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Validation and utilization of PCR for differential 
diagnosis and prevalence determination of Entamoeba 
histolytica/Entamoeba dispar in Salvador City, Brazil
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ABSTRACT

AmoebiasisλisλanλinfectionλcausedλbyλEntamoeba histolyticaλandλisλaλpotentialλhealthλriskλinλcountriesλ
inλwhichλhealthλbarriersλareλinappropriate.λSinceλtheλdiscoveryλofλEntamoeba dispar,λtheλprevalenceλ
ofλamoebiasisλhasλbeenλmodiied.λObjective:λhisλstudyλhasλstandardizedλtheλPCRλtechniqueλappliedλ
forλtheλdiagnosisλofλdiferentλspeciesλofλ theλE. histolytica/E. dispar complexλandλhasλevaluatedλtheλ
prevalenceλofλinfectionλamongλpatientsλattendingλprivateλandλpublicλclinicalλlaboratoriesλinλSalvaj
dorλCity,λBahiaλState,λBrazil.λResults:λAnalysisλofλ52,704λstoolλsamplesλbyλmicroscopicλexaminationλ
demonstratedλthatλ1,788λ(3.4%)λwereλpositiveλforλtheλE. histolytica/E. dispar complexλandλinfectionλ
occurredλmoreλotenλinλsamplesλoriginatedλfromλpublicλclinicalλlaboratoriesλ(5.0%)λthanλthoseλthatλ
cameλfromλprivateλlaboratoriesλ(3.2%).λPCRλperformedλinλapproximatelyλ15%λ(262)λE. histolytica/ 
E. dispar complexλpositiveλsamples,λrandomlyλchosen,λampliiedλ227λsamplesλ(86.6%),λallλofλthemλ
positiveλfor E. dispar.λheλnonjampliiedλ35λsamplesλ(13.4%)λwereλalsoλnegativeλforλE. histolyticajspej
ciicλgalactoseλadhesin.λMoreover,λtoλexcludeλaλprobableλinfectionλcausedλbyλE. hartmanni,λmorphoj
metricλanalysisλdemonstratedλthatλnonjampliiedλsamplesλhadλcystλsizesλcomparableλtoλE. histolytica/ 
E. dispar (>10λµm).λConclusion:λheλabsenceλofλampliicationλofλtheseλsamplesλindicatesλtheλpresenceλ
ofλPCRλinhibitorsλinλtheλstoolλsamplesλorλtheλpresenceλofλDNAλfromλEntamoebaλspeciesλotherλthanλλ
E. dispar,λE. histolyticaλorλE. hartmanni.

Keywords:λamebiasis;λEntamoeba histolytica;λdiagnosis;λprevalence.

[Braz J Infect Dis 2011;15(2):119-125]©ElsevierλEditoraλLtda.

INTRODUCTION

Parasiticλinfectionsλareλendemicλandλrepresentλ

aλ majorλ publicλ healthλ problemλ inλ developingλ

countries.1j6λ Inλ particular,λ Entamoeba histo-

lytica,λ theλ etiologicλ agentλ ofλ amoebicλ colitisλ

andλliverλabscess,λcausesλhumanλinfectionsλonλ

aλ globalλ scale,λ resultingλ inλ signiicantλ humanλ

suferingλandλdeath.λApproximatelyλ50λmillionλ

peopleλhaveλthisλ invasiveλdiseaseλannually,λrej

sultingλinλ100,000λdeathsλperλyearλandλmakingλ

thisλ theλ secondλ mostλ commonλ causeλ ofλ paraj

siticλdeathλinλhumans.7λheλhighλprevalenceλofλ

infectionλisλdueλtoλfecalλcontaminationλofλfoodλ

andλwaterλsupply;λthus,λtheλdiseaseλisλpredomij

nantlyλseenλinλdevelopingλcountries.8

E. histolyticaλ cystsλ measureλ 10j15λ µmλ inλ

diameter,λ possessλ aλ rigidλ cystλ wallλ andλ canλ

containλ upλ toλ fourλ nuclei.λ heyλ areλ morphoj

logicallyλ indistinguishableλ fromλ cystsλ ofλ theλ

commensalλEntamoeba disparλandλshareλcharj

acteristicsλwithλcystsλofλEntamoeba hartmanni,λ

whichλareλsmallerλthanλ10λµmλinλdiameter.λOpj

ticalλmicroscopyλisλaλdesirableλtoolλ forλtheλdij

agnosisλofλ amoebiasis:9λ itλ isλ simpleλandλcheapλ

toλ executeλ andλ doesλ notλ requireλ sophisticatedλ

technology.λHowever,λmicroscopyλisλunableλtoλ

diferentiateλbetweenλspeciesλbelongingλ toλ theλ

E. histolytica/E. dispar complex.λMoreover,λinj

termittentλreleasingλofλcystsλdecreasesλtheλsenj

sitivityλofλthisλmethod.λherefore,λtheλpositivityλ

rateλ isλ enhancedλ byλ theλ useλ ofλ concentrationλ

procedures,λoneλofλwhichλisλformalinjetherλsedj

imentation.10λ Concentratedλ andλ puriiedλ cystsλ

ofλE. histolytica/E. disparλcanλimproveλdiagnosj

ticλsensitivityλtoλdiferentiateλE. histolyticaλfromλ

E. disparλbyλpolymeraseλchainλreactionλ(PCR),λ

especiallyλinλfecesλthatλcontainλlowλnumbersλofλ

cysts.λ heλ coproantigenλ ELISAλ techniqueλ hasλ

beenλ suggestedλ forλ useλ inλ routineλ diagnosticλ

proceduresλandλepidemiologicalλstudies.λHowj

ever,λPCRλisλusedλforλinalλconirmatoryλidentij

icationλofλintestinalλamoebiasis.11j14
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heλ prevalenceλ ofλ theλ E. histolytica/E. disparλ complexλ

difersλ amongλ theλ iveλ regionsλ ofλ Brazilλ withλ 2.5j11%λ inλ

theλSouthλandλSoutheast,λ19%λinλ theλNorthλandλtheλAmaj

zonλ regionλ andλ approximatelyλ 10%λ inλ theλ Northeastλ andλ

Midwest.4,15λhisλvariationλ inλprevalenceλ isλassociatedλwithλ

regionalλdiferencesλinλsanitationλandλsociojeconomicλconj

ditions,λ mainlyλ relatedλ toλ housing,λ sewageλ facilities,λ waterλ

quality,λandλotherλasλyetλunknownλfactors.16

Givenλtheλmedicalλimportanceλofλdiferentiatingλspeciesλ

thatλbelongλ toλ theλE. histolytica/E. disparλ complexλandλ theλ

factλthatλtheλprevalenceλofλeachλspeciesλisλunknownλinλSalvaj

dorλCity,λtheλpurposeλofλthisλstudyλwasλtoλperformλaλsurveyλ

toλdetermineλ theλprevalenceλofλE. histolyticaλ andλE. disparλ

usingλaλnestedλandλmultiplexλPCRλtechniqueλwithλgenomicλ

DNAλ extractedλ fromλ stoolλ specimensλ ofλ individualsλ resij

dentsλinλSalvadorλCity.λ

MATERIALS AND METHODS

Sample details

Aλ totalλ ofλ 52,704λ stoolλ samplesλ wereλ collectedλ fromλ paj

tientsλ attendingλ Datalabλ andλ NKBjBahiaλ groupsλ (privateλ

clinicalλlaboratories,λnλ=λ47,080)λandλtheλClinicalλLaboraj

toryλofλPharmacyλFacultyλandλUniversityλHospital,λUniver-

sidade Federal da Bahia (publicλ clinicalλ laboratories,λ nλ =λ

5,624),λfromλFebruaryλtoλAugustλ2006.λAλsingleλfreshλstoolλ

specimenλwasλcollectedλ fromλeachλpatient,λ andλdiagnosisλ

ofλ theλ E. histolytica/E. disparλ complexλ wasλ performedλ byλ

theλspontaneousλsedimentationλtechnique.17λDaily,λaroundλ

8j15λsamplesλwereλpositiveλforλE. histolytica/E. disparλcomj

plex.λFromλthese,λ262λsamplesλwereλrandomlyλselectedλforλ

cystsλconcentrationλandλextractionλofλgenomicλDNA.λApj

proximatelyλ800λmgλofλeachλpositiveλsampleλwasλpreservedλ

withoutλixativeλandλstoredλatλj20°λCλforλimmunologicλdij

agnosis.λ

hisλstudyλwasλcarriedλoutλinλSalvadorλCityλ(BahiaλState,λ

NortheastλBrazil),λwhichλhasλaλpopulationλofλ2,892,625λinj

habitants,18λandλwasλapprovedλbyλCommitteeλofλEthicsλinλRej

searchλofλtheλGonçaloλMonizλInstituteλnumberλ100/2006.λInj

formedλconsentλforλparticipationλwasλobtainedλfromλpatientsλ

(orλlegalλguardiansλinλtheλcaseλofλminors)λduringλcollectionλ

ofλ clinicalλ specimens.λ Aλ formλ forλ personalλ (age,λ sex)λ andλ

epidemiologicλdataλ(e.g.,λrace,λsignsλandλsymptoms,λdrugs)λλ

wasλ completedλ forλ allλ patientsλ positiveλ forλ E. histolytica/ 

E. disparλcomplex.

heλsampleλwasλestimatedλforλdiferentλscenariosλbasedλ

onλ theλ followingλ parameters:λ errorλ αλ =λ 0.05λ andλ powerλ ofλ

testλ(1–β)λ=λ0.90,λminimumλdetectableλoddsλratioλ(OR)λ=λ2.0λ

andλfrequencyλofλexposureλ3.2%,λaccordingλtoλSantosλet al.19

Cyst concentration and morphometric analysis

Toλconcentrateλtheλcystsλofλtheseλparasites,λ25 E. histolytica/ 

E. disparjpositiveλsamplesλwereλusedλtoλtestλtheλeiciencyλofλ

spontaneousλ sedimentation,λ formalinjetherλ andλ lotationλ

byλ zincλ sulfateλ orλ sucrose.20λ heλ cystsλ wereλ concentratedλ

fromλ5λgλofλ freshλ stoolsλ asλdescribedλbyλTrollλet al.21λApj

proximatelyλ25λµLλofλtheλconcentratedλsampleλandλ50λµLλofλ

iodineλwereλmixed,λspottedλonλglassλslidesλandλcoveredλbyλ

aλcoverslipλ(24λxλ24λmm).λheλslidesλwereλanalyzedλbyλ40λxλ

magniication,λandλtheλaverageλofλcystsλwasλquantiiedλinλ20λ

microscopicλields.

Morphometricλ analysisλ ofλ cystsλ wasλ performedλ usj

ingλ reticuleλ calibrationλ inλ aλ millimeterλ scaleλ (mm).λ Eachλλ

0.01λmmλcorrespondedλtoλ10λµmλinλcystλsize.λ

Extraction of genomic DNA

Cystsλ puriiedλ fromλ 5λ gλ ofλ freshλ stoolsλ byλ theλ formalinj

etherλ techniqueλ wereλ usedλ forλ DNAλ extraction.λ Aλ 50λ µLλ

pelletλwasλwashedλfourλtimesλwithλdistilledλwaterλatλ2,000λ

x gλforλ30sλinλanλEppendorfλmicrofuge.λheλpelletλwasλrej

suspendedλ inλ aλ smallλ volumeλ (50λ jλ 100λ µL)λ ofλ aλ solutionλ

containingλ100λmMλTris,λpHλ8.0,λandλ2.5λmMλEDTA.λheλ

tubesλwereλimmersedλinλaλmixtureλofλdryλiceλandλethanolλ

forλ4λminλandλincubatedλatλ50°Cλforλ3λmin.λhisλprocessλwasλ

repeatedλsixλtimesλtoλruptureλtheλcysts.λheλsamplesλwereλ

thenλ sonicatedλ threeλ timesλ byλ beingλ immersedλ inλ pickedλ

iceλinλanλultrasonicλcleanerλ(modelλ250,λBransonλSoniier,λ

USA)λforλ30sλatλanλamplitudeλofλ35λwithoutλpulses.λhen,λ

200λµLλofλbuferλcontainingλ100λmMλTrisλ(pHλ8.0),λ1%λsoj

diumλ dodecylλ sulfate,λ 25λ mMλ EDTAλ andλ 200λ µgλ ofλ proj

teinaseλ Kλ (Boehringer,λ Mannheim,λ Germany)λ wasλ addedλ

toλeachλtube,λmixed,λincubatedλatλ50°Cλforλ24h,λboiledλforλ

10λminλandλcentrifugedλatλ12,000λxλgλforλ5λmin.λheλDNAλ

inλ theλ supernatantλ wasλ precipitatedλ withλ 360λ µLλ icejcoldλ

isopropanol,λ resuspendedλwithλ20λµLλofλ10λmMλTrisλ andλλ

1λmMλEDTAλandλfrozenλforλanalysisλbyλPCR.

Multiplex PCR

NestedλandλmultiplexλPCRλwasλcarriedλoutλaccordingλ toλ

theλ protocolλ describedλ byλ Evangelopoulos et al.,12λ withλ

someλ modifications.λ Aλ setλ ofλ oligonucleotideλ primersλ

basedλ onλ smallλ subunitλ rDNAλ (SSUjrDNA)λ sequencesλ

ofλ E. histolytica andλ E. disparλ wereλ prepared.λ Theλ outerλ

primerλ set,λ E1λ (5’jTGCλ TGTλ GATλ TAAλ AACλ GCTj3’)λ

andλE2λ(5’jTTAλACTλATTλTCAλATCλTCGλGj3’),λwhichλ

specifiesλaλ1,076jbpλfragment,λisλcommonλtoλandλspecifij

callyλdesignedλforλbothλspecies.λTheλinnerλprimerλpairλforλ

pathogenicλ sequences,λ EhjLλ (5’jACAλ TTTλ TGAλ AGAλ

CTTλTATλGTAλAGTλAj3’)λandλEhjRλ(5’jCAGλATCλTAGλ

AAAλCAAλTGCλTTCλTCTj3’),λbracketsλaλ427jbpλregion,λ

whereasλ theλ innerλ primerλ pairλ EdjLλ (5’jGTTλ AGTλ TATλ

CTAλATTλTCGλATTλAGAλAj3’)λandλEdjRλ(5’jACAλCCAλ

CTTλACTλATAλCCTλACCj3’)λisλspecificλforλE. dispar,λrej

sultingλinλaλ195jbpλfragment.

Amplificationλ wasλ performedλ inλ aλ totalλ volumeλ ofλλ

50λ µLλ containingλ 0.5λ µMλ ofλ eachλ primer,λ 5λ µLλλ

StandardizationλofλdiagnosisλforλE. histolyticaλandλE. dispar
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Table 1. Comparison of four techniques for concentration of amoeba cysts

Cysts Methodology Mean number of cysts in 40X p*

  (Microscopic field) 

E. histolytica/E. dispar complex Spontaneous sedimentation 1.72 0.02 

 Formalin-ether 5.88 - 

 Flotation by sulfate zinc 0.72 < 0.001 

 Flotation by sucrose 0.64 < 0.001

E. coli Spontaneous sedimentation 5.71 0.008 

 Formalin-ether 44.18 - 

 Flotation by sulfate zinc 13.59 0.021 

 Flotation by sucrose 9.82 0.01

The cysts were concentrated from 5 g of fresh stools with a positive diagnosis for E. histolytica/E. dispar or E. coli. The analysis 

of statistical significance between differences in numbers of cysts concentrated by formalin-ether or other methodologies was 

performed using the Wilcoxon Test. 

10Xλ PCRλ buferλ (200λ mMλ TrisjHCl,λ pHλ 8.4,λ 500λ mMλ

KCl),λ 0.2λ mMλ ofλ eachλ dNTP,λ 1.5λ mMλ MgCl2,λ 0.75Uλ Taqλ

DNAλ polymeraseλ (Gibcoλ BRL,λ Rockville,λ MD)λ andλ 3λ µLλ

ofλ DNAλ sample.λ Anλ initialλ DNAλ ampliicationλ wasλ perj

formedλ usingλ theλ E1,λ E2λ primerλ setλ inλ aλ GenAmpλ PCRλ

systemλ 2400λ (ABλ Appliedλ Biosystems)λ thermalλ cycler.λ

heλ irstλ cycleλ ofλ 5λ minλ atλ 94°Cλ wasλ followedλ byλ 45λ cyj

clesλ ofλ denaturationλ forλ 1λ minλ atλ 94°C.λ Primersλ wereλ anj

nealedλ forλ 1.5λ minλ atλ 47°λ Cλ andλ elongatedλ forλ 2.5λ minλ atλ

72°C.λ Asλ positiveλ controls,λ 5λ µLλ ofλ DNAλ fromλ culturedλλ

E. histolyticaλstrainλHMj1:IMSS,λgrewλinλTYIjSj33λmediumλ

axenically,λandλ5λµLλofλDNAλfromλculturedλE. disparλstrainλ

MCR,λgrewλinλPavlovaλmediumλpolyxenicallyλ(kindlyλproj

videdλ byλ Dr.λ Mariaλ Aparecidaλ Gomes,λ Amoebiasisλ Laboj

ratory,λUniversidade Federal de Minas Gerais,λBrazil)λwereλ

used.λForλsubsequentλampliications,λ5λµLλofλDNAλfromλtheλ

irstλreactionλandλprimerλsetsλEhjL,λEhjRλandλEdjL,λEdjRλ

wereλusedλunderλtheλconditionsλdescribedλabove,λexceptλthatλ

theλannealingλtemperatureλwasλ58°C.λheλanalysisλofλPCRλ

productsλ wasλ performedλ usingλ gelλ electrophoresis.λ DNAλ

fragmentsλwereλseparatedλonλaλ1.5%λ(w/v)λagaroseλgelλ(Invj

itrogenλLifeλTechnologies,λUSA)λcontainingλ0.5λµgλethidiumλ

bromide/mL.λGelsλwereλphotographedλunderλultravioletλilj

luminationλ(SigmaλChem.λCo.,λUSA,λmodelλT1201).

Immunoenzymatic assay

heλ presenceλ ofλ E. histolyticajspeciicλ galactoseλ adhesinλ

wasλdeterminedλinλ35λstoolλsamples,λwithoutλpreservatives,λ

thatλwereλnegativeλbyλPCRλandλ60λrandomlyλselectedλstoolλ

samplesλthatλwereλpositiveλfor E. dispar.λheλELISAλtestλwasλ

performedλ accordingλ toλ theλ manufacturer’sλ instructionsλ

(TechLabλE. histolyticaλIIλELISA,λUSA).λ

Statistical analysis

heλstatisticsλtestsλusedλinλthisλstudyλwereλperformedλusingλ

theλSPSSλprogramλ15.0λforλWindows.λheλWilcoxonλtestλwasλ

usedλtoλevaluateλtheλstatisticalλsigniicanceλbetweenλanalyzedλ

variables;λ aλ twojtailλ pjvalueλ lessλ thanλ 0.05λ wasλ consideredλ

signiicant.

RESULTS

Cyst concentration

heλ efectsλ ofλ spontaneousλ sedimentation,λ formalinjetherλ

andλlotationλbyλsulfateλzincλorλsucroseλonλtheλconcentrationλ

ofλcystsλofλ theλE. histolytica/E. disparλ complexλwereλevaluj

ated.λheλformalinjetherλtechniqueλyieldedλmoreλcystsλthanλ

anyλotherλmethodλanalyzedλwithλaλmeanλofλ5.88λcystsλunj

derλ40λxλmagniication,λvaryingλfromλ0.1λtoλ8λcystsλ(Tableλ1).λ

heλmeanλnumberλofλE. histolytica/E. disparλcomplexλcystsλ

byλ formalinjetherλ wasλ 3.42λ (pλ =λ 0.02),λ 8.17λ (pλ <λ 0.001)λ

andλ 9.19λ (pλ <λ 0.001)λ timesλ moreλ thanλ thatλ ofλ theλ spontaj

neousλ sedimentation,λ zincλ sulfateλ andλ sucroseλ lotationλ

procedures,λrespectively.λLikewise,λtheλformalinjetherλtechj

niqueλconcentratedλ7.73λ (pλ=λ0.008),λ3.25λ (pλ=λ0.021)λandλλ

4.5λ(pλ=λ0.01)λtimesλmoreλcystsλofλEntamoeba coliλthanλtheλλ

aboveλ mentionedλ techniques.λ Statisticallyλ signiicantλ difj

ferencesλ betweenλ otherλ concentrationλ methodsλ wereλ notλ

λobservedλ(pλ>λ0.05).

Ampliication of DNA extracted from stool samples

heλstandardizationλofλnestedλandλmultiplexλPCRλwasλperj

formedλusingλDNAλfromλculturedλtrophozoitesλofλE. histol-

yticaλstrainλHMj1λandλE. dispar strainλMCR.λheλdetectionλ

limitλwasλdeterminedλbyλtheλadditionλofλ100λµLλofλstoolsλfreeλ

Santos,λGonçalves,λSoares

Braz J Infect Dis 2011; 15(2):119-125
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Figure 1. Limit detection of Multiplex-PCR in detection of 

DNA from E. dispar. Amplified PCR products using Eh-R/

Eh-L and Ed-L/Ed-R primers and a 1.5% electrophoresis gel 

stained by ethidium bromide. M, molecular weight lad-

der (100-bp ladder); Lane 1, negative control (presence of 

primer dimer); Lane 2, positive control (PCR products from  

12 ng/mL DNA from E. histolytica – 427 bp); Lane 3, posi-

tive control (PCR products from 18 ng/mL DNA from  

E. dispar – 195 bp); Lane 4, PCR products from 9 ng/mL DNA  

from E. dispar; Lane 5, PCR products from 4.5 ng/mL  

DNA from E. dispar; Lane 6, PCR products from 2.25 ng/mL  DNA  

from E. dispar ; Lane 7, PCR products from 1.12 ng/mL DNA from 

E. dispar.

Figure 2. Evaluation of inter-testing reproducibility. Am-

plified products in a 1.5% electrophoresis gel stained by 

ethidium bromide. PM, molecular weight ladder (100-bp 

ladder); Lane 1, negative control; Lane 2, positive control (DNA 

of E. histolytica – 427 bp); Lane 3, positive control  

(DNA of E. dispar – 195 bp); Lanes 4 to 9, clinical sample 

positive for E. dispar amplified monthly during a period  

of six months; Lane 10, clinical sample negative for the  

E. histolytica/E. dispar complex (presence of primer dimer).

Figure 3. Evaluation of intra-testing reproducibility. Ampli-

fied products in a 1.5% electrophoresis gel stained by ethid-

ium bromide. M, molecular weight ladder (100-bp ladder); 

Lane 1, negative control (presence of primer dimer); Lane 2,  

positive control (DNA of E. histolytica – 427 bp); Lane 3, posi-

tive control (DNA of E. dispar – 195 bp); Lanes 4 and 5, clinical 

samples spiked with 3.0 ng/mL of DNA from the HM-1 strain 

of E. histolytica; Lanes 6 and 7, clinical samples positive for  

E. dispar; Lane 8, clinical sample negative for the E. histolytica/E. 

dispar complex.

Table 2. Prevalence of E. histolytica/E. dispar in 

laboratories from Salvador-BA

                                    Samples

Laboratories Total (n) Positives (%)

Not public 47,080 1,507 (3.2%)

Datalab 25,996 984 (3.8%)

Dirceu Ferreira 18,501 473 (2.6%)

Qualitech 2,583 50 (1.9%)

Public 5,624 281 (5.0%)

HUPES1 2,078 86 (4.1%)

Pharmacy School (UFBA)2 3,546 195 (5.5%)

Not public + public 52,704 1,788 (3.4%)

1Professor Edgard Santos University Hospital. 
2Universidade Federal da Bahia.PM 1 2 3 4 5 6 7 8 9 10

600 pb

300 pb 
200 pb 
100 pb

M 1 2 3 4 5 6 7 

400 pb

300 pb

200 pb

100 pb

400 pb
300 pb

200 pb

100 pb      4 5 

M 1 2 3   6 7 

ofλ parasitesλ toλ eitherλ diferentλ concentrationsλ ofλ E. histol-

yticaλDNAλ(12λng/mL,λ6λng/mL,λ3λng/mL,λ1.5λng/mLλandλλ

0.75λng/mL;λdataλnotλshown)λorλdiferentλconcentrationsλofλ

E. dispar DNAλ(18λng/mL,λ9λng/mL,λ4.5λng/mL,λ2.25λng/mLλ

andλ 1.12λ ng/mL;λ Figureλ 1).λ Multiplexλ PCRλ wasλ capableλ ofλ

detectingλtheλspeciicλtargetλsequenceλwhenλaλminimumλofλ

1.5λng/mLλofλDNAλtemplateλwasλusedλforλE. histolytica andλ

whenλ2.25λng/mLλwasλusedλfor E. dispar.

Aλ positiveλ stoolλ sampleλ forλ theλ E. histolytica/E. disparλ

complexλ wasλ fractionatedλ intoλ sixλ aliquotsλ andλ storedλ atλ

j20°C.λAtλmonthlyλintervals,λoneλaliquotλwasλthawed,λandλitsλ

DNAλwasλusedλ toλobserveλ theλ interjtestingλreproducibilityλ

ofλtheλPCRλ(Figureλ2).λCompatibleλproileλbandsλareλshownλ

withλtheλspeciesλofλamoebaλ tested.λSimilarλresultsλwereλobj

tainedλwhenλtheλsamplesλwereλampliiedλtwiceλinλtheλsameλ

reactionλtoλdemonstrateλtheλreproducibilityλofλintrajtestingλ

ofλPCR,λasλshownλinλFigureλ3.λ

Analyses of stool samples

Analysesλofλ52,704λstoolλsamplesλbyλmicroscopicλexaminaj

tionλ demonstratedλ thatλ 3.4%λ (1,788)λ ofλ theλ samplesλ wereλ

positiveλforλtheλpresenceλofλfourjnucleusλamoebae.λOfλtheseλ

stoolλ samples,λ 47,080λ wereλ fromλ privateλ clinicalλ laboratoj

ries,λ andλ 5,624λ wereλ fromλ publicλ clinicalλ laboratories.λ Acj

cordingλ toλ theλ sourceλ ofλ samples,λ theλ prevalenceλ ofλ theλ E. 

histolytica/E. disparλcomplexλwasλ3.2%λ(1,507)λandλ5%λ(281)λ

inλtheλprivateλandλpublicλlaboratories,λrespectivelyλ(Tableλ2).

StandardizationλofλdiagnosisλforλE. histolyticaλandλE. dispar
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Figure 4. Analysis of 262 E. histolytica/E. dispar positive sam-

ples by Multiplex-PCR. Amplified PCR products using Eh-R/

Eh-L and Ed-L/Ed-R primers and a 1.5% electrophoresis gel 

stained by ethidium bromide. M, molecular weight ladder (100-

bp ladder); Lane 1, negative control (presence of primer dimer); 

Lane 2, positive control (DNA of E. histolytica – 427 bp); Lane 3, 

positive control (DNA of E. dispar – 195 bp); Lanes 4 to 6, clinical 

samples spiked with 3 ng/mL of DNA from the HM-1 strain of  

E. histolytica; Lanes 7 and 8, clinical samples positive for  

E. dispar; Lane 9, negative sample for the E. histolytica/E. dispar 

complex.

Extractionλ ofλ DNAλ fromλ 262λ samplesλ positiveλ forλ theλλ

E. histolytica/E. disparλ complexλ followedλ byλ PCRλ showedλ

thatλ227λsamplesλ(86.6%)λwereλpositiveλforλE. dispar,λasλdemj

onstratedλ byλ ampliicationλ ofλ theλ speciesjspeciicλ fragmentλ

(195λ bp).λ Noλ ampliicationλ wasλ observedλ forλ pathogenicλλ

E. histolytica.λToλevaluateλtheλeiciencyλofλdetectingλE. histolyt-

icaλfragments,λweλspikedλnegativeλsamplesλwithλDNAλtemplateλ

fromλE. histolyticaλstrainλHMj1:IMSS.λhereater,λtheλE. histo-

lyticaλDNAλfragmentλ(495λbp)λwasλampliiedλfromλallλsamples.λ

hisλdemonstratesλthatλnestedλandλmultiplexλPCRλcanλbeλusedλ

forλbothλE. histolyticaλandλE. disparλspeciesλ(Figureλ4).

heλmeanλnumberλofλcystsλ foundλ inλampliiedλsamplesλ

wasλ 116λ cystsλ perλ gramλ ofλ stool,λ whileλ theλ meanλ numberλ

ofλ cystsλ inλ theλ 35λ nonjampliiedλ samplesλ wasλ 173λ cysts.λ

Aterλ successiveλ dilutionλ (1:20λ toλ 1:160),λ theseλ 35λ samplesλ

remainedλnegative.λEvenλaterλhavingλcarriedλoutλtheλspikeλ

techniqueλtheλsamplesλdidλnotλamplify.λ Inλorderλ toλresolveλ

thisλproblem,λnonjampliiedλsamplesλandλ60λrandomlyλchoj

senλ samplesλ positiveλ forλ E. disparλ byλ PCRλ wereλ submittedλ

toλanλE. histolyticajspeciicλgalactoseλadhesinλimmunoenzyj

maticλ assay.λ hisλ techniqueλ demonstratedλ thatλ allλ 35λ nonj

ampliiedλ samplesλ wereλ negativeλ for E. histolyticajspeciicλ

galactoseλ adhesin,λ suggestingλ aλ highλ PCRλ speciicityλ inλλ

E. histolyticaλdiagnosis.λFurthermore,λtoλdistinguishλaλprobj

ableλinfectionλcausedλbyλE. hartmanni,λmorphometricλanalyj

sisλdemonstratedλthatλnonjampliiedλsamplesλhadλcystλsizesλ

comparableλtoλE. dispar (>λ10λµm).

Characteristics of E. dispar infection

Theλ meanλ ageλ ofλ theλ 262λ E. histolytica/E. disparλ comj

plexjpositiveλindividualsλsubmittedλtoλamplificationλrej

actionsλ wasλ 35.7λ yearsλ (withλ aλ rangeλ ofλ 2λ toλ 79λ years),λ

andλ theλ medianλ wasλ 35λ (25λ andλ 75%λ quartilesλ wereλλ

22.5λandλ50,λrespectively).λSixtyjfourλpercentλwereλmale,λ

andλ 65.5%λ wereλ ofλ Africanλ descentλ (pλ <λ 0.005),λ withλλ

aλ monthlyλ incomeλ ofλ lessλ thanλ 5λ minimumλ wagesλλ

(pλ<λ0.005)λandλanλeducationalλlevelλatλtheλ2λgradeλ(pλ<λ0.005).

Theλ studyλ populationλ wasλ asymptomaticλ orλ prej

sentedλ nonjspecificλ symptomsλ thatλ couldλ beλ attributedλ

toλamoebiasis.λTheλprimaryλreasonλforλseekingλmedicalλ

attentionλwasλroutineλmedicalλcheckjup,λasλreportedλbyλ

67.2%λ ofλ participants.λ Amongλ theλ cases,λ 21.3%λ reportj

edλ havingλ gastrointestinalλ disturbances,λ flatulenceλ andλ

diarrhea,λ 11.5%λ reportedλ usingλ metronidazole,λ andλ noλ

confirmationλ ofλ E. histolyticaλ infection.λ Weλ identifiedλ

31λindividualsλwithλ liquidλstoolλsamplesλ(12%λsamples)λ

andλnoneλwithλmucusλorλbloodλinλtheirλstools.λAλtotalλofλ

45λ individualsλ (17%)λ hadλ looseλ stoolλ samples,λ andλ 186λ

(71%)λhadλformedλstoolλsamples.

DISCUSSION AND CONCLUSION

Inλ thisλ report,λ weλ describedλ aλ PCRjbasedλ techniqueλ forλ

selectiveλ identificationλ ofλ E. histolyticaλ andλ E. disparλ inλ

stoolλ samples.λ Theλ techniqueλ consistsλ ofλ anλ initialλ amj

plificationλofλaλ1,076jbpλ fragmentλofλ theλSSUjrDNAλsej

quenceλofλbothλspecies,λfollowedλbyλanλadditionalλamplij

ficationλforλtheλtwoλspeciesλdifferentiation.λThisλmultiplexλ

PCRλ permitsλ specificλ identificationλ inλ aλ singleλ reactionλ

mixtureλandλ isλ thereforeλmoreλcostjeffectiveλandλ lessλ laj

boriousλ thanλ otherλ PCRjbasedλ methods.12λ Someλ studiesλ

haveλ shownλmethodsλusedλ toλ isolateλDNAλfromλ inλvitroλ

amoebaλ cultures.5,27,28λHowever,λ theλ cultivationλ ofλ amoej

baeλ beforeλ concentratingλ cystsλ isλ moreλ expensiveλ andλ

timejconsuming.29λ Here,λ weλ isolatedλ DNAλ forλ PCRλ amj

plificationλ ofλ amoebaλ DNAλ directlyλ fromλ theλ stools,λ rej

ducingλtimeλandλtheλpossibilityλofλfalseλnegativeλresults.

However,λ PCRλ presentsλ someλ disadvantages.λ Itλ canλ

beλ difficultλ toλ purifyλ DNAλ fromλ stoolλ samplesλ dueλ toλ

hardnessλofλtheλcystλwallλandλtheλpresenceλofλinhibitingλ

substances,λwhichλcanλinhibitλtheλTaqλpolymerase.13,30j32λ

Accordingλ toλCamposjGórgoraλet al.,33λ theλmajorλcomj

ponentλofλtheλEntamoebaλcystλwallλisλchitin,λaλhomopolj

ymerλofλbetaj(1,4)jlinkedλNjacetyljDjglucosamineλthatλ

confersλgreatλrigidityλandλresistance.λTherefore,λtheλutij

lizationλofλbothλchemistryλandλphysicalλ conditionsλwasλ

sufficientλtoλyieldλaλgreatλquantityλofλgeneticλmaterialλtoλ

proceedλwithλtheλPCR.

Untilλ now,λ thereλ hadλ notλ beenλ anλ idealλ methodλ forλ

extractingλEntamoebaλDNAλfromλfecesλbecauseλvariousλ

substancesλcouldλactλasλinhibitors.34,35λInλfact,λinhibitionλ
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occurredλinλ13.3%λofλsamples.λItλ isλ likelyλthatλnonjspej

cificλsubstancesλinhibitedλamplification,λsinceλtheλnumj

berλofλcystsλfoundλinλtheseλsamplesλdidλnotλinfluenceλtheλ

reactionλandλtheλpresenceλofλnonjspecificλsubstancesλinλ

feces,λ indirectlyλevaluatedλbyλ spike,λ showedλ thatλaddedλ

DNAλdidλnotλsufferλsimilarlyλinλamplificationλofλsuccesj

siveλ dilutions.λ Specificλ columnλ chromatographyλ couldλ

minimizeλtheλinfluenceλofλenzymaticλinhibitorsλpresentλ

inλfeces.λAccordingλtoλVerweijλet al.,13λitλisλfastλandλsimj

pleλ toλuse.λTheλauthorsλobservedλ thatλonlyλ1.7%λofλ657λ

samplesλcouldλnotλbeλamplifiedλbyλPCR.λWeλobservedλanλ

inhibitionλ inλ 13.3%λ ofλ ourλ samples,λ andλ theλ utilizationλ

ofλtheλcolumnsλmightλhaveλloweredλthisλfigure.λHowever,λ

specificλcolumnλchromatographyλuseλ increasesλ theλcostλ

ofλPCR,λmakingλthisλtechniqueλimpracticableλinλlaboraj

toryλdiagnosis.

Inλ1997,λitλwasλformallyλacceptedλthatλtheλspeciesλonceλ

calledλE. histolyticaλ comprisesλ twoλdistinctλ species:λ theλ

potentiallyλ invasiveλE. histolyticaλandλtheλnonjinvasive,λ

commensalλ E. dispar.7λ Theλ cystsλ andλ trophozoitesλ ofλ

theseλ speciesλ cannotλ beλ distinguishedλ microscopically.λ

Asλnoλinexpensiveλorλpracticalλdiagnosticλproceduresλareλ

currentlyλavailableλforλtheλidentificationλofλE. histolyticaλ

atλ healthλ centersλ inλ countriesλ withλ limitedλ resources,λ

weλareλleftλwithλtheλcommonλpracticeλofλidentifyingλtheλ

E. histolytica/E. disparλ complexλ asλ “E. histolytica.”λ Theλ

likelyλ consequenceλ ofλ thisλ isλ overjdiagnosisλ andλ overj

treatment,λ whichλ couldλ beλ theλ causeλ ofλ antijamoebicλ

drugλresistance.22λTherefore,λaλmethodλcapableλofλdifferj

entiatingλbothλspeciesλisλessentialλforλappropriateλtreatj

mentλandλfollowjupλofλinfectedλindividuals.

Asλ aλ result,λ thereλ hasλ beenλ aλ lotλ ofλ progressλ inλ

theλ searchλ forλ molecularλ methodsλ toλ distinguishλ E. 

histolytica/E. disparλ complexλ speciesλ inλ theλ lastλ fewλ

decades.λ Coproantigenλ searching,λ forλ example,λ hasλ inj

numerableλ advantagesλ relativeλ toλ otherλ methodologies.λ

However,λantigensλcanλdenatureλduringλtheλpreservationλ

process,λyieldingλfalseλnegativeλresults.λAnotherλalternaj

tiveλtoλdifferentiatingλtheλspeciesλisλPCR.λThisλtechniqueλ

hasλ beenλ usedλ frequentlyλ inλ epidemiologicalλ investigaj

tionsλworldwide.5,23j26

Inλ thisλ report,λ theλ prevalenceλ ofλ E. histolytica/E. 

disparλ basedλ onλ fecalλ examinationλ byλ opticalλ microsj

copyλ wasλ 3.4%.λ Thisλ findingλ corroboratesλ theλ resultsλ

inλ theλ literatureλ thatλ stateλ thatλ theλ prevalenceλ ofλ inj

fectionλ variesλ aλ greatλ dealλ throughoutλ Brazil,λ reachj

ingλ 19%λ inλ theλ Amazonλ andλ varyingλ fromλ 2λ toλ 29.5%λ

inλ otherλ regions.4,15,16,36λInλ theλ presentλ study,λ theλ analyj

sisλ ofλ 262λ samplesλ withλ E. histolytica/E. disparλ usingλ

specificλ setλ ofλ primersλ showedλ thatλ 227λ (86.6%)λ wereλ

positiveλ forλ E. dispar.λ Noλ amplificationλ wasλ observedλ

inλ 35λ samplesλ (13.4%)λ thatλ wereλ negativeλ forλ E. histo-

lyticajspecificλ galactoseλ adhesin.λ Moreover,λ toλ excludeλ aλ

probableλ infectionλcausedλbyλE. hartmanni,λmorphometricλ

analysisλdemonstratedλthatλnonjampliiedλsamplesλhadλcystλ

sizesλcomparableλ toλE. histolytica/E. disparλ (>λ10λµm).λheλλ

absenceλ ofλ ampliicationλ ofλ theseλ samplesλ indicatesλλ

theλpresenceλofλPCRλinhibitorsλ inλtheλstoolλsamplesλorλ theλ

presenceλofλDNAλfromλEntamoebaλspeciesλotherλthanλE. dis-

par,λE. histolyticaλorλE. hartmanni.

Inλfact,λOliveirajCostaλet al.37λinλBeloλHorizonteλCity,λ

Southeastλ Brazil,λ andλ Douradoλ et al.38λ inλ Pernambucoλ

State,λNortheastλBrazil,λdescribedλonlyλtheλpresenceλofλE. 

disparλinλtheirλstudies.λSantosλet al.5λfoundλaλprevalenceλ

ofλ 21%λ forλ fourjnucleusλ amoebaeλ inλ twoλ slumsλ inλ Rioλ

deλJaneiroλState,λSoutheastλBrazil,λbutλonlyλtwoλsamplesλ

wereλpositiveλforλE. histolytica.λItλappearsλthatλE. histol-

yticaλisλmoreλcommonλinλNorthλandλextremeλNortheastλ

Brazilλandλisλrareλinλotherλregions.4,39

Ourλ describedλ protocolλ providesλ aλ methodλ toλ senjλ

sitivelyλ andλ selectivelyλ detectλ andλ diferentiateλλ

E. histolyticaλ andλ E. disparλ DNAλ directlyλ fromλ stoolλλ

specimensλwithoutλtheλneedλforλpriorλcultivation.λApartλ

fromλ oftenλ unsuccessfulλ andλ timejconsumingλ cultivaj

tionλattempts,λpossibleλmisdiagnosesλbyλoneλstrainλdisj

placingλ theλ otherλ inλ mixedλ infectionsλ canλ beλ avoided.λ

Weλbelieveλthatλdifficultiesλinλtheλdifferentialλdiagnosisλ

ofλ theλE. histolytica/E. disparλcomplexλneedλtoλbeλoverj

comeλforλtheλadequateλtreatmentλofλE. histolytica.λPCRλisλ

expensive,λandλtheλmajorityλofλlaboratoriesλdoλnotλhaveλ

adequateλ infrastructureλ forλ itsλ use.λ Theλ utilizationλ ofλ

thisλmethodλinλBrazilλisλinλitsλinitialλphaseλandλrestrictedλ

toλresearchλcentersλ locatedλ inλbigλcities.λHowever,λonceλ

theλmethodλisλestablishedλandλstandardized,λitsλcostλwillλ

decrease.λTheλmainλlimitationsλtoλthisλtechniqueλareλtheλ

difficultyλ inλobtainingλconservedλDNAλfromλcysts,λ andλ

theλ presenceλ ofλ unspecificλ inhibitors.λ Moreλ inquiriesλ

aboutλsimpler,λfasterλandλcheaperλmethodologiesλshouldλ

beλencouragedλand,λafterλapproval,λshouldλbeλestablishedλ

inλ laboratoriesλ thatλ composeλ theλ publicλ andλ privateλ

healthλnetwork.
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