direction of the
various conclusions. The issue of the origin and spread of syphilis has remained a bone of
contention in the paleopathological literature until the present time, because much of the
available information is ambiguous and interpretive controversy has made it difficult to
establish conclusive results.
The Columbian hypothesis asserts that syphilis originated in the New World and
was introduced into Europe by the return of Christopher Columbus and his crew to Spain

in 1493 ( Briih1 1890, Bloch 1908,Williarns 1927, Pusey 1933, Zinsser 1935, Harrison
1959, Dennie 1962, Goff 1967, Crosby 1969, Baker and Armelagos 1988 ). This

introduction of a new form of virulent disease into a virgin population (one with no
former experience with the condition) would account for "its rapid spread to every part of
Europe in less than two years as shown by proclamations and personal accounts of the
period"(Steinbock 1976:87). The appearance of syphilis in a host population with no
immunity to the condition would also account for the famous epidemic of the early 16'
century. According to this proposition, as syphilis did not exist in the Old World prior to

1493, there should be no evidence of venereal infection in the skeletal remains prior to
this date.
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The opposing preColumbian hypothesis contends that syphilis had been present
in Europe for a long period before the return of Columbus and his crew, but that the
condition had not been diagnostically differentiated fiorn 'leprosy' (Buret 189 1, Hyde

1891, Sudhoff 1926, Holcomb 1930,1934,1935, Hackett 1963,1967, Cockbum 1961).
Therefore, the apparent epidemic resulted from the clinical recognition of syphilis as a
distinct entity in the late 15;: century, and it is only a coincidence that h s coincided with
the return of Columbus. As knowledge of syphilis as a distinct disease spread throughout
Europe it was identified in large numbers in areas where treponemal infection had existed
either in a venereal or non-venereal form for centuries.
The Unitarian hypothesis asserts that the four treponemal diseases had been
present in both the Old and New World for centuries, and had evolved in disparate parts
of the world as populations altered their ecological and socioIogicaI environments (Butler
1936, Krumbhaar 1936, Hamlin 1939, Stewart and Spoehr 1952, Hudson 1958, 1963,

1965, 1968). Therefore, this hypothesis adopts an evolutionary framework to evaluate the
origin and transmission of the treponemal bacteria. A major tenet of this theoretical
stance is that the four clinical diseases caused by the treponemal bacteria are simply
representations on a gradient, and that Treponema pallidurn is the only causative bacterial
form.
From the late 19" century and throughout the 20" century, an enormous amount
of literature has been generated regarding the ancestry and spread of treponemal infection.
Scholars have evaluated material from disparate sources, and have attempted to address
the question with the application of an evolutionary model. Unfortunately, the
interpretation of a large portion of the information is questionable. Theoretical
propositions have relied very heavily on descriptions of pathological entities contained

within historical sources dating fkom biblical times up until the 18" century. The inherent
problem with this literary material is that many of the descriptions present vague and
contradictory information which does not conclusively establish the presence of a
venereal form of treponemal infection at any time prior to the epidemic of 1500 A.D.. In
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addition, the state of the medical discipline in the past is difficult to assess in light of
modem clinical knowledge.
The skeletal evidence is equally controversial. While several cases of proposed
preColurnbian treponemd infection have been identified in New World remains; the
siteled record from the Oid 'gorid is much iess prolific. These skziztai spzciinens will be
discussed in detail in Chapter Five. Adding to this problem is the fact that the
archaeological context of a number of skeletal collections has been difficult to determine.
Even in cases where the osseous evidence appears to demonstrate changes indicative of
treponemd infection, the dating often cannot provide a concrete preColumbian date. In
the case of European specimens, often the established dates represent a range extending
from a pre-Columbian period to the post-Columbian one, and it is impossible to establish
the exact chronological position of the skeletal material. Lastly, evolutionary models.
which attempt to account for the original development and subsequent spread of the
treponemal bacteria, differ on several major issues. In particular, scholars strongly
disagree on the etiological characteristics of the genus Treponerna.

In order to assess adequately the history of treponemal infection it is essential to
evaluate in detail the evolutionary, historical and skeletal evidence which has served to

fuel the debate. Naturally, different material has been used for and against each of the
theoretical positions. However, the way in which archaeological and literary information
has been interpreted is completely dependent upon the underlying theoretical
construction.

3.3 Hypotheses regarding the Treponematosis or Treponematoses?
On the basis of an evaluation of the mode of transmission, geographic
distribution and epidemiological characteristics, the distinct diseases of pinta, yaws,
endemic and venereal syphilis can be confidently identified clinically. What is in
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question, is the developmental evolution of the bacteria within the genus Treponema. As
this evolution has progressed over countless generations this problem is difficult to
assess. Indeed, as evolutionary processes are not static, there is no reason to assume that

this process is not affecting the nature of the genus Treponema today. However,
speculation concerning the evolutionary history of the genus can be firmly divided into
two diametrically opposed camps.
According to one party of researchers, the different clinical manifestations of the

four conditions, along with their different geographical distributions justifies the division
of the Treponema bacteria into three distinct species. Traditionally the four conditions
caused by the Treponema bacteria; pinta, yaws, and syphilis (endemic and venereal) have
been classified as being caused by the bacterial species Treponema carateurn, Treponema

pertenue, and Treponema pallidum respectively. However, as discussed in Chapter Two,
the different forms of the Treponema bacteria are indistinguishable in their appearance
and physical characteristics (Dooley and Binford: 1976). Thus the differences between
the clinical attributes of the four diseases appears to be quantitative and of degree rather
than qualitative in nature. This fact, in addition to certain epidemiological properties of

the four conditions has led other investigators to suggest that there is only a single form
of the Treponema bacteria, which has been identified as Treponema pallidum.
Unfortunately at present this question cannot be adequately resolved, as bacteriological
and immunological techniques have not advanced to the level in which concrete
conclusions can be presented. The recent development of sophisticated DNA
investigative techniques may allow for resolution of several important epidemiological
questions regarding the genus Treponema.
As conclusive results relating to the relationship of the Treponema bacteria cannot
be established at present, it would at first glance appear that this discussion is purely

academic in nature. However, these alternate theoretical positions have a profound effect
on the long-standing discussion concerning the geographic distribution and spread of the

four clinical conditions. At present there are three principle theories which attempt to
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account for the evolution and transmission of the four treponemal diseases. While there

are similarities between these proposed theories, they differ markedly in their description
of the development of the treponemal bacteria. In evaluating these opposing views, one
should take into account the law of parsimony, which holds that the simplest explanation
which can confidently account for the data is likely the correct one. However, as these
theoretical constructions are attempting to account for processes, which occurred perhaps
thousands of years in the past, it is important to evaluate them cautiously.
The first theory concerning the origin and development of the genus Treponema is
attributed to the work of Hackett. According to Hackett (1963) pinta was the original

human treponematosis which probably developed on the Afro-Asian land mass from an
animal infection before 20,000 B.C. His selection of pinta as the original precursor was
made on the basis of the fact that "pinta has many characteristics of a primitive infection,
such as lack of invasion of deeper tissues than the skin and a long duration of
infectiousness which would maintain it in small population groups, even in
famiIies"(Hackett 1963~24).Pinta progressively became widespread throughout Asia and
Africa and extended into the Americas via the migration of peoples and animals across

the Bering Strait land bridge around 15,000 B.C. With the disappearance of the land
bridge the pinta treponeme was effectively cut off in the Americas from the rest of the
world.
Around 10,000 B.C. on the Afro-Asian land mass,the hot and humid climate led
to a mutation of the pinta treponeme into a form which was more invasive and
destructive. This new form of the bacteria, yaws, gradually spread throughout the world

in areas characterized by a hot and humid climate, with the exception of the Americas,
which had become isolated with the flooding of the land bridge. With the retreat of the
last glaciation circa 7000 B.C.environments characterized by a hot and arid climate
favoured a further mutation of the yaws treponeme into the form responsible for endemic
syphilis. Hackett fiuther states that the fmal step in the evolution of the treponeme would
"involve the change from a non-venereal disease (endemic syphilis) of rural children to a
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venereal disease (venereal syphilis) of urban adults (Hackett 1963:29). As venereal
syphilis does not appear to be constrained by environmental conditions, the mutation

fiom an endemic to a venereal form of the treponeme resulted fiom cultural
developments. This mutation occurred around 3000 B.C. with the advent of urbanization
in Southwest Asia during the post-glacial climatic optimum. At a later date (after the first

century B.C.) thls venereal form spread into the European mainland in a relatively mild
form. A further mutation of the venereal treponeme occurring in the late 15" century
likely gave rise to the form of the disease that is present today. The global transmission of
the venereal form of the disease arose through the European expansion of the sixteenth
century onwards.
Therefore, Hackett sees the evolution of the treponemes as a progressive process
&om the most primitive form, pinta, to the most advanced venereal syphilis. While he
acknowledges the role played by climate and culture in the development of the bacteria,
the mechanism of change is within the actual structure of the treponeme itself, through a
process of mutation. Thus, it is clear that the foundation of Hackett's construction is the
assumption that the different treponemal diseases are in fact caused by distinct species or
strains of the genus Treponema.
While Hackett is in agreement with other researchers on the role of climate and
cultural characteristics in the evolution of the treponemes, his theory has been questioned
on a number of levels. Firstly, as previously stated, the different forms of the treponemal
bacteria cannot be distinguished by any known laboratory technique. This would suggest
that it is premature to conclude that they are different species. Alternately, this similarity

in nature would strongly argue for a single species of bacteria. Secondly, Hackett does not
adequately explain why the original pinta treponeme continued to survive in the Americas
when it had disappeared in the rest of the world (Roberts and Manchester 1995). Thirdly,

in opposition to his establishment of Treponema carateum (pints) as the original
precursor, Gmek (1994) suggests that a species, which is isolated in an area at the margin
of the geographical area in which its group has expanded, cannot be considered primitive.
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This is perhaps the case when one notes the restricted distribution of pinta today in
Central America. Therefore, Grmek (1994) suggests that yaws rather than pinta was the
most primitive treponemal entity. Lastly, Saul (1989) while agreeing with the division of
the genus Treponema into three causative agents, suggests that the date of 7000 B.C. for
the emergence of the endemic syphilis variant is too late. She argues that if treponemes in

the past were characterized by the stability noted for the Nichols strain of Treponema

paNidum in rabbits (Fieldsteel 1983), than a considerably lengthy evolutionary period
would be necessary for a divergence to take place. Thus, she presents a new picture,
which suggests that at the end of the Miocene and "beginning of the Pliocene, when the
climate began to become drier, the ancestral treponeme common to the primate ancestor

of apes and man evolved into the endemic-syphilis form (T.pallidum)"(Saul 1989:482).
Subsequently, populations crossing over the Bering land bridge fiom Asia circa 18, 000

years B.C. carried endemic syphilis not pinta with them into the New World. There it
diverged into pinta and non-venereal endemic syphilis, whereas in the Old World
populations suffered fiom either yaws or endemic syphilis or neither. She concludes that
the appearance of venereal syphilis in Europe resulted fiom the introduction of the
condition from abroad during the Age of Exploration.

The greatest opposition to the theory proposed by Hackett is the work of Hudson
(1 958, 1963% 1963b, 1965% 1965b, 1968). While both scholars concur that climatic and
cultural factors played a major role in the manifestations of the treponemal bacteria,
Hudson does not recognize the existence of four distinct bacterial forms. He proposes that
a single form of the bacterium Treponemapallidum is responsible for the four distinct
forms of disease, and that it is climatic variation and cultural conditions, not mutation of

the bacterium, which is responsible for the variation.
According to Hudson (1958, 1963, 1965), the primitive human treponemal
bacterium, rather than developing fiom an animal infection, probably arose from the
closely related saprophytes, which are microorganisms that exist in decaying organic
matter. He stated that it is "probable that the first treponemes penetrated traumatized skin
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and established themselves as the parasites of yaws under circumstances of heat,
humidity, shade and decaying vegetationW(Hudson1965:890). Cockburn (1 961) combines
the suggestions of both Hackett and Hudson in his discussion of the original treponemal

precursor. He notes that it is generally held that dl parasites are descended from freeliving forms. He suggests that within "the order Spirochaetaies there is no lack of freeliving organisms whch resemble the neponemes morp'noiogicaily and which provide
analogies for the type-specimen of a Free-living ancestor for our present
pathogens"(Cockburn 1961:223). In the order Spirochaetales, of which the genus
Treponema is a member, only the family Spirochaetaceae has free-living species, of
which there are a number of distinct genera. Therefore, it is possible that "some fieeliving ancestral organism of the family Spirochaetaceae gave rise to the family
Treponemataceae and all parasitic genera in it"(Cockbum 1961:223).
Cockburn (196 1) fiuther suggests that millions of years ago a symbiosis
developed between the free-living organisms and larger animals, with the site of entry
being the skin and orifices of animals either living in or ingesting water or soil
contaminated with the free-living forms. Thus, in the "course of millions of years
parasitic variants of the commensals slowly evolved in a number of different animals and
orifices until there developed the families, genera, and species of the present-day
order"(Cockbum 1961:223). The microbe could be transferred to new species of animals

through either direct horizontal spread or vertical spread throughout an adaptive radiation
as the original ancestor divides into new species over millions of years. Therefore,
Cockburn (196 1) suggests that mankind may have inherited his treponemes vertically

fkom his remote primate ancestors. With this theoretical construction, Cockburn
reconciles Hudson's suggestion of a micro-organism precursor with Hackett's idea of a
possible primitive animal infection.
Progressing fiom the discussion of the mode of development of the original
primitive treponeme, Hudson theorizes that this ancestral treponematosis originated at

some time during the Paleolithic period in sub-Saharan Africa, which is characterized by
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a hot and humid climate. This primitive form of the treponematosis, yaws, was a disease
of childhood, which was easily transmitted by skin-to-skin contact. Since the climate was
consistently hot and humid, the yaws treponeme was capable of existing on the skin, with
a distribution on the face, lower limbs, and trunk of the body.
When hunter-gatherer popuiations siowiy migrated fiom the Miicifan continzn~
throughout the world the infection was carried with them. As groups traveled into more
arid areas bordering the tropics the treponemal activity retreated to the more moist areas

of the body, such as the mouth, axillae and genital region in the form of endemic syphilis.
This treponerne in the form of endemic syphilis was transported to the New World via the
Bering Strait land bridge between 40-20,000 B.C. As populations moved into the hot and
humid areas of Central and South America, the disease manifestations were converted
into pinta and yaws, conditions that are still prevalent in this region today. The advent of
villages in the Neolithic period did not alter the non-venereal form of the disease as
increased infant survival, overcrowding, unsanitary living conditions and an increased
rate of child to child interactions facilitated the spread of the disease (Hudson 1963: 10423, 1965:892-93).

Hudson suggests that the treponematosis story would have continued no further if
not for the appearance of towns and cities in Mesopotamia and Egypt around 4000 B.C.
With the development of urbanization came a substantial increase in the levels of both
personal and private hygiene. Although one does not always associate high levels of
sanitation with urban environments, Hudson (1 965895) notes that "hygienic baniers do
not have to be very high to prevent the spread of touch-contact syphilis". Simple
advances such as the separation of sleeping quarters, bathing with soap and a clean water
supply were sufficient enough improvements to act as a barrier for the transference of
non-venereal syphilis. Therefor?, when the "childhood chain of infection is broken, an
increasing number of individuals reach adulthood uninfected, and the sociological factors
of city life facilitate sexual transfer of the treponemas among these susceptible
aduitsy'(Hudson 1963:1045). The increased number of unattached adult individuals in the
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city, and the relaxation of sexual restraints would increase the likelihood of successll
sexual transmission. The added appearance of prostitution on a large scale in urban
environments would significantly increase the likelihood of widespread sexual
transmission. Therefore, the combined influences of urbanization, prostitution, and
military and religious campaigns and pilgrimages would greatly facilitate the spread of
venereal syphlis.
Hudson (1965:738) points out that both the venereal and non-venereal forms of
treponematosis can exist in a restricted geographical area. Such non-venereal forms
would manifest themselves as either yaws or endemic syphilis depending on the climate.
As the city would be associated with a higher level of hygiene than the village, it is
possible to find areas where the city parameters are characterized by venereal syphilis,
while people in the rural regions suffer from yaws or endemic syphilis. Such is the case in
Kingston, Jamaica where the city is defined by a high level of venereal syphilis, although
the surrounding villages have a high prevalence of yaws. In Busrah, Iraq there is a "focus
of venereal syphilis, while at its very door lie the swamps of the Tigris and Euphrates
where live the marsh Arabs, almost all infected with endemic syphilis"(Hudson
1963:1045). In addition, to further complicate the issue, it has been observed that
different manifestations of treponematosis can be observed between different peoples in
the same geographical area. For example, in areas defined by the presence of yaws,
Europeans who generally exhibit higher standards of living rarely develop yaws but are
known to develop venereal syphilis (Cockburn 1961:225).
Cockbum (1961) concurs with both Hackett and Hudson that the origin of the
human treponeme dates back to the early history of our species, and that the global
transmission of the bacteria resulted from nomadic expansion. However, he differs fiom
the previous scholars in his assumptions regarding the development of the four distinct
disease forms. He presents an evolutionary framework in which the process of geographic
isolation led to the speciation of the genus Treponema. As populations occupied areas in
the world characterized by diverse climates and geography, both humans and their
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parasites would experience adaptive changes in response to specific local conditions.
Over a period of a few thousand years, this isolation would cause the various human
populations to differ in their reactions to the treponemes, and one would also expect to
discover differences in the pathogens themselves. This process of geographical isolation
would create a disease picture that would be expected to differ between regions, and can
account for the unique distribution of pinta in Centrai America.
Prior to the rise of towns and cities, treponernal infection would be typically mild
and chronic, as populations were characterized by small numbers. With the advent of
urbanization and the subsequent rise in levels of hygiene, treponemes that depended on
skin-to-skin transmission would be at a biological disadvantage in relation to those that
had developed a venereal mode of entry. Cockbum ( 196 1 :226) notes that a venereal strain
''would have always been a potential possibility, but would not emerge as a distinct entity

as long as it was not isolated from the other treponemes, for it would interbreed with
them and lose its identity. Once the others were out of the way, syphilis in its modem

form would appear".
Finally, Cockbum proposes that the fact that venereal syphilis exists as a distinct
entity indicates that a genitotropic strain of the treponeme has evolved through natural
selection. Furthermore, the invasion of the internal organs, which is solely associated with
the venereal form of the disease, results from congenital infection by the creation of
organotropic strains through the passage of the treponeme through a series of foetuses
over generations. The underlying impiication is that a process of mutation has occurred
throughout time, which led to the appearance of a strain of treponeme that differentially
affects the genitalia in adults. In congenital cases, the environment of the foetus is
considerably different than that of the mother. For a large portion of gestation there do not
exist effective sex organs for the treponemes to infect. Therefore, they alternately

colonize the internal organs of the foetus, and are transported back to the mother through
the umbilical cord. Hudson questions this proposition by stating that there is no evidence

to indicate that in a specific place at a specific time "a Beponeme suddenly appeared with
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a tropism for the genitalia. On the contrary, each country has developed its own
Venereal" treponeme as it developed the complex social fabric of urban lifem(Hudson
195893).

In conclusion, the three different theories presented share certain qualities in
c o r n o n . ??ley all vicw tkic huriaii ticponcmal bacteria 3s originating very ex!y

in h ~ ~ a n

developmental history, and recognize the subsequent spread of the bacteria as a result of

human migration throughout the world. They all acknowledge the role of climate in
influencing the different manifestations of the disease complex. The three theories concur
that the rise in standard of living with the establishment of cities was a major factor in the
development of the venereal form of disease. Therefore they all consider the crucial roles

of migration, climate and cultural development in the epidemiology of the genus
Treponema.
The major distinction among the different theoretical propositions lies with held
assumptions regarding the developmental history of the genus Treponema. The three
researchers present contrary hypothesis on the nature of the original precursor of the

human treponemal form. Hackett considers that the genus Treponema is a zoonosis that
evolved from an eariier animal infection. Hudson and Cockburn suggest that the genus
evolved from a microorganism precursor, but they differ on the likely ancestral candidate
Hudson asserts that the treponemal bacteria originated fiom a closely related group of
microorganisms known as the saprophytes. Cockbum asserts that the most probable
candidate for the treponemal precursor is within the family Spirochaetaceae.

In addition, the researchers disagree on the degree and mode of differentiation
within the genus Treponema. Hackett views the treponemal complex as four distinct
diseases caused by four distinct forms of the treponeme. He suggests that this distinction
resulted fiom a gradual mutation of the bacteria over thousands of ye=, with an
additional introduction into Europe of a more virulent form of the venereal treponeme in

the late 15" century. Cockbum agrees with the assertion of four distinct types of causative
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treponemal bacteria, but asserts that the differentiation occurred as a result of geographic
isolation and adaptive speciation. Hudson rejects the notion of four distinct treponemal
forms and suggests that there is only a single specimen, Treponema pallidurn. The
epidemiological differences found between the four disease results exclusively from
regional environmental and cultural influences.

While it is scientifically impossible to confiirrn many aspects of the above theories
at this time, they have had a profound impact on the development of subsequent work.
Perhaps the greatest and most long-standing argument in the discipline of paleopathology
has surrounded the question of the origin and antiquity of venereal syphilis. These
theoretical constructions have provided frameworks that have served as a foundation for
the generation of the three paramount hypotheses concerning the origin of syphilis: The

Columbian, pre-Columbian and Unitarian hypotheses.
3.4 The Documentary Evidence

The analysis of written documents has a long history within the discipline of
anthropology. While this source of information has contributed positively to
anthropological analysis, an uncritical reliance on literary material has also led, at times
to controversy and incorrect assumptions. Before proceeding with a presentation of the
pertinent documentary evidence, it is essential to discuss the nature of literary material.
As researchers attempt to apply relevant documentary material to archaeological

collections they must not only assess the reliability of individual sources, but also identify

the biases introduced by the author and the reader. This requires the investigator to
critically appraise the written work on a number of levels.
Before commencing any analysis the researcher must determine whether the
document represents a primary or secondary source. This involves addressing the
question of whether or not the author is recording a first hand account of an event, or is
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simply documenting the event several years removed from its occurrence. If the author
did not experience the event personally then one has the additional task of assessing the
relationship of the author to his source of information. Thus, are the statements made in
the source based on former literary material or direct recordings of information obtained
through informants, or both. This evaluation is further extended to works that have been
translated irom their originai language. In this case, aithough the researcher must rely on
the accuracy of the translator, it is recommended that one investigate as many different
translations of the work as possible, which allows for the identification of subtle
differences which can be of some significance.
One also has to attempt to reconstruct the perspective and assumptions held by the
author. Did the hand of an objective observer write the work, or was there an underlying
agenda guiding the production of the work? As the written word is a mode of artistic
expression one must be able to differentiate between fact and 'creative' license. This
requires that the work be interpreted with a consideration to the cultural factors and mores
of the time period in which it was composed. In order to "accurately assess the credibility
and usellness of any source, the researcher must extend their knowledge beyond the
field of osteology to encompass a reasonable understanding of the social, political,
medical, and religious climate of the historical period involved" (Crane-Kramer 1997:1).
One must attempt to establish a chronology for the written source. In the case of
charters, edicts, proclamations, wills, and published literature it is often possible to isolate
the work within a restricted time frame. However, in the case of journals, unpublished
medical treatises or fictional works one cannot be confident of the exact time period in
which the work was written. When one is considering questions such as the possible
Columbian introduction of venereal syphilis, the date of written sources is crucial. An
understanding of the chronological setting of a documentary source also allows one to

investigate other contemporaneous historic material that can provide either confirmation
of the original source or reasonable grounds to reject it.
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As the act of reading is in itself an interpretive process, it is essential that the
investigator evaluate their own biases and theoretical assumptions, which govern the
cognition and translation of literary material. The way in which one perceives particular
statements is dependent to a large degree on factors that are distinct to the individual,
such as educational level, familiarity with the relevant historic material and theoretical
assurnprions.
Finally, of specific concern to paleopathologists is the task of evaluating the state
of medical knowledge in the past. An understanding of the medical discipline in the
relevant historic period is essential if one wishes to adequately appraise the validity of
medical texts and assertions. Prior to the recent establishment of the medical discipline,
which is based upon empiricism and the consistent description and clinical assessment of
disease processes, individual medical practitioners relied strongly on the work cf former
colleagues. In the Middle Ages, this meant that the works of Classical and Arabic
physicians served as important diagnostic reference material. It is important to note that
there was often little scientific questioning of these earlier works, and thus errors in
diagnosis and treatment, as well as misconceptions concerning the acquisition of an
illness were passed on with little revision throughout the centuries. The result of this
reliance on former works and the dominant 'humoral' theory was the creation of an
atmosphere in which perceptions of disease changed very little over time. Therefore, for
several centuries a legacy of inaccurate diagnosis, ineffective treatment, and disease
confusion from earlier times was maintained in the medical discipline of the Middle
Ages. In addition, these works became progressively more difficult to assess as one must
comprehend and account for the contributions of alchemy, astrology, and religious
doctrine to the medical system.
Although documentary evidence has proved difficult to evaluate, it has constituted
one of the most valuable sources of information for scholars investigating the origin and
transmission of venereal syphilis. In terms of the historic literature, the debate has
revolved around two prominent issues. The first involves the pre-Columbian and
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Unitarian assertion that venereal syphilis had been present in the Old World for centuries
before the return of Columbus but that it had been diagnosticalIy cofised with 'leprosy'.
Furthermore, they propose that the clinical identification of syphilis as a distinct
disease in the late 15" century, in addition to the invention of the printing press which
ailowed for a widespread dissemination of medicai iiterarure was responsible Cor lilt:
appearance of a supposed epidemic circa 1500 A.D.( Holcomb 1934,1935, Hudson 1964,
1968, Kampmeier 1984). Therefore, syphilis had existed throughout Europe for
generations prior to the return of Columbus but had not been identified as a distinct
condition (Hackett 1963, 1967, Holcomb 1934, 1935, 194 1). Thus, this theoretical
position suggests that the return of Columbus and the appearance of an epidemic of
syphilis were merely a coincidence.

The second issue relating to the use of historic documents involves the supposed
epidemic of 1500 A.D. The alternate Colurnbian hypothesis relies on medieval literature
from both Old and New World chroniclers to assert that the epidemic was caused by a
virulent foreign disease which was introduced into Europe at the end of the 1 5 century.
~
A number of New World writers are cited to establish that treponernal infection was

present in the New World prior to its discovery by Columbus. In addition, they present
passages from a number of Old World sources that intimate that the disease was of
foreign origin and had not been experienced by European populations prior to the late 15'
century. It is essential that one present the controversial literary material in detail, as it has
played a major role in the development of prominent theoretical positions.

3.5 Literature relating to 'Leprosy' and 'Syphilis'

Documentary evidence relating to the presence of clinical leprosy in past
populations has been difficult to assess. This confusion is in part due to the fact that it
appears that a large number of disparate conditions in the past were all included within
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the category leprosy. As the medical descriptions often present vague symptoms of skin

conditions it is very difficult to establish whether or not these are accurate assessments of
lepromatous leprosy or represent conditions such as eczema and psoriasis. However,
proponents of the Pre-Colurnbian hypothesis suggest that descriptions of a disease with
venereal attributes has been described in historic literature under the term leprosy, and
h a t h i s dt.monstra~rsa clear diagl~sticconfusion beiw~enthe tws diseases.

3.5.1. Biblical Sources

The Old and New Testaments of the Bible have often been cited as representing
the most valuable and prolific information on the presence of leprosy in the Near East in
antiquity (Cochrane 1959:viii, Maller-Christensen and Hughes 1966, Meller-Christensen
1967, Anderson 1969, Brown 1970, Hulse 1972, 1975, Dols 1979, Baker and Armelagos
1988). In the Middle Ages, when everyday aspects of life were conducted with little
recognition of a separation between the sacred and profane, there was a heavy reliance on
the doctrine of the Bible in all spheres. The proper treatment of one diagnosed as leprous
is very clear in both the Old and New Testaments. Regardless of whether these literary
sources describe what we recognize today as true leprosy, or a variety of different
conditions, the leprosy of antiquity was accepted as comparable to the leprosy of the
Middle Ages and hence, the dictates of these biblical writings were strictly adhered to in
the Medieval period.

In the Western world, much of what we understand about the history of leprosy
stems from a Christian tradition, which in turn relied upon a Greek, and subsequent Latin,
translation of the Hebrew Old Testament (8th-2nd centuries B.C.), which was
unequivocally accepted as accurate and correct. As is the case in any situation where
information is transferred from one language to another, a certain amount of meaning is
added or lost in the translation. One must also consider that with each successive
transposition, the information is slowly transmuted by the particular style, perception, and
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comprehension of the individual translator, aside from the editing and additions that often
inadvertently become a part of the final composition. In addition, there are often words
that have no literal translation from language to language. Therefore, the translator must
either invent a term to describe the notion expressed in the original work, or select a word
in his own language that most closely resembles the original concept.

Much of the confusion surrounding the depiction of leprosy in biblical times has
resulted fiom problems in the interpretation of the classical Hebrew word 'tsara'ath ',
found in Leviticus and thought to mean "ritual uncleanness associated with changes in the
color of a surface- i.e., of human skin, of cloth or leather, or of the damp walls of
dwellings"(Hastings 1985:2). As classical Hebrew ceased to be a spoken language, the
Bible was originally translated into Greek. In the Septuaginta, a Greek translation of the
Old Testament circa 150 B.C., the word 'tsara 'ath' was translated into the Greek word
' A m p a ' , which in turn was translated as 'lepra' in Latin texts (Anderson 1969:15). At

present, there is a general consensus that the Hebrew word 'tsara 'ath' is extremely
ambiguous, and does not refer to any specific condition. Osseous evidence of
lepromatous leprosy has been identified in skeletal material fiom the Dakhleh Oasis,
Egypt (Ptolemaic and Coptic Christian Periods, 2"*century B.C.,4" to the 7" centuries
A.D.), and the Byzantine monasteries of the Judean Desert, Israel (5

" century

A.D.)(Dzienykray-Rogalski 1980, Molto: unpublished, Zias:1985, 1991). In regards to
the validity of the descriptions of leprosy in the New Testament, Manchester states that as

"it is now known that leprosy was present in the Near East by the second cenhlry B.C..

discussions on New Testament leprosy are probably irrelevant. The disease was probably
known throughout the eastern Mediterranean area at that timeW(Manchester1983:43).
As the Bible has undergone a series of successive translations, it should not be
surprising that by the time the information was available to the Medieval reader, a
considerable number of misconceptions had resulted fiom a series of mis-translations
(Andenen 1969, Kato 1976, Hastings 1985). In an age ruled by both superstition and

religious tradition, and where little was understood about epidemiology, seemingly
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incurable diseases such as leprosy were perceived with fear and dread. Thus, the political

and religious community turned to the writings of the Bible, not only as a source of moral
propaganda, but also as a comfort for those afflicted with the disease. In addition, the
biblical writings acted as a guide to instruct the community on the proper treatment of the
afflicted, and the protection of the healthy.
In the Middle Ages, the ecclesiastical conditions regulating the treatment of the
leprous were based specifically on the scripture of the Bible, although the stigma
associated with the disease may have been present long before its actual writing. Thus,
the Old and New Testaments are the written representatives of a long oral tradition which
recognized a disease that was later associated with leprosy.
There are several references in the Bible to both leprosy and the individual leper.
Mention is made of this condition in Exodus, Numbers, Deuteronomy, I1 Kings, I1

Samuel, I1 Chronicles, and the Gospels of Matthew, Mark,and Luke. However, the most
extensive discussion of leprosy can be found in the Book of Leviticus, where of twentyseven chapters, two are devoted to the topic of leprosy. This book is concerned with the
"compilation of laws, gives minute instructions concerning sacrificial ritual, the
installation of priests, cleanness and uncleanness, the Observance of the Day of
Atonement, and other ceremonies and obligations"(Brody 1974:108).

Many scholars have reviewed in detail, passages in biblical writings that are
suggestive of a venereal disease similar if not identical to syphilis (Holcomb 1935, 1941,
Willcox 1949, Hudson 1961, 1963, Rosebury 1971, Baker and Armelagos 1988). As
presented by Baker and Armelagos (1988:706), in Deuteronomy 28: 27-8, Moses depicts
the punishment for disobedience as demonstrating "emerods", scabs, itches that cannot be
healed, madness and blindness. In Job (1 6, 19,30), Job was plagued by a genital lesion

and his body was covered with boils. In addition, " iritis is suspected fiom his failing
sight and mucous patches from his corrupt breath"(Baker and Armelagos 1988:706). The
description of the illness of the famed King David in Psalms: 1-1 1, is also considered to
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present evidence of syphilis under the guise of leprosy. Symptoms of David's illness were
foul smelling lesions, shooting pains, failing vision and his "loins are filled with a
loathesome disease". David himself considered the source of his illness as copulation
with Bathsheba who was considered to be unclean at the time (2 Samual: 2-5).

Interestingly, both Job and David recovered fiom their illnesses. Although it is possible
that this represents venereai syphiiis, it is just as iikeiy that is describes another form of
sexually transmitted disease. The fact that both David and Job recovered from their
illnesses would argue against a diagnosis of venereal syphilis.
The 13" chapter of Leviticus clearly describes a series of skin disorders that are
associated with white spots. In biblical times, priests were trained to recognize and treat a
variety of different conditions as a normal part of religious instruction. The detailed
passages concerning leprosy in Leviticus served as a list to be consulted by priests in
order to distinguish between a number of disparate diseases which could lead to ritual
impurity (Sussman 1967, Hulse 1975). One of the most common elements found in the
discussion of these skin conditions is the notion of 'whiteness' or 'white spots'. The
medical discipline today recognizes that a number of different dermatological maladies
are associated with white spots. Whiteness of the skin "is suggestive of vitiligo or
leucoderma. The condition in which patients had a snowy white condition of the skin
fiom which they recovered after a time is possibly not leprosy but psoriasis. The
condition called Shehin, which is also the name of Job's skin disease, may be
eczema"(Sussman 1967:2 17). Vitiligo and leucoderma are skin conditions characterized
by "the appearance on the skin of white patches of greater or lesser extent, due to simple

loss of pigment without other trophic changes9'(Garber 1942:1209). Eczema, similar to
psoriasis is an "inflammation of the skin, of acute or chronic nature, presenting multiform
lesions, moist or dry,and often accompanied with itching, burning, and various
paresthesiasV(Garber1942: 330). The descriptions of skin ailments in the past are
typically extremely vague, and the conditions discussed above represent only a small
number of dermatological conditions that could have existed in the past. Naturally, it is
impossible to account for pathological conditions in the past that are no longer observed

109

in modem populations. Therefore, it is not possible to isolate the specific pathological

source of the dermatological lesions described in Biblical texts.
The 1 4 chapter
~
of Leviticus alludes to the fact that the skin conditions that were
labeled under the category of leprosy were not simply considered to be physical ailments,
but were aiso representative of r i d uncleanness, which in later ages was interpreted as
divine punishment. The words 'tahor' and 'tameh ' in Leviticus are extremely significant,

in that they are translated as clean and unclean respectively. These words are used to
denote a state of opposition, such as purity and impurity, and 'tameh ' or unclean refers to
impurity in terms of religious ritual (Brody 1974). Leviticus states that humans, animals,
and inanimate objects can be technically labeled as unclean. Thus, the leper was included
with animals with cloven feet, menstruating women, and a number of other ritual
circumstances that indicated a state of ritual impurity. However, the meaning of the term
'unclean' specifically relates to the fact that individuals in this state are unfit to
participate in, or be associated with religious activities in the temple (Manchester
1983:43). This unclean state involves "no element of legal, moral, or religious valuation

or violation; they bespeak neither merit nor demerit, neither virtue nor guilt, and apply to
inanimate objects.. .no less than to men"(0berma.m 1954:viii).
Leprosy is not perceived to result fiom individual action, but accidentally as a
result of the breaking of divine law. Thus, the references to leprosy in Leviticus do not
associate the condition with sin or moral corruption, but the "implications of uncleanness
are ritualistic and cultic, not ethicalV(Brody1974:110). The designation of impurity
served to separate the individual fiom the ritual aspects of life, yet the secular portion of
life remained essentially unchanged. In Leviticus 13: 46, it is stated that the leper must
dwell "without the camp", but this is not considered to dictate a permanent exile, for he is
only expected to remain outside of the general community for seven days, after which
time he may be purified by the priest. Purification represents a return to equilibrium. The
fact that purification is considered enough to heal or cleanse the individual indicates that
the Hebrews viewed leprosy in a ritual rather than a moral context. The depiction of
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leprosy as a disease that plagued the moral sinner resulted fiom later mis-translations of
the original Hebrew text. In addition, this notion of purification and recovery suggests
that the diseases that were known to the Hebrews in biblical times did not include either
true leprosy or venereal syphilis. Further support for this suggestion can also be found in

regards to the often-cited 'white spots' described throughout Leviticus. A characteristic
feature of ieprosy is h e hypo-pigmentation ofthe sicin, represenung a gradienc of normal

skin colour and is not manifested as white spots. Additionally, there is not a single
reference in the Bible to a loss of sensory ability or a disruption of the nervous system
(Kato 1976). It is therefore impossible to associate any of the descriptions in Leviticus as
being indicative of true lepromatous leprosy specifically.
However, scholars have identified other biblical passages that they argue indicate
the presence of congenital cases of syphilis (Willcox 1949, Brown et al. 1970. Baker and

Armelagos 1988). It has been argued that a case of Hutchinson's teeth associated with
congenital syphilis is implied in Jeremiah 3 1: 29, where it states that "the fathers have
eaten sour grapes and the children's teeth are set on edge"(Wil1cox 1949:32). Willcox
also contends that the passage in Exodus 205, which states that the "iniquity of the
fathers" is "visited on the children to the third and fourth generation" is suggestive of
venereal syphilis in that it can be transmitted from one generation to the next. Brown et
al. (1 970:2) emphasize the significance of this passage as "syphilis is one of the few

known communicable diseases that can be passed fiom one generation to another".
However, it is generally held that syphilis can be inherited only by the second generation
and not the fourth (Baker and Armelagos 1988).

In the work by Baker and Armelagos (1988:706),they present evidence from
Numbers 12:9-15, which discusses the leprosy of Miriam. They suggest that a macerated
syphilitic fetus is implied by Aaron's statement, "Let her not be as one dead, of whom the
flesh is half consumed when he cometh out of his mother's womb".Leviticus 2 1:16-20
also states that "he who hath a flat nose" was ostracized. Flattening of the nose often
coined 'saddle nose' is a characteristic feature of congenital syphilis. Lastly, in 2 Samuel
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12, it is stated that "the child conceived fiom the adulterous and unclean union of David

and Bathsheba died seven days after birth. If David's subsequent disease was syphilis, the
baby may also have been afflicted"(Baker and Armelagos 1988:706).
It is essentially impossible to deduce fiom biblical writings whether or not
diseases that we now recognize as leprosy and syphilis were present. Whiie some
passages certainly imply the appearance of features that resemble certain characteristics
of venereal syphilis, they are vague enough that they could also be descriptions of other
pathogenic conditions. In addition, it would be difficult to establish that syphilis was
confbsed with leprosy if it is impossible to identify true leprosy in biblical times.

The archaeological record has failed to reveal any evidence of leprosy from
Biblical times. With the exception of the recent recovery by Zias of leprous skeletal
material in Israel dating to 614 A.D., there has been no other skeletal evidence of the
disease in ail of Israel and Palestine (Zias 1985, 1989, 199 1a, 1991b). In an examination
of 600 individuals from the burial site of Lachish near Jericho, Moller Christensen (1967)
could find no evidence of leprosy. However, it has been suggested that the lack of
osteoarchaeological evidence from the biblical lands does not necessarily mean that the
disease was absent at the time. It is possible that if "'lepers' were ostracized from their
homes, there would be little or no evidence in the communal cemeteries"(Do1s 1979:3 17).
While this possibility cannot be totally dismissed, the Bible clearly states that the exile of
a leprous individual was of temporary duration. Therefore, there is no reason to assume
that leprous individuals were excluded fiom burial with the general population. The lack
of confirmation f?om the paleopathological record suggests that the words in the Old
Testament used to express a condition which was later associated with leprosy, were
generic terms referring to a plethora of different diseases, one of which may have been
true leprosy.

3.5.2. Classical Sources

In the Classical period, a number of Roman, Arabic, and particularly Greek
physicians fist described many of the criteria that contributed to the Medieval
understanding of leprosy. A large portion of this medical knowledge was preserved by the
Byzantine and Arabic kingdoms and reintroduced into Wesrem Europe in the early
Middle Ages (Hollister 1994). The Arabic medical system had evolved from many
sources, but had most strongly been influenced by the Greeks. In the period after the fall
of the Byzantine Empire, many Greek scholars carried to Western Europe previously
unknown Greek learning. This renewed "study of the Greek language, introduced medical
Europe to a direct study of the ancient Greek texts, instead of through the circuitous and
roundabout route fiom Greek to Syrian, to Arabic, into Latin"(Ho1comb 1935:276).

Thus, medical practitioners in Europe were able to evaluate the early texts directly, rather
than relying on numerous, contradictory translations.
Before one can evaluate the possibility of a diagnostic confusion between syphilis
and leprosy, it is necessary to review the literature relating to the earliest texts describing
a condition that resembles modem clinical leprosy. The earliest written documents
referring to a condition which resembles modem clinical leprosy are fiom Greece, and
date to the beginning of the 3rdcentury B.C. (Anderson 1969). Anderson (1969) suggests
that leprosy may have been introduced to the west by the soldiers of Alexander the Great
returning from the Indian campaign of 327-326 B.C. At a later date, the disease was
introduced to the Roman world. From "the West Asian countries it then followed the
legions of Gnaeus Pompeius Magnus (10648) into Italy on the return fiom the war
against King Mithridates of Pontus (62 B.C.)Leprosy then spread dong the military,
religious, and mercantile routes over the European continentY'(Anderson1969:45).
It is impossible to establish the validity of this assertion. However, it is perhaps
relevant that a new disease resembling leprosy is described by Greek physicians at this
time. This new disease was called 'elefantiasis ' or 'elephas ' , as a result of "the
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elephentine appearance of the face deformed by excessive nodulation in the advanced
diseaseW(Richards1977:9). The 'elephantine' appearance of the face was also described

as 'leonine', and these terms described the swelling and toughness of the face associated
with lepromatous leprosy (Manchester 1992). Although all of the original records have

been lost, Rufus from Ephesos (98-1 17 A.D.) quotes Straton, a disciple of the
Alexandrian physician Erasistratos (c. 303-250B.C. j as recording an accurate depiction

of a low resistance form of leprosy (Anderson 1969:44).
The interpretation of the literature of this period can be tedious as a number of
terms were in use which described what was later interpreted as the same disease;
leprosy. The Greek medical practitioners distinguished between the condition translated

as 'lepra' from the Hebrew Old Testament, and 'elefantiasis'. A large portion of Greek
medical writings were read in western Europe in Arabic translations, although the Arab
physicians used the term 'dasfil' as an equivalent to 'elefantiasis' (Richards 1977:9). In

an attempt to remedy the disparity, later writers referred to the disease as 'elefantiasis
Graecorum ' ,and distinguished it from 'dasjil', by relabeling this condition 'elefantiasis

Arabum ', which now refers to the tropical parasitic disease bancrofrianfdariasis
(Hastings 1985:Z). The issue of terminology was further complicated by the fact that the
term 'lepraA rabum ' was also used to describe 'elefantiasisGraecorum ' (Hastings
19852). In addition, the Arab texts substituted the term 'dasjil'for the word fiuum ' to
refer to 'elefantiasis', and j w u m "was later translated into Latin as lepra, the same word

as the Greek description of a vague collection of different diseases. At a stroke, a well
defined and specific disease of no religious significance was thus blurred into the diffuse

Levitical concept of irnpurity"(l(ichards 1977:9).
Anderson (1969) traced the history of classical references to leprosy, and
concluded that the medical literature offered both negative evidence of leprosy based
upon the Old Testament concept of tsara 'ath,and actual descriptions of the low
resistance form of the disease. He notes that the term [epa is mentioned in the work of
Hippocrates (c. 460-337B.C.). However, he does not describe symptoms that indicate a
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diagnosis of leprosy. It is likely that he referred to lepra as a catchall category for many
different skin disorders, based on the Greek translation of the Old Testament. In none of
Hippocrates' work is the term elefantiasis ever used. The Roman official Plinius (23-79
A.D.) mentions the term lepra no less than 30 times, yet he also describes a non-specific
condition. Anderson believes that the fact that Plinius always used the plural form of the

term kdpi'd, indicates that 112 was referring to a number of different maiadirs. Pliny h e
Elder, Oribasios (326-403 A.D.), and Paulos of Aegina (7" century A.D.) also have
discussed leprosy using the term lepra. Therefore, it is clear that in many cases "in Greek,
Roman, and Byzantine times the word lepra was not used for the disease now called
leprosy"(Hu1se 1972: 1024).
Accurate descriptions of a low resistance form of leprosy, recognized as
elephantiasis can be found in the works of Celsus (25 B.C.47 A.D.), Aretaeus (200
A.D.), who also referred to leprosy as Savriasis, and Galen (130-2 10 A.D.). The Arab

physician John of Damascus (777-857 A.D.) appears to "have been the first to use the
term lepra for what is now called lepromatous leprosy and so started the process which
led to elephantiasis Graecorum being called leprosy" (Hulse 1972:1024). The work of
Aretaeus of Cappadocia, a contemporary of Galen, is particularly important in that he
provides an important account of "the leonine appearance of the leper, which is caused
primarily by the loss of the eye-brows and the swelling and toughening of the face9'(Dols

1979:315). Although Aretaeus appears to exclusively discuss the lepromatous form of the
disease, the "polymorphous character of leprosy was obviously not unknown to GraecoRoman doctors; the pseudo-Galenic 'inrroductiosue medicus ' probably compiled in the
first century listed six forms of elephantiasis- the Hippocratic lepra being considered one
of these"(Do1s L 979:3 16).
The classical medical community established a number of practices regarding
leprosy that continued into the Middle Ages. The notion of separation of the leprous
individual fiom society was suggested by Aretaeus who noted "When in such a state who
would not flee;- who would not turn from them, even a father, a son, or a brother? There
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is danger, also fiom the communication of the ailmentY'(Adams1856: 366-73,494-7).
Paul of Aegina concurred with Aretaeus in recognizing the highly contagious nature of
the disease and the need to separate the amicted from the urban populations. Therefore,
by the second century the notion of the abandonment or flight from the leper and the
contagious nature of the disease had already been established (Dols 1979). Arab
physicians did nor share the commoniy heia beiiei of Greek and Roman practitioners thar
leprosy was highly contagious. In contrast to their contemporaries, Arab physicians did
not ''view the disease as fiercely contagious, which is consistent with the modem
understanding of leprosy"(Dols 1979:33l).However, it was the medical practitioners of
the classical world that asserted the highly infectious nature of the disease, and transposed
the biblical rule of temporary segregation into the notion of a permanent exile from

society.
Furthermore, it appears that in the classical writings there had developed a
correlation between leprosy and impurity, a legacy that would have profound implications

in the middle Ages. The negative impact of such an association can already be seen in the
"regulations against lepers that were ordered by the Council of Ancyra in A.D. 3 14; the
leper was interpreted as an unclean person, bodily and morally- encompassing even
heretics"(Do1s 1979:3 17). Therefore the stigma that was not associated with the disease
in biblical times gradually developed during the classical period in the West. However,
the leper does not seem to have been characterized in the same manner in the Arab world.

In fact, the Arab "medical texts concerning leprosy lack any element of moral censorship
of the afflicted. The Arabic medical descriptions do not advise flight fiom the leper or his
isolation fiom the community. The leper was not characterized as bad-tempered,
immoral, and over-sexed as in the Westy'(Dols 1979:333). However, it was the
association of leprosy with sin and moral corruption that would persist throughout the
medieval period, and would be used as a justification for both the religious and political
persecution of the leprous.
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Lastly, with the exception of Aretaeus who saw the disease as caused by

respiration, the epidemiology of leprosy in antiquity was based exclusively on the
hurnoral theory of Hippocrates and Galen. During the classical and medieval period the
paramount theory in medicine was that of the four humors, which Hippocrates had
originally proposed in the 5" century B.C. All illness was associated with a disruption in
one or more of the four humors which were in turn reiated to h e lour eiements (water,

fire, earth, and air), the four major body fluids (blood, phlegm, yellow bile and black
bile), and the four fundamental qualities (moist, dry, hot, cold) (Roberts 1987). In the first
century A.D. Galen was responsible for further linking this system to astrology (Reisman
1935). The humoral description of the cause of leprosy was first elucidated by Oribasius
of Pergamon who stated that the "elephantiasis originates from the blood burdened with
black bile (the melancholic humor). But with time, the quantity of the black bile
outweighs that of the blood and then the ill produce an unusual bodily smell and appear
horrible. Some produce also ulcers. If the black fluid is mild and mixes with the blood. a
less severe, reddish elephantiasis is produced"(Stett1er-Schar 197255). At a later date.
several different forms of the disease were labeled as "elephantic, which has to be
produced from black bile infecting the blood, leonine, from bile compting the blood,

tyrian, from phlegm infecting the blood, alopecian from corrupt bloodW(Brody1974:37).
This establishment of the humoral system of medicine in the classical period dominated
the European medical system throughout the Middle Ages, and dictated the practice of
both the identification and treatment of 'leprosy'.

It is highly probable that the medical practitioners at this time did recognize a
condition that can be related to advanced lepromatous leprosy, which they referred to as
elefantiasis. There was a distinct differentiation between elefantiasis and the disease
described as lepra, which is considered to represent a variety of skin conditions, one of
which may have been true leprosy. Anderson (1 969) fkther notes that there is not a single

description of a condition which represents the high resistance (tuberculoid or borderline)
case of leprosy, and that it is probable that this manifestation of the disease was either not
recognized by physicians, or was described using other terminology. Nevertheless, there
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is little question that leprosy was present in the Mediterranean during the Graeco-Roman
period. However, it is unclear exactly when the disease was introduced into this region,
and it can only be estimated to be somewhere between the time of Hippocrates and Galen.
Whether the condition that Hippocrates describes as lepra represents the emergence of
the disease into Greece from the Near East is impossible to establish due to the problems
associated with the interpretation of terminoiogy.

Scholars of the Pre-Columbianist school have also presented passages by classical
physicians which they suggest implies the presence of a venereal disease identified as
leprosy during this period (Brown et al. ( 1970), Hudson (196 1, 1963), Rosebury (197 I),
Dols (1979), Kampmeier (1984)). Galen distinguished between dry ulcers and moist
ulcerating tubercles, which were equated with mucous patches (Kampmeier 1984:22).
Celsus (1" century A.D.), identified both soft and hard genital lesions, and stated that the
former were characterized by a foul smelling discharge (Hudson 1961555). The Latin
wordficus was used to describe turnours around the anus and genitalia (Hudson 1968).
This term was applied by classical physicians, as the genital lesions were like mulbemes
or figs in appearance, which has been interpreted by some as indicative of genital
condylomata, a condition which is symptomatic of syphilis (Hudson 1961, Kampmeier
1984). Both Pliny and Martial (lst century A.D.) discuss "mentagra, a term derived fiom

the Latin mentum, "chin", fiom which mentula, "little chin7', also originated"(Baker and
Armelagos 1988:706). The word mentum meant chin to the Romans but they also thought
of "the pubis as a hairy promontory and called it the lesser chin; by use of the diminutive
it became mentula, the little chin. Then, combining metonomy and euphemism, mentula

became a polite word for the penis, and mentulagrn a venereal disease of the male
genitaliaY'(Hudson1968: 12).Thus, Hudson suggests that the illness referred to by any of
these terms was both contagious and venereal, and probably refers to venereal syphilis. In
addition, a number of Byzantine physicians (3-7' centuries A.D.) described different
types of lesions that are indicative of a venereal disease (Kampmeier 1984:23). Therefore,
it appears that a condition demonstrating genital lesions was present in both the Roman
eastern and western empires. Finally, Hudson (196 1) relates the term bubas to Greek and
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Latin words which are interpreted as 'serpent. In the Medieval period, Spanish physician

Diaz de Isla "employed this term to describe syphilis in 1539, noting that it was
previously used in Spain to describe "leprosy" and the Romans' mentagra3'(Bakerand
Armelagos 1988:706).

In addition !c the descriptions of geritd sores suggestiue of venerenl infection,
classical scholars also associated 'leprosy' with excessive sexual appetite. As an alternate
to his use of the term elephantiasis, Aretaeus also referred to leprosy as Satyriasis
because of the "redness of the cheeks and the 'irresistible and shameless' impulse for
sexual intercourse"(Dols 1979:315). The physician Aetius who was writing at the time of
the Byzantine emperor Justinian "held similar opinions and noted correctly that men are
more susceptible to leprosy then women. Like Aretaeus, he believed that elephantiasis

was marked by strong venereal desires"(Do1s 1979:316). These early observations were
strongly upheld in the medieval period where the leper was perceived as extremely lustful
and characterized by an over active sexual appetite (Anderson 1969). As lust is one of the
deadly sins, this aspect of the leper's character would have particularly concerned the

Church. The idea that individuals suffering fiom leprosy have over active sexual desire is
totally unfounded but the idea remains to this day (Andersen 1969). Pre-Columbianists
have used this classical notion of heightened sexuality to argue for the presence of a
disease at this time that was connected with sexual behaviour. Thus,they conclude that
classical writen observed a venereal form of disease that was not leprosy, and correlated
this with the dangers of unbridled sexual behaviour. However, it is interesting to note that
like medical scholars fiom Greece and Rome,Arab physicians "preserved the idea of its
hereditary transmission but did not attribute its cause to illicit sexual intercoune"@ols
f 979:331).

3.5.3 Early Asian Sources
Scholars have also presented documentary evidence from both India and China in
order to establish the presence of leprosy and syphilis in the ancient East (Hyde 1 89 1,
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Wong and Wu 1936, Rogers and Muir 1940, Dharmendra 1960, Lu and Needharn 1967,
Crosby 1969, Brown 1970, Steinbock 1976, Karnpmeier 1984). As with the material from
the classical world, this literary material is difficult to assess in that the terminology is
generally ambiguous. However, there does appear to be a recognition of conditions that
resemble leprosy and a venereal infection in the work of Indian and Chinese physicians.
tv

w nether or nor h e described conditions represent evidence of m e ieprosy and
O

specifically venereal syphilis is controversial.
It appears that leprosy may have been present in India as early as 1400 B .C. The
disease is referred to as kushtha in the Vedas, written around this period (Rogers and
Muir 1940: 1). There is confhsion as to the literal translation of the Sanskrit word kushrha.
While it may refer to certain skin conditions, one of which may be lepromatous leprosy. it
occurs on numerous occasions in the "Atharva Veda, Kausika Sutra, and other Vedic
texts where it has been used to denote the plant 'Cestus speciosus or C. arabicus.. . It is
reputed to cure headache, diseases of the eyes, bodily affliction, fever and consumption,
and should not be confused with leprosy"(Rastogi 1984:541). It is clear that like the term
lepra, the word kt~shthawas used to refer to a number of different conditions, and it is
impossible to state with certainty that the term was used in any specific instance to refer
to true clinical leprosy. It is not until 600 B.C. in India, that one can find mention of a
condition similar if not identical to leprosy (Cochrane 1964, Anderson 1969). A
reasonably accurate record of the clinical aspects and treatment of leprosy is found in a
text known as the 'Sushruta Samhita'. In this document "references to leprosy are made
under Vat Rakra, Vat Shonita and Kushtan (Dharmendra 1960:1 ) . The documentary
evidence would suggest that a condition resemblirig true leprosy was present in India as
early as 600 B.C.; several centuries before its first appearance in Greece. This fact would
offer credence to the suggestion that the disease originally moved into the Mediterranean
region fiom the East. In terms of the presence of syphilis, Karnpmeier (1 984), identifies a
number of passages in the Vedic texts which he argues presents evidence of a venereal
disease which is possibly syphilis. The difficulty lies in distinguishing between a number
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of different venereal conditions which may have been present at the time of the writing of
the Vedic texts.
The presence of leprosy in China is also purported to be at a very early date. It has
been suggested that the disease was present in the 1" millennium B.C.in China (Lu and
Needhlhun 1967). Hcwever, the first ccncrete description of !eprosp In CMm, 3s in h d i g

occurred around the period 600 B.C. Cochrane (1964) presents the work of Wong and
Wu (1936) which discusses the earliest Chinese description of leprosy written during the
Chou dynasty in the 6" century B.C. This document states that one of ConfUcius'
disciples was known to have died of leprosy. In addition, four passages in the Nei Ching
describe symptoms that suggest the presence of leprosy. However, experts have dated this
document to between 2500 and 230 B.C., and it is impossible to establish the exact time
period in which these passages were written (Cochrane 19643). The identification of a
venereal condition resembling syphilis has been difficult to identify in Chinese literature.
In fact, several researchers have suggested that syphilis was unknown in ancient China,
and did not make its appearance until the Ming dynasty. Wong and Wu (1936:218)
quoted in Crosby (1969~219)state that no Chinese author "has ever described syphilis as
being mentioned in ancient literature". Lu and Needham (1967) who were unable to
uncover any description of syphilis in ancient Chinese documents support this statement.
However, Wong and Wu (1936:218) did note that those ancient Chinese writers "did not
know the connection between chancres and syphilides, for the former were mentioned as
early as the'7 century A.D.". They further state that it is impossible to identify the
presence of syphilis with any certainty in these texts describing chancres, because the
e
However, Campbell (1934) notes
original texts are too brief to provide d e f ~ t evidence.
that chancres were referred to as 'tu ching sore' or 'yin shih sore' in seventh century
documents. He presents a clinical description of these chancres by Chi Te Chih in his
'Essence of Surgery' written in approximately 1335 A.D. In this work Chi Te Chih states
that '?he yin shih sore may be due to uncleanliness after sexual intercourse; if neglected it
will get worse. The sore is very paidid; there may be p a w micturition like that of
gonorrhea and the testicles may be inflamed. M e r ten days the sore is foul with pus and
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blood, and the flesh is eaten away. There may be continuous bleeding. It then becomes a
chancre"(Campbel1 1934:411). Campbell continues to present a description found in the
work 'The Thousand Gold Remedies' pubiished in the seventh century A.D., which he
believes to be the most conclusive evidence for the existence of syphilis in ancient China.
A passage in this work states that a "tu ching sore is a sore on the prepuce, just behind the

corona in men, and on the iabia in women.it is depressed and painhi, and looks like a
chancre. A chancre is not painful"(Campbel1 1934:411). Campbell concludes that both
these descriptions are "undoubtedly those of soft or mixed chancres, but the profound
significance of the concluding sentence admits of no ambiguity and is only equalled by its
terseness. It informs one that the primary sore of syphilis, which is the only sore extant
that is painless, was known, and the soft sore was to be differentiated from it largely
because it was painhln(Carnpbell 1934:411). While it is possible that syphilis existed at

an early date in China, the paucity of documentary evidence, and the obscurity of the
descriptions of chancres makes it impossible to establish.
From the above discussion, it is obvious that one has to recognize the problematic
nature of the identification of true lepromatous leprosy and venereal syphilis in ancient
literature. The ambiguous nature of ancient literary descriptions, and the plethora of terms
relating to an indeterminable number of distinct conditions, makes the process of
recognition extremely tedious. The ambiguous nature of the relevant passages does not
negate the possibility of the presence of either or both of these diseases. However, a
number of scholars have presented literary evidence to suggest that leprosy was a term
used to describe syphilis, and not the clinical condition which we apply the term to today.

In light of the controversy in interpretation of ancient material one would argue that these
assertions cannot at present be verified. Perhaps ancient physicians were describing cases

of real leprosy, as well as recognizing the presence of a venereal infection. However, one

must also take into account the alternative. It is a l s possible
~
that the words used to
describe leprosy were in reality referring to a number of skin conditions with no
relationship to that disease, or that the disease was only one in a large number of disparate
conditions recognized by the ancients. Furthermore, it is also possible that the disease
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manifested itself differently in the past. In terms of syphilis, it is possible that the ancient
writers did acknowledge the presence of a venereal infection. However, based on their
dascriptions, it is impossible to specifically separate venereal syphilis as the source of
infection, fiom a number of other possible venereal candidates. Therefore, one must
conclude that the scholarly assertions that venereal syphilis was confused with leprosy in
=ciezt witings haw iiot been i l ~ ~esiablisivd.
l y

3.6 Medieval Literature
Proponents of the Pre-Columbian and Columbian theories have relied principally on
documentary evidence from the Medieval period to support their theoretical claims. Each
theoretical position has selectively reviewed the Medieval literature to identify statements
that tend to support their particular position. One must practice caution when an attempt

is made to evaluate written material which is representative of not only another time but
also a completely foreign world view. It is not surprising that the medieval material
presented by 20' century scholars is often vague and blatantly contradictory in nature.
The difficulty in establishing the credibility of specific sources, in addition to the
uncertain interpretation of medical and secular terminology makes an assessment of the
material extremely problematic.
The Columbian theorists have relied principally on written sources which relate
to three distinct areas: the journals of medieval physicians and scholars, the siege of
Naples, and the use of the 'holy wood' guaiacum. The Pre-Columbianist position relies
on literary sources which discuss the apparent diagnostic confusion between leprosy and
syphilis, and the use of mercury as a treatment for the condition. Scholars on both sides of
the debate have concentrated on the well-documented epidemic of venereal syphilis at the
close of the 15" century. However, they differ substantially in their interpretation of
documents which discuss the Medieval scholar's perception of the source of the
epidemic. A number of Medieval writers state that the epidemic resulted fiom the
introduction of a new and virulent infection into the European population, implying the
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non-existence of treponemal infection prior to the return of Columbus from the New
World. Alternately, a number of scholars blamed the appearance of the venereal epidemic
on certain unfortunate astrological events and the divine wrath of God, which could be
interpreted as evidence for the preColumbian presence of the disease.

3.6.1 The Spanish Chroniclers

A large portion of the Medieval literature describing a condition which is

generally held to be venereal syphilis concentrates on the appearance of the disease in
epidemic proportions at the close of the 15" century. In the latter half of the 1490's and
early 1500's a large number of publications focused on the emergence and nature of
syphilis (for reviews see Maclean 1884, Briihl 1890, Downing 1916, Campbell 1934.
Williams, Rice and Lacayo 1927, Holcornb 1934, 1935, Harrison 1959, Hudson 1961,
1968, Dennie 1962, Crosby 1969, Baker and Armelagos 1988, Rosebury 1992, Luger

1993). The sudden appearance of this widespread and virulent disease caused a
substantial amount of confbion amongst the European physicians and scholars of the

time. Consequently, many disparate explanations of the origins of the disease were
promoted. It is this contemporary confusion and lack of understanding of the introduction
of the disease into European populations which has fueled much of the debate over the
Pre-Columbian or Colurnbian existence of the disease.
Proponents of the Columbian theory have relied very heavily on the works of
contemporary Spanish scholars and physicians, particularly the works of Gonzalo
Fernhndez Oviedo y ValdCs, Fray Bartholome de Las Casas and Rodrigo Ruiz Diaz de
Isla. The majority of this information was not available to scholars not versed in medieval

Spanish, until the translation of the early works into English in the late 19" century
( Montejo y Robledo 188 1, Bloch 1901, Pusey 1918, Williams, Rice and Renato Lacayo

1927). The importance given to these early Spanish accounts revolves around two central
points. First, the fact that they clearly attribute the origins of the disease to the New
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World. Second, that the authors actually lived during the period of the epidemic, and in
some cases had been present in the New World personally. The difficulty in interpreting
these works lies both in establishing the level of knowledge and credibility of the
individual authors, and accounting for discrepancies of translation.
At he outset it is important ro estabiish h a t hr Spanish historians genoraiiy

referred to venereal syphilis using the term 'bubas'. In his monograph, Montejo y
Robledo (1881) notes that the word 'bubo' was a noun probably of Arabic derivation
which existed in the vernacular prior to Columbus' discovery of America, and denoted a
scab like growth on a wound or a little tumour. Thus as "syphilis appeared as a new
disease with multiple visible lesions, the plural form bzrbas was given to these lesions;
eventually bubas came to be employed in Spain in the singular sense as the name for
syphilis7'(Williams,Rica and Lacayo 1927:685).
All of the three principal authors were alive during the period when Columbus
returned from the New World, and during the subsequent epidemic of venereal syphilis.
Gonzalo Femhdez Oviedo y Valdes (1478-1557) was a historian who at the age of 15
witnessed the reception for Columbus in Barcelona on his return fiom the fust voyage to
the New World. He is generally credited with being the first of the American chroniclers.
Oviedo is principally noted for his works 'The Summaria of the Natural History of the
Indies' which was published at Toledo in 1526, and a larger work 'La historia general y

natural de las tndies' which appeared in Seville in 1535 (Holcomb1934). In his later work
he clearly states that:
"These facts have been recalled in order to point out the time when
Columbus arrived at the Court, as to which I speak as an eyewitness,
Because as a boy I was a page at the siege of Granada, and I saw the
Town of Santa Fe founded in that army, and aftenvard saw the Catholic
King and Queen enter the city of Granada when it was delivered up to
Them, and saw the expulsion of the Jews fiom Castile, and was in
Barcelona when the King was wounded as I have said; and saw the
Admiral Don Christobal Colorn come there with the first Indians that
Went there fkom these parts on the h t voyage of discovery. So that
I do not speak from hearsay in any of these four things but fiom
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Experience; although I am writing them down from memory, or more
Exactly, by referring to my notes which were written at the time when
The things described in them happened" (in Williams, Rica and Lacayo
1927: 687).
Although Oviedo did not personally visit the New World until several years after
the voyages oC Coiumbus, 'no states that h i s information had been obtained principaiiy

from material received from members of those expeditions. The most important sources
of information were Pedro Margarine who accompanied Columbus on the first two
voyages, the pilot Vincente Pinzon, brother to Martin Pinzon the commander of the Pinta,
and the pilot Heman Perez Matheos who was with Columbus on his first expedition
(Downing 19 16:s 19). In his Natural History of the indies, "better known as the Summary,
addressed in 1525 to the Emperor Charles V, he firmly established that the venereal
disease- called buas by him, instead of bubas- came From the Island"(Guerra 1978:46).

This belief that the disease was of definite New World origin was based primarily
on two observations. First, his association with Pedro Margaritte, a Catalonian who
deserted Columb~sduring the second voyage and returned to Spain in 1494 (Downing
1916). Oviedo states that on his return Margarine was "so ailing, and complained so
much, that I do believe he felt those pains which persons infected with such distempers
feel, though I never saw a pimple in his faceW(MacLean1884:362). Clearly Oviedo
believed that Margaritte was suffering fiom the bubas, although he does not elaborate on
the symptoms of the sailor's condition. He W e r implies that Vincente Pinzon may also

have had syphilis. However, his statements are vague and it is difficult to assess whether
Pinzon actually had the disease or merely offered a great deal of helpful information

pertaining to it (Downing 1916). However, both the works of Oviedo and Ruiz de Isla
state that one of the Pinzon brothers was infected with the bubas (Stillians 1962). As
Vincente died in 1514, not long after his return fiom the New World it is possible that it
was him and not Martin that was suffering fiom the disease.
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Second, in his history Oviedo notes that the wood of the guaiac or lignum
sanctum tree is the only remedy for the great pox for "so great is divine mercy that where
our sins produce a punishment, God sends a remedyY'(Downing 1916519). Thus, the
remedy was seen to originate in the same place (Haiti) as the disease. This notion extends
from the ''theories of the theologico-scientific doctrine of specifics: by analogy an
h s r i s a n aiin~entrequired an American cure"(Cummins 1988:32). The fact that the

Indians appeared to suffer a much milder form of the disease was also believed to result
From the use of guaiacum. Oviedo states that W e principle virtue of this wood is to cure
the malady of bues. .. Your Majesty may rest assured that this disease comes from the
Indies. Although it is quite common among the Indians, it is not so dangerous there as it
is here (in Spain). The Indians in the islands cure themselves very easily with this
wood ..."(Guerra 1978:46). Therefore, Oviedo asserted that the disease must have
originated in the New World.

In his works Oviedo concludes that the disease was transmitted to European
populations upon the return of Columbus from his second voyage in 1496. From its
centre of infection in Spain it then spread throughout Europe with a "speed incompatible

with the modem knowledge that it needs for its spread From host to host, some sort of
social contact. He describes the disease as being contracted through the air, food, sleeping

with,eating or drinking with the afflicted, as well as by venereal exposure"(Holcomb
1935: 292). It is clear that Oviedo was amused by the Europeans' lack of understanding
of the new disease. He states that "Many times in Italy I did laugh, hearing the Italians say
the French disease and the French calling it the disease of Naples; and in truth both would

have hit on the right name if they had called it the disease from the indies"(Williams,
Rice, and Lacayo 1927:688).
Oviedo continues to state that in Europe the bubas began as a generally

distributed contagious condition of "humble people and those of low quality...but

afterwards it caught on among better and more important people"(Hudson 1968:11). He
asserts that he witnessed first hand evidence of the disease amongst the people with
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whom he was acquainted. It is perhaps fiom his association with Spanish cases that he
observed that the disease appeared to be much more malignant amongst Europeans. Thus
he states that "these Christians, first settlers of this island, suffered moreover much
difficulty with the chigoes, and very cruel pains and torments fiom the disease of
buas.. ."(Williams, Rice and Lacayo 1927:688). He laments that '%is disease is so severe
and painhi that no man can help seeing so many people, rotten and turned into Saint

Lazarus because of this malady; furthermore many people have died of itW(Guerra
I978:46).
There is no question that a severe form of the disease was observed by the Spanish
chroniclers at the close of the 15" century. However, Oviedo's statements concerning his
informants ana the supposedly 'new' malady have been disputed on a number of levels.
First. it appears that a number of his 'facts' were inaccurate. For example, Heman Perez
Matheos was not a member of Columbus' crew on the first voyage, and Vincente Pinzon
did not die in 1514 (Downing 1916). In addition it is unlikely that on his return from the
New World that Pinzon would have shared his confidences with a then fifteen year old
boy. However, Crosby (1969:222) asserts that Oviedo was on friendly terms with
Columbus' sons, and he cites a passage in which Oviedo asks several of his friends on the
second voyage in 1493 to h i s h detailed reports to him. Williams, Rice and Lacayo
(1927:688), also discuss Oviedo's affiliation with a number of the voyages crew
members. Oviedo states that the disease was introduced into Europe by the return of
Columbus and his crew from the second voyage in 1496. However, his timing of this
epidemic event has been dismissed on the basis that by 1496 the disease was already
widespread in Germany and Italy (Holcomb 1935). In addition, his faith in the efficacy of
guaiacum appeared to be in vain, and proved to demonstrate his ignorance of the medical
world of his time. It has been suggested by modem scholars that "if this historian knew as

much as he pretends to know about this disease, he would have known at the time he
wrote his history that guaiac as a sure cure for syphilis had been proved a failure, and that
mercurial therapy had already been established"(Downing 1916:519). Furthermore, the
work of Oviedo has been criticized in light of the fact that he had no personal experience
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of the original voyages to the New World, and did not visit America until twenty years
after the Spanish settlement of Haiti (MacLean 1884). Unlike Las Casas who spent many
years in the New World which were marked by a close interaction with the native people,
Oviedo "shared all the worldly feeling common to the Spanish conquerors, and was
utterly indifferent to the suffering of the unfortunate aborigines"(MacLean 1884:364).
Lastly, Oviedo's work was criticized by hs own contemporaries, and one of the most
prominent chroniclers of the time, Las Casas said that "His works were a wholesale
fabrication, as full of lies as of pagesV(Maclean 1884:363).
Fray Bartholome de Las Casas (1474-1566) was a historian whose work is
particularly significant due to the fact that he spent many years living amongst the Indians

in the New World. Therefore, unlike Oviedo he experienced first hand the early years of
Spanish settlement there. Although their work must ultimately be evaluated in light of

this difference, Oviedo and Las Casas both unequivocally asserted that the French disease
had been transported to Europe by Spanish sailors who had acquired the disease during

the Columbian expeditions (Camarogo 1994). In addition, both Oviedo and Las Casas
promote the use of guaiacurn as a cure for the disease. Prior to his first voyage to the New
World in 1502, Las Casas testified that he had been present in Seville when Columbus
returned from his fust voyage. Columbus had returned originally with 10 Indians, one of
whom had died in transit and three who were so ill that they had to be left in Seville. It
was at this time that Las Casas first saw the remaining six Indians (Holcomb 1934). In
retrospect many years later, Las Casas concluded that these innocent "carriers of the germ
helped to spread the infection probably by frequenting Spanish prostitutes, some of whom
were camp-followers of the forces raised by the French king, Charles VIII, for his attack
on Naples in the following year. These mercenaries, in turn, spread the virus across Italy
and later still carried it back along their lines of retreat, sowing the scourge widely across
Europe where it propagated itself in geometrical rather than arithmetical
progression"(Cummins 1988:28).
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In 1502, at the age of twenty eight, Las Casas undertook his first voyage to the
Indies, and ten years later he was ordained a priest (Downing 1884). His major work the
'Historia de !as Indias' was completed in 1561 when he was eighty seven years old, and is
considered one of the primary authorities regarding the voyages of Columbus and the
early settlement of the New World (Downing 1884). The force of this work stems fiom
the fact that he "spent most of his iife in the newiy discovered world, where his influence,
his skillful diplomacy, his finished education, and his fearlessness made him a
tremendous powerY'(Downing 1884:519). In the fifth volume of the Historia Las Casas
states that on the island of Haiti there were two things "that were very grievous for the
Spaniards in the beginning: one is the disease of the bubas that in Italy is called the
French malady; this, let it be known in truth, was taken from this island"(Williams, Rice

and Lacayo 1927:690). He admits his inability to identify the exact vector of the disease,
but concludes that it was either the Indians who returned with Columbus on the first
voyage, or the Spanish sailors. The possibility of the Spanish sailors being infected is
assumed by Las Casas who states that it "is a thing well verified that all the incontinent
Spaniards that did not have the virtue of chastity on this island were contaminated by
it.. .and out of a hundred perhaps not one escaped except when the other party never had
had it"(Williams, Rice and Lacayo 1927:690).
Although Las Casas concluded that the disease originated in the New World it is
impossible to say with any certainty whether this condition represents venereal syphilis or

a non-venereal form of the disease. Unfortunately, the only description of the condition
by Las Casas is extremely vague (Luger 1993). However, his description of the mildness
of the condition as it existed in the Indians is suggestive of a possible non-venereal form
of the disease. He states that "the Indian men or women that had it were little affected by
it almost as little as if they only had small pox"(Campbel1 1934:407). This casual
reference to smallpox reflects the medieval recognition of a longstanding relationship
between that condition and medieval populations. Although this statement suggests a
milder form of the disease, it is dficult to assess in light of Las Casas' statement on the
effects of it on the Spanish. He notes that "...but for the Spaniard the pains fiorn it were
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intense and continuous torment, particularly up to the time that the bubas
appeared"(Williams, Rice and Lacayo 1927:690). Harrison (1959) suggests that there is a

very good reason why the natives demonstrated a mild form of the disease. He states that
in "those natives who were infected, T. pallidurn must have been a permanent parasite,

and the tissues must have contained abundant antibodies which must have been passed on
ta the offspring even when die iatter ware no[ idecied"(Harrison 1959:23. Thus it can be

assumed that the "treponeme which caused such relatively mild effects in the natives of
Hispafiiola and such severe effects in the virgin soil of the Spaniards' tissues was the

same type as caused the changes in bones of persons buried not later than A.D. 1300 in
different parts of America, North and South, which were judged ...to be undoubtedly

tertiary syphiliticfl(Harrison1959:2). However, on the basis of the historic written records
it is extremely difficult to evaluate the specific form of treponemal manifestation in both
the Indians and the Eumpeans. Furthermore, the Spanish also used the term 'bubas' to

refer to the swellings observed in the bubonic plague. That the descriptions do not refer to
the bubonic plague is suggested by the mildness of the infection in New World
populations. The continued use of the term 'bubas' in later European descriptions of
venereal syphilis may be a case of the diagnostic use of a generic term 'bubas', like the
continued use of the general term 'lepra'.

Later historians have placed great emphasis on Las Casas' statements regarding
the antiquity of the disease in the New World. Las Casas was noted for his concern and
advocacy on the behalf of the Indians against the often cruel treatment of the Spanish
invaders. As a result of this intimate and long-standing relationship with the native
people, in addition to his capacity as a priest, it is likely that Las Casas was privy to
information that was not commonly communicated to the majority of the Spanish settlers.
When discussing the history of the disease with the natives he states that "I took the
trouble upon several occasions to interrogate the Indians of this island as to whether the
disease was of great antiquity, and they answered 'Yes', that it dated from a period long
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before the advent of the Christians, the origin of it being beyond the memory of any man,
and nobody can disbelieve this"(Harrison 1959:1-2). Thus, he maintains that the disease
was of great antiquity in the New World.
This assertion of a long history of the disease can be to some degree supported by
mfioiogicai, c u l d and iinguisuc evidence. The historian Bemaraino de S&ugan was
born in Spain around 1499, and went to Mexico (then called New Spain) in 1529 where
he remained until his death in 1590 (William, Rice and Lacayo 1927). The material which
he collected for his "'Historia general de Nueva Espana' from the principal men of
Tepeopulco, Tlatelulco and Mexico. d l very well versed in the art of deciphering the
ancient paintings,

places him

amongst the

most trustworthy

and reliable

authoritiesn(Briihl 1890:275). In addition to presenting material on the mode of disposal
of the dead and the afterlife which contain references to treponemal infection, Sahugan
also presents native external and internal remedies for the disease. He notes that 'the
disease of the bubas is cured by drinking the water of the herb named tletlemaitl and
taking baths and putting on the bubas the powder of the herb called tlacuecuetzal, or the
filings of copper"(Williams, Rice and Lacayo 1927:690). He notes that these remedies
have a long tradition amongst the Mexican people who recognized before the Europeans
that the disease was transmitted sexually, and was a punishment of the gods for
neglecting to perform particular religious rites (Briihl 1890). Sahugan confirms the
ancient history of the disease in the Americas in book 7 of his history, where he relates

part of the Aztec cosmogony relating to the moon. In this myth a particular passage is
noteworthy. He states that "one of the gods of whom nobody took any account and who

was buboso (having buboes), did not speak but was listening to what the other gods were
saying, and the others spoke to him and said to him: Be thou the one that lights it,
bubosito (little one with buboes). .."(Williams, Rice and Lacayo !927:691).

In addition to the work of Sahugan, a number of his contemporaries have
described aspects of native mythology, linguistics and culturaI practices which appear to
describe a disease similar to syphilis prior to European contact. Included in the 'Life of
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Christopher Columbus' written by his son Fernando, is a report from a Fray Roman Pane
who relates an Arawak myth describing a disease suggestive of syphilis. In this myth,the
god Guahagiona in his travels through the sea, "saw a woman.. . fiom whom he had great
pleasure, and immediately he sought many lotions to cleanse himself, on account of being
plagued with the disease that we call French", and at a later date "he had to hide in a
cavern to be cured of the ugly resuits of his mispiaced conildence"(Wiiiiams, Rice and
Lacayo 1927:687, Briihl 1890:276, and Crosby 1969221-2). Amongst the Nahua tribe
who lived outside the Mexican valley, Gabriel de Chaves records in his report on
Meztitlan that the "prevailing disease amongst the natives was syphilis, which they cured
by hot baths and a decoction of sarsaparilla, an herb growing abundantly in the
rnountainsW(Briihl1890:276). In addition, Francisco Hernandez (15 14-1578) the court
physician to Phillip U was sent to Mexico fiom 1570-1576 in order to study the flora and
fauna of that country. As a result of these y-us of investigation he completed four books
in 1615. In folio iii he states that the herb "Nanahuapatli, which means medicine for the
bubas or French malady...cures completely the disease that they call French or Neapolitan
malady, consuming and excreting all the humors, ulcers and swellings that one usually
finds on the body of those that suffer fiom this rnalady"(Williams, Rice and Lacayo
1927:692). It appears that all of these early chroniclers concurred with the original
statement of Las Casas that the disease was of considerable antiquity amongst the natives
of the New World.
Critics of this proposition have argued that these references represent the
incorporation of a new European disease into native culture (Holcomb 1934:417-8).
However, Crosby (1969) argues that as folklore and myth are very slow to change, it is

highly unlikely that the native people would have changed their legends to incorporate a

new disease so rapidly. This concept would support an argument for a long history of the
disease in the New World. Further criticism addresses the issue of source reliability.
MacLean (1884) suggests that the original manuscript of Las Casas may have been
tampered with in the period between its completion (156 1) and its final publication three
centuries later in 1876. However, he provides no evidence for these possible alterations.
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He continues to suggest that the Indians may have intentionally distorted the truth as it "is
a well known trait of Indian character that in his answers he seeks to conform them to the
desire of the interlocutor"(Maclean 1884:364). However, as Las Casas remained a
staunch advocate on the behalf of the native people it is unlikely that he would have
misrepresented his informants for political reasons. Furthermore, it is likely that he
'wouid have been too glad to have heard a contrary statement horn his wards. At the time
when he preached the gospel amongst them they were simple children of nature and yet
unaccustomed to say anything but the truth" (Briihl 1890:277).
In terms of the linguistic evidence, Montejo y Robledo, a nineteenth century
Spanish physician presented a number of native words for bubas and similar European
phrases which were revealed in his analysis of 16" and 17' century dictionaries of
indigenous languages from Mexico, the Yucatan and South America (Williams, Rice and
Lacayo 1927:685-6). In a significant number of these languages (at least 17), the Indians
already had their own words for bubas and its related expressions. Briihl (1890:278-80)
contests the notion that these words were invented after the arrival of the Spanish by
examining the way in which previously unknown items received names. In this situation
the natives "either adopted the Spanish terms literally, or with trifling alterations: or they
named the object after one of its prominent or conspicuous qualities. They followed the
same rule in naming the diseases imported by the SpaniardsW(Briihl1890:278). Thus one
finds that the terns "for diseases introduced by the Spaniards were taken from the
prominent symptoms, those for syphilis, or at least the majority, are primitive words
formed at the development of the respective languages"(Briihl 1890:279). Therefore, the
presence of ancient native words that describe a condition suggestive of treponemal
infection adds support to the statements of the early Spanish chroniclers that the disease
had a long history in the New World.
The work of Rodrigo Ruy Diaz de Isla has significantly contributed to the debate

on the origins of treponemal infection. Ruiz de Isla (1462-1542) was a Portuguese
physician who published two major works concerning the 'new' disease published in
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1539 and 1542 respectively (Downing 1916). Diaz de Isla was considered the greatest
syphilographer of his time, and he estimated "that over a million people were infected in
Europe. Himself a victim, he claimed to have treated some 20,000 patients in All Saints'
Hospital, Lisbon (Cummins 1988:33). The original work of 1539 known as the 'Treatise
on the Serpentine malady' apparently caused very little interest at the time. From its time
of pubiication in h e sixteen& century "it aimosr compiereiy disappeared fiom schoiariy
concern until Jean Astruc consulted it in the eighteenth century. It again dropped out of
sight, for all practical scholarly purposes, until rediscovered by Montejo y Robledo in the
1880's"(Crosby 1969:223). An additional unpublished manuscript of the first book,
known as the 'Codex' is dedicated to King Manual of Portugal who died in 1521, and in a
passage omitted fiom the printed versions he tells of an island "discovered and found by

the Admiral Dom Cristoual Colon at present holding intercourse and communication with
the Indies (Williams, Rice and Lacayo 1927:695). Like his contemporaries Oviedo and

Las Casas, Diaz de Isla believed that the disease unquestionably originated in the New
World. He is supposed to have been in Barcelona in 1493 to witness the return of
Columbus and his crew on their return fiom the New World. Later he practiced medicine

in Seville, and afterwards spent 10 years as a surgeon at the Hospital of All Saints in
Lisbon (Downing 1916).
The first published work of Diaz de Isla was the 'Treatise on the Serpentine
Malady.. .' which described the appearance of a new and virulent disease in Europe. It
appears that he did not know the nature of the disease at the time, but in retrospect
realized that he had witnessed the appearance of syphilis (Crosby 1969). He named this
new entity Morbo Serpentino because like a snake is "hideous, dangerous and temble, so
the malady is hideous, dangerous and temblem(inCrosby 1969:222). In addition, he notes
that knowing "that this malady had its origin in olden times on the island of Espaiiola,
and as it sprang from there, I give it the name, Serpentine disease of the island of
Espaiiola, because fiom there the whole world was infected"(Williams, Rice and Lacayo
1927:694).
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In the first chapter of his 'serpentine malady' he provides two distinct accounts of
the origins of the disease. In the first account he states that the disease appeared in
epidemic form in Barcelona in 1493, upon the return of Columbus and his crew from the

first voyage to the New World (Holcomb 1935). The credibility of this statement has been
questioned on the basis of chronological incongruity. Diaz de Isla clearly states that he
was presant in Barcelona when Coiurnbus and his crew returned from the first voyage to

the New World. His second published work titled 'Treatise called Fruit of All the Saints:
against the Serpentine Malady Originating in the island of Espaiiola...' appeared only
three years after the first in 1542 (Williams, Rice and Lacayo 1927). In this work Diaz de
Isla states that "...I have long experience in curing persons who had it in the afcresaid
armada, the first, when they discovered this land, in which came many people having

them (i.e., bubas) and I did cure persons that were suffering in Barcelona before King
Charles of France passed into Naples, and we could quote many testimonials that are
omitted"(Williams, Rice and Lacayo 1927:695). Therefore Diaz de Isla asserts that he
personally treated cases of the disease in Barcelona prior to the campaign against Naples.
The campaign against Naples occurred in February 1495 (Luger 1993). As this date
precedes the return of Columbus From his second voyage to the New World, Diaz de Isla

must have been refemng to the first voyage. In his analysis and translation Montejo y
Robledo assumes that Columbus and his infected crew must have returned to Barcelona
by ship. How else could Diaz de Isla have treated the crew? However, as the
"contemporaneous histories, documents, including the journal of Columbus, bring the

first voyage to a termination upon arrival at Palos, and as the journey overland &om
Seville to Barcelona, is described in detail by such authorities as Columbus' son,
Fernando Columbus, Francisco L6pez de Gomara, Juan Castellanos, Antonio Herrara,
Munos and others, this assumption is nonsense"(Holcomb 1935292).

In his second account Diaz de Isla associates the disease with the mentagra of
Pliny, which was then known as empeynes in Spain. In a bizarre turn he suggests that the
disease was originally spread to vegetables and then subsequently to people in Barcelona.
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From "Barcelona, it spread with wild-fire rapidity all over Europe, with such high
mortality, that in every town of 100 there were 10 deaths7'(Holcomb 1935992). In the
second chapter of this work, Diaz de Isla describes the condition as a form of leprosy, "as
it reveals itself about the body with the same symptoms as leprosy" (Holcomb 1935:292).
The disease that is described as leprosy is seen to be identical to mentagra which was
described by Pliny in the first century A.D. (Holcomb 1934). it is curious that, as Diaz de
Isla undeniably asserts that this disease was transported from the New World, in the same
work he would associate its presence with meniagru, a disease that had been known in the
Old World for centuries. To add to this conhion is Diaz de Isla's statement at the
closing of the 'Serpentine Malady' that "...ten years before the (venereal) disease
appeared, women did not know a better way of cursing their children, stepchildren and
servants then by saying 'May you die of nasty bubas' ..." (Guerra 1978:44). This certainly
implies that bubas were known in Spain before the discovery of the New World. This
discordance puts into question the validity of both of Diaz de Isla's accounts.
Furthermore, from Diaz de Isla's descriptions. it is difficult to establish that this
supposedly new epidemic disease was in fact a form of treponemal infection. The
virulence and rapid spread of the new disease resembles the later descriptions of bubonic
plague. However, the identification of this new disease with genital lesions and sexual
behaviour suggests that the disease was not the bubonic plague.
The interpretation of Diaz de Islas' unpublished manuscript, known as the
'Codex', has been problematic. First, it has been difficult to establish the exact time
frame of its production. Montejo y Robledo, who apparently discovered this manuscript

in the late lgh century in the National library of Madrid, stated that it dated to circa 1510,
and absolutely no later than 1520 A.D. (Bloch 1901). However, it appears that this

assessment is contrary to assertions made by Diaz de Isla that by the time of its
completion "he had 40 years' experience in the treatment of the disease, which would
thus place his experience with the disease since 1470 or 1480, or from 12 to 22 years
before Columbus undertook his first voyagey7(Holcomb1934:413). Furthermore, the
possibility that it was completed in 1510 is questioned as "in this book an event of 15 14
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is mentioned. It was written then, not earlier than 1515, and this places it more than
twenty years after the discovery of America.. ."(Downing 19 16:5 18). Thus it appears
unlikely that this manuscript was completed over twenty years before the publication of
the 'Serpentine malady' in 1539.
Perhaps the most coniroversid passage in &he'Codex' invoirzs a siilkrnent

concerning the timing and vector of disease transmission. Contrary to Diaz de Isla's
implication in the 'Serpentine malady' that he witnessed the return of Columbus and his
infected crew fiom the first voyage in Barcelona, in the Codex he states that the sailors
fiom Columbus' second expedition were the first to be infected with the disease before
their return (Russell 1989). He specifically notes that one of the Pinzon brothers were
among those infected with the disease that they called bubas, and that he had personally
treated this individual (Stillians 1962). He states that as the disease "is of its very nature
contagious, they got it easily: and presently it was seen in the armada itself in a pilot of
Palos who was called Pincon and others whom the aforesaid malady kept
attacking"(Williams, Rice and Lacayo 1927:695). It is difficult to assess which of the two
Pincon brothers he was referring to. In one account he is translated as stating that on the
return trip "the helmsman of the admiral's ship, Nina, developed a severe disease with
fever and terrible skin lesionsW(inLuger 1993:1 12). This would imply that the infected
person was Vincente Ynez Pincon who was the commander of the Nina (Holcomb1934).
However, Williams et al. (1927) suggest that the passage actually refers to the
commander of the Pinta which was Martin Alonso Pincon. It is also possible that Diaz de
Isla was not referring to either of the Pincon brothers, as he specifically refers to the
helmsman, not the commander of the Nina being affected by the disease.

If one investigates the timing of their respective deaths, it is possible that it could
have been either of the brothers depending on the virulence of the new disease. In
accounts taken in the 1530's and 1540's' witnesses of the return of the Pinta to Palos
were in agreement that Martin Alonso was sick upon his arrival and that he died a few

138

days later of a sickness brought on by the exhaustion and hunger he endured during the
voyage (Jos 1942). Oviedo notes "Martin's death at his house in far away Palos a few
days after March 15, 1493, because he was very sick"(Ho1comb 1934:415). Vincente
Pincon died many years later in 1519 (Downing 1916). As Martin Pincon died in Palos
before Columbus and his first crew traveled to Barcelona, it would have been impossible
for Diaz de Isla to hare treated llim iiierz. However, we have idready pul inlo question the

possibility that Diaz de Isla saw any of the crew of the first voyage, as they did not arrive
by ship in Barcelona. This implies that it must have been Vincente Pincon who Diaz de
Isla diagnosed with the disease. Oviedo also mentions Vincente Pincon in his "General
and Natural History of the Indies" but it is difficult to assess his vague references. He
states that "from those and others I heard many things of this island and of what they saw
and suffered and learned fiom the second voyage ... as well as from Vincente Yanez
Pincon who was one of the first pilots of those three Pincon brothers of whom mention

has been made"(Williams, Rice and Lacayo 1927:688). Bloch (1901) implies that
Oviedo's mention of Vincente Pincon indicates that he was suffering from the new
disease, and that this is verification of Diaz de IsIa's statement about the infection of the

pilot of Palos. However, the passage does not directly state that Pincon had the disease,

and it is possible that he only acted as a source of information for Oviedo.
It has also been suggested that this edition of the Codex had been tampered with
by the insertion of this accusation against Vincente Pincon, a prominent member of

Columbus' crew (Downing 1916). Downing (19 16) quotes two passages from Diaz de
Isla's work which describe the origin of the disease in the New World, its contagious
nature, and its appearance in the armada. One of the passages is taken from the
unpublished 'Codex', and the other fiom the "Serpentine Malady' supposedly written
over twenty years later. Both of the passages are identical, except the addition at the end
of the segment in the 'Codex' "in which Pinzon is definitely accused of being
syphilitic"@owning 1916:5 18). Therefore, Downing questions whether or not the
accusation against the Pincons was actually witten by Diaz de Isla, or added at a later
date by an unknown author. He argues that if the Codex was really written by Diaz de
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Isla, did he '"put it aside through fear of publishing it during the lifetime of Vincente
Pincon? Moreover, if it was published as early as 1515, when Pinzon was still living, why
is it that we have no record either of Pincon's own protest against it, or the protest of his
familyY'(Downing19165 18). One must also consider that if Vincente Pincon was actually
infected with the disease, then there would have been no purpose to a protest. However, it

is curiaus that this staiement does not occur in the published work of D i u de isla. As the
works of both Oviedo and Diaz de Isla contain material whose validity is questionable, it
is difficult to interpret their statements regarding the infection of one of the Pincon
brothers. Oviedo's reference is extremely vague, and Diaz de Isla work has incongruities
that make its interpretation extremely problematic.
Although Diaz de Isla's accounts of the origins of the disease are problematic on a
number of levels, his medical interpretation of the epidemiology of the disease was
surprisingly accurate (Guerra 1978). He described three stages of the disease, the first two
of which are entirely correct. These stages "represented, first, mainly secondary syphilis,

and late syphilis, but not the most fatal forms affecting the cardiovascular system or the
brain and spinal cord. These were not recognized as syphilis until the nineteenth century.
Da Isla's third stage involved a continued high fever, high mortality, and symptoms more
suggestive, as Karl Sudhoff pointed out, of the then undifferentiated typhus-typhoid
syndrome then anything elset(Rosebury 1992:64). Although Diaz de Isla did not
recognize the final destructive changes of the disease he was the first to suggest that the
causative agent responded poorly to heat. Thus, it '?took scientists immeasurably better
equipped than Diaz four hundred years to appreciate properly his shrewd guess that a high
fever, such as that caused by malaria, tends to arrest syphilis" (Dennie 1962:16).
It is not surprising that the work of the Spanish chroniclers has been difficult to
assess. The interpretive nature of translation, in addition to the large chronological gap
makes analysis tedious fiom the outset. If one adds to this the often vague and
contradictory statements of the chroniclers, it is impossible to establish their credibility

with any certainty. However, there are two points in which these early writers all agreed;
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that the disease was transported from the New World by Columbus and his crew, and that
the holy tree guaiacum provided the cure.
The unanimous contention that the disease was transported from the New World
has been questioned on a number of levels. First, although the disease was supposedly
rampant in Coiumbus' crew, on "his arrival home, when summoned in audience to give

the Catholic Sovereigns an account of their voyage, no evidence concerning the very
virulent disease that is supposed to have existed among them is to be found in the records
of the Meeting at Barcelona"(Campbell 1934:408). It has been argued that as the report
was directed towards the pious sovereigns it is possible that this information was simply
not included in his report to them (Cummins 1988). Even if this was the case, if the
disease did exist amongst the crew it is unlikely that a discussion of it would not be found
in the journals of the voyages. However, neither Columbus "in his journal, nor his son, in
the life of his illustrious father, although both saw the island of Hayti, and minutely
described the hardships and sufferings of the voyages and noted every peculiarity they
saw, makes any mention of the distemper"(MacLean 1884:363). In fact, Columbus notes
that his crew returned to Spain 'wondesfblly fit and healthy' (Cummins 1988:28).
Therefore, Columbus' journal "showed no serious illness among the forty-four crew
members and ten Indians who returned with him to Lisbon on March 4, 1493"(Rosebury
199255). Interestingly, there is also no mention of the disease by the physician on the

Nina, Maestro Alonzo of Moper, who would inevitably have recognized and reported to
Columbus the presence of a virulent new illness amongst the crew (Downing 1916). The

work of the physician Alvarez Chanca of Seville who accompanied Columbus on the
second voyage to the New World also contains no description of the new disease
(Downing 1916). In addition, Morison (1942) argues that the crew who left Hispaiiiola in

January 1493 to return to Spain must have been in good health to endure the rigours of
the return voyage. Furthermore, as the ships returning from the first voyage returned to

Portugal and Spain, one would expect to find documents referring to the new disease

soon after their arrival in these countries. However, there are no "contemporary reports of
syphilis in Spain or Portugal in the months and years between the return of the ships of
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the 1492 and 1493 voyages to America and the first recorded epidemic of syphilis in
Europe, which began in Italy in 1494 or 1495. Such reports do exist, but they were
written years after the alleged events"(Crosby 1969:22 1). Lastly, Holcomb (1934, 1935)
notes that there is no mention of an American origin for the disease until over 30 years
after the discovery of the New World. Early documents attribute the appearance of the
discse to divinz fi-riirhfor sinful acts, miasma, and astrologic conversions.

In light of the apparent discrepancies contained within the work of the early
Spanish chroniclers, it would be misleading to present any of their work as containing
inefbtable evidence for the New World origin of syphilis. Likewise, it would be
premature to dismiss their work entirely on the basis of these apparent contradictions. As

the interpretation of historic material is highly dependent on the perspective of the
evaluator, one can easily see how this material has been manipulated by modem scholars
to suit their individual ends. However, in order to practically assess the merit of this
source of information it is necessary to search for other lines of evidence to either support
or rehte these statements.

3.6.2. The Holy Wood 'Guuiacurn'
The sixteenth century use of the guaiacum tree for the treatment of syphilis has
been one of the cornerstones of the Columbian theory. As previously stated, many of the
physicians and scholars of the time believed that a cure for the new disease would be
present in the area from which the disease originated. Ihis belief stemmed &om the fact
that "certain diseases develop as a punishment for sin as frequently encountered in the
Scriptures, and that Divine Providence mercifully provides the antidote or remedy for a
disease so inflicted, at the place where the disease originates, or among the people who
were thus afnicted"(Ho1comb 1934:402). In Spain the holy wood was seen as such a gift
fiom the Divine that it was often carried in procession as a charm (Stillians 1962).
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Many of the early visitors to the Americas had observed that the Indians of
Hispaiiiola concocted medicines from the wood of a tree that they referred to as
'guaiacan', and they believed that it was the use of this tree that accounted for their good

health. What came to be known as 'guaiacum', 'holy wood', or 'lignum vitae' was an
ebony-like hardwood that was native to the Indies. The wood was probably first imported
into Spain in 1503, md did not make its ;vay to Gcmmy until 15 15, and Italy in 1528

(Cummins 1988, Benedek 1992). The recognition of this new remedy for syphilis caused
a great deal of interest amongst the elite of Europe. Soon after its discovery Matthew
Cardinal Lang (1468-1 540), bishop of Gurk and the advisor to the Emperor Maximilian
"sent an imperial medical commission to Spain to observe the treatment of syphilitics
with guaiac wood. Among the commission's members were Nicholas Pol (c. 1470-1532),

the emperor's personal physician, two Augsburg city physicians, Paul Ricius (+I 540) and
Heinrich Stromer (1482-1542), and Leonard Schmaus, professor of medicine at
vie~a"(Russel11989:297).
The earliest work on the wood was wrinen by Nicholas Pol, who submitted his
report to the emperor in December 15 17 (Russell 1989). It appeared under the title "The
cure of morbus gallicus by the wood Guaiacum', and was a " short work of some nine
chapters, but it set forth a regimen and a treatment by the wood which was consistently
followed thereafter"(Ho1comb 1934:403). The prescribed treatment could take between
15 to 60 days depending on the condition of the individual patient, and generally required
regular decoctions of guaiac wood in conjunction with a very restricted diet of biscuits,
eggs and a little chicken, and abstinence from sexual activity (Holcomb 1934). It was
essential that "the decoction be freshly prepared, at least every 2 or 3 days, and he (Pol)

informs us it works by promoting the sweat, the urine, the stool, and the vomit"(Ho1comb
1934~404).Interestingly, there is no mention of the importation of the disease by
Columbus in this work.

In 1518, a book titled 'LucubratiuncuZa de morbo guZIico et cura ejus noviter
repeta cum Zigno indico' appeared by Leonard Schmaus (Holcomb 1934:404). In this
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work he presented a new cure for the disease which involved a combination of wood
infusions and a sweat cure (Russell 1989). The wood was to be ground into a powder and
then boiled and strained preserving the liquid. The resulting paste would be used on the
pox and the decoction drank three times a day while the patient was wrapped in blankets
to encourage sweating. The amount "of wood necessary for the entire cure was estimated
at six to k n pituncis. Th< sweat cur2 ~ ~ u llast
i l h r t y days.. ."(Russeii i969:29ij. H e
notes that "recently merchants introducing the wood had informed the doctors that the
Indians had suffered from the disease many years and had always used the wood for its
cure"(Ho1comb 1934:404). Again, there is no mention of Columbus in this work. Further
statements confirming the efficacy of guaiacum can be found in the works of Benvenuto
Cellini, Thomas Gale, Jose de Acosta, Fracastoro, Dr. Boerhave and others (Cummins
1988).
Perhaps the most famous publication expounding the healing properties of
guaiacurn was that of Ulrich van Hutten published in I5 19, and titled 'De Guaiaci

Medicina & Morbo Gallico' (Holcomb 1934). Ulrich van Hutten was a prominent
German "poet, humanist, patriot and religious reformer. He had by his own account
several attacks of syphilis and wrote denouncing most harshly the value of mercury
treatment (Morton 1990:1 13). Although he was the first to perceive a link between the
contagion of syphilis and sexual intercourse, he did not see sexual activity as the primary
cause of the illness (Russell 1989). The use of Guaiacurn as a treatment for syphilis was
first suggested to him by Paul Ricius, and he underwent the lengthy treatment under the
care of Heinrich Stromer (Russell 1989, Benedek 1992). The importance of van Hutten's
work results fiom the fact that he underwent guaiacum treatment personally, and was thus
able to describe it in detail. In addition to his detailed account of the treatment process he
offers advice concerning which conditions are most necessary for a cure. He states that
the rate at which "guaiac effects a 'cure7 depends on the strength of the decoction, the
patient's adherence to the prescribed meager diet, sexual abstinence, and the robustness

of the patient's spirit. Healing may become evident as early as the seventh dayyy(13enedek
1992:361). Although van Hutten strongly denounced the efficacy of mercury treatment it
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appears that his faith in the successN abilities of guaiac treatment were misplaced. He
undexwent guaiacum treatment in 1518, and was dead of the disease at the age of 35 in
1523 (Morton 1990, Benedek 1992). The work of van Hutten had a profound impact on
both the contemporary medical and lay communities, as it was translated into the
vernacular from the Latin much more frequently than that of Pol or Schmaus (Holcomb
i 434j.

It appears that no connection had been made between the appearance of the new
disease and the New World until guaiacum became increasingly popular as a definite cure
for the French disease (Crosby 1969). In all of the early treatises on the wood there is no
mention of the importation of the disease by Columbus, and the disease is repeatedly
referred to as the 'Morbo Gallico' or French disease. After the establishment of guaiacum

a cure for the condition, one begins to see an association between the cure and the New
World origins of the condition. Oviedo states that the New World origin of the disease
can be confirmed by " the extensive experience acquired now with the lignurn vitae and
with the guaiac wood with which especially the horrible disease of the buas (bubas) is
relieved and cured better than with other medicine. .."(Williams, Rice and Lacayo
1927:688). The work of the Sevillian physician and herbalist Nicolas Monardes (1 5!2-

88) also suggests a New World origin to the disease and relates "how the holy wood was
discovered and how it would cure a man of the disease 'provided he retune not to tumble

in that same bosome where he took it firste"(Curnmins 1988:32). Both Las Casas and
Ruiz de Isla also clearly state their belief in the efficacy of guaiacum, and connect the use
of this treatment with the origin of the disease in the New World.

It is particularly noteworthy that by the time these publications appeared
c o ~ e c t i n gthe disease to the New World, guaiacum had generally been dismissed in
favour of mercury as an effective treatment for the disease (Downing 19 16). Although a
decoction of guaiacurn has both diuretic and purgative effects it became clear that it had
no therapeutic value in the treatment of syphilis (Cumrnins 1988). It has been suggested
that the motives for the propagation of the use of guaiacum as a cure for the disease may
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have been motivated by factors unrelated to its reputed therapeutic benefits (Holcomb
1935, Waugh 1982, Russell 1989, Morton 1990, Camarogo 1994). A monopoly on the
importation of guaiacum was controlled by the House of Fugger of Augsburg since 1508
(Waugh 1982). In light of the popularity of guaiacum as a cure for the 'French' disease,
the monetary value of such a monopoly would have been substantial. The popularity of
iils use of yuaiacunl as a cure for the illness was greatly increased with L'lrich van

Hutten's publication on its efficacy. However, aside from its
use as an alternative for mercury treatment, van Hutten's family "like the infamous
Fuggen, had an interest in "making a corner" of the imports of guaiacum.. ." (Morton
1990:1 13). The superstition that the cure would arise hom the point of origin of the
disease was cultivated as a propaganda technique by those who served to profit fiom its
sale. Therefore, this belief "suiting the appetite of current piety, encouraged by the
vendors of the wood, or those who profited by it, found support among physicians and
deluded patients"(Holcornb 1935 2 9 1).
The cost of a cure with guaiac wood was considerable, and city hospitals often

bought large quantities of the wood at formidable public expense (Russell 1989). In
addition, the alternate use of mercury treatments was also financially cumbersome. In fact
the price of mercury treatments escalated to the point where ''physicians were called
alchemists because they could transform mercury into gold"(Camarogo 1994551). The
difference between the two treatments resulted from the fact that no monopoly existed on
the importation of mercury. The inability of the poor to gain access to these treatments led
some physicians to suggest other less expensive remedies, and challenge the authority of
the Fugger family. In 1525, Lorenz Fries the city physician for Strasbourg published a

work that provided herbal alternatives for the poor, and a minimum efficacious
requirement for the amount of guaiacum wood (Russell 1989). In 1528, Paracelsus
accused the Fugger family of conspiring against the poor, but by this time it appears that
they had already lost their monopoly (Russell 1989). Paracelsus was the first to refbte the

usefulness of guaiacum as a treatment for the 'French' disease in print For publishing

this attack on the guaiacum cure Paracelsus was banned fiom Nuremberg in 1529
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(Russell 1989). Thus,by the mid-sixteenth century, guaiacum had fallen out of favour as
a cure for the disease. However, by this time the link between its use as a treatment and
the origin of the disease in the New World had been firmly established.
3.6.3. The Capture (Siege) of Naples
An enormous amount of literature has been devoted to the military activity of

Charles VIII of France, who led a campaign against Naples in 1494-5. Supporters of the
Columbian hypothesis have cited this literature to suggest that the disease was transmitted
to his army fiom Spanish sailors who had returned from the New World. This would
suggest a rapid introduction of the new disease, in a virulent form, upon a virgin
population with no previously established immunity. The presence of an epidemic of the
disease beginning in the late 15" century has been well established from disparate
contemporary sources. The controversy surrounding the campaigns of Charles VITI
generally hinges upon two essential points. These are the time of arrival of the Spanish
troops who supposedly contracted the disease from the New World, and the appearance of
edicts relating to the disease in other parts of Europe (Baker and Armelagos 1988).
Therefore, it is essential to carefully assess the historical sequence surrounding the French
campaigns in order to establish their possible role in the spread of the disease.

In the late 15' and 16' centuries it was generally held that as a result of this
campaign the "returning French army let loose on the rest of Europe a lot of wandering
ruffians and dissolute characters who, in a short time, made syphilis a well known malady
and a terrible problem"(Williams, Rice and Lacayo 1927:683). At the outset, it is
important to establish the details of the French campaign. Charles Vm of France
organized his troops for the coming invasion in March of 1494 in Lyon, an army
consisting of 18,000 cavalry and 22,000 infantry (Luger 1993). The army moved into Italy

in September 1494, and made it's way southward to Naples by early in 1495 (Luger
1993). Charles VIII claimed the throne of Naples fiom Ferdinand II. At this time "the
Gregorian calendar was used in Italy, and Naples was besieged by the French fkom 21
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February 1495. According to the French calendar the date was 1494, as the year began at
Easter (19 April)"(Waugh 198292). This disparity in dates makes it more difficult to
establish a coherent time line of events. However, the occupation of the French in Naples

was short lived. By March 25, 1495, "Pope Alexander VI, Emperor Maxirnilian I,
Ferdinand, King of Aragon, Isabella, Queen of Castile, Lodovico Sfona, Duke of Milan,
and the Republic of Venice co~ederatedand formed the Hoiy League of Venice to

combat the French intrudersW(Luger1993:1 12). Charles VIII abandoned Naples in May
1495, and fought his way northwards to France throughout the summer of 1495 (Luger
1993).

It is important to note that the campaign of Charles VIII against Naples has often
been described as a siege. It appears through an investigation of contemporary historic
data that a siege never actually occurred. Charles VIII marched into Naples unopposed

and with the agreement of the Italian royalty (Stillians 1962). The Italian historian
Guicciardini (1483-1 540) noted that Charles %as received with cheers and a joy which it

would be vain to attempt a description; the incredible exultation of a crowd of both sexes,
of every age, of every condition, of every quality, of every party, as if he had been father
and first founder of the city9'(inHolcomb 1934419). Thus the apparent siege of Naples is

in fact a misnomer which has often been propagated in the literature.
Several medieval commentators have attributed the spread of syphilis throughout
Europe to the campaign of Charles WI. In his 'General and Natural History of the

Indies', Oviedo states that:

The great captain Goncalo Femhdez de Cordoba was sent to Italy with a large
And goodly army by command of the Catholic Sovereigns and as their captain
General in support of King Ferdinand, second of that name in Naples, against
King Charles of France whom they call the fat-head; and among those Spaniards
some were touched with this disease, and through the women of bad conduct and
life it was communicated to the Italians and the French. Then, as such a disease
had never before been seen there by any of them, the French began to call it the

disease of Naples, believing it was peculiar to that kingdom, and the Neapolitans,
believing that the French had brought that affliction, called it the French disease,
And it has been called so ever since in Italy; because until King Charles passed
through there such a plague had not been seen in those lands. But the truth is that
This disease was transmitted from this island of Haiti or Espaiiola to Europe as
stated.. ."(in Williams, Rice and Lacayo 1927589).
Oviedo's belief that the disease was spread by Spanish mercenaries in the army of
Charles VIII was supported by the works of both Las Casas and Ruy Diaz de Isla,
although they differ on one key point. Las Casas notes that the disease was spread when
"some Spaniards having already contracted the disease went on the first return voyage to
Castile, and this could have happened between the years 1494 to 96; and because at this
time King Charles of France, whom they call the Bighead, passed with a great army into
Italy, to take Naples, and that contagious malady was in that army- for this reason the
Italians thought they had caught it fiom them, and fiom then on they called it the French
disease"(Williarns, Rice and Lacayo 1927:690). Ruy Diaz de Isla clearly states that the
condition was introduced to the French army by infected Spanish soldiers. He notes that:

"...in the following year of one thousand four hundred and ninety four the
most Christian King Charles of France who then was reigning having
gathered a great army passed into Italy. And at the time that he entered the
country with his host many Spaniards infected with this disease were in it
and at once the camp began to be infected with the aforesaid malady, and
the French as they did not know what it was thought it came from the
atmosphere of the region. The French called it the disease of Naples. And
the Italians and Neapolitans, as they had never had acquaintance with a
like disease, called it the French disease. And fiom that time on as it
continued to spread they gave it a name, each one according to his opinion
as to how the disease had its origin"(Williams, Rice and Lacayo
1927:693).
Thus, at the capture of Naples in 1495, the disease is said to have been
"communicated to the French invaders by Spanish mercenaries who, according to an
incompletely substantiated report, acquired it horn Columbus' sailors, a "visitation" fiom

the New World"(Rosebury 1992:63). The problem with the details of these three Spanish
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authors is that they appear to disagree on the timing of the disease transmission. Oviedo
states that the disease was transported with the army of Cordoba. However, this
contingent was not sent to Naples until 1496, after the French had retreated from Italy
(Williams, Rice and Lacayo 1927). As the disease was being described in 1495 in Italy it
is impossible that it could have been introduced by Cordoba and his soldiers. Las Casas
m d Ruy D i u de isia both associate h e Spanish invoduction ofthe disease to the French

troops during the southward joumey into Italy in 1494-5. Ruy Diaz de lsla particularly
states that it was Spaniards fiom Barcelona with bubas that were in the French army
(Williams, Rice and Lacayo 1927). Thus, these mercenaries were believed to have spread
the disease not only in italy, but along their lines of retreat "sowing the scourge widely

across Europe where it propagated itself in geometrical rather than arithmetical
progression"(Cummins 1988:28).

The validity of all of these descriptions lies in the belief that Spanish mercenaries
who had contracted the disease from Columbus' sailors (presumably indirectly) were
present in the French army of Charles V I E This does not appear to be the case. Sudhoff
(1 926) states that the vast majority of mercenaries came fiom The Netherlands,

Switzerland, and France, and that none are recorded as coming fiom Spain. Both Morison
(1942) and Goodman (1 944) doubt that there was any Spanish contingent present in the

army of Charles WI. The mercenaries were in fact recruited from Germany, Switzerland,
France and Portugal. Therefore, it does not appear possible that the French could have
acquired the disease from Spanish mercenaries during the campaign from 1494-5.
However, if one considers the timing of Oviedo, who dates the Spanish introduction in

1496, there is still a substantial problem. As previously stated, Oviedo notes that the
disease was introduced into Europe after Columbus' return from his second voyage to the

New World. If this were true, then it would have been impossible for Columbus' crew to
"have infected Charles' army either directly or indirectly, since the date of the return of
the second voyage was June 11,1496. It would have had to be the first voyage. But

Columbus'journal showed no serious illness among the forty-four crew members and ten
Indians who returned with him to Lisbon on March 4, 1493"(Rosebury1992: 65). It is
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interesting to observe that nowhere in the vast amount of literature relating to the
Columbian introduction of syphilis is their any mention of a sudden outbreak of the
disease in Portugal, or the possibility of its presence amongst the Portuguese mercenaries.
A final point that would argue against the transmission of the disease by Spanish

mercenaries invoives tbe period of idectiveness of the disease. The Oslo Study of cases
of untreated syphilis examined 2,18 1 patients with the disease that had not received
treatment between 189 1 and 1910 (Gjestland 1955). This clinical study concluded that
secondary manifestations of the disease occurred in 24% of 1035 patients who were
observed over time.The lesions were present in 22% within 10 months after infection, in
1% between 10 and 12 months after infection, and in only 1% in the period between 12

and 24 months (Gjestland 1955). Assuming that the host-germ relationship has not
significantly changed over the last 500 years one can apply these figures to the members
of Columbus' crew. If one extends the results of the Oslo study then "99% of the crew
members of Columbus who might have been infected in Haiti were past the
communicable stage 3 months before Charles VIII recruited his army in Lyon. The
probability that one of these men could have camed the disease to Rome is far below 1%.
Practically none of them could have conveyed it as far as NaplesM(Luger1993:1 14). On
the basis of the historical and clinical evidence it appears highly unlikely that the disease
was transmitted to the French troops via Spanish mercenaries.
Although a number of medieval writers believed that syphilis was introduced into
Italy, and disseminated throughout Europe by the army of Charles Vm, there were others
who claimed that the disease was already present in Italy before the invasion. Uirich van
Hutten stated that the disease originated in Naples in 1493 which was two years before
Charles VIII arrived there in 1495. He continues to note that it then "appeared in the m y
of Charles Vm at Naples, and in France about the same tirne"(Ho1comb 1934:405). In a
letter written by van Hutten in 1515 to his patron Prince Albert he states that:

"It has seemed best to God that in our age disease should arise unknown, as we
may judge, to our ancestors. h the year 1493 or there-abouts there crept in a
baneful disease; not first in Gaul to be sure; but at Naples. The name of it
however, was taken fiom the army of the Gauls, which was fighting at Naples,
under King Charles, from which occurrence the Gauls fending off Erom
themselves the ominous name, call it not the Gallic but the Neapolitan
disease.. ."(Campbell 1934:403).
Therefore, Ulrich van Hutten believed that the disease was present in Italy prior to
the appearance of the French. This is supported by other contemporary authors. Niccolo
Leoniceno of Venice, a professor of medicine at Ferrara, "wrote a pamphlet in
conjunction with the humanist, Aldus Manutius, of Venice in June 1497, in which he
described the disease and included its differential diagnosis. Leoniceno stated that there
had been accounts of a similar disease as early as Hippocrates.. ."(Waugh 1982:92). He
further stated that it was not accurate to call 'morbus gallicus' a new disease, because it
was well known that the peasants of Lombardy had had an identical malady for countless

years (Hudson 1968). Natale Montesauro of Verona stated in 1498 that he had long been
familiar with the disease (Waugh 1982). Villalobos described bvbas in "Salamanca about

1495; his detailed discussion of symptoms and treatment signified long familiarity with
the disease, even in that small and isolated university town. If, in fact, the disease had
only just appeared, it is remarkable that he made no reference to Columbus and the New
World, no mention of the "French" or "Neapolitan" disease (Hudson 1968:4). In 1546,
Fracastor who had coined the term 'syphilis' for the disease noted in his 'De Contagione'
that "he could not see how a few sailors could have spread a disease so widely or so
quickly as had been alleged"(Hudson 1968:4). Much later in 1563, Gabrielc Fallopius
remarked that '?he harlots were driven out to the welcoming arms of the besiegers and
before long the French army had to withdraw, being stricken with the Neapolitan disease,
fiom whence it spread all over EuropeW(Waugh1982: 92). As there was in fact no siege,
and the French did not withdraw fiom Naples until &er its capture, this information
should be viewed with suspicion. Finally, it is important to note that the earliest accounts
of a disease which can be associated with syphilis "at this time is not a disease among the
French, but among the men-at-arms and foot-soldiers with the Venetian and Milanese
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allies. The description of Marcellus Cumanus as it appeared at the siege of Navaro the
summer 1495, takes note of it under the title "Pustulitis"..." (Holcomb 1935289).
Finally, the dating of the Edict of the Diet of Worms to August 7, 1495 demonstrated that
the disease was present in Germany before the army returned to France in October 1495
(Holcomb 1935). Interestingly, around 250 years later Voltaire "cynically commented on
the military expedition of Charles VLU: On their flippant way through Italy, the French
carelessly gained Genoa, Naples and syphilis. Then they were thrown out and deprived of
Naples and Genoa, but they did not lose everythmg, syphilis remained with themW(Luger
1993: 113).
It is extremely difficult to establish whether or not the disease was present in

Naples prior to the arrival of the French. If the French soldiers of Charles VLII did have
syphilis, it is possible that they contracted it before they arrived in Naples. The
description of the condition that plagued the French troops can be interpreted as being
suggestive of syphilis. The disease was characterized "by genital ulcerations, a severe
skin rash accompanied by agonizing pain in the arms and legs, and severe physical
deterioration, often culminating in death"(Camarogo 1994:550). If this was indeed
syphilis, then the description suggests that it was a much more virulent form than is
known today. Luger (1993) suggests that the army could have contracted the disease in
Rome, prior to their march upon Naples. At this time there were known to be
approximately 30,000 professional prostitutes in Rome. Pedro Pintor, a Spanish physician
who came to Rome in 1493, and was a doctor to Pope Alexander VI, "reports that
syphilis was sporadically noticed in Rome since 1483, but a flare up of the disease was
observed in 1494 (i-e., before the French arrived)(Luger 1993:114). However, Luger
(1993) does concede that the disease could have occurred anywhere in France or Italy,
before, during or after the French's amval in Rome. Therefore, it is impossible to say
with any certainty that the French contracted the disease before the campaign of Charles

VIII. However, if the disease described within the French army was truly syphilis, then it
is very likely that the disbanded army did play a sigmficant role in the transmission of the
disease into other parts of Europe. Holcomb (1930) has also suggested that the epidemic

153

which occurred in Naples around this time could have been associated with the arrival
there in August 1492 of nine boatloads of Jewish refbgees from Spain, after the Spanish
edict of expulsion a few months earlier. This is assuming that one can establish the
presence of the disease in Spain prior to this date. Caspare Torella, a Spanish physician to
Pope Alexander VI noted that the disease was observed in Avignon as early as 1493
(Waugh 1982). However, this is at least six months after the expuision ofthe Jews from
Spain.

Harrison (1959:6) states that it is probable that "in spite of treaties, Ferdinand and
Isabella sent help to Naples in advance of the arrival of Charles, and this was nearly 2
years after the return of Columbus fiom his first voyage. One person can start an
epidemic, and there were probably far more than one syphilitic in Naples by February 22.
1495, when Charles was welcomed there". This assertion has been challenged by Morison
(1 942, 1955), as "intensive research in the Neapolitan archives and local chronicles of the

French occupation have failed to reveal any evidence of the disease in that city before the
departure of Charles and his army. In fact, the earliest mention of syphilis in Naples was
six months after that event, in January, 1496"(in Hudson 19685). As a result of this lack
of evidence Morison (1 942, 1955) concluded that the virulent epidemics in Italy between
1494-6 must have resulted fiom an outside source. This source he believed must have
been the six West Indians who returned with Columbus on his first voyage, and carried
the spirochete in their bloodstreams to be transmitted in the known manner. However,
this conclusion ignores the fact that bloodstream spirochetes are not infective, even
venereally (Hudson 1968).
As previously stated, if the disease described within the army of Charles VIII was
really syphilis, then it was a form that is unknown to us today. There is no question that a
d e n t epidemic disease appeared in Europe at the close of the 15" century and into the
sixteenth century. This is assumed to be the same disease that supposedly ravaged the
army of Charles VIII. The question is whether or not the disease that effected Charles'

troops can be established as syphilis. One must also consider that the environmental and
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social upheavals associated with war can dramatically alter the epidemiology of disease
entities. Campbell (1934) presents this as a necessary consideration in any analysis of past
epidemic events, in particular the epidemic of the army of Charles VIII. He states that

"as to the severity of this disease being offered as a measure of proof of its

newness, it must be conceded that even under the most rigorous controi war is
especially prone to produce epidemic forms of disease of peculiariy virulent
manifestation. Indeed, the influenza epidemics during the late world war could be
taken as classic examples of increased virulence of epidemic forms of endemic
diseases. Primarily in the zones of war, fiom thence spreading fairly rapidly to the
different parts of the world."(Campbell 1934:406).
As it does appear that an infectious epidemic did occur in Europe in the late 15"
and 16' century, the question is whether or not it was syphilis, and then whether the
disease can be proven to have been present in the population prior to the epidemic events.
Sudhoff (1926) argues that the symptoms that were described for the disease do not
indicate venereal syphilis, and are much more likely to indicate the presence of a
condition like typhoid fever. As the French retreated from Italy they engaged in their last
confrontation at the battle of Fomovo on July 6, 1495 (Luger 1993). After this battle, the
"soldiery gradually became dissolute, weakened, and demoralized by disease, defeat,
strain, exhaustion, and famine. Many of them died of a febrile infection, probably fiom
typhoid Fever or, as 33 years later, other French mercenaries under Francis I of France in
front of Naples, from typhusV(Luger1993:113). Rosebury (1 992) suggests that the notion
of an epidemic resulted born the work of Ruy Diaz de Isla who described three stages of
the disease in 1539. As previously discussed, his descriptions of the fxst two stages are
entirely accurate. However, the description of the third stage of the disease mentions
symptoms such as a "continued high fever, high mortality, and symptoms more
suggestive, as Karl Sudhoff pointed out, of the then undifferentiated typhus-typhoid
syndrome than anythmg elseY'(Rosebury1992:63-4).
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It is possible that symptoms such as prolonged high fever and rapid mortality,
both of which are not characteristic of venereal syphilis, indicate the presence of another
infective entity within Charles VIII troops. Perhaps this condition had been present in an
endemic form prior to the campaign of Charles VIII. However, one cannot ignore the
possibility that a form of treponemal infection may have been more virulent in the past.
From the presented evidence it does appear that the army of Charles VUI cannot be
adequately considered as the original source of treponemal infection. It is possible that
syphilis did exist within the army,but it is highly unlikely that it had been introduced to
the French by Spanish mercenaries. However, it is conceivable that the disbanded army

served as an unknowing vector of a disease throughout many areas in Europe. If the
disease had been introduced by Columbus' crew, one would expect the "primary foci of
infection in Europe to be in France and Portugal, not Spain, and that the resultant spread

in the old world would be by way of other seaports"(Campbe1l 1934:409). Many trading
vessels of British, Greek, Egyptian and Moorish origin were trading in the Mediterranean
between the years 1493-6, and yet the historical evidence records no mention of a disease
conveyed by them to their respective countries (Campbell 1934). However, the
documentary sources indicate that syphilis pursued "an orderly and chronological spread.
thus: Italy in 1494; Germany, France and Switzerland in 1495; Holland and Greece in
1496; England and Scotland in 1497; Hungary and Austria in 1499. An inland mode of

spread only possible with its origin in an army, and by no means compatible with the

original European foci in the seaport towns of Lisbon, Bayonne and Palos."(Campbell
1934:4 10).

3.6.4. The Edicts

The edicts on syphilis that began to appear in the late fifteenth century have been
considered to be valuable sources of information concerning the history of syphilis in
Europe. The Columbian school has argued that the timing of the edicts indicates the
appearance of a new and virulent disease within European populations. Alternately, the
Pre-Columbian contingent has suggested that the edicts simply represent the recognition
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of syphilis as a distinct disease in Europe. Unfortunately, a considerable amount of
codision in the literature has resuited fiom errors in the establishment of accurate dates
for particular edicts.
The Edict of the Diet of Worms has long been considered to be one of the earliest
known edicts on syphilis in Europe. Interestingly, there seems to have been a subsmtiai
amount of corditsion as to its actual date. In the late 15" century in Germany, many
scholars and churchmen considered the disease a punishment fiom God for blasphemy. In
order to control the spread of this sin, the Emperor Maximilian I "issued an edict at the
Diet of Worms (7.10.1495), attempting to limit the damage caused by the disease that has
been called "bose blattem' (the evil pox) or "La grande verole"(Luger 1993:11 1).
Therefore, in this work the date for the Edict of the Diet of Worms was the 10" of July
1495. Alternately, Holcomb (1 934) stated that the army of Charles VIII did not transverse
the Alps and reach Grenoble in France until "October 27, 1495. In the meantime the well-

known blasphemy edict of the Diet of Worms dated a month and 20 days earlier was
promulgated showing the disease to be already widespread in Germany"(Ho1comb
1934:419). This would place the date of issuance at September 7, 1495. Most scholars
have previously accepted the date established by the archival research of Sudhoff (1926),
who stated that this Edict was issued on August 7, 1495. However, Sudhoff later changed
the dating to August 8, 1496, although subsequent research by Haustein indicated that an
edict was actually contrived by the Diet of Lindau on January 12, 1497 (in Temkin
1966:32-33). M e r this point, "an official imperial edict was published in February, 1497,
calling the disease a plague sent by God that had come as punishment for
blasphemy"(Russe1l 1989:292). Sudhoff s confusion with the original establishment of
the date may have resulted from the fact that a reform edict against blasphemy was
already in the planning stage at the Diet of Worms in 1495 (Russell 1989). This new date
of February 1497 adds W e r support to the notion that syphilis was not present in
epidemic levels in Germany prior to ihe campaign of Charles VIII.
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The mainstay of Holcomb's preColurnbian hypothesis rests upon an edict issued
in Paris which bans people with 'grosse virole ' (syphilis) from the city limits. He states
that "on March 25,1493, or ten days after Columbus arrived at Pdos upon return fiom

the first voyage, and more than a month before he could have arrived at Barcelona, an
edict was issued in the faraway city of Paris driving syphilitics from that city on pain of
being drowned in the river"(Holcomb 1935:298). Hoicomb may have remeved this dare
from the work of Sudhoff (1 926) who stated that "as early as March 1493, when
Columbus was returning From the first voyage, an ordinance against the great pox (grosse
vbrole) was being issued in Paris" (in Rosebury 1992:64). On the basis of this date
Holcomb (1934, 1935) argues that the disease could not have been transported by
Columbus from the New World, and that it must have been present in Europe prior to his
return from the first voyage. in order to verify this date, Harrison (1959) investigated the
historic records of Paris, which revealed that due to a series of mistakes in later French
laws the date had actually been misinterpreted. He asserted that this ordinance was
actually issued on June 25, 1498. This date was verified by the research of Haustein (in

Temkin 1966:33). As a result of an exhaustive investigation of the French archives,
Harrison stated that the earliest edict "relating to syphilis in Paris which he had found was

as Arrgt du Parlement de Paris dated March 6, 1497"(Harrison 1959:4). The decree in
English translation is as follows, "Today, the sixth March, since in this city of Paris there

are many sick of a certain contagious disease, named 'la grosse vkrole', which has
become prevalent during the past two years.. ."(Harrison 1959:4). Holcomb (1 934:428)
had also misdated this edict which he stated was issued on March 16, 1497. Therefore,
the earliest edict of Paris dates to almost four years after the retum of Columbus from his
first voyage to the New World. In addition, the edict states that the disease had orJy been
prevalent in France for the two years preceding the edict, which is significant for two
reasons. First, it suggests that the French did not perceive the disease as having a long
history amongst their population. Second, it suggests that the French had no knowledge of
the disease before the campaign of Naples, and that it was not identified in Charles W ' s

army before their entry into Italy.
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In the year 1496, several edicts ostracizing people with syphilis were issued
throughout Europe (Baker and Armelagos 1988:708). In 1496, the city council of
Nuremburg issued 12 ordinances concerning the disease (Sudhoff 1926). As Swiss
mercenaries fiom the army of Charles VIII returned to France fiom Naples via Tuscany.
the French disease made its first appearance in Lucerne and Zurich in late May 1496
(Haustein L930:2&3-5).Ln that same year the Baden chronicai in Aargau reieased
"instructions to persons with bosen blattern to stay away fiom the public baths. An edict
of the Council of Zurich this same year forbade persons with bosen blattern from
frequenting the baths, and the Swiss Congress (Tagstzung) forbade of Cantons (Kantone)
permitting those who had bosen bluttern from frequenting churches, streets, inns, baths,
and barber shops."(Holcomb 1934:428). By early June 1496, ten people with the disease
had been expelled fiom Besancon, France (Russell 1989). The edict of "Lyons dated
August 12, 1497, threatened that if anyone suffering From this disease did not report
within 10 days his or her person should be apprehended and personal possessions publicly
burned"(Harrison 1959:6). The appearance of the disease in Britain is witnessed by the
ordinance of Aberdeen (Scotland) dated to April 2 1, 1497, which noted that the 'the

infirmity came out of France' (Creighton 1965 (1894):417). James IV of Scotland issued

a proclamation in Edinburgh on September 22, 1497 which stated that all individuals
suffering from 'Grandgor' (syphilis) must go to the island of Inch Keith in the Firth of
Forth. Were to remain until God provide for their health"(Creighton 1965 (1894):417-8).

By the time that syphilis was observed in Central Europe in 1496, "cities were
accustomed to dealing with serious epidemics. Hospitals already existed for the isolation
and treatment of plague victims"(Ru.ssell 1989:290). With the appearance of this 'new'
plague, hospitals "for the syphilitic such as St. Jobsgasthuis, founded in Utrecht in

1504...were established throughout Europe by the beginning of the 1'6 century"(Baker
and Armelagos 1988:708).

The timing of the European edicts on syphilis suggest that the medical and secular
authorities identified the appearance of a new disease which spread rapidly throughout

Europe at the end of the 15' century. It is clear that later writers unequivocally associated
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this disease with the retum of Columbus and his crew fiom the New World. However,
some researchers have pointed out that this association is mere coincidence, as the edicts
that date to "after 1493 closely resemble those previously issued to isolate lepers"(Baker
and Armelagos 1988:708). A Parisian edict of 1488 had been directed against 'les

lepereux '. However, after the papal Bull of 1490 "the edicts for the years 1493,1496, and
1498, the name for the disease was changed to ' l o grosse verole. At Worms, 1435, the

disease became the evil pox (bosen blattern). In various Scottish cities it became the great
filthiness or mangyness (gran gore/grandgor)(Holcomb 1935282). Creighton (1 965)
sees the sudden reappearance of leprosy at this time as problematic, particularly since the
edict of Paris dates so closely to other edicts concerned with syphilis. Therefore, "one is
left to wonder whether these ordinances were issued as a consequence of the importation
of syphilis or if the discovery of America was merely coincidental with the recognition
and renaming of the disease as it was differentiated fiom "leprosy"(Baker and Armelagos
1988:708).

3.7 Leprosy and Syphilis. Medieval Confusion?
Proponents of the Pre-Columbian hypothesis have relied heavily on medieval
texts to argue that venereal syphilis was present in Europe prior to the return of Columbus

and his crew in 1493. They assert that the disease has had a long history within European
populations, but was diagnostically confused with leprosy (Campbell 1934, Holcomb
1934, 1935,1941, Hackett 1963, Hudson 1961,1963,1968, Kampmeier 1984, Rosebury
1992). Supporters of the Pre-Colurnbian hypothesis argue that the diagnostic confusion
between leprosy and venereal syphilis can be demonstrated in the medieval literature in
three ways. First, the continued use by medieval scholars of the ancient term 'lepra' to
refer to supposed cases of medieval leprosy. Second, that the writings of medieval
scholars demonstrate a confusion regarding the mode of transmission for leprosy. Lastly,
it is argued that the use of mercury in the treatment of Leprosy demonstrates a clear

diagnostic coditsion between the diseases. This last issue is related to the retum of

160

soldiers infected with 'leprosy' from the Crusades, and the abolition of the leper hospitals

in the late 1 5 and
~ early 1 6centuries.
~
Pre-Colurnbian theorists have investigated medieval texts in order to
establish that syphilis was included with other conditions under the heading of 'leprosy'.
As previously discussed in this chapter, it appears that the 8'-3"

century Arab physician

John of Damascus was "the first to use the term 'lepra' for what is now called
lepromatous leprosy, and have so started the process which led to 'elephantiasis

graecorum' being called leprosy" (Hulse 1972: 1024). Thus, the ancient generic term
'lepra' was mistakenly translated into the Medieval Vulgate Bible as the term
representing exclusively leprosy. This appropriation of the ancient word 'lepro' to refer to
leprosy could suggest that medieval physicians continued to use this term as a catchall
phrase for multiple diseases, as in ancient times. Therefore, venereal syphilis
"masqueraded under a variety of names, of which the most striking was leprosy, a general
term for repulsive disease" (Rosebury 1992: 68). Plate 3.1 presents a medieval depiction
of a 28 year old woman with nodular lepromatous leprosy.

Plate 3.1

Medieval depiction of a 28 year old woman
with nodular lepromatous leprosy.

Reproduced by kind permission of Dr. P. Stuart-Macadam
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In addition, scholars point to a number of examples in the medieval literature that
appear to suggest a confusion in the understanding of the mode of transmission for
leprosy. The 15th century physician Bernard de Gordon stated that leprosy is caused either
fiom being introduced in utero, or after birth (Holcomb 1941). If the disease is

transmitted in utero, it is "because of conception at the time of menstruation, or because it

is the c'niid o f a ieper, or because a leper shaii have had intercourse with a pregnant
woman, and in this case the bearing will be leprous, for out of the great corruption that
supervene from such conceptions, leprosy is generated" (Holcomb 1941: 152). Bernard
de Gordon continues to describe how leprosy is transmitted after birth. He states that if
leprosy develops after birth, it "is because the air is badly corrupted and pestilential, or
because of prolonged use of melancholic foods, such as lentils and other legumes, and
fiom such melancholic meats as that of foxes, bears, wild boars, hares and other
quadrupeds such as asses and the like" (Holcomb 1941: 152). However, Bernard de
Gordon also notes that leprosy can be spread by "reason of too much conversation with
the leprous, and from coitus with a leprous woman. And it will also break forth in him

who lies with a woman who has lain with a leper, the seed of whom remains in her
womb" (Holcomb 1941 : 152).
The 13'

century scholar Bartholomeus Anglicus states that leprosy was caused by

"intercourse with a woman after she had been with a leprous man,heredity, and feeding a
child with the milk of a leprous nurse" (Rubin 1974, Gordon 1959). In 1320, John of
Gaddesden wrote a passage titled "De infectione ex concubitu cum leproso vel leprosa'
(concerning infection resulting fiom intercourse with a leprous man or woman) (Buret

1891). Theodoric of Cervia (1 205-1298) provides a detailed account of the disease
following the accepted humoural theory. Interestingly, seven of his 12 common signs of
leprosy are accepted by 20" century clinicians. Theodoric notes that those "lying with a
woman with whom a leper has lain' will be infected with the disease (Brody 1974: 3441). Pre-Columbian scholars have cited a number of medieval scholars who refer to 'leper

whore', 'venereal leprosy' and 'hereditary leprosy', in addition to describing genital

162

lesions associated with the disease (Holcomb 1935, 1941, Hudson 1961, Brody 1974,
Karnpmeier 1984).
It has been well established in modem times that leprosy is not hereditary, and is
not transmitted through sexual contact. Although the disease does show a significant
famiiy incidence, transmission ofthe disease between spouses occurs in iess than 5% of

couples (Richards 1977). Interestingly, modem research has demonstrated that viable
leprous mycobacterium can be transmitted to infants via breast milk (Pedley 1967). While
these descriptions could be used to argue for a medieval diagnostic confusion, I feel that
there is another interpretation that has not previously been applied to the medieval
documentary material. The biblical word 'tsara ' at' used to refer to conditions resulting

in ritual uncleanliness was translated into the Greek as the term 'lepra'. With the
adoption of the Greek and then Roman word 'lepra' into the Medieval Latin Vulgate
translation of the Bible, there developed an association between ritual uncleanliness or
moral impurity and the disease leprosy. Therefore, as Richards (1977) points out, a
previously well-defined disease of no religious significance became associated with the
biblical notion of impurity, and culminated in the stigma attached to the word leprosy into
modem times. Plate 3.2 presents a depiction of a medieval leper in period costume with a
bell.

Plate 3.2

Medieval leper dressed in period
costume with a bell.

Reproduced by kind permission of Dr. C. Roberts

In a period dominated by the Catholic Church, leprosy was associated with all
forms of sin fiom avarice to murder. Importantly, one of the common notions in the
Middle Ages, which can be found as early as 200 A.D. in the work of the physician

Aretaios,was the idea that the leper was extremely l u a , and had a distinctly overactive
sexual appetite. As lust is one of the seven deadly sins, this aspect of the leper's character
would have been particularly emphasized by the Catholic Church. Modem clinical research

has demonstrated that there is no indication that individuals suffering from leprosy are
characterized by elevated sexual activity or desire. However, it is possible that the use of
terms that imply sexuality to refer to leprous individuals stemmed from this pervading
religious notion of sexual deviance, and does not indicate a diagnostic cohsion between
leprosy and venereal syphilis.Therefore, the presence of references such as 'leper whore'

in medieval descriptions may simply reflect the association between leprosy and moral
impurity, and not a lack of diagnostic competence.
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This suggestion is supported by the work of Zias (1989) who examined the
relationship between sexuality and leprosy in early Jewish rabbinic and Christian
literature. As discussed earlier in this chapter, both Old and New Testament portions of

the Bible associate leprosy as a divinely ordained punishment for sin. In Leviticus 20: 18
of the Old Testament, 'tsura 'at' is perceived as a punishment for coitus during
menstruation (Zias 1989). Sexual intercourse during menstruation was considered to be
the most loathsome impurity in Jewish Law, and was punished by 'karet', divine
punishment by premature death (Ta-Shma 1972). In addition, the early Christian Church
also believed that aberrant sexual practices were the cause of leprosy. According to
"Sophronius, the fathers of the Church prohibited sexual intercourse during, and for seven
days after the conclusion of the menstrual period"(Zias 1989: 29). As both Jewish and
Christian doctrine viewed sex only as a necessary act for procreation, sexual behaviour
during the period when the woman is not fertile was perceived as deviant. Therefore.
leprosy was viewed as a divine punishment for ignoring religious taboos on abstinence

during menstruation.

Zias (1 989) W e r suggests that, from the Jewish Mishnaic period onwards, there
were increasing tensions between the Jewish and early Christian communities. This
tension resulted fiom different positions regarding the treatment of lepers. According to
the Jewish Temple Scroll and early Jewish writers 'persons afflicted with gonorrhea or
leprosy were excluded fiom the entire city" and treated under the Mosaic Law as 'dead
persons' (Zias 1989: 29). Alternately, the early Christian community "partially because of
the New Testament references to the disease and the fact that the Judaic rules of ritual
purity no longer applied to them, believed that those suffering fiom the disease were
'chosen by God' and were to be especially cared for"(Zias 1989: 29). Thus, the care of
individuals suffering from leprosy was institutionalized during the 4' century by
ecclesiastical authorities who founded several leprosaria in the Mediterranean and in
Judea (Hefele 1909: 207).
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Furthermore, although both the Jewish and early Christian communities linked
leprosy to procreation, there was one significant difference between them. According to
the early Church historian Gregory of Tours (538-594 A.D.), the children of any sexual

union that occurs on the Christian Sabbath will suffer from epilepsy or leprosy (Leclercq
1929). This concept, "which closely parallels rabbinical thought in the sexual etiology of
the disease, t'urther defined the theological separation between the two faiths by
condemning sexual relations on the Christian Sabbath, which is in direct opposition to the
Jewish tradition, which encourages the act on the Jewish Sabbath" (Zias 1989: 29).
Therefore, it is argued that the tension between these religious communities was codified
in the rabbinical belief that "regarded leprosy along with blindness, childlessness, and
poverty as four categories akin to a living death" (Zias 1989: 29). The categories of
childlessness and poverty were likely directed at the Christian hierarchy that demanded
celibacy and poverty fiom those devoting their lives to the Church (Epstein 1936: 206).
The two final categories of blindness and leprosy are medically related in that blindness is

a common feature of untreated leprosy. Thus, these rabbinical writings "could be
construed as a metaphoric attack against the Christian community, with childlessness
(celibacy) and voluntary poverty being directed against monasticism, and leprosy and
blindness directed against those specific monasteries such as Saint Theodosius which
accepted into their midst those suffering fiom the disease and established facilities for
their care" (Zias1989: 30). Thus, it appears that this early literature provides "evidence

which suggests that the etiology of the disease was not a static concept, but was flexible
in accommodating changing medical conditions and various religious beliefs and folk
traditions of the eastern Mediterranean over several hundred years" (Zias 1989: 30).
Therefore, it appears that the literature can be interpreted in a manner that does
not argue for a medieval diagnostic confusion between leprosy and venereal syphilis. In
the Old and New Testaments of the Bible, as well as early rabbinical writings, there was a

clear association between leprosy and sexuality. Those individuals who did not adhere to
religious taboos regarding menstruation and procreation were afflicted with a condition
associated with divine punishment. This concept (fsara 'at)was passed down to medieval
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scholars through its translation into the Latin word 'lepra'. Thus, the ancient association
between leprosy, sexuality, and divine punishment was maintained in the literature of the
medieval period.
The final line of evidence that has been used to argue for a medieval diagnostic
confusion between leprosy and syphilis is the medievai use of mercury for h e treatment
of leprosy. In the period preceding the first Crusade (1096- 122I), leper hospitals were
established throughout Europe, in order to segregate lepers fiom the healthy population

(Baker and Armelagos 1988). The prevalence of leprosy in Europe reached its zenith
between the 1 1' and 13' centuries, a period coinciding with the Crusades (Rubin 1974).
Hudson (1963) has discussed the role of medieval pilgrimage to the Middle East in the
transmission of diseases, one of which he contends was venereal syphilis disguised as
leprosy. As support for this assertion, he notes that "the 'lepers' brought their remedy
with them, a mixture of mercury in fat called Saracen ointment, which was in use in
Europe as soon as the expansion of 'leper houses' began.. ."(Hudson 1963: 648).
Throughout the time of the Crusades in Europe, a number of men returned fiom the East
with a contagious disease that they referred to as 'leprosy'. By the early 12" century,
"Saladin had further expanded the Islamic world, and the Crusades were under way and
were bringing many Europeans into much closer contact with the peoples and diseases of
south-western Asia. Is it coincidence that mercury, which was so important in the 16" and
later centuries as a cure for syphilis, should have been brought back to Europe by these
Crusaden?"(Brothwell 1970: 32).
Mercury is a natural element, "present since the formation of the earth and known
to man since prehistoric times.. .The red sulphide cinnabar (H9S) is the chief ore of
mercury"(Gouge 1977: 26). The use of mercury in the Middle Ages was typically as an
ointment or in a vapourous state. Absorption takes place through the gastro-intestinal
tract, respiratory tract and skin (Gouge 1977). Although mercury has no effect on leprosy,
it was recognized as a successll remedy for syphilis since ancient times. The use of
"mercury in medicine came fiom the East, probably from China, and was based originally
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on the observation that a mineral ( c i ~ a b a rmercuric
,
sulfide) disintegrates when heated,
releasing mercury vapor"(Hudson 196 1: 548). Among Arab physicians, "inhalations have
a long history, and their incorporation of mercury in a fatty base to cure bLleprosy'9
with
rubs was current many centuries before this so-called Saracen ointment became known in
Europe about the time of the Crusades, in the 12" and 13* centuries"(Hudson 1961: 548).
It is impossible to state with certainty that the use of Saracen ointment for the
treatment of leprosy indicates a diagnostic confhsion between it and syphilis. Naturally.
this possibility cannot be ruled out. However, one cannot simply argue for this on the
basis that a potentially ineffective treatment was applied to the treatment of 'leprosy'
cases. In an investigation of medieval medical literature, a number of unusual treatments
were prescribed for leprosy. Specific diets were suggested for the leprous. A document

from medieval Damascus suggests that dried scorpion heads should be consumed by a
leper every morning for ten days (Dols 1983). In Britain, it was suggested that a
consumption of a dead infant's flesh would be helphl in the treatment of leprosy (Skinses
1964). Treatments involving blood were particularly common during the Middle Ages. A

typical Scottish remedy claimed that '?he blood of dogs and of infants two years old and
under, when diffused through a bath of heated water dispels the Leprosy without a
doubtW(Richards1977: 71). The blood o f a virgin was also believed to cure the disease
(Brody 1974). Gems were thought to have curative properties, and crushed emeralds were
used as a treatment for leprosy. Alchemy, and particularly gold, was seen as purifying the
leper (Brody 1974: 720). The consumption of earth &om an anthill, and the perfumed
water in which the Christ child had been washed were also prescribed to treat the leper
(Brody 1974). Volcanic mud-baths, mineral baths and hot springs were common
remedies, as were venom potions (Richards 1977). Bartholomew of England (circa 1230)
proposes that the venom should be taken from a red snake with a white belly, and then the
head and tail should be cut off and cooked with leeks. This potion should then be
administered to the leper at meals. The placement of dry snake powder on the tip of the
tongue was also believed to prevent leprosy fiom becoming worse (Kato 1976: 94). Plate
3.3 depicts the examination of a leper by a medieval physician.

Plate 3.3

Examination of a leper by a
Medieval physician.

Reproduced by kind permission of Dr. C. Roberts
These methods of treatment seem absurd to our modem thinking. However, one
must consider that in the Middle Ages there was no knowledge of germ theory, and
medical practitioners relied heavily on the techniques proposed by earlier physicians.
These treatments were often formulated with little understanding of epidemiology, mixed
with a substantial amount of supernatural wizardry, alchemy, astrology, and herbology. It

is highly likely that particular substances were applied for the treatment of a number of
disparate medical conditions. In addition, it appears that the medical community regularly
prescribed bizarre and ineffectual treatments for the cure of leprosy. Therefore, it is not
difficult to accept the use of Saracen ointment as one of a number of different remedies
for a disease whose clinical nature was unknown in medieval times. Plate 3.4 presents the
dress of a medieval physician on a visit to lepers. The association between medicine and
magic is clearly demonstrated in this representation.

Plate 3.4

Dress of a medieval physician
on a visit to lepers.

Reproduced by kind permission of Dr. C. Roberts

In conclusion, this chapter has concerned itself with a number of important issues
relating to the origins and history of treponemal infection and leprosy. It commenced with
a discussion of the Colurnbian, Pre-Colurnbian and Unitarian hypotheses, in order to
assess the origins and subsequent transmission of treponemal infection. These hypotheses
are related to the debate over the relationship between the causative organisms for the

four distinct treponemal diseases (treponematosis or treponematoses?). The chapter
continues with a discussion of the documentary evidence cited to argue for a diagnostic
confusion between leprosy and syphilis in ancient times. This review includes biblical,
classical, and East-Asian literature, which have been cited in order to establish the
presence or absence of syphilis and leprosy in antiquity.
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Pre-Columbian and Columbian theorists have particularly emphasized the
medieval literature to assess whether a diagnostic confusion between these two diseases
existed at that time. They have presented several disparate lines of evidence. First, the
work of early Spanish chronicIers is discussed in detail. Many of these scholars had been
present in the New World shortly after its discovery by Columbus in 1492. Columbian
theorists present a number of passages tiom these writers to argue for a New -worid origin

for the disease. In addition, they argue that a New World origin is suggested by the use of
the wood 'guaiacum' as a treatment for the disease. The Guaiacum tree was native to the

New World, and had been used for generations by the indigenous people for a condition
suggestive of treponemal disease. The ambiguity and obvious inaccuracies of the
references contained within the writings of the early Spanish chroniclers makes them
unreliable sources of information. In addition, the use of guaiacum wood for the treatment

of treponemal infection cannot be viewed as evidence for a New World origin for
treponemal infection. By the time that publications appeared connecting syphilis to the
New World, guaiacum had generally been dismissed in favour of mercury as an effective

treatment for the disease. Furthermore, an enormous amount of literature has been
devoted to the military activity of Charles VIII o f France, who led a campaign against
Naples in 1494-5. Supporters of the Columbian hypothesis have cited this literature to
suggest that syphilis was transmitted to Charles VnI's army from Spanish sailors who had
returned from the New World. This would suggest a rapid introduction of the new
disease, in a virulent form, upon a virgin population with no previously established
immunity. A review of this literature indicates that the 'siege' of Naples never actually
occurred, and that the possibility of Charles Vm's army being infected via Columbus'
sailors is highly unlikely. In addition, Columbian theorists have concentrated on the
medieval edicts against syphilis that began to appear in the late 15" century. They argue
that the timing of the edicts indicates the appearance of a new disease within European
populations. Alternately, the Pre-Columbian contingent has suggested that the edicts
simply represent the recognition of syphilis as a distinct disease in Europe. Unfortunately,
confbsion as to the exact timing of particular edicts has led to the misinterpretation of this
material. Lastly, this chapter presents medieval passages that have been used to argue for
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the presence of a diagnostic codision between leprosy and treponemal infection. These
principally involve passages that suggest a cofision in the understanding of the mode of
transmission for leprosy. On the basis of a review of this material, it has been suggested
that the use of terms implying sexuality to refer to leprosy does not establish a diagnostic

confbsion between the two disease complexes. Alternately, it is more likely related to the
ancient religious association between divine punishment, sexuality, and leprosy. In
addition, the Pre-Columbim assertion that the use of Saracen ointment (mercury) in the
treatment of supposed leprosy indicates a clear diagnostic confusion between the diseases
is challenged. It is very possible that Saracen ointment was prescribed for leprosy in the
same manner as virgin's blood and scorpion heads were. In a medical community defined
by humoural theory, folk medicine, astrology, alchemy, and superstition, it is not difficult
to interpret the use of mercury in this manner.

In conclusion, the Pre-Columbian assertion that a medieval diagnostic confusion
existed between leprosy and syphilis cannot be supported on the basis of the historical
literature. The cited passages are often very ambiguous, and sometimes obviously flawed.
Likewise, the literature cited by Colurnbian theorists is equally problematic, and cannot
be used to establish a New World origin for treponemal infection. Therefore? on the basis

of this extensive analysis of ancient literature, it is recommended that the historical
sources be interpreted with great caution.

CHAPTER FOUR
Bone Changes in Treponemal Infection and Leprosy
4.1 Introduction

Recent clinical research has concentrated on the establishment of incidence and
prevalence parameters for the four distinct forms of treponernal infection. The incidence
rate is defmed as an expression of the rate at which a certain event occurs, as in the

number of new cases of a specific disease occurring during a specific period of time
(Dorlands Medical Dictionary: 1974). The prevalence rate is the total number of cases of
a disease in existence at a certain time in a designated geographic area (Dorland's
Medical Dictionary 1974). Many of the studies concerning treponemal incidence and
prevalence have provided varying results (Whitney 1915, Whitney and Baldwin 19 15.
Wile and Senear 1916, Hazen 192 1, Bruusgaard 1929, Jeans and Cooke 1930, Turner
1930, Kling 1932, Hudson, 1932, Morrissey and Reynolds 1933, Stokes 1934, Speed
1936, Shattuck 1938, Buchrnan and Lieberman 1941). This disparity in rates may in part
result from the use of different sample selection and clinical techniques by various
researchers. However, it is extremely difficult to assess the occurrence of osseous change
in populations of the pre-antibiotic period, as the vast majority of medical descriptions
concentrated on the investigation of individual cases. A principle goal of the
paleopathologist is to examine disease entities from a population based perspective, in
order to examine the impact of disease processes on past populations as a unit. In the case
of treponemal infection this population approach is hindered by the fact that only a small
number of clinical epidemiological studies are available for the period prior to effective
antibiotic treatment. The discussion on osseous change in treponemal infection will
concentrate on changes observed in the nonvenereal forms (endemic syphilis and yaws),
and venereal acquired syphilis. Pinta will not be discussed fiuther, as no bone changes
have been recorded for this form of treponemal disease.
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The vast majority of studies involving the examination of bone changes in
treponemal infection have concentrated on cases of acquired and congenital venereal

syphilis. Although bone changes have been observed in nonvenereal forms, they are less
Frequent than in tertiary syphilis, and generally demonstrate changes that are consistent

with those found in venereal syphilis. This emphasis on venereal syphilis to a large
degree relates to the concentrauon of' modem Wes~ernmzclicinz an ioditions that are
relevant to urban, industrialized societies. It is likely that the difficulty in establishing the

true incidence of bone involvement in part relates to the fact that "syphilitic lesions of
bones are ofien symptomless and therefore unsuspected unless revealed by the taking of
routine radiographs. Modem treatment too, may well prevent the development of
radiological signs by the speed with which infection is brought under control"(King and

Catterall 1959: 1 16). Thus, any studies after the 1940's are not useful in any examination
of the incidence of bone changes in past populations. However, a small number of studies
prior to the development of clinical treatment offer some suggested parameters. The
presentation of pre-antibiotic studies of osseous syphilis is represented in Table 4.1.

Table 4.1: Frequencies of Bone Lesions in Acquired Venereal Syphilis
No. of Cases
Observed

10,000
10,000
2400
223 1
2000
652
544
524
473
314
165

% of Cases
With Lesions

Reference
Turner (1930)
McKelvey and Turner (1934)
Buchman and Liebennan (194 1)
Keyes (1908)
Gjestland (1955)
Whitney (1915)
Whitney (19 15)
Whitney and Baldwin (19 15)
Bruusgaard (1929)
Symmers (1916)
Wile and Senear (1916)
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Whitney (1 9 1S), based on an examination of the histories of 7,885 patients, notes
that 544 individuals or 6.9% were syphilitic. Of these 544 people, 20.8% demonstrated
syphilitic changes of the bones and joints. Furthermore, he observed that in a collection
of 652 orthopedic patients, 13.8% were syphilitic. Of thirty six of these orthopedic

patients with osteomyelitis, 7 individuals were definitely syphilitic, and 8 were possibly
syphilitic. Of 33 peopie with perioslilis, 16 were definitely syphilitic, and 9 WciC possibly
syphilitic. On material studied in the Oslo study, Bmusgaard (1929) found 12.2% of
cases of osseous syphilis in a sample of 473 individuals. This is higher than that noted by
Gjestland (1955) who found that of 2000 patients in Norway, only about 1% showed
bone lesions. This number is closer to the numbers noted by Speed (1 936) who found
lesions of the bones and joints in only 0.05% of individuals admitted to a large orthopedic
clinic. Hackett (1976) also suggests that only one individual in 1000 adults will develop
bone lesions. Therefore, the frequency of bone lesions in venereal syphilis seems to range
from as little as 0.05% to as much as 36%. It appears that most clinical studies estimate
that the incidence of bone involvement is between 5 and 20 percent in individuals with
tertiary syphilis. If one relies on a conservative estimation, it is possible to expect a
prevalence rate of approximately 5% for acquired venereal syphilis in a large urban
population. By multiplying "this number by the 10 and 20 percent frequencies of bone
lesions in all cases of syphilis, one obtains the frequency of osseous syphilitic lesions to
be expected in a skeletal series representing that adult population. Using the numbers
above, the prevalence ranges from .05 to 1 percentW(Steinbock1976: 110). However, it is
important to note that as many as 65% of syphilitic people will die without manifesting

any anatomical signs of the disease (Bruusgaard 1929, Rosahn 1946).
Very few studies have examined the rate of bone and joint change in nonvenereal

forms of treponemal infection. One must consider that the nonvenereal forms of
treponemal disease are much more likely than venereal syphilis to affect small, rural
populations with low standards of hygiene. As in venereal syphilis, a wide range of
incidence and prevalence fiequencies have been estimated for bone involvement in yaws.
This may in part result from differing clinical standards and investigative assumptions
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(Taneja 1968). As the bone changes of yaws often heal spontaneously, it is difficult to
assess the overall prevalence of lesions. The studies of pre-antibiotic studies of osseous
change in nonvenereal treponemal infection are presented in Table 4.2.

Table 4.2
No. of Cases
Observed

9052
1423
699

Frequencies of Bone Lesions in Nonvenereal Treponemal
infection.
% of Cases
With Lesions
3.6%

1.0-4.7%
15.3%

Reference
Hudson (1958)
Wilson and Mathis ( 1930)
Van Nitsen (1920)

In a study of 1,423 cases of yaws, it has been observed that bone changes occur in
approximately 14.7% of infected individuals, a rate very similar to that of venereal
syphilis (Wilson and Mathis 1930). In tertiary yaws, Van Nitsen (1 920) observed bone
changes in 15.3% of 699 cases. In a study of the presence of endemic syphilis in 322
Bosnian villages, Grin (1952) observed that the prevalence of non-venereal syphilis was
inversely proportional to the population size. In addition, many more individuals were
affected by endemic syphilis than would be expected for the venereal form of the disease
in these populations. It has been estimated that non-venereal syphilis may affect between

25% and 75% of the individuals in small populations (Grin1952, Hudson 1958). Hudson
(1958) estimated a frequency of osseous change in endemic syphilis to be about 3.6% on
the basis of 9,052 cases. Therefore, one "should expect to find osseous involvement in
about 0.9 to 2.7 percent of the total population- which is slightly higher than the
estimated frequency for venereal syphilis"(Steinbock 1976: 1 1 1).
As clinical studies indicate that the nonvenereal forms of the infection appear to
affect the osseous tissue less frequently than venereal syphilis, one would expect this to
be demonstrated in skeletal samples. Generally, it has been accepted that '?he fiequency

of bone involvement in these diseases increases from about 3-5 per cent of all cases of
yaws to 10-12 per cent of all cases of venereal syphilis, with endemic syphilis lying

!
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between the twoW(Robertsand Manchester 1995). One must conclude that the
identification of osseous changes indicative of treponemal infection in skeletal collections
will not represent all individuals in that specific group who are infected. This is largely

due to the fact that a large number of individuals suffering with treponernal disease will
not develop osseous lesions.
The bone changes observed in the non-venereal forms of the disease are similar, if
not identical, to those recorded for venereal syphilis. The osseous changes observed in
endemic syphilis, yaws and acquired venereal syphilis are characterized by osteomyelitis.
which is a result of an inflammatory reaction to the invading spirochete (Canci et al.
1994). This inflammatory reaction, which results in significant bone destruction, is
referred to a s a gumma (Roberts and Manchester 1995). In contrast to cases of nonspecific osteomyelitis, the osteomyelitis observed in treponemal infection is associated
with considerable bone regeneration, and is microscopically distinct (Schultz 1994).

Comparative histopathological analysis of the treponemal complex has been
presented by Schulz (1 986,1994), who suggests that the use of light microscopy using
ground sections viewed in polarized light can assist in the reliable diagnosis of
treponemal infection. He notes that the best results occur in cases where the inflammatory
process has not completely healed. Diagnostic indicators include the presence of
Gremstreifeen (remains of the primary cortical surface), Poister (superficial alterations

viewed as small, irregular villous folds), mosaic structure, and possibly certain
resorption lacunae. There is no question that definitive histological techniques for
identifying treponemal infection would be invaluable to the paleopathologist. However,
there are some limitations to this approach. First, a histological analysis has only limited
application, as bone tissue has a restricted range of response to infection. Therefore,
several pathological conditions can cause identical changes in the bone. Second,
histological investigation is not useful in differentiating between the four different
diseases. Lastly, until fbture research is conducted using blind trials (unknown
specimens), the use of histological techniques must be viewed as in its infancy.Although
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the bone changes observed in the non-venereal forms greatly resemble those in venereal
syphilis, there are some differences in terms of age distribution and pattern which warrant

an individual discussion of these conditions.
The identification of a specific treponemal infection is an extremely difficult task,

as the rnorphologicdiy disringuishabir lesions of yaws and endemic syphilis arc
essentially indistinguishable from those of venereal syphilis (Aufderheide and RodriguezMartin 1998). However, it does appear that W e location of the lesions in the skeleton is
different depending on the syndromes. In yaws and bejel nasal-palatal destruction and
tibia1 involvement are frequently found, but the other lesions that are seen in syphilis are

unusual (less than S%)(Aufderheide and Rodriguez-Martin 1998: 157). Baker and
Armelagos (1988) suggest that an attempt to distinguish between yaws, bejel and
venereal syphilis is impossible, as the bone changes are essentially identical. Morse
(1 967, 1978) notes that these conditions are difficult to differentiate as at varying stages

of the diseases there will be different degrees of sclerosis and destruction. Ortner et al.
(1 992) have suggested that the distinguishing, subchondral, erosive form of joint

pathology found in yaws is a useful diagnostic tool as this process does not appear to be
present in endemic or venereal syphilis.

In recent years, Rothschild et al. (1993,1994,1995) have attempted to establish
epidemiological differences between the three conditions in populations of adequate size.

They have established a number of criteria that they assert demonstrate frequencies that
allow for the differentiation of the treponemal diseases. These features include
prepubescence, bilateral involvement of the tibiae, saber shin tibia without observable

surface periostitis, routinely affected feet and hands, flattening of the tibia without
periostitis, and the average number of anatomical regions involved greater than three.
Therefore, on the basis of their analysis they suggest that the quantitative "assessment of
the nature of osseous impact of specific treponemal diseases resulted in identification of

reproducible discriminating characteristics. The osseous reaction to treponemal infection,
although reproducible for each variety, is not uniform among them. Examination of the

178

population frequency, demographics, character, and skeletal distribution of osseous
treponemal impact provides clear, reproducible clues to the identity of the underlying

treponematosis"(Rothschi1d and Rothschild 1994: 68). An examination of the different
frequencies of established features was conducted on three skeletal collections including
19th Century Bedouins from the Negev Desert in Israel (bejel), a precontact population

f ~ o mGum1 (yaw), and 20" C e n w autopsy cadavers f;onh c Todd collection in
Cleveland (venereal syphilis). They then applied these identified criteria to establish the
time and distribution of the three treponemal forms in skeletal collections from 40
different sites from the New World (Rothschild et al. 1995). Recently, this work has
come under considerable criticism (Heathcote et al. 1998). The primary focus of criticism
centres on two paramount issues. First, the dating of the skeletal material from Guam is
problematic. Rothschild et al. (1994, 1995) assert that the Guam skeletal material
represents an isolated pre-contact population. However, Heathcote et al. (1998:361) note
that this population cannot be viewed as precontact in that the "147-year period of early

contact leading up to the founding of the Marianas mission was filled with instances of
intercourse with great potential for mutual infectious disease transmission (venereal and
non-venereal)". Therefore, as it is very likely that the Guam population had several
contacts with either Europeans, or other groups who had contact with Europeans, one
cannot rule out the possibility that venereal syphilis was present. Thus, it is impossible to
identify the Guam material as representing a population in which only yaws was in
existence. Further criticism centers upon their established criteria, both in terms of their
diagnostic specificity to treponemal infection, as well as, their exclusion of certain
osseous indicators. It has been argued that their approach lacks an acceptable
investigation of changes in the area surrounding joint surfaces, and &'any attention
whatsoever to cranial lesions and to the particulars of differential diagnosis regarding
secondary and co-infections. Further, their claim of a syphilis versus yaws and bejel
difference in the cosccurrence of saber-shin and periostitis fails to take into account the
clinical course of a chronic cyclical infection and the ways in which the life history of a

human host's interaction with treponemal microparasites affects the types of skeletal
lesions observed in individual skeletons"(Heathcote et al. 1998: 365). In addition, it is
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difficult to apply this set of criteria to populations where the conditions were not
endemic, particularly in the case of venereal syphilis in early European populations. It
appears that the usefilness of these criterion will be determined as future studies attempt
to replicate the presented results.

4.2 Bone Changes in Acquired Venererri Syphiliv
Venereal syphilis is transmitted through sexual contact with an infected
individual. As contact of this nature does not usually occur until sexual maturity, it is a
disease characteristic of late adolescence and adulthood rather than of childhood. It is
generally held that the skeletal manifestations of syphilis are due to either the invasion of

Treponema pallidurn by way of the bloodstream, or via the umbilical cord in cases of
congenital syphilis (Lagier et al. 1994). Osseous change may not occur until many years
after the initial infection, and is generally characteristic of the tertiary stage of the
disease, although subperiosteal lesions are sometimes present in secondary syphilis

(Hazen 1921). In addition, arthritis may occur in 4% to 8% of patients with secondary
syphilis, and musculoskeletal manifestations of varied nature may occur in as many as
20% of infected individuals (Reginato 1993). The skeletal distribution of acquired
venereal syphilis is presented in Figure 4.1.

Late or tertiary syphilis usually occurs between 10 and 25 years after initial
infection in up to 35% of untreated patients (Tramont 1995). In many cases more than
one bone is affected, although the disease shows a predilection for specific anatomical
regions. The areas most greatly affected are the tibia, the rhino-maxillary region of the
face, and the cranial vault, and together these three areas represent approximately 70% of
all tertiary syphilitic lesions (Ortner and Putschar 1981). In an examination of 302 cases
of venereal syphilis, Keyes (1908) observed 374 lesions of which 1 19 were found in the
tibia, 84 in the nasal and palatal area, and 64 in the parietal and frontal bones. Stokes et

al. (1944) observed that in 239 cases of infected individuals, 42% of lesions were found
in the cranium, and 26% of lesions were identified in the tibia. Therefore these two
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anatomical regions represented 68% of all syphilitic bone changes. Lastly, in an
examination of 117 lesions from 67 cases in which lesions of the naso-palatal region were
excluded from examination, Kampmeier (1964) observed 34 lesions of the tibia and 15
lesions of the cranium.

Figure 4.1: Distribution of Venereal syphilis on the skeleton

(Redrawn from Steinbock: 1976)
Lesions of the cranium are of particular importance as this region has been
identified as manifesting the most diagnostically distinct indicators of treponernai
infection (Virchow 1856, 1858, 1896, Williams 1932, Hackett 1976). For detailed and
excellent accounts of the specific morphological and radiographic changes in tertiary
syphilis one is directed to the work of Hackett (1976), Steinbock (1976), Ortner and
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Putschar (198 I), Clairet and Dagom (1 994), and Aufderheide and Rodriguez-Martin
(1998).

The osseous changes characteristic of tertiary syphilis result from either chronic

nongranulomatous inflammation or granulomatous (gummatous) processes, and often a
combination of both is present (Ortiler and P U ~ S C ~:38
U I). As prcvious!y stated, +LO
Ulh lll~~t
notable lesion identified in tertiary syphilis is the gumma. In the vast majority of cases the
gumma represents a ''truly destructive lesion, an explosive tissue reaction to a few

organisms resulting in a granuloma or tumor which may vary From microscopic size to 5
centimeters or more in diameter. The larger gummas may undergo central necrosis and
break through their wall to drain by one or more sinuses. Commonly such a destructive
lesion is followed by extensive and disfiguring scarn(Kampmeier 1964: 672). Afier initial
infection the invading spirochete is disseminated throughout the body via the blood
stream. As the infection invades the host's system, the resulting inflammation can
commence in either the periosteum or the bone itself. However, ultimately the
"periosteum and cortex, more rarely the medullary cavity, are involved. All tertiary
syphilitic bone lesions are characterized by an excessive osteosclerotic response to the
infection. In many instances adjacent mucosal surfaces, as in the nasopharyngeal area,
and overlying skin, as on the scalp and shin, or soft tissue are involved and ulcerated. The
most characteristic lesions are those with a gummatous destruction and perifocal
osteosclerotic reaction involving the periosteum and the underlying boneW(0rtnerand
Putschar 1981: 182, 188). Therefore, syphilitic bone disease is initially viewed as
generalized proliferative periostitis due to vasculitis, which is occasionally followed by a
focal osteitis and eventually osteomyelitis (Bennet: 1971). The associated periostitis is
"characterized by formation of subperiosteal bone as a reaction to the periosteal
inflammation. The subperiosteal bone apposition is usually limited and circumscribed as
shown in many cases exhibiting thickening of the medial third of the clavicle or the distal
portion of the tibia. However, when the entire periosteum becomes inflamed, the
subperiosteal response results in thickening and even deformation of the involved bone.

This is especially true in the tibia, clavicle, radius and ulna"(Steinbock 1976: 1 15). It
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appears that the bones that are closest to the surface of the skin are more prone to be
involved in tertiary syphilis. This is likely due to the increased risk of irritation and
trauma to these regions, which in turn results in inflammation of the periosteum (Keyes
1908). The original periosteal new bone that is deposited over the original cortex "is
loosely connected to it at first but gradually merges with the underlying cortex as the
fiber bonc is i ~ p l a by
~ ~dcnsc
d laiclia; bonc. In i a c s X

~ C ~this
C

i ; c i ~bonc !aye; is thick,

it may substitute for the original cortex, which may be gradually resorbed or rapidly
destroyed by a syphilitic medullary gumma. The gumma sometimes invades the
subperiosteal new bone and destroys it as well"(Steinbock 1976: 115).
It is generally held that syphilitic osseous change is characteristic of the tertiary
stage of the disease, although the bone lesions can appear in all stages except the primary
period. Syphilitic bone changes in the secondary stage have been considered to be quite
rare in clinical examinations. However, the clinical appearance of secondary bone
changes may in many cases be underestimated. This is due to the fact that in the early
stages infected patients describe osteocopic (severe bone) pain which may be confined to
a single localized area, and cause substantial pain particularly at night. On examination
there "is seldom objective evidence of periostitis; microscopically there is thickening and
infiltration of the periosteum with oedema and the changes of chronic low-grade
inflammation. The radiographs show no changes" (King and Catterall 1959: 117).
Therefore in many cases of secondary syphilis, bone change is not observable
radiographically. However, several researchers have reported radiographic changes in
secondary syphilis (Mandelbaum and Saperstein 1936, Burrows 1937, Newman and
Saunders 1938, Wile and Welton 1940, Reynolds and Wasserman 1942, Thompson et al.

1949, Cox 1950). Newman and Saunders (1938) observed several osteolytic regions in
the s M 1 and multiple long bones, in an individual suffering from secondary syphilis.
Mandelbaum and Saperstein (1936) noted bone changes occurring eight weeks after a
blood transfusion in which an individual was infected with syphilis. In this case the
researchers observed areas of acute osteomyelitis in both the sM1 and sternum. Burrows
(1937) described a case of late secondary syphilis in which he observed atrophic
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syphilitic lesions of the humerus that resulted in pathological fracture. Wile and Welton
(1 940) reported two cases of bone involvement in secondary syphilis, one characterized

by destructive lesions of the spine and ribs, and one with comparable lesions on the skull.
Thompson et al. (1949) also recorded two cases in which osteomyelitis of the skull was
observed in secondary syphilis. Reynolds and Wasserman (1 942) presented a review of
the litcratue or, ndioiogical cbaiigcs in eaiL-:ysyphilis recording 15 known cases. in

addition, on the basis of a long-term study (19 19-1940) at Johns Hopkins University of
10,000 cases, they observed another 15 cases of bone change in secondary syphilis.
Lastly, Cox (1 950) detected destructive lesions of the left frontal bone resulting from

osteitis in a patient with secondary syphilis. Therefore it appears that osseous change can
develop earlier than the tertiary stage of the disease. However, as many individuals do not
manifest changes that are observable on x-rays, it is likely that many of these cases are
never recorded, and the incidence and prevalence of secondary bone changes has been
significantly underestimated. This point should serve as a caution to paleopathologists
when assessing the expected Frequency of bone lesions in osseous syphilis based on
clinical radiographic studies. It is likely that the expected frequencies are significantly
lower than what may be observed on dry bone material.

4.2.1 Bone Changes of the SkuN

It is generally held that the cranium is the location with the highest incidence of
syphilitic lesions, particularly in the rhino-maxillary region of the face and the cranial
vault (Von Zeissl 1886, Stokes et al. 1944, Ortner and Putschar 198 1). In addition,
lesions of the cranial vault have been determined to be the most diagnostically significant
indicator of treponemal infection (Virchow 1858, 1896, Hackett 1976). The characteristic
tertiary syphilitic lesion is the gummatous osteoperiosteal lesion identified by Virchow
(1896) as 'caries sicca' . The skull lesions are in many cases prelambdoidal, and typically
affect the tabula extema (Reynolds and Wasserman 1942, Thompson and Priston 1952).

In the majority of cases it is the parietal and f?ontal bones which are affected, the
6'pathological process being one of gross destruction and irregular repair. The
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inflammation commences within the internal substance of the skull bones themselves and
gradually spreads both outwards and inwardsW(Robertsand Manchester 1995: 153). In
severe and longstanding infections without effective treatment, perforation of the cranium
can result (Hackett 1981). The primary diagnostic focus "concentrates on the tertiary

gummatous, osteoperiostitic lesions of the cranial vault, the majority of which begin in
tic frontal bonc, fiom ; ~ h ~ &cj.
i e ma)r spread across sutures to the odjactnt p*,etaf

a d

facial bones. Less commonly, the first lesion in the cranial vault begins in a parietal bone.
The occipital bone is usually spared, even if the process extends to the lambdoid
suture"(0rtner and Putschar 1981: 190). Syphilis of the cranial vault and the fiontonasal
region is presented in Plates 4.1 and 4.2.

Plalte 4.1: Cranial sv~hilis

Plate

Reproduced by kind permission of Dr. D.Ortner (198 1)

From a radiological perspective it appears that the characteristic pathological
changes usually commence with periosteal inflammation or gummatous alteration with
secondary changes in the adjacent bone as osteitis or osteomyelitis (Kampmeier 1964).
Kampmeier (1964) suggests that syphilitic osseous lesions can be placed in three
categories:

"(1) Periostitis is characterized by periosteal thickening and localized
increased density similar to cortical bone, often as laminated layers or as a
diffuse thickening, which may or may not be accompanied by destruction
of bone. (2) Gummatous osteitis presents as a destructive or osteomyelitic
lesion associated with periosteal andor osteal changes; there is a varying
degree of sclerosis in the neighbouring bone. (3) Sclerosing osteitis, in
which a gumrna may be small or obscure, represents a lesion in which the
bone shows increased density and is usually accompanied by periosteal
change" (Kampmeier 1964: 673-4).

In the case of the skull vault, hard palate and the nasal septum, 'the lesions are apt
to be destructive and the evidence of periosteal reaction may be slight. This is
presumably because the periosteum of these bones is relatively deficient in power to
produce new bone. In the skull we see the evidence of rounded areas of osteoporosis,
often rather blurred in appearance, and, in cases of recent onset, with slight surrounding
sclerosis or nonem(Kingand Catterall 1959: 121). Although changes of the nasal region
and palate do occur in venereal syphilis, they are generally less marked than in the
nonvenereal forms of the disease (Roberts and Manchester 1995). In recent years Hacken
(1976) has elaborated on the sequence of cranial changes. Therefore, the primary
diagnostic criteria of osseous syphilis is the caries sicca sequence which is observed in
the 'worm-eaten appearance of the outer table of the cranium, and is characterized by the
development of 'stellate scars' (Hackett 1976). Lesions of the skull often appear as
irregular osteolytic areas with a worm eaten appearance (Hansen et al. 1984).
Inoculation studies indicate that formation of gumrna is a hyperimmune reaction
to reinfection (Grin 1952, Magnuson et al. 1956). There is extensive bone resorption and

this destruction follows the paths of the small blood vessels entering the cranium from the
pericranium (Steinbock 1976: 129). The lesion commences at or adjacent to the
osteoperiosteal border, "eliciting hypervascularity which, on inspection of the outer table
of a dry skull, reveals itself in the form of grouped, enlarged vascular foramina"(0rtner
and Putschar 1981: 190). Gummata usually begin "in the fibrous layer of the periosteum

in response to the presence of blood-born treponemata, which appear to be small in
numbers. The cellular reaction which results is that of the gumma wherever it occurs,
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namely lymphocytic infiltration with small lymphocytes and plasma cells, some
epithelioid cells, and occasional giant cells. Lymphocytic

is particularly

concentrated around the small blood vessels, the walls of which are involved in the
inflammatory process"(King and Catterall 1959: 117). The gumma are "white-gray and
rubbery, occur singly or multiply, and vary in size from microscopic defects resembling
tubcrclcs to !age tumor-!ih masses. They occw in most org~ais,but particdar!y in skir,,
subcutaneous tissue, bone, and joints.. .Histologically, the gummas contain a center of
coagulated, necrotic material and margins composed of plump or palisaded macrophages

and fibroblasts surrounded by large numbers of mononuclear leukocytes, chiefly plasma
cells. Treponemes are scant in these gummas and are difficult to dernonstratefl(Cotran et
al. 1994: 344).
The specific syphilitic bone changes of the skull have been described in detail by
Hackett (1976)- Ortner and Putschar (198 1) Steinbock (1976),and Aufderheide and
Rodriguez-Martin (1998). The following description will rely heavily on the works of
Hackett and Ortner and Putschar, as scholars today continue to base their analysis on the
diagnostic criteria presented by these scholars. A diagram of the changes associated with
the caries sicca complex is presented in Figure 4.2. The diagnostic criteria for acquired
syphilis in bone tissue are based on three developmental sequences of skull changes
described by Hackett (1976, 1983) as:

I. Initial sequence:
1. Clustered pits.
2. Confluent pits.

II. Discrete sequence:
3. Focal superficial cavitation.
4. Circurnvallate cavitation.

5. Radiai scars.
III. Contiguous sequence:
6. Serpiginous cavitation.

7. Nodular cavitation.

8. Caries sicca
Figure 4.2: Caries sicca pattern of cranial syphilis

I

Redrawn from Dr. S. Mays (1998)
The syphilitic lesion causes destruction of the outer surface of the skull, and a
portion of the diploe, as a result of syphilitic granulation tissue, and often spares the inner
table of the cranium almost entirely (Ortner and Putschar 1981). This superficial erosion
which is at the expense of primarily the outer table of the cranium is described by Hackea

(1 976) under the descriptive terms of 'clustered pits' and 'confluent clustered pits'. The
invasion of the osseous tissue elicits a "song sclerotic response of the surrounding bone,
forming a sclerotic base and an elevated sclerotic margin around the defect in the
table.. .However, PUS formation is not significant and large sequestra usually do not

fom"(0rtner and Putschar 1981: 190. The infection continues to spread to the underlying
bone through the intermediary of the vessels that enter into the bone via the periosteum.

The Haveaian canals are progressively enlarged by a resorption of osseous lacunae, and
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the bone then takes on a 'worm-eaten'appearance (Capasso and Di Tota 1994). The
lesions of this stage of the infection are described by Hackett (1976) as 'focal superficial
cavitation'. This worm-eaten appearance results from gummatous inflammation which
extends beyond the periosteum to invade the
"subcutaneous tissue and skin or the submucous tissue and mucous
membrane, if these structures are adjacent. The result may be swelling and
subsequent ulceration on the free surface exposing underlying necrotic
bone. Irrespective of this local spread to other tissues, the chronic
inflammation in the fibrous layer of the periosteum provokes activity of
the osteoblasts in the osteogenic layer, with the formation of new bone
under the periosteum appearing on the surface of the cortex. Hence the
rough irreguiar thickening of the cortex of the bones which is seen
characteristically in the long bones, especially the tibia. The gummatous
process extends into the Haversian systems, causing erosion and
destruction of the cortical bone9(l(ing and Catterall 1959: 1 18).
When there is a confluence of several gummas, there is a considerable loss of
bone substance, and lesions of this stage are referred to as 'serpiginous cavitation'
(Hackett 1976). In chronic cases of syphilis, even in the absence of treatment, individual
foci of infection will heal, but new foci will form in the adjacent region. New bone
"formation from the periosteum occurs promptly, and in many cases there is no
radiographic evidence of bone destruction even though the gummatous process is active.
The newly formed bone is dense and sclerotic so that the affected part of the shaft of the
bone becomes ivory-like in appearance. The process may extend right through the cortex
invading the medullary canal which, in neglected cases may, in turn, become filled with
new bone forrnation9'(Kingand Catterall 1959: 118). The thickening of the bone, which is
either localized or diffuse, results &om new periosteal bone formation which is always an
indicator of repair. The new bone is organized into a series of osteolytic zones, where it
forms a border of bone condensed in relief (Capasso and Di Tota 1995). This period is
described as 'circumvallate cavitation' (Hackett 1976). When the new bone formation is
diffuse, it is associated with contiguous and confluent destructive lesions, along with a
periphery of condensed reactions which are surrounding the serpiginous cavitation
(Capasso and Di Tota 1995). This situation is described by Hackett (1976) as 'nodular
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cavitatation'. In the case of a circumscribed destruction due to the initial action of a
single gumma one observes a pathognomic process which results in the appearance of a
'radial scar' (Capasso and Di Tota 1995, Hackett 1976). The "healed individual focus of
caries sicca of the skull leaves a depressed, sclerotic, radially grooved stellate

scar"(0rtner and Putschar 1981: 190). As the destruction "deepens, new bone is
dcpositcd peripherally arovmd the edge of the depression, and the borders acquire n foldcd

or wrinkled appearance. If there is subsequent healing at this stage, the wrinkles appear to
emanate from the initial stellate lesions scattered about the frontal and parietal bones. The
new bone gradually merges with the surface of the cranium and becomes very sclerotic.
The erosive and reparative processes may completely obliterate the diploeW(Steinbock

1976: 129). In the case of a loss of large and diffise areas of osseous tissue, with
'serpiginous cavitation' as a result of the osteolytic action of multiple and confluent

gummas, the new bone formation is characterized by an irregular surface designated by
Hackett (1 976) as classic 'caries sicca'. However, Capasso and Di Tota (1995) suggest
that the use of this term has created a confusion of terminology with descriptions
referring to the initial and active aspect of osseous syphilis. They propose that these later
lesions should be referred to as a 'mamrnillary scar'. When the disruption to the vault is
deep and widespread, regions of the skull are cut off from their blood supply. Necrosis

may "occur secondary to ischemia resulting from syphilitic arteritis, but also by the rapid
progress of gummatous granulation or the occurrence of secondary pyogenic infection.
Sequestra are only rarely present but may represent foci of radiologically irregular
density (Aufderheide and Rodriguez-Martin 1998: 163).
As previously stated, in cases of tertiary syphilis the palatal and nasal areas of the
face may be affected, although these are generally not as severe as in yaws and bejel. The
rhinomaxillary changes viewed in syphilis are "late phenomena, developing many years
after the initial onset of infection, but, in theory, the rhinomaxillary changes could be

concomitant in onset with the other skeletal manifestations of the diseases"(Manchester
1994: 80). The facial bones that are most commonly affected in tertiary syphilis are the
nasal bones, the osseous nasal septum, the turbinates, the hard palate, and the medial
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walls of the maxillary antrum (Ortner and Putschar 1981). In venereal syphilis the
oronasal destruction is larger, more extensive and rapidly progressive than in leprosy
(Hackett 1976: 65). The osseous tissues of the face are involved secondary to syphilitic
involvement of the nasal mucosa (Ortner and Putschar 1981). The facial destruction
observed in tertiary syphilis "is due to a combination of gummatous formation, arid of
diffUse osteitis. The whole of the zone xound t!e c a d arifict m d alveolar process may

be destroyed, together with a massive loss of the intranasal structures. There may be
extensive perforation of the palatine process, and, in contrast to leprosy, the nasal bones
proper are frequently lost. The gross appearance in Treponemal disease is of direct
bacillary action, with pitting, new bone formation, and remodeling"(Manchester 1994:
80). However, unlike destruction observed in neoplastic infection, in syphilis the margins
of the defects are bordered by smooth sclerotic bone (Ortner and Putschar 1981: 192). As
the bone underlying the soft tissues of the base of the nose becomes necrotic and is
resorbed, thus causing destruction of the bony bridge of the nose, the overlying soft
tissues begin to sag, and one observes a sunken area often referred to as saddle nose
(Ortner and Putschar 1981). As in leprosy, there is an obvious tendency towards some
degree of bilateral symmetry (Manchester 1994). Major sequestrations may result from
secondary infection in the rhinomaxillary region (Ortner and Putschar 1981). Although
the skull base is rarely affected, extension of the rhinomaxillary infection into the
sphenoid bone has been observed, and results in marked sclerosis in the region (Schinz et
al. 1951-1952).
4.2.2 Infracranial Bone Changes
In cases of osseous tertiary syphilis, the tibia is roughly ten times more likely to
be affected than any other long bone of the extremities. Although it is unclear why the
tibia should be disproportionately affected, it is possible that this results in part from its
vulnerability to trauma. As the tibia is not protected by a thick soft tissue layer, it is more
susceptible to injury. The characteristic lesions of long bones can be divided into
nongummatous and gummatous osteoperiostitis, with nongummatous changes considered
to be only suggestive of the disease (Ortner and Putschar 1981: 197). Nongummatous
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lesions include periostitis, osteitis, and osteoperiostitis, and are often observed in the tibia
(saber shin), fibula, clavicle, radius, ulna, and femur (Aufderheide and Rodriguez-Martin
1998: 158). In the majority of cases the periosteum is the original site of infection, with
the process often extending into the cortex of the bone, and in some cases the medullary
tissues (King and Cattemll 1959). The osseous change is ofken bilateral, particularly in

the tibiae, md tKs distrib9tion off& s strong indication of :c~iar,.sj-philis @fmajet
r J.
1990). Sequestra are generally uncommon, and in some cases the joints are involved
(Aufderheide and Rodriguez-Martin 1998). Syphilitic changes of the clavicle and scapula

are presented in Plate 4.3 and Plate 4.4.

Plate 4,

Reproduced by the kind permission of Dr. D. Ortner (1 98 1)

The earliest signs of bone change are generally observed as periosteal change.
Periosteal change commences in the well-vascularized metaphyses of the long bones, and
is associated with the formation of subperiosteal new bone in response to the
inflammation of the periosteum (Steinbock 1976, Powell 1991). The localized "form of
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nongummatous syphilitic periostitis may leave elevated, placque-like exostoses on the
cortex of bones with a large muscle mantle (as the femur or humerus), or circumscribed
buildup of surface parallel lamellar bone of varying thickness and density on bones
immediately beneath the subcutis (as the anterior surface of the tibia). Extensive
periosteal thickening is often combined with cortical thickening, including the endosteal

s~.fzte"(Ormerand Putschar 195 1 : 19?). Thus, thc changc can be localized or cm
involve the entire periosteum of the bone. The subperiosteal "bone apposition is usually
limited and circumscribed as shown in many cases exhibiting thickening of the medial
third of the clavicle or the distal portion of the tibia. However, when the entire
periosteum becomes inflamed, the subperiosteal response results in thickening and even
deformation of the involved bone. This is especially true in the tibia, clavicle, radius, and
ulna"(Steinbock 1976: 1 15). The outer surface of the bone appears rough and notably
hypervascular, and in cases where the new bone layer is thick it may substitute for the
original underlying cortex. The original cortex may be gradually resorbed or swiftly
destroyed by a medullary gumma, that is in some cases capable of invading the
subperiosteal new bone and attacking it as well (Steinbock 1976, Ortner and Putschar
1981, Powell 1991, Aufderheide and Rodriguez-Martin 1998). It is noteworthy that cases

of osseous syphilis have been observed radiographically where a periosteal reaction does
not appear to occur. In this situation there is often "multiple destructive lesions
suggesting perhaps secondary carcinomatous deposits, but it should be noted also that the
lesions are multilocular in character, which is the only point suggesting a gummatous
process"(King and Catterall 1959: 120). Syphilitic changes of the tibia and ulna are
presented in Plate 4.5 and Plate 4.6.

Plate 4.5: Sv~hilisof the left Tibia

Plate

Reproduced by kind permission of Dr. D. Ortner (198 1)

The appearance of osteitis and osteoperiostitis results fiom the extension of the
infection fiom the periosteurn into the osseous tissue. In diffuse nongummatous
osteoperiostitis the bone appears heavy and thick, and the entire surface "with the
exception of the cartilage-covered articular facets ,may be involved. The periosteal bony

buildup may be thick and becomes firmly fbsed with the old cortex. The outer surface is
rough and markedly hypervascdarY'(Ortnerand Putschar 198 1: 197). In the late stages the
"medullary canal may be completely obliterated by sclerotic trabeculae. Sequestration in
the long bones is uncommon. Osteoperiostitis and osteitis are seen in dry skeletal material

as roughened external surfaces, thickened cortices, and scattered patches of increased
radiodensity in the radiographs"'(Aufderheide and Rodriguez-Martin 1998: 159).
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The most characteristic lesion of tertiary osseous syphilis results from the process
of gummatous osteoperiostitis. An alteration "of the blood supply secondary to arteriolar
inflammation induces both necrotizing and proliferative reactions in the tissues
involved"(Aufderheide and Rodrigue-Martin 1998: 160). This necrotizing reaction (tissue
infarction) can be circumscribed and restricted, and is surrounded by a marked region of
col!agenized connective tissue.

centxi! 3spect of the !esioxl experiences the

characteristic process of coagulation of infarcted necrotic tissue known as gumma
formation (Aegerter and Kirkpatrick 1975). In dry bone specimens the "marked
hypervascular periosteal bony buildup surrounds a scooped-out defect, extending into the
cortex. This corresponds to the location of a destructive gumma in the fresh
specimen.. .The underlying cortex is hyperostotic and endosteal bone formation may
encroach upon the medullary canal"(0rtner and Putschar 1981: 197). It is generally held
that the appearance of gumrnas indicates an advanced stage of tertiary osseous syphilis
(Casagrande and Frost 1955). The size of individual gumrna can vary greatly, and are

"often small and discrete, but may coalesce to form a large mass filling the entire
medullary cavity. The periosteal gummata are usually much smaller and fewer in number
than those occurring in the medullary cavity.. .All bone is destroyed in the space
occupied by the gumma but the surrounding bone often becomes very sclerotic. As the
gurnrna resorbs by the action of leukocytes and macrophages, some new bone may be
found in the necrotic cavity"(Steinbock 1976: 123). A coalescence of the regular, smaller
lesions can form a large mass of dry, crumbly material that fills the entire medullary
cavity ( J e e 1972). The central gummas "of the medullary cavity occur in the form of
larger lytic lesions surrounded by a marked perifocal reactive sclerosis" (Ortner and

Putschar 1981: 197). Sequestra appear to be relatively uncommon. In a minority of cases
one can observe larger defects in the mantle of hypervascular periosteal bone, and the
appearance of small sequestra However, unlike the cloaca found in pyogenic
osteomyelitis, which are characterized by smooth and sclerotic margins, in tertiary
syphilis major sequestra are absent, and the margins of the lesions are rough and thin
(Ortner and Putschar 1981).
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Pathological fracture has been observed in bones affected by gummatous
periostitis, although this is considered to be a rare event. Hazen (19 19) suggests that
fractures resulting fiom bone destruction should always suggest an investigation of
syphilis. Amongst 252 cases of general paralysis, Olmstead (1948) presented three cases
of destructive syphilitic lesions of osseous tissue associated with pathological fracture. In
two cases the mandible was h e site of ir??rc!vement, znd h e +Xrdc x e in-;oI-;ed :hc third

and fourth lumbar vertebrae. Weiner (1939) noted a case of gummatous osteomyelitis in
the right radius resulting in pathological fracture. In addition, Burrows (1937) describes a
case of pathological fracture of the right humerus in a patient suffering fiom late
secondary syphilis. It has been observed that in cases of acquired syphilis, the osseous
involvement in young adults was usually atrophic in nature, whereas in older individuals
who had suffered from the disease for considerable lengths of time, the changes were
almost always hypertrophic (Stewart 1938). One must consider that there is considerable

variation in the manifestations of osseous syphilis. Ungeman et al. (1938) present a case
of skeletal gummatous syphilis in which the radiographs of one tibia demonstrated
multiple destructive lesions in the cortex of the bone without medullary or periosteal
changes. McGladdery (1950) accounted five cases of gummatous involvement of osseous
tissue in young adults from Singapore in which osteoporosis was the definable feature of
the disease, and was much more significant than new bone formation.
4.2.3 Joint Changes in Acquired Venereal Syphilis

In a minority of cases of tertiary osseous syphilis the joints become involved.
Gummatous arthritis is relatively uncommon, and "its origin is usually a gumma located

in the synovial membrane or in the subchondral bone that produces destructive lesions in
both tissues"(Aufderheide and Rodriguez-Martin 1998: 160). Syphilitic lesions of the
joints constitute approximately 12 percent of all cases of osseous change (Stokes et al.
1944). The three major forms of syphilitic arthritis are: "Clutton joints in late congenital

syphilis, gummatous arthritis of acquired syphilis, and Charcot joints in tabes
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dorsalis"(Steinbock 1976: 135). Resnick and Niwayama (1989%b) suggest that the
involvement of the joints in syphilis can be caused by a number of disparate mechanisms:
1. Spread from a contiguous source of infection from the
periarticular bone.

3. Sympathetic effusions that may relate to periosteal irritation
from a neighbouring intraosseous focus.

Syphilitic arthritis can occasionally occur in the larger joints such as the shoulder,
elbow, and knee during the secondary stage of the disease (Clutton's joint). However,
these changes are transitory, and are not observable on dry bone (Ortner and Putschar

1981). Tabes dorsalis occurs in "many cases of advanced tertiary syphilis, and is a
degeneration of dorsal root ganglia producing loss of joint sense" (Steinbock 1976: 1 36).
Joint changes in syphilis are usually unilateral and rnonoarticular, and it is rare for the
disease to affect more than one joint (Aufderheide and Rodriguez-Martin 1998).
Inflammation of the "joint causes production of granulation tissue and pannus formation.
The articular cartilage is then destroyed and typical osteoarthritic bone changes develop
such as osteophyte formation, marginal lipping, and ebumation. Definite areas of
destruction may be present in the articular surfaces as the result of gummatous
involvement and ankylosis may occur"(Steinbock 1976: 136). Generally the arthritic
changes associated with acquired syphilis closely resemble other forms of arthritis,
especially degenerative arthritis. However, the presence of a gummatous osseous lesion is
a possible indicator of syphilitic origin (Ortner and Putschar 1981).

The term 'neurosyphilis' is used to refer to the involvement of the nerve
struchues of the body in late stage acquired syphilis. Neurosyphilis occurs in between 10
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and 20 percent of cases affecting the larger joints of the body, particularly the joints of
the lower limbs, which account for between 60 and 75% of neurosyphilitic changes.
Spine involvement in neurosyphilis is considerably more rare (Aufderheide and
Rodriguez-Martin 1998). Evidence of neurosyphilis generally occurs in later life, is
almost unknown in immature individuals, and appears to demonstrate no gender bias
( M u i y ct al. 1990). ?ifor.oarticular"pxscntation prcdominatcs although ppolyarticalar

involvement is not uncommon. The knee, hip, ankle, shoulder, and elbow joints are
altered in descending order of frequency"(Aufderheide and Rodriguez-Martin 1998: 160).
Both acquired and congenital syphilis may affect the vertebral column, but generally
changes are slight in nature (Whitney and Baldwin 1915). It appears that the
manifestation of the disease in the spinal column is selective, as the cervical vertebrae are
most commonly affected, and the disease rarely affects more than two vertebrae ( Hazen
1921, Beitzke cited in Ortner and Putschar). The initial site of involvement is usually the
periosteum of the vertebral body, appearing as necrosis and later new bone formation.
The vertebral body may appear enlarged and rounded in appearance, and large

osteophytic spurs may develop between the vertebrae, resembling a case of degenerative
osteophytosis (Steinbock 1976).
The lesions associated with neurosyphilis were first described by the French
physician Charcot in 1868. Therefore, the characteristic joint change in osseous syphilis
is known as a Charcot's joint. Although neurosyphilis refers to involvement of the
nervous system, signs of this condition are typically observed in the joints of the lower
leg, and in rare cases the spine. However, joint changes in neurosyphilis result indirectly

from damage to the central and peripheral nervous systems, and are therefore included
under the changes associated with neurosyphilis. The Charcot joint is not a true syphilitic
lesion, although it is regularly observed in tertiary syphilis. The knee is the joint most
fiequently involved, followed by the ankle, hip, and spine. It is a neuropathic arthrosis
resulting from tabes donalis (Steinbock 1976: 136). In tabes dorsalis "demyelinization of
the posterior columns of the spinal cord results in a variety of dysfunctional changes. Of

these, the most important, leading to joint involvement, is loss of deep pain sensation. In
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the absence of protective pain awareness, commonly used joints will be expos~dto
excessive and repeated trauma, the cumulative effect of which can be disastrous. Initially,
the affected individual experiences instability of one or more joints with little or no
pain"(Aufderheide and Rodriguez-Martin 1998: 160-1). This instability results from
subarticular fractures that progressively increase in number, and cause disorganization of
+Ab
-:
,oint and subsequent h y p e m o t i l i ~and instability ( M w j tt al. 1990). A s there is a
loss of pain sensation, "because of the neural involvement, trophic ulcers of soft tissues

may appear, fiom which bacteria can gain entry into the joint complicating the skeletal
degeneration with superimposed infection. Osteopenia in the region surrounding the joint
is absent, and increased radiological density often appears around an affected joint. In the
early stages the lesions simulate degenerativejoint disease (and fkagmentation) but later
subluxation and dislocation appearsW(Aufderheideand Rodriguez-Martin 1998 : 16 1). The
gross morphology of the Charcot joint resembles osteoarthritis, as it is a "progressive
degeneration of an insensitive joint. Marginal hyperplasia is excessive and Fractures
through the osteophytes and articular facets are common producing even more new bone
formation. Porotic atrophy of both old and new bone occurs through disuse of the limb in
severe casesW(Steinbock1976: 136). In some cases, one observes large multiple bone
fragments that are detached fiom the articular surface, and complete resorption of these
bone fragments may occur (Aufderheide and Rodriguez-Martin 1998). As the
pathological state underlying the formation of Charcot joints is general anesthesia, there
are other conditions such as leprosy, severe nutritional deficiencies, and diabetes mellitus,
which present similar osseous changes (Eichenholz 1966). In rare cases of neurosyphilis
the spinal column is involved. Vertebral changes usually involve the lumbar region of the
column, with thoracic involvement less common and cervical involvement very rare.
Although this condition resembles cases of degenerative spondylosis, "unusually severe
degenerative changes accompanied by sclerosis and malalignment of vertebral bodies
('toppling brick' sign) should suggest the diagnosis. Fractures may appear"(Aufderheide
and Rodriguez-Martin 1998: 161).

4.3 Congenital Syphilis

Congenital syphilis results from the hematogenous dissemination of the
treponemal spirochetes across the placenta, usually after the sixteenth to eighteenth week
of gestation, although it has been suggested that transmission can occur prior to the
sixteenth week. The usual result o f congenital syphilitic trms~issionis f e d dea~!,or
death soon after birth. However, milder cases or syphilis congenita tarda (late congenital
syphilis) may remain dormant for a number of years (Mann and Murphy 1990). The
disease is easily transmitted cross-placentally, as demonstrated by an infected rate of 84%
in the children of infected mothers (Foumier 1899). Thus, mortality is very high without

treatment, and the prognosis is increasingly poor for premature infants (Murray et al.

1990). As the majority of children infected in utero will die before birth, or show limited
signs of the disease in infancy, it is very difficult to identify the condition in skeletal
material. In some cases transverse pathological fracture through the metaphysis, known,
as 'Parrot's pseudoparalysis' is indicative of congenital syphilis. As in infants before
walking "the arms are more mechanically stressed than the legs, the distal humerus is the
predilected site of such fractures" (Ortner and Putschar 1981: 198). However, in these
cases, a paleopathological diagnosis is dependent upon factors such as level of
preservation, age at death, and recognition (Manchester 1983).
The soft tissue changes associated with congenital syphilis are discussed in detail
in the clinical chapter. However, the distinctive 'Hutchinson's triad' of congenital
deformities includes: 1. Notched permanent incisors (Hutchinson's teeth), 2. Deafness,
resulting from damage to the eighth cranial nerve, and 3. Interstitial keratitis
characterized by an onset near puberty, its bilateral nature, and a ground-glass appearance
with vascdarization (Karnpmeier 1977, Jackson 1980). In addition, the disease appears to
affect the canine teeth in rare instances, and more commonly affects the molar teeth,
particularly the first molars. These molars are known as 'mulberry' or 'bud' molars, and

are characterized by a constricted occlusal surface and rounded angles, and are
surmounted by ill-formed cuspules which appear crowded together (Bradlaw 1953).
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The bone manifestations of congenital syphilis are divided into two stages, early
and late. The early stage marks osseous changes that occur between the period from birth
to three or four years of age. The majority of cases of late congenital syphilis manifest
themselves between five and fifteen years of age (Steinbock 1976). It is important to note
that in between 50 and 75 percent of all cases of congenital syphilis, the bone changes are
V C ~ slight
or

heal spoiitaicously ~ i i h ~treatment,
ut
and are therefarc not identifiable

(Steinbock 1976). Although early and late congenital syphilis occurs at roughly the same
frequency in clinical studies, it appears that bone lesions are less common in the late
stage. In a review of 1010 cases of late congenital syphilis, Cole ( 1937) observed bone
changes in only 7.2 percent of individuals. In cases where osseous change is observable
in late congenital syphilis, the bone lesions are chronic in nature and lead to deformities
that can persist for a number of years. Interestingly, cardiovascular lesions are not
observed in late congenital syphilis, although evidence of neurosyphilis is rarely observed
(Strong 1981). However, a number of clinical and radiographic studies have identified
bone change associated with congenital syphilis (Parrot 1879, Karnosh 1926, McLean
1931, Evans 1940, Johnston et al. 1941, Buchman and Lieberman 1941, Campbell 1947.
Shaffer and Courville 1951, Bradlaw 1953, Olansky 1956?King and Catterall 1959,
Steinbock 1976, Kampmeier 1977, Jackson 1980, Ortner and Putschar 1981, Kieser 1985.
Panuel 1994, Aufderheide and Rodriguez-Martin 1998).
As the infection is spread through the fetal bloodstream, the disease can affect any bone
of the body. However, osseous changes preferentially affect the areas of active
endochondral ossification, particularly the fastest growing metaphyses of the long bones,
such as the proximal tibia and distal femur (Ortner and Putschar 1981, Steinbock 1976).
The treponemal spirochetes inhibit osteogenesis and result in the degeneration of
osteoblasts (Resnick and Niwayama 1989%b). Separation of the epiphysis may occur if
the vascular granulation tissue is capable of extensively invading the epiphyseal cartilage.
As the periosteum is a site of active bone creation in the fetus, periostitis is a common
feature of the disease (Revel1 1986). The process of subperiosteal new bone formation
results f?om osteoblastic activity in the raised periosteum. However, periosteal change is

201

characteristic of surviving neonates, as opposed to fetuses, and its combination with
osteochondritis is extremely rare (Jaffe 1972).

4.3.1 Early Congenital Syphilis

In the newborn and young infant, osseous changes associated with congenital
syphilis
"include metaphyseal changes, diaphyseal osteomyelitis and periostitis.
Although the characteristic radiographic appearance is that of bilaterally
symmetrical involvement, asymmetrical lesions can be observed. Multiple
bony involvement is the rule including the long bones, the ribs, cdvariurn
and the flat and small bones. Metaphyseal changes vary to non-specific
radiolucent transverse bands to hgrnentation or a more destructive
pattern. The diaphyseal changes consist of periosteal new bone deposition
(periostitis) and extensive destructive lesions" (Panuel 1994: 36).
In some cases the costochondral junctions and growth plates of the tubular long
bones may be the only regions affected (Revell 1986). However, in severe cases of the
disease the shoa and flat tubular bones and the vertebrae may be affected (Aufderheide
and Rodriguez-Martin 1998).

Murray et a1 (1990) illustrate three stages of congenital syphilis. The first stage
corresponds to the period at or shortly after birth, which accounts for approximately 75
percent of infected children. This stage is associated with 'metaphysitis' or
'osteochondritis'~which primarily affects the regions around the elbows, knees, wrists,

and shoulders. This process creates multiple and irregular erosive lesions that have a
predilection for the proximal portion of the tibia. Spontaneous regression does occur,
although this is a slow process. Wimberger's sign is present at this stage, and is
characterized by symmetrical erosions on the medial areas of the proximal portions of the
tibiae and the distal portions of the femora.
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The infantile or early stage of congenital syphilis commences at birth or early
infancy, and always manifests itself before the age of two years (usually between the
third and sixth months of life). The tibia is most frequently affected followed by the ulna,

radius, femur, humerus, and fibula (McLean 193 1). The treponemal spirochetes typically
strike the metaphyseal regions of the fetus, replacing normal metaphyseal tissue with
sjphilitic giiulatior, dssuc (Acgcitcr and Kirkpatick 1975).

chmcteristic !esion ir.

early congenital syphilis is syphilitic osteochondritis. King and Catterall(1959: 123)

define the changes radiographically as follows:
1. Enlargement of epiphyseal ends of bones.

2. Broadening and irregularity of the epiphyseal lines.
3. Irregularity and sclerosis of the zones of provisional calcification

("saw-tooth' metaphysis).
4. Irregular areas of osteoporosis in the bones, particularly in the
metaphysis.

5. Thin regular subperiosted deposits of new bone ("periosteal
cloaking").
6. Pathological fracture. Separation of epiphysis. Suppuration and

destruction of a joint.

McLean (1 93 1) reported that in almost every case of congenital syphilis, osseous
lesions could be detected by x-ray during the first three months of life, and that after the
sixth month these signs tended to disappear, either as a result of spontaneous recovery or
as a result of treatment. This assertion is supported by the work of Parmelee and Halpem

(1935) who observed that of 67 syphilitic infants, 95 percent demonstrated evidence of
the disease in x-rays. In addition, the bony lesions were most apparent during the period
between the sixth and twelfth weeks of life, and were less fiequent after the sixth month.
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O'Reilly (1932 cited in King and Catterall 1959) states that osseous lesions in early life
are always bilateral, and that a unilateral lesion is not indicative of the condition. In the
majority of syphilitic fetuses one can observe the presence of osteochondritis or
metaphysitis. Casagrande and Frost (1955) assert that these signs are the most accurate
indicators of congenital syphilis, and that they have a limited course. Further osseous
changes include a difise form of pcriostids, h a t is typically !ocatcd in tL,c pr~ximalthird

of the tibia and in the distal third of the femur (Aufderheide and Rodriguez-Martin 1998).
Although syphilitic periostitis usually follows the appearance of osteochondritis, in some
cases it has already commenced in utero, and is present at birth. It consists "of
multiosseous, usually symmetrical, circumferential deposition of subperiosteal bone on
the shafts of long bones. The trabeculae of this bone deposit often shows a radial
arrangement. This change is frequently transitory but may be recognizable on infant
bones under conditions of ideal preservation. Similar periosteal bone deposits may occur

on the cranial vaulty'(Ortnerand Putschar 1981: 199). Therefore, the early phase of
congenital syphilis is associated with three distinctive pathological manifestations:
1 . Syphilitic osteochondritis which often occurs during the fist six
months of life and "affects the epiphyseal-metaphyseai junction of
long bones' (tibia, ulna, radius, femur, humerus, and fibula)
costochondral regions. In more severe cases the flat and shon tubular
bones and ossification centers of the sternum and vertebrae are also
aRected"(Aufderheide and Rodriguez-Martin 1998: 165). With time
there is a widening of the zone of calcification, with an increase in
thickness from 0.1-0.3 rnm up to 3rnm. However, these bands of
increased calcification may not be identifiable in skeletal remains from
an archaeological context (Schinz et al. 1953). In more severe cases of
the disease, the zone of "provisional calcification becomes quite
irregular producing a "saw-toothed" metaphysis. The formation of
granulation tissue makes the metaphyseal-epiphyseal border even
more irregular and decreases the amount of normal spongiosa. The
epiphysis may be displaced or even crushed down into the defective
ends of the shaftY'(Steinbock1976: 99).

2. Periostitis which appears to be more infrequent than osteochondritis. It
is often best observed in the tibia and femur and extends through the
entire diaphysis (Schinz et d. 1953). Osseous change is characterized
by new bone deposition in the affected region, and thickening of the

bone cortex. In some cases the periosteum covers the entire area with
either a single or multiple layers of fiber bone. This may gradually be
converted into dense, lamellar bone ensheathing the cortex, and is
known as 'periosteal cloaking' (Steinbock 1976: 99). This massive
periosteal reaction is often associated with syphilitic osteomyelitis of
the diaphysis. In a study of 102 infants with congenital syphilis,
McLean (1 93 1) observed the so-called "coffin" type of periosteal
cloaking in eight cases.
3. Diaphyseal Osteomyelitis or Osteitis occurs in approximately 50% of
all cases of congenital syphilis, and typically commences in the
metaphyses (Steinbock 1976). Osteolytic lesions with surrounding
bone eburnation and overlying periostitis are present in the long bones
(Resnick and Niwayarna 1989qb). The cortex may demonstrate areas
of focal destruction or thickening, and sequestra are considered to be
rare.
In early congenital syphilis, changes observed in the skull are generally infrequent
and affect between 5 and 10 percent of ail cases. In almost all cases where skull changes
are observed there is substantial involvement of the postcranial skeleton. Two types of
lesions are observed in the early stage of the disease, a "necrotizing osteitis or a
hypertrophic periostitis. The necrotizing osteitis may involve both tables of the skull and
form sequestra. The hypertrophic periostitis of the skull has caused a great deal of
cofision in the literature.. .It is rarely found in uncomplicated early and late congenital
syphilis" (Steinbock 1976: 100). Although skull changes are observed in a rare number of
cases, it is unlikely that alone they would serve as diagnostic criteria in dry bone material.

4.3.2 Late Stage Congenital Syph ilk

Murray et al. (1990) divide late stage congenital syphilis into two phases. The
second stage is evident by two years of age. This stage is associated with the appearance
of periostitis, resulting from the invasion of the periosteum by syphilitic granulation
tissue. The periosteal reaction is almost always symmetrical, diffuse, and extensive. The
long bones are typically affected, although in rare cases the tubular bones of the feet and
hands are involved. Lesions are also often present in the mandible, skull, and scapula. If
the periosteal new bone is associated with cortical thickening then it may appear as a
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bone within a bone. Spontaneous resolution does occur. However, this process of
resolution is a slow one.
The third stage is associated with syphilitic osteitis, and appears in less than 10
percent of all cases of congenital syphilis, either in the latter portion of the first decade or

il t5c second dccadc of 1ifc. This stage is dcmonstmted by ifivasion of the beponema1
spirochete into the medullary cavity and cortex of the bone. The major long bones are
primarily affected, and are characterized by fusiform or elliptical defects. In some cases
the periosteal reaction may continue.
The late manifestations of syphilis are less common than in the early stage of the
disease (Murray et al. 1990). The osseous changes are observed after two years of age,
between the period of childhood and late adolescence, and are similar to those of
acquired venereal syphilis; periostitis and gumma formation (Aufderheide and
Rodriguez-Martin 1998). Manifestations of syphilis congenita tarda occur particularly in
older children who have passed through unidentified, mild and untreated symptoms of the
disease in infancy (Wimberger 1925 cited in Ortner and Putschar 1981). The rarity of
osseous manifestations of the disease in its late stage is attested to by the work of Smith
(1933): Of 462 patients with late congenital syphilis over 13 years of age, only 32

demonstrated active bone changes attributable to the disease. The most Frequently
affected bones are the tibia, radius, and ulna (JafYe 1972). The tibia is unquestionably the
bone that is typically affected in this condition. In a study of 49 individuals with late
congenital syphilis, Jeans and Cooke (1930) observed 43 cases in which the tibia was
involved. In descending order after the tibia, the ulna was involved in five individuals,
the skull in four, the femur in three, the humerus and radius in two, the fibula in one, and

the finger in a single case. It has been suggested that this predilection for the tibia as the
primary site of involvement may be related to its increased exposure to trauma. In

addition, it appears that the tibia and other frequently involved bones "are the favorite
sites for treponemes during the latent stage and subsequent activation in both congenital
and acquired syphilis"(Steinbock 1976: 102). Unlike the early form of the disease, the
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late form is not a systemic pattern, and usually only a limited number of bones are
involved (Schinz et al. 1953). In the late form the bone lesions are typically chronic and
the defects continue for many years. Although the osseous changes at this stage can

rarely mimic those in early congenital syphilis, in the majority of cases they resemble

acquired venereal syphilis (Pendergrass et d.1930, Aufderheide and Rodriguez-Martin

1998). Plate 3.7 presents a cast of osseous congeniial syphilis with sclerotic healing of
the frontal and nasal bones.

Plate 4.7:

Congenital syphilis. Frontal view
Demonstrating sclerotic healing of
The frontal and nasal bones.

Reproduced by kind permission of Dr. D. Ortner (198 1)

In very rare instances there may be central nervous system involvement
(neurosyphilis) in congenital cases, and when it does occur it tends to be more severe

than in acquired syphilis (Olansky and Price 1956). The stigmata of late congenital
syphilis are thickening of the tibia (known as saber-shin deformity), sM1 changes
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resembling acquired syphilis (particularly 'saddle nose deformity'), dactylitis, and dental
pathology characterized by Hutchinson's incisors and Mulberry molars (Olansky and
Price 1956, Steinbock 1976, Ortner and Putschar 1981, Aufderheide and Rodriguez-

M a . 1998). Involvement of the joints characterized by syphilitic arthritis is considered
to be rare (Zimmerman and Kelley 1982). Bone changes in late congenital syphilis
manifest themse!ves

2~ gmmatous or nonpmiatous

p~iiosiitisSTi)~tei)niy~ii~is
which

results in diffuse hyperostosis of the involved bone (Resnick and Niwayama 1989ab).
Therefore, the skeletal manifestations of late congenital syphilis can be characterized as
nongurnmatous periostitis, gummatous osteomyelitis, joint pathology, dactylitis, and
dental pathology.
Nongummatous periostitis usually affects the diaphyses rather than the
metaphyses of the long bones, the metaphysis being the focus in early congenital syphilis
(Pendergrass and Bromer 1929). Nongummatous periostitis results in "osteosclerosis with
ultimate Fusion of the subperiosteal deposits and the underlying cortex"(0rtner and
Putschar 1981: 201). The tibia is the most commonly affected region and is typically
referred to a 'saber shin' due to its resemblance to a cavalry saber, resulting from a
marked subperiosteal apposition of new bone on the anterior surface of the bone
(Fournier 1886,1899, Aufderheide and Rodriguez-Martin 1998). The normal, sharp
anterior portion of the tibia becomes rounded, the tibia appears longer, and demonstrates

a forward curve while the fibula remains normal in all aspects (Ortner and Putschar 1981,
Aufderheide and Rodriguez-Martin 1998). In addition, the tibia is flattened laterally with

a bowed appearance, which results fkom accelerated tibial growth during epiphyseal
irritation, which is hampered at two fixed points by the unaffected fibula (JafTe 1972).
Furthermore, new bone "is laid down endostedly causing a narrowing of the medullary
cavity. The original cortex may remain normal or be involved with gummatous

osteomyeiitis. M e r several years, the initially porous periosteal and endosteal bone is
replaced by very dense, sclerotic bone which is tightly fused to the cortex"(Steinbock
1976: 102-3).
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Gummatous osteomyelitis is often associated with osteoperiostitis, and is
generally diffuse producing irregular and dense trabeculae and an irregular cortical
border which is identifiable in x-rays (Pendergrass et al. 1930, Shanks and Kerley 1950
cited in Steinbock 1976). Although the "alteration in cancellous structure is diffise, the

main destruction of bone is patchy and localized to the sites of the gummata"(Steinbock
!976: 106). Sequcshun and sinus formatian arc iaz events, and again the tibia is h e

most commonly affected bone (Aufderheide and Rodriguez-Martin 1998). Skull lesions
do occur in a minority of cases but they usually appear as circular, multiple destructive
foci, and lack the characteristic features of the caries sicca sequence. Destruction of the
cartilagenous and bony portions of the nose may produce a condition known as 'saddle
nose', which is considered to be a non-specific indicator unless accompanied by other
bony changes (Steinbock 1976, Ortner and Putschar 1981). The development of 'saddle
nose' in congenital syphilis may result from a disturbance in enchondral ossification of
the base of the skull. (Ortner and Putschar 1981). Typical 'saddle-nose' deformity occurs

in between 17.5% and 30% of all cases of late congenital syphilis (Stokes 1934, Ong and
Selinger 1922 cited in Steinbock 1976). In rare instances, an extensive involvement of the
facial bones can be observed in congenital syphilis (Ortner and Putschar 1981).
Syphilitic arthritis in the late form of the congenital disease is associated with
'Clutton's joints', which typically result from invasion of the synovial membrane. It is a
condition that is held to be quite a rare occurrence (Zirnrnerman and Keliey 1982). The
lesion is commonly found in the knee joint and is often bilaterally distributed. As the
inflammation primarily involves the soft tissue it is rarely observed in dry bone, and is

only identifiable in chronic cases with an appearance of infectious arthritis (Aufderheide
and Rodriguez-Martin 1998).

Syphilitic dactylitis is an important feature of late congenital syphilis, and was
held to be more common in the congenital rather than the acquired form of the disease. It
affects the "fingers

more often than the toes and predilected the basal phalanges. The

condition often affected more than one finger, not infrequently bilateral but not
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symmetrical. The appearance, especially in children, may closely simulate that of
tuberculous spina ventosa with widening of the diameter and formation of a thin, bony
shell. In adults there is less expansion and more reactive osteosclerosis"(0rtner and
Putschar 1981: 201). The metacarpals and phalanges demonstrate an increase in size, and
typically are characterized by osteoblastic-induced deformation (Turek 1982).

1.3.3 Dental Changes in Congenital Syphilis
Dental stigmata are considered to be important for a diagnosis of congenital
syphilis. However, it is generally held that they are not pathognomic (Aufderheide and
Rodriguez-Martin 1998). For a review of the pathogenesis of the dental stigmata of
congenital syphilis the reader is directed to the work of Hutchinson (1857), Cavallaro
(1 908), Stein (19 13), Karnosh (1 926), Campbell (1947): Thoma (1 950), Bradlaw (1953).
Putkonen (1 962), and Kieser (1985). Plate 4.8 presents dental hypoplastic development in
the deciduous dentition of a 6-7 year old child from an archaeological site in Virginia. It
appears that the incidence of syphilitic dental changes is quite high. In a series of 202
cases, 32 % of individuals presented dental changes indicative of congenital syphilis
(Stokes 1934). Jeans and Cooke (1930) recorded a 40 % incidence of dental changes in a
series of 463 cases. In addition, in a collection of 480 individuals suffering from
congenital syphilis, 43 % demonstrated dental stigmata (Fournier 1899). It has been
suggested that the dental stigmata of congenital syphilis are associated with other
characteristic bone lesions in approximately 50 percent of all cases (Steinbock 1976). In
addition, there appears to be an association between the presence of Hutchinson's
incisors and mulberry molars. In a study of dental changes in late congenital syphilis,
Putkonen (1962) identified that 45 % of the cases showed Hutchinson's incisors in the
maxillary teeth. Of these cases, 40 % were also associated with mulberry molars.
However, even in the presence of dental changes indicative of congenital syphilis, a
definite diagnosis should not be attempted without evidence of osseous change in other
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anatomic regions of the skeleton. According to Karnosh (1926) and Cavallaro (1908)
congenital syphilis is most destructive during the final months of intrauterine life and
during the first three months after birth. Therefore, the teeth that develop throughout this
period are the ones most likely to be affected. These include the first permanent molars
that commence development during the ninth month in utero, and the canine and incisor
teeth that dcrclop througl50ut thc furt thicc months of !iff. The p c m m c i i t p i ~ m o l a i ,

second and third molars are rarely involved in congenital syphilis as they develop
between the ages of two and eight years of age. The deciduous dentition rarely are
affected as they develop "between the eighteenth and twentieth weeks in the first period
of uterine life, when syphilis is rarely active, or if it is, abortion usually results"(Johnston

et al. 1941: 673). Therefore, the most commonly affected teeth are the maxillary
permanent incisors and all f i s t permanent molars, with the mandibular teeth generally
less involved then those of the maxilla (Steinbock 1976).

Plate 4.8:

Probable Case of Congenital Syphilis
(6-7year old child, Virginia), showing
hypoplastic development in the deciduous
dentition.

Reproduced by kind permission of Dr. D. Ortner

The definitive diagnostic sign of congenital syphilis is the presence of the
Hutchinson's teeth presented by Jonathan Hutchinson in 1857. He describes the
characteristic crescent shaped deformity of the biting edge of the upper incisors as being
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pathognomic of hereditary syphilis. The typical incisor is "smaller than normal and its
enamel may appear darker. The sides of the crown usually converge fiom the cervix to
the incisal margin, which may or may not show a central notch. The tooth may appear

thickened but its most striking feature is the rounding of the incisal angles. Commonly,
the notch is crescentic but occasionally it appears as a deep fissure or infolding on both

!abia! p-..d !hg~~a!
3spects of the enunel"(Brsdla~r.:1953: !4 3 . The cu;i;,e t c e t l arc
affected less often than the incisors. However, in a minority of cases, the "canine may
show a circumferential groove near the point of the crown which is similarly lost fiom
attrition, leaving a shallow notch. The anterior teeth are spaced and, because of failure of
premaxillary development, there may be open-bite in about one-third of affected
patientsM(Bradlaw1953: 147). The affected first molar tooth in congenital syphilis is

known as a mulberry molar, dome-shaped molar, bud molar, Moon's molar or Fournier's
tooth. The mulberry molar is characterized by being significantly smaller than its normal
counterpart, and presents a rough and irregular occlusal surface with small protuberances
that demonstrate atrophic cusps (Aufderheide and Rodriguez-Martin 1998). The entire
occlusal "surface is rough, pigmented and pinched, with the exception of two or three
nodules of fairly good enamel huddled together which represent the poorly developed
cusps. All around this occlusal deformity, the enamel of sound formation wells out in the
form of a broad collar to the normal size of the crown at the neck of the toothW(Karnosh
1926: 34).

In summary, congenital syphilis results from the cross-placental transmission of
the treponemal spirochete From the bloodstream of an infected mother. It is generally held

that transmission typically occurs during or after the fourth month of gestation. In the
majority of cases, the result is fetal death in utero or shortly after birth. As the infection is
spread through the fetal bloodstream, the disease can affect any bone of the body.
However, osseous change preferentially affects the areas of active endochondral
ossification, particularly the fastest growing metaphyses of the long bones. In a large
number of cases, bone changes are very slight or heal spontaneously without treatment.
The early stage of congenital syphilis is characterized by cranial changes resulting from
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necrotizing osteitis or hypertrophic periostitis. In the infiacranial skeleton, bone changes
are observed as metaphysitis, osteochondritis, periostitis and Wimberger's sign. The late

stage of the disease is associated with nongummatous periostitis (saber shin deformity),
gummatous osteomyelitis (often resulting in 'saddle nose deformity), joint pathology
(Glutton' s joints), dactylitis and dental pathology. Dental anomolies observed as

'mdberr; molars' and 'Hutckinsinson's i n i i ~ o i arc
~ ' considered to be rare occurrences. The

development of sequestra, sinus formation, and joint pathology are considered by
clinicians to be rare events in congenital syphilis.
Identification of congenital syphilis in past populations is problematic for a
number of reasons. First, the fact that a majority of affected children succumb in utero or
shortly after birth means that many of their remains are not preserved to the present.
Second, a number of affected individuals will demonstrate only slight changes, which are
not identifiable on dry bone. Lastly, the delicate nature of immature skeletons often
results in substantial post-mortem damage or destruction of important diagnostic
material. These combined factors likely account for the relative dearth of archaeological
evidence for the congenital form of the disease, assuming that the disease was present in
the population.

4.4 Bone Changes in Yaws

Bone lesions observed in yaws occur primarily in the tertiary stage of the disease.
However, generalized "secondary framboesides of the skin and lesions of the bones and
joints may appear a few weeks after the initid lesion and persist for years, with
intermittent periods of apparent recovery and relapse, if no treatment is givenW(Gutheand
Willcox 1954: 54). Tertiary lesions "develop five or more years after infection and S e c t
10% to 20% of patients with primary yaws. These lesions include gummas that involve
the skin and bones and that often lead to chronic ulcerations"(Re1man et al. 1998: 11). In

terms of observable bone changes, in a study of 699 cases of tertiary yaws, Van Nitsen
(1920) identified osseous lesions in 15.3 % of individuals. However, Wilson and Mathis
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(1930) observed much lower occurences of bone change. In their study of 1,423
consecutive cases of yaws, only 4.7 % had identifiable bone lesions. It is generally held
that in areas where yaws is endemic, one can expect to find osseous lesions in 1 to 5 per

cent of cases (Steinbock 1976). Figure 4.3 presents the distribution of pathological
osseous change in yaws.

Figure 4.3:

The Distribution of osseous change in
yaws (Solid black areas indicate the
most frequent sites, lines the occasional
sites).

Redrawn from Steinbock (1976)
The lesions associated with yaws can cause destruction of the nose, paranasal
tissues, and palate (gangosa), hyperkeratoses of the palms and soles, hypertrophic osteitis
of the facial bones (goundou), juxta-articular fibromatous nodules, and osteoperiostitis

(Sengupta 1985). The central nervous system and cardiovascular changes observed in
venereal syphilis are very rarely seen in tertiary yaws (Relman et al. 1998). In yaws the
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most frequently affected bone is the tibia, with the remainder of the skeleton involved to
a lesser degree (Dooley and Binford 1976). A f er the tibia, in descending order the bones
involved in yaws are the fibula, clavicle, femur, ulna, radius, and bones of the hands and
feet (Aufderheide and Rodriguez-Martin 1998). The skull is rarely involved, although in
cases where cmnial changes are observed they are more destructive than in venereal
~jphilis,particulaily in the i ~ aaid
l oral icgions of t'lc facc (Lfanihcstcr 1994). As yaivs
is particularly a disease of childhood, active lesions are most often observed in children
and adolescents. Although many of the bone changes are similar to those found in
congenital syphilis, osteochondritis is not observed in yaws as it is not a disease of the
newborn (Ortner and Putschar 1981). Several researchers have emphasized the similar, if
not identical osseous changes found in both yaws and acquired venereal syphilis (Hackett
2 946, Wilson 1973, Steinbock 1976, Ortner and Putschar 1981, Aufderheide and

Rodriguez-Martin 1998). In general the differences between the two conditions is
quantitative in nature rather than qualitative. In clinical cases, researchers have
differentiated between the two diseases based on climatic/cultural factors, in addition to
the physical manifestations of the organisms. An inclusion of the extensive literature on

bone changes in yaws is beyond the scope of this work. However, the most
comprehensive review of the literature on bone changes in yaws can be found in Hackett
(1946).

4.4.1 Cranial Changes in Yaws
As opposed to the severity and frequency of cranial destruction in venereal

syphilis, in the case of yaws, involvement of the cranium is less common (Williams
1935). Of 119 cases of osseous involvement in yaws, Butler (195 1 cited in Steinbock
1976) noted that the cranial vault was affected in 16.8 percent of individuals (20 cases),

and that only in a single case did the destruction approach the level found in venereal
syphilis. In rare cases of cranial involvement, the fiontal bone is particularly affected, and
typically shows shallow, pitted defects rather than the characteristic changes associated
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with the caries sicca complex of venereal syphilis (Ortner and Putschar 1981). The
depressions do not perforate the inner table of the skull, and are surrounded by a minor
bony thickening (Hackett 195 1).
In tertiary yaws, skull changes mainly "consist of destruction around the nasal
cavity, particularly extensive in gangma (r?asoph~;ngitis mgtilms),

3m e

conplicati~:,

of yaws in Africa and South America. Destruction of the nasal bones, the nasal septum
and the hard palate are much less frequent in ordinary tertiary yaws than in

syphilis"(0rtner and Putschar 198 1: 180-1). In severe cases of the disease the entire nasal
area and maxilla may be destroyed and "associated with extensive destruction of the soft
tissues of the face, a severe and mutilating stage even surpassing the mutilations of
leprosy"(Roberts and Manchester 1995: 152). The term 'gangosa' is a Spanish term for
'nasal voice' and is used to describe cases of considerable destruction of the nasal area in
tertiary yaws (Steinbock 1976). The presence of gangosa in tertiary yaws is considered to
be a very rare event. Taneja (1968) suggests that it occurs in approximately I .O % of all
cases of yaws, or generally 7.5 % in all cases of yaws with bone involvement. Perforation
of the hard palate "occurs in 5% of the cases of yaws with skeletal involvement while in
syphilis the involvement of the nasal region is not so severe" (Aufderheide and
Rodriguez-Martin 1998: 156). This ulcerating process commences in the soft tissues of
the nasal region, and spreads quickly to the neighbouring bone (Bittner 1926). In severe
cases of gangosa, the infective process results in a single opening of the nose, orbital
cavities, and pharynx with associated destruction of the hard palate, nasal bones, and
portions of the maxilla (Ash and Spitz 1945). Bone sclerosis occurs at the peripheral
regions of destruction, and bone regeneration is minimal (Steinbock 1976).

4.4.2 Infractaoniui Changes in Yaws

The most characteristic feature of osseous yaws is the presence of a bended tibia
known as 'boomerang leg'. This deformity is very similar to the 'saber shin' of
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congenital syphilis, and typically commences before the age of 15 years (Wilson and
Mathis 1930). Like 'saber shin' deformity in syphilis, the 'boomerang leg' is
characterized by a curved anterior surface and posterior flattened surface which
"conforms to the contour of a saber. This deformity is the result of extensive deposits of
subperiosteal bone tissue in the tibia1 crests"(Aufderheide and Rodriguez-Martin 1998:
1-50). Ir? rxe cct=isimst!e fibula is also involved, md L!C iilnii a d radius can show

similar bending (Hackett 1936). The asymmetrical new bone formation in the tibia is the
most common finding in yaws (Mann and Murphy 1990). Radiographically, the ossecl.!!
changes in the postcranial skeleton are characterized by a "marked increase in density,
and single or multiple 'punched-out" areas. More often, however, ...the roentgenograms
show subperiosteal necrosis of the cortex, with raising of the periosteum and the
deposition of periosteal new boneV(Helfet1944: 679). Approximately 40 percent of all
cases of osseous yaws affect the tibia (Maul 1919, Goldman and Smith 1943). The radius,
ulna, and fibula may also demonstrate thickening of the cortex, and pathological fracture
is present in a minority of cases (Aufderheide and Rodriguez-Martin 1998).
Tertiary yaws is also associated with destructive dactylitis of single phalanges
(Ortner and Putschar 1981). Characteristic changes in the hands are often observed in
young individuals, and dactylitis is a rare occurrence in venereal syphilis (Aufderheide
and Rodriguez-Martin 1998). The metacarpals, metatarsals and phalanges are the most
commonly affected anatomic regions. The affected "bones appear "swollen" by
subperiosteal bone apposition parallel to the cortex and resorption of the original cortex.

Many trabeculae are resorbed and the remaining ones ak?ear coarsened in the
roentgenogram. The dactylitis often affects several bones simultaneously except in adult
cases where only one bone is usually afTected"(Steinbock 1976: 144-5). The digits may
often appear shortened in severe cases of dactylitis (Riseborough et al. 1961). Hackett
(1 95 1) has suggested that the absent shafts may result from the chronic granulomatous

lesions affecting the region. Riseborough et al. (1961) describe four cases of severe
dactylitis in Australian aborigines, and present a rare case in an adult individual in which
the diaphyseal lesions of the hands were arranged in a symmetrical distribution.

Joint involvement in yaws is considered to occur only rarely. However, Ortner et
al. (1992) point out that in a minority of cases of yaws several of the joints and paraarticular regions demonstrate significant destruction of the osseous tissue, which is
associated with substantial reactive repair. They suggest that noting the presence of these
cfimgcs is a ~ c f utool
l for diffci~atiatiagbetwccii yaws

~jpkilis.G ~ ~ m a t o u s

osteomyelitis is also a characteristic feature of tertiary yaws. The periosteal reaction in
acquired syphilitic osteomyelitis is considerably more pronounced than in cases of yaws
(Goldman and Smith 1943). In yaws, this process results in localized cortical destruction
produced by gummata. The characteristic lesions are typically irregular and oval in shape.

with the long axis parallel to the diaphysis of the bone. They tend to range in size from a
few millimeters to 3 cm (Maul 1919). In some cases the osseous reaction to the
gummatous destruction is minimal, and the affected bones have a 'punched out'
appearance (Oosthuizen 1949). The presence of osteoperiostitis, demonstrating spicules
of bone projecting at right angles from the diaphysis is a much more common feature of
syphilis than of yaws (Helfet 1944). Lastly, an unusual feature associated with tertiary
yaws is 'goundou', an African word meaning 'large nose'. This term describes a usually
bilateral turnour-like expansion of the superior maxilla. This condition is less common

than gangosa, and "is found almost exclusively in children. The fluid-containing cysts are
surrounded by a thin rim of bone and may become so enlarged that vision is
obstructed"(Steinbock 1976: 153).

4.5 Bone Changes in Endemic syphilis (Bejel)

The osseous changes associated with non-venereal syphilis are in many respects
similar or identical to changes observed in yaws and venereal syphilis. Both yaws and
endemic syphilis are characterized by spontaneous healing and episodic recurrence,
which is dependent upon the immune response of the previously sensitized tissues

(Arrizabalaga 1993, Powell 1988). Like yaws, endemic syphilis is usually acquired in
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childhood, and results from direct or indirect contact with an infected individual. Late
manifestations of the disease include "gummatous lesions of the skin and bones with
erosive palatal perforation and destruction of the nose and adjacent tissues.
Cardiovascular or neurologic complications and congenital infections rarely, if ever,
occur"(Relman et al. 1998: 11). Bone lesions are typically uncommon in the early stage
of endemic syphi!is, =,?d they h2.z s tendeccy to heal ~ p c n t ~ e o u s l jAs
. . LT ya:vs, bone

changes are usually associated with the tertiary stage of the disease. Tertiary gummatous
lesions develop in between 10 and 20 % of individuals with endemic syphilis (Relman et

al. 1998). Csonka (1953) observed osteoperiostitis and rhino-maxillary destruction in
approximately 5 % of 3,507 cases of endemic syphilis in Iraq. In an examination of
endemic syphilis in Bechuanaland, Murray et al. (1956) identified osseous lesions in 1.1
% of 9,656 cases. When only active cases were evaluated, the rate of bone change

increased dramatically to 22.2 % of infected individuals. Hudson (1958) estimated a rate
of bone involvement at approximately 3.6 % in a population of 9,052 cases of Bedouin
nomads and villagers of Syria. Therefore, it is estimated that a skeletal series from an
area in which non-venereal syphilis is endemic should reveal bone changes in between 1
to 5 per cent of affected individuals (Steinbock 1976). Sone change resulting From
endemic syphilis is "predominantly a periosteal and endosteal proliferation with varying
degrees of rarefaction. The shafts of the long bones are most frequently involved,
especially the tibia and ulna, although no bone is exempt. These lesions have not been
observed below the age of five years"(Rost 1942: 32 1). Endemic syphilis typically affects
only a portion of a bone, although an entire bone or multiple bones can be affected in the
same individual. However, multiple bone involvement is very rare (Hershkovitz et al.

1994). Intracortical, "sharply lytic, rounded gurnrnas are occasionally found"(0rtner and
Putschar 1981: 18 1). Dental stigmata and osteochondritis are never observed in either
yaws or endemic syphilis, as these condition result fkom invasion of the fetus in utero
(Zimmerman and Kelley 1982).

4.5.1 Cmnid Changes in Endemic Syphilis (Bejel)

As opposed to venereal syphilis, endemic syphilis rarely affects the skull vault.
Murray et al. (1956) observed cranial changes in only 4 % of 99 cases of osseous

endemic syphilis. The usual changes are seen as crater-like lesions on the frontal and
parietal hones (Hershkovit:, et al. 1994). Even in cases where the skull r a d t is inyobed,

it is usually characterized by a localized osteitis without extensive destruction (Steinbock
1976). Although changes in the cranial vault are rarely observed in endemic syphilis,
destructive lesions of the nasal region causing perforation of the hard palate is not an

uncommon observation (Grin 1935, Csonka 1953, Murray et al. 1956, Hudson 1958). At
a "nasal-palatal level the destructive lesions closely resemble those of gangosa in the
tertiary stage of yaws. The frequency of the nasal-palatal destruction is only a little less

than that of saber shin"(Aufderheide and Rodriguez-Martin 1998: 157). The degree of
destruction in the rhino-maxillary region varies considerably. It can range from
perforation of the hard palate and/or destruction of the nasal bones, to extremely
disfiguring destruction of the entire osseous structure of the central face (Jones 1953).
4.5.2 Ihifiracranial Changes in Endemic Syphilis (Bejel)

In endemic syphilis, the tibia is the most commonly affected bone, although the
fibula is also ofien involved. The remainder of the skeleton has considerably lower levels
of involvement. However, in descending order, the disease also can affect the ulna,
radius, clavicle, phalanges and the calcaneus (Murray et al. 1956). The disease shows a
predilection for the rnetaphyses and diaphyses of long bones, and joint lesions are very

rare (Steinbock 1976). Involvement of the long bones can lead to "distorting thickenings
and deformities. The superior two-thirds of the tibia1 shaft is particularly affected and
axial bones are rarely affected. The phenomenon is generally symmetrical, but not

necessarily so. Articulated bones (e.g., tibia and fibula) may react independently to the
disease"(Hershkovitz et al. 1994: 84). The early "lesions may heal spontaneously or
progress to the stage where the medullary cavity is narrowed by endosteal bone. In
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addition, gummatous destruction of cortical tissue ensues creating circumscribed areas of
rarefaction as revealed by the roentgenogram. The shaft of the long bone at this stage
appears greatly distorted by the periosted proliferation and localized areas of cortical
destruction"(Steinbock 1976: 139-40). As in yaws and venereal syphilis, saber shin
deformity is observed in endemic syphilis (Rost 1942). Charcot's joint is not observed in
endemic syphilis (Rost 1942, Murray et al. 1956). H~wever,h rare c s e s the joixlts are
involved in endemic syphilis, and closely resemble those of venereal syphilis, although
they are not of a neuropathic type. The location of involvement "may be the joint surface
itself, the epiphysis, or even the metaphysis; diffuse bone involvement is often coexistent. Destruction of one articular surface with irregular erosions in the underlying
epiphysis but without involvement of the contiguous joint surface is the type of lesion
most frequently seen9'(Rost 1942: 323). While the hands and feet can demonstrate
osseous change, this is considered to be extremely rare. Grin (1935) observed gummas
and periostitis in the short bones of the hands and feet amongst affected individuals in

Bosnia.
4.6 Bone Changes in Leprosy

4.6.1 Introduction
The involvement of the bone in leprosy is limited to the lepromatous form of the

disease, and results in a general loss of bone mass. In rare instances, osseous change is
observed in the tuberculoid form of the disease. However, in the large majority of cases,
tuberculoid leprosy is associated exclusively with involvement of the skin and
subcutaneous tissues. The lepromatous fonn represents the most severe manifestation of
the disease, according to the leprosy spectrum established by Jopling (1971). On the basis
of an evaluation of 44 patients with borderline, tuberculoid, and lepromatous leprosy,

Michman and Sagher (1957) concluded that advanced resorption only occurs in the
lepromatous form of leprosy. Despite the large number of cases of leprosy, skeletal
involvement occurs rarely, and is indicative of an advanced stage of the disease. Bone
changes do not occur when the condition has been recognized and treated in its early
stages, but only in cases where the disease has been allowed to progress without the aid
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of effective medical intervention. Figure 4.4 presents the distribution of pathological
osseous change in lepromatous leprosy.

Figure 4.4:

The Distribution of Lepromatous
Leprosy on the Skeleton.

At present, with the development of successful multi-drug treatments and
aggressive identification programs, it is extremely rare for a case of leprosy to develop to
the point of bone involvement. It has been estimated that the prevalence of the disease
rarely exceeds 1%, even in areas where leprosy is considered endemic (Steinbock 1976:

107). However, successful multi-drug treatment and identification programs are recent
developments, and have profoundly lowered the incidence and prevalence rates of the
disease in modem populations. In contrast, many studies that predate the development of
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effective treatment have reported very high occurrence rates of bone involvement. A
summary of these studies is presented in Table 4.3.

Table 1.3

Frequencies of Bone Lesions in Leprornatous Leprosy prior to effective
multi-drug treatment

No. of Cases
Observed

Location

% of Cases
With Lesions

Reference

505

Louisiana
Hawaii
Hong Kong
Columbia

29%
50%
54%
68%

Faget and Mayoral (1944)
Murdock and Hutter (1932)
Paterson (1961)
Esguerra-Gomez and
Acofita (1948)

140
894

483

However, it is important to note that these estimates may be exaggerated because
the studies have been conducted on institution populations where the cases are longstanding and severe. The most accurate estimate of the incidence of osseous leprosy
comes from the analysis of 150 randomly selected leprous patients, in which 15% of
individuals demonstrated evidence of bone involvement (Chamberlain et al. 1931).
One would therefore expect to find relatively low prevalences of osseous change
associated with leprosy in past skeletal populations. This is typically not the case. In the
analysis of 202 skeletons retrieved fiom a medieval leprosarium, Andersen (1969)
concluded that 77% of individuals exhibited evidence of leprosy. This high incidence in
part results from the fact that segregation of lepers during this period would artificially

inflate the results, as the sample does not represent a general cross-section of the
population. Therefore, as analysis of osseous leprosy in the past has typically
concentrated on material retrieved fiom leprosaria, it is extremely difficult to generate
accurate calculations of the true prevalence in the population as a unit. In addition, the
tuberculoid and borderline forms of the disease rarely produce bone changes, and it is
impossible for the researcher to identify these stages of the disease in skeletal
populations. This factor exacerbates the problem of prevalence rate calculation, as many
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individuals suffering fkom the milder forms of the disease would remain undetected.
Therefore, until more accurate diagnostic techniques are developed, osseous change
indicative of leprosy should be considered as representative of the lepromatous form of
the disease, and constitutes only part of the whole picture. However, it has been
suggested that the lepromatous form of leprosy was more common in the past. The
increased likelihood of ohserving osseous changes in p a t popvlstions may be explined
by the lack of effective clinical treatment. Multi-drug therapy has only been implemented
in the treatment of the disease in the last twenty years. Although alternate treatments predated the development of multi-drug therapy, the reduced effectiveness of these
techniques would be reflected in the incidence and prevalence rates of bone lesions in
past populations; which we would expect to be higher than at present.
As previously discussed in the clinical chapter of this work, the major areas
affected in leprosy are the nasal areas of the skull, the hands and feet, and less commonly
the tibia and fibula. The degree to which the bone is affected results fTom a number of
related factors such as the age of the patient, the degree of nerve involvement, and the
level of trauma and secondary infection that occurs in the extremity (Brothwell and
Sandison 1967: 298). Researchers have considered a number of inter-related factors to be
responsible for the specific bone changes of leprosy. Although it is valuable to examine
each of these factors individually, it is likely that the pattern of bone change results fiom
varying combinations of factors specific to particular individuals (Jopling 1971: 29).
Jopling (I 971: 29-30) suggests that repeated trauma due to absence of pain sensation,
impaired blood supply to the bone, impaired nerve supply, deposition of leprosy bacilli in
the bone via the bloodstream, osteomyelitis, and disuse atrophy, may be some of the chief
components which, singly or in combination, unite to cause the specific bone changes
characteristic of the disease. It has been suggested that at the cellular level, the reason for
"bone loss in patients with leprosy is an acceleration of a normal cellular process and not
the result of avascular necrosis. The acceleration of bone resorption could be due to the
release of products fiom Mycobacterium leprae or host cells" (Marks Jr. 1979: 30).
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An important element in the diagnosis of leprosy in past populations is a

recognition of the specific pattern of osseous change that occurs in this condition. Like
many infectious diseases that affect the bone, leprosy has a particular distribution on the
skeleton. It has been suggested that this specific distribution results from the fact that the
leprosy bacilli exist and reproduce more readily in low temperature situations (Rendall et
d. 1976: 466). This, the ieprosy bacilli h a ~ e
2 predilection for areas of tic So*

that arc

below core body temperature, which explains why the major areas affected in the disease
are the nasal area of the face, the hands and the feet.
According to Steinbock (1976: 199), the bone changes resulting From lepromatous
leprosy have been divided into three main types:

1 . Specijic Destructive Changes- Resulting from the direct action of the leprosy
bacilli, characterized by localized destruction. facies leprosa, enlargement of
the nutrient foramen, and localized cortical destruction of the bones of the
hands and feet due to lepromatous granulomas.
2. 1VonlSpecific Absorptive Changes- Involving the bones of the hands and feet
almost exclusively, and often leading to fracture, subluxation of the joints,
arthritic changes and ankylosis. Secondary pyogenic infection and periostitis
may be associated with these changes.
3. Osteoporosis- A degenerative process characterized by enlarged areas of bone
with decreased density and increased porosity. Osteoporosis occurs as a result
of disuse and is present only in severe cases.

In cases of advanced leprosy in the skeletal record, it is likely that one will find a
combination of all three categories of osseous change. However, the wide spectrum of the
disease, and the particular response of the individual, may result in an exaggeration or
absence of particular traits. One must also consider that apparent bone change may have
resulted fiom other conditions or taphonomic processes. Therefore, for a diagnosis of
definite leprosy to be made, one must have evidence of osseous change in the cranium. In
addition to cranial change, it is essential to consider the general distribution of change in
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the post-cranial skeleton. Definite diagnosis of the disease on the basis of change in the
extremities, but in the absence of cranial evidence, cannot be made. This is due to the fact
that many other conditions are known to affect the bones of the extremities, and

periostitis of the lower limbs indicates the presence of non-specific infection. These
processes may or may not be linked to leprosy.

4.6.2 Bone Changes of the Skull: Facies Leprosa

Much of the information which we have today concerning the presence of leprosy
in the past has resulted from the original work of Dr. Vilhelm Moller-Christensen. His
examination of a large number of individuals from medieval leper hospitals in Denmark
led him to establish a series of diagnostic criteria that have continued to be invaluable for
the proper identification of the disease in osseous tissue. The term yacies leprosa' was
coined by Moller-Christensen and Faber (1 952) to refer to particular pathologic changes

in the skeletal structure of the face in leprosy. On the basis of the Danish research,
Moller-Christensen concluded that facies leprosa must be present in order for a diagnosis
of leprosy to be made. This is due to the fact that osseous change of the bones of the
hands and feet rarely occurs in the absence of some evidence of facies leprosa (MollerChristensen 1961, Brothwell and Sandison 1967, Andersen 1969). In 41 complete
skeletons demonstrating leprous osseous change, involvement of the rhinomaxillary
region occurred in virtually all specimens, and changes of the hands and feet was
observable in 66% of the skeletons (Steinbock 1976:201). The osseous change which
occurs in the cranium is restricted to the rhino-maxillary region of the face, and has been
divided into three distinct categories: atrophy of the Anterior Nasal Spine ( A N S )
associated with atrophy of the Pyriform Aperture (APA), atrophy and recession of the
Alveolar Process of the Maxilla (APM), and Endonasal Inflammatory Changes involving
the hard palate, vomer and turbinate bones (ENIC)(Maller-Christensen 1978: 15). Figure
4.5 presents the pattern of rhinomaxillary changes in the skull in lepromatous leprosy.
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The top and middle figures demonstrate changes to the maxilla and nasal portions of the
skull. The bottom figure presents changes in the oral surface of the palate.
Figure 4.5:

Pattern of Rhinomaxillary Changes
In the Skull.

c

Reproduced by kind permission of Dr. K. Manchester.

Atrophy of the Anterior Nasal Spine and Pyriform Aperture: The concentration o f
Mycobacterium leprae in nasal mucosa is directly responsible for the pathologic
destruction of bone in the rhino-maxillary region (Zimrneman and Kelly 1982: 93).
The high bacillus load leads to eventual resorption and complete obliteration of the
anterior nasal spine, with a subsequent rounding and widening of the margins of the
nasal aperture. This resorption leads to an ultimate exposure of the medullary bone
followed by possible cortical remodeling (Manchester: 1989 unpublished). The
inferior turbinate is often the initial region to become infected, which leads to
ulceration of the nasal septum by lepromatous granulation tissue (Steinbock 1976). in
the majority of cases examined by Maller-Christensen, the nasal septum remained

intact, although there was evidence of infection (Moller-Christensen 1953). Advanced
destruction of the anterior nasal spine and nasal aperture eventually will lead to nasal
collapse (Moiler-Christensen 1978: 15). This condition is often accompanied by
swelling of the face and osteoporosis of the vomer, and nasal turbinates (Brothwell
and Sandison 1967: 296). In addition, erosion and pitting can also occur around the
margins of the nasal aperture (Moller-Christensen and Weiss 1971).
2. Atrophy and Recession ofthe Alveolar Process of the Maxilla: The atrophy and
resorpdon of the aiveoiar process of the maxilla appears to be restricted to the incisor
region. The destruction begins centrally at the prosthion, and results in recession of
the frontal portion of the alveolar process exposing the roots (Moller-Christensen
1978: 15). Pitting of the anterior surface of the alveolar process of the maxilla is often
observed (Andersen 1969). In long-standing and advanced cases this resorption is
associated with loosening and/or antemortern loss of the central incisors (Zirnmerman
and Kelly 1982: 93). While the central incisors appear to be most affected, it is not
uncommon for the lateral incisors to be involved (Moller-Christensen 1978). The
destruction is bilaterally symmetrical, and in rare cases there may be an extension to
canine and premolar alveolae (Manchester: 1989 unpublished).

3. Endonasal Injammatory Changes of the Hard Palate: Due to the concentration of
leprosy bacillus in the nasal region, inflammatory changes of the hard palate can be
observed on both the oral and nasal surfaces. These changes "constitute the
pathological basis of the complex, which should always be present for the diagnosis
of 'facies leprosa', together with one or both of the other symptoms
mentioned"(Mol1er-Christensen 1978: 15). The involvement of the hard palate is a
particularly important indicator of the presence of leprosy in a skeletal specimen, as it
is often one of the first areas to be affected as the disease progresses to the bone
(Brothwell and Sandison 1967: 298). On the nasal surface of the palate, the earliest
changes are associated with small, closely spaced pits that tend to concentrate around
the transverse palatal suture, or lateral surface of the nasal crest. As the condition
progresses, local periosteal inflammation can be observed. These changes can be of a
proliferative or destructive nature, or a combination of the two (Moller-Christensen
1978: 16). Advanced destructive changes lead to thinning and eventual perforation of
the palate, usually in the median or paramedian position (Manchester: 1989
unpublished). The pathological changes involving the oral surface of the hard palate
usually consist of further deepening and proliferation of small pit-like grooves
concentrated around the middle palatine suture, or a perforation originating from the
nasal surface. Over time, one can observe advanced destructive changes, thinning of
the palate, and eventual perforation (Mailer-Christensen 1978: 15- 16). The change
usually occurs in the median or paramedian position towards the middle or posterior
zone of the palatine process, and may or may not be related to changes of the nasal
surface (Manchester: 1989 unpublished). Pitting to the oral surface of the palate is
somewhat less reliable than the nasal surface, as the oral surface demonstrates some
degree of pitting in healthy individuals (Andersen 1969: 96). Plates 4.9 and 4.10
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present two cases of pathological change to the rhinomaxillary region of the face (St.
James and St. Mary Magdalene, Chichester).
With the establishment of the pattern of rhino-maxillary change, MoilerChristensen (1 978) further subdivided each category to reflect the various degree of
involvement. The individual categories were ranked from 1 to 3, ranging from the
earliest signs of osseous change to the most advanced. An attempt was made to
establish stages that were clearly distinct, and would accurately reflect the state of
each individual condition. This subdivision is extremely useful, in that it allows one
to more accurately differentiate between slight, moderate, and severe cases. In
addition, it allows one to order the information into ranked rather than purely
descriptive categories for statistical analysis. Furthermore, according to E. SchrnitzCliever (Cited in Maller-Christensen 1978), facies leprosa should be divided into
three distinct types:

1 . Facies leprosa nasalis: which involves atrophy of the anterior nasal spine in
combination with inflammatory changes of the nasal surface of the palatine
process, vomer, andlor of the conchae, turbinate bones.
2 . Facies Ieprosa mmillaris: involving atrophy of the alveolar process of the maxilla
accompanied by inflammatory changes of the oral surface of the palatine process.

3. Facies leprosa nasaiis et marillaris: involving atrophy of the anterior nasal spine
and the alveolar process of the maxilla, combined with inflammatory changes of
the oral and nasal surfaces of the hard palate, or of the vomer andlor turbinate
bones.

Plate 4.9:

Frontal View of Skeleton 9 (male) showing Rhinomaxillary Changes in the SkuU. (St. James and
St. Mary Magdalene, Chichester).

~eproducedby kind permission of Dr. D. Ortner.

Plate 4.10:

Closeup of Leprous Individual Demostrating C

rhinomaxillary Change ( S t James and St Mar
Msgdalene, Chichester).

-

-- -- -

Reproduced by kind permission ofDr.D. Ortner.
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As a result of the observation and subsequent establishment of 'facies leprosa' in
archaeological specimens, clinical studies attempted to identify corresponding evidence
amongst modem patients. Although high incidences of bone change were observed it
should be noted that, for the most part, clinicians observed only cases of severe
lepromatous leprosy, which likely served to elevate the number of osseous changes
recorded. In a radi~graphicstudy of 50 p3tieignt.s from India, S??G dcnonst;atcd cvidcnic

of rhino-maxillary changes (Andeeen 1969). In a similar study conducted on 96 leprous
individuals fiom the Congo, bone changes were observed in 60% of the patients (Lechat
and Chardome 1955). These incidences appear to be unusually high, and these studies
examined only a limited number of individuals. A more accurate picture may be obtained
from the research conducted by Job et al. (1 966). In a general survey of 488 lepromatous
cases. perforation of the nasal septum was observed in only 9.6% of cases.
In an evaluation of 'facies leprosa' in archaeological and clinical cases it appears

that in all cases the pattern of osseous change is homogeneous, and confiined to the rhinomaxillary region of the face. It has been suggested that the characteristic pattem of
destruction results from the lower core temperature of this anatomic region. Rendall et al.
(1 976) investigated this hypothesis by recording the intra-oral temperature of 100

Caucasian patients with no evidence of leprosy. This information was then compared to
archaeological material from Danish medieval burial grounds. Their research indicated
that the lowest temperature in the upper jaw is at prosthion, with an increase in
temperature laterally and upward fiom this point. The established temperature
distribution "showed a close correlation with the known pattem of involvement of teeth
and supporting structures derived fiom clinical, pathological and archaeological
data"(Rendal1 et al. 1976: 467). In addition, Reichart's (1976) examination of the uvula
and soft palate of 62 lepromatous patients concluded that these areas are constantly
exposed to a cool air stream, as they are placed between the nasal and oral cavities.
Therefore, these two areas are likely to represent regions where the temperature is below
37 degrees C, and are subsequently more prone to leprous involvement. If the coldest

intra-oral temperature is at prosthion, it is logical that leprosy would involve the incisor
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region in most cases, with a reduction in incidence from canine to molars respectively.
Repeated subclinical trauma and lepromatous alteration of blood vessels and nerves
passing through the nasal tissue have also been suggested as possible reasons for the
restricted destruction of the disease (Danielsen 1970). It is likely that a combination of
processes is at work.
While the theory of intra-oral temperature may explain why the bacilli are

concentrated in the rhino-maxillary region of the cranium, it does not explain the specific
pattern of destruction. It appears that the earliest site of destruction is the anterior nasal
spine, followed by atrophy of the alveolar processes of the maxilla, and in some cases
erosion of the nasal bones. However, it is important to identify if the destruction in the
various sites is dependent upon, or independent of, each other. On the basis of an

examination of the resorption of the anterior nasal spine and alveolar bone of the maxilla
in 39 leprornatous patients in Mali, Marks and Grossetete (1988) concluded that the
destruction occurred in the two sites independently, and the probability that the two sites
were not related was 92%. This research supported the work of Moiler-Christensen

(1974), who observed that in 258 lepromatous patients the incidence of nasal spine
resorption (62.4%) was significantly higher than resorption of the alveolar process of the
maxilla (16.3%).Reichart et al. (1976) conducted research on 30 lepromatous patients

and noted that atrophy of the anterior nasal spine occurred in only 7 cases, resorption of
the nasal spine and alveolar bone occurred in 6 patients, and resorption of neither of the
two occurred in 1 1 cases. In addition, Marks and Grossetete (1 988) discovered that
resorption of these two sites occurred independently in 76 lepromatous patients in
Malaysia.
Present research indicates that the osseous change in these areas occurs
independently, and results directly from an invasion into the bone of bacilli present in
nasal mucosa. This invasion results in degeneration and infection often viewed as nonspecific osteitis. This invasion can in turn affect the nasal septum, nasal bones and
conchae. 'Ihe S e c t on the hard palate can range from minor osteitis to complete
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perforation depending on the immune status of the individual, and the amount of time
that the disease has been present. Plate 4.1 1 presents leprous changes in the nasal portion
of the hard palate in Skeleton 158 (St. James and St. Mary Magdalene, Chichester). Plate
4.12 presents a case of perforation of the hard palate and inflammatory change associated

with lepromatous leprosy.

Plate 4.1 1:

Leprous Change in the Nasal Portion of the Hard
paiate Skekton 158 (male), St. James and St
Mary Magddeae, Chicbester.

Reproduced by kind permission of Dr. D. Ortner.
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Plate 4.12:

Perforation of the Bard Palate and Inflammatory
change in Skeleton 158 (male), St.&mesand St.
Mary Magdalene, Chichester.

Reproduced by kind permission of Dr. D. Ortner

4.6.3 Leprogenic Odontodysplasia

Apart ffom the resorption of the alveolar process of the maxilla, with subsequent
loosening and eventual loss of the maxillary incisors' leprosy is known to have other
affects on the teeth. The term 'leprogenic odontodysplasia' or 'Dens leprosus' is used to
refer to the malformation in growth of the permanent tooth roots (Moller-Christensen
1953: 123). Evidence of this condition has only been observed in archaeological
specimens with leprosy, and has a distinct tendency to occur in skeletons with the Iowresistance or lepromatous form of the disease (Roberts 1986). The original identification

of this trait, and subsequent research was conducted by Knud Danielsen (1970) on
medieval skeletal material from Denmark.Danielsen identified 10 skeletons with
leprogenic odontodysplasia fiom a total of 100 individuals, and noted that the roots of the
incisor teeth were most likely to be affected, the central more than the lateral, and the
upper more than the lower. The trait was less likely to be present in the canines and
premolars, and least of d l the molar teeth which were generally unaffected and developed
n o d y (Danielsen 1970). In the afFected teeth, the leprosy bacteria was present in the

234

pulp cavities, particularly of the incisor teeth (Danielsen 1970: 16). Therefore, the pattern
of involvement appears to coincide with the pattern o f destruction in the facies leprosa
complex.
The typical manifestations of leprogenic odontodysplasia are found in the incisor

teeth, particularly of the maxilla. The conditicm is sprnetricd md non-rcvcisible in mosl
cases (Roberts 1986: 144). In this complex, the crowns appear to develop normally.
However, the roots develop normally for only 1-2 mrn, and then demonstrate concentric
constriction around the base of the tooth, and abrupt tapering with arrested tooth growth.

In addition, the development of the tooth ceases before closure of the apical foramina has
occurred. Radiographs of the teeth clearly show the dental constriction, and large and
irregular pulp cavities are observed usually in association with wide apical foramina, with
the incisor teeth most affected. The lateral incisors in some cases display slender,

irregular apical foramina often in relation to irregular dentinal walls (Danielsen 1970: 1315). The condition has been found to be associated with dental enamel hypoplasia, and

exhibits "a characteristic crowding of the maxillary anterior teeth with palatal
displacement of the lateral incisors"(Danielsen 1970: 13). In each of the cases this was
associated with the retention of primary teeth. Leprogenic odontodysplastic teeth will
"eventually be lost due to a combination of loosening of the teeth in the sockets and
recession of the alveolar process of the maxilla"(Roberts i 986: 144). Thus, the
malformation of teeth and the inhibition of premaxillary growth appear to be related
processes (Moller-Christensen 1978: 127).

It is interesting to note that in the Danish material, malformation of the incisor
teeth was only present in individuals with considerable evidence of facies leprosa, and
only appeared in skeletons of individuals who had died in childhood or youth (MollerChristensen 1978). This may be explained by the common postmortem loss of teeth in
adult material. However, an examination of empty premaxillary alveolar sockets showed
that none of the incisors demonstrated any evidence of size and shape that could be
associated with early root malformation. A fitrther explanation may be that the teeth with
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short roots were simply lost in vivo, or that incisors of abnormal length would be lost due
to extreme atrophy of the maxillary alveolar bone (Moller-Christensen 1978: 127). At
present, little evidence has been found for this unusual trait, and it will provide a new
source of investigation as leprous collections are recovered in future.
4.6.4

Infracranial Changes in Leprosy

The manifestation of the disease in the infracranial skeleton primarily involves the
bones of the hands and feet. The most common osseous changes in these regions involve
non-specific absorptive changes. The bones of the hands and feet undergo various
degrees of bone destruction, which range from distortion of the digits with subsequent
deformation, to eventual reduction in size, with little to no reactive bone formation. in the
initial stages, the cancellous bone is invaded by Mycobacterium leprae. In many cases,

new bone is laid down in the medullary cavity. However, in most cases the distal
phalanges become thinned due to 'concentric bone atrophy7,and the bones take on a
'pencilling' or 'sucked candy stick' appearance (Jopling 1971: 28-9). The destruction
appears to affect the highly vascularized subarticular bone in the epiphysis adjacent to the
articular surface (Ortner and Putschar 1981). Thus, the heads of the phalanges, and less
commonly the metacarpals and metatarsals are the first areas to be completely resorbed.
The early stages of concentric remodeling results in the bones having an hourglass
appearance (Manchester: 1989 unpublished). This process in turn compromises the joint,
leading to collapse and a cupping deformity in the joint area (Ortner and Putschar 198 1:

179). Eventually, the destruction will advance to the shafts of the bone, leading to
tapering and eventual resorption. In addition, secondary bacterial infection, resulting
from trauma and ulceration of the skin, may lead to osteomyelitis and septic arthritis in
the hands and feet (Faget and Mayoral 1944). This may explain the presence of periosteal

deposits on the bones of the hands, and more commonly the feet (Andersen 1969: 112).
Unlike many other conditions that affect the bone, leprosy causes no primary
reossification unless the individual has experienced secondary infection of some kind
(Brothwell and Sandison 1967: 298).

4.6.5 Bone Changes of the Hand

In the hands, the achroosteoIysis, or bone resorption begins in the terminal
phalanges, usually without any involvement in the second phalanges (Zimrnerman and
Kelley 1982: 93). The destruction is bilateral, symmetrical, and in most cases leads to
disiocation and s i b h a t i o n of the joints of the terminal phalanges. The initial

manifestation is the notching of the distal phalangeal tuft (Steinbock 1976: 204). The
most common abnormality observed in 27% of leprosarium patients was the erosion of
the distal phdangeal tuft (Paterson and Job 1964: 438). These slits or nicks, giving a

sliced-off appearance "are associated with loss of the normal pulp of the finger-tip and a
tight smooth skinn(Patenon ands Job 1964:440). This change is associated with pulp

space infection secondary to cutaneous anaesthesia (Manchester: 1989 unpublished).
~chroosteolysisusually begins in the terminal phalanx of the 5" digit, as the primary
source of the invading bacilli, to the hand, is the ulnar nerve (Ortner and Putschar 198 1:
177). The resorption continues to progress proximally so that after the destruction of the

distal phalanx, the middle and proximal phalanges may undergo similar changes. Figure
4.6 shows a diagrammatic representation of successive stages of bone absorption in the
distal phalanges of the hands.

Figure 4.6:

Diagrammatic Representation of Successive
Stages of Bone Absorption in the Distal Phalanges

Of the Hands.
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Reproduced &om Dr.M. Lechat (1962).
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The middle phalanx undergoes concentric remodeling which is maximal at middiaphysis. This loss of bone at midshaft in turn may lead to pathological fracture, and
''though achroosteolysis, the distal fragment may absorb, leading to proximal fragment
shark-tooth or collar-stud deformity and eventual beret-shaped base"(Manchester: 1989
unpublished). In addition, there may be evidence of basal bevelling, appearing as a
smooth remodeled beyelling of the volm edge of the proximal articular surfcce, resulting

fiom proximal phalangeal volar grooving (Manchester: 1989 unpublished).

Figure 4.7:

Pattern of Bone Destruction
In the Hands in Leprosy.

Reproduced by kind permission of Dr. K. Manchester.

The proximal phalanx undergoes concentric diaphyseal remodeling that is similar,
yet more marked than the middle phalanx. In addition, the proximal phalanges often
show evidence of volar phalangeal grooves, which are characterized by a shallow groove
of the volar surface of the phalange at the distal end in the juxta-articular area (Andersen
and Manchester 1987: 78). In some cases there is endocortical new bone formation at the

site (Manchester: 1989 unpublished). In the absence of radial or ulna deviation, the
groove extends across the entire width of the volar surface. However, lateral deviation at
"the proximal interphalangeal joint with hyperflexion, may result in unequal grooving

across the volar surface (Andersen and Manchester 1987: 79). This lesion is associated
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with claw-hand deformity, which results from a disruption of the hand musculature in

ulnar nerve paralysis (Andersen and Brandsma 1984). Figure 4.7 presents the pattern of
bone destruction in the hands in leprosy. Figure 4.8 presents the pattern of development
of claw-finger deformity in leprosy. In the initial stages, the claw-hand deformity is
associated with soft tissue, involving the skin, subcutaneous tissue and joint capsule. The
born change involq:es "extension, even h;~erextemion,at .the rne~cqophalarqya!

joints, and hyperflexion at the interphalangeal joints. Because of sustained
hyperflexion.. .there may be volar subluxation at the interphalangeal joints"(Andersen
and Manchester 1987: 77).

Figure 4.8:

Pattern of Development
Of Claw-Finger Deformity
In Leprosy.

Reproduced by kind permission of Dr. K. Manchester.

The metacarpophalangeal and interphalangealjoints undergo a series of osseous
change characterized by; juxta-articular dorsal inflammatory change, septic arthritis due
to pyogenic sepsis, subluxation and dislocation, ankylosis resulting from pyogenic septic
arthritis, and cupping, with or without associated peg deformity (Manchester: 1989
unpublished). The metacarpals and carpals are rarely involved, but in some instances they
do show evidence of absorptive change, concentric remodeling, and septic aahritis
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resulting from trauma. The disease rarely extends as far as the carpal bones, and it is
extremely unusual for it to have any affect on the bones of the forearm.

4.6.6 Bonechangesofthe Feet

In leprosy there is a tendency for the bones of the feet to be more severely
affected than the bones of the hand. However, in general the changes in the feet occur
less frequently than those of the hands. In a study conducted by Paterson and Job (1964),
only 14% of leprosarium patients showed evidence of metatarsal change. While the bone
changes occurring in the foot are generally resorptive, and similar to those in the hands,

the pattern of deterioration is substantially different. In the hands, the destruction
commences in the distal phalanges. However, in the feet the change begins in the
proximal phalanges and distal metatarsals, at the metatarsophalangeal joint, and often
spares the distal phalanges. This is probably due to the presence of numerous leprosy

bacilli in the anaesthesized ulcers on the bottom of the foot (Cross 1972). Loss of
sensation in the feet can lead the patient to unknowingly traumatize the area, which leads
to scarring and deformity, and in many cases infection (Jacobson 1985: 2 17). These
'plantar ulcers' often remain unnoticed and untreated, allowing the infection to progress,
particularly in the weight bearing areas of the feet. The areas most at risk for the
development of plantar ulcers are the regions under the metatarsal heads, the heel and the
great toe, where the majority of weight is transferred through the foot (Brand and Fritschi

1985: 298). If the foot arch is maintained, plantar ulceration tends to occur beneath the
calcaneum and the i n and 5" metatarsophalangeal joints. In "pes planus there is a
tendency for the ulceration to develop under the mid-foot9'(Andeaen and Manchester
1988: 54). Therefore, the majority of plantar ulcers do not result fiom injury or ischemic
pressure necrosis, but from the erosion of the skin tissue and breakdown of replacement
scar tissue during normal everyday use (Bhasin and Antia 1972: 83).
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In the phalanges, the inflammatory change is the same as that of the distal
phalanges of the hand. Change in the distal phalanges tends to occur less frequently in the
feet, and are often associated with claw-toe deformity secondary to motor paralysis.
Neuropathic disintegration of the medial and lateral plantar nerves leads to the
development of claw-toe deformity (Brand and Fritschi 1985: 308). [n addition, damage
to thc postsrior f bid nnsnz im result in claw-toe deformity (Jopling 1971j. Besides the
obvious discomfort, the significance of this condition lies in the fact that the hyperflexion
of the toes increases the risk of ulceration of the forefoot (Brand and Fritschi 1985: 309).
In the absence of a clawing deformity, there may be no inflammatory change observed in
the distal phalanges (Manchester: 1989 unpublished). The middle and proximal

phalanges undergo the same changes as in the hand. However, the concentric remodeling
of the proximal phalange is greater than in the other bones of the foot. Figure 4.9 presents
a representation of the successive stages of bone absorption in the rnetatarsophaiangeal
joints of the foot.

Figure 4.9:

Diagrammatic Representation of
Successive Stages of Bone Absorption
in the Metatarsophalangeal Joints of
the Foot.

Reproduced fiom Dr. M. Lechat (1962).
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In the metatarsal bones, concentric remodeling begins, and is maximal at the
distal third of the diaphysis. It is generally most marked in the 5' metatarsal. According
to Manchester (1989 unpublished), there are two types of concentric remodeling affecting
the metatarsal bones:
1. True Pancircumferential Concentric Remodeling: in many cases associated with
metatarsophalangealjoint sepsis.
2. Knife-edge Remodeling: where remodeling is most marked at the medial and lateral
sides of the bone, producing a knife-shaped bone with sharp inferior and superior
borders. This occurs most commonly in the absence of metatarsophalangeal joint
sepsis.

As the resorption commences at the distal metatarsal and proximal phalanges,

graduaily over time the bones become thinned and pointed, an appearance commonly
referred to as 'pencilling' or 'point formation' (Steinbock 1976). Eventually only a fine
point remains, which will finally disappear as the disease progresses. In some cases,
complete bone absorption can occur in the absence of concentric remodeling
(Manchester: 1989 unpublished). In many instances, the distal portions of the toes will
become subluxed, but do not show a tendency to resorb as the terminal phalanges of the
hand do. In the presence of soft tissue infection, inflammatory pitting may be observed on
the dorsal and plantar surfaces of the metatarsal and tarsal bones. Plate 1.13 presents a
dorsal view of the feet demonstrating pathological osseous change indicative of
lepromatous leprosy. Plate 4.14 presents a plantar view of the feet demonstrating
pathological osseous change indicative of lepromatous leprosy.
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Plate 4.13:

Dorsal View of the feet of Skeleton 21 (male),
Hospital of St.James and St Mary Magdalerte,
Chichester. Pathological Osseous Change
Indicative of Lepromatous Leprasy.

Reproduced by kind permission ofDr. D.Ortner.

Plate 4.14:

Plantar view of the feet of Skeleton 17 (male),
Hospital of St. James and St. Mary Magdalene,
Chichester. Pathological Osseous Change
Indicative of Lepromatous Leprosy.

Reproduced by kind permission of Dr.D.Ortner.
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One of the most marked features in advanced leprosy of the foot is the progressive
disorganization and destruction of the tarsus. In the majority of cases, this destruction is
found in association with gross ulceration, particularly of the mid and hind foot, and is
thought to result from anaesthesia and subsequent trauma (Andersen 1969: 1 13). In
advanced cases, the tarsal bones may be so affected by pyogenic infection that the

architecture of the foot may be destroyed. This is chancteiizcd by dislocation mci
ankylosis resulting from sepsis. Damage to the lateral popliteal nerve and common
peroneal nerve leads to paralysis of the dorsiflexor and the evertor muscles of the foot,
causing an inverted gait known as 'drop foot' (Brand and Fritschi 1985: 308). The
longitudinal arches of the foot are maintained by W e integrity of the muscles Tibidis

posterior, Flexor digitorurn longus, Flexor hallucis longus,Peroneus longus and intrinsic
foot musculature, and plantar ligamentsW(Andersenand Manchester 1988: 5 1). The loss

of function of the posterior tibial nerve leads to collapse of the longitudinal arch and the
development of 'pes pianus' (flat foot). The subsequent change in mechanical stress can
lead to volar displacement of the navicular bone, which in turn causes stress upon the
dorsal ligaments of the foot. The navicular dislocation can lead to navicular 'squeezing'
causing the bone to be compressed (Manchester: 1989 unpublished). The result of this
"chronic ligamentous stress is the development of exostoses at the sites of attachment of
the ligaments to the boneW(Andenenand Manchester 1988: 54). The dorsal bars are
recognized as a ridge of new bone, varying in size and extending transversely across the
dorsal surface of the bone. This change is usually most marked in the talus and navicular,
and less commonly found in the cuneiforms and cuboid. Lastly, pyogenic infection can
lead to cortical erosion of the calcaneus, usually in the posteroinferior region
(Manchester: 1989 unpublished). Figure 4.10 presents the pattern of development of
dorsal tarsal exostoses.

In many cases of the disease, the changes occurring in the joints are similar to those
in the hand. The interphalangeal joints are associated with subluxation, cupping,

dislocation and pyogenic arthritis. The cupping and peg deformities occur most
commonly in the metatarsophdangeal joints because of the marked concentric
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remodeling in the metatarsals. Pyogenic septic arthritic changes of the
metatarsophalangeal joints occurs typically in the 1" and 5" metatarsophalangealjoints,
if the transverse arch is maintained. If there is collapse of the transverse arch, ulceration

of the plantar surface of the mid metatarsophalangealjoints, with subsequent arthritic
changes of the 2nd,3rd,and 4' rnetatarsophalangeal joints will occur (Manchester: 1989

upublished). Thc inta-tarsaljoinis ilernoi~strateinfestive changes resulting in
"dislocation, ankylosis, and disorganization. Mid-tarsal infective change without
infective change in the forefoot may occur in the presence of longitudinal arch collapse,
plantar ulceration, and spreading deep sepsis"(Manchester: 1989 unpublished).

Figure 4.10: Pattern of Development of Dorsal
Tarsal Exostoses.

Reproduced by kind permission of Dr. K. Manchester

4.6.7 Bone Changes of the Tibia and Fibula

It has been noted by several researchers that leprosy affects the long bones of the
lower leg, and in rare cases the bones of the forearm @e la Camp 1900, Chamberlain et
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al. 1931, Hirschberg and Biehler 1909, Riordan 1960). Mailer-Christensen (1953)
identified tibular and fibdar deposits in a large number of the skeletons excavated at St.
Jorgen's gard, Naestved, Denmark. In addition, similar changes were noted by MollerChristensen (196 1) in 5% of the skeletons excavated at Aebelholt Monastery, Denmark.

The bone change is destructive and proliferative, and is characterized by irregular
subperiosteai deposits. Although these deposits may occur on any portion of h e tibia1 or
fibular shaft, they are usually concentrated in the distal third (Steinbock 1976). The

inflammatory change is typically bilateral, and most marked on the adjacent surfaces of
the tibia and fibula (Manchester: 1989 unpublished). In the majority of cases, the tibia
appears to be more severely affected than the fibula. The change is characterized by
thickening of the periosteurn with a retention of the common vascular markings. Plate
4.15 presents periosteal inflammatory change on the mid-shaft of the tibia and fibula. The

thickening often gives the appearance of a pillow of periosteum. In more severe cases,
%e

periosteal deposits are found as solid, irregular masses with grooves and pits

interspaced"(Andenen 1969: 1 15). The periosteal deposits are manifested in a wide
spectrum of appearances, ranging From active, plaque-like deposits, to striated
longitudinal subperiosteal new bone. In many cases the subperiosteal deposits are crossed
by distinct transverse striations, which may appear as vascular grooves. The reason for
the periosteal deposits remains unclear at present. Moiler-Christensen and Weiss (197 1)
have suggested that the reaction may result either from periosteal involvement by the
primary infection, or as the consequence of an ascending secondary infection from the
foot. Manchester (1 989 unpublished) suggests that the changes may result from a toxic
'abacterial' process, as the changes are only associated with infection in the foot, and the
bone change may not occur at the early stages of infection. He notes that the tibiofibular
change seems to occur most commonly in the presence of midfoot plantar ulceration and
longitudinal arch collapse. In an examination of 56 clinical cases of leprosy, 17 patients
showed evidence of bilateral periosteal deposits, and three demonstrated evidence of
unilateral periosteal deposits (Andersen 1969: 1 16). A comparison was made between the
periosteal deposits and the condition of the foot. In multiple instances, the deposits were
associated with plantar ulceration, and all cases were associated with anaesthesia Despite
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this correlation, Andersen concluded that periosteal deposits are the result of chronic
inflammation of a non-specific nature, and cannot be definitely linked to the primary
infection of leprosy.
Plate 4.15:

Periosteal Inflammatoy Change on the Mid-shaft of
The Tibia and Fibula of Skeleton 88 (male), Hospital
of S t James and St Mary Magdalenc, Cltichester.

Reproduced by kind permission of Dr. D. Ortner.

4.6.8 Osteoporosis

Osteoporosis is not a condition that is related only to leprosy. With age, it is
normal to experience bone loss. The normal decrease of bone mass is referred to as
'osteopenia', a non-specific term used to refer to the general loss of bone resulting from

any stimulus. If the general loss of bone progresses to the point where it falls below a
particular threshold (osseous tissue per unit of bone volume), and predisposes the
individual to microscopic or macroscopic fracture, the condition is referred to as
'osteoporosis'. Osteoporosis occurs when the normal balance between osteoclasts and
osteoblast activity becomes unstable. The importance of evaluating the extent of
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osteoporosis in leprous skeletal material lies in the way in which it predisposes the
individual to trauma and fracture.
A classification system composed of three stages has been devised to score the

type of leprosy-induced osteoporosis in individuals. This system has resulted from
radiographic studies of osteoporosis reiated to the disease. Wnm investigating the
radiographic indicators of osteoporosis, it is important to evaluate the density of the
radiographic shadow, in addition to the trabecular structure of the bone, and the thickness
of the bone cortex (Barnet and Nordin 1961, Fontaine and Hermann 1933). In the first
and least severe stage, defined as 'minimal subarticular', there is a reduction in the
number of trabeculae in the articular bone, with evidence of thinning of the cortex
restricted to this area. In the second stage, known as the 'moderate cortical', there is a
reduction in the density of the cortex, so that trabeculae can be identified in the cortical
layer also. Lastly, at the 'advanced' stage, the inner layers of the cortex are absorbed so
that there is thinning of the cortex, and the medullary region has a ground glass
appearance (Pateaon and Job 1964: 445).

In leprosy, there is an imbalance between bone absorption and bone formation,
which is directly related to the extent of bone mobility. When mobility is restricted due to
anaesthesia or deformity, osteoblastic activity becomes locally reduced (Paterson and Job

1964: 445). This in turn leads to thinning of the cortical bone, and a decrease in the
density of bone trabeculae. Progressive loss of bone leaves the individual prone to
hairline and pathological fracture. Thus, disuse osteoporosis can affect the hand or foot,
as a result of paralysis and/or conttactures causing reduced osteoblastic activity (Jopling
1971: 30). It is likely that there are multiple factors that affect the development of
osteoporosis in individuals suffering from leprosy. Apart from the factors related to
disuse, it has been suggested that the balance of the sex hormones estrogen and androgen
can affect the onset of osteoporosis. With the onset of menopause in females, a
"hormonal imbalance is created by an increase in the antianabolic adrenal glucocoticoid
hormones relative to the sex hormones. The result of this imbalance is
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osteoporosis"(Steinbock 1976: 256). Sex hormones are not considered responsible for the
condition in females with leprosy, as the reproductive system of the female is not affected
by the disease. However, osteoporosis in males with leprosy results from testicular
atrophy and the defective production of testosterone (Jopling 1971: 30).
It is sossible th32 evidence of osteoporosis in individuals ~ i t advanced
h

lepromatous leprosy results from disuse, hormonal imbalance, or a combination of the
two factors. However, an interesting feature of the disease in cases with sensory nerve
damage is not the presence of osteoporosis, but the unusual lack of it (Paterson and Job
1964: 445). In such cases, the osteoblastic activity is assumed to be controlled by a local
nervous mechanism (Mason 1950). With the invasion of the bacilli into the peripheral
nervous system, the conk01 of the central nervous system is diminished. Therefore, in
cases where there are bones which would normally not be used due to pain, with sensory
impairment, continued use and movement would lead to stimulation of local osteoblasts
(Paterson and Job 1964). Thus, evidence of osteoporosis in skeletal samples may be
exaggerated, and there may be other explanations for the appearance of light bones
previously thought to be indicative of osteoporosis. In particular, soil characteristics and
taphonomic processes must be examined in cases where the skeletal material is unusually
light in weight.
4.6.9 Other Bone Changes

In addition to the bone changes which directly result from the invasion of leprosy
bacilli, there are bone changes that have been identified in affected individuals, which
may, or may not, be related to the disease itself. In most cases, these are secondary
changes resulting from the destruction of specific bones or the invasion of the peripheral
nerves by the bacilli. These changes include enlargement of the nutrient foramina,
erosive joint lesions observed as osteochondritis dissecans-type lesions, and bone cysts.
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A minor bone change observed in leprosy is the appearance of enlarged nutrient

foramina An enlargement of the nutrient foramen is estimated to occur in the hands in
30% of cases of the disease (Campillo 1983). This condition is most often observed in the

metatarsals and phalanges of the hands and feet, but has also been observed in the long
bones of the leg and forearm. It is generally held that the enlargement of the foramina
results from tl~einvasi~nof the leprosy bacilli iilto thc p ~ f i ~ h ~ncr;ol;s
i a l system, and th;

subsequent swelling of the nerves and vessels (Manchester: personal communication).
However, in a study of 50 normal leprosarium staff in Hong Kong, 12 individuals were
found to have radiological holes in the distal portion of the phalanges, ranging in size
from 1 rnm or less. These holes were considered to be normal if they were under 1 mm in
diameter. Of 894 leprosarium patients, only 13 showed evidence of radiological holes
exceeding this diameter (Paterson and Job 1964: 432). In addition, a patient with a similar
lesion over 1 rnrn in diameter showed no evidence of change over an eight-year period.
There was "no sclerosis of the borders of the defect, and an arteriogram showed no
evidence of a nutrient artery entering at this point"(Paterson and Job 1964: 432).
Therefore, at present it is impossible to conclude that enlarged nutrient foramina are
pathognomic of leprosy, or are reliable indicators of the presence of the disease, as they
occur in a small number of normal individuals, and only in a minimal number of leprous
individuals.
Erosive joint lesions appear as osteochondritis dissecans-type lesions, principally
seen as a small circular erosion o f the cortical bone, often exposing the bone trabeculae
underneath. These lesions are most commonly found at the base of the phalanges of the

hands and feet, particularly the 1" proximal phalanx of the foot. It is probable that these
small lesions are not directly related to leprosy, but result from chronic subluxation due
to motor paralysis and loss of proprioception (Manchester: 1989 unpublished).
Although lepromatous cysts are generally uncommon, investigators have

observed small subarticular or rounded pseudo-cystic bony defects, most commonly in
the distal ends of the phalanges, or the patella (Pateson and Job 1964: 432). In the
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majority of cases, these cysts are juxta-articular, regular and smooth-walled, and are
associated with surrounding osteosclerosis (Manchester: 1989 unpublished).

4.7 Differential Diagnosis

Investigators of disease in past populations are well versed in the difficulty in
accurately isolating a particular pathognomic process. Conditions, which would be easily
diagnosed in modem clinical patients, become indiscernible when one does not have the
benefit of soft tissue examination. In addition, the presence of more than one condition at
one time, or a series of processes throughout an individual's life, can obscure the
evidence of disease in bone. The problems involving the accurate diagnosis of
treponemal infection and leprosy in skeletal populations are three-fold. First, all of these
pathological entities are chronic long-standing infections in which bone changes typically
occur only in the late stages. Therefore, it is likely that a number of affected individuals
will not demonstrate any ante-mortem bone pathology. In addition, individuals who
manifest spontaneous healing or less severe forms of disease in which the bone is rarely
affected, or succumb during the early stages of disease, are likely to demonstrate negative
evidence. Second, in the case of treponernal infection, it is often extremely difficult to
identify the specific condition within the treponemal complex. In the case of yaws and
endemic syphilis, geographic location, climatic and cultural parameters can greatly assist

in differential diagnosis. However, as venereal syphilis is not restricted by climatic or
geographic conditions, it is extremely difficult to differentiate between it and the nonvenereal forms of the disease, particularly after the 1'6 Century when venereal syphilis
was clearly recognized as a distinct pathological entity. Lastly, there are several other
pathological conditions that affect the bones in ways that mimic the osseous changes of
treponemal infection and leprosy. In particular, venereal syphilis has been known for

many years as the 'great imitator'. Therefore, it is vital that the examiner be well versed
in the often-subtle bone changes characteristic of the different conditions under study. In
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addition, until new investigative techniques are developed it must be accepted that a
number of infected individuals in past populations will not be identified.

In the analysis of pathology in skeletal material, the ability to differentiate
specific conditions is to a large degree dependent upon the overall representation of bone

elements for caih iiidi-Veidual. As ihc ~ C S C X C ~ is
C ~c o x e x e c ! *xivithan overdl psttern of
pathology in each skeleton, one's ability to eliminate other pathological conditions is
increased as bone preservation is increased. In the case of treponemal infection and
leprosy, if one has a high level of skeletal preservation, there is minimal difficulty in
differentiating these diseases, both from each other and from other pathological entities.
Particularly in cases where the complete skull is present, the different osseous changes
indicative of both of these conditions can easily allow for differentiation between them.

4.8

Differential Diagnosis for Yaws, Endemic Syphilis and Acquired Venereal
Syphilis
There are a number of conditions that are known to cause cutaneous lesions

similar, or identical to those observed in the treponemal diseases. As this work is
concerned with the affects of treponemal disease on bone, it is not necessary to elaborate

on the soft tissue manifestations of disease. However, there are also a series of medical
conditions that do cause bone changes similar to those of the treponemal complex.
Therefore, it is crucial that the investigator assess not only the nature of the specific
pathological changes in the osseous tissue, but also establish the distribution of lesions
throughout the skeleton. Although the distribution of lesions in many cases allows for an
identification of a specific pathological condition, it is often the case that excavated
material is not complete. Differential preservation and careless or inexperienced
excavation techniques often result in the non-recovery of certain bone elements,

particularly the small bones of the body, as well as the remains of sub-adult individuals.
Therefore, it is essential that one can identi@ multiple indicators of a disease process in
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the skeleton, and in the case of venereal acquired syphilis, the caries siccn sequence is an
essential feature for a definitive diagnosis.
The following conditions are characterized by bone pathology that is most

commonly confbsed with treponemal diseases in the field. For details of the differential

diagnosis of the trcponcnal &S:UCS,

the icadci is dir~ctcdto t h work
~ of Bogdm and

Weaver (1992), Steinbock (l976), Ortner and Putschar (198 l), and Aufderheide and

Rodriguez-Martin (1 998).
4.8.1

Infections

1. Tuberculosis: Skeletal tuberculosis is often difficult to distinguish from osseous

syphilis. Tuberculosis is a condition that affects the marrow-producing regions of the
skeleton, and therefore has a predilection for the vertebrae, ribs, knee, and hip.
Modem clinical studies indicate that skeletal tuberculosis is identified in
approximately 1 % of all patients with tuberculosis (Davidson and Horowitz 1970,
Zimmerman and Kelley 1982). However, in the period prior to effective antibiotic
treatment, the incidence of skeletal involvement is estimated to be between 5.7%

(Cheyne 191 1, LaFond 1958, Steinbock 1976). The vertebral column is affected in
between 25 to 50 percent of cases of skeletal tuberculosis, the hip joint in 15 to 30
percent of cases, and the knee in 10 to 20 percent of all cases (Steinbock 1976: 176).
The high degree of skeletal involvement of the vertebral column in tuberculosis
makes this region extremely important for the evaluation of the presence of this
condition. In the early phases of tuberculosis, osseous change tends to be progressive
with marked bone destruction. In addition, throughout the progress of tuberculous
infection there is usually little reactive bone formation perifocally (Ortner and
Putschar 1981). The "hypertrophic "swelling" of the long bone diaphyses rarely
occurs in tuberculosis compared to syphilis" (Steinbock 1976: 137). Erosion of the

cranium in tuberculosis is S e q u e n t , but usually commences in the inner table as

opposed to the extensive outer table involvement of syphilis (Ortner and Putschar
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198 1, Steinbock 1976). Tuberculosis is one of the few infectious diseases that can

result in destruction of the rhinomaxillary region of the face. However, destruction of
the facial skeleton in tuberculosis known as lupus vulgaris, is extremely rare (Ortner
and Putschar 1981). Rhino-maxillary tuberculosis is not "regularly bilaterally
symmetrical, and is largely destructive without gross evidence of repair9'(Manchester
1994: 50). The extent of the d e s ~ ~ c t i oisngcncially gicatcr and moic irrcplar than in
treponemal infections, and in treponemal disease there is an obvious tendency to
some degree of bilateral symmetry (Manchester 1994). Less commonly, tuberculosis
is known to affect the ankle joint, and the bones of the hands and feet. In cases where
the extremities are involved the "phalanges of the hand and metatarsals of the feet
may reveal multiple destructive foci with marked periostitis resulting in cortical
expansion"(Steinbock 1976:208). The lesions observed in the extremities are
generally asymmetrical, and rarely bilateral (Feldman et al. 1971). In addition, the
involvement of the bones of the hands and feet is usually restricted to children
(Paterson and Job 1964). As the hands and feet are rarely, if ever, affected in endemic
and venereal syphilis, this feature presents an important diagnostic tool. However, in
a minority of cases of tertiary yaws, dactylitis of the fingers is observed. It is
important to note that this is an extremely rare condition that is almost exclusively
observed in adult individuals. in addition, as dactylitis is a symptom of severe tertiary
yaws, it is highly unlikely that osseous change would not be observed in other
skeletal elements, allowing for a differentiation from tuberculosis. Therefore, features

such as inner table involvement, hip and vertebral involvement, and the lack of
reactive bone formation in tuberculosis should alIow for a differentiation of this
disease fiom conditions of the treponemal complex.

2. @onenic Osteorn~elitis:This condition may strongly resemble the early stages of
osseous syphilis observed as periostitis and osteitis. Osteomyelitis, in which '%he
original focus of the disease is in the marrow, can be limited to the marrow and
produce only endostosis or spongiosclerosis; more often, however, it also involves the
outer surface of bone and stimulates periostitis"(0rtner and Putxhar 1981:4 1). It
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appears that pyogenic osteomyelitis does not involve as many bones as syphilis, and
"produces sequestrum and cloaca formation, lesions that are rarely observed in
syphilisW(Aufderheideand Rodriguez-Martin 1998: 164). In rare cases when these
lesions are observed in acquired syphilis, "major sequestra are missing, and the
margins of the defects are rough and thin,and not smooth and sclerotic as on the
cloacas of pyogeric osteomye!itis"(Ortr,tr m d Putscbu 198 1 : 197). In nddition,

pyogenic osteomyelitis involves the cranium only in rare instances, except as a
secondary infection of syphilitic gummata in the region (Steinbock 1976).
3. Lewosy: leprosy is a chronic infectious disease of the peripheral nervous system. The

bone changes in leprosy have been dealt with in detail in both the clinical and bone
changes chapters of this work. A differential diagnosis between leprosy and the
treponemal diseases should be possible without tremendous difficulty in cases where
there is a good representation of skeletal elements. Osseous changes in leprosy focus
on destruction of the rhinomaxillary region of the face, the bones of the hands and
feet, and periostitis of the lower limb bones, particularly the tibia. However, leprosy
rarely, if ever, affects the cranial vault or the nasal bones. In the rhinomaxillary
region of the face, the "gross appearance in treponemal disease is of direct bacillary
action, with pitting, new bone formation, and remodeling. Thus, it is of different
pathogenesis to the leprous alveolar process change, and it is not considered to be due
to neurovascular damage by the TreponemeW(Manchester1994: 80). Unlike the
treponernal infections, the hands and feet are often involved in leprosy. Although
dactylitis of the hands is a rare feature of yaws, in this condition the distribution is
usually asymmetrical, as opposed to a bilateral distribution in leprosy. Although
periostitis and occasional osteitis are features of osseous leprosy, these are nonspecific indicators of systemic stress that should not be used as diagnostic criteria in
the absence of other definitive changes in the skeleton. Lastly, the rare presence of

septic destruction of the feet in leprosy is not a recognized feature of treponemal
infection.

1 . Priman, Osteozenic Sarcoma: This condition is included in the differential diagnosis

of treponemal infection as a similar radial pattern of subperiosteal spiculation is found
in syphilis and osteosarcoma (Steinbock 1976). Osteosarcoma is a malignant bone

tumor that almost exclusively affects a single bone, while osseous syphilis is often
bilateral and affects an adult age group (Aufderheide and Rodriguez-Martin 1998).
This disease is observed most often in adolescents and young adults, and affects

males twice as often as females. The appearance of ''this tumor is closely related to
the areas and periods of greatest enchondral growth. The most active growth plates in
the skeleton are those of the distal femur, the proximal tibia, and the proximal
humerus. The most common location of this tumor is the distal femoral metaphysis,
followed in frequency by the proximal tibia1 metaphysis and proximal humeral
metaphysis"(0rtner and Putschar 198 1: 384). This form of tumor has a predilection
for the long bones of the extremities, and rarely affects the small tubular bones of the
extremities, the cancellous bone, or the skull (Ortner and Putschar 1981).
2. Metastatic Carcinoma:This condition may be confused with treponemal infection in
cases where it affects the cranial vault (Aufderheide and Rodriguez-Martin 1998).
Metastatic carcinoma "lesions in bone are produced by detached hgments of a soft
tissue cancer which are disseminated in the body by the bloodstream and set up
secondary foci of neoplastic growth"(Steinbock 1976: 385). It is important to note
that unlike those viewed in treponemal infection, the cranial lesions of metastatic
carcinoma are "small, not especially necrotic, defects in the cranium accompanied by
little if any bone regeneration. The tumourous lesions are widely scattered and rarely
coalesce unlike the large areas of necrosis in cranial syphilis"(Steinbock 1976: 137).
In metastatic carcinoma there is a predilection for the inner table of the cranium, and
due '20 its frequently rapid growth rate, full thickness destruction of both tables and
the intervening diploe is common, resulting in a hole with crenelated nonreactive

border"(0rtner and Putschar 1981: 190). As the pattern and nature of destruction in
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metastatic carcinoma differs from that of acquired syphilis, it should be able to be
eliminated as a possible diagnosis in cases where the skeleton is well represented.
3. iMultinle Myeloma: This condition is a malignant neoplastic proliferation of the

plasma cells in the osseous marrow (Steinbock 1976). The same criteria as those
listed for me+-tic

carcinoma arc applicable to *is condition. In cases of n~ultiple

myeloma the lesions are smaller and purely lytic in nature (Aufderheide and
Rodriguez-Martin 1998).
4. Meninaioma: This condition is not primarily a tumor of osseous tissue, and is

exclusively a tumor of the skull. It arises from the "mesothelial lining cells of the dura
mater of the brain and spinal cord. Not uncommonly the cranial meningiomas invade
the cranium through the internal table often eliciting a massive response of reactive
bone in form of radiant spicules, which may project outward from the destroyed outer
tableW(0rtnerand Putschar 1981: 378). Although the age distribution for meningioma
overlaps that of syphilis, unlike syphilis it is a condition that never affects the
postcranial skeleton (Aufderheide and Rodriguez-Martin 1998, Bogdan and Weaver
1992).

5. Ewing S Sarcoma: Ewing's sarcoma is the third most common primary malignant
tumor of osseous tissue (Ortner and Putschar 1981). In rare cases of yaws, the
deposition of periosteal new bone is so marked that the roentgenographic appearance
resembles the "onion-layering" of Ewing's sarcoma (Helfet 1944). This condition has
a predilection for young individuals and males, with the majority of cases occurring
between the ages of eight and fifteen years, and two-thirds of the affected individuals
being male (Aufderheide and Rodriguez-Martin 1998). The tumor "is formed by very

primitive mesenchymal round cells, which do not produce matrix of any kind"(0rtner
and Putschar 1981: 387). The long bones are preferentially involved, particularly the
humerus, tibia, and femur (Aufderheide and Rodriguez-Martin 1998). However,
Helms (1989) observed that in affected individuals over the age of 25 years, the flat
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bones are the most commonly involved primary locations. In a minority of cases
pathological Fracture is observed (Aufderheide and Rodriguez-Martin 1998).
4.8.3 Miscellaneous Conditions
Panet's Disease: Paget's disease or 'osteitis deformans', is a chronic bone disease

characterized by a "pathological speedup and distortion of the normal remodeling
mechanism.. .The initial change is excessive osteoclastic resorption accompanied by
fibrous conversion of the bone marrow and hypervascularity. This is followed by
osteoblastic overstirnulation, producing irregular and excessive amounts of woven
and lamellar boneW(Ortnerand Putschar 1981: 309). The disease rarely appears before

40 years of age, and usually appears after the age of 50, with males involved more

often then females (Ortner and Putschar 1981). This condition can be associated with
postcranial changes that are similar to those of syphilis. However, the substantial
thickening of the skull vault in Paget's disease is very different from the changes
observed in syphilis. In addition, the "histologic examination of macerated bone
affected by Paget's disease reveals a mosaic architecture not found in
syphilis"(Steinbock 1976: 137).
2. American leishmaniasis: This condition, often referred to as 'Uta' or 'Spundia' is a
parasitic infection of the mucous membranes and skin. The initial "lesions appear on
skin surfaces exposed to fly bites. Years later the nasal mucocutaneous areas and even
associated bone may become involved and can be devastatingly destructive with
extensive disfigurement"(Aufderheide and Rodriguez-Martin 1998: 257). The facial
destruction of this condition often resembles the gangosa of tertiary yaws, and
unfortunately is found in a geographic distribution similar to yaws in the New World
(Aufderheide and Rodriguez-Martin 1998). The presence of gangosa is only
indicative of yaws in cases where there are osseous lesions in the remaining skeleton.
Therefore, one must look at the distribution of lesions throughout the entire skeleton

in order to eliminate leishmaniasis as a possible differential diagnosis.
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3. Psoriatic Arthritis: Psoriatic arthritis is a systemic disease with clear cutaneous

symptoms that involve the joints in a similar pattern to rheumatoid and ankylosing
spondylitis. The destructive lesions in the hands and feet associated with this
condition can resemble the dactylitis of tertiary yaws. In the severe form of this
malady, "lytic destruction of fingers and toes occurs with later joint deformation
('wfhitis mutitilms') ...Osteciysis of these smdl bones c m be profound, m d the

shortened bones cause soft tissue overlap on the fingers. Subchondral cysts, ankylosis
and subluxations are common. Lesions are asymmetrical and juxtacortical osteopenia
is often absent (distinguishing features). Sacroiliac and vertebral lesions occur in up
to 25% of the casesn(Aufderheide and Rodriguez-Martin 1998: 104). This condition
can be differentiated from tertiary yaws dactylitis as the latter disease is extremely
rare and in almost all cases is associated with osseous change in the skull and other
bones of the postcrania. In addition, yaws is not known to affect the vertebral column
or sacroiliac joints.
4. Enterobucteriu: This category includes many organisms such as members of the

genus 'Salmonella', and the genus 'Pseudomonas'. All age classes are equally
affected by diseases within the enterobacteria. The knee is the most commonly
affected joint, and generally the distribution is monoarticular. However many joints
can be affected by these conditions, and they are associated with destruction of
articular surfaces, arthritic changes and bony ankylosis, although sequestra are
uncommon (Canci et al. 1994: 90). Differential diagnosis with the treponemal
infections is possible on the basis of the absence of cranial changes, and the presence
of ankylosis which is an extremely uncommon feature of the latter complex.
4.9 Differential Diagnosis for Congenital Syphilis
1 . Rickets: This is a systemic disease of early childhood resulting from an "inadequate

availability of effective vitamin D, which is essential in the mineralization process of
the organic matrix of bone (osteoid). ..The highest fiequency is observed between 6
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months of age and 2 years in the sunless winter months. Only a few new cases
develop after 4 years of age "(Ortner and Putschar 1981: 2734). The disease is often
characterized by cranial lesions giving a 'hot-crossed bun' appearance (Steinbock
1976). Postcranial changes include cortical thickening and medullary thinning,
expansion of the metaphyses and marked anterior or lateral bowing, particularly of

the tibia and fibula (Skiiihck 1976). A!thocgl rickets may presczt :tsseous changes
similar to those observed in congenital syphilis, the latter is present at birth while
rickets develops in the older infant (Aufderheide and Rodriguez-Martin 1998). In
addition, in rickets the destruction results from static forces, whereas in congenital
syphilis deformities are observed in regions of active bone formation (Turek 1982).
Finally, Taylor (1 875) states that cranial bossing is much more common in rickets

than in congenital syphilis, and he presents a number of substantially different
postcranial changes to aid in differential diagnosis.

2. S c u m : This disease can cause postcranial changes that resemble those observed in
congenital syphilis. This condition results from a prolonged inadequate consumption
of Vitamin C, which is essential for the synthesis of adequate amounts of osteoid

(Ortner and Putschar 1981, Steinbock 1976). Infantile scurvy is rarely seen before 4
months of age, and the incidence peaks between 8 and 10 months of age (Wimberger
1925 cited in Ortner and Putschar 1981: 270). The skeletal changes "are most marked
in the areas of most rapid growth: costochondral junctions of ribs, distal rnetaphysis

of femur, radius and ulna, and proximal metaphysis of humerus"(0rtner and Putschar
1981: 270). The metaphyseal irregularities in the long bones in congenital syphilis

may be associated with hgmentation and fractures that can resemble the lesions of
infantile scurvy (Turek1982, Murray et al. 1990, Aufderheide and Rodriguez-Martin
1998). However, as in rickets, this condition is not associated with newborns, a fact
that can aid in differential diagnosis. In addition, the distribution and nature of

osseous changes associated with congenital syphilis should allow for a definite
diagnosis in cases where the skeleton is well represented.
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3 . Stre~tococcussp.: The organisms of the genus streptococcus generally affect children

under two years of age with a predilection for involvement of the humerus. The
pattern of skeletal lesions involves the presence of sequestrum surrounded by
involucnun, and cloaca are commonly present (Canci et al. 1994: 90). As these
pathological changes are not typically observed in congenital syphilis, it should be

possible to e!irnir.ate Streptococcus i;lfection as a diff~i~iitial
diagnosis.
4. Sta~hvlococcusso. : The species of the genus Staphylococcus typically affect children

under the ages of 13 years. They usually affect the tubular bones, particularly the tibia
and femur, although the spine is often involved in adults. The pattern of skeletal
lesions is identical to those found in Streptococcus infection (Canci et al. 1994).

5 . Rubella: Rubella is a "common, acute, contagious disease caused by a virus (rubella
virus) that usually affects children and young adults and is characterized by a benign rash

and lymphadenitis. However, if the mother is infected in the first trimester of pregnancy
it can lead to serious fetal abnormalities.. ."(Aufderheide and Rodriguez-Martin 1998:
209). Skeletal lesions occur in approximately 35% of cases, and involve the metaphyses
of the long bones, particularly the distal femur, proximal tibia, and the long bones of the
upper limb. The skull, vertebrae, and ribs can also be affected in rubella (Aufderheide
and Rodriguez-Martin 1998).. The most distinctive radiological lesions are observed in
the metaphyses of proximal tibia and distal femur. These demonstrate poor mineralization
and roughening of the trabecular pattern, with longitudinal streaks of alternating
sclerosis, and lucency, or a broad band of lucency (Ortner and Putschar 1981, Aegerter
and Kirkpatrick 1975). The lucent osteopenic areas are vulnerable to pathological fracture

(Murray et al. 1990). The diaphyses of the long bones are not affected and the skull can
demonstrate "enlargement of the anterior fontanel and poor mineralization. The bone
changes disappear at about 2-3 months of age (if the infant survives) without leaving
residual irregularities, with the exception of thickening of the zone of provisional

calcification"(Aufderheide and Rodriguez-Martin 1998: 2 10).

4.10 Differential Diagnosis for Leprosy

There are a series of medical conditions that cause bone changes similar to those
observed in leprosy. An important factor to consider in the diagnosis of leprosy is the
distribution of lesions throughout the skeleton. Several conditions that cause osseous

changes similar to leprosy are restricted to one area o f the body, such s the hmds or feet.
Many central nervous system diseases with motor and sensory nerve deficits in the
extremities can produce deformities in these regions which mimic those of leprosy
(Leiker 1985: 178). In addition, plantar ulcers located in the same regions as leprosy can
also occur as a result of other neurological disorders, or diabetes (Leiker 1985). However,
diabetes mellitus never produces skeletal changes in the skull (Andersen 1969: 119).
Another characteristic of conditions that mimic leprosy is the tendency for many of the
bone changes to be asymmetrical, and not show the bilateral distribution typical of
lepromatous leprosy. These factors should help to differentiate other conditions from
leprosy. A definite diagnosis of leprosy is often hampered by non-recovery of the small
bones of the hands and feet during excavation. This lack of representation is one of the
major factors that led to Moller-Christensen's suggestion that leprosy should not be
definitely diagnosed without evidence of facies leprosa in the skull. Facies leprosa
involves changes that cannot truly be confused with any other condition, and the focal
nature of the alveolar absorption rules out the possibility of conditions such as
paradentosis and paradentitis (Anderson 1969: 1 19). Even in situations where the skull is
preserved, and demonstrates changes indicative of leprosy, it is necessary to provide
evidence of the disease in the extremities to put forward a diagnosis of definite leprosy.

In addition, one should be extremely careful in diagnosing a case on the basis of changes
observed solely in the hands and/or feet. When in doubt, it is best to be conservative in
the diagnosis.
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The following conditions are characterized by bone pathology that is most
commonly confhed with leprosy:

1. ~~cr"onenrfi!osis:
.4lthcugh y312;s is b.cno~?.m tc s e c t ?he facial bcnes, and the bcnes of

the hands and feet in rare instances, it is venereal syphilis that produces changes that
have most often been confused with leprosy in past populations. As previously
discussed, the treponemal infections are caused by bacteria of the genus Treponema.
In the tertiary stage of venereal syphilis the osseous change is most frequently
observed in the frontal and parietal bones of the cranium, the nasal-palatal region of
the face, and the tibia. These three areas combined account for 70% of all tertiary

syphilitic bone lesions (Ortner and Putschar 1981: 182). The disease is known to
affect the bones of the sternum, ribs, clavicle, and the long bones of the extremities
less commonly, and in rare cases, the vertebrae of the spine. The general confusion
between syphilis and leprosy results from the similar pattern of destruction found in
the nasal-palatal region. In syphilis, the bones most often affected in this area are the

nasal bones, nasal septum, hard palate, turbinates, and the medial walls of the antra of
the maxilla. The thin bones are destroyed in many cases, which results in the
perforation of the nasal septum and hard palate. The margins of the area are bordered
by smooth sclerotic bone (Ortner and Putschar 1981: 192). Although these osseous
changes can appear to be identical to those occurring in leprosy, the general nature
and pattem of the two diseases allows one to differentiate between them. First, the
perforation of the hard palate and destruction of the maxilla tend to involve a different
pattern than the more central and frontal changes observed in leprosy. Second, the
bone resorption in syphilis involves the nasal bones, a situation which does not occur
in a true case of leprosy. Third, in syphilis the fkontal and parietal bones of the s M 1
vault are affected, and demonstrate the 'worm-eaten' appearance of the caries sicca
complex, associated with gross bone destruction and irregular repair (Manchester

1983:47). In contrast, the s M 1 vault is not affected in leprosy. In the post-cranial
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skeleton ,the dactylitis of syphilis and yaws rarely resembles the absorptive changes
of leprosy. In many cases "there is often phalangeal 'expansion' through
subperiosteal apposition rather than concentric absorption with endosteal bone
formation"(Steinbock 1976: 208). The syphilitic effects on the long bones,
particularly the tibia, are associated with gummatous osteoperiostitis and non~-atous

lesions (Ortner md P~tstschar1981). The corticd thickening an-.! extensive

periosteal thickening often referred to as 'saber shin' tibia, are not characteristic
features of leprosy. However, inflammation of the periosteum is observed commonly
in leprosy. In the majority of cases of syphilis, the specimen exhibits gross bone
changes of the skull and/or postcrania which clearly negates a diagnosis of leprosy. it
is clear, that although there are osseous changes in syphilis that do resemble those
observed in leprosy, an evaluation of the distribution of the lesions should allow for
their differentiation.

2. Tuberculosis: Recent research has concentrated on the possible inter-relationship
between leprosy and tuberculosis. Both of these conditions are caused by
mycobacteriurn; leprae and tuberculosis respectively. The fact that the pathological
organisms both belong to the genus Mycobacterium may in part explain the apparent
cross immunity between them.This cross immunity has important implications for
the evaluation of incidence and prevalence rates of the two diseases when present in
the same population. However, the etiology of the two diseases is very different, and
the effects on the bone are diverse enough to allow for differentiation. Tuberculosis is
a condition that affects the marrow-producing regions of the skeleton. Therefore, it

has a predilection for the vertebrae, ribs, hip and knee. The vertebral column is
involved in between 25 to 50 percent of cases of skeletal tuberculosis, the hip joint in

IS to 30 percent of cases, and the knee in 10 to 20 percent of all cases (Steinbock
1976: 176). The high degree of involvement of the vertebral column makes it an
extremely important region for the evaluation of the presence of the disease. Less
commonly, tuberculosis is known to affect the ankle joint, and the bones of the
fingers and toes. In cases where the extremities are involved "the phalanges of the
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hand and metatarsals of the foot may reveal multiple destructive foci with marked
periostitis resulting in cortical expansion"(Steinbock 1976: 208). However, the
lesions observed in the extremities are generally asymmetrical, and rarely bilateral, a
factor which should distinguish them fiom leprosy (Feldman et al. 1971). In addition,
the involvement of the bones of the hands and feet is usually restricted to children

(Paterscr! and Job 1064: 433). Therefore, the high frcqucncy of lesions in ille
vertebral column in tuberculosis, and the involvement of the hip and knee joints, all
of which do not occur in leprosy, should allow one to effectively differentiate
between the two conditions.
3. Glander 's Disease: Glander's disease is a zoonosis, and is typically spread from

infected animals to healthy ones. This condition is caused by the gram-negative
bacillus Pseudomonas mallei, with horses and donkeys representing the principle
reservoir of the condition (Aufderheide and Rodriguez-Martin 1998: 199). Infection
occurs fiom inhalation of discharges fiom the respiratory tract or exudates of skin
lesions (Hull 1963: 268). Humans do not tend to be highly susceptible to glander's
disease. However, they have been known to become infected fiom direct or indirect
contacts with infected animals, their tissues and cultures of the organism (Hull 1963:

268). It is interesting to note that although the disease can be transmitted through skin
Lesions, the typical mode of transmission is through the respiratory tract, a
characteristic feature of leprosy. The osseous changes associated with glander's
disease most often involve the cranial bones, particularly the nasal region. These
include periosteal abscesses on the cranial roof, periostitis of the vomer, sphenoid and
pars basilaris of the occipital, perforation of the cartilagenous and bony septum,
cavitation in the nasal bones, knots on the nasal conchae and cribriform plate,
necrosis of the maxillary process and inferior nasal conchae, and perforation of the
maxillary sinus and/or the hard palate (Bietzke-Graz 1934, Hull 1963, Aufderheide

and Rodriguez-Martin 1998). In cases where the W c r a n i a l skeleton is affected, only
the bones of the lower extremities, particularly the tibia, are involved in glander's

disease. These changes are characterized by ulceration and periosteal thickening of
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the tibia, metatarsals, and in some cases the tarsals, with additional destruction to the

phalanges. These skeletal lesions are non-specific and must be diagnostically
differentiated from leprosy and tertiary syphilis (Ortner and Putschar 1981). Although
joint involvement is observed in glander's disease, it is relatively uncommon. In cases
where the joints are affected, it usually results from the "hernatogenous bacillary
disscminatioii from the nasal area to d ~ sy
e nuviunl, rareiy as an extension from an

osteomyelitis"(Aufderheideand Rodriguez-Martin 1998: 200). The knee is the most
frequently affected joint, followed by the elbow and ankle (Beitzke-Graz 1934).While
the changes in the feet in glander's disease do resemble the changes in leprosy, it is
also a rare condition which would primarily affect only those who are in direct
contact with infected animals. Therefore, it is more likely to affect populations in
particular areas of the world where direct and constant animal contact is high. This
factor should be taken into consideration when evaluating the likelihood of glander's
disease as an alternative diagnosis to leprosy. While it is important to mention this
disease, until more information is available the significance of this condition in the
differential diagnosis of leprosy is relatively low.
4.10.2 Neoplastic Conditions
4. Neoplastic Conditions: There are a number of neoplastic conditions that can cause

bone destruction resembling the pseudocysts of leprosy. However, these conditions

are often characterized by isolated destruction, cortical expansion, as well as the
involvement of bones not affected by leprosy.

5. Frostbite: Although it is unlikely that frostbite would account for osseous changes
observed in a number of individuals in a restricted population, it has been confused

with leprosy in isolated cases. Severe cases of frostbite do produce bone changes that
closely resemble those found in leprosy. The lesions produced by fkostbite are usually
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bilateral and involve the distal resorption of the phalanges of both hands and feet, and
enlarged nutrient foramina. However, the absorptive changes in the feet can be
distinguished from leprosy in that they commence in the distal phalanges in frostbite
rather than the typical leprous pattern beginning at the rnetatarsophalangeal joint
(Vinson and Schatzki 1954). Unlike in cases of lepromatous leprosy, frostbite is not
known the affect the rhino-maxillary regon of the face. This factor. in addition to the

different pattern of absorption in the feet should safeguard against any
paleopathological confusion with leprosy.

6. Fungal inkction: Many f h g d infections such as coccidiodomycosis, actinomycosis,
sporotrichosis, blastomycosis, madura mycosis, and torulosis produce destructive
lesions with periosteal new bone formation in the hands and/or feet.
Coccidiodomycosis is particularly interesting in that it has been found to follow an
immunological pattern that is very similar to leprosy (Middlebrook 1964: 175).
Although the bone change can strongly resemble that of leprosy, the lesions in such
infections tend to be solitary and unilateral, and are often found in areas not
characteristically affected by leprosy, such as the patella, olecronon process and
mdleolus of the tibia (Rosen and Jacobson 1966). In addition, there are rarely effects

on the rhino-maxillary region of the face.
7. Pachvderrnoperiostosis:This is an extremely rare condition, but deserves mention as

it is characterized by osseous changes that are similar to leprosy. This condition, is a
"rare developmental defect which has been reported in many races, and occurs
predominantly in males. The condition has been attributed to an autosomal dominant
gene of variable expressivity"(Jop1ing 1990: 402). This condition resembles leprosy
in that it is associated with thickening of the peripheral nerves, the skin of the face.
and the scalp, thickening and clubbing of the fingers and toes, and periostitis of the

long bones (Jopling 1990: 402). While the effects on the extremities resemble those
of leprosy, there is no mention of destruction of the rhino-maxillary bones of the face.
This fact should allow for differential diagnosis. The rarity of this condition would
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also reduce the importance of it in the diagnosis of leprosy in antiquity. However, one
must accept the possibility that this condition was more common in the past than it is

today.
8. Neo~lusficConditions:There are a number of neoplastic conditions that can cause
bone hstruttioii icscmbling tt;c pscudocysts of icpiov. Hoivcvcr, k s c conditions

are often characterized by isolated destruction, cortical expansion, as well as the
involvement of bones not affected by leprosy.
9. Other Conditions: A number of less common diseases such as syringomyelia,

scleroderma, Raynaud's disease, and congenital indifference to pain can lead to bone
changes which resemble leprosy, but the pattern of lesions are in most cases very
different (Steinbock 1976: 209).
In summary, there are a number of pathological conditions that resemble
treponemal infection and lepromatous leprosy. However, in cases where the skeleton
is reasonably well represented, it is possible to differentiate between these two
conditions, and to eliminate other disease processes from the differential diagnosis. It
is essential to concentrate on the overall pattern of osseous change. Treponernal
infection has a predilection for the cranial vault and rhinomaxillary region of the face.
Leprosy also affects the rhinomaxillary region of the face, but never in association
with skull vault change. The bones of the hands and feet are commonly affected in

lepromatous leprosy, and rarely involved in treponemal infection. In addition, leprosy
rarely affects the long bones of the arm,whereas this feature is often observed in
treponemal infection. The spine, ribs, hip and shoulder joints are typically uninvolved
in lepromatous leprosy, and rarely involved in treponemal infection. Therefore, when
one considers the overall pattern of pathological osseous change, it is possible to
differe~tiatebetween several pathological conditions, and to clearly separate
specimens with lepromatous leprosy and treponemal infection.

CHAPTER FIVE
Old and New World Paleopathological Evidence
5.1 Introduction

The question of the origin and transmission of treponemal infection has been a
major issue within both anthropology and medical history for over a century. As
discussed in detail in Chapter 2 of this work, the debate centers upon the issue of whether
or not treponemal infection existed in the Old World prior to the return of Columbus and
his crew from the New World at the climax of the 15" Century. Historical documentary
sources present contradictory accounts and theories regarding the history of the disease
complex. A review of the historic literature presents material that is capable of supporting
both sides of the debate. Therefore, in order to adequately assess the presence or absence
of treponemal infection in past populations, it is necessary to supplement these written
accounts with a review of the pathology in osseous tissue fiom the Old and New Worlds.
It is important to keep in mind that there are a number of examples, particularly from the
Old World, where osseous changes indicative of treponemal infection are identified in the
postcranial skeleton. However, in the absence of the crania, or cranial changes associated
with the caries sicca complex, it is very difficult to establish a definite diagnosis of

treponemal disease. In addition, even in cases where pathological changes suggestive of
treponemal infection are observed in a population, it is a very complicated task to
determine the specific form of disease manifestation. It appears that there is an imbalance
in the representation of pathological treponemal specimens prior to 1492 in the Old and

New Worlds, with a large number of cases described in America, and very few in Europe.
Africa and Asia (Stirland 1991). This significant difference in representation has led

many scholars to conclude that treponemal disease clearly has a long history amongst
populations of the New World. An extension of this supposition would argue for the
earlier existence of the disease complex in this region. However, the issue is further
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complicated by the question of which form of treponemal infection has been identified in
New World populations. Therefore, was it only the non-venereal forms of the condition
that existed in North and South America, or did these populations have experience with
the venereal form of the disease as well? This is an essential problem, particularly if one
holds that treponemal infection was transported back to the Old World in the late 15"
Cen~r;. If there is no history of scnercal syphilis in Xew World popuiatiions, then here

is no evidence to support the hypothesis that it was transported to Europe. In this case,
one must consider either the possibility of pathogen mutation, and/or cultural practices
which resulted in the invading pathogen manifesting itself venereally, or the possibility
that venereal syphilis evolved independently in Old World populations, probably from a
pre-existing nonvenereal form of the disease. At present, there are still a limited number
of cases described in Old World populations, and this places certain restrictions on the
degree to which this question can be resolved. It is hoped that with the identification of
future cases, and the development of new investigative techniques, hture scholars will be

able to identify the specific form of treponemal infection in distinct populations. In
addition, with the continual improvement of DNA analysis, it is possible that in hture the
paleopathologist may be able to identify a number of cases that do not demonstrate clear
osseous changes. It is beyond the scope of this work to provide a detailed account of all

of the cases of treponemal infection observed in the New and Old Worlds. Therefore, this
work will concern itself with a review of the principal finds From both geographic
regions.

5.2 New World Cases of Treponernal Infection
A large number of cases of treponemal infection have been identified in remains

from North, Central and South America. This abundance of skeletal evidence establishes
that the past populations of the New World had a long-standing host-parasite relationship
with organisms of the genus Treponema. An examination of cultural practices and

enviro~lentalparameters can assist researchers in their attempts to establish the specific
causative agent. However, in many cases it is impossible to determine whether the
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observed osseous change results from yaws, endemic or acquired venereal syphilis. In an
examination of treponemal infection in skeletal material, there are two hdamental
requirements that must be established. These are "(1) unambiguous identification of
treponemal disease and (2) unambiguous determination of preColumbian archaeological
age. Several purported cases of preColurnbian syphilis have foundered on one or both of
these factc?n"(Ol?r-ermd P w c h s 1981: 205).

interest in the identification of treponemal infection in the New World
commenced in the late 19' Century. The first description of alleged treponemal infection
in pre-Columbian skeletal material was presented in 1871 by J. Wyman on the basis of
material recovered from caves in the Southeastern United States (Guerra 1990).
However. the first major treatise on pre-Columbian treponemal disease in America was
completed by Joseph Jones in 1876. His analysis involved the identification of the disease
in aboriginal skeletal remains from Franklin, Nashville, and Old Town (Tennessee) and
Hickman (Kentucky) (Jones 1876, Aufderheide and Rodriguez-Martin 1998). Amongst
individuals in this collection, skeletal involvement was observed in the tibia, cranium,
clavicle, sternum, and other long bones, and Jones noted the symmetrical distribution of
the osseous lesions. He describes the crania as demonstrating lesions "in which a network

of periosteal deposit had been formed, and which had been perforated by ulcers,

subsequently forming and assuming the annular type"(Jones 1876: 66). A number of the
skulls were reviewed by Williams (1932), who confi~rmedthe diagnosis of syphilis in a
skull that demonstrated stellate scars characteristic of the caries sicca complex. However,
a number of scholars questioned the work of Jones, both on the basis of a reliable
diagnosis, and on the question of accurate pre-Colurnbian dates (Putnam 1878, Whitney
1883, Hyde 1891, Morgan 1894, Virchow 1898). However, although a number of

scholars questioned Jones' identification of treponemal infection, after his publication a
number of other cases were presented in support of his work (Parrot 1879, Langdon 1881,
Briihl 1890, Lamb 1898, Gann 1901). Many of the early cases were observed in skeletal
material associated with sites attributed to the 'Mound-builders' of the Southeastern
United States (Jones 1876, Lamb 1898, Orton 1905, Wakefield et al. 1937, Haltom and
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Shands 1938). These indigenous people "built elaborate earthworks enclosing burial
mounds and earthworks constructed in the shape of animals. These mounds are
associated with the Adena-Hopewell culture (800 B.C.-200 A.D.)"(Steinbock 1976: 95).
On the basis of an examination of published material and personal observation, the

pathologist H.Williams (1927,1932, 1936) concluded that "the evidence &om bones
points clearly to the conclusion t!hd the indims were afflicted nith syphilis in a nunlber

of parts of America before the arrival of white men"(Wil1iams 1932: 978).

In the Southeastern United States there are a considerable number of specimens
described as demonstrating osseous change indicative of treponemal infection. Skeletal
remains presenting treponemal bone changes have been found at Lighthouse Mound in
Northeastern Florida (Lamb 1898), Tick Island Archaic site in Florida dated to 3300 B.C.
(Bullen 1972), Palmer Mound in Florida dated to 850 A.D. (Bullen 1972, Hackett 1976).
Highland Beach site in Florida dated to between 600-1200 A.D. (Iscan and MillerShaivitz 1985), and Weeden Island in Florida dated between 850-1350 A.D. (Bullen

1972, Brothwell and Burleigh 1975, Iscan and Miller-Shaivitz 1985). Remains have also
been uncovered in Georgia at the Irene Mound site near Savannah dating from 1200-1450

A.D. (Powell 1988). Several specimens have been uncovered in Alabama at the
Moundville site (Moore 1907, Bullen 1972, Hacken 1976, Williams 1936, Powell 1988).
Based on an analysis of over 500 individuals from the Moundville site, Powell (1988)
concluded that in the absence of congenital indicators, and in light of the large number of
tibiae demonstrating healed iesions, the observed pathology is indicative of a nonvenereal form of treponemal infection. A single adult female skeleton demonstrating both
destructive and proliferative changes has been described from the Hardin site in North
Carolina (Reichs 1989). The radiocarbon dates suggest an occupation of this site in the
fifteenth Century,and Reichs proposes that this individual may have suffered fiorn nonvenereal endemic syphilis. Several individuals from the Flynt site in coastal North
Carolina dated to between 850-950 A.D. show skeletal lesions consistent with a diagnosis

of treponemal infection (Bogdan and Weaver 1988, 1992). In addition, Sandford et al.
(1994) observed cranial and postcranial treponernal lesions in a collection of at least 346
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individuals from seven ossuary sites in coastal North Carolina. This material dates from
1200 B.P.to the period of European contact. Skeletal remains from two adult male
individuals fiom the Austin site in Mississippi dated to between 800 and 1200 A.D.
demonstrate postcranial changes indicative of treponemal infection (Ross-Stallings
1989). A possible case of congenital syphilis in a six to seven year old child has been
described from a sitc hi i?Virgiriiadatcd p i b i to 1400 AD.(Ortner and P u t s c i ~ 1985:
i

207- 10). They argue that this individual demonstrated both cranial and postcranial
changes indicative of congenital syphilis. However in this case, the presence of dental
stigmata evident as severe enamel hypoplasia of the deciduous incisors is non-specific,
and cannot be held to demonstrate the dental stigmata of congenital syphilis. An
additional case of possible congenital syphilis was observed in a three to four year old
child fiom the Fisher site in Virginia dated to 925 A.D. (Ortner 1986). As in the previous
case, this individual demonstrates both widespread periostitis and enamel hypoplastic

defects. This child is in close proximity to a young adult male skeleton that shows
chronic granulomatous lesions in both the cranial and postcranial remains (Ortner 1986).
Stewart and Quade (1969) examined over 1400 adult skulls fiom archaeological sites in
the United States, and identified a number of specimens fiom the Tidewater and
Piedmont sites in Maryland, Delaware and Virginia that exhibit inflammatory lesions
suggestive of treponernal infection. Hacked (1976) examined one of the skulls from this
collection, recovered fiom the Accokeek site in Maryland, and describes the presence of
serpiginous cavitation indicative of treponemal disease. However, the dating of a number

of these sites is problematic. Although the Piedmont sites are late prehistoric in date, the
Tidewater sites presented by Stewart and Quade (1969) including the "Accokeek, date

from A.D. 1200- 1600; it is therefore uncertain if the remains are pre-Columbian9'(Baker
and Armelagos 1988: 7 13). Recently, Powell (1994) has reviewed the history of possible
preColumbian treponematosis in the Southeastern United States, and concludes that in
the absence of any congenital cases it is unlikely that a venereal form of the disease was
present prior to contact. Therefore, she does not "believe that the necessary
epidemiological conditions were present in those societies for the maintenance of a
distinctively venereal mode of trammission, based on the available ethnohidoric
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accounts and historic descriptions"~owelI 1994: 163). If this assertion is correct, it is
possible that the observed osseous changes in skeletal material from this region are
indicative of a non-venereal form of treponemal infection.
Skeletal remains described as syphilitic have also been identified from the Ohio
Vz!!ey. Orton (1 905) identified at least :2 individuals demonstrating treponemai osseous
change fiom the Baum site in Ohio dated to between 950- 1250 A.D. Several long bone
specimens housed at the Ohio State Museum have been diagnosed as exhibiting syphilitic

changes (Williams 1932). However, Hackett (1976) asserts that these changes observed
on the tibiae are not diagnostic of syphilis. Brothwell and Burleigh (1975) describe nine
individuals showing cranial changes consistent with treponemal infection from the May's
Lick site in Kentucky dated to 1325 A.D. A minimum of two individuals from the Indian
Knoll site in Kentucky dated to 3350 B.C. exhibit osseous change indicative of
treponemal infection (Brothwell and Burleigh 1975). This early evidence extends the
evidence for treponemal disease in the Ohio Valley region back to the Archaic period
(Baker and Armelagos 1988: 713). A pattern of periosted reactions suggestive of
treponemal infection was observed in a large number of individuals from the Indian
Knoll and late Fort Ancient period Hardin Village (1525-1 675 A.D.) (Cassidy 1980,
1984). Cassidy (1 984) suggests that the distribution of lesions in these populations
indicates the presence of a nonvenereal treponemal infection that affected 2.4% of the

Indian Knoll population, and 3 1.4% of the Hardin Village series.
A large number of cases of purported treponernal infection have been described in
skeletal material fiom the Woodland and Mississippian periods in Illinois (Lower ILlinois
River Valley). Stewart and Quade (1969) describe a high incidence of cranial lesions
representing multiple conditions including treponemal infection in skeletal material from
the Jersey County Bluff'mounds dated between 400- 1400 A.D. Pathological change

indicative of syphilis has been described in a cranium and left tibia of an adult individual
fiom the Middle Woodland phase of the Carter Mound Group dating between 100 B.C to
400 A.D. (Buikstra 1979,1984). On the basis of a roentgenological study of over 500
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individuals representing prehistoric mound builders in Ohio, Means (1925) concludes
that in this region "it has been clearly proven that syphilis existed and was a fairly
common diseaseW(Means1925: 367). Cranial and postcranial changes suggestive of
syphilis have been described in an adult male From the Middle Woodland period of the

Klunk site in Calhoun County (Morse 1978). Further cases of treponemal infection have
k e ~obsemed
.
ir? m2terid from f ~ h e up
: the !!!inois

%vcr in both Fulton and Sihtiykr

Counties (Baker and Armelagos 1988). Morse (1967, 1978) presents cranial and
postcranial changes suggestive of syphilis in an adult male individual from the Middle
Mississippian period at the Rose Mound Group (Schuyler County) dated to between
1200-1400 A.D. In addition, he describes multiple cranial and postcranial indicators of
syphilis in an adult male fiom the Early Mississippian period of the Thompson site
(Fulton County) dated to 1000 A.D. A female burial exhibiting pronounced periostitis on
the anterior portions of the tibiae, femorae, and fibulae has been described From the Late
Archaic Red Ochre burial fiom the Morse site (Fulton County) dated to between 15001000 B.C.(Morse 1978, Hackett 1976). Hackett (1 976) noted the similarity between the
osseous changes observed in this individual and those seen in yaws patients in Uganda
and Australian aboriginal bones.
On the basis of an epidemiological study of populations from the Illinois
Woodland. Cook (1984, 1985) noted a pattern of periostitis and osteitis indicative of
treponemal infection. Cook concluded that the overall prevalence of treponemal disease

in these populations was marginally more than 50%. The pattern of osseous change
appears to more closely resemble endemic syphilis in the Middle Woodland period, and
yaws in the Late Woodland remains. Therefore, it appears that a nonvenereal form of
treponemal infection existed in this region for almost 3000 years. Some possible cases of
treponematosis have been observed fiom sites near the St. Francis, Black, and White
rivers in Arkansas (Ortner and Putschar 1985: 210- 14). In addition, evidence of
treponemal disease has been observed in skeletal remains fiom the Late Mississippian
Nodena Culture in northeastern Arkansas dating to between 1400-1700 A.D. Wakefield
et ai. (1937) describe diagnostic lesions in six individuals fiom the vicinity of the native
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mounds in Mississippi and Crittenden Counties, Arkansas. A high degree of non-specific
periostitis has been observed in skeletal populations from the Baytown (300-700 A.D.),
Coles Creek (700- 1200 A.D.) and Mississippian (1200- 1680 A.D.) sites in Louisiana and
eastern Arkansas (Rose et al. 1984). This evidence provides support "for the longstanding occurrence of treponematosis in the lower Mississippi Valley"(Baker and

-4rmelagos !988: ?15). F1wtu!er e~ikencefor treponcmal infccdon in L ~ Cmidivest xc
described in Hopewell material fiom near Kansas City, Missouri, the precontact Moms
site in southeastern Oklahoma, and the 14" Century Crow Creek site in South Dakota
(Stewart and Quade 1969, Brues 1966, Gregg et al. 1981).
Evidence of treponemal infection is extremely sparse in the Northeastern United
States. The only evidence fiom this region comes from the Veddar site in the Mohawk
Valley of New York State dated to the Early Woodland Period (500 B.C.)(Elting and
Starna 1984). The remains consist of pathological tibiae and fibulae, which demonstrate
changes consistent with Hackett's criteria for treponemal infection. Lack of cloaca and
sequestrum formation rule out the possibility of osteomyelitis, and the authors conclude
that "a diagnosis of treponematosis is reasonably secureV(Eltingand Stama 1984: 272).
Interestingly, there is also a minimal amount of evidence for the disease in the
Northwestern region of the United States and Canada. On the basis of a review of skeletal
material fiom the Lowie Museum of Anthropology, Temey (1 986 cited in Baker and
Armelagos 1988), observed a number of specimens with cranial and infracranid changes
(palatal perforation, rhino-maxillary destruction, cranial sclerotic new bone formation,
periosteal tibid lesions) indicative of treponemd infection. Nine individuals fiom a
Middle Horizon site in Sonoma County, California demonstrate periosteal changes
suggestive of treponematosis (Roney 1966). The site is dated fiom between 500 and 200

B.C. confirming a pre-Columbian date for these remains. Several cases of osseous
syphilis have been observed in Alaskan material fiom the eighteenth and nineteenth
centuries (Holcomb 1940, Cook 1985, Ortner and Putschar 1985). It is generally held that
syphilis was introduced into this region after contact with Russian populations. Holcomb
(1940) reviews the evidence for cranial syphilis in a number of specimens &om Aleut and
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Asian and North American Eskimo populations from the region bordering the Bering and
Arctic Seas. He concludes that syphilis was probably introduced into this area via
Russian contact and that the "Bering Strait and Sea offer no substantial barrier to the
spread of syphilis in either direction fiom one continent to the other provided there is
communication by some means from one group of people to the other. The Russians, and
!atcr thc whaling ships wcic sf t o m e a factor providiag this mcansY'(l-Iolcornb19-10;

189). A possible case of syphilitic aortic aneurysm has been identified in one of five
individuals fiom recovered from the Bracken Cairn in southwestern Saskatchewan
(Walker 1983). These skeletal remains date to the Pelican Lake phase of the Late Archaic
period, and are dated to 5 15 B.C.Walker (1983: 50 1-2) proposes that the lesions
observed on the right clavicle and manubriurn, and on the left bodies of the 2" and 3rd
thoracic resulted fiom the pulsation of a syphilitic aneurysm. This suggestion is
extremely interesting in that aortic aneurysm is a relatively rare feature of tertiary
syphilis. Clinical "descriptions indicate that syphilitic aneurysms typically occur on the
ascending aorta and cause pulsation of the right stemoclavicularjoint. In contrast,
aneurysms due to atherosclerosis are very rare in the aortic arch and in the age-group of
this individualW(Bakerand Armelagos 1988: 7 15). Recently, S k i ~ e(1
r 994) has
described a cranium showing evidence of caries sicca and several infected infracranial
remains fiom Gabriola Island, British Columbia, dating to 2760 B.P. Like the recent
assertion of Powell (1994), Skinner also concludes that there "is no compelling reason to
assume that treponemal disease in the Americas was significantly venered"(skimer
1994: 20 1).

In the American Southwest, treponemal infection has been identified in remains
fkom a number of sites. Bowing and bilateral symmetrical enlargement of the tibiae have
been described in a young adult male fiom the Pueblo 111(1 100-1300 A.D.) period of the
Mug House site in Mesa Verde National Park (Miles 1966, 1975). Although this skeleton
demonstrates osseous change that could be indicative of treponematosis, Miles (1975: 28)
suggests that the smooth surfaces of the periosteal new bone may place this diagnosis into
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question. Syphilitic osseous change has been identified in cranial andlor postcranial
remains from Pecos Pueblo, Kechipawan Pueblo (Pueblo IV period 1300-1600 A.D.),

and the Smokey Bear Ruin sites in New Mexico (Hooton 1930, Williams 1932, Hackett
1976, Lahr and Bowman 1992, El-Najjar 1979). Several sites in Arizona have yielded
possible treponemal skeletal specimens. A single skull from a collection of 400

iiidPv-i&idsEarn Tllzigo~iRiiin (1000-1 350 A.D.) demonstrates "destruciion uf he borlrs
of the nasal aperture and cavity, with subsequent healing and cicatrization, a similar
process involving the nasal and maxillary bones, resulting also in marked deformity,
which probably produced a typical "saddle nose" and perforation of the palate with
eburnated bony edges. The diagnosis of syphilis seems to be justified9'(Denninger 1958:
726-7). Cranial and postcranial pathological specimens have been uncovered fiom a
Pueblo II site (900-1 100 A.D.) at Canyon de Chelly, Kinishba Cave site (tree ring dates

of 1233-1306 A.D.), Vandal Cave site (608 A.D. to prior to 1300 A.D.), and Los Muertos
(Hohokam site 1 100-1450 A.D.) (El-Najar 1979, Cole et al. 1955, Mathews et al. 1893,
Gummerman and Haury 1979). Jackson et al. ( 1986) describe cases of possible endemic
syphilis in a late Archaic hunter-gatherer population from the Callo del Oso site in
Central Gulf Coast Texas. Molto (1994) describes a sample of 83 pre-contact Las Palmas
burials fiom the Cape Region of Baja California, in which 20.5% of individuals
demonstrated evidence of bone infection with five cases showing classic signs of skeletal
treponematosis. He concludes that the "overall prevalence fits statistical expectations for

an endemic disease"(Mo1to 1994: 176). In addition, Molto et al. (1998 unpublished)
identified osseous change indicative of endemic syphilis in an individual burial
associated with the San Fernando Velicata Mission in North Central Baja Peninsula.
Further evidence has been described from preColumbian sites in Oklahoma and Texas
(Goldstein 1957, Brues 1958, 1959).
Farther south, a number of cases of possible treponematosis have been identified
in Mexico, Central and South America. In Mexico, osseous change indicative of
treponemal infection have been found at the Postclassic period sites of Tula (Hidalgo
region), Cueva de la Candelaria (Coahuila region), Santiago Tlatelolco and Ochicalco
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(Morelos region) and the pre-Classic site of Valle de Tehuacan (Aufderheide and
Rodriguez-Martin 1998, Goff 1963, Williams 1936, Andersen 1965, Ashmead 1896,
Stewart 1956, Brothwell 1978). Twenty skulls from the caves in the Candellaria
mountains in Mexico, and dating fiom between the 6' -1 6' centuries, have been
identified as showing evidence of treponemal infection (Goff 1963). A review of recent
investigations into the presence of pre-Col~mbim
treponematosis in Mexico can be

found in the work of Mansilla and Pijoan (1994). Pathological osseous changes have also
been identified in a number of Mayan sites fiom Central America. In Guatemala, Goff
(1967) describes two skulls from Zaculeu (900-1000 A.D.), one which demonstrates a

considerable parietal lesion and periostitis of the frontal bone, the other supposed caries
sicca of the frontal. Cranial andlor postcranial inflammatory lesions suggestive of
treponematosis have been observed in 10 individuals From Altar de Sacrificios, dated to
pre-950 A.D. (Saul 1972). In Belize, Gann (1901) describes a male adult individual fiom
a Mayan tomb with swollen tibiae showing a osseous surface "covered with a number of
small nodular outgrowths, between which were small pits or depressionsW(Gann1901:
969). This burial was found in association with three clay figurines depicting several men
operating on an unusually large penis. Gann (190 1) suggests that this may imply that the
individual suffered from a venereal disease, which he believes to be syphilis on the basis
of the accompanying osseous change. Gejvall and Henschen (1971 cited in Steinbock
1976) describe five skulls from Puerto Rico demonstrating both periostitis and osteitis
indicative of treponemal infection. Two specimens fiom this site have been radiocarbon
dated to 1480 and 1630 A.D. and it is therefore impossible to establish a pre-Columbian
time frame for this material (Steinbock 1976: 159).

The majority of osseous material in South America demonstrating osseous change
indicative of treponemal infection comes fiom Peru. Many of the earliest cases described
in the paleopathological literature were "reported by the Peruvian Julio Tello and by the
North American Herbert U. Williams, although many of their diagnoses are being
questioned"(Aufderheide and Rodriguez-Martin 1998: 17 1). Two individuals excavated
from at tomb at the site of Paracas and associated with early Nazca culture
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(approximately 200 B.C.)demonstrate cranial, and in one case, postcranial change
suggestive of treponernatosis (Williams 1932). However, a re-evaluation of the Paracas
material by Hackett (1976) indicates that in at least one of the specimens the diagnosis is
not conclusive. Further evidence has been identified in material fiom the Canate Valley
(circa 500 A.D.), Machu Picchu (circa 1100-1200 A.D.), Urubamba Valley
(Paucarcancha and Patallacta sites), the Tacna--A-ririca distria on b e borders of ?em an_d
Chile, and the site of Cahuachi in southern Peru (Williams 1932, Goff 1967, MacCurdy
1923, Krumbhaar 1936, Zink et al. 1994). Of particular interest are the remains of an
eight year old child from Machu Picchu. Goff (1967) suggests that the presence of sabershin tibiae and lesions of the frontal bone are indicative of a congenital case of syphilis.
However, there is no mention of the dentition, and several other tibiae in this collection
demonstrate similar changes (Williams 1932: 972).
Further skeletal collections demonstrating osseous change consistent with a
diagnosis of treponemal infection have been observed in Columbia and Argentina. At the
pre-ceramic site of Aguazuque in central Columbia, 13 of 40 individuals (32.5%)
manifested treponemal lesions, particularly in the tibia (Correal Urrego 1987 cited in
Baker and Armelagos 1988, Correal Urrego 1990). Correai Urrego describes tibial
lesions. saber-shin deformity, and three individuals demonstrating typical caries sicca
lesions. A single individual radiocarbon dated to 2080 B.C.,shows both cranial and
postcranial changes typical of treponemal infection. The author originally suggested that

this skeleton represents a case of venereal syphilis, as yaws is rare in this region of
modem Columbia (Correal Urrego 1987 cited in Baker and Armelagos 1988). However,
in a recent publication, Correal Urrego (1990) concludes that the most probable diagnosis
in this material is yaws. In Argentina, remains suggestive of treponematosis have been
observed in a pre-Columbian skull from Rio Negro, a likely preColurnbian skull fiom
Chubut River Valley, and a cranium fiom Caichaqui (Williams 1932, Baker and
Armelagos 1988).
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A limited amount of osseous material showing treponemal lesions has been
described in Caribbean populations. Sandford et al. (1 994) investigated 4 1 individuals

from the Tutu site, located on St. Thomas in the American Virgin Islands. This site was
occupied from circa 300 A.D. to around the time of European contact, and represents one
of the oldest pre-Colurnbian sites in the Caribbean (Sandford et al. 1992). In this
coibctiun, a number of indiriduais dernsns~atedcranial ;Id postcnnial pathologicd

changes indicative of treponemal infection. The authors concluded that the pattern of
osseous change indicate the presence of a nonvenereal form of treponemal infection, and
that in this region this condition 'would have been part of the normal disease

load"(Sandford et al. 1994: 164). Lastly, three individuals demonstrating dental
anornolies consistent with a diagnosis of congenital syphilis have been identified in a
Barbados Slave cemetery (Jacobi et al. 1992, Cook 1994). However, as the dates for this
cemetery range between 1660-1820 A.D., the material at this site is decidedly postColurnbian.
It appears that evidence abounds for the presence of treponemal infection in the
New World prior to European contact. In addition, the large number of cases adds
support to the Columbian hypothesis of transmission. However, although researchers
have established that New World populations had a long-standing host-parasite
relationship with the genus Treponema, it is impossible to determine the specific form of
infection. In many cases, it appears that the pattern of osseous change observed in
populations indicates the likelihood of a non-venereal form of disease. Thus, it is
impossible at present to establish the undisputed presence of the venereal form of the
disease in the New World prior to the arrival of Old World populations. If the venereal
form of the condition cannot be firmly established in the New World in pre-contact times,
then its presence cannot be used as an explanation for the epidemic of this disease in
Eumpe circa 1500 A.D. It is hoped that the development of new investigative techniques,

and the examhation of further collections in fiiture, will allow for a resolution of this

question.
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5.3 Old World Cases of Treponemal Infection

As previously discussed, there is a significant imbalance in the number of preColumbian cases of treponemal infection in the New and Old Worlds, with an abundance
of material in America, and very limited evidence fiom the Old World (Stirland 1991).

On the basis of their review of treponemal material, Baker and Armelagos (1988)

conclude that the evidence for possible pre-Columbian treponematosis presented since
the 1930's is sparse and inconclusive. The small number of possible cases of syphilis
consists primarily of isolated long-bones with inadequate archaeological provenience
(Williams 1932, Sigerist 1951). Furthermore, cases presented in the late 19" century and
early 20" century have been reviewed, and offer few specimens that have withstood later
scrutiny (Williams 1932, Pales 1930). Significant negative evidence is provided by the
lack of syphilitic stigmata in a collection of approximately 25,000 individuals From Egypt
(Smith and Jones 1910). In addition, an extensive investigation of several thousand early
Egyptian and European skeletons failed to demonstrate any evidence of treponemal
infection prior to 1500 A.D. (Maller-Christensen 1969). However, the identification of
possible cases of treponemal infection in Egyptian material has been described by
Hussein (1949). Hudson (196 1) has asserted that "syphilitic skulls and other bones have
been found in 'leper cemeteries' and doubtless many a European 'leper' lost his nose and
his voice, or was covered with purulent crusts, as a result of treponemal infection"
(Hudson 1961: 547-8). If this conclusion is correct, then one would expect to find both
syphilitic and leprous individuals buried in leper hospital cemeteries. However, early
examinations of skeletal remains fiom a small number of European leprosaria cemeteries
and churchyards have failed to demonstrate any evidence of treponemal infection prior to

1500 A.D. (Andersen 1969, Moller-Christensen 1952, 1969, Maller-Christensen and

Faber 1952, Weiss and Mailer-Christensen 1971). This lack of evidence in the leprous
material should serve as a caution for those who assert that a diagnostic confusion existed
between syphilis and leprosy in medieval times.

The earliest suggestion of preColurnbian syphilis in the Old World comes kom
Siberian material. The evidence consists of several tibiae, an ulna and radius dated to
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between 1000-800 B.C., two tibiae dated to between 500-200 B.C. and three skulls dated
100-700 A.D. (Rokhlin and Rubasheva 1938). Hackett (1976) notes that these specimens
should be reviewed with caution, as the dates attributed to them may be unacceptable. A
large number of the possible cases of treponemal infection bossibly venereal syphilis)
have been discovered in Europe. The cranium of an adult female from London (England)
demonstrates the classic caries sicca 'worm-eaten appearance' of vefiered sypbi!is
(Morant and Hoadley 1931, Brothwell 1961). The skull was retrieved from the St. Mary
Spittle churchyard, which is known to have been in use between 1197 to 1537 A.D.
(Morant and Hoadely 1931). Brothwell (196 1 : 324-5) notes that it is a "remarkable
coincidence" that this female individual died from syphilis within a period of only 35
years since the supposed introduction of the disease to London. However, Baker and
Armelagos (1988: 71 1) note that the possibility of this being a pre-Columbian case of
syphilis cannot be dismissed. Moller-Christensen (1958) describes a Danish individual
exhibiting typical syphilitic lesions, and dating from the late Middle Ages or circa 1500
A.D. Two potential cases of venereal syphilis have been identified in material from the

Baltic coast of Lithuania and Sweden (Gejvall 1960, Derums 1965, and Steinbock 1976).
However, the dates for these individuals range From between 1600-1700 A. D. and
therefore, they are not useful in determining the preColurnbian presence o f the disease in
Europe. Further evidence of possible syphilis in Sweden has been observed in remains

from the Helgeandsholmen cemetery in Stockholm (Madrid 1986). This cemetery is
known to have been in use between 1300 to 153 1 A.D.(Madrid 1986). Four syphilitic
skulls dating to circa 1600-1700 A.D. have been identified among 5300 individuals in the
Catacombs in Paris (Maller-Christensen and Jopling 1964). Again, this material is too
late to be helphl in establishing the time of the introduction of venereal syphilis into
Europe. However, a possible early case of treponemal infection has been observed in
France at the site of the Michelet necropolis at Lisieux (Calvados) (Blondiaux and AlducLe Bagousse 1994). The adult male individual dates to the 4" century A.D. and
demonstrate; "frontal destruction, osseous nodules on both the parietal bones and
periosteal appositions on both the tibiae. These three localizations and their form suggest
a treponematosis with a rhino-maxilla syndrome, a caries sicca and a tibia1
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osteoperiostitis"(Blondiaux and Alduc-Le Bagousse 1994: 99). In addition, recently
researchers have described a case of possible congenital syphilis in a 7 month old infant
fiom the Roman cemetery of Costebelle (Hyeres, Var, France) dated fiom the 3rd-5th
centuries A.D. (Palfi et a1 1992,1994, Borreani and B m 1994, Berato et al. 1994,
Dutour et al. 1994). However, the differential diagnosis is particularly difficult in this
individual. and it is possible that this infmt ? v s suff'erhg fian multiple disease entities.
The presence of osseous indicators such as cribra orbitalia have led some researchers to
suggest a possible differential diagnosis of either iron-deficiency anemia or thalassemia
(Molto: personal communication). Congenital syphilis has also been proposed as a
differential diagnosis for four infant specimens fiom the crypt of the Ermita de la Soledad

(1 6'- 19' centuries A.D.) in Huelva, Spain (Malgosa et al. 1996).
A young adult fiom the Norwich site of St. Margaret Fyebridgegate (subsequently

known as St. Margaret in combusto) in England presents a possible case of preColumbian syphilis (Stirland 1991, 1994). This site dates to between 1 100- 1468 A.D.,
and the skeleton displays widespread, bilateral and florid periostitis of the long bones.
Stirland (1 991, 1994) notes that other individuals from this cemetery population also
demonstrate similar lesions, although they are less florid than in the described individual.
Although this material may represent cases of treponemal infection, the presence of
i ~ a c r a n i anon-specific
l
infection in the absence of clear cranial evidence makes it
impossible to state with assurance. Roberts (1994) presents an adult female showing
osseous changes suggestive of treponemal infection from the site of Blackfriars,
Gloucester, England. She suggests that this specimen may be preColumbian in date.
However, the radiocarbon recalibration of this specimen conducted in this study provides

dates that also range well into the post-Columbian period. This individual demonstrates
extensive cranial and infixcranial lesions conducive to a diagnosis of treponemal
infection. Henneberg and Henneberg (1994) describe 47 of 272 individuals
demonstrating bony and dental indicators of treponematosis in a sample from the ancient
Greek colony of Metaponto in southern Italy. The skeletal material dates to between the

6Ill-3rd centuries B.C. The researchers note that among the pathological signs of
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treponemal infection were "skull vaults with the c'wormeaten" patterns and sclerotic
healing, "saber-shin" tibiae in two males, traces of inflammation on maxillae and
subperiosteal bone deposits on approximately 10% of long bones. Two juveniles had
changes on the enamel of first molars resembling the "mulberry" pattern and one of them
had also slightly notched incisors. Multiple signs were present in 25% of

cases"(Henneberg and Henneberg 1994: 03). nej. conclude that the pattern of osseous
pathological change in this collection "may indicate the presence of both the nonvenereal endemic treponematosis and the congenital syphilisW(Hemebergand Henneberg
1994: 97). Further evidence for treponemal infection has also been observed in a
collection of 400 skeletons from the ancient urban cemetery of "Crucinia" adjacent to the
old city walls of Metaponto, and a single individual fiom Heraclea near Metaponto
(Henneberg and Henneberg 1994). Two cases of possible treponemal infection have been

"-

identified from the Lapy site in the Suraz district (1 1 14" centuries), and the Grodzisk
site in the C m a Wietka district (1 2'- 14" centuries) in Poland (GladykowskaRzeczycka 1994). The first adult female individual is represented by only the maxilla,

and is thus of limited assistance. The second individual, (probably female), shows cranial
and postcranial changes suggestive of treponematosis. The author notes that some
"evident facts, characteristic for leprosy, and testifying the existence of syphilis in the
14' and 15" centuries in Poland, are known from chronicles and art pieces"
(Gladykowska-Rzecycka 1994: 118).
In a small number of instances, endemic syphilis and/or yaws have been observed
in skeletal remains from the Old World. Anderson et al. (1986) describe several cases of
possible endemic syphilis in sixteenth century skeletal remains from Trondheim, Norway.
A single skull fiom Iraq and dated to pre-500 A.D. exhibits lesions on the fiontal bone

that are indicative of treponemal infection (Guthe and Willcox 1954, Kail and de Froe
1953 Steinbock 1976). It has been noted that the appearance of the lesions observed in
this case are Very similar to that found in cranial yaws, but it should be noted that Iraq is
currently an area where nonvenereal syphilis is common and it is outside the tropical belt
where yaws is endemic"(Steinbock 1976: 141). In the absence of infracranial
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confirmation of this suggestion, it is impossible to state that this skull represents a case of
treponemai infection. Lukacs and Walirnbe ( 1984) describe an elliptical occipital porosity

in an eight year old child fiom the Chalcolithic period site (1000-700 B.C.) of Inarngaon
in india. However, the diagnosis of treponemal infection has been questioned as "there is
no other skeletal involvement and treponemal lesions are inFrequent on the
occipital"(Baker and Amelages !988: 7 1 1).
Several cases of treponematosis have been observed in Australia and the Pacific

Islands (Heathcote et al. 1998). Several specimens demonstrating osseous change
indicative of non-venereal syphilis have been identified in precontact and early historic
specimens from the semiarid and arid regions of Australia (McKay 1938). The skull of a

Tasmanian adult male dating to the early 1800's demonstrates extensive osteitis that has
been attributed to either venereal or endemic syphilis (Meller-Christensen and Inkster
1965, Hackett 1974). On the basis of his examination of 4500 Australian aboriginal
crania, Hackett (1976) observed treponemal bone changes in 1% of individuals. He
concluded that treponemal infection had likely existed in Australia for thousands of
years. However, these specimens are problematic in that "no information regarding the
antiquity of these remains is furnished, and it is uncertain if they predate European
contactW(Bakerand Armelagos 1988: 71 1). Ortner (1989) described a case of possible
yaws in an aboriginal individual burial near Coolab in Australia. Unfortunately, this
female adult has been dated to the post-contact period. A case of possible yaws has been
described in ten adult individuals fmm the island of Tonga (Pietrusewsky 1971). Stewart
and Spoehr (1952, 1967) describe both cranial and postcranial osseous changes in two

subadult individuals from the isiand of Tinian in the Mariana Islands. The site from
which these remains were retrieved has been radiocarbon dated to 854 +-I45 years A.D.,
establishing that they are clearly pre-contact (Stewart and Spoehr 1952, 1967). The skull
of an adult male individuai fiom Easter Island, dated to between 1100-185 0 A.D.,
demonstrates changes that are suggestive of osseous yaws (Murrill 1968). Scant evidence
has been found for treponemal infection in 864 burials from pre-contact and early historic

burials from Oahu, Hawaii (Bowers 1966, Snow 1974). The only material suggestive of
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treponematosis in this collection comes from a single male individual who shows palatal
perforation, and six isolated bones with evidence of osteoperiostitis from other members
of the population (Bowers 1966, Snow 1974, Steinbock 1976). Brothwell (1976)
describes several cases of treponematosis in Ming period remains from a small burial
cave at Lobang Kudih, Sarawak, Oceania. He suggests that "it is possible that over 2% of
the group were severely affected by the disease"(Bro?hwve!l 1976: 435).
A minimal number of specimens of treponemal infection have been observed in

Asia and Africa. A possible case of treponematosis has been suggested for the cranial
remains of an adult female from the Samar Cave in the Phillipine Islands (Borobia
Melendo and Mora Postigo cited in Aufderheide and Rodriguez-Martin 1998). As
radiocarbon dates were not included in the published report on this individual, it is
impossible to assess whether it is pre or post-contact (Aufderheide and Rodriguez-Martin
1998: 170). Suzuki (1984,a, 1984h 1984c) has described several cases of venereal
syphilis in material from the Muromachi period (1 338- 1573 A.D.) and the Edo Period
(1603-1867 A.D.) in Japan. Finally, S t e p and Henneberg (1995) describe a case of

treponemal infection (possible yaws) from skeletal material retrieved from the
Mapungubwe complex of sites in South Africa. This material dates from 1000-1300
A.D., and represents the early stages of the Late Iron Age in southern Africa (Steyn and

Henneberg 1995).
It is clear that the skeletal record is distinctly biased in favour of pre-Columbian
evidence of treponematosis in the New World. As extensive pathological osseous
evidence of treponemal infection has been documented throughout North, Central and
South America, there is little question that New World populations had a long-standing
relationship with the treponemal complex. However, as there are no definite cases of
congenital syphilis with accurate pre-Columbian dates, it is difficult to establish the
appearance of the venereal form of the disease. Thus,at present, researchers are unable to
determine whether New World populations had any experience of acquired venereal
syphilis in pre-contact times. Therefore, by extension it is impossible to assert with any
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certainty that the venereal form of the disease was transported by Columbus and his crew
to the Old World at the close of the 15" Century. Alternately, there appears to be a very
limited amount of evidence for pre-Columbian treponematosis in the Old World. In many

cases, the evidence is associated with problematic dating and/or limited osseous material.

Ln addition, it appears that a number of scholars have suggested the presence of nonvenereal forms of the d i s e ~ both
e in the Old

k c New World. However, if it can be

established that treponemal infection was present in the Old World prior to the voyages

of Columbus, it remains to be explained why there is such a paucity of definite cases.
Therefore, until the development of new investigative techniques, and the fbture
identification of definite pre-Colurnbian cases of venereal syphilis, the evolution and
transmission of this form of treponemal infection remains unclear.

CHAPTER SIX
Skeletal Collections

The primary focus of the present research was the investigation of the possible
medieval diagnostic confusion between leprosy and treponemal infection. Therefore, it
was necessary to examine skeletal material from both leper and non-leper hospital

cemetery contexts in Europe. The complete sample for this work consisted of osseous
remains from three leper hospital cemeteries and five non-leper hospital burial grounds.
As the vast majority of skeletal material fiom leprosy hospital contexts has been retrieved

through archaeological excavations in England and Denmark, the examination focused on
these geographic regions. All of the material recovered from leper hospital burial
contexts was restricted to sites within England. These sites included St. Margaret's

Hospital, High Wycombe (Buckinghamshire),St. Mary and St. Thomas Hospital, Ilford
(Essex) and the Hospital of St. James and St. Mary Magdalene, Chichester (West
Sussex). The non-lazar house material consisted of remains fiom the cemeteries of the
Dominican Friary of Blackfriars (Gloucester), Blackfriars Friary (Ipswich), Rivenhall
(Essex), Wharram Percy (North Yorkshire), and Stengade 11, Langelands (Denmark). The
English material ranges in date fiom the late Anglo-Saxon period through to the
Victorian period (8"-19" Century). The Danish material represents a Viking period
cemetery dated to between the 9"- 1 1" Centuries. A general location map of the eight
sites included in this study is presented in Figure 6.1.
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Figure 6.1:

Location map for the eight archaeological sites included
in the sample.

There is a range of archaeological and historical information available for the
different collections. While the archaeological details of some of the collections have
been discussed in published reports, a number of the excavation reports have remained
unpublished. In addition, historic references are available for selected collections, but
have not been preserved to the present for others. This disparity has resulted in the
availability of detailed information for specific collections, and very little extant and
reliable information for others. In addition, for the site of St. Mary and St. Thomas
Hospital, Ilford (Essex), previous reliance on inaccurate historic information has led to a
misinterpretation of the context of the skeletal material.

6.2 Leper Hospital Cemeteries

6.2.1 St. Margaret's Hospilai, High Wycombe (Buckinghamshire)
The majority of the archaeological information available for St. Margaret's
hospital i s provided in the pub!ished report by Michael Failcy aid KcW Mmchlster

(1989), and by unpublished reports provided by the Buckinghamshire County Museum
with whom the collection is presently housed. An area location map for St. Margaret's
Hospital, High Wycombe is presented in Figure 6.2.

Figure 6.2:

Area location map for St. Margaret's
Hospital, High Wycombe (Bucks).

It has been estimated that approximately twelve hospitals were known to have

existed in Buckinghamshire in the medieval period, although many were functioning for
short periods of time. Of these, seven were established for the care of leprous individuals,
and continued to function as lazar hospitals until this role was no longer required
(Knowles and Hadcock (1971). Four of the seven leper hospital dedications occurred in
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High Wycombe (Farley and Manchester 1989). On a national scale in England, a number
of the small houses ceased to exist with the appearance of the Black Death and
"afterwards when leprosy became less common, most of the remainder seem to have
become hospitals for the poor or sick or almshouses"(Know1es and Hadcock 1971: 3 1 1).
The earliest documentwy evidence records the presczcc of a hospi'd far male
lepers and dedicated to St. Margaret in High Wycombe in 1229 A.D. (Victoria County

History 1, 1905). In this year, a yearly fair was granted to the leprous brethren and master
in the vigil of St. Margaret's feast. As the document does not state that the hospital was
founded at this time, it suggests that the hospital dates to an earlier period. The presence
of a master is recorded in 1268 A.D. (Victoria County History 1, 1905). The repair of the
chapel of a leper hospital, assumed to be St. Margaret's is mentioned in 1233 A.D., and it

is suggested that it lay at the location published on ordnance survey maps (Victoria
County History 3, 1925). The ordnance survey maps assumed that the site was located
where Wycornbe Abbey stands (Parker 1878). However, Ashford (1960,34-5'71)
uncovered a map dating to 1596 A.D. belonging to All Soul's College, Oxford
(Hovenden Map IV:14) which plainly indicated a building labeled as 'St Margetts' near
Ash Mill to the west of High Wycombe. This confusion may have resulted from the fact
that medieval references also refer to the hospital of St. Giles and St. Margaret. However,
it is generally accepted that St. Margaret's and St. Giles wcrc "but one
foundation"(Victoria County History 3, 1925). This assumption is supported by a record
that in 1392 a man named Richard May "was granted the benefice of the free chapel of

St. Margaret, otherwise called the hospital of St. Giles9'(Ashford 1960: 7 1). It appears
that at the time of this grant to Richard May, the hospital had ceased to function in its

original capacity, and was regarded as a Chantry Chapel (Ashford 1960: 71). The
accuracy of the Hovenden map in placing the hospital to the west of the borough is
supported by further documentary evidence. The building referred to in the map as the
hospital of St. Margaret's is located on land belonging to the Dean and Cannons of
Windsor (Farley and Manchester 1989). Historic sources record that St. Margaret's

eventually passed into the hands of the College of Windsor, which would support the

presence of the hospital on these reserved lands. This location is further supported by a
description in 1467 A.D. which places the hospital 'adfinem ville ' (at the end of the

town) (Victoria County History 3, 1925: 1 13-4). The exact date of the dissolution of the
hospital is not known. However,.contemporary documents suggest that it was in the
period after 1467 (Knowles and Hadcock 1971). A map of the burial site plan is
presented in Figqe 6.3.

Figure 6.3:

Burial plan for S t Margaret's
Hospital, High Wycombe (Bucks).
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The skeletal remains &om the medieval cemetery were uncovered in August 1986
during roadworks in High Wycombe, Buckinghamshire. The description of the
archaeological information is taken &om Farley and Manchester (1989) unless othenvise
stated. The remains of twelve adult bodies were retrieved by the Buckinghamshire
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County Museum led by Michael Farley. The bodies were discovered just west of the old

borough boundary of High Wycombe in a region where human remains had been
uncovered on a previous occasion. An article by Francis Colmer in the Buckingharnshire
Free Press dated to August 30, 1940 describes the uncovering of human remains in 'about
1884' during the erection of a school. Further investigation of the papers of Francis
Colmcr dc'kied h i the remains were uncovered as a result of the widening of Water
Lane. An accompanying sketch map demonstrates that Water Lane coincides with the
contemporary Desborough road near which the remains were discovered in 1986. Francis
Colmer stated that "About 50 or 60 skeletons had been buried in a trench 2 ft dinches
deep along the old road called Water Lane. Trench was about 2yds wide by 30 yds long.
Bodies were laid without regard to orientation and apparently side by side as closely as
possible and at one time" (in Farley and Manchester 1989: 82-84, Bucks. County
Museum unpublished manuscript pp. 3). It is clear that on the first Ordnance map that
"'the cemetery, and probably the hospital also, was bordered by a stream on three sides.
On the south it fronted Water Lane. It seems unlikely that this was the stream's natural
course and suggests that either the hospital was heir to an earlier habitation site or that the
hospitai's precinct was deliberately defined by stream diversion"(Far1ey and Manchester
1989: 88).
Although the excavators were able to identify discrete graves in some instances, a
large number of the bodies were fragmentary due to poor preservation and machine
disturbance. All the burials appeared to have an East-West orientation, with the majority
laid on their backs with the head to the west. One individual was placed on its left side
and flexed at the knees. Due to the postmortem disturbance of the human remains it was
not possible to "produce 'total skeletons' from the bone assemblages during the
osteological analysis and the collection thus largely remains an assemblage of bones of
discrete or mixed skeletal 'parentageW'(Farleyand Manchester 1989: 84). Based on a
count of anatomically different and recognizable bones, it was calculated that the

minimurn number of individuals present in this burial collection was ten. However, a
count of incomplete mandibles suggested that twelve individuals were present in the
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cemetery. All of the uncovered remains represented adult individuals. It was possible to
determine the sex of individuals in five cases, with graves 3 and 6 representing females,
and graves 4,7 and 10 being those of males. Therefore, it is clear that females and males
were not segregated in this burial population.
The geology underlying the burials was of a:

"poorly-sorted course flint gravel, giving way in places to an organic silty sand.
Desborough Road at this point runs along the southern edge of the alluvial-filled
Wye Valley. Overlying the gravel on part of the site was a band of clay, up to 0.4
m deep. The graves had been dug through the clay but penetrated only shallowly
into the underlying flint gravel, whose well-bedded interlocking character would
have made grave digging a hard task: the most damaged burials rested directly on
the gravel. The base of the graves lay between 0.54 and 0.75 m below present
ground level. Staining of some of the bones and patches of silty organic matter
exposed during roadworks- particularly near Desborough Avenue- indicated that
at times the area may have been waterlogged. The present course of the Wye runs
200 m to the north, but the First Edition 1:2,500 Ordnance Survey map shows
another stream, no longer existing, running along the southern side of the valley
beside Water Lane. This stream bounded the plot of land on which the burials
occurred" (Farley and Manchester 1989: 84).
Throughout the medieval period, it was traditional for Christian burials to be
placed in coffins. However, "the permeability of the gravel militated against the survival
of any evidence for coffins, their fittings or any other organic evidence, and indeed none
was found. In one grave a dark clay at the grave base provided the only hint, apart from

human bone itself, that other organic matter may have been present. Three of the graves
included fragments of peg-hole rooftile of medieval or later date in their fill, confirming
the general dating, and one a sherd of Roman pottery. No trace of any building was found

in the area exarnined"(Far1ey and blanchester 1989: 84). While exact dates for this
collection are not available, one can suggest general parameters for the cemetery. The
first documentary evidence pertaining to the hospital is dated to 1229 A.D., and suggests
that the hospital had been founded prior to this time. Therefore, one can assume that the
hospital was founded at the latest in the early 1 3 Century.
~
In addition, historical sources
note that the institution ceased to function as a leper hospital by 1392 A.D., but likely
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continued in an almshouse capacity after this date. The hospital continued to be in use
until at least 1467 A.D. when it is still described as present 'at the end of the town'.
Literary material suggests that the hospital was dissolved not long after the date 1467

A.D., but does not offer a specific date. The presence of peg-hole rooftile from the
medieval period or later date suggests that perhaps the hospital continued into the 16'
Century. As the hurials were distwbed post-mcrter?., it is impossible to z x s s their
temporal relationship. As some of the human remains exhibit osseous pathology
indicative of a diagnosis of leprosy, it has been assumed that these burials are associated
with the hospital during its k c t i o n as a leper hospital. This would suggest that the

burials represent the time period between the early 13" Century and the late 14" Century.
However, this is a dangerous assumption. It is also very possible that a portion of the
burials date to the later almshouse phase of the hospital. Unfortunately, this question is
impossible to answer in the absence of radiocarbon dates for the human material.
However, in order to err on the side of caution, it is best to view this collection as
representing the period between the 13'- 16" Centuries.

6.2.2 St. Mary and St. Thomas Hospital, Iljbrd (Essex)

The excavation of the hospital of St. Mary and St. Thomas, Ilford was conducted

in 1959-60 by the West Essex Archaeological Group under the supervision of Kenneth
Marshall from the Passmore Edwards Museum,London. To this date, no archaeological
report has been published on the site. All available information pertaining to the
excavation was provided to the author in the form of unpublished documents and notes
by the Newharn Council Archaeological Unit.There is a considerable amount of
historical material relating to the hospital horn the period of its foundation through to the
20" Century. The majority of this information is provided by the Victoria History of the
County of Essex, and unpublished documents housed at the Passmore Edwards Museum.

An area location map of the site is presented in Figure 6.4. The site location map of St.
Mary's and St. Thomas' Hospital within the city of Ilford is provided in Figure 6.5. A
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map of the site plan is presented in Figure 6.6. A map showing the plan of the south-east
trench including the burial population is provided in Figure 6.7.

Figure 6.4:

Area location map of the Borough
of Ilford, England.

Grcrdcr London showlng the

Figure 6.5:

Site location map of the Hospital of St.
Mary and St. Thomas, Ilford (Essex).
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The leper hospital of St. Mary and St. Thomas was founded early in the 12'
Century by Adeliza, made the Abbess of Barking by King Stephen (Victoria History of
the County of Essex 1966 5: 228). The hospital was established for the care of lepers and

other poor men of the community, and remained within the control of the abbey until the
Dissolution. The establishment consisted of a secular master, two chaplains, a clerk, a
!eprous mlzter ~qindthirteen !eprous Srethcn. It is clcai that the leper hospital cilatinucd to

function into the 14' Century, as it was in the year 1346 that Ralph Stratford, the Bishop
of London visited St. Mary and St. Thomas to review that the standards were being
maintained. At this time he noted that the numbers were not being upheld, and that the
revenues were being directed to uses outside of the statues. Thus, on December 4, 1346
new statues were drawn up to enforce the original rules of the house, and these continued
to fimction until the Reformation (Passmore Edwards Museum: unpublished manuscript).

The statues stated that the lepers were to be selected from the region of Barking if
possible, and if these could not be found, from the domain of the abbess and convent, and
then From anywhere else. The regulations strictly state that the lepers were not to omit
going to church and their devotions were strictly proscribed. Importantly, it states that the
lepers were to have free burial by themselves (Passmore Edwards Museum: unpublished).
At the Dissolution of the monasteries, the hospital was taken over by the crown, and the
commissioners of Edward VI note that at this time there was only one priest and two poor

men in the hospital. According to a statute dated April 23, 1572, the hospital was granted
at this time by Elizabeth I to Thomas Fanshawe and his hein. The hospital is listed at the
time of Fanshawe's inheritance as housing only one master, a chaplain and six poor men.
As there is no mention of leprous individuals present at the hospital by the time of the

Dissolution, it is likely that it was functioning as an almshouse for the poor by this time.
The hospital passed by succession through various hands until 1739 when it passed into
the care of the Gascoyne family, and eventually under the patronage of the Marquis of
Salisbury. The chapel remained the only place of worship in Ilford until the erection of
St. Mary's church in 1830 (Passmore Edwards Museum: unpublished). At present, the
hospital stands "on the south side of High Road, behind a high brick wall. The chapel,
which dates fiom the 14* century, but was largely rebuilt in 1889, is flanked on the
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north-west by the almshouses and on the northeast by the chaplain" house, all of which
were rebuilt in 192T(Victoria Hiaory of the County of Essex 1966: 228).

Figure 6.6:

A map of the site plan for the Hospital of St. lMary and St.
Thomas, Ilford (Essex).

St. Mary's and St- n o m a ' Lcpen Hospital, Ilford.
plan Showing the 1959-60 Excavation

Trench Locations

Nnvc

Cilapct

Q~utnxl

Tne forecourt of the hospital is an area of approximately 20 m road frontage by 12

m depth to the north wall of the church. Essentially all of this area was excavated in
1959-60 to the undisturbed gravel of the Taplow Terrace, with the exception of the space

covered by paved paths (Marshall 1963: unpublished). The original purpose for the
excavations was the discovery of considerable quantities o f poaery sherds of
'Metropolitan ware' dating to the 17'~Century.This occurred in the topsoil of the garden,
which occupied the forecourt. Excavation revealed the foundations of a 1 6 C~ e n t q

almshouse, and below this level a s t r a w of occupation associated with the foundations
of the church. rhis seaturn produced a small number of pottery f?agments dating to the

12"-l3" centuries. In the souhem half of the c o w "a s t r a m of gravelly backfill was

uncovered, apparently the infilling of a shallow pit. In this area, arranged in several lines,
heads to the west were WenV-hvo complete human skeletons and three detached skulls
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without bodies. This level is cut by the original north wall of the church and would
appear to antedate its foundation in 1145"(Manhall 1963: unpublished). The remains are
predominantly of adult individuals, in addition to a single adolescent and two children.

No identifiable artifacts were found in association with the skeletal remains,with the
exception of three iron spear points, one of which was discovered below the ribs and in
contact with the vertebrae of one specimen (Marshall 1963: unpublished). However. the
ground was disturbed within a few inches of the bones. and the disturbed level contained
sherds of 13" century pottery. In addition, there was no sign of individual burial pits and
all appeared to lie in a common grave (Marshall 1963: unpublished).

Figure 6.7:

Map of the south-east trench including some of the burials
from the Hospital of St. Mary and St. Thomas, Ilford (Essex).

St. Mary's and St. Thomas' Lepers Hospital. [[ford.
Flan of South East Trench (west end), Showing Burial Group

As the iron spear points were the only artifactual material associated with the

skeletal remains, archaeologists determined that the only clue to the date of the
inhumations was their stratified position. The initial analysis of the human remains was
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conducted by archaeologists in the field. They concluded that many of the skeletons
demonstrated evidence of having met a violent death, as elements of the bodies appeared
to be dismembered or completely absent, and they showed evidence of blows fiom sharp
weapons. In addition, they noted that one of the skulls demonstrated evidence of a severe
skull fracture that had apparently healed during life (Marshall 1963: unpublished). Based

on the stmtig~phy,the presence of Iron spear points md the apparent e:*.dcncc of
violence in the skeletal remains, the archaeologists suggested that these individuals could
be the victims of a Viking raid in this region. Although it was also possible that the
remains could date to the troubled times after the Norman Conquest or Civil Wars of the
early 12' century, it was concluded that the burial complex was probably Pre-Conquest

in date (Marshall 1963: unpublished).
Despite the conclusions of the original archaeological investigators, it appears that
due to a series of misinterpretations this skeletal collection was assumed to represent
burials from the leper hospital phase of the site. The incomplete and dis-articulated natue
of the burials, in addition to the presence of postmortem damage made it difficult to
assess the presence of disease. However, it appears that at least two individuals in this

collection demonstrate changes that may indicate the presence of leprosy in this
population. This observance, in addition to the fact that historical documents describe the
establishment of a leper hospital on this site, led researchers fiom the Passmore Edwards
Museum to suggest that the remains were not Pre-Conquest in date. They concluded that
~
when the
it was much more likely that the human remains date to the early 1 2 century
leper hospital was established. A review of the unpublished excavation material by
myself in 1996 suggested that this conclusion was incorrect. First, as leprosy is known to
have been present in England prior to the beginning of the 12" century, its presence in
this burial population does not necessarily mean that the skeletal remains belong to the
period of the foundation of the leper hospital. Second, Marshall (1963: unpublished)
noted that the level in which the burials were found was cut by the original north wall of
the hospitdchurch. Thus, the burials must antedate the foundation of the hospitdchapel

in the early 12'" century. Third,it was stated that the bodies were all deposited in a
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common grave cut, which indicated that all individuals were buried simultaneously.
There was no indication that these interments represented secondary burials. Although it
is possible that all 25 individuals could have succumbed at the same time it is highly
unlikely. In addition, even if this had been the case, one would expect each patient of the
hospital to have been buried in a discrete grave. Contemporary evidence from leper
hospitals such as St. J m c s a i i St. Marf Magdaicnc, Chichestcr indicates that individual
Christian burials was the tradition. Although the archaeological notes make no mention
of the presence of an earlier religious building at this site, it is possible that one did exist.
All of the individuals were interred with their heads to the west, indicating that they were
Christian burials. As it was traditional for burials to be placed within consecrated ground.
it is difficult to understand why these individuals would have been interred in this area if
there was no religious association. However, on the basis of present information, this is
impossible to determine.
Therefore, based on the information provided it is reasonable to conclude that the
skeletal remains uncovered within the grounds of the leper hospital in fact predated its
establishment. The evidence would suggest that these individuals represent members of a
late Anglo-Saxon population (1 0"-11" centuries). Unfortunately From the
commencement of the osteological investigation of this material in the 1970's and
19803, it was known that a leper hospital was present at this location. This assumption
led researchers to concentrate specifically on the identification of lepers in the collection,
causing some erroneous results. In addition, the fact that the vast majority of individuals
showed no demonstrable evidence of leprosy was somehow overlooked. The
identification of leprous material in a graveyard within the parameters of the hospital led
investigators to assume that they were 12" century in date. The material from St. Mary
and St. Thomas provides a good example of how the reliance on historical information
can lead to misinterpretation of archaeological material. In addition, it demonstrates how

crucial it is that archaeological reports not be allowed to collect dust in a museum,but
must be presented in the published literature.

6.2.3 St. James and St. Mary Magdalene, Chichester west Sussex)
Of all the examined collections, the Hospital of St. James and St. Mary
Magdalene represents the most extensively researched and documented site. Although the
majority of research has remained unpublished, there have been multiple analyses of the

sksletal narcrid kan +this dtc, as it icpicsenS t ! c best docuicn:cc? and !a;gcst leprous
collection excavated in Great Britain. The collection is presently housed in the
Department of Archeological Sciences at the University of Bradford, England. A
minority of the original documentation relating to the medieval city of Chichester, and
particularly to the Hospital of St. James and St. Mary Magdalene has been preserved to
modem times. Unless otherwise indicated, the majority of the material included in this
section is taken from the article by John Magilton and Frances Lee (1 989). These two
scholars were responsible for the excavation and preliminary osteologicd analysis of
material from the site. A map of the cemetery fiorn St. James and St. Mary Magdalene,
Chichester is presented in Figure 6.8. As the chronological sequence of the cemetery is
still being assessed, the division of the cemetery into three areas is not marked on the
map of the site. However, Section One represents the westernmost portion of the
cemetery near the foundations of the hospital buildings. Section Two represents the
central portion of the cemetery, and Section Three represents the easternmost portion of
the cemetery dating to the alms phase of the hospital.

Figure 6.8:

Map of the Cemetery of Leper Hospital of St. James and
St. Mary Magdalene, Chichester.

EXCAVATION OF THE HOSPITALOF 5T. jAMES
AND ST.MARY bL4CDALENE. CHICHESTER, ENGL.WD
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During the medieval period, Chichester was considered a city of considerable
import, both as a market centre and a pon. Mthough it was not situated on the sea,
Chichester had jurisdiction over several ports, particularly to the south-west. By 1341, the
port of Chichester was ranked as seventh in the entire kingdom (Salman 1935: 101).
There were five hospitals existing in Chichester during the Middle Ages. Of these five,
all but the Hospital of St. Mary's were established as leper hospitals, and were therefore

housed outside the walls of the city. All of these hospitals were situated to the east or
north-east of the city, near or on Stane Saeet which was the principal medievai route to
London. and may have been a useful location for alms-gathering. The Hospital of St.
James and St. Mary Magdalene was situated half a mile beyond the walls of the city, on
the nonh side of Stane Street, and probably was established as a hospital for lepers before
11 18 A.D. (Knowles and Hadcock 1953: 263). In its later years, the hospital ceased to

function as a leper hospital and was converted into an almshouse for the poor and infirm.
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Only the Hospital of St. Mary's and the Hospital of St. James and St. Mary Magdalene
s w i v e d the Reformation, as they were administered by the Dean and Chapter. The
remaining three institutions are thought to have ceased to function before the end of the
medieval period.
No administrative records from the period of the foundation of the hospital have
su~-A-~cduiitiI the prcsent. Xithough ille hospitai is thought lo have been established

before 1118, the first documentary evidence referring to the hospital comes from a
~ o ~ r m a t i ocharter
n
of 1187 A.D. This charter suggests that the hospital had been
established before this date, and that there were eight leper inmates (Page 1907: 99). The
dedication of the hospital to St. James is unusual, as St. Giles was typically the Saint of
cripples. However, the dedication to St. Mary Magdalene is commonplace, and results
from a series of medieval Biblical confusions which associated her with Mary, the sister

of Lazarus the leper. This association gave rise to the term 'Maudlin' being used to refer
to medieval hospitals (Richards 1977).
Later documentation states that the hospital was administered by a chaplain or
master, assisted by a prior and senior inmate. The inmates were admitted to the hospital
by the consent of the chaplain and a majority of the inmates. If an individual did not

observe the regulations of the hospital they could be fined or expelled by the rest of the
group, a typical condition of a large number of hospitals at this time. A visitation of 1442

states that it was not the custom to gain admission through payment, although elsewhere

this was a common practice (Page 1907: 99). The 'Rule of the House', confirmed in
1408, states that the primary function of the hospital was to pray for the King, the
kingdom and benefactors, and to recite the Creed, Lord's prayers and Salutations, and not
specifically to segregate the lepers from the rest of society. This can be understood by the
fact that sufferers of leprosy were considered to be morally and spiritually corrupt, and
little was understood about the transmission and progress of the disease. In Chichester,

those visiting and relieving the leper inmates were granted 15 days of relaxation of
penance. In addition, under a later charter, 40 days of indulgence was granted to
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individuals visiting the hospital during the feast days of St. James or St. Mary Magdalene
(Page 1907: 99).
The last reference to the leper inmates at the hospital comes From a will of 1418.
By 1442, "six of eight inmates were married, including the prior, and spent most nights at
hame with their wives. Ail had secured admissions by payments"(lee and Magiiron

1989: 25 1). In 1478 a prior and five inmates are recorded (McCann 1987: 253). Although

the hospital was originally established as a leper hospital, it is likely that it ceased to
function in this capacity at some time during the 15" century. From the 15" century until
the decline of the institution in the 17' century, it appears that it functioned as an
almshouse for the impoverished and ill.
In 1540, the constitution of the hospital was amended and allowed for the
admission of women, in addition to the appointment of a layman as master. The
conversion of the leper hospital to an almshouse was formalized between 1535 and 1540.
and was perhaps a belated recognition that the hospital was no longer needed in that
capacity. The last record referring to the hospital in use comes from 1775, when it
appears to have been a convalescent home for smallpox sufferers (Anon 1938: 14).
Although the post of master continued as a position for members of the church

establishment, the hospital essentially ceased to h c t i o n in the late 17' century, and
eventually the revenue generated From the hospital was given to the Royal West Sussex
Hospital (Salzman 1935: 167). Today, nothing of the original hospitai remains except for
medieval architecture incorporated into the thatched cottage that was erected in the 18h
century after a fire had destroyed the buildings in 1781 (Steer 1962: 23).
The cemetery of the hospital was discovered during the construction of a housing
estate at Swanfield Drive in 1947 (Sussex County Magazine 1947: 173). The former City
Engineer stated that the burials lay at a depth of 18 inches beneath the new road north of
the thatched cottage, and were laid out in ranks. Although some of the skeletons were
examined for leprosy at this time, no evidence of the disease was found and the bones
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were reinterred in the Litten cemetery, St. Pancras. Prior to further building,
archaeological excavations of part of the hospital cemetery were conducted in 1986-7 by
the Chichester District Archeological Unit, led by John Magilton. Partial excavation of
the cemetery revealed 330 distinct graves containing a minimum of 35 1 individuals.
Excavation was restricted to the south-eastern portion of the cemetery, the southern
b o u n d q marked by thc River lava xi^, aid the castcm portion dcfincd by ditchcs.

Observations in 1947 and 1986-7 suggest that the site extends at least as far west as the
thatched cottage, and perhaps underneath and north of the road. To the east, burials do
not extend past the original boundary ditch.
Although the relative chronology of the cemetery remains speculative at this
point, the excavated portion has been divided into three distinct areas on the basis of
cemetery organization, general alignment of graves, structure of the population (age and
sex), and the types of pathological lesions present. The cemetery organization varied
from west to east. The easternmost burials in Section 3 represent the latest phase of the
cemetery, which is thought to represent the almshouse period of the hospital. The graves
are arranged in north-south rows, and there appears to be little intersection of the grave
pits. Both women and children are present in this area, which suggests that this phase of
the burial ground should post-date the amendment of 1540. In addition, there is a wider
range of pathological conditions in this section, including such diseases as tuberculosis,
osteoarthritis, leprosy and traumatic lesions. This further suggests that this portion of the
cemetery dates to the almshouse phase of the hospital. In Section 2, located in the centre
of the excavated area, there appears to have been little overall planning of the interments,
as the arrangements appear more chaotic and there is fkequent intersection of graves.
Both sexes are represented in this area, with a localized area of immature individuals. It is
important to note that this clustering of infant burials does not necessarily imply that

infant mortality was particularly high at this period. It is far more likely that this spatial
clustering indicates that a special area had been reserved for the burial of children. This
suggestion is supported by the presence of reserved burial for children at both the
Rivenhall and Wharram Percy sites. Section 1, at the westernmost portion of the
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cemetery is considered to be the earliest phase of the graveyard. There appears to have
been more planning in the placement of interments, as the graves seemingly share a
common north-south line. Many of the graves in Section 1 intersect each other, but this
may reflect a restricted area available for burial. The overwhelming majority of the
burials in this area are male, with a few exceptions, and it is also the section with the
highest concenbatior, of ske!e:or,s exhibiting ! c p i a ~bone ihartge. This is

surprising

in that this phase of the cemetery represents the period when leprosy was at its peak in
Great Britain, as well as the fact that the foundation charter of the hospital restricted
admission to males exclusively. The different pattern of alignment of graves in Section 1
may have resulted from burials being aligned parallel to the hospital buildings rather than
true west-east. This may be confirmed by the fact that the only building observed in the
excavated area that post-dated the interments was aligned in the same direction. The
density of burials in this earliest section may be a result of inmates seeking burial near the
hospital chapel, which was perhaps just beyond the excavated area. It appears that the
organization of the cemetery was a gradual process, rather than having been imposed at a
specific point in time. There is no indication that the cemetery had not been in constant
use.
Individual burials in the cemetery had been in coffins, of which a number of the

nails have been preserved. In the eastern portion of the burial ground, some individuals
had been buried with graveyard stones placed on either side of the head. This was either
to keep the head in place or to act as some form of pillow. One of these stones made of

chalk, was decorated with an incised cross. There was no evidence of grave markers. The
position of the body varied throughout the cemetery. A large number of the bodies appear
to have been interred with their arms folded. Variation may be explained in part by the
displacement of the body during burial, or pathological conditions suffered by the
deceased. At feast one grave showed evidence of having been dug for two individuals,
and another appears to have been deliberately reopened to take another body. The graves
tend to have few distinctive features. The only 'special' graves were discovered in the
western portion of the cemetery (Section 1). Here, there was a cluster of burials in the
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may be explained by the fact that some women may have been admitted to the almshouse
before the regulations were altered to regularize it. In addition, other women, such as the
wives of the inmates, servants, or benefactors may have requested buriai in the cemetery
fiom its foundation.

Tnz oniy rlocumcnky evidence which indica1c.s h e miciions

suffered by h e

individuals residing at the hospital is a list fiom 1594, which details the disease and
deformities of Elizabethan inmates during the almshouse phase. The list records eleven
inmates, plus the proctor and his wife, and states that most of the individuals were
crippled, although two are described as 'idiots'. Two of the crippled individuals were
"Agnes Patchinge, a maid without legs, 30, and Agnes Barnes a maid without legsW(Page

1907:99). Excluding the proctor and his wife, all of the inmates were 40 or younger, and
four were teenagers. There is no mention of medical treatment supplied by the
almshouse, and it is likely that the primary function of the institution was to provide care
and shelter.

The lack of documentary information makes it impossible to calculate the total
cemetery population. There is no evidence concerning the number of inmates living at the
hospital, how long individuals survived after admission, whether or not inmates were
buried in specific areas of the hospital cemetery, or the number of people associated with

the hospital who requested burial there. In 1498, only a prior and five inmates were listed

as living at the hospital, which implies that at times less than the maximum of eight were
residing there (McCann 1987). However, the number of inmates was restricted in 1618,
which suggests that the number of inmates exceeded the hospital's resources at this point
in time. Therefore, attempts to make statistical inferences about total population based
upon the original number of eight inmates would not produce accurate estimations. In
addition, as the entire cemetery has not been excavated, it is impossible to estimate the
size of the total burial population. However, it is possible to establish some chronological
control over the excavated area. It appears that the majority of the retrieved burials date
from the early 12" century through to the late 17" century.

6.3 Non-Leper Hospital Cemeteries
6.3.1 Dominicon Friary of Blackfriars, Gloucester (Gloucestershire)

The city of Gloucester has had a long history of occupation, with its original
founrlaiion occurring in Roman ti~l~es.
In t l ~ efirst century AD.,a necessary "pmliminary

to the opening of a Welsh campaign in the south was the establishment of a base from
which operations could be directed, and this was met by the building of a new legionary
fortress at Gloucesterl'(Hunter Blair 1963: 44). The emergent Roman native centres were
founded upon the model of Roman towns known as coloniae (settlements of Roman
citizens) of which there were very few in Britain. Many of these consisted of retired
legionaries and their families, and the colonia at Gloucester was established in 96-8 A.D.
(Scullard 1979). It has been estimated that the population of Gloucester during the
Roman period in Britain may have been as large as 5,000 inhabitants (Scullard 1979: 99).
Certainly from the period of its foundation, the city of Gloucester remained a large and
important centre. Romano-British town and fortress defence exercised "a pervasive and

enduring control over later developments on the same siteW(Wilson1976: 106). At
Gloucester, the Roman circuits were partially lost only when the medieval towns
expanded beyond their former limits (Wilson 1976: 107). The region including the city of
Gloucester came under West-Saxon control in 577 A.D., at which time it was
transformed into a Saxon 'burh ' (town) (Hunter Blair 1963: 206). Until the time of the
Norman Conquest, the planning of the town was still dominated by the layout of the
Roman street system. The town was refortified in the 9"- 10' centuries, and it was
"apparently the walls of the Roman colonia that were refurbished and within which a
planned street system of 'Winchester' type was laid outY'(Wilson1976: 134-5). At the
time of the Conquest, a Norman castle was laid out of the basis of the former Roman
insulae at the site (Atkin 1993:unpublished).
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Figure 6.9:

Location of the Dominican Friary of Blackfriars
Within the city of Gloucester, England.

The burials from this site were excavated in 1991 by the Gloucester Archaeology
Unit led by Dr. Malcolm Atkin. The actual excavation consisted of a 20m x 2.5m trench
under the south end of Ladybellegate Street Car Park adjacent to the standing monument

of the Blackfriars (Atkin 1993: unpublished). No maps of the actual excavation area are
available for this site. However, a map of the location of the Dominican Friary of

Blackfriars within the city of Gloucester is presented in Figure 6.9. The actual excavation
was accompanied by an extensive Ground-Probing Radar survey. During excavation, 140
individuals were retrieved, consisting of both male and female adults, as well as several
subadult individuals. However, results of the Radar survey suggested that the cemetery

was much more extensive. The correlation of '7he signals emanating from intact skulls
within the trench to similar signals extending over the surrounding area suggests a
cemetery extending over 990 square meters, with a total population of over 2000
burialsn(Ortner, Roberts and Atkin 1993: 8 unpublished). Its precinct

"of 1.5ha is unusually large for an urban setting but this is at least partly to be
explained by its being sited on the waste ground of the former castle. The stones
of the surviving Roman walls were now robbed out to help build the friary. The
ground level over the earlier remains were now sealed by dumps of earth and clay
excavated from the foundations of the new Friary buildings lying to the south. It
is, however, possible that the north end of the road (outside the Friary Precinct)
remained in use as Saters Lane (closed by 1535). The line of the south part of the
road did, however, continue to serve as an internal boundary line within the Friary
until the late 14" century, marked by a new stone wall. The Friars initially used
the land within the excavation as a convenient piece of waste ground through
which to dig rubbish pits. But it is likely that the land to the east of the excavation
was quickly utilized as the Friary burial ground"(Atkin 1993: 7 unpublished).

The Dominican Friary of Blackfriars was established in 1239 A.D., with the "first
documentary reference to a burial ground in this general location being in 1246, when it
was already being expanded. At its documented peak the friary housed forty friars but

this had declined to six by the time of its dissolution in 1538. By this stage their
'gardens', which may have included part of a partially-abandoned graveyard, had been
leased outy'(Ortner, Roberts and Atkin 1993: 8 unpublished). Therefore, the cemetery has
a period of interment that dates between 1239 to 1538 A.D. It is likely that a number of
the male adult burials represent remains of the friars themselves. One burial was clearly

that of a priest and contained a pewter paten and chalice. Other individuals buried within
the cemetery were probably benefactors and their families, which would explain the
presence of both women and children in the burial population. It is known from historic
documents that a "number of wealthy city merchants are known to have been buried at
Blackfiiars in the 15" century. The presence of pathological conditions in many of the
skeletons suggests that the friars may have been operating a hospital or hospice"(Ortner,
Roberts and Atkin 1993: 9 unpublished). It is interesting that after the Dissolution in
1537-8, Thomas Bell, the purchaser of the site immediately founded an almshouse
adjacent to the site (Atkin 1993: 9 unpublished).
The dating of Christian Medieval burials is often very problematic in that
individuals are not accompanied with the range of datable grave-goods often associated
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with non-Christian interments. By the end of the 14" century the pressure on the existing

cemetery had become acute. The graves

Were packed closely together and Frequently disturbed earlier burials. Sometimes
the skulls and long bones from the disturbed skeletons were reburied with the
later burials, or collected together into charnel pits. The cemetery had to expand
and so the original west boundary wall (that based on the alignment of the Roman
building) was demolished and a new boundary to the cemetery was established to
the west. It seems that this move was immediately preceded by the final robbing
out of some suniving element of the late Roman building or of a medieval
cellared building. It was notable that the latest burials contained fewer children
and adolescents and generally seem to reflect a more elderly population. It may be
that this reflects the decline of the Friary both in terms of recruitment and service
in the late 15'116" centuries. But this was, it must be stressed, only a small
sample of the total cemetery.. .The excavation sample may therefore represent
some type of zoning that it is not possible to comprehend at this timeV(Atkin
1993 : 8 unpublished).
This westward expansion acts as a clear horizontal dividing line in the history of
the cemetery. It appears that the use of the cemetery had already considerably declined,

along with the friary itself, prior to the Dissolution of 1538 (Ortner, Roberts and Atkin

1993: 9 unpublished). However. this cemetery is unusual in that historic material has
been preserved which clearly establishes the exact period of the friary's foundation and
dissolution. Therefore, researchers can establish with a fair degree of comfort that the
interments will not predate the establishment of the friary in 1239, and do not extend past
the date of Dissolution in 1538 A.D.

6.3.2 Blackfriars Friary, ipswich (Stiffolk)
While the early history of the town of Ipswich is not well understood, it is clear
that the middle-late Anglo-Saxon period in England was associated with the appearance
of a number of trading centres in riverine and coastal environments. It seems likely that
there was at least one major trading centre in each of the major kingdoms. Ipswich
(known originally as Gipeswic) founded in 993 A.D. served as a prominent port for East
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Anglia (Wilson 1976: 1 15). In addition to the major port of London, the port of Ipswich
served to "link East Anglia with the Rhine and other parts of north-westem Germany and
the Low Countries. But away from these coastal areas, towns did not play a prominent

part in the life of Anglo-Saxon England before the times of the Danish invasions"(Hunter
Blair 1963: 262). There is no early documentary evidence for the town of Ipswich.

Howsver, the exient of middle S a o n occ~pationis aacstcd to by the distribution of
ceramics known as 'Ipswich ware' from this period (circa 650-850 A.D.), found over an
area of roughly 12 ha on the north bank of the Onvell river (West 1963233-7). Evidence
demonstrates that pottery was manufactured in the town, but there is no other evidence of
industry, largely due to the fact that very limited archaeological investigation has been
conducted at present (West 1963, 1973, Smedley and Owles 1963). The presence of
imported items of glass and pottery of the Badorf type, in addition to relief-band
amphorae confirm the presence of cross-channel trade (West 1963). In its "situation, and
in the large extent and early date of the occupied area, Ipswich is comparable to Harnwih
(Southampton 8' century). These places were, so far as one can tell, new settlements; at
least, they did not occupy former Roman walled places. They lay on the coast or beside
rivers, seem to have been undefended, and appear to have been related to some other
settlement or settlements inland: Hamwih to Winchester.. .Ipswich to an East Anglian
centre or centres less easy to define"(Wi1son 1976: 115). Throughout the medieval
period, Ipswich remained a vital and important trading port town.

Figure 6.10: Site plan of Blackfriars Friary, Ipswich (Suffolk).

The excavation of the Blackfriars Friary, School Street, Ipswich was conducted

between 1983-85 by the SufTolk Archaeological Unit.The collection is presently housed
at English Heritage, England. All material pertaining to this site was published in a report
by Dr. Simon Mays, English Heritage, to which this work will refer unless otherwise

noted. A map of the site plan of Blackfriar's Friary, Ipswich is presented in Figure 6.10.
The friary was founded in 1263 A.D. and continued to h c t i o n until the Dissolution in
1538 A.D. (Page 1975: 122-3). During the excavation, the remains of 250 individuals
were recovered representing adult individuals of both sexes and sub-adults. The burials

are believed to represent both remains of the friars and lay benefactors, and all burials

were retrieved from within the boundaries of the friary complex (Mays 1991:1).
Interments were recovered from multiple places within the complex, including the
Church Nave and Choir, the East, North and South Range of Cloisters, the Church

Walking Place, Chapter House, and an area south of the Nave. There was substantial
inter-cutting of graves, and thus precise dating of specific burials within the period of
cemetery use was not possible. In addition, human remains were also recovered during
alterations to the brewery, which was located on the north side of the site. It is likely that
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these burials were retrieved fiom a cemetery associated with the fiary, to the north of the
friary church (Blatchly and Wade 1980).
Of the 250 interments retrieved fiom the Blackfriars Friary, 89 demonstrated
evidence for burial in a coffin, found in evidence "of traces of wood fragments or coffin
st3ining 3ndtor the presence of iron cails. There is :,o association bctwccn picsciicc of a

coffin and the sex or age of the individual" (Mays 1991: 10). The position of the arms in
burial was recorded when possible during excavation, and listed as: placed across the

stomach or chest, placed across the pelvis or abdomen, or placed by the sides.
Interestingly, at Ipswich there appears to be a relationship between the body posture of
the inhumations and gender. The vast majority of the interments "with hands placed on
the chest are males, indeed no certain females are found in this position. It is unclear why
this posture should be (?exclusively) associated with males while at the same time being
the burial posture for only a minority of men. At the Ipswich Blackfriars, no cemetery for
the exclusive use of brethren was located, and it is tempting to speculate that these

'praying position' burials are interments of friars"(Mays 1998: 197).
It is highly likely that the excavation did not uncover a number of buildings fiom
the original friary complex. Historic documents suggest that a second cioister existed to
the south of the excavated area, which may or may not contain M e r burials (Gilyard-

Beer 1980). The names of 15 individuals interred in the friary are known. However, it

was impossible to associate these records with any specific skeletal individual. The friary
buildings were partly situated above a late Anglo-Saxon (1 0'-11'

century) cemetery,

which was previously excavated and reported by Dr. Simon Mays (1989).

In all locations in the friary complex, males outnumber females in the burial
population. Burials of female individuals were found in all locations within the friary
complex, with the exception of the Chapter House and the South Range of the Cloister.
This suggests two things. First, that these two regions may have been reserved for the

burial of members of the religious community exclusively. Second, that there does not
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appear to be a segregation in the remainder of the complex between burials of the friars
and lay benefactors. Confirmation of this assertion can be found in the fact that there is
no "evidence for spatial patterning with respect to age and sex within the 6 of the 7
locations in which the burial of females and children are found in addition to those of
adult males. The exception to this is in the church choir: there are only 5 burials of infants
(hosc ;haughi to be aged undcr 2 years at death) in the friary as a whole: all these arc

located towards the east end of the church choir"(Mays 1991: 12). The segregation of
children within friary cemeteries is not uncommon. This was also observed at the Oxford
Blackfriars where young children were located in the Chapter House (Harman 1985). In
addition, it is not unusual to find a lack of segregation between friars and lay benefactors
in this burial population. In a collection of wills of individuals buried at 28 different
Blackfriars friaries in England and Wales, there were a small number of cases where
benefactors requested burial next to particular friars (Palmer 1891).
Upon investigation, a wide range of preservation was noted within the site. This
ranged From "soil silhouettes, where all bone had vanished, to near complete, well
preserved skeletons. Plotting bone preservation on the site revealed little regular spatial
patterning, the exceptions being the burials in the Chapter House and in the adjacent East
Cloister Range, which were, in the main, rather poorly preserved: these bones frequently
had a light sandy soil adhering to themW(Mays1991:3). A purple/black staining was
found on some of the bones, particularly on those elements that composed the base of the
skull. It was noted that these stained areas were associated with poorer levels of
preservation than non-stained bones. Analysis by "scanning electron microscopy revealed
that no major differences exist in the elemental composition of the bone mineral in the
stained and unstained areas" (Mays 1991: 3). The results of a spectrographic analysis
suggested an improved crystalinity of the hydroxyapatite structure of the bone in the
stained areas. These results are in concordance with the observations of Piepenbrink
(1986) who proposed that in his study sample the improved crystalinity in stained areas
on osseous tissue was related to partial acid solubilisation of the bone mineral with
subsequent recrystalisation, which he related to fungal activity. It is very possible that
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this explains the observations in the Blackfiriars material, as the poor preservation of the
bone in the stained regions is consistent with localized increased acidity (Gordon and
Buikstra 1981). The often incomplete nature of the skeletons is also in part due to the
large number of graves cut by later features. Of the entire sample, 104 of the 250 graves
were cut by later interments.

6.3.3 Rivenhall, (Essex)
Figure 6.11: Map locating the site of Rivenhall
within the County of Essex (England).

The village of Rivenhall is located 18 km south-west of Colchester in Essex. The
modem nucleus of settlement "lies in the centre of the parish, near to the church and is
1.6 km (1 mile) north-west of the Roman and modem road (A12) from London to
Colchester"(Rodwe1l and Rodwell 1993: 1). A map locating the site of Rivenhall within
the County of Essex is provided in Figure 6.1 1. An incomplete map of the site plan for
Rivenhall is presented in Figure 6.12. Unfortunately at present, a complete map of the

archaeological excavation at this site is not available. A map of burial area C4 is
presented in Figure 6.13. This region of the site contained the majority of burials, and the
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single meponema1 case (burial 204) is located within area C4. The general settlement

history of the area is complex, and is closely related to the pattern established during the
Roman period. Infomation penaining to this site is contained in two published
archaeological reports by Rodwell and Rodwell ( 1985, 19 9 3 , to which this description
will refer exclusively. Historical interest in the site at Rivenhall extends back to the early
19" century. However. archaeological investigation of the site did not commence until
~ugust-September1930, when the Roman Essex Society opened twelve trenches to
examine the foundations of the long tessellated corridor, bath-house and a portion of the

main house block of a Roman villa on the site (Rodwell and Rodwell 1993). Throughout
195 1-2 excavation was concentrated on the north range of the house (Building 1) where

the majoriv of the plan and chronological sequence of the site were established.

Figure 6.12: Partial map of the site plan for Rivenhall, Essex.
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By 1952, excavation had subsided at the site, and funher excavation did not occur
until 1971-3 when the Essex Archaeological Society conducted a salvage operation.
Proposed building alterations by the modem church had severely threatened the
archaeological deposits. Therefore, in 1971 a trial excavation and preliminary scrutiny of

the chancel area was conducted. In 1972, "excavation took place around the church and a
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structurai study of the building was begun; and in 1973 an area in the north-east comer of
the graveyard was excavated in advance of its use for modem burial"(Rodwel1 and
Rodwell 1993: 6). Therefore, archaeological activity was focused on the church, the
churchyard and the immediately adjacent fields. In July-August 1972, in addition to the
investigation of the chancel building, simultaneous "excavation took place in a 5m wide
strip around the east north, and part of tf!e west side of the C ~ I L ' C (~

2 ~ C!).
1

3. shg!e

trench was cut across the site designated for the building of the new vestry (Area C3) and
an area (C4) was opened to the south-east of the chancel, where ground lowering, tree
agubbing, and drain digging posed M e r threats to the pronounced earthworks. Finally,
an area (C5) near the eastern boundary of the churchyard was partially excavated, where
future grave digging was expected. In July and August 1973 an area of c 4 10 s q m in the

north-east comer of the churchyard was cieared of scrub and topsoil by machine,
followed by hand excavation (area C2). A M r r small area (C6) was also partially
excavated in 1973, in conjunction with the laying of a concrete raft for a shedn(Rodwell
and Rodwell 1993: 9).

Figure 6.13: Map of burial area C4 from the site of Rivenhall, Essex.
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Throughout the excavation of cemetery Two, 291 graves were r e ~ e v e dfrom the
trenches round the church, although these do not represent the entire burial population in

this region. For reasons that remain unexplained, only 229 individuals were submitted to
researchers for examination. The collection is presently housed at English Heritage,
England. The time span for each period is as follows:
A- Period 4C
B- Period SA-B
C- Period 5C
8-C-Period5.4-C
D- Period 6
E- Period 5-6
F- Period 7

Mid to Late Saxon
10'- 12" century
12"- 14" century
!0'-14'centu,.1~'
14"- 17' century
Pre 18* century
18"- 19" century

The foundations of the

"Period 5B church precluded deep excavation adjacent to the walls and only
those burials encountered in elucidating specific stratigraphic points were
excavated. Around the Period 6B chancel, which had much deeper foundations,
and in trench C4, a near complete sample of burials was obtained, although very
deep graves and those which lay largely outside the excavated area were not fully
investigated. Disarticulated bones occurred in very large quantity and no attempt
has been made to estimate the number of individuals they represent. The outlines
of graves were often invisible, particularly when cut into the earth-filled podium
of Building 2. Definition was best at the east end of the chancel, in the layers of
rubble and mortar associated with the Period 3 reconstruction of the Roman
building. Even here, however, there was up to 0.8m of mixed grave earth in which
it was impossible to detect individual burials" (Rodwell and Rodwell 1993: 99).

In contrast to area C2, there were many graves that intersected, and could be
stratigraphically associated to form chains of up to eight burials. The individual graves
were then correlated to particular horizons in order to approximate dates for the chain as
a whole. The Period 6B chancel

"provided the major fixed point, for it truncated a number of burials with two
distinct orientations. Some were aligned west-east while others on the north side
were oriented north-west to south-east. Graves with no direct relationship to the
church fabric also deviated in this way and were matched on the south side of the
church by several oriented south-west to north-east, some of which were also cut
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by the chancel extension. The form of the chancel in the preceding period (5C)
was apsidal and these burials probably deviate because they mirror the form of the
apse. They in tum isolate an earlier horizon of west-east burials associated either
with the first stone church (5B)or its timber predecessor (SA). ..Although some
were cut by the Period 6B chancel, none was cut by the first stone church. Graves
of 18' century or later date could easily be isolated from the group postdating the
apsidal horizon, as their fills tended to be darker, less fully consolidated, and to
contain peg tile and fragments of other building materials used in the 18" and 19"
century renovations. They also had coffins and, in a few cases, visible
monuments. This left a group of west-east oriented, uncofined burials filling a
rather broad 14"- 17' century date bracket, with no means of further
subdivision"(Rodwel1 and Rodwell 1993: 99).

Of the 291 graves excavated From Cemetery Two, the majority could be dated
within specific parameters. The time scale for excavated burials is as follows:

-

37 graves assigned to Period 5A (Late Anglo-Saxon, early 10" century),

"

or Period 5B (1 0" and early 1 1 centuries).

-

53 graves assigned to Period 5C (Saxo-Norman 11" century and Norman
12" century).

-

42 graves assigned to Period 6 (medieval 13h century-1'5 century).

94 burials assigned to Period 7 (post-medieval 16' century- 19" century

The remaining 65 individuals dated to earlier than the 18" century but could not

be assigned to a specific phase, as outside the region where the apse exerted an influence
there were no fixed horizons. In addition, a small number of graves could be assigned to
more than one period in the cemetery. A review of the burial phases

"reveals that instead of forming regular rows, the graves cluster together in tight
intersecting groups, some of the available space between them being completely
unused. That this is due to errors in phasing is demonstrated by the 'apsidal'
burials. In addition, a study of grave depths reveals that there is no correlation
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between the depth of a burial and its period. All graves in CIE were dug from a
level approximating to the modem ground surface and vary from 0.7 to 1.9m in
depth, with those east of the chancel being on average rather deeper, probably
because of the soft nature of the underlying Roman layers. One late grave
penetrated the natural subsoil; most left between 0.2m and 1.Omof Roman layers
undisturbed which, together with the uneven distribution of burial as a whole,
ensured a relatively good survival of earlier deposits. In particular, the area of the
timber church was remarkably Free from burial"(Rodwel1 and Rodwell 1993: 99).

Many of the earlier graves were particularly narrow, with a width of only O.3m0.5m.However, in many cases an outline could not be established. A small number of
graves presented special features. A few graves were ledged or lined with large pieces of
Roman roof tile set on edge. A small number of the medieval period had tile-lined graves.
Seven burials were dug with a cut-out area for the head, similar to the interior of a stone
coffin, although they were not coffined burials. A single grave is listed as containing
pieces of Hedingham ware pottery, a style that was in vogue in this region around the late
12'- early 13' centuries.
It appears that wooden burials with iron fittings did not come into general use
until the 1 8 century.
~
However, even at this time the sample may be biased in favour of
wealthier burials close to the church. There was no clear evidence for

"earlier coffms and the narrowness of many graves would seem to have precluded
them. Outside the north door of the nave the fragmentary remains of a stone
coffin were found in the backfill of a later grave, but it is not clear whether this
had formerly been buried on the spot or had found its way into the grave as
rubbish from elsewhere. The wealthy appear to have been buried inside the
church; set into the chancel floor are two medieval carved stone coffin lids which
were found during the 1878 restoration"(Rodwel1 and Rodwell 1993: 100).
The vast majority of burials were in a supine position with arms resting at the
sides. Hcwever, there were a few exceptions. The individual in Grave 35 was laid on its
right side, and Grave 202 was buried with the feet facing to the west. Grave goods were a
rare event in this sample. The only grave goods were two bone pins, one with a gold head

324

that were found in contexts from periods 5A or 5B.A Period 7 burial was found with a
bronze pin beside the skull. Finally, a bronze finger ring engraved with the letter 'I' may
have been derived from a medieval burial even though it was discovered in a 19' century
context. It is difficult to assess the relative burial density and patterns of preferred burial
in this relatively small sample. However, the clustered pattern of burials found in Periods
5 and 6 may reprcscnt "xpcatcd usc by a singlc family group and h z rcladvely spa~ioiis

layout, with no vertical horizons, may be a consequence of the large size of Rivenhall
churchyard"(Rodwe1l and Rodwell 1993: 100).
Although the north side of the church was not altogether shunned, it does seem to
have been less intensively used than the south side, especially in the later periods up until
the 19" century. The east end of the chancel appears to have been in the greatest use

during Period 5, and contained very few burials from Period 7. In contrast to this, the
majority of burials from trench C4 dated to Periods 6 and 7, and the burial density was
generally greater. Little can be "said about the west end of C1, where few graves were
excavated, or trench C3 which was in the area used so intensively in the 19" century that
all earlier evidence had been destroyed. There was a tendency at all periods to bury
infants and young children close to the church walls"(Rodwel1 and Rodwell 1993: 100).
The clustering of infant burials appears to be a fairly common observation in medieval
burial grounds. Discrete areas for infant burial have also been observed at the medieval

period sites of St. James and St. Mary Magdalene (Chichester) and Wharram Percy
(North Yorkshire) and the Anglo-Saxon cemetery of Raunds. Evidence from these sites
indicates that "such clusters, when they occur, tend to be located close to the church
walls.. ."(Mays 1998: 202).

In conclusion, the site at Rivenhall dates originally to the Roman period, at which

time a villa was located on the site. However, the relevant burial sample was retrieved
from Cemetery Two at the site, which dates approximately from the late Anglo-Saxon
period in the 9- 1oLhcenturies throughout the medieval period, up until the late 1gLh
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century. The burial ground in still in use to the present day, although inhumations in the
present cemetery were not included in the excavated sample.

Figure 6.14: Map locating the site of Wharram
Percy within the County of North
Yorkshire, England.

The site of Wharram Percy represents the remains of a deserted medieval village
located approximately 20 miles north-east of the city of York in the county of North
Yorkshire. The site is located in an area known as the Yorkshire High Wolds, which is
characterized by both limestone and chalk geological deposits. A map locating the site of

Wharram Percy within the County of North Yorkshire is presented in Figure 6.14. The
map of the site plan is provided in Figure 6.15. Prior to excavation, the site was
represented only by two grass fields containing extensive earthworks near a semi
abandoned ancient parish church. Upon investigation, the foundations of several rural
domestic structures were uncovered, ranging fiom simple peasant 'cruck' longhouses to
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an extensive manor house with outbuildings. In addition, excavation was conducted
within the parish church of St. Martin. and selected areas of the churchyard. Sporadic

excavation was conducted in the 1950's and 1960's by the Deserted Medieval Village
Research Group headed by Maurice Beresford. As of 1974, excavation and preservation
of the site has been a joint effort between the Deserted Medieval Village Research Group

and the D e p a i e n t of the Er~~iiaaicnt.
The mhacology of t\c

Percy site is

extensive and complicated, and this work will concern itself only with the chronological
parameters and information relating directly to the retrieved burial population.
Information relating to the site of Wharram Percy comes fiom the published report by
Beresford and Hurst (1990) unless otherwise noted.

The semi- abandoned parish church known as St. Martin is the only remaining
medieval structure fiom the site. It stands on a ''terrace in the valley, close to the stream
that runs near the eastern boundary of the churchyard. Its unusual and semi-isolated
position has never been explained, although the isolation was less in the Middle Ages
when the houses of the eastern Row extended as far as the vicarage, which adjoined the
church. The eastern side of the valley is here at its steepest, but on the west the ground
slopes up to the terrace before rising to the plateau where the nearest houses (Area 6)
were to be found"(E3eresford and Hurst 1990: 53). The earliest documentary reference to
the church is one naming the vicar, Ive, dated to between 1210-1220 A.D. The next
reference in 1254 records Peter de Percy's acquisition of the right to nominate the
incumbent when a living became vacant. There are no further references to the church
until in 1531, a gift for the rood loft is listed, and a succession of complaints are recorded
concerning the decay of the chancel fiom 1555 onwards.
The establishment of the original medieval village at Wharram Percy remains
obscure. The main results of the boundary trial trenches demonstrated that '?he main
medieval earthworks were on the same alignments as Iron-Age or Romano-British
boundaries that were found underneath them and that there were Romano-British farms
on the south-west and northern boundaries of the medieval village"(Beresford and Hurst
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1990: 68). In addition, the presence of the remains of Saxon period timber structures,
including the foundations of a middle-late Saxon church in the 10" century suggests a
continual occupation in this area fiom the Iron Age until the medieval period. Dating of
the medieval occupation was difficult in that no distinct occupation levels were

uncovered in the domestic buildings. Although pottery was found at the site, it is not

lsefu! for precise dating as ''the xost c o m o n domestic iiscd at rA%aiimi, madc at k i l i i ~
14 miles (20 km)away in the Vale of Pickering at Staxton and Potter Brornpton, had a

long date range of some 200 years during which the same fabric derived from the same
clays. This pottery was continually used, so it is hard to give precise dating to most
pottery hgments"(Beresford and Hurst 1990: 4 1).

The first historical documentation refening to a settlement that was eventually
named Wharrarn Percy comes fiom the Domesday Book. In 1086 this work records the
giving of "an assessment of nine carucates, eight in the king's own hand and one held by
in return for military service by a certain Chilbert. The entry includes the abbreviation

'2M', reckoning each of the holdings a manor but not necessarily implying manor
houses"(Beresford and Hurst 1990: 45). A series of documents referring to the Percy and
Hilton families (lords of the manor) imply habitation of the site until at least 1517 A.D.
At this time, a member of the Hilton family was accused of evicting four households. In
the late 14" century, the village "consisted of about 30 houses. Like many others in the
Yorkshire Wolds it took the form of two facing Rows: the longer, with about 20 houses,
lay along the edge of a hill-top plateau, faced by a shorter eastern row on the valley floor,
the two separated by the steep fall of the valley side on which there seem never to have
been houses. The eviction of four households that took place about 1500 may have been
the last stage in a depopulation stretching over more than a century"(Beresford and Hunt
1990: 15). After this time, both the former arable land of the village and its house sites
were incorporated into a sheep run. Archaeological information indicates that Whmam
Percy ceased to exist as a village community by the early 16" century. The village was
definitely shrinking in size in the previous century, although at least 16 households are
recorded for 1458 A.D.The parish church, vicarage and a small farmstead continued in
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use until the mid 19' century. The survival of the church and vicarage was due "to the
continued use of the church by inhabitants of the other townships of the parish, although
after the depopulation of Towthorpe and Raisthorpe in the late seventeenth century it was
effectively for the use of Thixendale villagers alone.. ."(Beresford and Hurst 1990: 101).
Until Thixendale "acquired its own church in 1870 there was some incentive to keep its

fabric in somc state of rcpaii but tl;ered2er its condition deterioraitd, a1d tile lasi major
work was in 1923. Burials ceased in 1906 and the last marriage was solemnized
in 1928"(Beresford and Hurst 1990: 53).

Figure 6.15: Map of the site plan for Wharram Percy, North Yorkshire

Throughout the excavation of the church and churchyard the remains of about 600

burials comprising approximately 1000 individuals were uncovered. In the graveyard, the

area to the south of the church where burials had continued until the early 2 0 century,
~
was not available for investigation. This collection is presently located at English

Heritage, England. However, it was possible to excavate two sample areas to the west
and north of the church where it was known that burid had ceased after the desertion of
the village in the early 16h century. There were a number of superimposed layers of
graves, and a number of earlier burials were disturbed by later interments. The graves
were "regularly laid out in rows, and the graveyard seems to have been used for at least
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four cycles of burial as the ground level had built up, especially on the north side. To the
west the depth of soil was less"(Beresford and Hurst 1990: 65). A large number of
individuals were buried within the structure of the church itself, and dated from as early

as the late Anglo-Saxon Period. It was "fortunate that a number of graves of late-Saxon
lords of the eleventh century survived in the churchyard in the south-east angle between

thc chmccl aid thc navc. Mort of thcsc =ere disturbed by the twelfth-cenw Nonuan
builders who used them as foundations for the south aisle. These slabs were decorated
with simple ribs and one with a simple cross. The slabs had head-and-footstones but, as
they had been cut off at ground level, it is not known if they were carved"(I3eresford and
Hurst 1990: 64).
There were no medieval grave slabs that were retrieved in situ. However, many
fragments of slabs were built into the walls, particularly on the south side of the church.
The decorative motifs included "complex foliated crosses with swords that denote men at
arms, presumably members of the family of the lords of the manor. Another had a chalice

and a book and would have covered the grave of a priest. Two of the medieval burials
that had chalices with them, and one with a paten as well can also be interpreted as the
burials of priests. The later-medieval builders had as little interest in preserving these
grave markers as did their twelfth-century predecessors"(Beresford and Hurst 1990: 64-

5). The nave of the church had been greatly disturbed by burials, and it was fortunate that
they did not obscure all evidence of the underlying preNorman church. The majority of
these burials were "post-medieval and of quite late date. There were no burials under the
pews so earlier foundations were preserved in these areas. The burials were much more
numerous up the central aisle and behind the pews at the west end of the
church"(Beresford and Hurst 1990: 65).

As at Rivenhdl, there is evidence of spatial clustering of infant burials within this

burial population. At Wharram Percy, infants were found to be concentrated in the area of
the churchyard immediately to the north of the church. Approximately 'Mo-thirds of
infants who died before their first birthday were buried in the north churchyard,
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compared with only about one-third of children older than two years. A transition in
preference for burial location seems to occur between one and two years oldW(Mays
1998: 197). This can possibly be explained by the fact that baptisms of children generally
occurred around this age, and the north side of the church is the traditional area reserved
for, amongst other things, burial of the unbaptised (Grauer 1991, Harding 1996).
Whanam Percy is a unique burial population in that it represents one of the few

excavated collections of a medieval rural population. As excavation was restricted in
certain modem portions of the graveyard, this sample does not represent the entire burial
population. In addition, as the parish church of St. Martin served a wider region than just
the village of W h a m Percy, one can assume that the burials represent individuals from
the wider parish boundaries. The village of Wharram Percy appears to have become

deserted in the early 16" century. Therefore, after this time one can assume that the
majority of burials were of individuals from the neighbouring villages of Towthorpe,
Raisthorpe and Thixendale. In conclusion, on the basis of historical and archaeological
information, it is generally held that the burial population at Wharram Percy is composed
of religious brethren, afTluent benefactors and principally, the rural peasant population of
the parish.

6.3.5

Stengade II @angelan&, Denmark)
The site of Stengade 11, represents the remains of a Roman Iron age and Viking

burial ground on the Island of Langelands in Denmark. A thorough discussion of the site
is presented in the excavation report (in Danish) published by Dr. Jorgen Skaarup (1976),
the principle archaeologist on this project. The map locating the site of Stengade I1 within
Langeland Island is presented in Figure 6.16.
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Figure 6.16:

The map locating the site of Stengade II within
Langeland Island off the south-eastern coast of
Mainland Denmark.

Interest in this site commenced in 1875, when the archaeologist Henry Peterson
described the retrieval of a human skeleton associated with Viking artifacts discovered in
a bank in the then farm's most southerly field. This led archaeologists at the Langelands

Museum to determine that a Viking period cemetery existed in the sandy plateau southeast of Stengade village. However, excavation of the site did not commence until 1959,

when the owner of the land, Mr. Georg Hansen, recovered human bones in the Kisager
banks at the southeastern portion of the sandbanks of his property. From 1959 to 1963,
excavations were conducted on a small number of graves designated as burial areas
Stengade I and III.

In 1971, the third and largest burial site was uncovered in the region, and
designated as the site Stengade 11. This burial site is located on the western edge of a
sandy plateau, which is located in the central portion of a 300 metre wide headland. From
the north, this headland extends out into the moor region at Lokkeby, about 10 kilometers

northeast of Rudkobing, and about 0.5 kilometers southeast of the little village of
Stengade. The headlands southern portion is comprised of three 18 metre hills, called the

hatshaped hills. The hills are composed of gravel and clay deposits, and mark the border
of an 'icepush' from the southeast during the final period of the last ice age. The most
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northern of the three hills is the 'Kisagerbanke' in which the cemetery of Stengade 111 is
located. To the west and north of the Kisagerbanke hill is the Sandmarken, spreading out

as an almost flat plateau, whose surface is situated approximately 10 metres above sea
level. The graves associated with the cemetery of Stengade I1 are clustered around a
small longdolmen at the top of the plateau. An examination of pollen found in two of the
V L b g Period grwes suggests that ii? the Viking Period thc a;ca was swoundcd by opcii

areas associated with grasslands and fields. The Viking population in this region had been
cultivating rye, barley and oats. The examination of the pollen specimens at the site
suggested that the site had been in use at sometime between 0-800 A.D. Plate 6.1 presents

a view of two of the Viking Period graves in situ at Stengade 111. Plate 6.2 presents a
view of Viking grave L in situ in Stengade I1 burial ground. Figure 6.17 presents the
location of individual graves within the Stengade I1 cemetery.

Plate 6.1:

A view of Viking Period graves
'S' and 'R' in situ at the site of
Stengade I1 (Langelands).

Reproduced by kind permission of Dr. J. Skaarup (1 976)

Plate 6.2:

I

A view of Viking skeleton 'L'
in situ at Stengade

1

Reproduced by kind permission of Dr.J. Skaarup (1976)

Figure 6.17: Location of graves in the Stengade
II cemetery.
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The burials were retrieved from both Roman Iron Age, and Viking contexts. In
addition to the remains of several Iron Age longhouses and long dolmens, archaeologists
uncovered the remains of 122 distinct graves. Of these 122 graves, 37 dated to the older
Roman Iron Age, 83 from the Viking Period, and two whose context was undetermined.
Figure 6.18 presents the location of individual graves within the Stengade I1 cemetery.
This burial site was of particular importance, in that it represented one of the few
Viking sites that had not been damaged by later agricultural activity. The site was unique
in that the burials represented human remains from two distinct periods of the Iron Age,
in addition to the Viking material. X number of the individual graves were associated
with grave goods, which displayed a high degree of preservation. A number of fragile

items, such as textiles were retrieved from Stengade 11. The graves are predominantly
situated in the areas west, south and east of the long dolmen. Only five graves are north
of this marker.
Of the entire sample of skeletons retrieved from Stengade 11, 83 graves (of which

one is a double grave) were classified as representing burials from the Viking Period. The
Viking inhumations were fairly sparsely equipped with grave goods, and this has made
dating problematic in some cases. Only 54 graves contained grave goods that could be
accurately dated to the Viking period in Denmark. The remaining 29 graves were either
empty of grave goods, or contained material that was not identifiable. However, these
graves were allocated to the Viking period on the basis of their burial position within the
cemetery. The Viking inhumations had a strong tendency for an east-west orientation, but
other burial orientations were observed. The adult graves, and a number of the graves of
subadult individuals were typically 2-3 metres in length, and rectangular in shape. The
dead were buried in plank or trunk coffins. In rare cases, the grave was built as a wooden
chamber for the dead. In a small number of cases the body was wrapped in a blanket or
animal skin. However, the majority of people were buried in their own daily clothes. A
number of textile remnants have been recovered from the site. With the exception of a
single double-burial, all of the graves were associated with one individual. The subadult
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graves only differ fiom the adult ones in terms of their overall dimensions. The Viking
graves were almost exclusively free of stones, with the exception of six graves that had
rocks placed on top of the coffins. The significance of this is unknown. The depth of the
graves fiom the surface varied considerably. This observation has resulted from a change
in terrain due to common sand drift and agricultural activity. It is presumed that the
original depths of the graves had been deeper tbm those obstr:ed during excavation, as

extensive natural sand removal has occurred at the site (Skaarup 197656).

In most cases, the individual bodies were placed in a stretched out position on
their backs, with an east-west orientation, and their heads pointing to the west. A small
number of individuals were interred in a Hocker (sleeping) position, typically on their

right sides. In these cases there is less flexion of the legs than in cases from the Late
Roman Period at the site. The majority of the graves contained skeletal remains.
However, none of the skeletons was completely intact, and in a large number of cases
only the skull and major long bones were preserved. Results of the original osteological
analysis of this collection identified 15 male skeletons, and 22 female skeletons, and it
was possible to determine age for at least 63 individuals in the sample (Gilberg 1976,
Jakobsen 1976). The majority of the individuals in this sample died between the ages of
40 and 50 years.

Although the grave-goods associated with the Viking burials were generally
modest, some patterns were observed. A large number of the individuals have knives
buried with them, and in some cases, the rock with which they kept them sharp. In
several cases the women were buried with chains of glass and amber pearls (beads).
Some of the women were also buried with keys. Weapons were rarely uncovered in this
collection, and are associated with only four male individuals. These included three axes
and one spear. Clay vessels have been recovered fiom a couple of subadult, and two
female graves. Of the more rare items retrieved fiom the site were iron buckles, needles,
and imported silver coins.

CHAPTER SEVEN

Methods
7.1 Introduction

The purpose of this research project was the examination of European skeletal
material in order to investigate two principal issues. The first concerns itself with the
establishment of a possible medieval diagnostic confusion between leprosy and
treponemal infection. The second concern involves the identification of pre-Columbian
specimens exhibiting osseous change compatible with a diagnosis of treponemal disease.
In order to explore these issues, it was essential to select skeletal collections that fulfilled
certain requirements. First, it was necessary to examine European skeletal collections that
principally date to the period prior to the return of Columbus and his crew fiom the New
World in 1493. Second, it was critical that the investigation included a thorough analysis
of osseous material retrieved fiom leper hospital cemeteries. Third, as a control for the
leprosy hospital material, it was necessary to include skeletal populations from non-leper
hospital contexts. Lastly, it was essential that the examined collections be placed in a
relatively well-established chronological sequence, either on the basis of radiocarbon
dating or standard archaeological techniques. As the vast majority of leprosy hospital
sites have been excavated in England and Denmark, the analysis focused on these two
geographic regions. The inclusion of Viking Period material from Denmark was made in
order to assess the presence or absence of these two disease pathogens in a pre-medieval
population.
A visual examination was conducted on the entire skeleton of each individual in

the total sample. As is the case with every archaeological collection, there were a number

of individuals fiom each cemetery whose skeletal portions were considerably fragmented
or absent. This is particularly relevant for the collection fiom Stengade 11 (Denmark).
However, in general, the preservation of the skeletal remains was very good, and allowed
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for a reasonably complete examination of the majority of individuals. However, the
remains from Stengade 11 were the exception, having undergone considerable postmortem fragmentation and taphonomic alteration. Despite the poor preservation of the
material fiom Stengade 11, there were a number of individuals who could be assessed for
pathological osseous change.
7.2 The Collections

The entire sample examined consisted of skeletal material from three leper
hospital cemeteries, and five non-leper hospital burial grounds. A detailed discussion of
the individual collection's archaeological context can be found in Chapter Six. The leper
hospital collections were all retrieved through archaeological excavations in England.
The remains from the non-leper hospital cemeteries were all retrieved from sites in
England, with the exception of Stengade 11, a Viking age site from Langelands Island,
Denmark.
The complete collections fiom St. Mary and St. Thomas,Ilford (Essex), St.
Margaret's Hospital, High Wycombe (Buckinghamshire), and the Dominican Friary of
Blackfiars, Gloucester (Gloucestershire) were examined by this researcher between
May-September 1996. During this period, 237 individuals from the site of the Hospital of
St. James and St. Mary Magdalene were analyzed. A complete pathological evaluation of
the remaining 114 individuals from this sample was previously conducted during my
Masters research in May-September 1991. For the collections from Rivenhall (Essex),

Wharram Percy (North Yorkshire) and Blackfriars Friary (Ipswich, Suffolk) only selected
individuals were examined for this project. It was not possible to investigate all members
of these collections due to time constraints, and the fact that they are presently being reevaluated for publication by Dr. Simon Mays at English Heritage. However, upon recent
examination of these collections, Dr. Mays had identified three individuals that
demonstrated skeletal changes suggestive of either treponernal infection or leprosy. I was
able to examine these particular individuals by kind permission of Dr. Mays and English
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Heritage. The original skeletal examination of remains fiom the site of Rivenhall (Essex)
was conducted by T.P. O'Connor, and published in the site report in 1993. During the

investigation, this researcher did not identify any cases of treponernatosis or leprosy.
However, upon reevaluation of the sample, Dr. Simon Mays identified a single case of a
young-middle aged female demonstrating osseous change compatible with a diagnosis of
rrepomrnal inkction. In addition, osseous evidence for treponcmal iicc+'
run 'rt'as

observed in the skeletal remains of a young-middle aged female from Blackfrairs Friary.
Ipswich (Suffolk). Lastly, evidence of leprosy was identified in a subadult individual
from Wharrarn Percy. The analysis of the collection fiom Stengade 11, Denmark was
conducted by this investigator in August-October 1998. All individuals fiom this
collection were inspected, with the exception of two adult male individuals. These
specimens demonstrated evidence of decapitation, and are presently housed at the
Langelands Museum and are unavailable for review. However, neither of these two
individuals demonstrate osseous changes indicative of leprosy or treponernal infection (J.
Skaarup: personal communication).

7.3 Age and Sex Determination
Many of the examined collections had been previously investigated by
other scholars. This became problematic in that all of the collections had been aged and
sexed according to different standards. The biological age of a skeleton can be
determined with varying degrees of accuracy, depending on the period of life reached.
From infancy throughout childhood until the age when the epiphyses of long bones are
uniting, age can be determined fairly precisely. After the age of 25 years, it becomes
increasingly difficult to establish the precise age of the individual. In the entire sample,
each individual was aged by this investigator. The assessment of age followed the
methods of determination outlined by Todd (1920, 1921 age changes in the male pubic
bone), Gilbert and McKern (1973 age changes in the female os pubis), Suchey (19791,
Suchey et al. (1979, 1986, 1988, 1990 age changes in the os pubis), Iscan et al. (1984a,b,
1989a,b age changes in the sternal ribs), Ubelaker (1978, 1989 dental eruption),
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Brothwe11 (1 963,1965, 1972 dental attrition), and McKem and Stewart (1957 age
changes in the male pubic syrnphysis and epiphyseal h i o n ) . On the basis of
examination, the specimens were each placed within exact or finite age categories.
However, as obtaining exact ages for adult individuals is problematic given present age
determination techniques, it was decided to group all individuals into nine age categories.
This ivas donc in cider to prij-vidc consistericy in agc classifications bcfivcen the disparate
collections, as well as to facilitate statistical evaluation.
Discrete categories were included for those individuals who appeared to cross age
categories (ex. 25-3 5 years). With certain individuals it was impossible to establish in
which of two categories they should be placed. As choice of one age category over the

other would be arbitrary, and thus not based on empirical evidence, it was decided to
construct age categories that ranged between two groups (i.e., Middle-Mature). Specific
age parameters for subadult individuals were established on the basis of an examination
of dental eruption and epiphyseal fusion. In addition, metric data for the individuals from
the Hospital of St. James and St. Mary Magdalene was kindly provided for review by
Frances Lee, the original examiner of the collection.
The age categories are defined as follows:

Infant (0-0.9 years of age)
Child (1-4.9 years)
Juvenile (5-9.9 years)
Adolescent (10- 15.9 years)
Young Adult (16-29.9 years)
Young-Middle Adult (25-34.9 years)
Middle Adult (30-39.9 years)
Middle-Mature Adult (3544.9 years)
Mature Adult (45+ years)
Adult (Age undetermined)
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The determination of sex was conducted for each individual in the sample. This
involved the investigation of features reflecting sexual dimorphism, as well as a number
of metric calculations. Each individual in the collection was placed in one of three
categories in relation to sex. These included male, female, or unknown. Lndividuals
placed within the unknown category represented two distinct groups. First, the adult
individuals wlwse sex could not be detzmined on the basis of t:c i ~ p r ~ s ~ aosscoss
tcd

material. The second group included sub-adult and infant skeletons whose sex could not
be established with certainty. The method proposed by Schutowski (1987) for fetal and
neonate sex determination based on discriminant function analysis could not be applied to
these individuals due to poor preservation and representation of the relevant skeletal
elements. The standard morphological features used in sex assessment are summarized in
Krogman (1962a,b), Bass (1971), Ubelaker (1978) and Stewart (1979). They reflect
primarily, dimorphism in the skull and pelvis. The examination of the skull involved the
recording of general size, overall form of the skull (parietal bossing), the prominence of
the supraorbital ridges, the robusticity of the nuchal crest and other muscle attachment
areas, an examination of the margins of the orbits of the eye, the general size of the
mastoid processes, and the extension of the post-zygomatic arch. The pelvis was
examined using the sex determination principles established by Washburn (1948), and
Phenice (1969), and predominantly involved the examination of the size and shape of the
sciatic notch, the depth of the subpubic angle, and the presence or absence of a
preauricular sulcus. Due to time constraints it was not possible to conduct a metric
analysis of the individuals in the sample. Metric information was provided for the
Hospital of St. James and St. Mary Magdalene by kind permission of Frances Lee. The
thoroughness of the metric analysis was dependent on the completeness of the particular
skeleton. Thus, Frances Lee selected the anatomical areas for metrical analysis in bones
with the highest frequency of preservation in order to have consistent results between

individuals. When possible, Lee recorded the transverse diameter of the atlas, the

maximum length of the clavicle, the epicondylar breadth of the humerus, the glenoid
width of the scapula, the epicondylar breadth of the femur, and the longitudinal diameter
of the femoral head. In addition, when possible Lee calculated the Sacral Index and the
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Sacral Basal Index of the pelvis. In the case of the material from Stengade 11, metric
analysis was not possible due to the poor preservation and post-mortem damage of the
bones.
7.4 Field Assessment: Macroscopic Examination of the Cranial Lesions

As previously stated, a visual examination was conducted on the entire skeleton of
each individual in the total sample. The primary goal of the macroscopic investigation
was to locate and describe those individuals demonstrating osseous change indicative of

treponemal infection or lepromatous leprosy. The analysis involved the recording of all
diagnostically significant pathology on the skeleton, and when possible, measurements
accurate to a 10th of a millimeter were taken with sliding calipers. In cases where the
bones were very small, or the presence of possible pathology was difficult to discern, the
bones were observed under a normal scientific microscope.
The determination of leprosy in the sample was based on the criteria established by
Moller-Christensen (1952, 1953, 1961, 1974, 1978), Anderson and Manchester (1987,
1988), and Manchester (unpublished). The analysis commenced with a thorough

examination of the skull, in order to determine if there was evidence for osseous change
in the rhino-maxillary region of the face. As involvement of the skull vault in leprosy is
extremely rare, the examination concentrated on the facial region, which represents the
major focus of the disease. The criteria used in the evaluation of the presence or absence
of the 'facies leprosa' complex in the skull are as follows:

1. Atrophy of the Anterior Nasal Spine

2. Inflammatory Changes of the Oral Surface ofthe Palate
3. Inflammatory Changes of the Nasal Surface of the Palate
4. Inflammatory Change and Absorption of the Turbinate Bones

5. Atrophy and Recession of the Alveolar Process of the Maxilla

6. Rounding of the Nasal Aperture
7. Resorption of the Nasal Septum
8, Thinning or Perforation of the Hard Palate

In addition to these diagnostic criteria, the presence of maxillary sinusitis was
recorded. While maxillary sinusitis is an indicator of non-specific infection, it is often
observed in cases of lepromatous leprosy. Furthermore, rare dental changes associated
with leprosy (leprogenic odontodysplasia) were recorded as present or absent. The nature

of the criteria used in the examination of the 'facies leprosa' complex did not allow for
quantitative analysis. Therefore, features such as the atrophy of the anterior nasal spine,
rounding of the nasal aperture, resorption of the nasal septum, thinning or perforation of
the hard palate, maxillary sinusitis, and apical abscess were recorded as simply present or

absent. The remaining osseous changes involving inflammatory change of the nasal and
oral surfaces of the hard palate, inflammatory change of the turbinate bones, and atrophy

and recession of the alveolar process of the maxilla were recorded as slight, moderate, or
severe.
The assessment of treponemal infection in the sample was based on the criteria
established by Hackett (1 976),and Ortner and Putschar (1 98 1). This analysis
concentrated on the diagnostic criteria for acquired venereal syphilis. It was possible to
eliminate both pinta and yaws as possible infective entities on the basis of their present
geographical and climatic parameters. As the diagnostic criteria for endemic syphilis
closely resembles that of acquired venereal syphilis, it was decided to rely on the wellestablished indicators for the latter condition. As discussed in Chapter 4, bone changes in
venereal syphilis are characterized by the presence of both non-gummatous (periostitis,
osteitis, and osteoperiostitis), and gummatous lesions. The typical bone changes observed

in the skull are gummatous in nature. The syphilitic lesion causes destruction of the outer
surface of the skull, and a portion of the diploe as a resuit of syphilitic granulation tissue,

and often spares the inner table of the cranium almost entirely (Ortner and Putschar
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1981). The process of destruction has been established by Hackett (1976, 1983) and is as
follows:
I. Initial Sequence:
1, CIustered Pits

2. Confluent Pits
11. Discrete Sequence:

3. Focal Superficial Cavitation
4. Circurnvallate Cavitation

5. Radial Scars

111. Contiguous Sequence:

6. Serpiginous Cavitation

7. Nodular Cavitation
8. Caries Sicca

In the vast majority of instances, the cranial vault is the major focus of osseous
involvement. However, in rare cases the rhinomaxillary portion of the face is also
involved. Facial destruction "is due to a combination of gummatous formation, and of
diffuse osteitis. The whole of the zone around the nasal orifice and alveolar process may
be destroyed, together with a massive loss of the intranasal structures"(Manchester 1994:
80). Therefore, in addition to the criteria established by Hackett, destructive changes
observed in the facial region were scored as slight, moderate, or severe. Although the

rhinomaxillary osseous changes observed in leprosy and venereal syphilis are similar, the
two disease complexes should be able to be differentiated for two reasons. First, the
occurrence of changes in the facial region are rare events in treponemal infection, and
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tend to be more destructive than those in leprosy. Second, the overall pattern of
pathological change in the entire skeleton should allow for diagnostic differentiation.

In cases of congenital syphilis of the skull, the most common osseous changes are
hypertrophic periostitis or necrotizing osteitis that can involve both tables and form
seyucstrz. Iii addition, ~ong~iiita!
syphilis is associated with gxmrr.ntous osteomye!ids of

the skull and facial bones in rare cases. The presence of dental stigmata is one of the

principle indicators of congenital syphilis. There were no identifiable cases of congenital
syphilis in this sample.

7.5 Field Assessment: Macroscopic Examination of Infracranial Lesions
Both leprosy and treponemal infection have a predilection for specific regions of the
infiacranial skeleton. A thorough investigation of these lesions must not only concern
itself with the presence of osseous lesions, but must also take into account their overall
distribution. As a number of observed changes are non-specific in nature, they can not be
used in isolation to establish a specific disease process. Therefore, the investigator must
establish the general pattern of osseous change in both pathological conditions.
The infracranial examination of leprosy in osseous tissue focused on three
anatomical regions: the hands, feet, and lower extremities. In light of the general pattern

of leprous bone change, it was determined that corroborative evidence for the disease
would be observed in these areas. In cases where rhino-maxillary change in the skull was
present, a diagnosis of leprosy was highly likely. However, the hands, feet, and long
bones of the lower leg were carellly examined in all individuals when available. In cases
where cranial evidence of the disease was present, observed infracranial changes
presented additional confirmation of the disease. In addition, an assessment of the
inhcranial skeleton allowed for the identification of possibly leprous individuals who
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either did not demonstrate cranial pathology, or for whom cranial remains were not
present.
All criteria were scored as present or absent with the exception of three diagnostic

indicators. First, periosteal change was scored as:
1. Active plaque.
2. Merging striated new bone.

3. Merged (healed) new bone.
Second, pitting (porosity) of the bone cortex was scored as slight, moderate, or
severe. Third, the position of periostitis on the long bones was recorded (anterior, lateral.
posterior etc.). The criteria used in the examination of leprous changes in the hands, feet.
and long bones are as follows:

Hands:

1. Inflammatory Change of the Carpal Bones.

2. Inflammatory Change of the Metacarpal Bones.
3. Inflammatory Change of the Phalanges.
4. Volar Grooves.

5. Concentric Remodeling of the Metacarpals and Phalanges.
6. Erosion and Porosity.
7. Septic Destruction and Cystic Development.

8. Ankylosis (Claw Hand Deformity).

Feet:

1. Inflammatory Change of the Tarsal Bones.

2. Mammatory Change of the Metatarsal Bones.

3. Inflammatory Change of the Phalanges.
4. Tarsal Bars.

5. Concentric Remodeling
6. Septic Destruction and Cystic Development.

7. Ankylosis (Claw Toe Deformity).
8. Destruction of the Tarso-Metatarsal Joint.
TibiaFibula: 1. Periostitis located in the Proximal Region.

2. Periostitis located at Midshaft.

3. Periostitis located in the Distal Region.

Apart from the criteria directly associated with osseous change in leprosy, certain

additional characteristics were recorded in the hands and feet. These include the presence
of osteophytes, osteitis, osteomyelitis, fracture, accessory facets, exostosis, bone spurs,
eburnation, enthesis of the feet, and flattening of the bones. These characteristics were
recorded as present or absent. Despite the fact that these features are not included in the
definitive list of diagnostic criteria for the disease, they are often found in association
with it. Thus, they represent potentially valuable corroborative evidence for the presence
of an infective process in the extremities.
As previously discussed in Chapter Four, the characteristic osseous lesions of the
infracranial skeleton in treponemal infection involves both nongummatous and
gummatous osteoperiostitis. Nongurnmatous lesions are considered to be only suggestive
of treponemd disease. Nongummatous lesions include periostitis, osteitis and
osteoperiostitis, and are primarily found in the tibia, fibula, clavicle, radius, ulna and

femur in descending order. The osseous change is usually bilateral, particularly in the
tibiae. In this investigation, periostitis and osteoperiostitis were recorded as:

1. Active Plaque

2. Merging striated new bone

3. Merged (healed) new bone

Osteitis (inflammation of the bone) was recorded as present or absent. In addition,
tile plcssnic sf sequcstra an&'ar cloaca indicative of osteomyelitis were recorded as

present or absent. The most characteristic lesions of tertiary osseous syphilis result from
the process of gummatous osteoperiostitis. In dry bone samples '?he marked
hypervascular periosted buildup surrounds a scooped-out defect, extending into the
cortex. This corresponds to the location of a destructive gurnrna in the fresh
specimen.. .The underlying cortex is hyperostotic and endosteal bone formation may
encroach upon the medullary canaI"(0rtner and Putschar 1981: 197). In this study, the
bone changes associated with gummatous activity were recorded as present or absent. In
addition, the location of each lesion was recorded, as well as the size of the lesion (small,
moderate, large). The presence and location of fractures were recorded for each
individual in the sample, as in rare cases pathological fracture is associated with tertiary
acquired syphilis. In a minority of cases of tertiary osseous syphilis there is involvement
of the joints. The three principle forms of syphilitic arthritis are "Clutton joints in late
congenital syphilis, gummatous arthritis of acquired syphilis, and Charcot joints in tabes
dorsdis"(Steinbock 1976: 135). Joint changes in syphilis are usually unilateral and
monoarticular, and it is rare for the disease to affect more than one joint. Joint changes

are observed as:
1. Osteophyte formation

2. Marginal Lipping

4. Gummatous lesions

5. Subluxation

6. Dislocation

7. Ankylosis

All seven features were recorded as present or absent. In addition, joint changes

were recorded as slight, moderate, or severe, and the exact anatomical location for each
lesion was recorded. Finally. bone changes associated with dactylitis were recorded as
present or absent, and were located in detail.

7.6 Identification of Leprosy in the Sample
On the basis of an examination of the established diagnostic criteria for osseous
leprosy, the sample was divided into three distinct categories: Lepers, Possible Lepers,
and Non-Lepers. The individuals who were placed in the Definite Leper category were
those who demonstrated clear evidence of osseous change in the rhino-maxillary region
of the face (facies leprosa), as well as supportive osseous change in the extremities and/or

the long bones. All individuals who demonstrated bone changes in the extremities and
long bones that were compatible with a diagnosis of leprosy, but for whom the skull was
absent or showed minimal or no sign of change were placed in the Possible Leper
category. This decision was based upon Moller-Christensen's (1978) assertion that a
definite diagnosis of leprosy cannot be made without clear evidence of the 'facies
leprosa' complex. The remaining skeletons that showed no observable evidence of
leprosy were placed in the Non-Lepers category. It is important to note that this does not
mean that these individuals did not have the disease. It is possible that some of these
individuals had the tuberculoid form of the disease that rarely affects the bone, or may
have had the lepromatous form of the disease but died before bone changes were
observable. This is particularly relevant for those individuals retrieved from leper hospital
cemetery populations. In addition, post-mortem destruction or fragmentation of the
skeleton, especially the small bones of the hands and feet, may have obscured or
eliminated the evidence of the disease. As the clinical prevalence of the disease is rarely
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more than 1%, even in areas where leprosy is endemic, it is likely that the large majority
of the individuals diagnosed as non-leprous did not have the disease. However, previous
examinations of medieval osteological collections have consistently provided
substantially elevated numbers of lepers in cemetery populations (Andersen 1969,
Moller-Christensenl953, 1961, 1967, Moller-Christensen and Faber 1952). This
observation msy be explained by h e fact &that the disease was marc -2iidcnt in the past. It

is also possible that as the leper hospitals often housed individuals From a wide regional

area, the number of cases would appear elevated. The calculation of the overall number
of cases in the population is impossible to estimate for several reasons. First, the specific
population density per region in England during the medieval period is unknown. In
addition, it is impossible to account for individual immigration, migration and contact
throughout specific regions during the long span of cemetery use. Finally, the diachronic
nature of the cemetery populations does not allow for a demarcation of which individuals
were contemporary. Thus, although one would expect to identify a minimum of 1% of
individuals exhibiting leprous osseous change, one cannot estimate the total population at

risk.
7.7 Identification of Treponemal Infection in the Sample

On the basis of an examination of the diagnostic osseous criteria for treponemal
infection, individuals in the sample were divided into two categories: Definite
Treponemal Infection and No Treponemal Infection. The diagnosis of treponemal
infection was based upon the presence of cranial lesions characteristic of the 'caries
sicca' sequence, in addition to evidence of non-gummatous or gummatous periostitis on
multiple bones of the infracranial skeleton. As periostitis of the lower leg bones is a
common observation in European populations, this evidence in the absence of cranial
changes and/or corroborative evidence fiom other bones of the idkcranid skeleton was
not sufficient for a diagnosis of treponemal infection.

7.8 Radiographic Analysis

At the commencement of this study, it was intended that a thorough radiographic
study of treponemal specimens would be conducted. The principle reason for the
radiographic examination was to evaluate the internal presence of infection in the bone.

TOis lzlrgely results in m. exz~h3tionof possible osteitis or osteomyelitis. It as no:
necessary to involve a radiographic analysis of leprous material in this sample, as a
number of radiographs of leprous individuals were available for examination. During my
research in 1992, several radiographs were taken of samples fiom leprous individuals

from the site of St. James and St. Mary Magdalene, Chichester. The exposure that
produced the best results was 30 W s e c . At 80 kV for 8 seconds, the placement of the
beam being approximately 35 cm fiom the cassette. The x-rays were taken at anteriorposterior and lateral views depending on the particular bone involved. In addition,
numerous radiographs of leprous individuals from the hospital of St. James and St. Mary
Magdalene were available for review in the Department of Archaeologici Sciences at the
University of Bradford.
On the basis of the present research, three cases of treponemal infection were
identified in the total sample. Although only one of the three cases has been published at
this time, radiographs for each individual had previously been conducted by other

scholars. The case of a young-middle female adult from the site of the Dominican Friary
of Blackfi-iars, Gloucester had previously been presented and published by Dr. Charlotte
Roberts at the University of Bradford. Anterior-posterior radiographs of the cranium and
tibiae were kindly provided to me by Dr. Roberts. The remaining two cases fiom
Blackfriars Friary, Ipswich, and Rivenhall, Essex are presently housed under the care of
Dr. Simon Mays at English Heritage, London. Anterior-posterior and lateral radiographs
of the crania and long bones fiom these specimens had previously been conducted by Dr.
Mays. This information was kindly provided to me for review by Dr. Mays. Therefore, as
recent radiographic material was available for each treponemal case in the sample, it was
not deemed necessary to repeat this line of investigation.

7.9 Statistical Analysis

The principle purpose of any statistical analysis is to establish if suggested
relationships can be verified, or if the distribution of the data can be accounted for by
random chance. The raw data generated by this research was entered into the JMP
Version 3.0statistical package by the S.4S Insti~~te
hc.(SAS Cmpm D x k ,

Cu

Jr Y NTP
..b,

U.S.A. 275 13 : 1995). In terms of an investigation of the two disease pathogens, the

power of the statistical analysis was significantly restricted by the small number of cases
of treponemal infection.

The statistical analysis was applied to investigate the following questions:
1. Is there a significant difference between the sexes in relation to age at death?

2. Is there a significant difference between membership in the three distinct groups
(definite leper, possible leper, non-leper) and sex?

3. Is there a significant difference between the membership in the three distinct
groups (definite leper, possible leper, non-leper) and age-at-death?
The nature of these questions necessitates the employment of statistical techniques
suited for enumerative data. Therefore, it is essential that the data be organized in either
discrete categories or multiple characteristics. Given the limitations of the raw data, it
was determined that both a Chi-square test and an Unpaired t-test would be appropriate
statistical tests. Question One was investigated by the application of an Unpaired t-test at

the 0.05 significance level to compare age in range of years and gender. The test was
conducted including only 361 individuals of known sex within the sample. Furthermore a
Chi-square test at the 0.05 significance level was performed to examine the relationship
between known sex and age in the non-leper population to serve as a control. Question

Two was investigated by applying a Chi-square test at the 0.05 significance level to
examine the relationship between sex and leprosy. The test compared known males and
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females in the sample and the three categories of definite leper, possible leper, and nonleper. This test was designed to illuminate if there was a significant sex difference
between the leper and non-leper categories. To examine Question Three, an Unpaired ttest at the 0.05 significance level was applied to investigate the relationship between age
and the three categories of definite leper, possible leper, and non-leper. The test was
desiped to e x ~ m h if
e t!!ere ?vs3 significmt difference in h c samplc b c ~ ~ v c ethe
n lepers
and non-lepers in terms of age-at-death.

7.10

Radiocarbon Analysis

As three cases of treponemal infection had been identified in this sample, it was

essential to obtain radiocarbon dates from these specimens to establish their proper
chronological context. In 1991, high precision Accelerated Mass Spectrometry (AMS)
radiocarbon dates had been conducted on bone collagen retrieved fiom 'Skeleton 1965'
fiom Blackfriars Friary, Ipswich (Mays 1991). The results of the AMS dating produced a
calculation of 380 +/- 18 years B.P. When calibrated using the calibration parameters
established by Stuiver and Pearson (1 986) the date was corrected to between 1459-1487

A.D. at the one sigma value. This indicated that there was approximately 68.2% chance
that the burial predates 1493 A.D. (Mays: personal communication). In 1994, high
precision Accelerated Mass Spectrometry (AMS) radiocarbon analysis was conducted on
bone collagen retrieved fiom 'Skeleton 77' fiom the Dominican Friary of Blackfriars,
Gloucester (Roberts 1994). The results of the AMS dating produced a date of 385 +/- 45
years B.P.The calendar date was calibrated using the calibration parameters established
by Stuiver et al. (1993). Based upon these parameters the calibrated dates were 14511517 A.D. at the 68.2% confidence interval (one sigma value), and 1442-1533 A.D. at the
95.4% confidence interval (two sigma value). In August 1999, the left scapula of
'Skeleton 204' fiom Rivenhall (Essex) was submitted for high precision AMS dating at

the Isotrace Labs in Toronto, Canada. The raw radiocarbon dates for the sample fiom
Skeleton 1965 (Blackfriars Friary, Ipswich), and Skeleton 77 (Dominican Friary of
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Blackfiiars, Gloucester) were re-calibrated using the Oxcal 3.3 program (Oxford
University 1998) and the most recent calibrations established by Stuiver et al. (1998).

CHAPTER EIGHT

Results
8.1 Introduction

This chapter presents the results of the visual and radiocarbon analysis. The age

and sex distributions for the various collections will be presented in order to establish the
composition of each skeletal sample as a sub-sample of the whole. In addition, the age
and sex distribution for the entire collection is shown. The results of the identification of
definite and possible cases of leprosy in the sample will be presented for each relevant
collection. In addition, the distribution of the disease in the entire sample will be
discussed. The individual cases of treponemal infection will be described in detail, and
the distribution of the disease complex in the entire collection will be assessed. The
results of the statistical analysis are presented. Lastly, the results of the radiocarbon
dating for two treponemal cases are described.
8.2 Sex Distribution

The entire sample included the remains of 617 skeletal individuals. During the
assessment of sex, all individuals were included in one of three categories: male, female

or unknown. The criteria employed for the examination of sex in skeletal remains is
presented in detail in Chapter 7 of this work The sex distribution for the collections that
were assessed in their entirety is presented in Table 8.1.
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Table 8.1: Sex Distribution for the Five Complete Collections Examined.
St. James and St. Mary Magdalene,
(Chichester)

Male
FemaIe
Unknown

163
75

215

St. Mary and St. Thomas,
(Ilford, Essex)

Male
Female
Unknown
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St. Margaret's Hospital,
(High Wycombe, Bucks)

Male
Female
Unknown

7
6

13

Dominican Friary of Blackfrairs,
(Gloucester, Gloucestershire)

Male
Female
Unknown

34
29

71
134

Stengade I1
(Langelands, Denmark)

Total
-

Male
Female
Unknown

Male
Femate
Unknown

16
42

14
27

26

13

5
8

222
134
255

71

Of the entire collection, only selected individuals were examined for the material

fkom Rivenhall (Essex), Wharrarn Percy (North Yorkshire), and Blackfriars Friary

(Ipswich). A single female adult individual from Rivenhall is included in this sample.

The remains From Wharram Percy represent a sub-adult individual whose sex could not
be established. Lastly, the collection from Blackfriars Friary (Ipswich) included five
individuals, representing three adult males and two adult females. For the majority of the

collections whose entire samples were examined, both males and females are equally
represented. However, for the collection from the Hospital of St. James and St. Mary
Magdalene (Chichester), definite male individuals represent 46% of the entire sample.
This is in contrast to the definite female category, which represents only 2 1% of the
entire collection. This disparity in representation between the sexes can be explained by

the hospital's foundation charter of 1 118 A.D., which excluded the burial of females
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within the cemetery until circa 1540. A.D. The sex distribution for the entire sample as a
unit is displayed in Figure 8.1.

Figure 8.1: Sex Distribution for the Entire Sample
(all individuals of known sex)
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Sex
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8.3 Age Distribution

The individual age of the skeletons in the collection was calculated on the basis of
criteria discussed at length in Chapter 7. Each individual was placed within one of nine
possible age categories. The overall distribution by age for the collection as a whole is
presented in Figure 8.2.

Age Distribution for the Entire Sample

Figure 8.2:
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The age categories for this collection are:

Infant (0-0.9 years)
Child (1-4.9 years)
Juvenile (5-9.9 years)
Adolescent (1 0- 1 5.9 years)
Young Adult (1 6-29.9 years)
Young-Middle Adult (25-34.9 years)
Middle Adult (30-39.9 years)
Middle-Mature Adult (3 5-44.9 years)
Mature Adult (45+ years)
Adult (Age Undetermined)

The Age distribution for collections that were assessed in their entirety is presented in
Table 8.2.
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Table 8.2: Age Distribution for the Five Complete Collections Examined.
St. James and St. Mary Magdalene,
(Chichester)

St. Mary and St. Thomas,
(Ilford, Essex)

Stage 0
Stage 1
Stage 2
Stage 3
Stage 4
Stage 5
Stage 6
Stage 7
Stage 8
Stage 9

Stage 0
Stage 1
Stage 2
Stage 3
Stage 4
Stage 5
Stage 6
Stage 7
Stage 8
Stage 9

St. Margaret's Hospital,
(High Wycombe, Bucks)

Dominican Friary of Blackfrian,
(Gloucester, Gloucestershire)

Stage 0
Stage 1
Stage 2
Stage 3
Stage 4
Stage 5
Stage 6
Stage 7
Stage 8
Stage 9

Stage 0
Stage 1
Stage 2
Stage 3
Stage 4
Stage 5
Stage 6
Stage 7
Stage 8
Stage 9
Stengade I1
(Langelands, Denmark)
Stage 0
Stage 1
Stage 2
Stage 3
Stage 4
Stage 5
Stage 6
Stage 7
Stage 8
Stage 9
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The Young-Middle female individual from Rivenhall (Essex) was placed in Stage
5. The sub-adult individual from Wharrarn Percy was placed in Stage 2. Of the five
individuals from the site of Blackfriars Friary (Ipswich), the age distribution included two

Mature females placed in Stage 8, a Middle-Mature male placed in Stage 7, and two

Young males placed in Stage 4. For the majority of the collections where the entire series
of shletons were exm.ine0, dl age categories arc xprcscntcd. H O W C V in
~ ~the
, smaller
collections from St. Mary and St. Thomas (Ilford), and St. Margaret's Hospital (High
Wycombe), immature individuals are not equally represented. Unfortunately, it is not
possible to establish the reason for this sub-adult under-representation in these
collections. As children would not be expected to manifest osseous change indicative of
leprosy, one would not expect to find sub-adult remains included in leper hospital
samples. The collections both represent material retrieved from locations known to be
associated with leprosaria. Therefore, it is possible that the administrations of these
hospitals excluded entrance to sub-adult individuals. However, it is also possible that
either sub-adult individuals were buried in another section of the cemeteries, or their
bones were not retrieved due to poor preservation conditions.

8.4 Diagnosis and Distribution of Treponemal Infection

In the entire series of 617 individuals in this sample, three individuals were
diagnosed with demonstrating osseous changes compatible with a diagnosis of
treponemal infection. The first case is Burial 1965 from Blackfriars Friary (Ipswich) and
represents a mature female individual over the age of 45 years. The second case is
Gloucester 77 (Dominican Friary of Blackfriars, Gloucester) a young female individual
between the ages of 16-29 years. The third case is Rivenhall204 (Essex), and represents
the remains of a Young-Middle adult female between the ages of 25-35 years.

One of the principal goals of this research project was the investigation of a possible

medieval diagnostic confusion between leprosy and syphilis. The existence of this
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c o d h i o n would be supported by the presence of treponemal cases in cemeteries reserved
for the burial of leprous individuals. None of the three treponemal cases observed in this
investigation were retrieved from leper hospital cemetery populations. In addition, no
individuals demonstrating osseous change indicative of lepromatous leprosy were
observed in the collections from Rivenhall (Essex) or the Dominican Friary of Blackfriars
(Glo~cester).The only collection ir, which botl kdh-id~clls~'~~Cfcriig
from kprosy and

treponemal infection were buried in the same cemetery was the Blackhim Friary
(Ipswich). However, as this is not a cemetery associated with a leprosarium, and a
number of different pathological conditions are represented in this burial population, it is
not unusual to find both leprous and treponemal cases included in the sample.

8 -41 Skeleton 1965 (Blackfriars Friary, Ipswich)
Skeleton 1965 represents the remains of a mature female individual over the age
of 45 years. The skeletal remains were well preserved, and between 60-80% of the
skeleton of this individual was retrieved. Plate 8.1 represents a view of Skeleton 1965 in
situ, prior to excavation. The original examination of this case was conducted by Dr.
Simon Mays (1991), who kindly gave me permission to examine it. On the basis of an
Accelerated Mass Spectrometry radiocarbon date, this individuai dates to the mid-late

15th century. The radiocarbon date was 380 +- 18 years B.P.,and suggests that there is a
68.2% chance that the date ranges between 1459-1487 A.D. Recent recalibration of the
raw radiocarbon date indicates that the original calibration is not accurate. This issue will

be discussed in the portion of this chapter discussing the radiocarbon results. Burial 1965
demonstrates both cranial and infkacranial changes suggestive of a diagnosis of
treponemal infection.

Plate 8.1:

Skeleton 1965 (Blackfria
Friary, Ipswich), in situ.

~eproducedby kind permission o f Dr. S. Mays
(English Heritage)

The cranial changes consisted of pathological change observed in the frontal bone

and maxilla. On the superior aspect of the external surface of the frontal bone, near the
mid-line there is a lesion consisting of highly sclerotic new bone with a thickened and
uneven appearance. To the left and right of this lesion on the fiontd bone are areas of

irregular thinning indicative of active bone erosion. At the thinnest point (accessible due
to a post-mortem defect) the bone is only 1 . 5 m (Mays 1991). Plate 8.2 presents an
anterior view of the skull demonstrating pathological change on the fiontal bone.

Plate 8.2:

Pathological change on the frontal bone of Skeleton 1965
(Ipswich).

The endocranial surface of the skull is normal, which is a feature of treponemal
infection. The nasal and facial bones of this individual are normal, with the exception of
evidence for slight rounding of the left nasal aperture on the anterior and lateral-inferior
aspects of the maxilla. In addition, the maxillary lachrymal groove demonstrates evidence
of osteitic pitting and slight spiculed new bone on the floor and latenl aspect.

In the infracranial skeleton, a number of bones demonstrate periosteal deposition
with marked concentric thickening. Plate 8.3 presents a view of the long bones of

Skeleton 1965, demonstrating pathological change consistent with treponernal infect! ln.
These include both tibiae, the right fibula (the left is absent), both femora, the distal
portions of both humeri, the distal portion of the right radius (only the distal '/I is
present), the left radius and ulna, and the right 3rdmetacarpal.
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Plate 8.3:

Bones of the infracranial skeleton characterized by
pathological osseous change indicative of treponemal
infection. Skeleton 1965 (Ipswich).

The pathological change is most marked on the tibiae, with profuse new bone
deposited on all aspects of the shafts. Plate 8.4 presents an anterior view of both tibiae,
demonstrating proliferative new bone deposition. The left and right aspects of midshaft
show an irregular crenulated appearance with raised plaques of bone on their
subcutaneous surfaces. Some of this new bone formation appears as bone spicules with
the appearance of bridging over superficial blood vessels. This bone bridging is most
marked on the lateral surfaces of the tibiae. The periosteal deposits do not represent
active periosteal plaque but merging and merged striated new bone. Plate 8.5 presents a
lateral view of both tibiae showing proliferative new bone deposition and bone bridging.
Particularly on the right tibia, this new bone deposition has led to a marked anterior
expansion of the bone. The absence of cloaca (sinuses) suggests the absence of infection

in the cancellous bone of the tibiae. However, a post-mortem break superior to the distal
end of the right tibia ''reveals that the medullary cavity is partially clogged with
cancellous bone7'(Mays 199 1:5 5). The right fibula demonstrates marked periosteal new
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bone growth with a pitted, uneven and spiculated appearance. This new bone deposition
gives the bone an expanded appearance.

late 8.4:
Anterior view of the tibiae
showing proliferative new bone
deposition. Skeleton 1965.

Lateral view of the
Plate 8.5:
tibiae Y howing proliferative
new bone growth and bone
bridging. Skeleton 1965.

In the arm bones, the osseous change is concentrated on the posterior humeri, the
anterior radius, and all aspects of the leff ulna. On the humeri, the striated merging and
merged periosteal new bone is most marked on the distal posterior aspects of the bones.
The osseous change observed on the left radius is less marked. There is deposition of
periosteal new bone particularly along the anterior and distal aspects of the interosseous
border. The left ulna demonstrates more marked pathological change, with the presence
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of considerable periosteal new bone on all aspects of the shaft. The shaft of the right third
metacarpal is expanded by periosteal new bone on all aspects. The new bone deposition
is so distinct that in cross-section the bone appears to have lost its curvature. The
pathological change is most noticeable on the dorsal aspect of the shaft. However, the
proximal and distal articular surfaces appear normal. In addition, there is a flattened

i ~ @ o on
n thc s
p
i
x of thc icfi scapula, which is mggcstivc of an ii-cerlying skicin ulcer
(Mays 1991).
Radiographs of this individual were kindly provided for examination by Dr.
Simon Mays. The entire skeleton appears to be osteoporotic, and all of the bones
appeared highly radiolucent. The x-rays of the pathological long bones demonstrate that
"the endosteal surfaces are rather irregular and in many places the demarcation between
cortical and cancellous bone is indistinct. There are small patches of radiolucency within

the build-up of sub-periosteal new boneW(Mays199 1 : 55).
In summation, the pathological changes observed in skeleton 1965 consist of
sclerotic thickening and irregular thinning of the frontal bone, in addition to d i h e
periostitis of several long bones and a single metacarpal. The widespread distribution of
the lesions suggests the presence of a systemic disease rather than a localized nonspecific infection. The absence of cloaca and sequestra in this individual, together with
the widespread nature of the lesions argues against a differential diagnosis of non-specific
osteomyelitis. The noticeable production of periosteal new bone, and the lack of
involvement of the vertebrae and joints in h i s condition allow for the elimination of
tuberculosis as a possible diagnosis. In addition, the lack of inflammatory changes to the
rhino-maxillary region of the face, and the bones of the hands and feet, as well as the
presence of frontal lesions in this individual eliminates leprosy as a possible differential
diagnosis. Based on the appearance and distribution of the pathological lesions, it is

highly probable that this represents a case of non-gummatous periostitis associated with
treponemal infection. It is generally held that the presence of elevated plaques, bony
spicules that appear to bridge over superficial blood vessels and the absence of cloaca are
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"cry typical of conditions occurring in long bones in known cases of syphilis, and ...are

not found together in non-treponemal infectious diseases"(0rtner and Putschar 1985:
214).

5.4.2. Skeleton 17 (Dominican F r i q of E I ~ c ~ ~ r i aGhucester)
rs,

Skeleton 77 represents the remains of a young adult female between the ages of
16 and 29 years. This individual is well preserved, with almost the entire skeleton
available for examination. This specimen was excavated from the earliest portion of the
cemetery, and its horizontal and vertical position within the burial ground suggests a
contextual date of the mid-1 5" century (Atkin 1991:unpublished). An AMS date,
conducted by the Oxford University radiocarbon lab was obtained for this individual in
1994. The uncalibrated date was 385 +- 45 years. When calibrated, this date ranges
between 1451- 1517 A.D. at the one sigma value (68.2% confidence level). At the two

sigma value (95.4% confidence level) the date would range between 1442-1533 A.D.
However, recent recalibration of the raw radiocarbon date for this individual indicates
that the original parameters are not accurate. This will be discussed firher in the portion
of this chapter concerned with the radiocarbon results. The original examination of this
specimen was conducted by Dr. Charlotte Roberts (1994), of the University of Bradford,
England. Skeleton 77 demonstrated multiple abnormal bone changes. Figure 8.3 presents
a representation of the bones available for examination for Skeleton 77, and the

distribution of lesions identified in this individual.

Figare 83:

I

Skeletal representation and distribution
of lesions in Skeleton 77 (Gloucester)
BONES PRESENT

BONE LESIONS

I

Reproduced by kind permission of Dr. C. Roberts (1 994)

The pathological changes consisted of both desmctive and proliferative lesions
'iKith evidence of the body's attempt at repair and remodelling. The woven/imrnature

nature of some of the new bone on the skeleton indicates that the disease process was
active at the time of death"(Roberts 1994: 104). Figure 8.4 represents the general

distribution of the pathological Lesions in Skeleton 77.

Figure 8.4:

General distribution of the lesions
in Skeleton 77 (Gloucester).

Reproduced by kind permission of Dr. C. Roberts (1994).

The cranium of skeleton 77 was well preserved, and shows lesions
pathognomonic of treponemal infection, or the 'caries sicca' complex. Healed nellate
lesions were observed on the frontal bones, right parietal, and occipital. Destructive
gummatous lesions with little evidence of repair were observed on the right aspect of the
frontal bone. In the region of the right frontal lobe there is a large diamond shaped
erosive lesion affecting only the outer surface of the bone. This lesion is 2 lmm in
maximum diameter, and is surrounded by an area of fine pitting. During the life of this
individual, this erosive area would have been the location of a soft-tissue 'gumma'. There
is further evidence of classic 'stellate radial scars' on the right fiontal bone (to the right of
glabella), the left fiontal bone (superior to the supra-orbital ridge), the posterior aspect of
the right parietal bone (near the sagittal suture) and on the occipital bone in the region of
the external occipital protuberance. Plate 8.6 presents a photograph of the anterior view

of the sM1, showing a destructive lesion in the right side of the frontal bone, and the

healed lesions (arrowhead) adjacent to it. Plate 8.7 presents a view of the posterior view

of the sM1 showing the healed stellate lesions on the occipital bone.

PIate 8.6:

Destructive lesions characteristic of the 'caries
sicca' sequence on the frontal bone of Skeleton
77 (Gloucester).

Reproduced by kind permission of Dr.C. Roberts (1994)

Plate 8.7:

Arrows indicating the presence of healed
stellate lesions on the occipital bone.
skeleton 77 (Gloucester)

Reproduced by kind permission of Dr. C. Roberts (1994)

370

The stellate scars on the occipital and parietal bones have the appearance of
healing, and are iess marked than those on the frontal. However, all of the stellate lesions
have a pitted appearance with slightly disorganized new compact bone. The bone above
the right orbit protrudes slightly into the orbital space. In the superior-lateral area

surrounding the right orbit is an area of erosion and destructive change, with a 'pushedin' q p e x m c e . This x e o of erosion is characterized 5p lmorganized new pciostcd
compact bone and porosity. There is extensive evidence for remodelling and repair in the
rhino-maxillary region of the face. The palate and anterior portion of the maxilla have
been almost entirely eroded by an infective lesion leaving only the right first and second,
and left second molars in place. This area is marked by an erosive infective area with a
porous and pitted appearance, and spiculed woven and compact bone. Plate 8.8 presents a
view of the skull showing the destruction and remodelling of the hard palate.
Plate 8.8:

Pathological change of the hard palate in Skeleton
77 (Gloucester)

Reproduced by kind permission of Dr. C. Roberts (1994)
The nasal bones show change indicative of the presence of erosive lesions. Both
nasals are marked by substantial unorganized periosteal new bone. The nasal aperture is
morphologically compromised both internally and externally. The aperture has been
eroded away centrally, and appears to be completely rounded. As one would expect in the
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case of treponemal infection, the inner table of the sM1 has been spared. Ortner and
Putschar (198 1: 190) have suggested that the pathological lesions of the skull associated
with treponemal infection typically commence in the frontal bone with no involvement of

the occipital bone. However, in this case there are healed lesions in the occipital bone
which appear to be older than those observed in the frontal.

In the infiacranial skeleton, this individual has extensive osteoproliferative lesions
suggested of non-gummatous and gummatous periostitis. Pathological changes were
observed on the clavicles, scapulae, sternum, ribs, both humeri, the entire right forearm,
right ilium, both femora, tibiae and fibulae. The clavicles were severely affected on both

the anterior and posterior surfaces of the shafts. On both clavicles, the lateral 2/3rds of
the shaft is severely affected by an infective process. The pathological change is

characterized by the appearance of reactive new woven and lamellar bone on d l aspects
of the shaft. The new bone is porous and striated, and the shaft of the bone appears
thickened. The inferior aspect of the shaft is marked by multiple destructive foci
(cloacae), a condition which is suggestive of osteomyelitis. Both scapulae demonstrate
considerable osseous change. The acromial spines show extensive destruction and
thickening with reactive woven and lamellar new bone. There are large destructive foci
(cloacae) on the superior aspect of the acromial spine, resulting from the presence of softtissue gummatous lesions. The woven bone is most marked on the superior aspect of the
bone, while the inferior aspect is characterized by striated compact new bone. The
manubrium is greatly thickened by florid periosteal new bone. The sternal body and
manubriurn are fused together, as a result of the extensive new bone apposition. The new
bone is porous, disorganized and spiculed in nature, representing an active process at the
time of death. Plate 8.9 demonstrates the presence of lytic lesions on the acromial
processes of the scapulae and left clavicle, as well as the pathological changes of the
sternum. A minimum of three right and three left lower ribs show both proliferative
(woven and remodelled lamellar bone) and destructive lesions on both the visceral and
external surfaces of the bones, particularly in the region around the rib angle. The lesions
extended into the subcostal groove in some cases. The new bone is porous in nature, and
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ranges from disorganized woven bone to merging striated new compact bone. All of the
infected ribs appear thickened as a result of considerable new bone apposition. Multiple
ribs demonstrate cystic perforations, particularly on the superior and posterior aspects.

The pleural surfaces of the bones are associated with porous new periosteal bone.

Plate 8.9:

Lytic lesions on the acromial processes of the
scapulae and left clavicle, and pathological
change of the sternum.

Reproduced by kind permission of Dr. C. Roberts (1 995)

In the upper extremity, both humeri were affected on the posterior aspects of their
shafts. The pathological change was characterized by a mixture of porous periosteal

woven and remodelled lamellar bone. Only the right forearm was affected by the dllsease
process. On the right ulna, an area of very active reactive new woven and disorganized
lamellar bone surrounds the middle 1/3rdof the shaft on all aspects. The bone appears
thickened as a result of this new bone apposition. In the right radius, the proximal surface
of the shaft is thickened by disorganized woven and spiculated lamellar new bone. The
head of the radius has been eroded away ante-mortem, indicating the presence of multiple

destructive foci in this region.
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In the lower extremities, multiple bones have been affected by the disease
process. The right iliac crest demonstrates a mixture of both proliferative and destructive
bony changes. The right femur shows periosteal striated new bone on all aspects of the
shaft, particularly on the postero-medial aspect. Unlike the active periosteal new bone

observed in other skeletal elements from this individual, the new bone of the right femur
is merging and healed. On the distal half of the left femur, there is disorganized reactive

porous new woven bone, particularly on the anterior surface. The tibiae both
demonstrated pathological osseous change. However, a marked asymmetry in bone
formation was observed. The distal half of the tight tibia is greatly thickened, and is
covered by a florid, active periosteal new bone. Figure 8.10 presents a view of the
proliferative new bone on the distal right tibia. The proximal half of the bone shows old
(healed) periostitis affecting the medial aspect. This is seen as merged, striated new bone
with a slightly pitted appearance. Radiographs of the right tibia demonstrate both lucent

and opaque zones (destruction and bone formation), which is indicative of osteomyelitis.
Figure 8.1 1 presents sclerotic and translucent areas on radiographs of the right tibia,
which are indicative of osteomyelitis.

Plate 8.10 and Plate 8.11: Skeleton 77 (Gloucester), proliferative new bone
deposition on the right tibia. Radiographs of the right tibia showing sclerotic and
translucent regions.

I

L

Reproduced by kind permission of Dr. C. Roberts (1995)

The left tibia demonstrates more extensive new woven and lamellar bone on the
majority of the shaft surfaces. The medial aspect of the shaft is particularly affected, and
is characterized by considerable woven new bone plaque, and striated merging new bone.
The shafts of both fibulae were affected by the disease process. However, the osseous
change is restricted to the distal halves of the shafts. There is slight periosteal merging
and striated new bone on all aspects of the distal shafts. Aside fkom these abnormal bone
changes, skeleton 77 presented Schrnorl's Nodes in the vertebral bodies of T7-11, which

were unrelated to the observed pathological changes (Roberts 1994). There were no
osseous changes observed in either the bones of the hands or feet.
Skeleton 77 demonstrates pathological osseous change that is indicative of a
severe, long-standing infective process, involving the majority of the skeleton. On the

I
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basis of the observed abnormalities, a diagnosis of treponemal infection or mycoses is
suggested. The lesions viewed on the skull represent classic examples of 'caries sicca',
and the bilateral lesions on the clavicles are pathognomonic of treponemal infection
(Resnick and Niwayama 1988). The asymmetrical quality of the lesions does not favour a
diagnosis of the mycoses (Roberts 1994). In addition, one must consider a differential
diagnosis thi?t includes tvbercldosis, pyogenic osteomyelitis, metastatic carcinoma, m d
multiple myeloma. However, the lesions "in the skull for all these conditions are either
not usually present (e.g., pyogenic osteomyelitis) or involve the full thickness of the
skull"(Roberts 1994: 106). The presence of leprosy can be eliminated on a number of
levels. First, there are no pathological osseous lesions observed in the hands and feet.
Second, leprosy is not known to affect the frontal bone of the skull. Lastly, the lesions
observed in leprosy are typically bilateral in nature. Thus, a diagnosis of treponemal
infection for this individual is most likely. The tertiary stage of syphilis commences
between two and ten years after the initial infection (Ortner and Putschar 1981). Thus, a

minimum age for the initial contraction of the disease in this individual is approximately
15 years of age. However, due to the young age of this individual, it is impossible to
eliminate the possibility of congenital transmission.

8.4.3. Skeleton 204 (Rivenhall, Esser)

Skeleton 204 from Rivenhall represents the remains of a young-middle aged adult
female between the age of 25 and 35 years. The level of preservation varied for this
individual. The infracranial skeleton is well represented. However, the frontal, basilar
occipital, sphenoid and facial bones of the cranium are absent. In addition, the sternum,
pubic bones, and the majority of the bones of the hands are also absent for this individual.
The preliminary examination of this specimen was conducted by Dr. Simon Mays. A
bone sample fiom this individual is presently being AMS dated at Isotrace labs, Toronto,

Canada. However, on the basis of relevant archaeological material, this skeleton is
thought to date to between the 14' and 17" centuries A.D. (Mays: personal
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communication). For results of the radiocarbon dating on this specimen see the
addendum in Chapter Ten.
The absence of important cranial evidence complicates the establishment of a
diagnosis of treponemal infection in this case. However, substantial infracmnial change
i~dndicativeof t r e p o n e ~ ddisease is represented by @is ske!e+d specimen. Plate 8.12

presents a view of all long bones demonstrating pathological change.

Plate 8.12:

Bones of Skeleton 204 (Rivenhall) exhibiting
pathological change indicative of treponemal
disease.

In the bones of the upper extremities there is the appearance of marked nongummatous periosteal change. As in skeleton 1965 fiom Ipswich, the periosteal new bone
is not an active porous plaque, but a merging and merged striated compact bone. The
shafts of both humeri, ulnae and the right radius have a noticeably expanded appearance.

In the humeri, the periosteal new bone deposits are most marked on the distal ends,
particularly on the posterior aspect. In the left and right ulnae, the pitted and remodelled
periosteal new bone is most obvious towards the proximal end of the shafts. This region
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is characterized by erosive changes resulting in the recession of the margins of the
proximal joint surfaces. In the region inferior to the trochlear notch, the joint surfaces
have receded to reveal porous subchondral bone on the juxta-articular surfaces. This is an
erosive condition, which has the appearance of new periosteal compact bone peeled back
to reveal the bone underneath. On the right ulna, this area of erosion extends to the radial
notch. On t!!e left ulna, there is a small concaq;i?i ( e n s k c lesion) on thc mcdial p i ~ ~ i m a l
aspect between the coronoid process and the trochlear notch. The superior and posterior
aspects of the olecronon processes of both ulnae are marked by profuse periosteal new
bone formation. This new bone has an uneven, porous and well remodeled appearance.
On the right ulna, this periosteal new bone deposition has formed a superior extension to
the proximal joint surface. Plate 8.13 presents the lateral aspect of the proximal end and
midshaft of the ulnae, demonstrating marked periosteal new bone deposition and
porosity. Plate 8.14 presents a view of the anterior surface of the proximal ulnae
demonstrating prohse non-gummatous periosteal change.

Plate 8.13:

Marked periosteal new bone
deposition on the lateral aspect of
the ulnae. Skeleton 204 (Rivenhall).

Plate 8.14:

Profuse non-gummatous periosteal
change on the anterior view of the proximal
ulnae. Skeleton 204 (Riveohall)

The right radius shows evidence of a well healed mid-shaft fracture with a slight
lateral angulation to the bone. In addition, there is marked striated periosteal new bone
deposition over the entire shaft, particularly towards the distal end of the bone. The right
3rdmetacarpal exhibits marked swelling to the shaft resulting in a loss of volar concavity.

There is a pitted localized are of periosteal new compact bone on the proximal dorsal
aspect of the metacarpal shaft. Plate 8.15 presents pathological change on the proximal
aspect of the right third metacarpal.

Plate 8.15:

Periosteal reactive new bone on the
proximal aspect of the right third
metacarpal. Skeleton 204 (Rivenhall).

The bones of the lower extremities are characterized by profuse periosteal new
bone deposition, and the appearance of expanded or swollen diaphyses. Both femora
demonstrate evidence of profuse periosteal new bone deposition, particularly on the distal
2/3rds of the bones. The new bone is striated and uneven, with areas of localized
sclerosis. On the posterior aspect of the shaft there is bridging of the new bone over small
blood vessels. Figure 8.16 presents the presence of proliferative periosteal new bone on
the posterior and anterior aspects of the femora.

Plate 8.16:

Prolif'erative periosteal new bone on the posterior
and anterior surfaces of the femora. Skeleton 204
(Rivenhall).

The osseous changes on the tibiae and fibulae are similar to those observed on the
femora. There is substantial new periosteal compact bone on all aspects of the shaft. The
new bone is porous in some regions and sclerotic in others. Both tibiae demonstrate areas
of bone bridging of blood vessels, as well as transverse lines (blood vessel impressions)

on the lateral aspect of the bones. Plate 8.17 presents a view of the profuse new bone
deposition and bone bridging on the posterio-lateral aspects of the tibiae. The right 4'
and 5" metatarsals demonstrate considerable periosteal new compact bone over the entire

shafts, with an appearance of marked irregular thickening.
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Plate 8.17:

Profuse new bone deposition and bridging on
the posterio-lateral aspects of the tibiae.
Skeleton 204 (Ftivenhall).

As discussed in the case of skeleton 1965 from Ipswich, the pattern of lesions and

the lack of cloaca, joint or vertebral involvement in this individual suggests a diagnosis of

treponemal infection. Skeleton 204 demonstrates profbse non-gummatous periostitis in a
number of bones of the infriicranial skeleton. It is unfortunate that the diagnostically
relevant bones of the cranium were absent. Therefore, establishment of the presence of
lesions representative of the 'caries sicca' sequence could not be assessed. However, the
appearance and distribution of the pathological changes in this individual are highly
indicative of treponemal infection.

In summation, of the entire sample of 6 17 individuals observed in this study, three
cases of treponemal infection have been identified. All of the cases represent adult
individuals. In addition, all of the skeletons exhibiting pathological osseous change
indicative of treponemal infection are female individuals. Three forms of treponemal
infection, yaws, endemic and acquired venereal syphilis, are known to affect the bone in

the late stages. Due to the distinct climatic, social and environmental parameters for these
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conditions, it is unlikely that these individuals represent cases of yaws. Previous
examiners of these cases (Roberts 1994, Mays 1991) have suggested that they represent
evidence of acquired venereal syphilis. Although this is a likely diagnosis, it is
impossible to say with certainty that these individuals do not represent cases of endemic
syphilis. In addition, if one assumes that venereal syphilis is the disease entity present in
this population, far 3t least the case of Skeleton 77 fiam thc Dontlican Friairy of

BlacWars (Gloucester) it is impossible to establish whether this case represents one of
congenital or acquired venereal syphilis. These issues will be discussed in detail in
Chapter Nine.
Of the three identified cases of treponemal infection in this sample, all of them
demonstrated multiple pathological osseous evidence for the disease complex. In
addition, each individual manifested osseous lesions that are pathognomonic for the
treponemal diseases, particularly acquired venereal syphilis. None of the three individuals
demonstrated osseous change that was characteristic of lepromatous leprosy. In every
case, the nature and distribution of osseous lesions allowed for the elimination of leprosy
as a possible differential diagnosis. Furthermore, two of the three treponernal cases were
retrieved from cemetery populations that demonstrated an absence of leprosy in the total

burial population. The case of Skeleton 1965 from Blackfriar's Friary (Ipswich) was
retrieved from a burial population that was characterized by the presence of a number of
disparate pathological conditions. Finally, all three treponemal cases were excavated

fiom non-leper hospital contexts. Therefore, on the basis of this research it is no longer
tenable to accept the assertion that a medieval diagnostic confusion existed between the
two diseases.
8.5 Diagnosis and Distribution of Leprosy

In the examination of 6 17 individuals included in this sample, 37 definite lepers
and 3 1 possible cases of leprosy were identified. The definite lepers in the population
represent almost 6% of the total sample. Clinical studies have presented a wide range of
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prevalence rates for osseous leprosy. However, it is generally accepted that
approximately 5% of individuals with the disease will exhibit bone changes. When one
adds the definite and possible leper categories, the number of potential cases of the
disease is elevated to L 1%. One would expect the prevalence rates of the disease to be
elevated (above 5%) in this sample. The inclusion of leper hospital cemetery populations
qsodd bias the sample, in terns of elevating the numbci of lcprous cascs pcr total

population. Plate 8.1 8 presents a case of rhinomaxillary lepromatous leprosy in a skeleton

from St. Mary and St. Thomas (Ilford). Plate 8.1 9 presents pathological change of the
hard palate in skeletal material from Wharram Percy (North Yorkshire).

Plate 8.18:

Rhinomaxillary change in Skeleton 59 from
St. Mary and St. Thomas, Ilford.
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Plate 8.19:

Pathological change of the hard palate viewed
in Skeleton 708 (subadult) from Wharrarn
Percy (North Yorkshire).

A large majority of the definite and possible cases of the disease were retrieved

from the cemetery of the leper hospital of St. James and St. Mary Magdalene
(Chichester). The skeleton number, age, and sex for each individual is presented in Table
8.6 at the end of this chapter. In addition, for the skeletal remains from the Hospital of St.

James and St. Mary Magdalene, the burial section is also included in Table 8.6.

An Unpaired t-test was performed comparing age in ranges of years and sex. The
test was conducted on 361 individuals of known sex within the sample, and included
members in the definite, possible and non-leprous groups. The results of the t-test
provided a t-value of 1.591 at 359 degrees of freedom, with a 'probability oft' value of

0.1 126. Thus, at the 0.05 significance level, the Null Hypothesis could not be rejected,
and one can conclude that in the overall sample there was no significant difference in age

at death between the sexes. To confirm these results, a Chi-square test at the 0.05
significance level was performed to examine the relationship between known sex and age

in the non-leper population. At a Chi-square value of 8.13 1, and a probability >Chisq=

385

0.3212, the Null Hypothesis could not be rejected. Therefore, there is no significant

difference in age between the sexes in the non-leper category.
The individuals placed within the 'Definite lepers' category were those who
demonstrated clear osseous evidence of the cranial 'facies leprosa' complex, in addition

to marked infra-crmie! patho!ogicel chmge. -411of the indi~idue!~
inclgdd in the
'definite lepers' category demonstrated multiple bones exhibiting pathological lesions in
the infiacranial skeleton. Plate 8.20 presents a case of rhinomaxillary leprosy from the
Hospital of St. James and St. Mary Magdalene, Chichester. Plate 8.21 presents periosteal
new bone deposition and septic destruction of the feet in Skeleton 17 from the Hospital of
St. James and St. Mary Magdalene, Chichester. Plate 8.22 present prohse periosteal new
bone deposition in Skeleton 88 &om the Hospital of St. James and St. Mary Magdalene,
Chichester.

Plate 8.20:

Rhinomaxillary pathological change resulting from osseous
lepromatous leprosy. Skeleton 9 (male). Hospital of St. James and St
Mary Magdalene, Chichester.
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Plate 8.21:

Periosteal new bone deposition and septic destruction of the feet in
Skeleton 17 (male), from the Hospital of St. James and St. Mary
Magdalene, Chichester.

Plate 8.22:

Profuse periosteal reactive new bone on the tibiae and fibilae of
Skeleton 88 (male) from the Hospital of St. James and St Mary
Magdalene, Chichester.

Table 8.3 presents the sex distribution of the definite lepers in the sample. Ofthe
37 definite lepers in the collection, 27 (73%) are male individuals. This elevated male

representation is expected for two reasons. First, as discussed in Chapter Three, leprosy
appears to preferentially affect males to females, with a ratio of 3: 1. Second, the vast
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majority of the definite lepers were retrieved from the cemetery of the Hospital of St.
James and St. Mary Magdalene, Chichester. Of the total of 37 leprous individuals, 29
(78%) were retrieved from the Hospital of St. James and St. Mary Magdalene,

Chichester. Of these 29 individuals, 23 (79%) are males. Table 8.4 presents the
distribution of male and female definite lepers within the cemetery of St. James and St.
Mw; ?.liagddene, CMchester. The exliest ~ o ~ r m l l t i chater
on
of the Hosgitd of St.

James and St. Mary Magdalene is dated to 1 187 A.D. This charter restricts entrance to the
hospital to males only. In 1540, the constitution of the hospital was amended to allow for
the admission of women. Section One of the cemetery represents the earliest phase of the

hospital cemetery, and would be expected to represent an almost exclusively male
population. In addition, Section One of the cemetery represents the temporal phase when
leprosy is known to have been at its height in Europe. Of the 23 definite male lepers from
this site, 20 (87%) are buried within Section One. No female definite lepers were
retrieved from this early burial area. A Chi-square test was conducted at the 0.05
significance level to examine the relationship between sex and leprosy. The test
compared known males and females in the sample and the three categories of definite,
possible and non-leprous. The Null Hypothesis stated that Ho= there is no significant
difference between membership in each of the groups (definite, possible non-lepers) and
gender. At a Chi-square value of 10.926, and a Likelihood Ratio (ProtuChiSq) of 0.0042,
the Null Hypothesis could be rejected. Therefore, there is a statistically significant

inequality in female and male membership in the three distinct groups.
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Table 8.3: The distribution of defmite lepers by sex.
Hospital of St. James and St. Mary Magdalene,
Chichester:

St. Mary and St. Thomas,
Ilford:

Males
Females

Males
Females

1
0

Unknown

1

Unkrlown

23
5

-1

2

29

St. !Margaret's Hospital, High Wycombe:

Blaclrfriars Friary, Ipsw ich

Males
Females
Unknown

0
0

Mdes
Females

3
1

1

Unknown

0
4

1

Wharram Percy, North Yorkshire:

TOTAL IN SAMPLE

Males
Females
Unknown

0
0

Males
Females

1

Unknown

Distribution of defmite lepers by sex within the cemetery of the
Hospital of St. James and St. Mary Magdalene, Chichester.
Section 2

Section 1

Mdes
Females

6 (16%)
4 (11%)

37

1

Table 8.4:

27 (73%)

20

-0

20

Males
Females

Section 3
2

3
S

Males
Females

1

-2
3
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Of the total of 37 individuals, 1 (5.5%) are sub-adults, 9 (24%) are young
individuals, 6 ( I 6%) are young-middle adults, 7 (1 9%) are middle adults, 6 (16%) are
middle-mature adults, 5 (14%) are mature adults, and 1 (5.5%) could not be aged beyond
the category Adult. Therefore, the majority (78%) of the definite leper category were

under the age of 44 years. An Unpaired t-test was performed at the 0.05 significance level
to exmine th: iclationship b c ~ ~ v c agc
c n a d the tkiicc catcgorics: dcfliic bper, possible

leper, non-leper. Only individuals of known sex were included in this analysis. The Null
Hypothesis stated that Ho= There is no significant difference in age between the different

groups. The results of the test produced a t-value of 1.96664 which allows for the
rejection of the null hypothesis. Therefore, there is a statistically significant difference
between the three categories (definite leper, possible leper, non-leper) and age.
The age distribution becomes more marked when viewed between the sexes. Of the male
definite lepers, 25 individuals (93%) are below the age of 44 years. This is in opposition
to only 3 females (50%) below the age of 44 yean. Table 8.5 presents the age distribution
by sex of the definite lepers in the total sample.

Table 8.5 Age distribution by sex of the defmite lepers in the total sample.
Males:

No. of Individuals
9
6
4
6
-2
27

Age Category
Young (Level 4)
Young-Middle (Level 5)
Middle (Level 6)
Middle-Mature (Level 7)
Mature (Level 8)

Females:

3
3
6

Middle (Level 6)
Mature (Level 8)

Unknown

1
2
-1
4

Sub-adult (Level 3)
Mature (Level 8)
Adult (Level 9)

8.6 Radiocarbon Results

Considerable debate has surrounded the timing of the introduction of venereal
syphilis into European populations. Although it is impossible to state with certainty that
the three observed cases of treponemal infection represent cases of acquired venereal
syphilis, it is a likely ionilusion. Rsgardless of the ~pecifiiname of th2 trcpowmal

diseases in these cases, it is necessary to establish chronological contexts for these
individuals. Prior to this research, Accelerated Mass Spectrometry (high precision)
radiocarbon dates had been conducted on bone collagen retrieved fiom Skeleton 1965
fiom Blackfriars Friary (Ipswich) and Skeleton 77 fiom the Dominican Friary of

Blackfriars (Gloucester). Based upon the results of these dates, it was suggested that
these individuals represent possible preColumbian cases of treponemal infection (Mays
1991, Roberts 1994). The left scapula of Skeleton 204 From Rivenhall (Essex) was
submitted for AMS (high precision) dating at the Isotrace labs in Toronto, Canada in
August 1999. Unfortunately, due to problems with the dating equipment at Isotrace labs,
the date will not be available prior to the submission of this thesis. However, dating of
this individual based on archaeological context and associated material suggests that this
individual dates between the 14% 7" centuries. Based on this skeleton's position within
the cemetery, it has been suggested that this individual is more likely postColurnbian in
date (Mays: personal communication). Results of the radiocarbon dating of this specimen

are discussed in the addendum of Chapter Ten.
Accelerated Mass Spectrometry (high precision) dating was conducted in 1991 on
bone collagen retrieved fiom a skeletal sample provided from Skeleton 1965 (Blackfriars

Friary, Ipswich) by Dr. Simon Mays. The results of this analysis are presented in Chapter
7. A recalibration of this date using the updated calibration parameters established by
Stuiver et al. (1998) produced very different results from the original. The uncalibrated
raw date was entered into the Oxcal3.3 (Oxford University 1998) calibration computer

program. At the 68.2% confidence interval (one sigma value) the calibrated dates ranged
between 1450-1520 A.D., with a second narrower peak between 1600-1620 A.D. Thus,
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there is a 52.4% probability that the date ranges between 1450-1520 A.D., and a 15.8%
probability that the date ranges between 1600-1620 A.D. At the 95.4% confidence
interval (two sigma value), the calibrated date ranges between 1440- 1530 A.D., with a
second narrower peak between 1590-1630 A.D. Therefore, there is a 71.5% likelihood
that the date ranges between 1440-1530 A.D., and a 23.9% probability that the date
m g e s b e ~ s e e n1590-1630 A.D. Sased on this new infomotion, it is c!ear!y impossible

to state with any confidence that Skeleton 1965 represents a pre-Columbian case of
treponemal infection.
In 1994, Accelerated Mass Spectrometry dating was conducted by the Oxford

Radiocarbon lab (England) on collagen retrieved from skeletal material provided from
Skeleton 77 (Dominican Friary of Blackfiiars, Gloucester) by Dr. Charlotte Roberts. The
results of this analysis are presented in Chapter 7. As with the case of Skeleton 1965 fiom

Ipswich, the recalibrated dates for this specimen were considerably different. The raw
uncalibrated date was entered into the Oxcal3.3 (Oxford University 1998) computer
calibration program, using the updated parameters established by Shliver et al. (1998). At
the 68.2% confidence interval (one sigma value) the recalibrated dates ranged between
1440-1530 A.D., with a narrower peak between 1590-1630 A.D. Thus, there is a 49.6%
probability that the date falls between 1440-1530 A.D., and a 18.6% probability that the
date is between 1590-1630 A.D. At the 95.4% codidence interval (two sigma value) the
single value ranged between 1430-1640 A.D. On the basis of these new calibrations, like
Skeleton 1965 from Ipswich, it is impossible to establish with any certainty that Skeleton
77 represents a pre-Colurnbian case of treponemal infection.

In summation, it appears that the radiocarbon dates for the treponemal cases fiom the
Blackfriars Friary (Ipswich) and the Dominican Friary of Blackfiian (Gloucester) cannot
be used to prove an argument for the presence of treponemal infection in Europe prior to
the return of Columbus in 1493 A.D. Conversely, these dates also do not argue for the
absence of the disease complex in pre-Columbian European populations. As the dates

range fiom the mid 15" century into the 16' and 17" centuries, it is impossible to state
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with confidence where along that spectrum the actual date is located. Thus,the dates are
not helpful in establishing the presence or absence of the disease complex in medieval
Europe.

TABLE 8.6 Definite and possible cases of leprosy in the total sample
Definite Le~ers:
Chs 2
Chs 9
Chs 12
Chs 19
Chs 21
Chs 22
Chs 26
Chs 31
Chs 33
Chs 48
Chs SO
Chs 58
Chs 64
Chs 74
Chs 77
Chs 78
Chs 83
Chs 85
Chs 88
Chs 128
Chs 144
Chs 148
Chs 158
Chs 187
Chs 195
Chs 202
Chs 274
Chs 291
Chs 306
Ilf3b
Ilf 8/9c
Hw 200b
Ips 1914
Ips 1987

Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Unknown
Male
Male
Female
Male
Male
Female
Male
Male
Male
Male
Female
Female
Male
Female
Male
Unknown
Unknown
Male
Female

Middle-Mature (7)
Young (4)
Mature (8)
Young-Middle (5)
Young (4)
Young-Middle (5)
Middle-Mature (7)
Young (4)
Middle (6)
Mature (8)
Middle (6)
Middle-Mature (7)
Young (4)
Middle-Mature (7)
Mature (8)
Young-Middle (5)
Middle (6)
Middle (6)
Young-Middle (5)
Middle (6)
Mature (8)
Young-Middle (5)
Young (4)
Young (4)
Young-Middle (5)
Middle (6)
Mature (8)
Young (4)
Middle (6)
Middle-Mature (7)
Mature (8)
Adult (9)
Middle-Mature (7)
Mature (8)

(Section 1)
(Section 1)
(Section 1)
(Section 1)
(Section 1)
(Section 1)
(Section 1)
(Section 1)
(Section 1)
(Section 1)
(Section 1)
(Section 1)
(Section 1)
(Section 1)
(Section 1)
(Section 1)
(Section 1)
(Section 3)
(Section 1)
(Section 1)
(Section 2)
(Section 1)
(Section 1)
(Section 2)
(Section 2)
(Section 2)
(Section 2)
(Section 3)
(Section 3)

Ips 2593
Ips 2624
W P 708

Male
Male
Unknown

Young (4)
Young (4)
Sub-adult (3)

Male
Male
Unknown
Male
Male
Male
Unknown
Female
Male
Male
Unknown
Male
Unknown
Unknown
Male
Male
Female
Male
Female
Male
Unknown
Male
Female
Male
Male
Unknown
Female
Male
Male
Male
Male

Young (4)
Mature (8)
Adult (9)
Mature (8)
Mature (8)
Young-Middle (5)
Adult (9)
Mature (8)
Young-Middle (5)
Middle (6)
Young (4)
Middle (6)
Adult (9)
Adult (9)
Mature (8)
Mature (8)
Mature (8)
Young-Middle (5)
Mature (8)
Middle-Mature (7)
Child (1)
Adult (9)
Middle (6)
Young (4)
Young-Middle (5)
Sub-adult (3)
Young-Middle (5)
Young-Middle (5)
Young-Middle (5)
Young-Middle (5)
Mature (8)

Possible Lepers:
Chs 8
Chs 10
Chs 17
Chs 23
Chs 24
Chs 34
Chs 35
Chs 40
Chs 41
Chs 44
Chs 60
Chs 61
Chs 62
Chs 70
Chs 115
Chs 123
Chs 151
Chs 167
Chs 168
Chs 216
Chs 232
Chs 235
Chs 251
Chs 275
Chs 277
Chs 293
Chs 299
Chs 316
Chs 325
Chs 329
Chs 330

(Section 1)
(Section 1)
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CHAPTER NTNE

DISCUSSION
9.1 Introduction

The debate concerning the origins and antiquity of treponemal infection has been
longstanding in the disciplines of medicine and anthropology. There is no question that
infectious disease entities have represented significant selective pressures throughout

human evolution. Although modem technological and social developments have led to
the appearance of new disease entities, there are a number of pathological organisms that
have had a long association with human populations. However, it is extremely difficult to
establish the origins and epidemiological parameters of infectious disease pathogens. In
the case of treponemal infection, paleopathological studies have established that the
treponemal complex was present in New World populations prior to European contact.
Given modem analytical techniques, it is impossible to establish the specific treponemal
pathogens in ancient New World populations. On the basis of a large body of literary
evidence, it appears that venereal syphilis was present in Europe at the commencement of
the 16" century. The principle question centres on whether or not treponemal infection
was present in Europe prior to the retum of Christopher Columbus and his crew in 1493.
The focus of this research was an examination of the pre-Col~mbiar~
assertion that
venereal syphilis was present in Europe prior to the retum of Columbus, but was
diagnostically confused with leprosy. An examination of the historical literature provides

a number of ambiguous descriptions that are not u s e l l in establishing the introduction of
treponemal infection into Europe. Furthermore, the medieval use of sexual terminology
to refer to leprosy does not necessarily prove a diagnostic confusion between the two
disease complexes. If a medieval diagnostic confusion did exist, one would expect to

make several observations in the skeletal material. First, there should be individuals
exhibiting osseous change indicative of treponemal infection in leper hospital cemetery
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populations. Conversely, there should be individuals exhibiting osseous change
compatible with a diagnosis of leprosy in non-leper hospital cemeteries, and in
association with treponemal cases in these burial grounds. Furthermore, if treponemal
cases are observed in the total sample, their radiocarbon dates should clearly establish a
preColumbian date for the material. Lastly, although clinical studies have presented a

uidc mgi c

of estimates for osseous shangc ~ssciateil~ i l h~5ponenidinfictio~liind

leprosy, the most conservative estimate is 5 percent of cases. If these diseases were
present in medieval populations, this figure should allow one to predict the kequency of
osseous pathological change in skeletal material representing the adult members of the
population.

9.2 Identification of Leprosy in the Sample

In order to examine the possible diagnostic confusion between treponemal infection
and leprosy, it was necessary to establish the presence of osseous leprosy in the leper
hospital cemeteries. The presence of definite lepers in these burial populations would
suggest that medieval diagnosticians were capable of accurately identifjmg clinical
leprosy. Of 617 individuals in the sample, 37 demonstrated osseous change compatible
with a diagnosis of lepromatous leprosy. An additional 3 1 were categorized as possible
cases of the disease. Many of the specimens placed in the possible leprosy category
demonstrated clear infracranial evidence for the disease. However, cranial remains were
either absent, or poorly preserved for a number of the possible cases of the disease. On
the basis of the diagnostic criteria established by Moller-Christensen, it is impossible to
present a definite case of leprosy in the absence of evidence for the 'facies leprosa'
complex. Thus, it is likely that a number of the individuals included in the possible
leprosy category were in reality definite cases. Furthermore, it should be noted that a

number of the individuals diagnosed as non-leprous in these collections may have had the
disease but did not manifest osseous change.
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The historical literature indicates that leprosy was well established in Europe by the
early Middle Ages. Leprosy appears to have reached its zenith in Europe in the 12" and
13' centuries, when both legal and socio-medical measures to control the disease had

become established (Roberts 1986). This time frame is useful, in that one would expect to
find a higher proportion of leprous individuals interred in the earliest medieval phases of
cznleterizs. The vast nlajori~yof Liefinhe and possible lepers were ralrizvzd Crom Lhc:

leper hospital of St. James and St. Mary Magdalene, Chichester. The other leper hospital
cemeteries of St. Mary and St. Thomas (Ilford) and St. Margaret's Hospital (High
Wycombe), are associated with a small number of interments. Thus, these burial
populations are less useful in establishing chronological parameters for leprosy in Britain.

The cemetery of the Hospital of St. James and St. Mary Magdalene (Chichester) has
been divided into three temporal sections on the basis of literary and archaeological
evidence. If one assumes that the hospital was located in the same area from its
foundation, and that the interments date fiom the establishment of the hospital. then the
burials date fiom the early 12' century to the middle of the 17" century. Up until the 15'
century, these burials would have been composed of the leper brethren, the master and
servants, and perhaps the occasional benefactor who requested to be buried there. As
leprosy is reported to have been most prolific during this period, evidence of leprous
skeletons should be concentrated in the earliest portion of the cemetery (Section 1). Of 37
definite lepers in the sample, 29 were retrieved fiom the cemetery of the Hospital of St.

James and St. Mary Magdalene (Chichester). Thus, 78% of the definite lepers are
associated with this site. Of the 29 lepers recovered fiom this cemetery, 2 1 (72%) were
interred in Section 1 of the burial grounds. Of the remaining eight individuals, five were
buried in Section 2 of the cemetery, a period associated with the decline of leprosy in
medieval Europe. Only three definite lepers were buried in Section 3, the latest section of

the cemetery, which is associated with the dms-house phase of the hospital. Of the
possible cases of leprosy, a11 3 1 individuals were excavated fiom St. James and St. Mary
Magdalene. Of these, 12 (39%) individuals were buried in Section 1 of the cemetery.
Therefore, in relation to the definite lepers in the collection, the vast majority of these
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individuals were buried during the earliest phase of the hospital burial ground. This
evidence supports the notion that leprosy was most prolific in Europe in the early Middle
Ages.
As lepromatous leprosy appears to differentially affect males, with a ratio of 3: 1
between males and fernairs, it was importan[ to inves~igatethe sex distribution within he

total sample. In paleopathological research, the basing of conclusions upon the
differences between the sexes is a difficult task. Fortunately, the general preservation of
the skeletal remains from the Hospital of St. James and St. Mary Magdalene is high, and
a large number of the skeletons could be sexed with reasonable accuracy. To avoid
problems with the comparison of sex in the collection, immature individuals were
eliminated from the analysis. In addition, individuals of unknown sex were not included
in this examination. Therefore, the analysis of the sex distribution in the sample was
conducted including only individuals where the sex could be established. The distribution
of definite and possible lepers by burial section is presented in Table 9.1.

Table 9.1

Distribution of the definite and possible lepers by burial section
(Hospital of St. James and St. Mary Magdalene, Chichester)

Definite Lepers

Males
Females
Unknown
Possible Lepers
Males
Females
Unknown

Section One
20
0
-1
21

Section Two
2
3
-0
5

Section Three
1
2

-0
3
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As the vast majority of definite and possible lepers were retrieved from the Hospital

of St. James and St. Mary Magdalene, the analysis of sex distribution focused on this
collection. Of the 21 definite lepers buried in the earliest Section One of the cemetery, 20

(95%) were male individuals. In the middle section of the cemetery (Section 2) there are
five definite lepers. Of these five, three are female, representing sixty percent of the
d e f i t e iepers in the burid area. The iatest section of the cemetery (Section 3 j is
associated with only three definite lepers. Of these, two (67%) of them are female
individuals. Therefore, it is obvious that the sex distribution in the definite leper group
changes over time. The ovenvhelmingly male representation in Section One of the
cemetery is not surprising in light of the administrative records for the hospital. The
earliest confirmation charter (circa 1187 A.D.) of the Hospital of St. James and St. Mary
Magdalene (Chichester) restricted admittance exclusively to males. Thus, one would
expect that there would be an observable gender bias in the interments in Section One of
the cemetery. It is possible that females associated with the hospital in this early period
(servants, wives, or benefactors) could request to be buried in the hospital cemetery. This
fact would explain the presence of a small number of females in this earliest section of
the burial ground. The interesting shift in demographics occurs in Section Two of the
cemetery. At some time in this section, (1540 A.D.), it is known that women were
formally admitted to the hospital. Although it is likely that women may have been
admitted to the hospital prior to the constitutional revisions of 1540, this date offers us a
benchmark figure for the time span of Section Two. Therefore, it appears that there was

an increase in female representation at some point in the second phase of the graveyard.

This correlates with the documentary evidence, and probably does not suggest that more
females were dying then males at this time period. During the time that burial Section
Two was in use, there is an increase in female representation in the definite leper
category. This increased female representation is maintained in Section Three. However,
by the time that Section Three was in use, the hospital had become an almshouse for the

poor, and there is no reason to suggest that males and females would not have been
admitted to the hospital in equal numbers. Therefore, it is clear that a large majority of
the definite lepers in the collection are male. However, as the hospital administration
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restricted entrance to maies only, it is impossible to separate this factor from the
possibility that more males are affected by the disease than females. In the possible leper
category, the distribution is similar to that seen for the definite lepers. Therefore, it
appears that females are also underrepresented in the possible leper category for burial
Section One. The female representation increases in Sections Two and Three, a fact that
supports the e:idenct from the definite leper category.

Therefore, an evaluation of the definite and possible leper categories fiom the
cemetery of the Hospital of St. James and St. Mary Magdalene (Chichester) offers some
important information. First, the vast majority of the definite lepers were male. This fact
is understandable in light of the exclusionary admission policy of the original
confirmation charter for the hospital. Unfortunately, it is impossible to assess the
possibility that males were differentially affected by the disease. In addition, a large
portion of the definite lepers were retrieved from Section One, the earliest phase of the
cemetery. This fact is significant, in that this temporal phase represents the period when
leprosy is known to have reached its peak in European populations. Of the possible
lepers, there is also a disparity between the sexes. Of the 3 1 individuals contained within
this group, 19 are male, and only five are female. The remaining seven individuals could
not be accurately sexed. In addition, in the possible leper category, there is a wider
distribution throughout the cemetery. However, it is impossible to say whether this fact is
significant, given the relatively small number of individuals.
In order to assess the question of a possible diagnostic confusion between treponemal
infection and leprosy, it is essential that one establish the presence of definite lepers in
the leper-hospital cemeteries. There is no question that the cemetery of the Hospital of St.
James and St. Mary Magdalene (Chichester) is associated with a significant number of
both definite and possible cases of the disease. Twelve burials were retrieved fiom the
site of St. Margaret's Hospital (High Wycombe). Of these twelve, a single adult
individual of unknown sex demonstrates pathological osseous change indicative of
lepromatous leprosy. Of the sample of 25 individuals excavated fiom the site of St. Mary
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and St. Thomas Hospital (Ilford), two adult individuals were diagnosed as definite lepers.
However, this site is problematic, in that it appears that the burial population predates the
establishment of a leper hospital at this location. Thus, this skeletal population is not
technically associated with a leper hospital. The presence of two lepers in the sample
fiom this site is not an anomaly, as leprosy is known to have been present in England
&iring the Aaglo-Saxon period. L? conclusion, dl of ;!ie sitzs catzgorized as leper

hospital cemeteries are associated with skeletal populations demonstrating osseous
change compatible with a diagnosis of lepromatous leprosy. Thus,there is no question
that medieval diagnosticians were capable of accurately identifying cases of the disease.
Interestingly, there are a small number of leprous individuals that were retrieved
from non-leper hospital contexts. Four definite lepers were identified in the skeletal
material fiom the site of Blackfriars Friary, Ipswich. Of these four, three are adult males,

and one is an adult female individual. Finally, a sub-adult skeleton demonstrating
pathological change indicative of lepromatous leprosy was retrieved fiom the site of

Wharrarn Percy, North Yorkshire. Although neither of these sites are associated with
leper hospitals, it is not unusual to find leprous individuals in their burial populations.
This fact can be explained in two ways. First, a large majority of these collections are
composed of non-leprous individuals. These burial populations are composed principally
of religious men, and parishioners fiom the surrounding geographic area. A plethora of
pathological conditions are found in these skeletal samples, and leprosy was clearly only
one of a number of disease entities affecting the general population. Both cemeteries
were founded in the 13' century, and probably extended into at least the 16" century. The
small number of leprous individuals retrieved fiom these sites may reflect the decline of
leprosy throughout the medieval period. Unfortunately, radiocarbon dates have not been
conducted on samples from these skeletons, and is impossible to assess if they represent
later medieval interments. However, their presence in general cemeteries is not indicative
of a medieval inability to effectively diagnose lepromatous leprosy.
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Furthermore, the biblical statement that lepers should live "without the camp"
stimulated the Catholic Church to establish leper hospitals to segregate them fiom the
general population. As the Church was responsible for the care of the lepers, it is likely
that the hospitals were established to seclude the individuals and not to treat them. The
documentary evidence fiom the early Middle Ages suggests that the segregation of lepers
hto leper hospitals did not result from an attempt to picvcnt the tiansinission of the
disease. During the reign of Henry I (circa 1 100 A.D.), a writ known as the 'De Leproso
Amovendo' was released, which regulated the movements of the leprous (Hastings 1985).

In this writ, it is stated that "if a Man be a Leper or a Lazar, and will keep himself within
the House, and will not converse with his Neighbours, then he shall not be moved out of
his House" (MacArthur 1953:8). Therefore, the leper was not forced to enter a leper
hospital, and could remain at home, presumably with his family, unless he violated the
rules of 'De Leproso Amovendo'. Segregation of leprous individuals was not complete,
and records from leprosy hospitals of the time show that often the rules governing the

lepers housed there were less than strict. In Scandinavia, Richards (1977) notes that if the
local parish taxes that were collected to support the hospital and its inmates were not
obtained, the lepers had permission to beg in the neighbouring parishes. At many of the
leper hospitals the lepers were allowed to leave the premises as long as they were
appropriately dressed. In Sherburn (England), the lepers were allowed to go into the
market to beg, to have visitors, and could be expelled From the hospital for violations
(MacArlhur 1953).
Although it is difficult to estimate the number of lepers that were housed in British
leper hospitals in the Middle Ages, it is certain that many cases would have remained
undetected. Roberts (1986) has suggested that this may have resulted fiom three major
causes. First, many individuals afflicted with leprosy may have isolated themselves from
the general population, thus avoiding detection. This is a very likely supposition, as the
social reaction to the disease was so negative, and the stigma of the disease so enormous.
Second, at the early stages when no obvious disfiguration was present, the disease may
not have been detected. Lastly, a number of the people suffering from leprosy may have

been misdiagnosed. Thus,individuals manifesting cutaneous pathology, often
representing conditions like psoriasis or excema, may have been segregated in leper
hospitals. Therefore, the presence of definite lepers in non-leper hospital cemetery
populations is understandable in light of the rather lax rules governing medieval
segregation practices. It is possible that some of the five leprous individuals at Blackfriars

Friary and ';VhmmPercy wers dloweci io wmairr in thcir sommmities througiout the
course of their lives. This fact may have been particularly relevant for the sub-adult
individual From Wharrarn Percy, as it is unlikely that a leper hospital would have
admitted children. At the time of their deaths, they would have been interred in local
cemeteries characterized by a number of different pathological entities.
Therefore, on the basis of the present research, it appears that all of the included
leper hospital skeletal samples are associated with individuals demonstrating pathological
osseous change diagnostic of Iepromatous leprosy. This suggests that medieval
diagnosticians were effective in identifying cases of the disease. In addition, a small
number of leprous individuals are buried in general cemeteries, a fact that can be
explained by medieval segregation practices. Of crucial importance is the fact that no
individuals demonstrating osseous change compatible with a diagnosis of treponemal
infection were recovered from any of the leper hospital cemeteries. There is a complete
absence of treponemal cases in the leper hospital populations. This observation is a very
significant indicator that a medieval diagnostic confusion between the diseases did not
occur.

9.3 Identification of Treponemal Infection in the sample
The investigation of treponemal infection in medieval European populations focused

on the examination of two principle issues. First, whether or not a medieval diagnostic
c o d h i o n existed between treponemal infection and leprosy. The second question
concerns the timing of the introduction of treponemal infection into European

403

populations. There is little doubt that human populations have had a longstanding
relationship with the treponemal complex. However, the difficulty lies in attempting to
establish the transmission dynamics within European populations. In addition, it is
extremely difficult to discern which form (s) of treponemal infection was present in
Europe during the Middle Ages.

Of the 6 17 skeletal individuals examined in this study, three cases of treponemal
infection were identified. Of these three individuals, all were adult females. The three
affected individuals demonstrated multiple cranial and infiacranial pathological osseous
change indicative of treponemal infection. All of the treponemal cases identified in this
sample were recovered from non-leper hospital burial contexts. In addition, two of the
three treponemal cases were retrieved fiom burial populations that demonstrated no
observable signs of lepromatous leprosy. The mature female individual fiom the site of
Blackfriars Friary (Ipswich) is the only case of treponemal infection recovered fiom a
cemetery that is also associated with cases of lepromatous leprosy. Four adult definite
lepers were identified in the skeletal material from this site. Unfortunately, a map
representing the exact location of specific graves in this sample is not available.
However, the leprous individuals and the single treponemal cases were not buried
together or in a reserved area of the cemetery (Mays: personal communication). As
previously noted, the presence of these two conditions in the same cemetery does not
represent a possible diagnostic confusion between the diseases. The burial population
fiom Blackfriars Friary (Ipswich) are characterized by a number of different pathological
conditions. This is not surprising in that, like other religious establishments, the
Blackfriars Friary would have cared for the sick and poor as a regular part of their duties.
As the leprous and treponemal cases are spread out throughout the cemetery, it suggests
@at these affected individuals would have been included with the general burial
population at the time of their deaths. In addition, there is no reason to suggest that the
interments fkom this site do not date from the establishment of the Friary. Thus,burial at
this site would have commenced circa 1263 A.D. and continued until the dissolution of
the house in 1538 A.D. The treponemal case fiom this site has been dated to the late 15'-
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early 16" centuries. However, none of the four leprous individuals at this site have been
radiocarbon dated. Thus, it is possible that at least a portion of these interments do not
even date to the same time period as the treponemal case. Leprosy was at its height in
Europe in the 12' and 13' centuries, and had declined significantly by the time of the
15" century. This assertion is supported by the chronological distribution of a large
szmple of !eprous idividuals from the Hospital of St. Junes xc!St. Mar).Magdalefie,

Chichester. If these chronological parameters for leprosy are correct, there is a reasonable
likelihood that the lepers fiom Blackfriars Friary are earlier in date than the treponemal
case.

In order to assess whether or not a medieval diagnostic confusion existed between
leprosy and treponemal infection, it is necessary to review all the evidence. In terms of
the historical evidence, the classical and medieval literature presents vague, contradictory
and often incorrect statements in their descriptions of pathological entities. Supporters of

the Pre-Columbian hypothesis have suggested that references to venereal syphilis and
leprosy can be identified as early as the Old Testament of the Bible (8Ih-2 nd centuries

B.C.). However, confusion has surrounded the interpretation of the Hebrew word
'tsara 'at' which was translated into the Greek under the term 'lepro'. Scholarly review of

Biblical texts suggest that the term 'tsara 'at' refers to a number of diseases resulting in
ritual uncleanliness, and cannot be held to represent solely descriptions of true
lepromatous leprosy. In addition, the archaeological record has failed to reveal any
evidence of true leprosy from Biblical times. With the exception of Zias' recovery of
leprous skeletal material fiom Israel dating to 614 A.D., and the 2" century B.C. to 4"
century A.D. Ptolemaic and Coptic Christian material from Dakhleh Oasis (Egypt)
described independently by Dzienykray-Rogalski (1 980) and Molto (199 1, 1999), there

has been no other skeletal evidence for the disease in all of Israel, Palestine or Egypt. In
addition, in an examination of 600 individuals fiom the burial site of Lachish near
Jericho, Msller-Christensen could find no evidence of leprosy. This lack of confirmation

in the archeological record suggests that the tenns in the Old Testament that were used to
express a condition that was later associated with leprosy, were generic terns referring to

405

a plethora of different diseases. Therefore, if one cannot establish the skeletal presence of

clinical leprosy in Biblical times, by extension one cannot argue for a diagnostic
codision between leprosy and venereal syphilis in antiquity.

Many of the concepts that contributed to the medieval understanding of leprosy were
described by .sly Romrln, Greek mc! Pszb physicians. In the Middle Ages, there :vs2

heavy reliance upon the work of these former physicians with little scrutiny or scientific
enquiry. A number of Roman, Byzantine and Greek historians and physicians such as
Pliny, Hippocrates, Celcus and Martial describe the occurrence of genital lesions
following intercourse. Martial and Pliny in the incentury A.D. refer to a condition
known as 'mentagra', which was a term that was euphemistic for the pubic region, and
was generally used to refer to lesions resulting from sexual activity. Interestingly, Greek
physicians as early as the Alexandrian School (3'd century B.C.)referred to cases of
lepromatous leprosy under the term 'elephantiasis', because of the thickening of the skin
in this condition. Although all the original records have been lost, in the I" century A.D.,

Rufus from Ephesos quotes the Alexandrian physician Straton as recording an accurate
description of a low resistance form of leprosy. It is clear that the medical practitioners of
the Classical world did recognize and accurately diagnose a condition that can be related
to advanced lepromatous leprosy. They referred to this condition as 'elephantiasis'.
There was a distinct differentiation between 'elephantiasis' and the disease described as
'lepra', which was considered to represent a variety of skin conditions, one of which may
have been leprosy.

In the ancient literature of China and India, Pre-CoIumbian scholars have identified
passages that they argue demonstrate unmistakable evidence for the ancient connection
between genital lesions and sexual intercourse. However, on the basis of extensive
reviews of the Chinese literature, Wong and Wu (1 936) and Lu and Needham (1 967)
both assert that no ancient Chinese author has ever described a condition resembling
syphilis. Kampmeier (1984) suggests that the Indian Sanskrit Veda (circa 1400 B.C.)
contains multiple references to genital ailments, some of which may refer to venereal
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syphilis. However, clinical descriptions of leprosy in India and China &om as early as the

6" century B.C., present accurate clinical descriptions of lepromatous leprosy. It appears
that ancient practitioners were capable of establishing the diagnostic criteria for leprosy
in considerable detail. Therefore, it is difficult to argue that physicians in antiquity were
unable to differentiate this condition from venereal syphilis. Furthermore, it is interesting
that hvcstigaton haw assumed that descriptions of genitd lesions mwt strepsent

venereal syphilis. There are a large number of conditions that are known to cause genital
lesions. It would be extremely difficult to identify a number of these conditions in
skeletal material. However, it is very likely that many of the ancient descriptions of
sexually transmitted diseases refer to conditions such as gonorrhea, and have no
association with venereal syphilis.
Pre-Columbian theorists have relied very heavily on medieval texts in order to
establish that treponemal infection was present in the Old World prior to the return of
Columbus fiom the New World. Alternately, Colurnbian scholars have emphasized
medieval literature that suggests a New World origin for the disease. A number of the
Spanish chroniclers describe a condition in New World populations that suggest that
some form of treponemal infection was present in the New World prior to European
contact. However, the unanimous contention by Spanish chroniclers, that the disease was
transported fiom the New World by Columbus and his crew at the end of the 15" century
has been questioned on a number of levels. A thorough discussion of these criticisms is
presented in Chapter Two. They focus on the lack of evidence for disease in any of the
voyage logs, or in subsequent meetings with European sovereigns. In addition, the

majority of the Spanish chroniclers published their works many years after the described
events, and often relied on secondary or tertiary sources. Lastly, there is no mention of an
American origin for the disease until over 30 years after the discovery of the New World.

This 16" century assertion that the New World represented the original source of the
disease was linked to the use of the holy wood 'guaiacum' to treat the disease at this time.
Medieval scholars asserted that the cure for the disease would be found in the area where
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the disease originated. Thus, the fact that a remedy was identified in the New World
confirmed to medieval scholars that the disease originated there. However, in 1528, the
famed physician Paracelsus was the first to refbte the efficacy of guaiacurn in the
treatment of treponemal disease. By the mid-sixteenth century, guaiacum was rejected as
a cure for the disease, in favour of mercury. However, by this time the link between its
use and the origin of the disease in the New World had been firmly established.

Supporters of the Pre-Columbian hypothesis have relied on descriptions of the
capture (siege) of Naples, and the edicts against the disease to argue for a diagnostic
confusion between treponemal infection and leprosy. However, a review of the literature
relating to the 'siege of Naples', indicates that a siege did not actually occur. There are no
descriptions of a disease resembling treponemal infection affecting the troops of Charles
VIII, or in the populations that came into contact with them. In addition, on the basis of
both chronological and epidemiological parameters, it is very unlikely that any of
Columbus' sailors could have transmitted the disease to the army of Charles VIII of
France.

In addition, the edicts on syphilis that began to appear in the late 1 5 century
~
have
been considered to be valuable sources of information concerning the history of syphilis
in Europe. Pre-Columbian scholars have presented edicts that they assert pre-date the
return of Columbus and his crew in 1493 A.D. It has been argued that the edicts against
syphilis closely resemble earlier medieval edicts against leprosy. Thus, the shift fiom
edicts against leprosy to those against syphilis represents a belated recognition of syphilis

as a distinct pathological entity. However, the first edict against syphilis that can be
identified in the medieval literature is the Arr6f du Parlement de Paris, which dates to
March 6, 1497, almost four years after the return of Columbus fiom his first voyage to
the New World. If the disease was present in the population prior to this time, it is

intriguing that there is absolutely no mention of it in prior edicts against disease.
Naturally, the Arrf t du Parlement de Paris does not provide definitive proof for the
absence of the disease in Europe prior to the return of Columbus fiom the New World.
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However, if treponemal infection had been present in significant numbers in France prior
to this date, it is unusual that a cosmopolitan city like Paris did not feel the need to
release an edict before March, 1497 A.D. It is significant that the edict of Paris,
incorrectly dated by Holcomb (1935) to 1493, in reality dates to 1498, at which time
venereal syphilis was well known in many European populations. Thus, it is impossible
f ~ he
r Pre-Colwbian positi~nto a r g e thzt rhe edicts represent t!!e medieval recopinitiox~

of syphilis as distinct f?om leprosy, prior to the return of Columbus from the New World.
Further evidence to support the contention that a diagnostic confusion existed in
medieval times, focuses on the possibility that syphilis was included with other
conditions under the heading of 'leprosy'. It appears that the 8th-9th century Arab
physician John of Damascus was the first "to use the term lepra for what is now called
lepromatous leprosy, and have so started the process which led to 'elephantiasis
graecorum' being called leprosy" (Hulse 1972: 1024). Thus, the ancient generic term
lepra was mistakenly translated into the Medieval Vulgate Bible as the term expressing

exclusively leprosy. Supporters of the Pre-Columbian hypothesis argue that the
diagnostic confusion between leprosy and venereal syphilis can principally be
demonstrated in the medieval literature in two ways. First, the appropriation of the
ancient word 'lepra' to refer to leprosy could suggest that medieval physicians continued
to use this term as a catch-all phrase for multiple diseases, as in ancient times. Therefore,
cases of venereal syphilis could have been included within the group of conditions
labeled as 'lepra'. Second, theorists point to a number of examples in the medieval
literature that appear to suggest a confbsion in the understanding of the mode of
transmission for leprosy. Numerous medieval writers state that leprosy can be transmitted
through sexual intercourse with a leper, heredity, or through the breast milk of a leprous

nurse. In addition, there are abundant references to 'venereal leprosy', 'hereditary
leprosy', and 'leper whore', as well as descriptions of genital lesions. It has been well
established that leprosy is not hereditary, and is not transmitted through sexual contact.
Although the disease does show a significant family incidence, transmission of the
disease between spouses occurs in less than 5% of couples (Richards 1977). Interestingly,

409

modem research has demonstrated that viable leprous mycobacterium can be transmitted
to infants via breast milk (Pedey 1967).
While at first glance these descriptions could be used to argue for a medieval
diagnostic confusion, it is possible to interpret these passages in an alternative way. The
Biblicd \a:ord '!snra'a'
used to refer to conditiors resulting in d ~ mclemJiness
d
was
translated into the Greek as the term 'lepra'. With the adoption of the Greek and then
Roman word 'lepra' into the medieval Latin Vulgate translation of the Bible, there
developed an association between ritual uncleanliness or moral impurity, and the disease
leprosy. Therefore, as Richards (1977) notes, a previously well defined disease with no
religious connotations became associated with the Biblical notion of impurity, and
resulted in the stigma attached to the word leprosy into modem times. In a period
dominated by the doctrines of the Catholic Church, leprosy was associated with all forms
of sin from avarice to murder. Importantly, one of the common notions in the Middle
Ages, which can be found as early as 200 A.D. in the work of the physician Aretaios, was
the idea that the leper was extremely lustful, and had a distinctly overactive sexual
appetite. As lust is one of the seven deadly sins, this aspect of the leper's character would
have been particularly scorned by the Catholic Church. Modem research has

demonstrated that there is no indication that individuals suffering fiom leprosy are
characterized by elevated sexual activity or desire. However, it is possible that the use of
terms that imply sexuality to refer to leprous individuals stemmed fiom this pervading
notion of sexual deviance, and does not represent a diagnostic confusion between the two
diseases. Therefore, the presence of references such as 'leper whore' may simply reflect a

cultural association of leprosy and moral impurity, and not a lack of diagnostic
competence.
Therefore, on the basis of an examination of the historical literature, it is impossible
to argue definitively for either the Pre-Colurnbian or the Columbian hypothesis. Both
positions have presented ancient and medieval literary material that is ambiguous and
often contradictory. However, it does appear that by the time of Classical Greece, and

410

possibly earlier in China and India, physicians had recorded descriptions of a condition
that clearly resembles clinical low resistance leprosy. Although descriptions of genital
lesions have been isolated from these ancient texts, none of them detail a condition that
can specifically be related to venereal syphilis. Therefore, it is impossible to argue that a
diagnostic confusion existed between these two diseases in ancient and classical times,
when the presence of treponemd infection cannot be estabiished in the iitrrary or
archaeological record.
Given the difficulty in interpreting the historical literary evidence, in order to
investigate the possibility of a medieval diagnostic confusion it was necessary to examine
the skeletal remains. The examination of skeletal material From both European leper and
non-leper hospital contexts clearly demonstrated a separation in the distribution of the
two diseases in the burial populations. All of the three leper hospital cemeteries were
associated with individuals exhibiting osseous pathological change indicative of
lepromatous leprosy. In addition, there is a complete lack of representation of individuals

with osseous treponemal infection in these collections. Conversely, two of the three
treponemal cases were retrieved from cemetery populations with no demonstrateable
evidence of leprosy. The third case was recovered fiom a graveyard that is associated
with a wide range of pathological conditions, one of which is leprosy. Thus, the results
of this research cannot support the assertion that a diagnostic confusion between leprosy
and treponemal infection existed in Europe in the medieval period. In addition, as
multiple cases of leprosy and treponemal infection have been identified in the sample, it
is equally unacceptable to argue that the diagnostic criteria for the two diseases were not
adequate in medieval times to identify specific individuals with these conditions.
These statements do not preclude the possibility that both pathological entities were
present in Europe prior to the return of Columbus in 1493. As the majority of observed
material comes fiom cemeteries in England, it is not possible to state that a diagnostic
confusion did not exist in other countries in Europe. However, an examination of Early
Roman, Roman,and Viking Period material from Stengade II in Denmark, demonstrated
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no evidence of either leprosy or treponemal infection. This may in part be due to the fact
that the preservation of this material was generally quite poor. It is also possible that

these populations had no familiarity with either condition at this time. On the basis of her
extensive examination of Danish skeletal material, Pia Bennike (1985) states that no case
of treponemal infection or leprosy has ever been identified in Danish prehistoric or
Viking material. A largc rziibcr of cascs of leprornatous feprosy ha-:e been described bp

Moller-Christensen (1953, 1958, 1961, 1963), in the material horn St. Jorgen's gard,
Naestved, and Aebelholt Monastery in Denmark. On the basis of this Danish research, it
is well established that, as in contemporary England, leprosy can be well established in
Denmark in the medieval period. However, in the hundreds of skeletons observed in
these collections, Meller-Christensen was unable to identify a single case of treponemal
infection. In addition, no cases of treponemal infection have been identified in Denmark
in the Middle Ages prior to the 16" century, when it was well established throughout
Europe (Bennike 1985). This lack of evidence amongst the examined material in
Denmark supports the findings observed in English populations in this study.

On the basis of this skeletal examination, the demarcation of these two diseases in
burial populations is very marked. Therefore, even if these two conditions had a long-

standing relationship with European populations, it cannot be argued that medieval
practitioners were unable to accurately diagnose and differentiate between them. It
appears that the Pre-Columbian assertion that a diagnostic confusion existed between
leprosy and treponemal infection in the medieval period in Northern Europe (and perhaps
by extension other regions of the British Isles and mainland Europe), cannot be supported

by the osteological evidence. Thus, it is no longer tenable to pursue this line of enquiry in

an examination of the possible Pre-Colurnbian existence of treponemal infection in
European populations.

9.4 Pre-Columbian or Post-Columbian treponemal infection?
As three cases of definite treponemal infection were identified in the total sample, it
was necessary to address two principle issues. First, the nature of the treponemal

infection represented in this medieval population. Thus, one must attempt to identify
which form of the disease is represented in the skeletal materid. Secom!, one rnust
discuss the issue of the timing of the introduction of treponemal infection into European
populations. Unfortunately, it is impossible to make definitive conclusions on the basis of
only three cases. Nor is it prudent to present conclusive statements regarding the possible
New World origins for the disease complex in Europe. However, the examination of the
three individuals in this sample does allow for some suggestions relating to these two
issues.
It is important to note that all three cases of treponemal infection in this sample were
adult females. If these are cases of acquired venereal syphilis, then the fact that all
affected individuals in this sample are female is a provocative one. Unfortunately, in light
of the small number of overall cases, it is impossible to statistically examine whether the
sexes were differentially affected by the disease complex at this time. Given that the
geographical distribution of pinta is restricted to Central America, and the disease is not
known to affect osseous tissue, this form of treponemal infection can be eliminated as a
diagnostic possibility. Although yaws is known to affect the skeleton in ways that
resemble venereal syphilis, the geographic distribution of yaws is restricted to regions
characterized by a hot, and humid climate. Thus,given the temperate climatic restrictions

of Northern Europe, it is very unlikely that these individuals were suffering from yaws.
Non-venereal syphilis (bejel) has been identified in isolated European populations into
modern times. This condition is generally restricted to regions associated with a hot and
dry climate. However, its recent presence in temperate regions in Europe indicates that

these geographic parameters are flexible. Therefore, there is a possibility that these cases
represent ones of non-venereal syphilis. However, all of the three cases identified in this
sample were adult individuals. Both yaws and non-venered syphilis are characterized as
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diseases of childhood. Thus,the general pattern of osseous change should be different
than that expected for venereal syphilis. As these disease are contracted in childhood, one

would expect active lesions to be present in children, and those who experienced the
disease in early life would demonstrate healed lesions in adulthood. Venereal syphilis is
typically acquired either in utero or after sexual maturity. As cross-placental transmission
of the disease usually leads Lo Ltul clealfi, or death sl~ortlyafter birth, these cases
represent the minority of venereal syphilis cases. Thus. one would expect the majority of

cases of venereal syphilis to represent the sexually acquired form of the disease, and
pathological osseous change to be associated with adult members of society. The three
cases of the disease in this sample are all adult individuals. Furthermore, as venereal
syphilis is associated with adult individuals, one would expect to observe active lesions at
the time of death. This distribution would be in contrast to the healed lesions one would

expect in adults demonstrating a non-venereal form of the disease. Of the three cases of
treponemal infection in this sample, all exhibit multiple pathological lesions that were
active at the time of death.
A hrther suggestion that these three cases represent examples of acquired venereal

syphilis is suggested by the location of their interments. The sites of Gloucester and
Ipswich were substantial port cities during the medieval period, and although Rivenhall is
located inland, it is nearby several major port locations on the south-east coast of
England. Many of the earliest medieval descriptions of a condition suggestive of venereal
syphilis indicate the first appearance of the disease in port cities throughout Europe.
Thus, one would expect to have a higher chance of identifying cases of the disease in
collections that were associated with port cities. In addition, Hudson (1963) has
suggested that the spread of venereal syphilis was facilitated by urbanization,
prostitution, and military and religious pilgrimage routes. Major medieval ports in
England would have been associated with a high degree of immigration and migration, as

well as an elevated rate of anonymous interactions. Prostitution was well established
throughout England in the medieval period, and was particularly present in areas of high
population density and trade. Prostitution, "the familiar reservoir of venereal infection,
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has no place in village society" (Roberts and Manchester 1995:156). Thus, the port cities

would offer a fertile breeding ground for an infection like venereal syphilis, with the
presence of prostitution and increased trade, military, and religious activity. Therefore,
given the fact that all treponemal cases in this collection are adult females, demonstrate a
disease process that was active at the time of death, and were retrieved from cemeteries in
or near port cities it is iikaiy that these Lhrw cases represent exm~plesof acquired
venereal syphilis. In the case of the young adult female from the Dominican Friary of
BlackFriars (Gloucester), it is impossible to eliminate the possibility of congenital
transmission. However, the absence of osseous changes specific to congenital syphilis,
and the high rate of fetal death with this condition would argue against such a diagnosis.
The appearance and distribution of pathological lesions in the three adult females in
this sample suggests that the form of treponemal infection is acquired venereal syphilis.
However, if venereal syphilis was present in medieval European populations one would
expect to find evidence of congenital cases of the disease. The total sample was
composed of 169 individuals aged to under 15.9 years at the time of death. If one uses a
conservative clinical estimate, one would expect to identify at least 5% of these
individuals exhibiting osseous change compatible with a diagnosis of congenital syphilis.

Thus, one would expect a minimum of 8 congenital cases in this sample as a whole, if all
the sub-adult individuals in the sample were contemporary. However, the complete lack

of congenital cases in this sample does not negate the possibility that venereal syphilis
was present in medieval times. The individual skeletal collections range over multiple
centuries, and it is impossible to establish which children were living at the same time.

Given the diachronic nature of the collections, it is logical to assume that many of the
sub-adult remains were interred at significantly different times. If less than 40 children in
the sample were contemporary, than one would only expect to observe one-two cases of
the disease. This fact assumes that the clinical features of congenital syphilis were the
same as observed today. If the disease was more virulent in the past, the number of
observed cases would be reduced. In addition, the majority of cases of congenital syphilis
are characterized by fetal death in utero. Of the small number of children who survive to
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birth, many of them will not survive long enough to manifest the osseous changes

observed in congenital syphilis. Therefore, the lack of evidence for congenital syphilis in
this sample cannot be used to establish that venereal syphilis was absent in medieval
Europe.
A crucial issue in L ~ Ccxxnination of t!!e origins ~f treponemd infection, is the

establishment of the time of introduction of this disease complex into European
populations. Amongst scholars who suggest that this disease entity was absent in
European populations prior to the epidemic of 1500 A.D., there has been a tacit
agreement that the ultimate source of the disease was the New World. This statement is
not without foundation. Multiple scholars have identified treponemal infection in precontact New World populations. In addition, many Spanish chroniclers who had been
present in the New World shortly after European contact, record native descriptions of
diseases indicative of treponemal infection. However, as in Europe, it is very difficult to
establish the exact form@)of the disease present in the native populations. It appears that
the majority of cases represent non-venereal forms of the disease. Thus, we are still left to
ponder whether or not acquired venereal syphilis was even present in the New World at

the time of European contact. If not, then it is impossible to state that the disease was
transported back to Europe by Columbus at the end of the 15' century. Until multiple
cases of definite venereal syphilis are conclusively demonstrated in New World precontact populations, this is one line of investigation that cannot be Nly addressed.
In relation to the three cases of treponemal infection in this sample, there is no
question that they were all retrieved from medieval cemetery contexts. Conservative
clinical estimates of the frequency of osseous change in venereal syphilis suggest that
bone change should be observable in five percent of cases in a largely urban adult
population. However, one cannot assume that all 6 17 individuals in this sample were
affected by venereal syphilis. In order to predict the expected frequency of cases in this
sample it is necessary to establish the percentage frequencies for transmission. Clinical
studies suggest that a conservative estimate of between 10 to 20 percent of individuals
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exposed to the pathogen will develop the disease. Thus,one must multiply 5% by 10% or
20% to calculate the minimum and maximum frequency of pathological osseous change

to be expected in a skeletal series representing the adult portion of the population. On the
basis of an investigation of multiple clinical studies, it has been suggested that the
prevalence of the disease in a population ranges fiom 0.05% to 1 percent (Steinbock
i 976: 110).

In a collection of 6 17 individuals, one should expect to identify between three to six
cases of osseous syphilis, assuming that the disease is present in the population, and that
all individuals are contemporary. This study appears to adhere to these clinical
parameters, as the estimated fiequency in this sample is 0.05 per cent. Thus, the number

of cases in this study represents the minimum frequency that one would expect in an
adult population in contact with venereal syphilis. However, the strength of this
observation is severely weakened by the diachronic nature of the collections. It is
impossible to establish which individuals in the collection were contemporary. Therefore,
it is very possible that the frequency of cases is lower than the calculated 0.05 per cent.
As venereal syphilis is held to be more infectious than leprosy, and the percentage of
expected bone lesions is also five percent, one would expect to find at least as many
lepers as treponemal cases in the sample. The elevated number of leprous cases in this
sample results fiom the bias introduced by the inclusion of leper hospital cemetery
popuiations. In addition, there is no question that leprosy was present in Europe prior to
European contact with the New World. However, the presence of leprous individuals in
the sample at levels considerably above five percent supports this statement.
The fiequency of pathological osseous change in this sample suggests that
treponemal infection, most likely in the form of acquired venereal syphilis, was present in
European populations in the medieval period. However, whether or not these cases
represent preColurnbian or post-Columbian cases is very difficult to assess. The
treponemal cases fkom B l a c k h r s Friary (Ipswich) and the Dominican Friary of
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BlacWars (Gloucester) have been radiocarbon dated. The specimen from Rivenhail
(Essex) is presently being dated by Isotrace Labs in Toronto, Canada. Although previous
scholars have suggested that the former two treponemal cases may represent preColumbian cases of the disease, a recent recalibration of the raw radiocarbon dates make
this assertion impossible to substantiate.

In the case of Skeleton 1965 From Blackfriars Friary (Ipswich), the results of the
AMS dating produced a calculation of 380 +/- 18 years. A recalibration of the

uncalibrated date using the updated version of Stuiver et al's (1 988) calibration
parameters, presented significantly different estimates. At the two-sigma value (95.4%
confidence level), the calibrated date ranges between 1440-1530 A.D., with a second
narrower peak between 1590-1630 A.D. Thus, there is a 71.5% likelihood that the date
ranges between 1440-1530 A.D., and a 23.9% chance that it ranges between 1590-1630
A.D. The results of AhlS dating on material firom Skeleton 77 (Dominican Friary of

Blackfiars, Gloucester), presented a figure of 385 +/- 45 years B.P. When the raw
uncalibrated date was recalibrated using the parameters established by Stuiver et al.
(1988), the results differed from the original estimates. At the one-sigma value (68.2%
confidence interval), the recalibrated dates ranged between 1440-1530 A.D., with a
narrower peak between 1590-1630 A.D. Therefore, there is a 49.6% probability that the
date falls between 1440-1530 A.D., and an 18.6% chance that the date is between 1590-

1630 A.D. At the two-sigma value (95.4% confidence interval), the single value ranged
between 1430-1640 A.D. Unfortunately, the results of AMS dating on material from
Skeleton 204 (Rivenhall, Essex) will not be completed at the time of completion of this
work. However, dating of this individual based upon archaeological context and
associated material suggests that this individual dates between the 14h-1 7' centuries. On
the basis of this skeleton's position within the cemetery, it has been suggested that this
individual is most likely post-Columbian in date.

It appears that the radiocarbon dates for the treponemal cases from the Blackfriars
Friary (Ipswich), and the Dominican Friary of Blackfriars (Gloucester) cannot be used to
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support an argument for the presence of treponemal infection in Europe prior to the return
of Columbus in 1493 A.D. Conversely, these dates also do not argue for the absence of
the disease complex in pre-Columbian European populations. As the dates range from the
mid 15' century into the 16' and 17" centuries, it is impossible to state with confidence

where along the spectrum the actual date is located. It is certainly impossible to argue that
these cases represent definite pre-Coiurnbian cases of treponmn~dinfzction. Thus, tf;c
dates are not helpful in establishing the presence or absence of the disease complex in
medieval Europe prior to contact with the New World. The radiocarbon results for
Rivenhall204 are presented and discussed in the addendum of Chapter Ten.

On the basis of this research it is possible to present certain conclusions regarding the
history of treponemal infection in medieval Europe. First, the overall distribution of
leprosy and treponemal infection in the sample indicates that medieval diagnosticians
were capable of accurately identifying these disease processes. Thus, these results do not
support the pre-Colurnbian assertion that a medieval diagnostic c o n h i o n existed
between these two diseases. It is no longer tenable to use this line of evidence to argue for
the presence of venereal syphilis in Europe prior to New World contact.

The frequency of skeletal material identified as exhibiting pathological change
compatible with a diagnosis of leprosy is elevated when compared to modem clinical
estimates. However, this observation can be explained by the retrieval of this material

from leper-hospital contexts. One would expect there to be an elevated number of cases
due to selective segregation and burial practices, in relation to leprous individuals in
medieval society. Interestingly, the kquency of individuals demonstrating osseous
change indicative of treponemal infection corresponds with the frequencies for the
disease complex generated by modern clinical studies. This observation is important for
two reasons. First, if there had been a significantly elevated number of cases in this
sample, one would have to question whether diagnostic indicators led to an overdiagnosis of the condition. Second, there is also a possibility that the disease pathogens
were more virulent in the past. Although it is impossible at present for modem
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researchers to investigate this question, an elevated number of cases in the population
could be used to suggest this possibility. However, the number of cases of treponemal
infection in this collection represents a frequency of 0.05 percent, which is the minimum
expected frequency if the disease was present in an urban, adult population. However, the
diachronic nature of the cemetery collections makes it difficult to calculate prevalence
rates, and h e frequency may bc bwcr t5an 0.0515. Hoivveq;cr, on t!e basis of this a d y s i s ,

it appears that treponemal infection was present in appreciable numbers in European
populations during the medieval period. The clinical frequencies applied to this sample

are those established for acquired venereal syphilis.
The fact that the established Frequency of treponemal cases in this sample adheres
closely to the clinical projections, in addition to the fact that all cases are adults with
active pathological lesions at the time of death, suggests that these are cases of venereal
syphilis. Although this research suggests that treponemal infection (venereal syphilis)
was present in medieval Europe, it is impossible to establish the timing of its
introduction. The complete absence of treponemal infection and leprosy in the Viking
material from Stengade 11, and other Viking samples, suggests that Viking populations
did not have any experience with either of these pathological entities. This would suggest
that treponemal disease was introduced into western Europe after the gLhto 10' centuries.
Unfortunately, the radiocarbon results span the period both before and after European
contact with the New World. Thus, at present it is impossible to identify the ultimate
source of the disease. However, the identification of treponemal cases in the medieval
skeletal material supports the historical literary assertions for the presence of the disease

in the late 15" and/or early 16h century in Europe.
It has traditionally been held that the ultimate source of treponernal infection in
Europe was the New World. This assertion has been supported by a plethora of cases of
treponemal infection fiom pre-contact populations throughout the Nev: Wrt!A. However,
it is likely that a large number of New World cases represent non-venereal forms of the
disease complex. There are a number of factors, which suggest that venereal syphilis was
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not introduced into European populations from the New World. First, as no case of
definite acquired venereal or congenital syphilis has been identified in pre-contact
populations in the New World, it is difficult to argue that this form of treponemal
infection was transported to Europeans. In addition, as venereal syphilis is associated
with dense population size, increased rates of casual sexual contacts, prostitution, and

urbanization, it is uiikcly that it :vould h 3 existed
~
in Hisp&ic?la in 1493, or any other
part of the New World visited by Columbus on either voyage. Thirdly, it is particularly
difficult to trace the history of diseases that are characterized by long incubation periods.
It is generally held that the osseous change associated with venereal syphilis is most
commonly associated with the tertiary stage of the disease. Thus, one would not expect to
observe osseous change until 15-20 years after the initial period of exposure. If Columbus
was responsible for transporting venereal syphilis to Europe from the New World, one
would not expect to observe skeletal evidence of the disease in European populations
until at least 15 10 A.D. At the climax of the 15" century, venereal syphilis is widely
documented throughout European populations. However, it is to be expected that
medieval diagnosticians would identify clinical cases of the disease at an earlier date than
those observed in the skeletal record. In order to establish that treponemal infection was
present in Europe prior to the voyages of Columbus, it is essential that definite cases of

the disease complex be presented with radiocarbon parameters with a terminus of 1500
A.D. Definite specimens dated to before 1500 A.D., would suggest that the ultimate

source of the disease was other than the New World. A strong candidate for a preColurnbian case of treponemal infection is Skeleton 204 from Rivenhall, Essex. The
results of the radiocarbon dating of this specimen are presented in the addendum in
Chapter 10.
An examination of the literary evidence is equally problematic. An investigation of

the medieval literary material presents information that is contradictory and obviously
incorrect in a number of instances. In addition, the link between venereal syphilis and the
New World did not occur until several decades after the return of Columbus. Lastly, the
use of terms that link the notions of leprosy and sexuality does not imply a diagnostic
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c o h i o n between leprosy and syphilis. The use of this 'sexualized' language can be
interpreted as reflecting medieval European cultural and religious perceptions of leprosy.
The clear demarcation of leprosy and treponemal infection in cemetery material included
in this sample, supports this interpretation of the historical literature.

-1he origin and aansmission history or venereal syphilis has been a cciitid issuc Li
medical history and anthropology. Substantial osteological and historical literature has
been presented to argue for the preColumbian presence of the disease. Integral to this
position is the notion that medieval diagnosticians were incapable of differentiating
between leprosy and venereal syphilis. The clear demarcation of these diseases in
medieval cemetery populations, and a different approach to the interpretation of medieval
references clearly demonstrates that no confksion existed. Therefore, it is no longer
tenable to use this line of evidence when examining the history of venereal syphilis in
medieval European populations. These observations do not negate the strong possibility
that venereal syphilis was present in Europe prior to the return of Columbus from the
New World at the climax of the 15" century. However. the absence of the condition in
Viking material suggests that the disease may have been introduced into Northern Europe
(and by extension Mainland Europe) after the 10' century A.D.

Alternately, a large amount of literary and skeletal evidence has been presented to

argue for a New World origin of venereal syphilis. Although there are multiple examples
of treponemal infection in pre-contact New World populations, there is not a single
undisputed case of acquired venereal or congenital syphilis. This lack of evidence, when
added to the problematic literary material and climatic/social parameters of the disease
suggest that the New World is not the ultimate source of European venereal syphilis.
Given the traditional emphasis of scholars on a New World origin for venereal syphiiis.
the results of this work suggests that other geographic regions, particularly Africa may

produce important evidence for the origin and transmission history of the disease.

CHAPTER TEN

Conclusions
10.1 Introduction

The principal goal of this research project was to identify whether a medieval
diagnostic c o n h i o n existed between treponemal infection and leprosy. In order to
accomplish this objective, it was essential to examine both the osteological and
documentary evidence. This study involved the examination of 6 17 individuals from both
leper and non-leper hospital cemetery populations, in order to identify these disease
complexes within European populations, and to assess their distribution within total
burial populations. By performing such an analysis on a sample of skeletons from the
same geographic region, and comparable time periods, an attempt was made to extend
our knowledge of the paleoepidemiology of both infectious disease complexes. In
addition, as three treponemal cases were identified in the total sample, a discussion of the
nature of the causative pathogen was required. Furthemore, it was necessary to present a
discussion of the possible timing of the introduction of syphilis into European
populations. This research is the first study to systematically assess the presence of
leprosy and treponemal infection in a large European skeletal sample spanning several
centuries.

The principal conclusions of the present research are as follows:
1.

The contention that a medieval diagnostic confusion existed between
leprosy and treponemal infection is not supported by the osteological
evidence in this study.
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2.

The presence of language relating leprosy with sexuality could be
interpreted as reflecting medieval mordreligious rather than
medicaYdiagnostic beliefs.

3.

The three cases of treponemal infection in this study are adult female
individuals exhibiting lesions that wcw active at hie time of death. Thcsc

observations, in addition to the fact that the skeletons are associated with
an urban population and temperate climate suggests that these are cases of
acquired venereal syphilis.
4.

The three cases of treponemal infection in this study represent
approximately 0.05% of the population; a frequency predicted by clinical
studies. This suggests that treponemal infection, likely in the form of
venereal syphilis, was present in Europe in appreciable numbers in the
medieval period in England.

5.

The complete absence of leprosy and treponemal infection in the Viking
material in this study, and all other published Viking collections, suggests

that Viking populations had no experience with either disease pathogen
prior to the 10" century. By extension, it is possible that treponemal
infection may have been introduced into northern Europe (and perhaps
mainland Europe) after this date.

6.

This study was unable to assess the timing of the introduction of
treponemd infection into Europe. Recent radiocarbon calibration
parameters for the two dated treponemal specimens estimate age ranges
that extend from the pre-Columbian to the post-Columbian period.

10.2 Accomplishments and Weaknesses of this Study

With any scientific study, there are methodological and theoretical limitations that
influence the interpretation of observed data. When one is investigating archaeological
material, this problem is exacerbated by factors such as preservation level, chronological
control, excavation tcckiqiic, ard post-n;oitcc. taphoaoiiiic proccsscs. n
u
s
,or,c must
accept that a portion of the original information will not be preserved over time. In
addition, when investigating infectious disease processes in past populations, one must
accept that a number of individuals who actually had the disease will not be identified on
the basis of present investigative techniques. As both leprosy and treponemal infection
are diseases that manifest bone changes only in the late stages of the condition. it is
certain that many individuals succumbed prior to manifesting osseous change. In cases
where the examined skeletal material is historic in date, one often has the added problem
of assessing relevant documentary evidence. Interpretation of written material is riddled
with potential pitfalls, and must be approached with considerable caution. Given the
inherent biases in archaeological and documentary material, it is essential that the
individual researcher examine both the strengths and weaknesses of their research
project.
The primary importance of this research is that it represents an attempt to challenge

several tacitly accepted assertions of the Pre-Columbianist position. For several centuries
scholars have suggested that a medieval diagnostic confusion existed between leprosy
and syphilis. However, these assertions have relied predominantly on documentary

evidence that is extremely difficult to interpret. Amazingly, despite the prominent place
that this debate has held in the anthropological literature, only a limited attempt had
previously been made to investigate the osteological evidence. This is particularly
difficult to understand in light of the recent publications of a small number of treponemal
cases in Europe. The importance of this research is that it examined the question of a
diagnostic confusion in a large European skeletal sample that represented multiple age
and sex categories. The skeletal remains were retrieved from both leper and non-leper
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hospital cemeteries, an essential requirement for an examination of this nature. In
addition, with the exception of the Viking sample from Stengade 11, all of the remaining
collections spanned several centuries from the Anglo-Saxon period through to the postmedieval period. Therefore, not only were the collections chronologically comparable,
they also represented the time period when leprosy was known to be prolific in Europe,
and the period when it has been suggesred that treponemai iniection was introduced into

Europe. The earlier (9"-11'

centuries) Viking material served as a control for the

medieval material, as several Viking Period collections had previously been evaluated by
other scholars, and had never demonstrated any evidence of either pathological entity.

In addition, this work has attempted to provide not only a synthesis and critical
review of the contentious documentary evidence, but also a different interpretive
explanation for a number of the passages used to suggest a medieval diagnostic confusion
between leprosy and treponemal infection. A number of documentary references appear
to present a confhion in the understanding of transmission dynamics for leprosy. PreColurnbian scholars have presented a number of passages that use 'sexual' language to
refer to leprous individuals. Rather than interpreting this material in the manner that it has
traditionally been viewed, as evidence of a diagnostic confbsion, I have suggested that
this use of language is understandable in light of the contemporary attitudes towards
leprosy. This suggestion extends from the work of Zias (1989) who examined the
relationship between sexuality and leprosy in early Jewish rabbinic and Christian
literature. The application of this interpretive perspective to the medieval material has
allowed for a reevaluation of the literary texts. The use of terms such as 'leper whore'
and 'hereditary leprosy' can be viewed as reflections of the medieval association between
leprosy and moral corruption. Sexual deviance was only one of a number of different

sinful features attributed to the medieval leper. Thus,these references do not necessarily
present evidence of a diagnostic confusion. The osteological results, which demonstrate a
clear demarcation between the two disease complexes in medieval burial populations,
lends support to this new interpretation of the documentary evidence. This work provides
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the first attempt to interpret the medieval documentary evidence in a different, and
perhaps more realistic fashion.
The identification of disease processes in past populations is, in most cases
complicated by the lack of soft tissue for examination. Thus, one must solely rely on the
idenuficauon and distribution of osseous iesions, with the assumption hat hr appiied
diagnostic criteria are sufficient and correct. Of concern to all paleopathologists is the
possibility of either under or over diagnosing a condition in a skeletal sample. When
possible, it is u s e N to apply modem clinical standards (prevalence rates, incidence rates,
frequencies) to serve as a control during the analysis. Particularly in this study, given that
the timing of the introduction of treponemal infection into Europe is so contentious, it

was essential to accurately identify cases of the disease complex. The frequency of
treponemal infection identified in the collection has considerable implications for the
history of the disease amongst European populations. However, the diachronic nature of
the cemetery collections made the generation of prevalence Frequencies difficult to

assess. As it is well established that acquired venereal syphilis was present in Europe in
epidemic proportions by 1500 A.D., the generation of the frequency of the disease in the
medieval skeletal material was of paramount importance. Based on modem clinical
studies, it has been calculated that between 0.5 and 1.0 percent of individuals affected by

the disease will demonstrate osseous change. A fiequency lower than this range could
suggest that the disease was not present in appreciable numbers in the medieval period
prior to 1500 A.D. However, if the fiequency was elevated above this range, there are a

number of possible interpretations. First, it could suggest that the disease may have been
present in the population prior to this date. Second, it is possible that the disease was
more virulent in the past. However, one would expect that a more virulent disease would
lead to escalated levels of mortality, and would not necessarily be demonstrated in the
osteological record. Lastly, significantly elevated frequencies of the disease could also
indicate a problem with over-diagnosis on the part of the investigator. In this study, the
fiequency of cases of treponemal infection in the total sample adhered to the expected
calculations based on clinical projections. Thus, this suggests that the diagnostic criteria
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established for the identification of treponemal infection is both adequate and effective.
The identification of a significant numbers of cases of lepromatous leprosy in the
collection confirmed the accepted belief that leprosy was prolific in Europe throughout
the medieval period. In addition, it confirms that the diagnostic criteria established by
M~ller-Christensenand Manchester is effective in identifying cases of leprosy in past
atloiis.
popul-"

The nature of archaeological material ultimately determines the degree of analysis
possible. Therefore, any osteologicd study that examines archaeological material must
accept at the onset, that the recovered skeletal material does not reflect the total
population. First, the preservation of the osseous material will vary to a wide degree.
often even within the same cemetery area. Under-representation of certain segments of
the population, particularly juvenile and immature individuals, is an accepted problem.
Fortunately, the general preservation of the Anglo-Saxon and medieval material in this
sample was typically very good. Thus, it was possible to examine a number of sub-adult
individuals, in addition to the adult segment of the population. However, in the Viking
sample from Stengade 11, the preservation of the entire sample was poor to moderate, and
very few individuals were preserved in their entirety. Although six of the total of seventyone individuals in this sample were sub-adults, the majority of the cases were represented
by dental remains only. However, the presence of sub-adult individuals in this population
suggests that differential burial practices for children were not practiced by this group.

The generally poor quality of the Viking skeletal material made the pathological
investigation particularly difficult. It is impossible to establish the precise reason for the
essential absence of sub-adult remains in the collections from St. Mary and St. Thomas
(Ilford) and St. Margaret's Hospital (High Wycombe). It is possible that the sub-adult
skeletal remains were not preserved to the present. However, the typically high
preservation level of the collection would preclude this suggestion. It is also possible that
the sub-adult individuals in these collections were segregated in a specific portion of the
cemetery, which has remained unexcavated at present. Finally, as these collections are
both associated with leper hospitals, it is very likely that sub-adult individuals were not

428

admitted to the cemetery population. It is important to note that the small number of subadult individuals in a number of the collections restricts the examination of possible cases
of congenital syphilis.
A further weakness to this study results from the limitations of present diagnostic
i d ~ r i aAPt~ug!i!i
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established, they are only u s e l l in identifying longstanding cases associated with bone
change. One must accept that a number of individuals who suffered from either
treponemal infection or leprosy will not be identified on the basis of present techniques.
Thus, the investigator is missing the portion of affected individuals who succumbed prior
to exhibiting osseous change. It is hoped that the development of future analytical
techniques will allow for these individuals to be identified and included in the overall
pathological investigation. Furthermore, present osteological limitations in sex
determination techniques, in addition to the lack of preservation of diagnostic osseous
material, has resulted in a number of individuals being categorized as 'sex unknown'. In
addition, similar difficulties in precise age determination criteria have required that the
age categories implemented in this study be relatively wide.
With the identification of three cases of treponemal infection in the present sample,
it was necessary to attempt to identify the specific form of the pathogen. However, as the
causative organisms of the four disparate infections cannot be differentiated on the basis
of either biochemical, genetic or physiological properties, it was impossible to state with
certainty the specific form identified in the medieval sample. As pinta is not known to
effect the bone, it can easily be eliminated from the differential diagnosis. Yaws is
typically a disease of the humid tropics, and therefore would be an unlikely candidate in
northern European populations associated with a temperate climate. Endemic syphilis is
generally distributed in areas associated with a hot and dry climate. In addition, it is
characteristically associated with non-urban, non-industrialized societies. Thus, one
would tend to eliminate it as a potential causative organism in this sample. However, this
assumes that the present disease distribution is similar, if not identical to the distribution
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in the past. Naturally, it is impossible to confirm this assertion. As endemic syphilis has
been identified in several pockets of temperate Europe even in the 20" century, it is clear
that the causative organism maintains a degree of flexibility in terms of its potential
distribution. As venereal syphilis is the only form of treponemal infection that is not
constrained by climatic parameters, and is also the only form typically associated with

-ubma d industrialized populations; ii is ii~ciikeij; diagnostic sadidate in this sample.
However, it is impossible to state with certainty whether the three cases of treponemal
infection identified in this sample represent cases of acquired venereal or endemic
syphilis. This represents an unavoidable weakness in this study. In addition, the small
number of cases of treponemal infection in the total sample did not allow for the
application of statistical analytical techniques. The small number of cases in this sample
also did not allow for an investigation of the suggestion that the treponemal form that
affected medieval populations was more virulent than the present organism. Given that
medieval documents record a high mortality in the 16" century, this is a possible
suggestion. However, it is extremely difficult to scientifically examine this proposal in
the osteological record. If a more virulent snain of treponemal infection was introduced
into European populations, then one would expect a rapid mortality which would not be
observed in the skeletal material. Unfortunately, until additional cases of definite
treponemal infection are identified in Europe, it is impossible to address this assertion.
Finally, a fiuther weakness to the present research resulted fiom the lack of
chronological control for the treponemal specimens. Of the two cases that have been
radiocarbon dated, the age ranges extend fiom before the return of Columbus fiom the

New World, to well into the 16" century. It is impossible to determine whether these
cases are pre-Columbian or post-Columbian in date. It is provocative that both cases date

very close to the time when the epidemic of syphilis is recorded as occurring (1500
A.D.). This would suggest that perhaps these are post-Columbian cases. However, at

present one cannot preclude that they represent pre-Columbian cases of the disease. In the
event that they are preColumbian in date, then another source of introduction must be
investigated.

10.3 Future Research Considerations
The results of this doctoral work necessitate hture research in a number of areas. It
is clear fiom the distribution of leprosy and treponemal infection in this sample that a
medieval diagnostic confusion did not exist. The leper hospital cemeteries are not
associated with a singie case of treponemai infection. The ueponemai cases are not
associated with any cases of leprosy with the exception of the case fiom Blackfriars
Friary (Ipswich). This specimen was retrieved fiom a cemetery population that is
characterized by a number of different pathological conditions. It is clear that this preColumbian assertion can no longer be implemented to account for the presence of the
disease in European populations prior to the return of Columbus fiom the New World. A
number of undated European medieval specimens exhibiting bone changes indicative of
treponemal infection have been presented. The principal problem in this research is the
lack of chronological control for these specimens. The investigation of the introduction of
syphilis into Europe relies solely on the establishment of accurate dates for the disparate
specimens. It is essential that multiple specimens of all known archaeological cases of
treponemal infection in Europe be submitted for high precision Accelerated Mass
Spectrometry (AMS) radiocarbon dating. As a number of the treponemal skeletons have
been retrieved from coastal contexts, stable carbon isotope ratios should be generated in
order to assess the influence of the 'reservoir effect' (ancient marine carbon) on the
radiocarbon calibrations. The results of this research must be viewed both mathematically
and within an epidemiological framework for disease transmission. Each geographic area
must be treated as a sub-sample of the whole, in order to statistically define associations
and outliers among the different sites.
As the dates for the two treponemal specimens in this sample range from the pre-

Colurnbian period to the post-Columbian period, it is impossible to negate the possibility
that the disease was present in Europe prior to contact with the New World. If this
suggestion is confirmed by hture research, then one must look to other potential sources
for the condition than the New World. A number of regions of Africa are associated with
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endemic levels of treponemal infection. It appears that African populations have had a
longstanding relationship with the treponemal pathogen. It is difficult to establish the
level of contact between African and European populations prior to the Roman Period.

The Germanic population known as the Vandals "swept through Gaul and Spain and
across the Straits of Gibraltar into Africa in the 420s and 430s. They established a North
Xfriim kingdom centering on aisiznt Carthage..."(Ilollister 1994: 32). Thz Xioorish

invasion of Spain commenced circa 71 1 A.D., and the Portuguese slave trade commenced
in earnest around 1425 A.D. There is no question that in the last two millennia, and likely
before this, there has been an enormous degree of culture contact between African and
European populations. Very little osteological analysis has been conducted on
populations from North or West Africa, with the exception of Egyptian and Sudanese
material. It is essential that osteologists investigate skeletal material from these
geographic regions, as it possible that they represent the original source of the treponemal
pathogen. An investigation of Spanish and Portuguese medieval collections may
illuminate investigators regarding the possible pre-Columbian introduction of the disease
complex into European populations.
Investigations of the origins of leprosy have traditionally assumed that the original
'source' of the disease was in the Far East. This is based upon the presence of early 6"
century B.C. descriptive records from these regions. The recent presentation of the
earliest known cases of the disease in North Africa (Egypt) challenges these long held
notions. If the disease was present in Africa as early as, or earlier than in the Far East,

one would not expect to find written records, as a large portion of the African population

was non-literate. As the earliest cases of the disease have been identified in African
material, it is essential that both North and Sub-Saharan African specimens be examined
for the presence or absence of the disease.
As this study was unable to establish a preColumbian date for the two medieval
European treponemal cases, it is possible that the New World represents the source of
introduction for the treponemal complex. If venereal syphilis was introduced to Europe
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via the New World, it is imperative that New World osteologists identify definite cases of
either congenital and/or acquired venereal syphilis in pre-contact New World indigenous
populations. It is impossible to argue that venereal syphilis was introduced to Europe

fiom the New World if it cannot be established that this form of treponemal infection was
present there prior to contact.
A number of questions relating to the epidemiological history of leprosy and

treponemal infection cannot be fully pursued without the development of new
investigative techniques. It is hoped that hture breakthroughs in DNA research,
biochemistry, immunology, serology, and osteology will allow for the complete history
of these pathogens, and their evolutionary relationship with human populations to be
illuminated.

10.4 Addendum

In August 1999, a bone sample fiom skeleton 204 (Evenhall, Essex) was submitted
to Isotrace Laboratory for Accelerated Mass Spectrometry radiocarbon dating. The date
was not available at the time of defense in April 2000. However, the results were

received in July 2000 prior to completion of the revised thesis. The uncalibrated
radiocarbon date for this specimen was 550+/-60 years B.P. Based upon the calibration
parameters established by Stuiver et al. (1 998), the calibrated dates were 1390-1430 A.D.
at the 68.2% confidence interval (one sigma value), and 1295- 1445 A.D. at the 95.4%
confidence interval (two sigma value).

The results of this analysis are very significant, as skeleton 204 represents a definite
pre-Columbian case of treponernal infection in England. Of the three identified cases of
treponemal infection in this sample, two were associated with dates that range £iom the
preColumbian to the post-Columbian period. Although these cases may represent preColumbian examples of the disease complex, it is impossible to state this fact with
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assurance. The dating parameters for skeleton 204 from Rivenhall clearly places it within
a pre-Columbian context. This specimen represents one of a very small number of preColumbian cases of treponemal infection in the Old World. On the basis of this
observation it appears that treponernal infection was present in Europe prior to the
voyages of Columbus and his crew in the late 15" century. Therefore, one must conclude
;hiit the disease complex wu introduced into European populations from a source other

than the New World.
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