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Importance of high IgG anti-Toxoplasma gondii titers 
and PCR detection of T. gondii DNA in peripheral 
blood samples for the diagnosis of AIDS-related 
cerebral toxoplasmosis: a case-control study
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ABSTRACT

Background:κCerebralκtoxoplasmosisκ(CT)κcontinuesκtoκcauseκsigniicantκmorbidityκandκmortalityκ
inκhumanκimmunodeiciencyκvirusκ(HIV)−infectedκpatientsκinκBrazil.κInκclinicalκpractice,κtheκinitialκ
diagnosisκisκusuallyκpresumptiveκandκalternativeκdiagnosisκtoolsκareκnecessary.κOurκobjectiveκwasκtoκ
evaluateκwhetherκtheκdetectionκofκhighκtitersκofκIgGκanti−Toxoplasma gondiiκandκT. gondiiκDNAκinκκ
bloodκ samplesκ areκ associatedκ withκ theκ diagnosisκ ofκ CT.κ Methods:κ Inκ thisκ case−controlκ studyκ weκκ
includedκ192κpatientsκwithκHIV−1κinfection:κ64κpatientsκwithκpresumptiveκCTκ(cases)κandκ128κpa−
tientsκ withκ otherκ diseasesκ (controls).κ Bloodκ samplesκ toκ performκ indirectκ immunoluorescenseκκ
reactionκ (IFI)κ toκ detectκ anti−T. gondiiκ IgGκ antibodiesκ andκ polymeraseκ chainκ reactionκ (PCR)κ wereκ
collectedκbeforeκorκwithinκtheκirstκthreeκdaysκofκanti−Toxoplasmaκtherapy.κTwoκmultivariateκlogis−
ticκregressionκmodelsκwereκperformed:κoneκincludingκtheκvariableκqualitativeκserologyκandκanotherκ
includingκquantitativeκserology.κResults:κInκtheκirstκmodel,κpositiveκIgGκanti−T. gondiiκ(ORκ4.7,κ95%κ
CIκ1.2−18.3;κpκ=κ0.027)κandκaκpositiveκT. gondiiκPCRκresultκ(ORκ132,κ95%κCIκ35−505;κpκ<κ0.001)κwereκ
associatedκwithκtheκdiagnosis.κInκtheκsecondκmodel,κIgGκanti−T. gondiiκtitresκ≥κ1:1024κ(ORκ7.6,κ95%κκ
CIκ 2.3−25.1;κ pκ =κ 0.001)κ andκ aκ positiveκ T. gondiiκ PCRκ resultκ (ORκ 147,κ 95%κ CIκ 35−613;κ pκ <κ 0.001)κ
wereκassociatedκwithκtheκdiagnosis.κConclusions:κQuantitativeκserologyκandκmolecularκdiagnosisκinκ
peripheralκbloodκsamplesκwereκindependentlyκassociatedκwithκtheκdiagnosisκofκCTκinκHIV−infectedκ
patients.κheseκdiagnosticκtoolsκcanκcontributeκtoκaκtimelyκdiagnosisκofκCTκinκsettingsκwhereκToxo-
plasmaκinfectionκisκcommonκinκtheκgeneralκpopulation.κ

Keywords:κ toxoplasmosis;κcerebralκ toxoplasmosis;κpolymeraseκchainκreaction;κdiagnosis;κacquiredκ
immunodeiciencyκsyndrome;κBrazil.

INTRODUCTION

heκintroductionκofκhighlyκactiveκantiretroviralκ

therapyκ (HAART)κ hasκ resultedκ inκ aκ dramaticκ

reductionκ ofκ theκ incidenceκ ofκ acquiredκ immu−

nodeiciencyκsyndromeκ(AIDS)−relatedκcerebralκ

toxoplasmosisκ (CT)κ inκ developedκ countries.1κ

Similarly,κ anκ importantκ decreaseκ inκ caseκ

reportsκ haveκ beenκ observedκ inκ Sãoκ Pauloκ inκ

theκ HAARTκ era.κ Nevertheless,κ CTκ continuesκ

toκ causeκ importantκ mortalityκ andκ morbidityκ

inκourκsettings.2κInκclinicalκpractice,κpresump−

tiveκ diagnosisκ ofκ CTκ isκ basedκ onκ clinicalκ andκ

radiologicalκ featuresκ associatedκ toκ successfulκκ

responseκwithinκ14κdaysκofκspeciicκtreatment.3,4κ

Onκ theκotherκhand,κdeinitiveκdiagnosisκusingκ

biologicalκ toolsκ (intraperitonealκ inoculationκ

toκ laboratoryκ animalsκ orκ inoculationκ toκ cellκ

culturesκ in vitro)κ showedκ lowκ sensitivity5κ andκ

brainκ biopsyκ hasκ complicationsκ andκ elevatedκ

costs.6κhus,κalternativeκapproachesκforκaκtimelyκ

diagnosisκ areκ necessary.κ Inκ recentκ years,κ mo−

lecularκ diagnosisκ ofκ CTκ inκ cerebrospinalκ luidκ

(CSF)κ andκ peripheralκ bloodκ samplesκ hadκ sig−

niicantκ improvement,5κ butκ hasκ notκ producedκ

conclusiveκresults.4κHere,κweκevaluatedκwhetherκ

detectionκofκhighκtitersκofκIgGκanti−Toxoplasma  

gondiiκ andκ T. gondiiκ DNAκ inκ bloodκ samplesκ

couldκbeκusedκtoκdiagnoseκCT.

PATIENTS AND METHODS

AllκpatientsκwereκadmittedκtoκInstituto de Infec-

tologia Emílio Ribas,κaκ referralκ tertiaryκhospitalκ

inκ Sãoκ Paulo,κ Brazil.κ hisκ case−controlκ studyκ

includedκ 192κ patientsκ withκ HIV−1κ infectionκ

documentedκ byκ antibodyκ enzyme−linkedκ im−

munosorbentκ assayκ (ELISA)κ andκ Westernκ Blotκ

tests:κ64κpatientsκwithκpresumptiveκcerebralκtox−

oplasmosisκ(cases)κandκ128κpatientsκwithκotherκEste é um artigo Open Access sob
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diseasesκ (controls).κ Casesκ wereκ deinedκ asκ follows:κ I)κ recentκ

onsetκ ofκ aκ consistentκ focalκ neurologicalκ abnormalityκ withκ

intracranialκ diseaseκ orκ reducedκ levelκ ofκ consciousness;κ II)κ aκ

lesionκhavingκaκmassκefectκevidencedκbyκbrainκ imagingκ(onκ

computedκ tomographyκ orκ magneticκ resonance)κ orκ aκ lesionκ

whoseκ radiographicκ appearanceκ wasκ enhancedκ byκ injectionκ

ofκcontrastκmedium,κandκIII)κsuccessfulκresponseκtoκtheκspe−

ciicκ treatment.κheκcontrolκgroupκconsistedκofκ128κpatientsκ

withκ otherκ diseases.κ Sixty−fourκ presentedκ withκ neurologicalκ

diseases:κ 25κ withκ cryptococcalκ meningoencephalitis,κ 7κ withκ

progressiveκmultifocalκ leukoencephalopathy,κ14κwithκcentralκ

nervousκsystemκ(CNS)κtuberculosis,κ12κwithκHIV−associatedκ

neurocognitiveκdisorders,κandκsixκwithκsyphiliticκmeningitis.κκ

heκ otherκ 64κ patientsκ presentedκ withκ non−neurologicalκ dis−

eases:κ 18κ withκ pulmonaryκ tuberculosis,κ 12κ withκ bacterialκ

pneumonia,κsevenκwithκoralκcandidiasis,κiveκwithκdifuseκlym−

phoma,κandκ22κwithκPneumocystis jiroveciκpneumonia.κBloodκ

samplesκ toκ performκ indirectκ immunoluorescenseκ reactionκ

(IFI)κtoκdetectκanti−T. gondiiκIgGκantibodiesκandκpolymeraseκ

chainκreactionκ(PCR)κwereκcollectedκbeforeκorκwithinκtheκirstκ

threeκ daysκ ofκ anti−Toxoplasmaκ therapy.κ IgGκ T. gondiiκ titersκκ

≥κ1:16κandκ≥κ1:1024κwereκconsideredκpositiveκandκhigh,κ re−

spectively.κheκsamplesκwereκanalyzedκbyκconventionalκPCRκ

targetingκaκ115−base−pairκsequenceκinκaκspeciicκrepetitiveκre−

gionκofκtheκB1κgeneκofκT. gondii.κPCRκandκIFIκmethodologiesκ

wereκreportedκelsewhere.7

Forκstatisticalκanalysis,κtheκoutcomeκvariableκinκtheκpresentκ

studyκwasκtheκdiagnosisκofκCT.κUnivariateκlogisticκregressionκ

analysisκwasκperformedκtoκidentifyκtheκindependentκvariablesκ

thatκwereκassociatedκwithκtheκdiagnosisκofκCT.κheκlistκofκpo−

tentialκvariablesκ includedκage,κgender,κpriorκCT,κ lymphocyteκ

T−CD4+κcellκcount,κuseκofκCTκprophylaxisκatκadmission,κposi−

tiveκIgGκanti−T. gondiiκIFI,κhighκtitersκofκIgGκanti−T. gondiiκIFI,κ

andκaκpositiveκPCRκresultκ forκT. gondiiκDNAκinκbloodκsam−

ples.κOnlyκthoseκvariablesκwithκaκp−valueκ≤κ0.2κwereκincludedκ

inκ theκmultivariateκanalysis.κVariablesκwithκaκp−valueκ≤κ0.05κ

remainedκinκtheκinalκmultivariateκlogisticκregressionκmodel.κ

Correlationsκ betweenκ qualitativeκ serologyκ (IFIκ ≥κ 1:16)κ andκ

quantitativeκserologyκ(≥κ1:1024),κandκbetweenκquantitativeκse−

rologyκ(≥κ1:1024)κandκaκpositiveκT. gondiiκPCRκwereκcalculatedκ

withκtheκnonparametricκcorrelationκSpearman’sκtest.κStatisticalκ

analysisκwasκperformedκusingκSPSSκsotwareκ10.0κ(SPSSκInc.κ

Productκ Registration,κ Chicago,κ USA,κ 1999).κ hisκ studyκ wasκ

approvedκbyκtheκinstitutionalκreviewκboardκofκInstituto de In-

fectologia Emílio Ribas.

RESULTS 

heκserologicalκprevalenceκofκT. gondiiκinfectionκinκtheκpatientsκ

includedκ inκ thisκ studyκ wasκ 68%κ [58/64κ (91%)κ ofκ casesκ andκ

72/128κ(56%)κofκcontrolsκ(pκ<κ0.001)].κWhenκonlyκpatientsκwithκ

aκpositiveκresultκofκIgGκanti−T. gondiiκIFIκweκcompared,κcasesκ

(52/58,κ90%)κpresentedκmoreκ frequentlyκhighκ IgGκ titersκ thanκ

controlsκ(39/72,κ54%)κ(pκ<κ0.001).

Accordingκtoκtheκprimaryκcriteriaκinκunivariateκanalysisκ

(Tableκ 1),κ theκ followingκ variablesκ wereκ associatedκ withκ theκκ

Table 1. Univariate analysis for the identification of independent variables associated with the diagnosis of 

cerebral toxoplasmosis 

Variable Cases (n = 64) Controls (n = 128) OR (95% CI) p

Age (years)  
 Mean ± SD 35.9 ± 9.5 35.8 ± 7.7 1.0 (0.9-1.0) 0.902

Gender 
 Male 37 78 
 Female 27 50 

0.9 (0.5-1.6) 0.677

Previous cerebral toxoplasmosis 
 Yes 11 16 
 No 53 112 

1.5 (0.6-3.4) 0.380

CD4 T-cell count (cells/μL)  
 Mean ± SD 71.4 ± 72.9 61.5 ± 0.6 1.0 (0.9-1.0) 0.284

Use of prophylaxis at admission 
 Yes 3 23 
 No 61 105 

0.2 (0.1-0.8) 0.019

IgG anti-T. gondii 
 ≥ 1:16 58 72 
 < 1:16  6 56 

7.5 (3.0-18.7) < 0.001

IgG anti-T. gondii  
 ≥ 1:1024 52 41 
 < 1:1024 12 87 

9.2 (4.4-19.1) < 0.001

T. gondii PCR in blood 
 Positive 51 3  

 Negative 13 125 
163 (45-597) < 0.001

Vidal,κDiaz,κOliveiraκetκal.
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diagnosisκofκCT:κnoκuseκofκCTκprophylaxisκatκadmission,κIgGκκ

anti−T. gondiiκIFIκ≥κ1:16κorκIgGκanti−T. gondiiκIFIκ≥κ1:1024,κ

andκaκpositiveκT. gondiiκPCRκresult.κNonparametricκcorre−

lationsκbetweenκqualitativeκandκquantitativeκserologyκwereκ

highκ(pκ<κ0.001).κForκthisκreason,κwereκdesignedκtwoκmulti−

variateκlogisticκregressionκmodels:κoneκincludingκtheκvaria−

bleκqualitativeκserologyκandκanotherκincludingκquantitativeκ

serology.κ Inκ theκirstκcase,κonlyκpositiveκT. gondiiκ IFIκ [ORκ

4.7,κ 95%κ CIκ 1.2−18.3;κ pκ =κ 0.027]κ andκ aκ positiveκ T. gondiiκ

PCRκresultκ[ORκ132,κ95%κCIκ35−505;κpκ<κ0.001]κremainedκ

inκ theκ inalκ model.κ Inκ theκ latterκ model,κ onlyκ IgGκ T. gondiiκ

IFIκ ≥κ 1:1024κ [ORκ 7.6,κ 95%κ CIκ 2.3−25.1;κ pκ =κ 0.001]κ andκ aκ

positiveκ T. gondiiκ PCRκ resultκ [ORκ 147,κ 95%κ CIκ 35−613;κκ

pκ <κ 0.001]κ remainedκ inκ theκ finalκ model.κ Inκ addition,κκ

nonparametricκcorrelationsκbetweenκqualitativeκserologyκandκκ

aκ positiveκ T. gondiiκ PCRκ result,κ andκ quantitativeκ serologyκκ

andκaκpositiveκT. gondiiκPCRκresultκwereκhighκ(pκ<κ0.001).κ

DISCUSSION

heκmainκindingκofκourκstudy,κperformedκinκaκsettingκwithκ

highκprevalenceκofκToxoplasmaκinfectionκinκtheκgeneralκpop−

ulation,κ wasκ theκ signiicantκ associationκ betweenκ highκ IgGκ

anti−T. gondiiκtitersκandκPCRκdetectionκofκT. gondiiκDNAκinκ

peripheralκbloodκsamplesκandκtheκdiagnosisκofκCT.

Cerebralκ toxoplasmosisκ isκ theκ mostκ frequentκ CNSκ op−

portunisticκ infectionκ inκ HIV−infectedκ patientsκ inκ Brazil.8,9κκ

Inκ aκ previousκ report,κ weκ observedκ thatκ CTκ accountsκ forκ

10%κ ofκ theκ admissionsκ atκ Instituto de Infectologia Emí-

lio Ribas,κ usuallyκ occurringκ asκ AIDS−deiningκ disease.2κκ

Inκaddition,κsimilarlyκtoκotherκreports,10κCTκcontinueκtoκap−

pearκinκBrazilκamongκpatientsκwithκlateκHIVκdiagnosis,κwithκ

poorκcomplianceκwithκHAART,κorκwithκtreatmentκfailure.κ

Inκ theκ presentκ study,κ weκ identiiedκ thatκ non−complianceκ

withκCTκprophylaxisκatκadmissionκwasκpredictiveκofκCTκinκuni−

variateκanalysis.κheκbeneitκofκprophylaxisκisκwellκdescribedκinκ

theκliterature;κtherefore,κitκisκpossibleκthatκthisκvariableκdidκnotκ

remainκsigniicantκwhenκincludedκinκtheκmultivariateκanalysisκ

dueκ toκ theκ lowκ proportionκ ofκ controlsκ usingκ antibioticκ pro−κ

phylaxisκatκadmission.κClassically,κpositiveκIgGκT. gondiiκserol−

ogyκ hasκ beenκ consideredκ inκ theκ diagnosisκ ofκ CT.11κ Inκ aκ largeκ

study,κRaiκetκal.12κreportedκaκtrendκtowardsκhigherκmedianκIgGκκ

anti−T. gondiiκ titersκ inκpatientsκwithκCTκ(pκ=κ0.08).κHowever,κ

onlyκqualitativeκT. gondiiκserology,κbutκnotκtheκquantitativeκone,κ

wasκassociatedκtoκtheκdiagnosisκofκCT.κInκaccordanceκwithκstud−

iesκthatκshowedκtheκpredictiveκvalueκofκhighκIgGκanti−T. gondiiκκ

titers,13,14κ ourκ resultsκ showedκ anκ independentκ associationκ be−

tweenκ highκ titersκ ofκ IgGκ anti−T. gondiiκ andκ theκ diagnosisκ ofκ

CT.κhisκassociationκcouldκrelectκ theκdirectκefectκofκqualita−

tiveκserology,κasκitκwasκdemonstratedκwithκtheκhighκcorrelationκ

betweenκqualitativeκandκquantitativeκ serologies.κNevertheless,κ

whenκweκanalyzedκonlyκ theκpatientsκwithκaκpositiveκ serology,κ

casesκhadκaκfrequencyκofκelevatedκIgGκtitersκhigherκthanκcon−

trols,κsuggestingκtheκadditionalκvalueκofκquantitativeκserology.

AvailableκstudiesκofκPCRκusingκperipheralκbloodκinκHIV−

relatedκ CTκ andκ usuallyκ performedκ withκ conventionalκ PCRκ

protocolsκandκsmallκnumberκofκsubjects,κreportedκsensitivi−

tiesκrangingκfromκ13%κtoκ88%κwithκspeciicityκ≥κ95%.5,15κRe−

cently,κweκreportedκourκexperienceκwithκconventionalκPCRκ

assayκusingκperipheralκbloodκsamplesκinκpatientsκwithκAIDS−

relatedκ CT,κ showingκ aκ sensitivityκ ofκ 80%κ andκ aκ speciicityκ

ofκ98%.7κheseκveryκdivergentκresultsκcanκbeκdue,κatκleastκinκ

part,κtoκseveralκreasons:κchoiceκofκtargetκDNAκandκprimers,κ

PCRκ techniques,κ conditionsκ andκ timeκ ofκ sampleκ storage,κ

andκcollectionκofκbloodκsamplesκbeforeκorκ inκ theκirstκdaysκ

aterκintroductionκofκspeciicκtreatment.5,15,16κItκwasκreportedκ

thatκ genotypesκ ofκ T. gondiiκ strainsκ isolatedκ fromκ patientsκ

withκ ocularκ toxoplasmosisκ inκ Brazilκ wereκ highlyκ divergentκ

whenκcomparedκtoκtheκpreviouslyκdescribedκclonalκlineagesκ

fromκNorthκAmericaκandκEurope,κsuggestingκmoreκfrequentκ

sexualκ recombinantsκ resultingκ inκmixedκgenotypes.17κ Simi−

larly,κourκgroupκshowedκtheκhighκrateκofκgeneticκexchangeκinκκ

T. gondiiκ strainsκ isolatedκ fromκ HIV−infectedκ patientsκ withκ

CT.18κ Futureκ studiesκ shouldκ evaluateκ theκ relationκ betweenκ

geneticκdiversity,κparasiticκburden,κmolecularκdiagnosisκandκ

clinicalκoutcomesκinκAIDSκpatientsκwithκCT.

Introductionκ ofκ real−timeκ PCRκ andκ automatedκ DNAκ

extractionκ couldκ avoidκ someκ limitationsκ ofκ conventionalκ

PCRκandκperformκaκmoreκaccurateκandκ timelyκdiagnosis.15κ

Aκrecentκreportκofκourκgroupκfoundκhighκsensitivityκofκreal−

timeκquantitativeκPCR,κinκCTκdiagnosis,κusingκtwoκdiferentκ

primerκsetsκ(B1Tg,κwhichκampliiedκaκsequenceκfromκtheκB1κ

geneκandκRETg,κwhichκampliiedκaκPCRκproductκofκtheκ529κ

baseκpairsκsequence).19

Reinforcingκ theκ importanceκofκmolecularκdiagnosisκus−

ingκperipheralκbloodκsamplesκ inκ immunedeicientκpatients,κ

aκstudyκofκpatientsκwithκallogenicκstemκcellκ transplantationκ

suggestedκthatκquantitativeκPCRκassayκmayκguideκpreemptiveκ

therapyκandκavoidκdeathκdueκtoκtoxoplasmosisκinκaboutκ80%κ

ofκpatientsκwhoκdevelopκinfection.20

Internationalκ recommendationsκ ofκ diagnosisκ andκ man−

agementκofκexpansiveκbrainκlesionsκinκHIV−infectedκpatientsκ

considerκ primaryκ CNSκ lymphomaκ (PCNSL)κ asκ theκ secondκ

mostκ frequentκ opportunisticκ diseaseκ inκ developedκ coun−

tries.4,21κ However,κ PCNSLκ isκ uncommonκ inκ mostκ develop−

ingκ countries,κ whereκ focalκ formsκ ofκ CNSκ tuberculosisκ (i.e.κ

tuberculomas)κareκtheκmainκdiferentialκdiagnosisκofκCT.22,23κ

Furthermore,κ theκ clinicalκ andκ radiologicalκ diferentiationκ

betweenκ theseκ opportunisticκ infectionsκ posesκ importantκ

challengesκ inκ resource−limitedκ settings,κ whereκ bothκ infec−

tionsκareκhighlyκprevalentκinκtheκgeneralκpopulationκandκal−

ternativeκandκtimelyκdiagnosisκapproachκareκnecessary.24κ

Inκ accordanceκ withκ aκ previousκ studyκ carriedκ outκ inκ aκ

middle−incomeκcountry,κourκindingsκdemonstrateκthatκPCRκ

isκaκrelativelyκsimpleκandκrapidκprocedureκ thatκcanκbeκper−

formedκinκdevelopingκcountriesκwithκreasonableκlaboratoryκ

infrastructure.25κ heκ resultsκ ofκ theκ presentκ studyκ highlightκ

DiagnosisκofκAIDS−relatedκcerebralκtoxoplasmosis
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theκ importanceκ ofκ consideringκ quantitativeκ serologyκ andκ

molecularκdiagnosisκinκperipheralκbloodκsamplesκinκtheκini−

tialκmanagementκofκHIV−infectedκpresentingκwithκexpansiveκ

brainκ lesions.κ Inκ thisκ line,κaκ recentκalgorithmκincorporatedκ

theseκtools.26κ

Inκ conclusion,κ ourκ resultsκ suggestκ thatκ highκ IgGκ anti−

ToxoplasmaκtitersκandκaκpositiveκPCRκresultκforκofκT. gondiiκ

DNAκinκbloodκsamplesκwereκ signiicantlyκassociatedκwithκ

CTκinκAIDSκpatients.κheseκdiagnosticκtoolsκmustκbeκinter−

pretedκ inκassociationκwithκclinicalκandκradiologicalκ infor−

mation,κandκcanκcontributeκtoκaκtimelyκdiagnosis,κespeciallyκ

inκ Brazilκ andκ inκ otherκ lowκ andκ middle−incomeκ countriesκ

withκhighκprevalenceκratesκofκToxoplasmaκinfectionκinκtheκ

generalκpopulation.κ
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