UNIVERSITY OF
!'{__-"*1

9 CALGARY

8QLYHUVLW\ RI &DOJDU\
35,60 8QLYHUVLW\ RI &DOJDU\ V 'LIJLWDO 5HSRVLWRU\

&XPPLQJ 6FKRRO RI OHGLFLQH &XPPLQJ 6FKRRO RI OHGLFLQH 5HVHDUFK 3X

)DOVH SRVLWLYH PDODULD UDSLG GLDJ
UHWXUQLQJ WUDYHOHU ZLWK W\SKRLG

OHDWKHUDOO %RQQLH 3UHVWRQ .HLWK 3LOODL

%LROHG &HQWUDO

OHDWKHUDOO HW DO )DOVH SRVLWLYH PDODULD UDSLG GLDJQRVWLE W
IHYHU %0& ,QIHFWLRXV 'LVHDVHYV GRL

KWWS KGO KDQGOH QHW

MRXUQDO DUWLFOH

KWWS FUHDWLYHFRPPRQV RUJ OLFHQVHV E\

SWWULEXWLRQ , QWHUQDWLRQDO
'RZQORDGHG IURP 35,60 KWWSV SULVP XFDOJDU\ FD



Meatherallet al. BMClInfectiousDisease2014,14:377

http://www.biomedcentral.com/1471-2334/14/377
p BMC

Infectious Diseases

CASEREPORT Open Access

Falsepositive malariarapid diagnostictest in
returning travelerwith typhoid fever

BonnieMeatherall KeithPrestoA and DylanRPillat*>**

Abstract

Background: Rapiddiagnostictestsplay a pivotalrole in the earlydiagnosisof malariawhere microscopyor
polymerasechainreactionare not immediatelyavailable.

Casepresentation: Wereportthe caseof a 39 yearold travelerto Canadavho presentedwith feverheadache,
and abdominalpain aftervisitingfriendsand relativesn India.Whilein India,the individualwasnot ill and had no
signsor symptomsof malaria. Laboratontestingupon hisreturnto Canadddentifieda falsepositivemalariarapid
diagnostic(BinaxNOWRalariayesultfor P.falciparumwith coincidentSalmonelld@yphibacteraemiavithout
rheumatoidor autoimmunefactors Rapiddiagnostictest falsepositivityfor malariacoincidedwith the presenceor
absenceof Salmonelld@yphiin the blood.

Conclusions:Clinicianshouldbe awarethat Salmonelld@yphiinfectionmay resultin a falsepositivemalariarapid

diagnostictest. Themechanisnof this cross-reactivitis not clear.
Keywords: MalariaFalsepositive Rapiddiagnostictest, Typhoid

Background

Diagnosisof malariarelieson both rapid diagnostictests
and thick and thin film microscopy for confirmation.
RDTs havethe advantagethat no significant expertiseis
required and the test can be performed at the point of
care. Delaysin reading the peripheral smear can mean
that clinicians rely on the RDT for initiation of therapy
and early management.

Casepresentation

A 39yearold who travelledfrom Canadato India for two
weeksdevelopedacute onset of fever upon returning to
CanadaHe wasborn in India and lived there until the age
of 27 at which point he emigratedto CanadaHe returned
to India on an emergentbasisfor a family members fu-
neral. He did not take malariaprophylaxisnor did he take
anti-malarial medicationon this occasionbut had on pre-
vious trips to India wherehe returned to on a yearlybasis
to visit friends and relatives (VFR). He was otherwise
healthyand doesnot take any medicationschronically.He
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deniesany previoustravel-relatedillnessesHe had not re-
ceivedtyphoid vaccinationprior to this trip or in the past.

The patient developedfever, headacheand abdominal
pain 13 daysafter returning to Canada.He presentedto
the emergencydepartmenton day sevenof illness (day 0
of laboratory testing). A rapid diagnostictest (RDT) for
malariawasusedduring his initial diagnosticwork-up for
acute fever in the returning traveler, which was positive
for P. falciparum (Figure 1). The patient receiveda three
day course of oral atovaquone-proquanilMalarone®Jor
presumptiveinfection with malaria starting day 7 of ill-
nessHowever,subsequenthick andthin peripheralblood
smearsand PCRtesting [1] were negativefor malariaon
the day0 specimen.

Blood cultures were drawn on the day of presenta-
tion when Malarone@vasinitiated and were positivefor Sal
monellaTyphi with intermediatesusceptibilityto ciprofloxacin
(E-test), but susceptible to trimethoprim-sulfamethoxazole
(TSX) and ampicillin (Vitek2, Biomerieux) basedon Clinical
Laboratory Standard Institutes testing guidelines[2]. He
was referred to the outpatient adult infectious diseases
clinic for treatment with three daysintravenousCeftriax-
one followed by two weeksof oral TSX with complete
resolution of his symptoms.Follow up blood cultures on
day 4 and 20 were negative.Unfortunately, three weeks
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Figure 1 Photograph of BinaxNOW@nalaria RDTresult from
Day 37 showing a positive band at position T1 corresponding
to P.falciparum infection. Thephotographis contrastenhancedto
ensurethe bandscanbe seenby the reader.

after completing therapy, he developedrecurrenceof fe-
versand his blood cultureswereagainpositivefor S.Typhi
on day 37 without evidencefor gallbladderdiseasebased
on abdominalultrasound.He wasthen successfullyreated
for a relapseof typhoid feverwith two weeksintravenous
Ceftriaxone through a home parenteral therapy program
with a peripherallyinsertedcentral catheter.

His malaria RDT was negativeon day 4 but reverted
positive on two further occasiongday 20, day 37) within
approximately six weeksof the initial positive RDT, all
with negativethick and thin smears(Table 1). On two of
the three occasionsthat false positive RDT results were
obtained, S. Typhi was concomitantly observedin posi-
tive blood cultures. We explored the possibility that the
patient was positive for rheumatoid factor (RF) which
could leadto a falsepositive RDT per the product insert
and previousliterature. RF,aswell as other auto-immune
markers,was negative(Table 2). IgG and IgM to dengue
virus were positive. The BinaxNOW ®malariaRDT is the
only Food and Drug Administration (FDA)-approved
rapid test for malariain North America[3]. The testis an
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Table 1 Results of BinaxXNOW®malaria RDT,peripheral
blood smear, PCR,and blood cultures

Day after BinaxNOW® Peripheralblood Malaria Blood
presentation Malaria (T1) smear PCR cultures
Day0 PO% NEG NEG S.Typhi
Day4 NEG NEG NA NEG
Day20 PO NEG NA NEG
Day37 PO% NEG NA S.Typhi
Day 41 NA NA NA NEG

POS- positiveNEG- negativeNA — test not performed;# T1band only. Each
positive RDTresultis from a different lot number for the BinaxNOW@ssay .

immunochromatographic membrane that uses mono-
clonal antibodiesdirected againstP. falciparum histidine
rich protein 2 (hrp 2, T1 band) and a pan-malarial (non-
falciparum) antigen (aldolase, T2 band) to identify the
presenceother malaria species(Figure 1). In our patient,
the testwaspositiveat the T1 band suggestivef P. falcip
arum infection, however expert microscopy and PCR
(more sensitivetests) failed to confirm this result. The
band at the T1 position was confirmed by densitometry
analysis(Figure 2). Moreover, concomitant S. Typhi was
identified in blood cultures on two of three occasions
when the RDT was positive during the courseof the pa-
tient’s illness. This raisesthe possibility of a falsepositive
rapid test causedby the presenceof interfering substance
relatedto typhoidalinfection sincethe patient had no his-
tory of malariawhile in India or prior antimalarialchemo-
therapy.We do note that standardstrains of Salmonella
(Typhi and non-Typhi) when inoculateddirectly on to the
RDT do not resultin aT1 band,suggestinghat the inter-
fering substanceis in the blood itself rather than derived
from the microorganism (data not shown). According to
the product insert, RF and human anti-mouse antibody
(HAMA) werethe only interfering substanceshat caused
a false positive [4]. We therefore testedour patient for a
full panel of auto-immune antibodies and found none.

Table 2 Auto-immune profile of patient

Test Result
Rheumatoidactor< 10 kU/L (normalrange0-20kU/L) Negative
Anti-nucleaantibody 1:80(Negative)
Rhblood type Positive
Anti-Jo-1 Negative
Anti-RNP Negative
Anti Scl-70 Negative
Anti-Sm Negative
Anti SS-A/R60 Negative
Anti Ro52 Negative
Anti SS-B/La Negative
Anti-Ribo-P Negative
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usingNIHImageJ software(http://rsb.info.nih.gov/ij{p].

Figure 2 Denistometry of the control band (leftmost peak) and T1 band (second peak) showing a signal present compared to the
background for the RDTresult. They-axismeasurepixelintensityversughe distanceon the RDTstrip.Densitometrianalysisvasperformed

The patient was also on no medication at the time of
initial investigationfor malariathat could interfere with
the test. The product insert also confirms that sevenbac-
teria, five protozoa,and sixteenvirusesincluding four sep-
arate denguevirus subtypesdid not interfere with the
test. However, Salmonellaspp a common causeof non-
malaria febrile illness (NFMI), in returning travelerswas
not reported.

Persistenthrp 2 antigen (up to 27% at day 28) after
successfutreatment of malariais well documentedboth
in endemicsettingsand in returning travelers([6,7]. Fur-
thermore, false positives for hrp 2 have been docu-
mented for patients with RF and co-incident parasitic
infections such as schistosomiasisnd toxoplasmosis as
well asviral infections suchashepatitis C virus [8]. Gen-
erally, the RDT has been reported to work effectively
(84.2%sensitiveand 99.8%specific) in a U.S. teaching
hospital when comparedto microscopy [9]. In a study
conductedin Tanzaniawith a related RDT (Paracheck®)
which also relies on hrp 2, the adjusted odds ratio of
obtaining a positive RDT with a negativeperipheralblood
smear examination was 3.82 (2.25-6.50,N =169) in the
presenceof non-Typhi Salmonella bacteraemia,as op-
posedto 1.52 with any invasive bacterial disease[10].
Thesedatasuggesthat co-infection with sub-microscopic
P. falciparum occur with Salmonella spp. bacteraemia
commonly in endemicareaslt is not clearwhether some
of theseare falsepositive RDT resultsdue to an interfer-
ing substanceassociatedwith Salmonella spp. bacter-
aemia.lt hasbeenreported that up to three quarters of
Salmonellabacteraemiapatients have been shown to be
either recently or concurrently infectedwith malaria[11].
However,studiesthat rely on the hrp 2 antigenaloneand
not peripheral smears(thick and thin blood films) and

PCR to determine recent malaria infection may over-
estimate numbers due to false positives.That is to say,
false positivity with malaria RDTs due to persistenthrp 2
antigenemiaafter recentmalariainfection, interfering sub-
stancessuch as RF or another pathogen,or actual co-
infection will over-estimaterates of malaria. Moreover, it
is difficult to teaseout these phenomenain malaria and
typhoid co-endemicsettings.

Conclusions

In our patient, we cannot rule out earlier P. falciparum

infection that clearedwith partial immunity in this indi-

vidual who wasborn in India. However,we do note that

the RDT turned negativeon day 4 when blood cultures
transiently clearedon ceftriaxone.Clinicians who order
blood cultures in addition to malariatestingin returning

travelersto a non-endemicsettingwho presentwith fever,
should be awareof possiblefalsepositive reactionsin pa-

tients with Salmonellosis(typhoidal and non-typhoidal).
It is not clear whether the Salmonellaretains an anti-

gen that mimics hrp2 or whether antibodiesfrom the

septic patient createfalse positive reactionsthrough anti-

idiotypic antibody reactions.Interestingly,the patient also
had positivelgG and IgM to denguevirus during this epi-

sode, suggestingthe individual was mounting a broad
antibody responseto several pathogens, possibly non-

specificin nature as he had no classicdengue-likesymp-
toms and PCRtesting for denguevirus was negative.Of

note, when the RDT is performed, whole blood (EDTA

tube) is usedcontainingthe plasmawhereinterfering anti-

bodies reside. We conducted a retrospectiveanalysisof

the all RDT (n=4514) performed on malaria suspected
patientsfrom 2008- 2012in our laboratoryand found no

other false positive T1 bands co-incident with S. Typhi
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bacteriemia. Therefore, the phenomenon observedwith

this patient appearso be arare event.The possibility of a
faulty BinaxNOW®Iot was ruled out since each of the

three positive results was from different lot numbers
(057580,061868,and 061318).This casereinforces the

importance of expert microscopyand/or PCRin the con-

firmation of presumptiveresultswith the RDT. It hasbeen
demonstratedpreviouslythat expert microscopyand PCR
have superior analytical sensitivity to RDTs using latent
classand receiveroperating curve analysig[12]. A limita-

tion of our studywasthat PCRwasnot performed onsub-
sequentspecimensrom the samepatient per our current

testingalgorithm in order to savecosts.However,the like-

lihood of a positive PCRresult on subsequentspecimens
is unlikely becausethe excellent sensitivity of our PCR
assay[l]. We recommend that diagnosticiansbe aware
that Salmonella bacteraemiamay causea false positive
reactionin VFR and returning travelerswho presentwith

febrile illness of unknown etiology, and in surveillance
studiesconductedin endemicregions.False-positivegan

leadto unnecessaryadministration of potentially harmful

drugs to the patient and misdiagnosisin surveillanceof

malariaif usedasthe solediagnosticmodality.

Consent

Written informed consentwasobtainedfrom the patient
for publication of this Casereport. A copy of the written
consent is available for review by the Editor of this
journal.

Competing interests
Theauthorsdeclarethat they haveno competinginterests.

Authors’ contributions

BMassessednd managedthe careof the patient. DPand KPwere
responsibldor overseeinghe diagnostictesting.BothBMand DP
contributedto the writing of the manuscriptAll authorsreadand approved
the finalmanuscript.

Acknowledgments
Wethankthe experttechnicalassistancef the Parasitologgectionat
CalgaryLaboratoryServices.

Author details

1Departmentof Medicine Universityof CalgaryCalgaryAB,Canada®Calgary
LaboratoryServicesCalgaryAB,Canada’Departmentof Pathologyand
LaboratoryMedicine Universityof CalgaryCalgaryAB,Canada’The
Universityof CalgaryDiagnostic& ScientificCentre Room1 W-4169-3535
ResearciRoadNW,CalgaryABT2L2 K8,Canada.

Receivedi14 February2014 Accepted:26 June 2014
Published:9 July 2014

References

1. Khairnar KlartinD,LauR Ralevsk,PillaiDR Multiplex real-time quantitative
PCRmicroscopyand rapid diagnostidgmmuno-chromatographictestsfor
the detection of Plasmodiumspp: performance limit of detection analysis
and quality assuranceMalarJ20098284.

2. m100-S2Performanc8tandardor AntimicrobiaBusceptibiliffesting.
WaynePA:ClinicalLaboratoryStandardgnstitute;2013.

3. FirstQuick Testfor Malaria.http://www.fda.gov/ForConsumers/
ConsumerUpdates/ucm049300.htm.

10.

11.

12.

Page4 of 4

BinaxNOW®alaria.http://www.alere.com/us/en/product-details/
binaxnow-malaria.htmhccessedn May22,2014.
SchneidelCA,RasbandVsS EliceirKW:NIHImageto ImageJ:25 yearsof
image analysisNatMethod2012 9:671-675.

HumarA, Ohrt C,HarringtonMA, PillaiD, KainKC ParasightF test
comparedwith the polymerasechain reaction and microscopyfor the
diagnosisof Plasmodiumfalciparummalariain travelers.AmJTropMed
Hyg1997 56:4448.

IgbalJ,SiddiqueA, JameeM, HiraPR Persistenthistidine-rich protein 2,
parasitelactate dehydrogenase and panmalarialantigen reactivity after
clearanceof Plasmodiumfalciparummonoinfection. J ClinMicrobioR004,
42:42374241.

Igbal J, SherA, RabA: Plasmodiumfalciparum histidine-rich protein
2-basedimmunocapture diagnostic assayfor malaria: cross-reactivity
with rheumatoid factors. J Clin Microbiol2000,38:1184-1186.
DimaioMA,PereirdT,GeorgeTIl,BanaeN: Performanceof BinaxNOWfor
diagnosisof malariain a U.S hospital.J ClinMicrobioR012 50:287+#2880.
Mtove G,HendrikseriC,AmosB,MremaH, MandiaV,ManjurancA, Muro F,
SykesA, HildenwallH, Whitty CIMReyburrH: Treatmentguided by rapid
diagnostictestsfor malariain Tanzanianchildren: safetyand alternative
bacterialdiagnosesMalarJ 2011,10:290.
BrentAJ,OundoJO,Mwangil, OcholaL, Lowe B,BerkleyJA:Salmonella
bacteraemiain Kenyanchildren. PediatinfectDisJ 2006,25:236-236.
SchachterlSEMtove G,Levens]P Clemen<£G Shil, RajA, MunozB,
RelleME WestS,DumlerJS SullivarD: PRETProject Team:Prevalence
and density-relatedconcordanceof three diagnostictests for malariain
aregion of Tanzaniawith hypoendemic malaria.J ClinMicrobioR011,
49:38853891.

doi:10.1186/1471-2334-14-377
Cite this article as: Meatheralkt al: Falsepositive malariarapid
diagnostictest in returning travelerwith typhoid fever.BMCInfectious

Disease®01414:377.
(" M
Submit your next manuscript to BioMed Central
and take full advantage of:
€ Convenient online submission
€ Thorough peer review
€ No space constraints or color “gure charges
€ Immediate publication on acceptance
€ Inclusion in PubMed, CAS, Scopus and Google Scholar
€ Research which is freely available for redistribution
Submit your manuscript at -
www.biomedcentral.com/submit () BiolVied Central
\ J




	Abstract
	Background

	Background

