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Persistence of group A streptococcus (GABHS) after adquate anh'biotic treatment 

of GABHS pharyngitis is a well-recognized phenornenon for which there is no widely 

accepted explanation This prospective cohort snidy tested the hypothesis that co- 

infection with a respiratory virus would increase the risk of GABHS persistence after 

treatrnent of pharyngitis with penicillin V. Two-hmdred and forty-eight of 286 (86.7%) 

children enroUed with symptomatic pharyngitis were evaluable. One-hundred and four of 

248 (41.9%) cchildren with pharyngitis were infecteci with GABHS; their median age was 

6.9 years (range 2.7 to 14.4 years) and there was a male predominance (60/104;57.7 %). 

Ten of 104 (9.6%) patients with GABHS pharyngitis were CO-infected with a respiratory 

virus. There were no significant differences between the two groups in demographic or 

clinfail characteristics. Persistence ocnured in 2/10 (20.0%) of those with viral co- 

infection and 3 1/94 (33.0%) of those without it, a difference which was not signifcant (2- 

sided FET, P= 0.49). No other clinical or laboratory characteristics measured in this 

study were associated with persistence. Therefore it was concluded that viral CO-infection 

is not associated with persistence of GABHS after treatment of GABHS pharyngitis. 
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INTRODUCTION 

Group A beta-hemoiyîic Streptococcus (GABHS) pharyngitis is a cornmon 

childhood infection. 'While the discornfort and inconvenience of the Uness are the 

primary concem of the patient and parents, the potential for suppurative and non- 

suppurative complications are the most important reasons to treat this infection. 

Suppurative manifestations range h m  cexvicai adenitis to pentonsillar or retropharyngeal 

abscess. Serious invasive infections such as necrotking fasciitis and streptococcal toxic 

shock syndrome have recentiy been noted. Non-suppurative complications include post- 

streptococcal glomenilonephritis and acute rheumatic fever. Although rheumatic fever 

can be prevented with adequate therapy, many outbreaks have been noted throughout 

North Amerka in the 1 s t  20 years. 

At the same time that there is increasing concern about prevention of 

complications of GABHS, it has become clear that treatment with antibiotics is not 

aiways effective in eradicating phaqngeal GABHS. Not only can bacteriological 

treatment failure lead to complications in the infecteci chiid, but the organism cari be 

transmitted to others as weU. 

Although many theories have been proposed to explain bacteriologicai failure 

(persistence), the pathogenesis remains unexplaineci despite extensive investigations. One 

theory, which has not been suggested or investigated to date, is the potential influence of 

a viral CO-infection on the bacterïologic outcome of GABHS pharyngitis. 



RATIONALE 

If this study is able to demonstrate that respiratory vinises are associated with 

persistence, it wilI be a first step towards estabkhing a causai retationship. Antiviral 

therapeutic interventions may also result if such an association is demonstrateci (e-g- 

amantidine for influenza A). With continued discovery of antiviral agents, more 

treatment options for this or other vinises may arise in the future. 

The main objective of this study was to determine whether there is an association 

beîween CO-infection with a respiratory virus and persistence of GABHS after treatment 

of GABHS pharyngitis. Subsidiary objectives included a comprehensive description of 

children presenting with syrnptoms of pharyngîtis, assessrnent of the relationship between 

persistence and various other clinical and demographic factors, and evduation of a new 

rapid test for GABHS detection. 



This chapter provides the background information on the epidemiology, 

presentation and diagnosis of S. pyogenes pharyngitis. The frequency and significance of 

the phenornenon of persistence is discussed and a definition given. Current and past 

theories of the pathogenesis of GABHS persistence after treatment of pharyngitis are 

critically reviewed. Support for the proposai theory that viral CO-infection is associated 

with persistence is detailed dong with the laboratory procedures its testing requkes. 

EPIDEMIOLOGY OF GABHS PHARYNGITIS 

Although GABHS is a paîhogen found worldwide, it causes different patterns of 

disease depending on geographic location. Whereas GABHS respiratory infections are 

uncornmon compared to infections. of skin in tropical climates, the reverse is tme in North 

America and ~urope.' Streptococcai pharyngitis has been noted to be one of the most 

common bacterial infections in the pediatric age group? 

Since World War 1, in North America GABHS pharyngitis has been prllnarily an 

endemic disease with occasional outbreaks.' GABHS is estimated to cause 15%~ of 

pharyngitis cases, although studies have found figures as low as in adults and as high 

as 40%' or more in children. Arnong throat swabs cuitured at the Alberta Children's 

Hospital microbiology laboratory in 1995/96,24.7% were positive for GABHS. 

In temperate climates, the incidence of GABHS pharyngitis is at its highest during 

the coldest months of the year (winter through sprind6 and has ben attributed to 

crowding.' This peak is earlier, more pronounced, and sustained longer the further north 
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one goes in this climate.' Data from the microbiology laboratory at Alberta Children's 

Hospital confimis a similar GABHS isolation pattern locaily, with most isolates occinring 

from October to June (during 1995/96) with the peak o c m g  in January/Febmq and 

the nadir in August of those years (Figure 1). 

Transmission of GABHS is most often spread by direct person to person contact 

and aerosolized droplet~.'~ Crowding of people in army barracksZ7 or close contact within 

families' have both been shown to facilitate spread of infection Investigation of outbreaks 

have also shown that this orgaaiSrn cm be transmitted by contaminateci food and water? 

Streptococcal phaqmgitis is primady a disease of children. The incidence peaks 

in the young school-aged population (5-9 years old "O although a second peak at 12-13 

years of age has also been noteci.' GABHS is an uncornmon cause of pharyngitis in 

children under two years oldg9*" and this age group is u s d y  excluded from enrollment 

in pediatnc pharyngitis studies as a result. 

Pharynged colonization with GABHS is aiso vev  cornmon among children. Up 

to 20% of school-aged children have been shown to carry this organism: dthough this 

figure c m  vary by season and geographic location. Unlike children with aaite 

pharyngitis, carriers are much l a s  likely to transmit the infection to otherd2 

The epidemiology of this organism has also been studied in ternis of the patterns 

of disease by snain. M and T serotyping is a comrnon means by which group A 

streptococcal isolates are disthguished. In a review of isolates from the USA submitted to 

the Centres for Disease Control in Atlanta between 1972 and 1988,13 respiratory 

infections (including pharyngitis) made up 47% of the isolates submitted. Overall, M- 

types 1, 3. 4. 12, and 18 were the only types to contniute less than 1% of the total 

isolates. Significant changes were noted between 1972-79 and 1989-88 for M l  and M3 

(increased) as weîl as M4 and Ml2 (decreased). Subsequently, a study examining isolates 

from 866 chi1dren with pharyngitis found five M-types compnsed about two-thirds of the 

total (in decreasing order of frequency) : Ml,  M12, M2, M28 and M5.14 



Figure 2. GRBHSIsolah'on Frqency at AIberta ChiIdren's Hospitac: 1995796 
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CtINI:CAL PRESENTATION OF GABHS PHARYNGITIS 

Overlap of cluiicai signs and symptoms in pharyngitis of different etiologies 

makes prediction of GABHS isolation d i f f i d t  Abnomal pharynx, cervical 

lymphadenopathy, sore throat, headache, halitosis, and temperature greater than 38 OC 

have been noted to be the most frequent abnormalities in GABHS pharyngitis, whereas 

cough and rhinorrhea occur in fewer than 20% of cases." Signs and symptoms which 

have been noted more frequently with GABHS than non-GABHS pharyngitis include sore 

throat, pain with swallowing, headache, anterior cervical lymphadenopathy, moderate to 

severe pharynged inflammation, and pharyngeal exu&te. Breese fomiulated a scoring 

system to predict GABHS based on clinical data,16 but recent cornparison to culture 

showed poor positive and negative predictive values (58% and 79% fe~pectively)." In 

spite of this, various combinations of clinical characteristics have been used to select 

patients into pharyngitis saidies in an effort to increase the relative frequency of GABHS 
~OlatioIL" " S Z l  

BACTERIOLOGICAL DZAGNOSIS OF GABHS INFECTION 

Various diagnostic test. have been developed to detect GABHS, inciuding several 

culture methods and antigen assays. Broth-enrichment a d o r  duai-plate systems have 

b e n  used as gold standards in the evaluation of new methodsPu A review of plate 

cultures agrees that no single medium-atmosphere combination is perfect, but recovery 

can be maxirnized by careful collection, swabbuig/seeakuig on plate, inspection at both 

24 and 48 hours, and quality control of the medium, incubator, and reagents usedu 

However, the Alberta Children's Hospital micmbiology laboratory demonstrated that 

retention of plates more than 24 hours resulted in ody a 1% improvement in yield (Dr. 

D. Church, personal communication 1994) 
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Methods that detect S. pyogenes antigen directly from throat swabs have been 

developed in an attempt to be able to make the diagnosis of GABHS pharyngitis more 

quickly. Prompt initiation of antibiotics results in faster resolution of symptoms and signs 

of the infection,*26 therefore rapid diagnostic technology is appreciated by patient and 

physician aiilce. While most antigen detection systems are very specific, unfortunate1y 

sensitivities (even for the same type of test kit) Vary fmm 60 to 9 0 % ~ ~  A recent study of 

Directogen 1-2-3 Group A Streptococcd Test demonstrateci a positive predictive value of 

61% and negative predictive value of 89% (compared to cuIture) in a population with a 

GABHS prevalence of 25%.17 Thus, not only will there be many unnecessary treatments, 

but &O a negative result must be confirmeci with traditional culture rne thod~. '~~  

A new rapid test utiiizing a novel technique may be an improvement on previous 

antigen detection rnethods. The opticai immunoassay technique employs direct 

visualization of an antigen applied to an antibody monolayer on a film surface." The 

increased thichess of the film results in a change in its refiective properties, with a 

positive reaction indicated by a colour change from gold to purple. The initiai evaluation 

included two shidies with sensitivities of 97.4% to 98.9% and specificities of 95.6% to 

98.9%." Subsequent studies done in office or c h i c  settings found sensitivities of 77% to 

94.8% and specificities of 94.1% to 98.8%w2931 when the OIA was compared to plate 

d o r  broth culture. OveraiI the OIA appears to be very specific, and in a i l  but one study 

had a sensitivity of at least 90%. The latter represents an improvement over earlier types 

of rapid testing methods for GABHS. 

PHARYNGEAL GABHS PERSISTIENCE 

Epidemiology 

GABHS persistence after treatment of pharyngitis, or bacteriological treatment 

failure, is a cornmon occurrence. Persistence rates after treatrnent with penicillin 

benzathine, penicillin V and erythromycin range from 8% to 38%.'*lwsB Once 



8 
persistence has been documenteci, the probability of eracücation with re-treatment 

decreases further, with persistent detection of GABHS in 42 to 61% of cases after two or 

more courses of penicillin? Therefore, patients already on anxibiotics for as littie as one 

day shouid not be included in persistence studies, as those who stil l  have GABHS 

detected may represent a special population. In a study of acute pharyngitis, it was found 

that the majority was culture negative for GABHS within 24 hours of starting 

antibioticdg Children on prophylactic antibiotics such as penicillin for prevention of 

acute rheumatic fever were also excluded. Although recent evidence suggests that 

cephalosporins may have greater success, failure to eradicate GABHS with this cIass of 

antiibiotics continues to occur in 6 to 11% of acute GABHS p h a q m g i t i ~ . ~ ~  OveraLI, 

penicülin is still considered to be the fkst h e  antimicrobial in non-aiiergic patients."('*41 

Study Populations 

Previous GABHS pharyngitis studies have a variety of shidy population 

characteris tics. Rivate h a n  pediatrïc p r a c t i ~ e s ' ~ ~ " ~ ~  and university/children's hospital 

outpatient ~ l i n i ~ s ' ~ ~ ~ ~ ~ ~ ~ ~ * ~ ~  are most cornmonly used. Pediaeic emergency de part ment^^^ 

and a rival populationm appear to be Iess cornmon. Males usually comprise at least half of 

the study s ~ b j e ~ t s . ' ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  Mean age ranges between 6.5 and 9 years in studies that 

included patients up to 18 years of age. 19-U33.37.38.42.44 

Ciinicai Significance 

Persistence of GABHS after treatment presents potential problems both for the 

individual as well as their contacts. U&e chronic carriers, patients with persistent 

GABHS appear to have a higher risk of complications such as acute rheumatic fe~er,'''*~~ 

and thus represent a distinct group. In view of the recent outbreaks of rheumatic fever;' 

some authorities suggest efforts be made to identify and eradicate persistent GABHS in 

symptomatic patients.33 In addition* the recognition of streptococcal toxic shock syndrome 

has demonstrated that ensuring eradication of this organism in some situations (such as 

close contacts of cases) may be an important issue." Even if the majority of these patients 
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do not go on to get complications, the longer organisms persist in the pharynx, the greater 

the chance of transmission to others. Resumably the tranJmission risk would be greatest 

from those who were symptomatic as they more closely resemble acute GABHS 

pharyngitis than do those who have persistent GABHS but without symptoms. 

DEFINITION OF PERSISTENCE 

As investigators recognized the need to distinguish persistent infection from re- 

infection or new infection with GABHS, the derition of persistence became more 

specific. Early studies defiied "persistence" as a positive throat culture as long as thre@ 

or six weeks8 after completing treatment. A recent meta-analysis has suggested that 

GABHS persistence should be defined as the detection of GABHS within two weeks of 

completing antibiotics. Recent studies have been even more rigorous, repeating dtures 

within two to seven days of completing treatment to detemine whether GABHS 

persistence O C C U ~ ~ . ~ ~ ~  

To M e r  distinguish persistence from a new infection, serotyping of initial and 

post-treatment isolates is advised." Serotyping takes advantage of M and/or T antigens, 

which are proteins on the c d  surface. M typing is done with capiiIary tube precipitin tests 

using an extract of the isolate (grown under specific conditions) as the antigen against 

adsorbed rabbit type-specific immune sera T typing is performed using a sride 

agglutination method, which mixes specific T antibodies with, treated whole organisms? 

DISTINGUISHING GABHS CARRIAGE R O M  PERSISTENCE 

Given that treatment is las  likely to eradicate GABHS in &ers than those with 

acute infection,3u5 it is potentidy difficult to distinguish chronic carriers from persisters 

after therapy. Carriers have been estimated to comprise up to 20% of children presenting 
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with GABHS pharyngitis." Lack of serologic response has been proposeci as one means 

of detecîing chronic carriers,M but this definition has been challengeci due to the lack of 

correlation with clinid symptoms?" In addition, penicillin may blimt anti-streptolysin 

O respon~es.'~ FinalIy, ASOT titres c m  rernain elevated up to 12 months post-infection. 

The higher the basehe ASOT, the lower the rise in titre? Thus a child who has had a 

GABHS infection in the preceding few months may not reach a "significant" titre and 

thus be considered a d e r  according to the definition. Serology is therefore not a 

dependable means of detennining carriage. 

An alternative means of predicting d a g e  versus acute infection on the initial 

throat swab is the quantitative measurement of a positive GABHS culture. Breese et al1' 

developed a "positivity ratio" which is calculateci as folIows: 

sum of 3+ and 4 cultures X LOO 

s u .  of rare, 1+, 2+, 3+, 4+ cuItures 

The higher the calcuiated ratio, the fewer the low-colony count positives are included in 

the population, and therefore the lower the risk of inclusion of carriers. This ratio can be 

used to assess the potential presence of &ers by comparing it to the ratios calculateci by 

the same authors for different populations in whom GABHS is detected? 

PATHOGENESIS THEORIES OF GABHS PERSISTENCE 

GABHS Cellular Components 

The major cellular components of this organism which conaibute to its 

pathogenicity include several substances in its ceil wall: lipoteichoic acid (LTA), capsula. 

polysaccharide, and M protein. LTA mediates adherence to epitheiial cek ,  while M 

protein and the hyaluronic acid capsule resist phagocytosis and kilIing by 
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polymorphonuclear leukocytes? Additional ceU surface vinilence factors may inchde 

such proteins as C5a peptida~e,'"~ protein Si?5 and protein ~ r p ?  

M protein is generally considered to be the major detenninant of vinilence for S. 

pyogenes." Work in a rat mode1 has demonstrated that although M protein is not 

necessary for initiai colonization, it may play a role in persistence of colonizationn 

Whether this is true in human GABHS infections has not been determineci, 

Many different M types exist, and most have been associated with uncomplicated 

pharyngitis.14s Predominant serotypes vary over cime and by geographic l ~ c a t i o n , ' ~ ~ ' ~ ~ ~  

but certain M-types have been associated with invasive d i s e a ~ e ' ~ ~ ~  and othen with non- 

suppurative complications?' The potential relationship of certain M type(s) to 

persistence of GABHS after treatment of pharyngitis has not b e n  investigated to date. 

Antimicrobid Tolerance and Resistauce 

Tolerance and resistance to antimicrobids have also been postulated to influence 

bacteriologic outcorne. Tolerance refers to the phenornenon of inhibition but not killing of 

a bacteria by an antibiotic (usually a beta-lactam), and usually is defined in the laboratory 

as an MBC/MIC ratio of greater than 32." In some saidies, penicillin tolerance has been 

demonstrated to be cornmon and may be associated with GABHS treatment failme- but 

has been refuted by other ~ t u d i e s , ~ * ~ "  so its importance is unclear. 

To date, penicillin-resistant GABHS has not been identified from clinical 

specimens. A review of pharyngeal isolates collected between 1989 and 1992 in the 

United States found that 90% of isolates had MICs for penicillin 1 0.01 2 pg/mL and none 

had an MIC greater than 0.024 pg/rn.L." A review of 1000 S. pyogenes isolates from the. 

Caigary Regional Health Authority in April - May 1996 did not identify either any 

penicillin-resistant strains or strains exhibiting an increase in MICs. (D. Church, personal 

communication 1997) GABHS isolates with elevated MIC values for penicillin have been 

produced in the laboratory,@ so it is possible that resistant strains will eventuaiiy be 

isolateil h m  humans. At this tirne, however, periicxllin resistance does not explain 

persistence." 
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Resistance to erythromycin has been reporteci to varying degrees worldwide. 

Resistance has increased as high as about 20% from pharyngeai isolatesn in Finland, for 

example, and was associateci with an increased use of this drug. RecentIy, Coonan and 

Kaplan fomd a resistance rate of only 3.5% in the United States, with similar MICs for 

other macrolides." Newer macrolides such as azithrornycin may be less efficacious than 

penicillin for reasons other than resistance? Macrolides are an altemate treatment 

GABHS pharyngitis" and given the predominant use of beta-lactams, probably do not 

contribute signifxcantly to persistence either in clinical practice or in inost studies. 

Timing of Antibiotic Initiation 

Early initiation of antibiotics for S. pyogenes pharyngitis has been show in two 

studies to lead to an increased risk of treatment fail~.re.'~*~ The authors postulateci that 

early treatment leads to a dimùiished host immune response and therefore impairs their 

ability to eradicate GABHS. These studies suffered from several methodologic 

weaknesses including unclear definition and measurernent of compliance, reculturing 

patients not only at the end of therapy but also several months later, counting the same 

subject more than once (e.g. in some cases patients had both a urelapse" and a later 

"recurrence"), and a lack of sero~rping.'~ Their conclusions were refuted by a subsequent 

study which clearly defuied compliance, comteci only one "recurrence" per subject, and 

did serotyping to distinguish acquisition of new strains from persistence of the initial 

isolatd8 However, Gerber et al did not distinguish those in whom GABHS was detected 

four to six days after cornpleting antiiiotics (first follow-up visit) from cases with 

GABHS up to two months pst-treatment.la As the latter group may not be "persisters" in 

the strict definition of the term, the resuits are not conclusive. 

Lack of Cornpliance 

Non-adherence to physicians' instructions c m  include failure to N1 a prescription, 

omission of medication doses, errors in dosing, as weli as early discontinuation of 

rnedicati~n.'~ In one study of GABHS pharyngitis, almost two-thirds of patients 
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discontinued penicillin by the sixth &y of the course of treatment7 Subsequently it was 

shown that detection of GABHS uiree weeks after starting therapy was significantly more 

likely in non~ompliant patients than compliant ones." 

Measurement of compliance in pharyngitis studies has varied. In severai cases, it 

has not been assesseci at all.blg- Several methods that have been used include patient 

report, medication measmement, and laboratory testhg appropriate to the antibiotic 

~seû.'~ Urine testing for GABHS pharyngitis treated with penicillin consists of 

observation of inhiition of p w t h  of Micrococcz~~ Zutea by patient urine specimens 

coUected on one or more occasions d-g treatment.laW Measmement of residual 

medication at the foilow-up visit is another options and has frecpently been combineci 

with urine te~ting,~*& patient record of doses taken,"" or in previous studies. 

Cornparison of patient report to the other methods suggests that it is usually not as 

dependable, but medication measmernent appears to be comparable to urine testing 

resuits7 and does not require the expense and inconvenience of the latter. Another 

shortcoming of urine testing is that it does not aiiow determination of the degree of 

compliance. In contrast, the other two methods c m  be used to measure the number of 

doses taken, which may provide a more refïned measmement of cornpliance. 

Specific definitions of compliance based on number of doses taken have been used 

in some studies published since 1986. In two pharyngïtis studies, cornpliance was defined 

as the patient taking 90% or more of doses,mY while one study of treamient of carriers6 

and another of acute pharyngiti~~~ judged patients to be compliant if they took 80% of the 

prescribed doses of antriiotic. Justification or explanation of either definition is lacking. 

Host Immune Response 

The host immune response has been suggested to play a role in GABHS 

persistence and is thought to consist of several components: M type-specific irnmunity, 

mucosal immunity, irnmunity to extracellular enzyme products and heterotypic 

irnmunity.'' Alîhough there has been speculation about their contribution to pistence, 

in vivo evidence is non-existent. 



14 
Vaccine snidies suggest that M type-specific immUNty have protective effects. 

Local immunhation with single type-specific vaccines has successfully prevented 

colonization in and colonization as weIi as clinicai pharyngitis in humans% with 

the same serotype. Using a conserved region from M5 covalently linked to the B subunit 

of cholera toxin, researchers were able to evoke protective immunity and prevent 

co1onization and death from M type 24 strains, sugges~g that broadly cross-protective 

vaccine may be possible.79 The greatest benefit to such vaccines and therefore also nahual 

irnrnmity is likely in the prevention of acquisition rather thm reducing the occurrence of 

persistence after a clinical infectio~~ 

The role of local immimity to other proteins has also been investigated Total 

salivary IgA leveis have k e n  observed to rise dirring upper respiratory tract infections in 

children, peaking two to six days after onset of symptom~.~" This response appears to 

increase with age. N a  strain-specific cell surface proteins including protein ArpS5 and 

protein Si16 have been shown to bind IgA, and secretory IgA against a similar antigen, 

C5a peptidase, has been detected in over 90% of salivary specimens after streptococcal 

pharyngiti~.~ Aithough it is intereshg to speculate about the role of such local immune 

responses, its importance in clinical infection including prevention of penistence is 

&own at this tirne. 

Beta-Lactamase-Producing Flora (BLPF) 

The antagonistic effect of beta-lactamase producing organisms on penicillin has 

been extensively studied. Beta-lactamases produced by S. aureus, H. inftlewe, H. 

pminfruenzae, M. catarrhalis, F~usobactenwn sp., Prevotello sp., Po~phymmonar sp.. 

and Bactemides spp. may inactivate penicillin, thus preventing the eradication of 

GABHS. Beta-lactamase activity has been detected more frequently in patients with 

treatment failure than asymptomatic GABHS &en.36 In addition, beta-lactamase 

producing organisms were detected significantly more often in children who did not clear 

GABHS after peniciUin V aeatment than in those who were c ~ x e d ~ ~  However, treatment 
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failmes were included if they ocnnred from one to 42 days post-treatment, which is not 

an ideal defmition for persistence. 

hvestigators have compared the trament failure rates of oral penicillin versus 

various beta-lactamase resistant antibiotics. Bacteriological cures have been shown to be 

more frequent in children treated with amoxiciIlin-clawlinate compareci to penicillin." 

Similar resuits have been demonstrateci for cephdosporins such as cefaclor or cefixime 

compared to penicillin However, in one of these studies, the follow-up p e n d  was 

greater than two weeks post-therapy? Repeating the analysis inc1uding only documented 

persisters within two weeks of therapy yielded a non-significant result. Pichichem and 

~argol i s~ '  attempted to address some of the Limitations of this study and previous ones 

using meta-analysis. Although they were able to show that cephaiosporins resulted in 

significantiy more cures than peniciilïn, the difference was ody 8%. Furthemore, the 

saidy inclusion criteria were suboptimai, defining neither the desired follow-up interval 

nor cornpliance, and requiruig only that GABHS be confinneci on culture at onset and end 

of therapy to be considered a treatment failure, but not specmg the isolates be 

concordant serotypes. 

The beta-lactamase producing flora theory has been chailenged by authors of a 

study who found no diffèrence between penicillin versus amoxicillin-clavulinate in 

eradication of GABHS, in spite of their differences in activity against BLPF?6 This study 

was weU-designed and conducted, avoiding most of the methodoiogic problems evident 

in earlier publications. It is therefore still controversial whether BLPF account for 

GABHS persistence and unclear whether cephalosporins are preferred over peniciilin. 

Eradication of Protective Pharynged Flora 

The relationship between other normal pharyngeal microbes and GABHS has 

garnered increasing attention. Normal oropharyngeal flora is known to be inhibitory to the 

growth of GABHS.~~. In one study, a group of children were foliowed for 20 weeks, 

measuring the inhibitory activity of oral fiora (alpha and non-hemolytic streptococci, 

Nezksenk sp.) against GABHS. GABHS-inhibitory activity was found to be reduced in 
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those who become colonized with GABHS compared to those who did not, suggesting a 

protective effect of n o d  floraa If Uiis flora is reduced for any reason, including kiIIing 

by an anti'biotic such as penicillin, there may also be a decreased ability to clear GABHS 

once someone has become infected, 

Two studies have investigated the role of GABHS-inhibithg pharynged alpha- 

streptococci in penicillin treatment failure~."~ Roos et al? compared alpha-streptococcal 

inhibition of GABHS strains of patients with persistent infection after treatment to that of 

asymptomatic GABHS carriers in the same household Inhibitory activity was 

significantly less in the persisters than the carriers. While this suggests that carriage and 

persistence are different conditions, the useful comparison would have been inhibitory 

activity ut the time of diagnosts in patients who went on to be cured versus those who 

were bacteriological treatment failmes after penicillin. Brook and ~ o b e 8 '  did exactly that 

and found inhiiitory alpha-streptococci significantly l a s  often among those with 

bacteriologic treatment failures than those who cleared GABHS. Unfortunately, the 

definition of "treatment faiIuren was very broad, and hcluded detection of GABHS up to 

42 days after completion of therapy. Seromhg was not done, so re-infection with the 

sarne strain or infection with a different one could not be ruled out. 

One group of investigatorsa went on to examine a prophylactic role of alpha 

streptococci. A suspension of alpha streptococci was sprayed into the throat twice a day 

for ten days to prevent recurrent episodes of GABHS pharyngitis. Unfortunately, their 

treatment group had a past history of multiple recurrences and their control group had 

none. A marked difference was observed in spite of this. The result is interesting but 

routine cultures were not done at any point, particularly in the immediate post-treatment 

period, so it is difficdt to extrapolate from clinical recumence to bacterial persistence. 

Overall, evidence supporthg the role of GABHS-interferhg flora in persistence is 

promising but far from conclusive. 
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Beta-Iactamase Producing Flora and Microbid Interference 

A combination of the effects of BLPF and microbial interference has also been 

proposed In a mouse model, subcutaneous abscesses containhg different combinations of 

GABHS, S. s a l i ~ ~ u s ,  and S.awezu were created and treated with either penicillin or 

cefproziLa5 Unlike penicillin, cefprozil eradicated both GABHS and the potentialiy 

GABHS-protective S. areus (suggesting a role for BLPF) but not the (desirable) 

GABHS-inhiiitory S. saMw. Human studies that exarnined both theories were limited 

as discussed 

A CO-pathogenicity theory is an attractive one given the rnany microorganisms 

which inhabit the upper respiratory tract. In addition to bacteria, viruses also commonly 

inhabit the nasopharynx but have not been considered as a potential cause of persistence; 

therefore infornation about this potentiai risk factor does not exist. There is in vitro 

evidence to suggest that acute viral infections have local and systemic effects that may 

make secondary bacterial infections of the respiratory tract more difficult to combat. This 

appears to be the case in acute otitis media (AOM), and may be similar for pharyngitis. 

Viruses are ceaainly a common cause of upper respiratory tract infections, and have been 

shown to coexist with GABHS pharyngeal infections. This evidence, albeit 

circumstantial, suggests viral CO-infection may be an important influence on 

bacteriological outcome in pharyngitis. 

Epidemiology of Respiratory Virus Infections: Temporal Relationship with GABHS 

Pharyngitis 

In order for viral infections to play an important role in GABHS pharyngitis, there 

must be an epidemiologicd overlap between the two types of infection Synilar to the 

pattern found in GABHS infections, the late fa11 through to spring are dso the seasons in 
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which most vval respiratory infections are at their ~eak? Locally, this also appears to be 

the case using Southem Alberta Provincial Laboratory data for respiratory vins isolation 

and serology for 1995 and 1996 (Figure 2). Given the seasonai simüarity between these 

infections, duai infections rnay not be uncornmon. 

Effects of Viral Infections on the Respiratory Tract 

Infection wiui a viral respiratory pathogen has been shown to have direct effects 

on respiratory epithelial ce&. Sequential epithelial sarnples during and after upper 

respiratory tract infections demonstrateci rnarked focal cellular abnomalities, including 

cilia with aberrant microtubuiar patterns. Changes were most marked in the first week of 

illness, with gradual r e m  to normal thereafter.mThese ciliary defects rnay be associateci 

with impaireci mucociliary function, resulting in decreased bacteriai clearance. 

Streptococcal species have aiso been shown to adhere better to vinis-infecteci than 

uninfectecl ceU culturesss and a similar advantage rnay exist for GABHS. Eradication rnay 

be more difficult as a resuit. 

Viral infections rnay also induce alterations in the host immune response. In 

particular, vinises can depress polymorphonuclear @MN) leukocyte function, including 

adherence, chemotaxis, phagocytosis, and bactencidal activities.* Most uivestigators 

have focused on influenza virus, although sirnilar PMN abnormalities have been shown 

with parainfluenza virus, herpes sïmplex virus, and respiratory syncytial virus. In 

addition, a synergistic inflammatory reaction may resdt from duai infection. Viral 

infections trigger release of cytokines, which rnay be augmenteci by bacteria and their 

breakdown products. This may increase inflammation and with it clinical severity as* 

shown in cade with a herpesvinis infection." 



Figure 2. Nimber of Cases of Respiratory V Z ~ *  ~nfectiooris by Month: 1995/6 

Jan Feb Mar Apr May Jun Jui Aug Sep Oct Nov Dec 

Month 

'Includes adenovim, influenza A and B, parainfluenza, respiratory 

syncytial virus, and rhinovinis. 
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Co-Infection in Acute Otitis Media 

Co-infection with respiratory Vuuses appears to be related to persistent bacterial 

infection in amte otitis media (AOM). Arda et al2 found respiratory vinrses in mime ear 

fiuid or pharynx significantly more often in children with symptoms persisting more than 

48 hours afkr starting therapy than the new cases of AOM. In two prospective studies, 

investigators compared the cIinicai course of chikiren co-infected with a virus and 

bacteria to those with only a bacmiai pathogen in middle ear f l ~ i d ? ~  Both demonstrated 

that eradication of bacteria was significantly l e s  cornmon in those with Wal CO-infection. 

In a subsequent study identifying the viral isolates, rhinovinis was found to be associaîed 

with a higher rate of bacterïo10gic faüure than other respiratory v h s s ?  If Wnises have 

smiilar effects in the pharynx, they may also r e d t  in impaired clearance of bacterial 

infection. 

GABHS and Viral Co-Infection 

Although S. pyogenes and viruses cause most of the cases of pharyngitis,28 few 

studies have attempted to identify co-infection with two or more pathogens. Viral co- 

infection is uncornmon in adults, probably because GABHS occurs infrequently? On the 

other han& Wal and GABHS CO-infection can occur in 8% of cMdren with pharyngitis.5 

Muenza A was the most common followed by poliovim 1, respiratory syncytial virus 

(RSV), herpes simpiex virus (HSV), parainfluenza 3, and adenovinis. Rhinovinis was not 

detected Ï n  this partinila. study. 

VIRAL HANDLING AND ISOLATION TECHNIQUES 

A study invo1ving viral detection requires careful attention to how samples are 

taken, handled, as weii as cultureci. For some respiratory vinises such as rhinovinis and 

RSV, nasopharyngeal aspirates provide a higher yield than nasopharyngeal (NP) swabs. 

However, the swab is the preferred specimen for adenovinis. A nasopharyngeaï swab is 
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technically easier to perform, partiailady on an uncooperafive chil4 and may be the best 

option especiaily when one of several possible virus- may be present" The NP swab is 

inserted into the nose towards the posterior nasopharynx and nibbed against i t  Calcium 

alginate swabs should not be used as (unfike rayon, couon, Dacron and polyester) this 

matenai is toxic to herpes simplex virus.% The swab c m  then placed in one of seved 

different iiquid media for transport- 

Specimens for virus isolation should be kept at refrgerator t e m m  or on wet 

ice, then transported as swn as possible. In general, viral detection is better the f e r  this 

can be done, although some vinises are more stable than others.% 

If samples are to be stored for more than 24 hours, infectivity is  best maintainecl if 

frozen at 70°C with optimal concentrations of sucrose? Repeated freezing and thawing 

should be avoided as  each cycle reduces the virai yield" 

Specimens are inoculated onto different c d  lines depending on which vinises are 

sou@ Specimens are aliowed to adsorb to the ce&, then a maintenance medium is 

added, and cultures are incubateci at 37 d o r  33'C. Vimially a l l  cell lines of mâmmalian 

origin wiii support growth of herpes simplex virus,% while several (including HEp2 

ceh) permit growth of adenovinises.'ls Parainfluenza Wuses WU grow in primary human 

embryonic ce& and, dong with influenza vins types A and B, can be isolated in rhesus 

monkey kidney cell cultures.~*'O0 Rhinoviruses can be isolated in huma. embryonic 

kidney and lung ce~ls,'~' whiie respiratory syncytiai virus (RSV) grows in HEp2 and 

monkey kidney ~e l l s . ' ~  Cultures are examined for cytopathic effect at seven and 14 days. 

If CPE is not sufficient to identify a virus, or if it does not always oc-, results are 

confjirmed ushg techniques like immunofluorescence, hemagglutinarion, or electron 

microscopy for a d e n o ~ u s , ~  fluorescent anh'body testing for RsV,'" and hemadsorption 

inhibition or immunofluorescence for influenza A and B ' ~  and parainn~enza9~ 

Fluorescent antï'body testing of dinical specimens is avaüable with commercial kits for 

adenovinis, influenza vinises, parainfluenza virus, and respiratory syncytial virus. 



The rnethods section includes a discussion of the study design, study popdation, 

and the inclusion and exclusion critena The shidy protocol, including subject enrollment 

and foilow-up as weii as laboratory procedures, is provided in detail. Specific definitions 

of study variables and a description of their measmement are givea Ethical approval of 

this study is noted and the process of obtaining informed consent is discussed. The 

detemination of sample size is explained foliowed by a description of the data 

management and andysis. 

STUDY DESIGN 

This study was conducted using a prospective cornrnunity cohort design. Children 

presenting with symptoms of pharyngitis to participating community pediatricians and 

two emergency departments in Calgary were e~oiled, fiom whom -a population of 

children with GABHS phaqmgitis were identifie& specimens taken to detennine their 

virai CO-infection statu, then foIiowed prospectively tu detemine their outcome. 

Study Popdation 

The target population was ali children with acute GABHS pharyngitis in Calgary 

who were treated with penicilh The study sample consisted of children between IWO and 
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18 years of age who presented to one of eleven participating pediatricians or two 

emergency departments in Calgary during the faiI through spring months of 1994 - 96 

with acute pharyngitis by study defintion, and consented to participation in the study. 

This group was a non-random convenience sample. 

Inchsion Criteria 

Children were recruÎted if they met the following inclusion critena: were two to 

18 years of age and had clinid pharyngitis consisting of one symptom (sore îhroat, sore 

neck, refusal to eat, or fever) and at least one clinical sign on examination (pharyngeal 

injection, pharyngeal exudate, temperature > 38.4 OC, or tender ceMcal 

lymphadenopathy) . 

Exclusion Criteria 

Children were excluded if they had a known allergy to penicillin, used any 

antibiotic within 72 hours pnor to presentation, a past history of acute rheumatic fever, or 

if they refused to participate in the shidy. 

Identification of Potential Study Subjects 

In offices and emergency departments where patient flow patterns allowed, 

potential study participants were identified in advance of seeing the physician if they 

complained of one of the syrnptoms in the inclusion criteria. The patient and / or guardian 

were given a study information sheet to read while waiting to see the study physician 

(Appendix 1). 



PROTOCOL 

Physïcian Recruilment 

We recruited physicians for this study by sending out Ietters invithg participation 

in the study to pediatricians practicing in the city of Calgary as weil as the director of the 

emergency deparmient of the Alberta Children's Hospital. Subsequently, the director of 

another cornrnmity hospital in Calgary, the Rockyview General Hospital (RGH) 

requested to be involved as weii. There is no general pediatric care provided from the 

ACH site other than the emergency department 

The Cornmunity Group A Streptococcai Study Group membership consisted of 

eleven pediatricians with community practices and 24 physicians from the two emergency 

departments. The pediatricians' offices and the patients they serve are found in ai l  

quadrants of the city. A sunrey of the pediatricians revealed that most practices were 

comprised of more than 1500 patients, the majority of whom were ten years of age or 

younger and Caucasian. Primary care made up the major* of the practice in two-thirds, 

foilowed by consultation pediatrics. The two emergency departments are located in the 

southwest area of the city, and the participating physicians included eleven pediatricians 

and eight family or emergency physicians from ACH, and five familylemergency 

physicians from RGH. 

Members of the Study Group were provided with the background information for 

the shidy and the protocol and given a complete information package. All physicians were 

instructed on the techniques to be used for throat and nasopharyngeal swabs. Dr. Kuhn 

and the research assistant visited each office and emergency department. The details of 

the study discussed with nursing and reception staff and adjustments made to ensure the 

study couid fit into the individual office flow. AU enrollment materials were supplied. 

Patient Enrobent 

Patient enrohent foiiowed the procedure shown in Appendix 2. When a patient 

and guardian agreed to enter the study a consent was signed using a tnplicate NCR form 
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(Appendix 3), with one copy given to the patient and their family, one placed in the 

patient's chart, and one sent to the study office with the specixnens. Each physician was 

identified with a letter-code and each patient assigned a unique number-code (Appendix 

4). A pre-coded enrollment form was completed by the physician documenthg the history 

and physical findings (Appendk 5). The form was faxed to the study office and the 

original uicluded in the patient's chart. A logbook of enrollments was maintained in each 

office. Two swabs were taken from each patient including a rayon oropharyngeal swab for 

rapid detection and culture of GABHS, and a rayon nasopharyngeal swab for viral 

detection and culture. Swabs were placed in the refkigerator while awaiting pick-up by the 

delivery service. AU patients were aven a prescription for p e n i c i h  (approximately 50 

mg/kg/d divided three times a day for ten days) using pre-written prescription forms (in 5 

kg weight increments) as show in Appendix 6. The physician could choose to direct the 

patient to fiIl the prescription immediately or do so oniy if instructed to do so by office or 

study staff. AU patients positive for GABHS were contacted by telephone. Patients were 

provided with a diary in which to record the doses of antibiotics taken. This was then 

placed in a prominent location at home such as the refigerator (Appendix 7). AU 

partïcipating children received a copy of Kidr Duc, an information sheet from Alberta 

Children's Hospital, as well as a thank you letter fmm the investigators (Appendix 8). 

Enrollments occmed Monday through Friday in physician offices and throughout 

the week in the emergency departments. The majority of patients enrolled in physician 

offices were seen in the afternoons, therefore an automatic pick-up service was arranged 

for Tuesday through FrÏday momings, and late Fnday afternoons. A Monday morning 

pick-up was made from RGH to reûieve Sunday specimens. Patients were not enrolled- 

from this site on Saturdays. Specimens and a copy of the consent form were picked up 

and delivered to the Alberta Childrents Hospital microbiology Iab within 1% hours. 

Specimens from patients enroiied in the ACH emergency department were sent directly to 

the lab, and consents and enrobent forrns coilected by the research assistant. 

Participating physiciandemergency departments were sent the result of rapid GABHS 

detection and cuiture resdts by fax. 
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Patient FoiIow-up 

Patients found to be GABHS infected were asked to retum for a folIow-up 

appointment with the pediatrician or an investigator at the Alberta Children's Hospital two 

to five days after completion of the antibiotics, retumuig their medication diary and 

container. The offices arranged for these appointments when farniiies were phoned with 

positive throat swab results, and faxed this information to the shidy office. FoUow-up of 

patients enrolled through the emergency departments was done at the ACH outpatient 

department by one of the investigators. Reminder calls were made-to a i l  patients a few 

days prior to the Mow-up appointment 

At the foliow-up appointment, a visit #2 checklist was completed and faxed to the 

sbidy office (AppendiK 91, repeat swabs of throat and nasopharynx were done and sent to 

the microbiology lab, and the medication diary and container coiiected. All children were 

given a certifiate of appreciation at visit #2 (Appendïx IO), and $5 given to cover 

parking expenses for those who came to Alberta Children's Hospital. Lab resuIts were 

fax& to the offices and further treatment decisions left to the physician's discretion. 

Patients were instructed to retum for a third visit to their pediaîrician or to contact an 

investigator if symptoms of pharyngitis recmed within one month after this second visit 

(Appendix 11). 

Diaries and containers were retrieved from the enrollment sites at appropriate 

intervals and the number of doses of medication taken was noted. 

Physician FoUow-up and Communication 

Ongoing communication with the many paaicîpating physicians was maintained 

through regda. contact with Dr. Kuhn and the research assistant, as weii as group 

meetings. A bi-weekly bulletin was sent to participating physicians throughout the study 

containing infoxmation about enrohents and providing feedback about study procedures 

(Appendix 12). Ofices were visited regdarly to pick-up patient medication bonles and 

diaries, and to replenish supplies. The Community Group A Streptococcus Study Group 

met at the end of the first season of enrobent to review the study progress and at the end 
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of the study to discuss the results. Separate meetings with the emergency department 

physicians were arrangeci as necessary. 

The research assistant was available during regular business hours for questions or 

concem from participants or physicians. An investigator w d d  be wntacted at any tirne 

through the ACH switchboard or messages could be left on v o i e  mail. Instructions for 

contacthg an investigator were clearly indicated on a l i  patient and physician study 

material. 

Laboratory Testing 

2kVatswa.b 

Oropharyngeal cultures were placed into transport medium Specimens were 

refrigerated until the time of the pick-up. In the laboratory, the throat swab was inoculated 

onto a blood agar plate and incubated anaerobically at 37OC. Plates were inspecteci at 24 

hours for beta-hemolytic colonies. The foam plug at the base of the swab transport tube 

was incubateci in Todd-Hewitt (TH) broth aerobically, subcuitured to BAP at 24 hours 

and inspecteci after 24 hours of anaerobic incubation. Gram positive cocci that were 

catalase negative, and bacitracin sensitive were typed using the PathDXQD kit until 

Marchl95 and OXOIDQ Diagnostic Reagents thereafter. All GABHS isolates were sent 

for M and T îyping at the National Center for Streptococcus in Edmonton, Alberta. 

Rapid detection of GABHS using Opticai Immunoassay (OIA, Biostar Inc., 

Boulder, CO.) was done using the swab after it had been planteci for culture. This 

procedure is descnied in the original study by Harbeck et al." Three drops of 0.3 M 

acetic acid were added to the swab in an extraction tube, incubated for two minutes, then 

neutralized with three drops of 1.5 M 3-(iV-morpholino) -2-hydroxypropanesulfonic acid 

buffer with 0.2% Tween 20. A horseradish peroxidase-labeled rabbit anti-Xpyogenes 

antibody was added and immune complexes dowed to form. A sample was placed on the 

siide test surface and incubated for wo minutes. Unbound sample was removed by 

washing with two ml of water. The substrate (tetramethylbenzidine with H,OJ was 

applied for foin minutes to react with the bound enzyme-labeled antibody. After washing 
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with water, a negative reaction was indicated by a gold colour (Le. unchanged from an 

unused test surface) and a positive reaction appeared as a purpie spot. A control was 

included with each test. 

N c r s o p ~ g e a I  swub 

AU nasopharyngeal (NI') swabs were placed in Wal transport medium and sent to 

the Northern Alberta Provincial Lab for viral testing- Requisitions accompanied 

specimens from patients with a positive OIA test Swabs were frozen at -70°C from those 

patients in whom GABHS was not detected, thawed and tested when found to be GABHS 

positive on culture or at the end of the study if no GABHS was detected. Virology testing 

was not done initially for patients who were GABHS negative because of the cost of the 

festing. 

In addition to viral culture, direct fluorescent antibody (DFA) testing of the 

sample for parainfluenza virus, influenza, and RSV were done when each virus was in 

season during the first year of the study. As this method did not yield any additionai 

results and sensitivity was low, DFA testing was discontmued in the second year of the 

study. Specimens were inoculated ont0 four ceil lines including african green monkey 

kidney and HEP-2 celis at 37OC, and rhesus monkey kidney and human embryonic lung 

ce& at 33°C. Cultures were examined for cytopathic effect at seven and 14 days. Positive 

results were confirmeci using electron microscopy for adenovinis and rhinoviw, DFA for 

RSV, and hemadsorption followed by DFA for influenza A and B and parainfluenza. 

LaboratoryJIow 

AU swabs were delivered to the Alberta Children's Hospital microbiology lab by 

10:30 am. Monday through Friday and again at 6 p.m. on Friday. NP swabs were 

couriered to the Northem Alberta Provincial Laboratory in Edmonton the same day for 

specimens received during the week and on Saturday moming if received on Friday night 

(Appendix 13). 



Predictor Variable 

Respiratory virus CO-infection status was determineci by detection (or lack thereof) 

of a virus (adenovirus, influenza A or B virus, rfiinovinis, respiratory syncytial virus, 

parainfluenza virus) using the methods desmied above. 

Outcorne Variable 

GABHS persistence was defmed a s  the detection of GABHS on the throat swabs 

taken on initial presentation with pharyngitis and at foilow-up two to five days after 

completion of antibiotic in a given patient- A positive GABHS result included a positive 

by any laboratory method descn'bed above (rapid test, plate or broth cuitrire with any 

number of colony f o h g  imits). GABHS penistence was further distinguished as either 

defùlite (the two isolates were shown to have the same M and T type) orpossible (missing 

one isolate so that M and T types cannot be compared). A patient who was GABHS 

positive but with a dilfent M and T type at any follow-up visit was considered to have 

GABHS re-infec tion- 

Other Variables 

Patient demographics (age, sex, year of enrollment) and symptoms (sore throat, 

sore lyrnph glands, fever) were taken by patient history. Clinid signs (temperature, 

pharyngeal infection, tonsillo-phaiyngeal exudate, enlarged or tender lymph glands) and 

timing of antibiotic initiation (iediately or after a positive throat swab result) were 

docimiented by the study physician on the enrollment foxm. A patient was defined as 

GABHS infected if any GABHS tests were positive (optical inimunoassay, plate cultme, 

broth culture). Colony counts were also provided by the microbiology lab, wiîh rare to 2t 

considered a "low" colony count and 3+ or 4+ considered a 'highn colony comt M and 

T type of GABHS isolates were n o t d  Viral cultures were considered positive or not, and 

further describecl by viral type. Cornpliance was assessed by measuMg the number of 
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penicillin doses taken accordhg to the patient diary and measurement of raidual 

medication by a principle investigator or research assistant At Ieast one of the two 

measures had to be available to determine cornpliance statu. Cornpliance was defined as 

documented consumption of at 1east 80% (24 doses) of the prescri'bed peniciiiin withh 

ten days of starting therapy. Where there was a diffaence in the number of doses taken by 

the two methods, the lower number was used to determine cornpliance status. 

The study protocol was approved by the Ethics Cornmittee at the Alberta 

Children's Hospital and the University of Calgary. Informeci consent was obtained fkom 

each participant and / or their guardian and consisteci of an explmation by the study 

physician, reading the consent fom (which included the justification and description of 

the study in layman's temis), and asking questions. If the physician feIt that they 

understood the contents of the consent, the participaring child/parent signed the f o m  

dong with the physician and a witness. They were invited to contact an investigator at 

any time (phone numbers were provided on ail study material) if they had any further 

questions. 

SAMPLE SI[= JUSTIFICATION 

The primary outcome rneasure was the frequency of persistent GABHS infection 

after completion of antibiotic therapy, comparing children who were CO-infected with a 

virus to those who were not CU-infected. If approximately 10% of ail  GABHS-infected 

children were CO-infecteci with a virus, then a virus positive: virus negative ratio of 1:9 

would be expected. Assuming that the rate of persistence wodd be 20% and that a four- 

fold increase in rate of penistence in the presence of viral CO-infection was c W d y  
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significant, a muiimum sample of 60 (6 vins-infecte4 54 virus-negative) would provide a 

power of 0.80 and a two-sided alpha of 0.05 (calnilated using Epi Info version 6.0). 

Allowing for participant losses of 25 % due to refusal to participate, refusal of repeat 

swabs, medication side effects or alIergy resulting in discontinuation of treamient, at least 

80 children with GABHS pharyngitis were required This number was expected to corne 

from a cohort of 320 children presented with signs and symptorns of pharyngitis by our 

definition, assuming a 25% incidence of GABHS among those with pharyngitis in this 

population. 

ANALYSIS 

Data Management 

Ail the data were entered into the database program Microsoft Accessé3 version 

2.0. Foilowing data cleaning, analyses were performed using Stata@. 

Statistics 

Descriptive statistical analyses were perfomed on individual variables including 

frequencies for categoncal variables and mean, median, range and standard error for 

continuous variables with graphical illustration as appropriate- Bivariate andyses were 

done when potential differences were noîed in factors of interest. These were compared 

using two-sided Fisher's exact test for categorical and Student's t-test for continuous 

variables. Chi-square for trend was used where appropriate 

The strength of association between viral CO-infection and GABHS persistence 

was presented in the form of a relative risk (RR) with a two-tailed 95% confidence 

interval and tested using a two-sided Fisher's exact test. The s m d  sample size in some 

categones precluded further stratifieci analyses on potentiai confounding and interacting 

variables. A retrospective power caldation was done using Epi Info version 6.0. 



This chapter includes a description of the enrollment timeline and itemizes the 

number and reasons for subjects to be excluded from the analysis. Demographic 

infornation for those considered eligible is described dong with the clinical presentation 

and etidogy of pharyngitis. In the main anaiysis, the association of viral CO-infection and 

GABHS persistence is measured and tested. An exploration of the relationship between 

outcome and other potentiai risk factors UicIuding age, gender, presenting symptoms and 

signs, timing of antibiotic initiation, compliance, and M-type is shown, FinaUy, the 

performance of the new rapid test, the OIA, is assessed. 

Study Timeline 

A total of 286 chiidren were enrolled in the study between November 1994 and 

Mar& 1996. The target sample size was not reached by June of 1995, therefore the study 

was continued for an additional year. Enrohents were suspended between Iune and 

August 1995 given the low incidence of streptococcai pharyngitis in the summer but high 

ongoing costs of conducting the study. Thus, participants were enrolied over 16 months 

during two fall/winter seasons. Two hundred and twenty-three children (78.0%) were 

enroiied in the first year of the study. Aithough efforts were made to document the 

number of patients identified but not enrolled on the basis of penicillin dergy or refusai 

for any reason, insuffxcient data was submitted by participating physicians for analysis. 
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Exclusions 

Thirty-eight children were excluded from the anaiysis leaving 248 (86.7%) 

evaluable. The sequence of and reasons for these exclusions are shown in Figure 3. 

Twenty patients were excluded from the 157 enroIlments in offices (22.7%) and 18/129 

(14.0%) from the emergency deparmient enroilments. Exclusion fiom the analysis for 

22/38 (58%) patients were due to e r m  made by partïcipating physicians, 14/38 (37%) 

were due to patient mors, and two cases of previously unknown type 1 peniciiiin aiiergy 

(5%) were unavoidable. Physicians either contravened the inclusion criteria (including 

underage patients) or did not adhere to other seps in the study protocol (enrolled same 

patient more than once, used non-penicillin treatment, did not make a foiiow-up 

appointment for a GABHS infecteci patient). Patients did not foilow directions, either 

refusing swabs or missing their follow-up appointment despite reminder calls. Ali but one 

of the patients who missed their foilow-up appointment were subjects who had been 

enroued through the emergency department. 

Site and Timing of Eiigible Enrollments 

More than haif of all eligible enrollments occmed in the offices of pediatricians 

(1371248, 55.2%), the remainder onginating from the emergency department. The 

majority (195/248, 78.6%) were enrolIed in the first year of the study, of whom almost 

two-thirds (119/195,61.0%) had been enroileci in a pediatric office. 



Figure 3. Flow Chmt of Patient Exclusionr 

r - l  

248 
EvaïuabIe Patients 



DEMOGRAPHICS 

The 248 evaiuable children had a media. age of 6.6 years (mean 7.1 years, range 

2.2 - 15.9 years). GABHS negative children had a rnedian age of 6.4 years (mean 7.1 

years, range 2.2 - 15.9 years) compared to 6.9 years (mean 7.1 years, range 3.4 - 14.4 

years) in the GABHS infected (Figure 3). Overall there were aimost quai  nimibers of 

each gender enroiLecl (126 male; 50.8%), but there were more males among enruiIees with 

group A seeptococcal pharyngitis (60/104, 57.7%) than those without GABHS (66/144, 

45.8%; P=0.07). CornpanSon of demographics between subjects enrolled through the 

emergency department and the pediatric offices is show in Table 1. 

Figure 4. H i s t o g r m  For Age* In G- Infecte4 Uninfect& and All Pahe~ts .  

GAS- 

Tora! 

age in yrs 
Histogramç by gas+ v i s i t  1 

Mean age in years (SD) was 7.1 (2.5) for GABHS positive and 7.1 (3.6) for GABHS 

negative patients. 



Pediatric Offices Emergency Departments 

(137) (1 1 1) 

Total enroilments 137 (55.2) 111 (44.8) 

Median age in years (range) 7.0 (2.2 - 15.9) 6.1 (2.2 - 15.9) 
Male gender 63 (46.0) 63 (56.8) 

GABHS positive 48 (35.0) 56 (50.5) 

Mean age in years (SD) = 7.3 (3.1) for enroilments via offices and 6.8 (3.2) through 
emergency departments 



PRESENTATION AND CLINICAL COURSE OF PHARYNGITE 

Etiology of Pharpgitis 

One or more organisms were idmtified in the throat/NP swabs of 120/248 (48.4%) 

enroknents (Table 2). Group A beta-hemolytic streptoco~cus was cultureci from 104/120 

(86.7%) children and one or more other beta-hemolycic streptococci were isolated in 

61120 (5.0%). The seven isolates of non group A streptococw in six patients incIuded 

one group B. four group C, and two group G beta-hemolytic streptococci. A respiratory 

virus was dtured Ïn  201120 (16.7%) patients. ten of whom (8.3% of total) had no other 

presumptive etiology for their clinical pharyngitis. 

T d l e  2. Idenh'~an*on of Potenrial Pathogens from k a t  und Niophwyngeai 

Swabs Uz 248 Patratrent;s 

No pathogen identified 128 (49.4) 

Total pathogens* 131 (50.6) 

Non gmq A fShemolytc s~eptococci 7 (2.7) 

Respimtory M m  20 (7.7) 

' Number of total pathogens exceeds 120 as more than one orgauism identified in 
some patients 

Respiratory virus isolation was slightiy more common among those with GABHS 

pharyngitis (1011û4, 9.6%) than those without (10/144, 6.9%). Virai pathogens found in 

both groups included adenovins (8/20, 4ilW), parainfluenza (4tZO. 20.0%), influenza A 

6/20,  25.0%). and infiuenza B (3120, 15.0%). Rhinovinis, respiratory syncytiai Wus, and 

herpes simpiex vins were not isolated m any nasopharynged specimens (Table 3). 



Group A f3-Hemolytic Streptococcus 

Respiratory Vinis Positive (10) Negative (10) 

Clinical Presentation and Treaîxnent 

The presentation and treamient of enroliments are shown in Table 4. The most 

common symptom reported at presentation was sore throat (2321248, 93.5%) and most 

fiequent sign was an infiameci pharynx (233/248, 94.0%). Compared to children with 

non-GABHS pharyngitis, those who were GABHS positive were more iikely to cornplain 

of sore lymph nodes (45.1% vs. 68.3%; Pc0.001) and fever (60.4% vs. 77.9%; P<O.Ol), 

and to have a pharyngeai exudate (30.6% vs. 44.2%; P=0.03) and eniargedtender Iymph 

nodes (51.4% vs. 71.2%; P4.01). Physicians prescribed antibiotics immediately at 

enrobent (before the resuits of the throat swab were known) in 10424-8 (42%) patients, 

but this was significantly more common among children who were subsequently 

confirrned to have GABHS infection (59.6% vs. 29.2%; Pcû.00 1). 
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TaBle 4. Chical  Presentahtahoon and T r e a ~ n t  of Al2 Patients, 

All GABHS GABHS 

Patients Positive Negative 

(248) (104) (144) 

Symptom 

Sore throat 

Sore lymph nodes* 

~ever' 

Clinid findings 

InfrMied phaqm 233 (94.0) 98 (94.2) 135 (93.8) 

~ ~ u d a t e '  90 (36.3) 46 (44.2) 44 (30.6) 

Tender Iymph nodes' 148 (59.7) 74 (71.2) 74 (51.4) 

Medianrempemturein°C(rmge) 37.7(35.5-40) 37.9(36-40) 37.6(35.5-39.7) 

Antibiotics given irnmediately* 104 (41.9) 62 (59.6) 42 (29.2) 

Difference between GABHS positive and negaùve patients: 'P < 0.001; 'P < 0.01; *P = 
0.03 by 2-sided Fisher exact test 

Presenting characteristics did not appear to differ according the site of patient 

enrohent except for history of fever and physician documentation of pharyngeal exudate 

(Table 5). In both cases these features were significantly more cornmon among patients 

enrolled in the emergency departments than those enroiied in pediatric offices. 
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TaEle 5 C h i d  Presentution and Treatment by Site of EmZZment 

Pediatric Offices Emergency Departmentsi 

(137) (111) 

Symptom 

Sore thmat 

Sore lymph nodes 

Fever* 

clinical findings 

Inrnedpharynr 

Emrdate* 

Tender lymph nodes 

Median temperature in0C (range) )' 

Antibiotics given immediately 

' Difference between enrollment sites by two-sided Fisher exact test, PeO.05. ' Mean 
temperature (SD) for enrollments = 37.8 (1.0) via pediatric offices and 37.6 (1.2) through 
emergency departments. 

MAIN ANALYSIS: COMPARISON BY VIRUS CO-INFECTION STATUS 

Cornparison by Risk Factor 

Of the 104 children with GABHS pharyngitis, 10 (9.6%) were found to be co- 

infected with a respiratory virus. Cornparison of children with and without viral co- 

infection reveded a statistically significant difference in the rneasured temperature 

(P<O.Ol) (Table 6). No 0th- statistically significant ciifferences were found. 
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T&Ze 6 Comp&on of Charucte~zics by Risk Factor 

Virus Co-infecteci Virus Uninfecteci 

Characteristic 

Male sex 

Median age in yrs (range)' 

S ymptoms 

Som throat 

Sore lymph nodes 

FM 

CIinicaI signs 

InPQmedp- 

Exz&te 

Tender Zpph nodes 

Medm temperature in O C (rmrge) ' 
Anîibiotics aven irnmediateIy 

* Mean age (SD) = 7.4 (3.1) for vins  CO-infecteci and 7.0 (2.5) for virus rminfected 
patients. ' Mean temperatures in OC (SD) were 38.7 (0.7) in viral CO-infecteci and 37.6 
(1.0) in non vins  CO-infecteci, difference (t-test with unequal variances) Pc0.01; 
measurements available for 9/10 virai CO-infecteci, 73/94 non virus CO-infecteci. 

Relationship between V i  Co-infection and GABHS Persisteme 

There were a total of 33/104 (31.7%) children in whom GABHS was detected 

after treatment with penicillin V ("persisters"). Of these, two (6.1%) had viral co- 

infection compared to 8/71 (11.3%) non-persisters. The relative risk of GABHS 
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persistence with respiratory virus CO-infection was 0.57 (95% CI 0.16; 2.03, Taylor 

series). Fisher's exact test (two-sided) yielded a P-value of 0.50 (Table 7). 

TàHe Z Rrsk of Viml Co-infection and GRBHS Pemktence 

GABHS Persistence 

Virai Co-infection 

Yes (33) No (71) Total (104) 

N IL n 

No 31 63 94 

' 2-sided Fisher exact test, P = 0.50; RR=0.57 (95% CI = 0.17 - 2.17) 

Inclusion of Missing Data 

Fifteen of the 38 (39.5%) patients excluded from the main analysis were lost to 

follow-up or refused foilow-up ailtures. These children comprised 11.6% of a l l  GABHS 

infected subjects. Nasopharyngeal swabs of two of these 15 children (14.3%) were 

positive for a respiratory virus (one each of influenza A and B). As the outcome was 

unlaiown in these children, the andysis was repeated assuming the most extreme cases of 

bias to examine for their potential effects on the results of the study. Fht, patients who 

were los  to foIlow-up and were vins CO-infected were dl assumed to be persisters whiie 

those who were not virus CO-infected were assurneci to be non-persisters (Table 8). Then, 

the reverse outcornes were assumeci for each nsk factor group (Table 9). Neither 

assumption lead to a significant association between viral co-infection status and GABHS 

persis tence. 



GABHS Persistence* 

Viral Co-infection 

Yes No Totai 

(35) (84 (1 19) 

n n R 

Yes 

'2-sided Fishers exact test, P3.75; RR=1.15 (95% CI = 0.49 - 2.70) 
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Table 9. Anu&s& Including Mksing Data: Etus Co-infcted Assumed to be Non- 

perSLStem and Non VZm Co-infecteci A s d  to be PersrSters 

GABHS Persistence' 

Viral Co-infection 

Yes No Total 

(33) (86) (1 19) 

n n n 

-- - -  - -  -- -- - - - -- . 

2-sided Fishers exact test, P d.12; RR=0.41 (95% CI = 0.1 1 - 1.47) 

Exdusion of Uncertain Data 

Four of the persisters identified met the definition forpossible d e r  than definte 

persisters. When these four cases were excluded and the analysis repeated the difference 

in outcome frequency between the two groups were not significant (Table 10). 



GABHS Persistence' 

Viral Co-infection 

Yes 

No 
- - - -  

2-sided Fisher~ exact test, P = 0.72; RR=0.67 (95% CI = O. 19 - 2.40) 

Symptomatic versus Asyrnptomatic Persisters 

Eleven of 33 (33.3%) persisten were syrnptomatic at the time of their follow-up 

visit (Table 11) with one to five symptoms or signs each (mean = 2.6). Mean colony 

counts were s i d a .  in asymptomatic (3.3) and symptomatic (3.5) persisters. Apparent 

differences in M type frequency were not signifiant (Ml, Pd.14; M6, W.10) (Table 

12). 



Sore throat 8 (72.7) 

S m  glands 4 (36.3) 

Fever 4 (36.3) 

I n f l d ~ h a r y n x  9 (81.8) 

Exudate 2 (18.2) 

Enlargedhender lymph nodes 7 (63.6) 

Symptomatic Asymptomatic 
(1 1) (22) 



RELATIONSHIP OF OTEER FACTORS TO PERSISTENCE OF GABHS 

Demographic and ClinicaI Characteristics 

Recorded data on patient demographics (year of enroIlment, sex, age), chical 

presentation (symptoms and signs), treatment ( i e d i a t e  versus delayed initiation of 

antiiiotics) , and behavior 

non-persisters (Table 13). 

(cornpliance with medication) were cornp& for persisters and 

Cornpliance was examined in greater detail without reference to a predeterrnined 

definition. Diary information was available for 30/33 (91%) persisters and 67/71 (94%) 

non-penisters and residual medication recordeci for 25/33 (76%) persisters and 56/71 

(79%) non-persiste=. There were no differences between persisters and non- persisters in 

the mean nimiber of penicillin doses measured by either diary (28 in both groups) or 

medication measmement (29.6 for persisters versus 29.0 for non-persisters , ciifference 

P=O.94). 



Yes 

(33) 

Enrollment UI Ist year of sllldy 26 (78.7) 49 (69.0) 

Male gender 21 (63.6) 39 (54.9) 

Median age in yrs* @ange) 6.3 (2.3-14.4) 6.3 (2.7-15.9) 

Clinical presentation 

Sore throat 

Sore lymph nodes 

~ e v e g  

Inflamed throat 

Exudate 

Cornpliant with therapy 30 (90.9) 66 (93.0) 

Mean age in years (SD) = 6.5 (2.4) for persisters and 7.3 (2.6) for non-persisters, P = 
0.07 (2-sided FET). ' P = 0.13 (2-sided FET). ' Mean temperatures (SD) = 37.6 (1.0) for 
persisters and 37.9 (1.0) for non-persisters; data recorded for 27 persisters and 55 non- 
persisters 



Laboratory Data 

Cdony cowrt 

The proportion of patients with low colony counts on the enrobent throat swab 

was compared between persisters and non-persisters. Plate cultures were positive in 

98/104 cases (94.2%), includhg a l l  33 persisters and 65/71 (91.5%) non-persisters. The 

frequency of a Iow colony count (rare to 2+ colonies) on the initial culture was similar for 

persisters (6/33, 18.2%) and non-persisters (1 1/65, 16.9%). A ~2 for trend confirmeci that 

there was no association between decreasing colony count and GABHS persistence 

(Pd.46; Table 14). 

Table 14. Frequency of HigMow Colony Counts for Two Outcome Groups. 

Colony Count 

Persistence of GABHS 

Yes 

(33) 

Rare 

1 + 
2 +  

3 +  

4 +  

Six swabs were broth culture positive but plate culture negative, therefore total 
available specimens with colony counts (98) is less than the total number of GABHS 
positive patients 



M and T serotyping was perfonned on 100/104 (96.2%) initial isoIates. Of the 

four with no resuits. three were 01. positive but cuittire negative and in one case the 

isolate was not saved. The relative frequencies of M-types were sirnilar between persisters 

and non-persisters except for Ml2 (more common among persistes), although the 

difference was not quite statisticaliy significant (Table 15). 

Nine children retlimed to a study physician with a recurrence of symptoms within 

one month of the foiiow-up visit Five were found to be GABHS-infected, of whom one 

was a continuhg persister (never cleared M l 2  s u ) ,  one was a relapse (cleared at first 

foilow-up but the original strain, M77, was detected on this r e m  visit), one was a re- 

infection (M4 at enrobent and Ml2 with recurrent symptoms), and two were &own 

because of lack of one or more of the isolates to compare serotypes (M4 and M28 at 

enrollment but OLA positive oniy with recurrent episode). 



T i e  15 Outcorn by GGAHS M-Type of Ilsolote at the Tùne of E d l l m e t  

Yes 

(33) 

No Total 

(67)' (1 00) 

1 5 (15) 9 (13) 14 (14) 

2 O 2 (3) 2 (2) 

3 6 (18) 15 (22) 21 (21) 

4 4 (12) 6 (9) 10 (10) 

6 2 (6) 4 (6) 6 (6) 

127 8 (24) 7 (10) 15 (15) 

28 3 (9) 10 (15) 13 (13) 

62 O 3 (4) 3 (3) 

77 3 (9) 5 (7) 8 (8) 

Non-typeable 2 (6) 6 (9) 8 (8) 

Three specimens were OIA positive only at enroIlrnent and one isolate was lost 
Difference between groups, W.08 (2-sided Fishers exact test) 



LABORATORY TESTING FOR GABHS 

Cornparison of Opticai Immunoassay to Culture Methods 

The performance of the Optical Immunoassay rapid detection method for GABHS 

was compared to both broth and plate culture for all eligible patients. Plate culture was the 

most iike1y to be positive (98/248, 40%) foiIowed by broth dhire (94/248, 38%) and 

OIA (93/248, 38%). When OIA results were compared to the conzbimtion of culture 

methods, there were no false positive OIA results but 1 l/lS5 (7.1%) false negative tests 

(Table 16). Cornparisons to the individual culture methods are shown in Tables 17 and 18 

with the associated test perfomance resdts show in Table 19. AU percentages shown 

denote column totals. 

Table 16. OL4 Results Compared to Bmth or Plate Culture 

Broth or Plate Culture 

Positive Negative To ta1 

(104) ( 144) (248) 

Positive 93 (89.4) O (0.0) 93 (37.5) 

Negative 11 (10.0) 144 (100.0) 155 (62.5) 



Broth Cdture 

Positive Negative Total 

(94) (154) (249 

- - - - -- - . . 

Positive 86 (91.5) 7 (4.5) 93 (37.5) 

Negative 8 (8.5) 147 (95.5) 155 (62.5) 

Table 18. OL4 ResuZts Compared to Plate Culture 

Plate Culture 

-- - .  

Positive 89 (90.8) 4 (2.7) 93 (37.5) 

Negative 9 (9.2) 146 (97.3) 155 (62.5) 



Comparative Culture 

OIA Performance Test 

Broth Plate Broth or Plate 

(%!* m?) (5%) 

Sensitivity 91 91 89 

Specif icity 95 97 100 

Positive predictive value 92 96 100 

Negative piedictive value 95 94 93 

benotes performance of OIA compared to the culture method(s) in each column 

OIA Performance by Inoculum of GABHS 

OLA performance was aiso assessed in temis of the inocuium of GABHS; with 

rare to 2+ colonies ciassified as "low" and 3+ or 4+ as %gh" colony counts (Table 20). A 

positive OIA rate of 99% in throat swabs with a high inocuium contrasteci with a 53% of 

those with a low colony count (P<0.001 by 2-sided FET). 



Total 

(98) 

Positive 

Negative 1 (1.2) 8 (47.1) 9 (9.1) 

Total nimiber of isolates that had positive plate cultures; ~enotes percentage of 
column totals 



DISCUSSION 

This chapter includes an assessrnent of the strengths and wealaiesses of the study. 

Results fiom the preceding chapter are interpreted and discussed, including the 

relationship between GABHS persistence and wal CO-infection as weU as 0th- selected 

variables. Conclusions about the performance of the optical immunoassay are drawn and 

it's poteniid utility placed in context. Fi~lally, implications of this study with respect to 

curent management as weil as fuhne research into the phenornenon of GABHS 

persistence are discussed. 

STUDY STRENGTHS AND WFAKNFSSES 

Design Issues 

The nature of the association postdateci in this study and the type of variables that 

required measurement necessitated a prospective cohort design. Given that 

nasopharyngeal swabs for viral culture are not a routine test when children present with 

pharyngitis, this information was not available to conduct a retmspective cohort or case 

control study using existing records. 



The benefits of this design were an opportunity to keep participahg physicians 

and patients blindeci to patient risk factors (thus reducing one form of b i s )  and the ability 

to calculate a relative risk ratio for the association of interest. The main drawback of this 

prospective cohort design was the cost associated with data collection over a two-year 

period. However, this had the positive effect of reducing potential "year effects". In other 

words, a predominant outbreak of a single Wus in one year could result in a false 

negative result if it was not one of the Wuses that is associated with GABHS persistence. 

By extending the enrohent tirne period, the potential skewing effects of a single u n d  

year shodd have been reduced 

A retrospective calculation demonstrated that the study had a power of 97% to 

detect a four-fold (alpha=0.05, two-sided) difference in frequency of persistence between 

the virai CO-infected and vinis uninfected individuals based on the acquired sample size 

and frequency of viral CO-infection. There were sufficient enrohents  to detect up to a 

3.5-fold difference with 80% power. A smaiIer difference is not likeIy to have any clinical 

importance. 

Generdiuzbility of results 

This study sample was intended to reflect a general pediatric population between 

the ages of two and 18 in Calgary who have GABHS pharyngitis. There were roughly 

equal numbers of males and fernales enroileci, with an age distribution sirnilar to other 

GABHS pharyngitis studies. 19a3337$8*4244 The Iack of individuals over 16 is likeIy a 

reflection of both the site of enroiiments (in pediatric health facilities) and the 

epidemiology of the disease, but absence of older children is neither musuai compared to 
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other pharyngitis studies 1921,ULU" nor wodd it be expected to change the results of the 

study. 

The variety of enroiiment sites in this saidy ensured a mix of subjects, which 

likely improved on the generalizability of r d t s  compared to similar shidies reported in 

the literâture. EnroIlments were aImost equal between emergency department. and 

pediatncian offices. Participating pediatricians covered al l  quadrants of the city in an 

effort to enroli patients from a variety of social strata. One might be concemed that 

pediatrïcians would attract patients from fadies  of high socioeconornic status and 

potentially threaten e x t d  vaiidity as a result, however participating pediatricians 

reported a range of patient population characteristics as shown in the methods. It would 

have been ideal to have collectecl more detailed information directiy from subjects, but 

this was not done. Although an attempt to collect information on patients who were 

excluded or refused enrollment was made, it was not done consistently by participating 

physicians and did not include demographic details, therefore a cornparison of the actual 

study sample to the intended sample could not be made. Given the signif~cantly higher 

frequency of a history of fever and pharyngeal exudates in the emergency department 

emohents, these subjects may have been slightly sicker (as one might expect) than the 

office enroihnents, but they did not appear to differ in any clinically important 

demographic variables. Thus, the ciifferences in training between some ernergency 

physicians (farnily practitionerdemergency medicine specialists) and the office 

pediatricians did not appear to have a big impact on the study population and therefore 

presumably not the results. 

Overd the study sampIe appeared to be an improvement on that describeci in 

previous studies as weU as being reasonably representative of the target population in 

spite of the use of convenience sampling. 

It might be argued that the high cornpliance rate found in this study may have 

influenced the results and made them less generalizable. In order to be sure that it was 

prirnarily the effects of the predictor that were being observed it was important to contml 

as many factors as possible. Alternatively a longer study conducted at great expense 



59 
would be necessary to acquire a large enough sample size to permit analyses stratifiecl on 

compliance. As poor compliance would be equdy likely in both groups and rnay lead to 

persistence, its presence codd move the resuits towards the nuü hypothesis. Thus while 

the actual frequency of persistence may not be generalizable, it is its relationship to viral 

CO-infection that is of primary interest in a study aiming to understand potentid causality 

of a single factor. 

Loss to Follow-up 

Loss to follow-up occurred in only 15 GABHS-infected patients (15/129; 11.6%). 

Two (13.3%) were positive for the risk factor, a prevaience similar to those who 

completed the shidy (101104; 9.6%). As re-anaiysis demonstrateci, assuming extreme bias 

in outcorne by risk factor status did not result in signifcant ciifferences between the two 

groups. Thus loss to follow-up did not bias the results of the study. 

Measurernent 

The strengths and weaknesses of the tools of measurement used in this study were 

discussed in detail in the Literature review. Measurement of the predictor variable (viral 

CO-infection) was the best possible under the circumstances considering the need to use a 

simple sarnpling technique, gather sarnples from a large nurnber of sites, and ensure 

prompt delivery to a lab capable of producing dependable results. Detection of GABHS to 

establish infection status and outcome may have been W t e d  somewhat by the use of a 

single swab, aithough false negative results wouid have been more likely for the OIA than 

the other techniques because of the order of testing. Given that a positive result was 

defined as GABHS detected by any one of the three methods (which uicluded the gold 

standard of broth culture), it was virtually impossible to miss a positive result. 

Measurement of c1inica.i variables was iirnited only by the variation in clinician 

assessments, but was not expected to be a major concem. The data forms were 

consistently completed for aiI patients with the exception of temperature as noted in the 

results. 
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INTERPRETATION OF RESULTS: VIRAL CO-INFECTTON AS A RISK 

FACTOR FOR BACTERIAL, PERSISTENCE 

V d  Co-Infection is Not a Predictor of GABHS Persistence 

The r d t s  of this study suggest that respiratory virus CO-infection is not 

associated with bacterial persistence following keamient of GABHS pharyngitis with 

penicillin V. The sample size of this study was not large enough to assess for the presence 

of effect modification through stratified analysis or modeling, therefore it is possible that 

there is an association between viral CO-infection and persistence for a certain subgroup. 

However, the clinical relevance of an association for a subgroup would be questionable. 

Viral Co-infecfion and Bacterid Persistence in AOM versus Pharyllgitis 

At first glance, it is puzzling that Wal CO-infection appears to play a role in 

bacteriaï persistence in acute oticis media but not GABHS pharyngitis. Although the two 

upper respiratory tract infections would presumably share many of the effects of a viral 

infection that are poshilated to lead to bacterial persistence, the anatomic differences may 

be key. The increased inflanmatory response in the rniddle ear, unlike the pharynx, may 

increase obstructive edema, block the eustachian tubes and result in delayed clearance of 

middle ear fluid and bacteriag3 This difference may explain why viral CO-infection 

appears to be important in one but not the other. 

Additional Interpretations of the Negative Association 

Viral CO-infection influences the cowse but not the outcome of GABHSphyngiiiS 

While a virai infection may not affect the bacteriologic outcome of GABHS 

pharyngitis, it may influence the acquisition and early course of GABHS pharyngitis. 

Effects of a viral infection on nasal epithelial ~ e l l s ~ ' ~  and the immune responsesg9 may 

inhibit initial efforts to clear the organisrn and thus slow cl in id  and/or bactenologicd 

response. However, their influence shouid settle as the viral infection resolves. This might 
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account for the resolution of GABHS infection in our virai CO-infecteci patients by the 

time of the* reassessment at the end of therapy. 

Reverse arrsociclton: VmzZ CO-Ùzfectibn reriuCes the riSk of perSiStence 

As two-sided alpha E t s  were used in the sample size caldation, the results may 

also be interpreted as suggestïng a possible reverse association but of a lesser magnitude 

than postulateci for the sample size calcuiation Repeatuig the study using a larger sample 

size rnight provide sufficient power to connmi the association of Wal infection and 

clearance of GABHS. On the other hand, a statistically significaflt but smailer association 

wouid be of questionable chicai significance. It is also difficuit to postulate the 

pathophysiological steps by which a virai CO-infection may actually be beneficid by 

increasÏng eradication of GABHS. 

Potential Influence of Misdassification Bias on Study ReSults 

Redictor vadbZe 

Misclassification of viral CO-infected children as virus negative is a concem in this 

study. Viability may have been compromised by excess transportation time or by freezing 

of some specimens. Tracking of specimens confirmeci that they reached the Wology 

labotatory within 24 - 32 hours of collection and upon arrival were set up for d t m e  

irnmediateIy, so transportation time was minimized. Viral infectivity may have been 

reduced by the freezing and thawing process, even under ideai conditions,% but this could 

have occufied for only 13 specimens that were OIA negative but nilture positive 24-48 

hours later. 

The absence of certain Vinises arnong viral CO-infected patients rnay &O suggest 

some false negative results. Herpes simplex virus, respiratory syncytial virus, and 

rbovirus were not detected although a previous pharyngitis study isolated ai i  k e e  in 

GABHS co-infecteci patients.5 However, broader inclusion criteria in the latter study may 

have selected for a Wal-caused Ïilness with GABHS a d a g e  rather than GABHS 

infection. Thus a different spectm of vinises in the two studies is not surprising. This 
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ciifference may also be explainecl by variation in predorninant virus= in different 

geographic locations and in different years. This study would likely have been more 

protected from the effects of the latter given that it was conducteci over a two year p e n d  

Assrmiing there were some specimens falsely identified as Wus-negative, one 

wouid expect a non-differentid distriibution of false negatives between GABHS persisters 

and non-persisters given that theu outcornes were urhown when specimens were 

handled. This wouid r d t  in a shin towards the null hypothesis. A high differential false 

negative rate wouid be necessary to change what was really a positive association 

Judging by the 8% CO-infection rates fomd previously' compareci to the 9.4% found here, 

it is d e l y  that the false negative viral culaire rate was excessively high. Predictor 

variable misclassification is therefore unlikely to have significantly influenced the d t s .  

Ourcome varUlbCe 

A high rate of persistence (31.7%) was noted in this study. While rates up to 38% 

have been studies ufilizing similar metho& (follow-up cultures within 2 weeks 

of completing treatment, and serotyping of isolates) were fomd to have a mean 

persisteme rate of 11.3% (95% CI 9.2 - 13.9) by meta-analy~is.~ Thus, the penistence 

rate in this study appears to be high. 

No other factors were found to be associateci with persistence (as discussed in the 

next section in greater detail). încluding ~ornpliance,~~ early antibiotic use,'9" or young 

age.6 Although persisters did tend to be yotmger than non-persisters, the age distribution 

and mean age of the shidy population was not skewed towards younger patients compareci 

to other pharyngitis studies, induding those with lower persktence rates.a76 Potentiai 

influences such as alpha streptococci and beta-lactamase producing flora were not 

measured in this study. Their association with persistence is uncertain, but if either does 

play a role, it is difficult to speculate why this study population would be so different 

from those in other pharyngitis studies. 

False-positive GABHS results on follow-up throat swabs are another potential 

explanation for the high persistence rate- However, there were oniy three patients who 
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were OIA positive but ailture negative on foUow-up throat swab. Theoretically, the OIA 

in these cases may have detected non-viable ~rganisms.~ However, assumïng these three 

were misclassified as persisters when they were a c W y  non-persisters, the results of the 

analysis do not change (association between viral CO-infection and persistence, Pd.72). 

If chronic GABHS carriers were included inadvertently in this study, given thaz 

eradication is reduced compared to those with acute infection:us some carriers may have 

been misclassified as persisters. AIthough the chance of including carriers in acute 

pharyngitis studies is thought to be as high as 20% by some auth~rs:~ two pieces of 

evidence go against their presence in our GABHS positive population The distribution of 

Wal CO-infection in persisters compared to non-persistas and the fkequency of different 

colony counts in the GABHS positive subjects both suggest that inclusion of carriers is 

unlikely . 
If some of the subjects classifieci as persisters in this study were actuaiiy chronic 

carriers of GABHS whose pharyngitis was caused by another pathogen, such as a virus, 

one would expect there to be more viral-infected children among these patients than the 

GABHS negative group. In fact, there were favet persisters (6.1%) than non-persisters 

(1 1.3%) infecteci with a virus. This goes against the inclusion of &ers in the fornier. 

Bacterial growth can also help distinguish colonization from infection Among 33 

persisters, only one had cultures with 1+ colonies or las, and a ~2 for trend suggested 

that a decreasing colony count was not associated with persistence. The colony count 

proNe of the GABHS positive subjects closely resembled that of an "infectedm group 

rather than a "colonized" group as shown in Table 21. 
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Thble 21. Compdkon of Colony Count to GABHS Infection mui Cmriage 

Colony Breese et UL " Resent Study 

Count 

% of Carriers % of Infectecl % of GABHS Positive 

l+ and less 29.7 2.2 

2+ 17.8 11-0 

3+ 20.5 14-3 

4-t 32.0 72.5 

The "degree of positivity ratio" as described in chapter 315 'captures' this data in a 

single number. The higher the ratios, the higher the chance of a positive culture 

representing a mie infection for a given gmup of patients. The positivity ratio in this 

study (87.7%) was almost identical to that found in the "infecteci" group in the study of 

Breese et ai (84.4%) suggesting a high chance of tme GABHS infection among those who 

were GABHS positive in this study. 

Although serology was not perfomied in this study, its omission does not weaken 

the results. The majonty (59.6%) of the patients in this smdy were advised to begin taking 

penicillin irnmeiiately &ter enroilment, which has been shown to blunt anti-streptolysin 

O respon~es.'~ Children with S. pyogenes infections in the months prececüng the study 

may also have had a non-diagnostic rise in titre as a result of a higher baseline ASOT 

titre." For these reasons as weii a ; inconsistent correlation with clinical sympt~rns,"~ 

this is not considered a dependable means of distinguishing carriers from those with acute 

infection.'03 
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If misclassification due to GABHS d a g e  did occur in spite of the evidence to 

the contmy, could this have produced the resuits obtained? A differential bias in favor of 

the nuil hypothesis would ody resuit if carriers were also more likely to be virus negative 

than the true persisters. As viral infections are thought to cause symptoms in most cases 

of carriers with pharyngitis, this should not be the case. While a non-differential bias (if 

carriers were no more or less likely to have had viral CO-infection than tme persisters) 

could also shift the results towards the n d  hypothesis, it could not push it to the other 

side of the null as occurred here. 

INTERPRETATION OF RESULTS: RELATIONSHIP OF OTHJ3R FACTORS TO 

GABHS PERSISTENCE 

There were no other factors found to have a definite association with GABHS 

persistence in this sîudy, although tbree variables demonstrated a trend towards an 

association with persistence: age, fever, and M-type. Other factors such as early initiation 

of anti'biotics and Lack of cornphance clearly did not have a relationship to this outcome. 

There appeared to be a trend towards younger age among persisters compared to 

non-persisters in this study. Although age has not been a factor of investigation in acute 

pharyngitis outcornes, a study of &ers treated with rifampin or c e m e  also noted 

persistence to be significantly more common in children under 15 years of age compared 

to older patients! If an association exists, why adults may be more likely to eradicate 

GABHS is unknown. It may be the result of a differential immune response by age. In one 

study measuring imrnunoglobulins to streptococcal C5a peptidase (SCP) with and without 

infection, the semm IgG response to this antigen increased with increasing age? The 

same was not true for the secretory IgA response, however. Aithough the age difference 

between persisters and non-persisters is almost signifîcant in our study, it is not very 
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large. At this point it is still unc1ea.r whether there is a clinically important difference in 

GABHS clearance rates with age and, if it exists, the reasons for i t  It should taken into 

account in funne studies, but is unlikely to be a major predictor of persistence. 

Fever 

Patient report of fever &O bordered on statistical significance in this study, and 

may be a marker for severity of illness that in tum may influence outcome. However, 

objective measures such as temperature measured in the physician's office was neither 

clinically or statistically different by outcome. Thus, this variable is unlikely to be either 

statisticdy or clinicaliy useful. 

Serotype 

Of all the serotypes identifieci in this group of patients, only Ml2 appeared to have 

a potential relationship to persistence. M l 2  is known to be a cornmon cause of 

uncomp1icated streptococcal pharyngitis14 and has also been fond  to be common in post 

streptococcal glomer~lonephritis.~~ Although there has been a report of it being a frequent 

cause of invasive infections in Ontario.6' more often ~ 1 ~ ~ * ~ ' " ~  and sometimes ~ 3 "  are 

implicated. A cornmon fmding in these isolates is the gene(s) encoding streptococcd 

pyrogenic exotoxin such as speA. However, there are no studies with information 

examining M type with respect to risk of bacteriologic persistence with pyogenes. 

There is also a lack of idonnation regarding the specific properties of Ml2 strains that 

may explain their increased propensiw for this outcome. More investigation is required 

before conclusions can be drawn regarding the role of M-type in GABHS persistence. 

Early Antibiotic Use 

The r d t s  of this study confimeci that of prior investigators that immediate 

initiation of antibiotics compared to a 24-48 hour delay did not increase the risk of 

~ersistence.'~ Iristead, this approach has the added advantage of reducing the infectious 

penod and therefore transmission to others as weli as complications in the index case.lM 
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Furthemore, rhis approach has been shown to resuit in a more rapid subjective and 

objective clinid improvement? Not only is this factor imlikely to be important in the 

pathogenesis of persistence, but delaying treatment is not a logical or defensible approach 

in acute pharyngitis, partidarly if rapid testing is incorporated into therapeutic decision- 

Cornpliance 

While early studies showed that compliance with oral antibiotic therapy was 

essential for GABHS eradi~ation;~ the association was not demonstrated by this study. 

None of the persisters took fewer than 24 (80%) doses of medication by either patient 

report or measmement of residual medication. The fewest nmnber of doses recorded 

among non-persistes was 21 according to patient diary. This information confimis earlier 

suggestions that oral penicillin with optimal counseling (explaining the necessity for 

completing the course of antibiotics as weil as providing written materiai to that effect) 

could result in eradication rates as good as intramuscular penicillin and better than that of 

oral medication without counselkg." The environment of this study could be argued to 

have provided comparable "counseling" of patients. As a result, there may not have been 

enough non-compliant patients (8%) to detennine the role of compliance. Unfomuiately, 

most studies either don't provide a definition of compliance or use a single urine 

measurernent to determine it, so it is ciifficuit to compare results. The important 

conclusion, however, is that persistence still occurs despite good patient compliance. 

Unknown Variables 

There were several pieces of information not coilected in this study for which 

association to outcome is unknown. These include certain symptoms and signs that 

classically are not associated with GABHS (e-g. rhinodea, cough, congestion) but if 

present in a patient later found to have GABHS after ûeatment may suggest a chronic 

GABHS d e r  with non-GABHS pharyngitis (such as a virus) rather than a tme GABHS 

persister. Secondly, if funding had permitteci, it would have been desirable to do throat 
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swabs on subjects to isolate both beta-lactamase-producing organisms as well as GABHS- 

inhi'bitory flora given that both may play a partial role in the development of persistence. 

UTIlLITY OF OPTICAL IMMUNOASSAY IN DIAGNOSIS OF GABHS 

PHARYNGrnS 

Cornparison to Broth and Plate Cultures 

Broui culture is usually considered to be more sensitive than plate cultures, and 

therefore is the gold standard for assessing a new test for GABHS in throat swabs. Only 

plate cultures provide colony count resuits, which were &O required for this study. To 

minimÏze cost and discomfort to the patients, only one throat swab was taken at each visit. 

There may have been some false negative broth culture tests as a resdt of using the foam 

plug from the throat swab transport container, whereas plate cutture was done from the 

throat swab directly. AIthough it was interesthg to compare the OIA to each culture 

method, a combination of resuits from the two methods was considered the best 

comparison to assess the performance of the rapid test in this situation. Previous authors 

have cautioned that the reference method must be accurate in order to consider 

comparison with a new test reliable." 

SpecEcity 

The OIA was very specific test (100%) for GABHS in the pharynx compared to a 

combination of the m o  culture methods. One could be very confident that a patient with a 

negative test did not have GABHS present in the pharynx. Previous generations of rapid 

GABHS tests have also been inmeasingly spe~if ic ,"~ although the OIA was particularly 

high 



The weaEaiess of the optical immunoassay was an unacceptably low sensitiviq 

(8950). This lack of sensitivity appeared to be related to bactend load, as faise negative 

tests were more frequent among specimens with low colony counts than high colony 

counts. However, this may be an underestimate of the actual test sensitivity given the 

methodology used in this study. The O U  was done using the throat swab after it had been 

plated for culture. which may have demeased the number of organisms below the level of 

detection and increased the number of fahe negatives. An ideal testing scenario would 

inchde a throat swab for each testhg method used if taken simultaneously. 

Revious studies provide disparate estimates of OIA sensitivity. The majority of 

estimates are higher than the 89% found in our studF3'  although ail of these studies 

received some support h m  the Company that markets this test k i t  Another study 

conducted at a primary care centre at a teaching hospital fond a sensitivity of only 77%," 

in spite of the fact that a separate throat swab was used for the OIA test. Rigorous 

blinding by the hvestigators may have minimized bias that may have been possible in 

other studies as weU as our own, 

Predicîive Values 

In this population with a GABHS prevalence of 42%, the positive predictive value 

was excellent (100%) and the negative ptedictive value was 93%. In everyday practice the 

prevalence of GABHS may be lower because of lw selective use, and therefore the PPV 

wodd drop. In other words. one could not be sure that a specimen with a positive OKA 

test is truiy GABHS positive and inappropriate treatrnent may result. 

Pracficai Application of the OLA 

The performance of the OIA suggests it may be useful if used thoughtfully. A 

positive test can be relied upon, obviating the need for culture. In view of a lower NPV 

and the importance of diagnosing GABHS infections to prevent sequelae, practitioners 

should submit a swab for d t u r e  to be us& if the OIA is negative. 
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FUTURE: DIRECTIONS IN INVESTIGATION OF GABHS PERSETENCE 

This study was unable to demonstrate a role for Wal co-infection in GABHS 

persistence after pharyngitis. Other theories have either been diswunted or remain 

un& One area of investigation, which rem& undersaidieci, is the relationship of 

immune response to outcorne. The role of mucosal immunity in paaicular is lmlmown at 

present, 

Mucosal Immunity and Persistence 

Mucosal immmity is the first line of defense in the body and therefore may be 

important in acquisition as well as resolution of GABHS phinyngitis. Secretory IgA 

inhibits attachent to epithelid ce&, but neither promotes phagocytosis nor activates 

complement. It has been suggested that the latter may reduce opsonophagocytic- 

enhancing activity of IgG and impede the systemic immune response, leading to 

continu& infection or colonization" The reverse association is also plausible. If the anti- 

attachent role is the more important of the two, an inadquate IgA response may 

increase the N k  of bacterial persistence. This hypothesis has not been suggested or tested 

to date. 

Srreptococcrcspyogenes has several IgA-bindùig regions. including C5a peptidase, 

to which chüdren produce a specific secretory IgA response." However, not aLi children 

(only 87% of those under eleven years of age) in this study had a meamrable response. If 

this or another specific IgA play a role in fighting uiis infection and not all hosts are able 

to mount this r e s p o n ~ e , ~ ~ ~  then those with an impaireci IgA response may be more iikely 

to have persistent GABHS isolation. Given the possible variation in immune response 

with agePY the latter must be taken into accoMt a potential confounder. 

In order to test this hypothesis, sputrrm samples and b o a t  swabs couid be taken 

from children with GABHS phaxyngitis at presentation and at foiiow-up to see if a 
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specific IgA respome occun or not, then the fkquency of persistence compared for the 

two groups- 

Other Important Factors 

Although important contriutors to resolution of GABHS ph;uyngitis such as local 

immune response are yet to be identified, it is unlikely thar a single factor accounrs for ai i  

cases of persistence. Revious shidies have not considered the possibïiity of a 

multifactorial model. Among the various theones, the protective effect of alpha- 

streptococci with high GABHS-suppressive activity appears to be the most promising and 

should be inchdeci. Although the evidence is conflicting for other themies, fume studies 

should collect data on patient demographics, c l in id  characteristics, treatment, 

cornpliance, and co-existing BLPF as well as GABHS-inhibitory flom If an association is 

found between a factor of interest and persistence, then logistic regression could be 

applied includùig some of these other factors as appropriate. It rnay then be possible to 

derive a model, which includes several factors, and have predictive utility. Depending on 

the factors inchdeci, the model may have applications in clinicd practice, either for 

identiQing high-risk patients (which rnay influence treatment choie) or to provide 

addi tional interventions. 
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GROUP A STREPTOCOCCUS PHARYNGITE AND ViRUSES STUDY 
Community Streptococcus Saidy Group 

You or your child are coming to see the pediatrician because of a sore throai, sore ne& fever, or 
refusai to eat. If the doctor thinks that the 'strep" bug is the cause, you may be asked if you 
wouid W<e to participate in this study. Here is some background information about our study and 
'strep throat' . 
Group A Streptouwrus (strep) is the g e m  that causes 'strep throat' in children and addts. Strep 
throat is most conmon in Nonh Amaica during the *ter tirne, and is usualIy accornpanied by 
the syrnptoms of fever, sore throat, and swolien neck glands. It is d y  treated with a 10 day 
course of an antiiiotic such as penicillin. Although the symptoms improve in most patients who 
receive this treatment, the germ rernains in the throat of between 8% and 38% of ail children who 
are treated. Many studies have shown that the symptoms of strep throaî are most Iikely to r e m  
in persons in whom the germ is not fidly cIeared by anh'biotics. 

At the present time, we do not know why the gem, strep, is not cleared with antiiiotics in some 
chikiren. We h o w  that it is not because s ~ e p  is resistant to p e n i c i k  Many mearchers have 
&O trîed to look for other bacterial gemis in the throat that may prevent the penicillin from 
working properly, but so far, no such germ has been shown to be responsble. However, no one 
has looked at the possibility that the presence of viral germs in chikiren with strep throat may 
make it harder to c1ea.r strep fmm the thmat. 

We would like to study the relationship between the presence of viral germs in the nose and 
thmat and ability to clear strep in children with strep throat We are suspicious of a possible link 
because strep throat is most cornmon in the winter, at the same time during which colds (caused 
by viral genns) are most common. In fact, most (up to 75%) cases of sore throat are due to viral 
gemis, and will not be affecteci by penicillin. Thus, we want to see if the presence of these 
Wuses in children with strep throat makes it harder for the children to clear the strep after 
m e n t  with penicillin. If this is mie, it may open other avenues for m e n t  in the future. 
Participation in this study would not include any changes in the m e n t  of you/your chiid's 
infection. However, in addition to the throat swab that is usually done to see if the cause of the 
throat infection is strep, we will need to take a second swab to look for vinuses. This swab has to 
be taken from the back of the nose, and is more imtating than the throat swab for strep. Both sets 
of swabs would be repeated following completion of the 10 days of antiiiotics, and once more if 
the same symptoms corne back withh 1 month of compIeting treatment, 

We wiii offer you the choice of retuming to your doctor, or coming to the Alberta Children's 
Hospital Clinic for the swabs to be done following treatment We WU provide $5 to pay for your 
parking if you choose to have these folIow up swabs done at the Children's hoapital. Any 
information obtained h m  you or your child wiIl be strictly confidentid and no information wil l  
be released or published that may indicate the identity of you or your child. 

Thank you for considering panicipating in this study. 



no 
pharyngitis 

I 

FLOWDUGRAMOFGABHSSTUDY-FIRSTVISIT 
patient checks in with receptionist 

c/o %ore throaf' 
I 

given patient information sheet to explain study 

1 
pharyngitis, GAS suspected 

discuss study wah parent and child 

i 
agree to parücipate 

not enrolled 
1. sign consent - copies to parent, chart, çtudy 
2. Throat swab done 
3. NP swab done 
4. Penicillin V 50 mg/kg/d i TID given & instructions 
5. Follow-up checklists placed in chart; chart is mark4 
6. Information package given to parent & child 
7. Checklist completed 
8. Entered in log book 
9. WU appointment will be made when patient called with 

positive throat culhire; altematively may make appointment 
with ID clinic; retum 2 -5 days after finishing antibiotics 

10. Fax checkiist to GAS Study Office at 229-7649 OR dl 
Nancy Martin at 229 - 7679 with patient information 

11. Place swabs and study copy of consent in envelope in 
fridge; courier will picks up at 9 am next day to deliver to 

1 
iab faxes / cails wiVi strep OIA 1 culture results 

negative on both : doeçn't continue 
in study; remove mark on chart 

positive: stays in study 



This consent form, a copy of which has been given to you, is only part of 
the process of informed consent. It should give you a basic idea of what the research is 
about and what your participation will involve. If you would like more detail about 
something mentioned here, or information not included here, you should feel free u> ask. 
Please take the tirne to read this carefdly and understand any accompanying information 

Group A Streptococcus (strep) is the germ that causes 'strep throat' in 
children and adults. Strep throat is moa common in North America during the winter 
time, and is usually accompanied by the symptoms of fever, sore b a t ,  and swollen neck 
glands. It Ïs usually treated with a IO-day course of an antibiotic such as penicillin. 
Although the syrnptoms improve in most patients who n i v e  this treatment, the germ 
remains in the throat of between 8% and 38% of aLl chïidren who are treated, Many 
studies have shown that the symptoms of strep throat are most iïkely to retum in person in 
whom the genn is not fully cleared by antibiotics. 

At the present time, we do not know why the germ. Strep, is not cleared 
with antiiiotics in some children. We h o w  that it is not because strep is resistmt to 
penicillui. Many researchers have also tried to look for other bacterial germs in the throat 
that may prevent the penicillin from working properly, but so far, no such gerrn has k e n  
shown to be responsible. However, no one has lwked at the possibility that the presence 
of Wal germs in children with strep throat may make it harder to clear strep from the 
throat. 

We would like to study the relationship between the presence of Wal 
g e m  in the nose and throat and ability to clear strep in children with strep throat We are 
suspicious of a possible link because strep throat is most common in the winter, at the 
same time during which col& (caused by Wal gexms) are moist common. In fact, most 
(up to 75%) cases of sore throat are due to viral germs, and wiU not be affecteci by 
penicillin. Thus, we want to see if the presence of these vinises in children with strep 
throat makes it harder for the children to clear the strep after treatment with penicillih If 
this is tme, it may open other avenues for meamient in the future. Participation in this 
study would not inclde any changes in the treatment of yodyour child's infection.' 
However, in addition to the throat swab that is usuaily done, to see if the cause of the 
throat infection is strep, we will need to take a second swab to Look for vinises. This swab 
has to be taken from the back of the nose, and is more irritation that the b o a t  swab for 
strep. Both sets of swabs would be repeated foliowing completion of the 10 days of 
antibiotics, and one more if the sarne symptoms corne back within 1 month of completing 
treatment, We will offer you the choice of retuming to your doctor, or coming to the 
Alberta Children's Hospital Clinic, for the swabs to be done following treatment. We wiU 
provide $5 to pay for your parking if you choose to have these foLlow-up swabs done at 
the Chïidren's hospital. Any information obtained from you or your child will be smctly 
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confidentid and no information will be released or published that may indicate the 
identity of you or your child. Thau! you for considering participation in thk shidy. 

Your signature on this form indicates that you have mderstood to your 
satisfaction the information regarding your participation in the research project and agree 
(for your child) to participate as a subject. In no way does this waive your legal rights nor 
release the investigators, sponsors, or involved institutions from their legd and 
professional responsibilities. You are free to withdraw (your child) from the shidy at any 
time without jeopardizing hisher health care. Your continued participation shodd be as 
infonned as your initial consent, so you should feel free to ask for clarifcation or new 
information throughout your participation. If you have M e r  questions, please contact: 

Dr. Swan Kuhn or 
Dr. H. Dele Davies 
Dr. Taj Jadavji 
Dr. Deirdre Church 

Phone number 
229-7211, pager 1323 
229-7813 
229-7813 
229-7381 

If you have any questions conceming your rights as a possible participant in this 
research, please contact the office of Medical Bioethics, Facuity of Medicine, The 
Univer4sity of Calgary, at 220-7990. 

Name and signature 

Witness (Name and signature) 

Date 

Date 

Date 

A copy of this consent forrn wili be given to you. Please keep it for your records and 
future reference. The investigator will, as appropriate, explain to your chiid the research 
and his or her involvement, and will seek his or her ongoing cooperation throughout the 
projecî. 



doctor patient # 
code-letter 

1 
visit # 

example: your office is assigneci patient W s  1 to 100 
Johnie is the first patient you enter. 
This is his initial visa (study entry) and your letter code is T. 
Therefore Johnie's swabs are labelled as: 

code: 2 1000-1 

Johnie cornes for a followup in 12 - 15 days (a5 after he finishes abx) 
These swabs are now labelled as: 

code: Z 1 001 -2 

DOCTOR CODES: 

Starr Cardwell (A 1000 - 1099) 
Janice Heard (B 11 00 - 1 199) 
Peter Nieman (C 1 200 - 1299) 
John Wu (D 1300 - 1399) 
ER (E 1400 - 1599) C. Njissen-Jordan, M. Kalny, R. Galbraith, M. O'Byrne, 

N. Cooper, D. Smith, P. Stone, J. Grant, P. Downey 
Heidi Schroter (F 1600 -1 699) 
Theo Govender (G 1700 - 1799) 
David Truscott (H 1800 - 1899) 
Ted Prince (J 1900 - 1999) 
Monique Wright (K 3000 - 3099) 
Elizabeth Shyleyko (L 31 00 - 31 99) 
Margaret Clarke (M 3200 - 3299) 

For those who exceed their alloted one hundred, no problem! Then we asign from 2000 
to 3000 in a simiiar fashion. 



OFFICE CHECK-LIST= m m  VISIT 

PATIENT NAME CODE# 
Date of Birth (yr/mo/d) Male 13 Female U 
Today's Date (yr/mo/d) 
Phone f Horne: 

W o k  Name of Contact: 

. F m  
SYMPTOMS sore thmat O b  

sore giands 00 
fever 6 3  

SIGNS inflarned pharynx 0 O 
phar~ng-1 audate aa 
tender, enlarged lymph nodes O U  
temperature: O oral O tyrnpanic O rectal O axUary Cl 

CONSENI' SIG= - a copy to family, a copy in chart, a copy with swabs O 
yes no 

SWABSDONE time - THROAT O b  
NASOPHARYNGEAL O U  

rlfno, give mwon: 

PENICILLIN 50 mg/kg/d divided TID Given now D 
(max 500 mg TD) W ï  give if GAS +ve 0 

Y'== no 
Would the patient consider anmering further study questions by telephone?: C3 O 

FOILOW-UP (if strep posit"e) WTW. BE AT: This office 
ACEE ID chic 

PATIENT INFORMATION PACKAGE - given to f d y  

ORANGE DOT - placed on ctiart to mark it 00 

FOLLOW-UP CWEKlSTS - left m patient chart 00 

VISIT #l ENTERED IN LOGBOOK 00 

SWABS AND STUDY COPY OF CONSENT - placed in fndge in delivery envelope D l 3  

- P W E  FAX THIS FORM TO THE SI'UDY OFFICE AT 229-7649 THEN KEEP THIS COPY 
IN PATIENT'S CHAR- 



PRESCRIPTION FOR GROUP A STREP STIfDY 

The nurse or physician has taken a swab of your childk throat to detemine if he/she has an 
infectifin caused by a gem or bactehm CalIed ' Streptococcus' whr'ch is treatable with antibiotics. 
office will cal1 you in 2 to 3 days to tell you if the test is positive for Soeptococcus. If you do not 
receive a phone c d  tellriig you the test is positive, pIease destrqv tfie~resctfption~ Sore throats or 
fevers are frequently caused by vriuses which do not respond to antibiotics and we advlSe aganst 
the unnecessary use of anboiotcs which may have unwanteù side effects. 

If the test is positive you should have the attached prescti@tion filled at your phmacy.  73e office 
wrïl d l  fo set up a follow-up appointment for 2 - 5 days am the antibioti'cs are finished. 

lt is very irnpomt to continue the beatment for a aStrep ThroaP for the entike 10 days. 7ïiThis is ta 
prevent very serious mplications of the infection such as heumatic fever which may result in 
hem disease. 73e patient will feel better very quickiy once the rneùicine is starteci and it is quite 
easy fo forget ?O give the medicine. 

TO THE PHARMACIST: DISPENSE WlTH SAFETV LABEL AND SAFETY CLOSURE. 
Must indude the genenc name of the drug, the proprietary name, if necessary, the 
strength and quantity dispensed. S A M  CLOSURE: Required for tablets and capsules, 
unless these are available in prepackaged format which provides a comparable 
safeguard. 

PATIENT NAME: 

ADDRESS : 

AGE: 
patient label or %np 

10 - 14 kg O PENlClUlN V LIQUID: 300 rng/5ml 
90 cc; SIG: 3 ml T1D for 10 days Date 

15 - 19 kg O PENCliiiN V LIQUID : 300 mqi5ml 
150 cc: SIG: 5 ml TID for 10 days 

Physician Signature 
20 - 24 kg O PENICIUIN V LIQUID: 300 rngl5ml 

180 cc: SIG: 6 ml TID for I O  days 
Name in block letters 

25 - 29 kg Q PENlClUlN V LIQUID: 300 rngf5mI 
225 cc; SIG: 7.5 ml TI D for 1 0 days DO NOT REPEAT 

Prescription not gwd after 7 days 
OR 0 PENlClLiIN V 300 mg Tablets #45 

SIG: 1 and 112 tablets (450mg) 
TID for 10 days 

D PENlCllLlN V 250 mg Tablets #60 
SIG: 2 tablets (500mg) TID for 10 days 



STREP INFORMATION SHEET FOR FAMILIES 
Please post on your fridge 

CODE #: 

If youiyour child are prescribed Penicillin for strep throat, please MARK OFF 
THE DOSES IN THE LITTLE DlARY as you/your child takes it. The diary can 
be placed on your frïdge or some othei easy-to-see place. 
If you have any problems with the antibiotic W Y01 IR DOCTOR 
Please KEEP the antibiotic container and this diary when you have finished 
the prescription. If the strep bug is found on the throat swab test, the office will 
cal1 to tell you this. An appointment will be made at this üme to return 2 to 5 
days after finishing the Penicillin. You can write it in below for a handy 
reminder: 

Retum Appointment is on (date): 
at (bine): 

Please bring this QIARY and the ANTIRIOTIC CONTAINEB with you for this 
visit 
We will cal1 you to confini your foliow-up appointment. Those retuming to the 
lnfectious Disease Clinic, held on Friday mornings in the DAT area on the 
main floor of the Alberta Children's Hospital, will be given $5 for parking costs. 
If the same symptoms of sore throat return within a month after this 
second visit, please retum to your doctor OR the lnfectious Disease 
Clinic. 

ANTIBIOTIC DlARY: 

Date started: Da te finished: 

if you have any questions or concerns about the study cal1 our 24hour line 
229 - 7679 or contact Dr. Kuhn 229-721 1 or Dr. Davies 229 - 7813. 

moming 
aftemoon 
evening 

I 

I 



APPENDrx 8 

TEWK YOU LETTER 

We would like to thank you very much for agreeing to participate in this 
study of "strep throat" and viral infections. Research into pediatric health 
problems such as this one would not be possible without the involvement of 
people such as you and your child. 

As you know, not aU children with sore throats will have the "strep" bug in 
their throats. Very often these are due to viruses, such as those causing 
"colds". 

Therefore, you will only be caIled for a follow-up appointment if the "strep" 
but is found on your child's throat swab. Even if the throat swab test is 
negative, however, you have brought valuable information to o w  study 
about phary~gitis in children. 

We would therefore like to express our appreciation of your involvement in 
the study to this point. Enclosed is a copy of the Alberta Children's Hospital 
Pediatric Residents' "Kids Doc". We hope you find it informative and 
helpful ! 

The Community Group A Streptococcus Stwiy Group 
Alberta Children 's Hospital 



OFFICECHECg-LIST= vIsrT#2 
Mmrriatory Foclow-iq fors- Positive Prrarraenrs 

PATIENT NAME: CODE + : 
Today's Date (yrhno/d): 

COLr,eCTED: ANTIBIOTIC DIARY 
ANTIBIOTIC CONTAINER 

qm, give m o n :  

REPEATED: THROAT SWAB 
NASOPHARYNGEAL SWAB 
ame 

SYMPTOMS sore throat 
sore glands 
fever 

SIGNS inflamed pharynx 
ph;irvntFd -date 
tender, eniarged lymph nodes 

WPLEASE FAX TIIIS FORM Tû THE m Y  OFFICE AT229-7649 THEN KEEP THIS COPY 
IN PATIENT'S CHAR- 



Certificate of Appreciation 

For enthusiastic participation 
in the study of strep throat infections 

in children 

The Community Group A Streptococcus Study Group 
Alberta Children's Hospital 

(Attending Doctor's Name) Date 



PATENT NAME: CODE fii : 

Today's date (yr/mo/d): 

SYMPTOMS: 

SIGNS: 

sore thmat 
sore glands 
fever 

THROAT SWAB 
NASOPHARYNGEAL SWAB 
Tune : 

WERE ANTIBIOTICS PRESCRIBED: 
rlfyes, whr'dz one? 

- P M  Co- - #3 - IN LOGBOOK 

Yom A?mus 

**.PL- FAX THIS FORM TO THE STUDY OPmCE AT 229-7&49 THEN KEEP THIS COPY 
IN PATIENT'S CHAR- 



Feb. 14/95 - h e e ~ o ,  10 

As of February 12, 147 patients have been entered into the study. The past two weeks 
saw a slight increase in the number of patients enrolled in Our çtudy as compared to the 
previous two weeks. Seven more cases of Group A Strep were reported, bringing the 
total to 56 positives (22% of desired total nurnber of cases). Two new GAS persisters 
have been identified, bringing our total to 15 persisters. 

A B C D E F G H J  

bacbwc4d.. 

Total Y paienoi enroiid 8 s  of Feb 12/95 

A B C O E F G H J  

DœtmCodir 

The Virology Lab Ri Edmonton reports 
that they are seeing an increasing 
number of viral isolates, particularly 
Influenza A & B and RSV. During this 
past two week period, another two 
patients enrolled in the study were 
reported to have Influenza B. 

There have been an increasing number 
of antibiotic containers sent to the 
Microbiology lab with the specimens 
and consent forms. Space for the 
Group A Strep çtudy is very limited in 
the lab and so we would ask the offices 
to please keep these containers at their 
offices in the white box provided for the 
O.A.S. study. If the box is gening full, 
please contact the study office and 
containers and diaries. 

AISO, we would like to add a quick reminder about follow-up visits. Please remember to 
cal! or fax the study office and let us know when a patient will be coming back for their 
second visit. This is so that the study coordinator can cal1 and rernind the patients to 
bring their antibiotic diaries and containers wiai them to their follow-up appointment. 

As offices are closed on Monday, February 20, courier pick-ups will resume on 
Wednesday, February 22, for the remainder of that week. 

The Community Group A Strep 
Study OHce 



APPENDIX 13 

BOLD = ACH steps 

SWABS DELIVERED TO ACH : 
-11 O0 Tuesàay to Friday; 1600 Friday from pediasicians 
Aroand the clock from ER department 

1 ITALTCS = APVstep~ 
THROAT SWAB 

plated for culture 
OIA 
plug in tube : broth cuitore 

R d t s  faxed 
to each office NP SWAB 

packagecl with gei packs 

GABHS +ve PATIENTS G U S  -ve PAîEiVZS 

Fax Freeze all IVP Swab NPswabs NP swabs Fax 
doctors GABHS plated for mzen at j5vzenat ' doctors 
with r d t  isolates vira2 culture N. Pmv Lab N.Pr0vh.b  w i t h r d t  

l & DFA 

* 
Batch-send (20 -25 isolates) GABHS to National Streptoeoceal Centre (Edmonton) 

Serotyping of GABHS isolates 



IMAGL EVALUATION 
TEST TARGET (QA-3) 
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