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Enterotoxins, colonization factors, serotypes and 
antimicrobial resistance of enterotoxigenic Escherichia 
coli (ETEC) strains isolated from hospitalized children 
with diarrhea in Bolivia 
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ABSTRACT

Enterotoxigenicλ Escherichia coliλ (ETEC)λ isλ recognizedλ asλ theλ mainλ causeλ ofλ bacterialλ diarrhoeaλ
amongλchildrenλ inλAsia,λAfricaλandλLatinλAmericaλbutλ lessλ investigatedλ inλBolivia.λObjective: Toλ
determineλtheλrelationλbetweenλenterotoxins,λCFsλandλserotypesλasλwellλasλtheλantimicrobialλresistj
anceλpatternsλinλaλsetλofλETECλisolatesλcollectedλfromλhospitalizedλchildrenλwithλacuteλdiarrhea.λInλ
theλpresentλstudyλweλcharacterizedλ43λETECλstrainsλisolatedλfromλ2002λtoλ2006λfromλhospitalizedλ
childrenλ(0j5λyears)λwithλacuteλdiarrheaλinλBolivia.λheλstrainsλwereλanalyzedλforλheatjlabileλ(LT)λ
andλheatjstableλ (ST)λenterotoxinsλandλcolonizationλ factorλ (CF)λproiles,λ asλwellλ asλ forλ serogroupsλ
andλantimicrobialλresistanceλusingλphenotypicλ(ELISA,λdotλblot,λslideλagglutinationλandλdiscλdifuj
sion)λandλgenotypicλ(MultiplexλPCR)λmethods.λAmongλtheλETECλisolatesλtested,λ30λwereλpositiveλ
forλLT,λ3λforλShλandλ10λforλLT/Sh.λSixtyjiveλpercentλ(28/43)λofλtheλstrainsλexpressedλoneλorλmoreλ
CF.λ heλ mostλ commonλ CFsλ wereλ CS17λ (nλ =λ 8)λ andλ CFA/Iλ (nλ =λ 8).λ heλ phenotypicalλ andλ genoj
typicalλresultsλforλtoxinsλandλCFsλwereλcongruentλexceptλforλCS21λthatλwasλampliiedλinλ10λofλtheλ
strainsλbyλmultiplexλPCR,λbutλCS21λpiliλwasλonlyλdetectedλphenotypicallyλinλfourλofλtheseλstrains.λ
heλETECλstrainsλhadλdiverseλOλandλHλantigensλandλtheλmostλcommonλtypesλwereλO8:H9λLTλCS17λλ
(nλ=λ6;λ14%)λandλO78:HNMλLTjSTλCFA/Iλ(nλ=λ4;λ9%).λheλanalysisλofλantibioticλresistanceλshowedλ
thatλ67%λ(nλ=λ29/43)λofλtheλstrainsλwereλresistantλtoλoneλorλseveralλofλtheλantimicrobialλagentsλtested.λ
Presenceλ ofλ CFsλ wasλ associatedλ withλ antibioticλ resistance.λ Conclusion: heλ mostλ commonλ toxinλ
proileλwasλLTλ70%,λLT/Shλ23%λandλShλ7%.λHighλantimicrobialλresistanceλtoλampicillinλamongλ
serogroupsλO6,λO8λandλO78λwereλtheλmostλcommon.

Keywords: enterotoxigenicλEscherichia coli;λenterotoxins;λdrugλresistance;λBolivia.

[Braz J Infect Dis 2011;15(2):132-137]©ElsevierλEditoraλLtda.

INTRODUCTION

Acuteλ diarrhealλ diseasesλ areλ anλ importantλ
healthλ problemλ amongλ childrenλ underλ iveλ
inλ developingλ countriesλ andλ annuallyλ causeλ
betweenλ 1.4λ toλ 2.5λ millionλ deaths.1,2λ Diarj
rhealλ diseasesλ causeλ highλ ratesλ ofλ pediatricλ
morbidityλ andλ mortalityλ inλ Bolivia,λ leadingλ
annuallyλtoλmoreλthanλ500,000λcasesλandλbej
tweenλ13,000λandλ15,000λdeathsλrespectively.3λ
EnterotoxigenicλEscherichia coliλ(ETEC)λisλanλ
importantλ causeλ ofλ diarrheaλ amongλ childrenλ
inλ developingλ countriesλ andλ amongλ travelj
ersλ toλETECjendemicλareas.4λClinicalλhumanλ
ETECλ isolatesλ produceλ oneλ orλ moreλ ofλ threeλ
enterotoxins;λ theλ heatλ stableλ toxinsλ (STpλ andλ
Sh)λandλheatλlabileλtoxinλ(LT)λandλmayλproj
duceλoneλorλmoreλofλseveralλcolonizationλfacj
torsλ(CFs).5λheλCFsλmediateλadherenceλtoλtheλ
smallλ intestinalλ mucosa,λ andλ toλ date,λ moreλ

thanλ22λdiferentλCFsλhaveλbeenλdescribedλinλ
humanλ ETECλ strainsλ (e.g CFA/I,λ CS1jCS8,λ
CS12jCS15,λandλCS17jCS22).5j8λInλdevelopingλ
countries,λ theλ incidenceλ ofλ ETECjassociatedλ
diarrheaλ decreasesλ duringλ theλ irstλ iveλ yearsλ
ofλ life9λwhereasλchildrenλandλadultsλ fromλ inj
dustrializedλ areasλ whoλ travelλ toλ theseλ counj
triesλ areλ susceptibleλ toλ thisλ typeλ ofλ diarrhea,λ
indicatingλthatλnaturalλimmunityλdevelops.4,10λ

heλ LTλ enterotoxinλ andλ theλ CFλ antigensλ
areλ immunogenicλ andλ henceλ theλ mainλ candij
datesλ forλ vaccinesλ thatλ areλ beingλ developedλ
againstλETECλdiarrhea.10,11λSinceλETECλstrainsλ
haveλdiverseλ toxin,λCFλandλserogroupλproilesλ
itλ isλ importantλ toλ characterizeλ clinicalλ ETECλ
isolatesλfromλdiferentλpartsλofλtheλworldλwithλ
respectλtoλvirulenceλproilesλtoλevaluateλtheλimj
pactλthatλdiferentλvaccineλcompositionsλcouldλ
haveλ onλ ETECλ diarrhea.λ Moreover,λ antibioticλ
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resistanceλ amongλ ETECλ strainsλ isλ increasing,λ perhapsλ dueλ
toλ indiscriminateλ useλ ofλ antibiotics.λ Althoughλ rehydrationλ
therapyλisλtheλmostλimportantλpartλofλtherapyλforλacuteλdij
arrhea,λantimicrobialsλareλ importantλadjuvantsλ forλ therapyλ
andλ theirλuseλ resultsλ inλaλmarkedλdecreaseλ inλoverallλ stoolλ
volumeλandλdecreasedλlengthλofλillness.λMostλcasesλofλbactej
rialλgastroenteritisλareλselfjlimitingλandλinλotherwiseλhealthyλ
patients,λadministrationλofλantibioticsλisλnotλnecessary.λHowj
everλinλinfants,λelderlyλpeople,λgranulocytopenicλorλimmuj
nodepressedλ patientsλ withλ enteritis,λ andλ forλ patientsλ withλ
extrajintestinalλ infections,λparticularlyλwhenλbacteremiaλ isλ
suspected,λantibioticλtherapyλisλfundamentalλforλdiseaseλconj
trol.12λ heλ knowledgeλ ofλ antimicrobialλ resistanceλ patternsλ
locallyλ inλ diferentλ countriesλ isλ importantλ whenλ prescribj
ingλantibioticsλforλdiarrheagenicλbacteria,λandλcanλserveλasλaλ
guideλforλimplementingλpublicλhealthλinterventionsλagainstλ
diarrhealλdisease.

Inλ thisλ study,λ weλ determinedλ theλ relationλ betweenλ enj
terotoxins,λCFsλandλserotypes,λ asλwellλ asλ theλantimicrobialλ
resistanceλpatternsλinλaλsetλofλETECλisolatesλcollectedλfromλ
hospitalizedλchildrenλwithλacuteλdiarrhea.

MATERIAL AND METHODS

Bacterial strains and determination of toxins and CFs 

ETECλstrainsλwereλ isolatedλ fromλacuteλwateryλnonjbloodyλ
stoolλsamplesλobtainedλfromλhospitalizedλchildrenλwithλdij
arrheaλ underλ iveλ yearsλ ofλ ageλ inλ Laλ Paz,λ Bolivia,λ betweenλ
2002j2006.λETECλstrainsλwereλgrownλonλMacConkeyλagarλ
plates,λincubatedλatλ37°Cλforλ18λhoursλandλiveλlactoseλposij
tiveλ coloniesλ wereλ testedλ forλ theλ presenceλ ofλ ETECλ toxinsλ
andλCFsλbyλGM1λELISA,λtoxinλmultiplexλPCRλandλdotλblot.13λ
ConirmedλETECλstrainsλwereλstoredλatλj70°CλinλLuriaλbrothλ
(Difco)λcontainingλ25%λglycerolλandλsubsequentlyλshippedλ
toλSwedenλonλdeepλagarλstabs.λAllλstrainsλwereλrejanalyzedλ
twiceλbyλtoxinλGM1jELISA,λdotλblotλandλMultiplexλPCRλinλ
Sweden.13,14λForλtheλdotλblotλtheλMAbsλusedλwereλCFA/I,λCS1λ
toλCS6,λCS8,λCS12,λCS14,λCS17,λCS19λandλCS21.λFromλtheλ
originalλsetλofλETECλstrainsλ(nλ=λ79),λweλanalyzedλ43λETECλ
strainsλthatλsurvivedλtheλtransport,λhadλidenticalλtoxinλandλ
CFλproilesλwhenλtestedλbothλinλBolivia,λSpainλandλSwedenλ
andλthatλwereλnotλmixedλinfectionsλforλserotypeλandλantimij
crobialλresistance.

Serotyping

OjλandλHjantigensλwereλdeterminedλaccordingλtoλtheλmethj
odλdescribedλbyλGuinéeλet al.15λandλemployingλallλavailableλ
Oλ(O1jO185)λandλHλ(H1jH56)λantiseraλ inλ theλE. coliλRefj
erenceλlaboratoryλ(LREC)λatλtheλUniversidad of Santiago de 

Compostela,λLugo,λSpain.λAllλantiseraλwereλobtainedλandλabj
sorbedλwithλtheλcorrespondingλcrossjreactingλantigensλtoλrej
moveλnonspeciicλagglutinins.λheλOλantiseraλwereλproducedλ
inλtheλLRECλandλtheλHλantiseraλwereλobtainedλfromλtheλStatj

ensλSerumλInstituteλ(Copenhagen,λDenmark).λ Isolatesλ thatλ
didλnotλ reactλwithλanyλofλ theλOλandλHλantiseraλusedλwereλ
classiiedλasλnonjtypeableλ(ONTλandλHNT),λandλthoseλthatλ
wereλnonjmotileλwereλdenotedλHNM.16

Antimicrobial resistance

ColoniesλfromλMcConkeyλagarλculturesλwereλhomogenizedλ
inλ 0.85%λ saline,λ andλ theλ turbidityλ wasλ adjustedλ toλ thatλ ofλ
aλ 0.5λ McFarlandλ standard.λ heλ inoculumλ suspensionλ wasλ
spreadλonλaλMuellerjHintonλagarλplateλsurfaceλwithλaλswab,λ
andλincubatedλinλroomλtemperatureλforλ15λminλbeforeλanj
timicrobialλ disksλ wereλ applied.λ heλ antimicrobialsλ testedλ
wereλ ampicillin,λ nalidixicλ acid,λ chloramphenicol,λ ampicilj
linjsulbactam,λ tetracycline,λ ciproloxacin,λ trimethoprimj
sulfamethoxazole,λ gentamicin,λ andλ cefoxitin.λ heλ bacterialλ
culturesλwereλincubatedλforλ20λhoursλatλ37°C,λandλtheλzoneλ
ofλ inhibitionλ wasλ determined.λ heλ Nationalλ Committeeλ
forλ Clinicalλ Laboratoryλ Standards17λ breakpointsλ wereλ usedλ
toλ diferentiateλ betweenλ susceptibleλ andλ resistantλ isolates.λ
E. coliλATCCλ25922λwasλusedλasλaλreferenceλstrainλforλqualityλ
controlλpurposes.

Statistics

TheλtwojtailedλFishers’λexactλtestλwasλusedλforλstatisticalλ
analysisλusingλtheλGraphPadλInStatλSoftwareλandλaλ2λxλ2λ
contingencyλ table.λ Aλ pjvalueλ lessλ thanλ 0.05λ wasλ considj
eredλsignificant.

RESULTS

ETECλ strainsλ wereλ obtainedλ fromλ aλ prospectiveλ studyλ inλ
childrenλunderλiveλyearsλofλageλseekingλcareλinλthreeλdiferj
entλhospitalsλinλLaλPaz,λBoliviaλduringλ2002j2006.λheλchilj
drenλallλsuferedλfromλnonjbloody,λacuteλdiarrhea.λInλtotal,λ
853λclinicalλsamplesλwereλanalyzedλandλETECλwasλisolatedλ
fromλ79λpatients.λFortyjtreeλindividualλETECλstrainsλisolatj
edλfromλwateryλnonjbloodyλdiarrheaλsamplesλwithλonlyλoneλ
microbialλpathogenλisolatedλandλwithλconirmedλenterotoxinλ
andλCFλexpressionλinλLaλPaz,λSantiagoλdeλCompostelaλandλ
Gothenburgλwereλselectedλforλfurtherλstudiesλ(Tableλ1).

heλ mostλ commonλ toxinλ proileλ amongλ theλ selectedλ
strainsλwasλLTλ inλ30λ strainsλ (70%),λ followedλbyλLT/Shλinλ
10λstrainsλ(23%)λandλShλinλthreeλstrainsλ(7%).λheλpresenceλ
ofλSTpλwasλnotλrecordedλinλBoliviaλandλwhenλanalyzedλforλ
STpλ inλ Swedenλ andλ inλ Spainλ noneλ ofλ theλ strainsλ harboredλ
thisλtoxin.λ

heλ CFsλ inλ theλ selectedλ strainsλ wereλ analyzedλ bothλ byλ
multiplexλPCR14λandλdotλblot.13λOverall,λ65%λ(28/43)λofλtheλ
ETECλstrainsλexpressedλoneλorλmoreλofλtheλ19λCFsλanalyzedλ
inλ multiplexλ PCRλ andλ resultsλ wereλ corroboratedλ byλ theλ
phenotypicλanalysesλandλallλcasesλexceptλforλCS21.λheλCFsλ
foundλinλtheλstrainsλwereλCFA/Iλ(nλ=λ8)λandλCS17λ(nλ=λ8),λ
CS1λ+λCS3λ(nλ=λ3),λCS2λ+λCS3λ(nλ=λ3),λandλCS12λ(nλ=λ3),λ
andλCS7λ(nλ=λ2),λandλCS6λ(nλ=λ1).λCS21λwasλotenλfoundλinλλ
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Table 1. Characterized ETEC strains collected from Bolivian children with diarrhea 

Strain        Children             Characteristics of strains 

 Patient ID Age Sex Toxin  CFsa Serotypeb Antibiotic resistancec,d,e

1 9 18 m F LTSTh CFA/I CS21 O1:H45 AMP, SAM, TET

2 18 15 m M LT CS17 O8:H9 AMP, CHL , SAM

3 19 3 m M LT CS17 O8:H9 AMP, CHL , SAM, TET

4 34 18 m F LTSTh CS1 CS3 CS21 O6:H16 AMP, SAM , SXT

5 95 47 m F LT CS2 CS3 (CS21) O21:HNT -

6 98 13 m M LT CS2 CS3 O21: HNT AMP, CHL TET, SXT, GEN

7 100 48 m F LT - O120:H10 -

8 104 9 m F LT - O174:H40 TET

9 110 12 m F LT - ONT:HNM nt

10 119 11 m F LT CS17 O6:H9 AMP, CHL , SAM

11 121 11 m M LT CS17 O8:H9 AMP, CHL , SAM

12 124 9 m M LT  CS12 O159: H4 AMP, TET, SXT

13 126 17 m M LT - O41:H32 -

14 132 14 m M LT CS17 O8:H9 AMP, SAM , CHL

15 134 24 m F LT CS17 O8:H9 AMP, SAM , SXT

16 137 12 m F STh CS6 (CS21) O148: H28 AMP, SAM , SXT

17 162 14 m M LT CS17 O6: H16 AMP, SAM

18 172 14 m M LT - O120:H10 -

19 174 4 m F LTSTh - O8:H9 -

20 191 16 m M LT - ONT:H40 TET

21 193 19 m F LTSTh CFA/I (CS21) O78:HNM AMP, SAM , SXT

22 204 11 m F LT - O8:H9 AMP, SAM

23 207 5 m M STh CFA/I O153: H45 AMP, SAM , TET

24 220 16 m M LT CS7 O114:H49 TSX

25 226 28 m F LT CS7 O78: H10 AMP, SAM , SXT

26 235 14 m M STh CFA/I CS21 ONT:HNM AMP, SAM , TET

27 237 24 m F LT - ONT:H40 -

28 241 7 m M LT - ONT:HNM AMP, SAM , SXT

29 244 18 m F LTSTh CFA/I (CS21) O78:HNM AMP

30 245 36 m F LT - ONT:H40 -

31 389 9 m M LTSTh CS1 CS3 CS21 O6:H16 AMP, NAL, SXT

32 390 9 m F LTSTh CFA/I (CS21) O78:HNM -

33 409 9 m M LTSTh CFA/I  O6:H16 AMP, NAL, SAM , SXT

34 475 5 m M LT CS1 CS3 ONT:H40 -

35 520 12 m M LT - ONT: HNM AMP. SAM , TET

36 536 17 m M LT - O34:H25 AMP, SAM , TET, SXT, GEN, CEF

37 554 17 m F LT - O159:H4 -

38 574 19 m M LT - ONT:HNM -

39 577 36 m F LT CS17 O8:H9 AMP, SAM , TET, SXT

40 598 14 m F LTSTh CFA/I (CS21) O78:HNM -

41 631 17 m M LT CS12 O159:H21 AMPS, TET, SXT

42 689 6 m M LTSTh CS2 CS3 O1 AMP, SAM

43 743 12 m F LT CS12 O159:H4 -

aCS21 within brackets is positive in PCR but negative in dot blot. 
bNT, non typeable; HNM, non-motile.
cResistant to AMP, ampicillin; SAM, ampicillin sulbactam; CIP, ciprofloxacin; CHL, chloramphenicol; GEN, gentamicin; 
NAL, naldixic acid; CEF, cefoxitin; SXT, trimethoprim; sulfamethoxazole; TET, tetracycline. 
dnt, not tested. 
eAccording to the inhibition halos of the National Committee for Clinical Laboratory Standards for Antimicrobial Disk Susceptibility.

ETECλinλBolivianλchildrenλwithλdiarrhea
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associationλwithλotherλCFs,λespeciallyλwithλCFA/Iλandλtheλ
CFA/IIλgroupλ(CS1,λCS2λandλCS3).λCS21λwasλdetectedλbyλ
multiplexλPCRλinλ10λstrainsλbutλwasλonlyλdetectedλbyλphej
notypicλdotλblotλtestλ inλfourλofλtheλstrains.λheλpatternλofλ
phenotypicallyλsilentλCS21λhasλpreviouslyλbeenλreportedλinλ
BolivianλandλBangladeshiλstrainsλbyλus.14λ

Whenλ analyzingλ theλ serogroupsλ ofλ theλ ETECλ strains,λ
weλfoundλthatλtheyλbelongedλtoλaλdiverseλsetλofλOλgroupsλ
(Tableλ1).λOfλtheseλserogroups,λO6,λO8,λO78,λO114,λO120,λ
O148,λ O153λ andλ O159λ haveλ frequentlyλ beenλ associatedλ
withλ ETECλ inλ previousλ studies18j20λ andλ theseλ 8λ Ojgroupsλ
wereλdetectedλinλ26λofλtheλ43λETECλstrains.λAλsmallλnumj
berλ ofλ additionalλ strainsλ wereλ ofλ Oλ serogroupsλ thatλ haveλ
infrequentlyλ beenλ detectedλ inλ ETECλ strains,λ namely,λ O1,λ
O41λandλO21.19λheλremainingλserogroupsλO34λandλO174λ
haveλtoλourλknowledgeλnotλpreviouslyλbeenλdescribedλforλ
anyλcategoryλofλdiarrheagenicλE. coli.λheλstrainsλthatλhadλOλ
groupsλcommonlyλ foundλ inλETECλwereλstatisticallyλmoreλ
otenλCFλpositiveλ thanλstrainsλ thatλeitherλpossessedλanλOλ
serogroupλ notλ commonlyλ foundλ inλ ETECλ orλ wereλ nonj
typeableλ(pλ<λ0.0070).λAnλHλlagellarλantigenλwasλdetectedλ
inλ31λstrains.λheλmostλcommonλHjantigenλwasλH9λ(nλ=λ9);λ
eightλofλ theseλstrainsλwereλO8λserogroupλandλsixλofλ theseλ
strainsλ wereλ O8:H9λ LT/CS17λ whichλ isλ aλ commonλ ETECλ
phenotypeλandλprobablyλconstitutedλaλcloneλthatλcirculatedλ
inλBoliviaλfromλ2002λtoλ2005.λOtherλcommonλHjantigensλ
wereλH16λ(nλ=λ4),λallλofλwhichλwereλO6:λH16,λH40λ(nλ=λ5)λ
andλH45λ(nλ=λ2).λ

heλ resultsλ ofλ theλ antimicrobialλ susceptibilityλ ofλ theλ
ETECλ strainsλ areλ shownλ inλ Tableλ 1.λ Severalλ ofλ theλ strainsλ
wereλresistantλtoλmanyλantimicrobialλdrugs.λheλhighestλrej
sistanceλrateλwasλfoundλforλampicillinλ(53.5%;λnλ=λ23),λfolj
lowedλ byλ ampicillinjsulbactamλ (46.5%;λ nλ =λ 20),λ trimethoj
primjsulfamethoxazoleλ(32.5%;λnλ=λ14),λtetracyclineλ(28λ%;λ
nλ=λ12)λandλchloramphenicolλ(14%;λnλ=λ6).λMostλstrainsλwereλ
notλresistantλtoλnalidixicλacid,λgentamicin,λandλcefoxitinλandλ
allλtheλtestedλstrainsλwereλsusceptibleλtoλciproloxacin.

DISCUSSION

Inλ ourλ analysisλ ofλ theλ 43λ ETECλ strainsλ fromλ Boliviaλ weλ
foundλ anλ unusuallyλ highλ prevalenceλ ofλ LTjonlyλ strains.λ
LT,λSTλandλLT/STλ strainsλworldwideλotenλoccurλatλ comj
parableλfrequencies,19λbutλLTλstrainsλhaveλpreviouslyλbeenλ
reportedλtoλbeλmoreλcommonλinλSouthλAmericanλsurveysλ
ofλETECλprevalenceλthanλinλsurveysλinλAsiaλandλAfrica21,22λ
andλrecentlyλanλ increaseλ inλLTλstrainsλalsoλ inλBangladeshλ
wasλreported.23λheλobservedλpercentageλofλCFλpositiveλandλ
negativeλ strainsλ isλ inλ agreementλ withλ otherλ indingsλ withλ
approximatelyλ 2/3λ ofλ theλ strainsλ expressingλ knownλ CFs.λ
heλ mostλ commonλ CFsλ wereλ CFA/Iλ andλ CS17λ andλ whileλ
CFA/Iλ alwaysλ isλ oneλ ofλ theλ mostλ commonlyλ detectedλ CFλ
inλ surveysλ worldwideλ theλ highλ prevalenceλ ofλ bothλ CS17λ
andλ LTjonlyλ strainsλ inλ thisλ collectionλ seemedλ toλ beλ dueλ

toλanλunusuallyλhighλfrequencyλofλLT/CS17λstrains.λCS21λ
wasλcommonlyλdetectedλbyλPCRλbutλlessλcommonlyλbyλdotλ
blotλasλreportedλearlier.14λheseλresultsλmayλbeλdueλtoλtheλ
observedλvariabilityλinλtheλcodingλregionλforλCS21.8,24λheλ
highλ prevalenceλ ofλ PCRλ positiveλ CS21λ strainsλ amongλ theλ
Bolivianλstrainsλisλinλagreementλwithλthatλobservedλinλotherλ
countriesλinλAsiaλandλSouthλAmericaλwhereλCS21λfrequenj
ciesλ betweenλ 19%λ toλ 36.5%λ haveλ beenλ reportedλ inλ ETECλ
strainλcollections.25j27

hereλwasλaλlargeλvariationλofλserotypesλamongλtheλ43λ
ETECλstrains.λUnlikeλtheλgenesλforλtoxinsλandλCFs,λwhichλ
areλ usuallyλ plasmidλ encoded,λ theλ Oλ andλ Hλ biosyntheticλ
genesλ areλ chromosomal.28λ hisλ suggestsλ aλ highλ degreeλ ofλ
clonalλ diversityλ ofλ diseasejassociatedλ ETECλ inλ thisλ geoj
graphicλareaλoverλaλ relativelyλ shortλperiodλofλ time.λNotaj
bly,λseveralλofλtheλserotypesλdetectedλwereλnotλthoseλtypij
callyλassociatedλwithλETEC.λSinceλthereλisλonlyλevidenceλofλ
protectionλagainstλhomologousλOλgroupsλandλnoλevidenceλ
thatλETECλOjλandλHjantigensλareλprotectiveλagainstλheterj
ologousλserotypes,28j30λthereλwouldλseemλtoλbeλlittleλtoλgainλ
fromλincorporationλofλspeciicλOjλorλHjantigensλintoλaλvacj
cineλagainstλETEC.

Weλ foundλ aλ relationλ betweenλ serotype,λ toxinλ andλ CFλ
proile.λhus,λO8:H9λstrainsλcommonlyλexpressedλLTλandλ
CS17λ(6λstrains)λwhileλtheλO78:HNMλstrainλexpressedλLT,λ
ShλandλCFA/IλandλcarriedλtheλgeneλforλCS21λ(4λstrains).λ
WeλalsoλdetectedλthreeλO6:H16λstrainsλthatλexpressedλLT,λ
ShλandλCS1λ+λCS3λ+λCS21λwhichλhasλpreviouslyλbeenλrej
portedλtoλbeλtheλmostλfrequentlyλdetectedλandλwidelyλdisj
tributedλETECλphenotypeλworldwide.19

ETECλstrainsλthatλhaveλidenticalλtoxinλandλCFλproilesλ
haveλbeenλproposedλtoλbeλgeneticallyλcloselyλrelated.31,32λheλ
resultsλfromλthisλandλotherλstudiesλonλETECλserotypesλsupj
portλ thatλ strainsλ withλ certainλ toxinλ andλ CFλ proilesλ otenλ
haveλcertainλOjλandλHjantigensλindicatingλthatλthereλmightλ
beλaλgeneticλrelationshipλbetweenλstrainsλwithλsimilarλphej
notypesλregardlessλofλwhereλtheyλareλfoundλinλtheλworld.λ

Weλ foundλ aλ highλ levelλ ofλ antibioticsλ resistanceλ inλ theλ
BolivianλETECλstrainsλ(Tableλ1).λItλ isλreasonableλthatλthisλ
multiresistanceλofλETECλmightλemergeλtoλclassicalλantibij
oticsλ suchλ asλ ampicillin,λ tetracycline,λ andλ trimethoprimj
sulfamethoxazole33λsinceλtheyλhaveλbeenλwidelyλusedλinλBoj
liviaλduringλtheλpastλfewλyears.λForλinstanceλtheλIntegratedλ
ManagementλofλChildhoodλIllnessλ(AIEPI)λmanualλrecomj
mendsλ theλ useλ ofλ trimethoprimjsulfamethoxazoleλ asλ theλ
irstλ lineλantibioticλ forλ theλ treatmentλofλbloodyλdiarrhea34λ
andλtetracyclineλisλprescribedλforλtheλtreatmentλofλdiferentλ
infectiousλdiseases.λherefore,λtheseλantibioticsλareλwidelyλ
usedλinλmedicalλsettingsλinλBolivia.λ

Initially,λdoxycyclineλwasλ recommendedλ forλ theλ treatj
mentλ ofλ travelers’λ diarrheaλ butλ recentlyλ theλ luoroquij
nolonesλhaveλbecomeλ theλdrugλofλ choice.λHowever,λ theseλ
drugsλ areλ notλ recommendedλ forλ childrenλ andλ itλ shouldλ
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beλ takenλ intoλ considerationλ thatλ inλ spiteλ ofλ theλ minimalλ
useλ ofλ quinolonesλ inλ Bolivia,λ weλ detectedλ nalidixicλ acidj
resistantλETECλstrains.λheλquinoloneλresistanceλinλE. coliλ
hasλmainlyλbeenλassociatedλwithλmutationsλinλtheλgyrAλandλ
parCλgenes.λStrainsλresistantλtoλnalidixicλacidλareλlikelyλtoλ
haveλatλleastλoneλmutationλofλtheλgyrAλgene.λIfλquinolonesλ
areλusedλasλaλirstλdrugλofλchoiceλforλdiarrheaλinλcountriesλ
whereλtheλuseλofλantibioticsλisλnotλregulated,λaλrapidλemerj
genceλ ofλ quinoloneλ resistanceλ willλ likelyλ occur.λ hereforeλ
itλisλimportantλtoλcontinueλtheλsurveillanceλofλentericλbacj
terialλpathogensλforλquinoloneλresistance.35λRifaximinλisλaλ
nonjabsorbableλantimicrobialλagentλwhichλhasλbeenλshownλ
toλbeλefectiveλforλtreatmentλofλsevereλepisodesλofλbacterialλ
diarrheaλinλchildrenλinλdevelopedλcountries,36λandλaccordj
ingλtoλourλresults,λresistanceλtoλciproloxacinλisλstillλuncomj
monλinλBolivia.λ

Basedλonλourλresults,λweλrecommendλaλbetterλcontrolλ
ofλprescribedλantibioticsλ inλBolivia.λSinceλmostλmildλdij
arrheaλ casesλ areλ indeedλ successfullyλ managedλ withλ oralλ
rehydrationλtherapy,λourλresultsλfurtherλsupportλthatλanj
timicrobialλtreatmentλshouldλnotλbeλconsideredλforλtreatj
mentλofλETECλdiarrheaλunlessλforλmoreλsevereλorλpersisj
tentλdiarrheaλcases.4

Finally,λ weλ foundλ thatλ thereλ wasλ aλ statisticallyλ signiij
cantλcorrelationλ(Tableλ2)λbetweenλexpressionλofλCFsλandλ
presenceλofλantimicrobialλresistance,λsinceλ82%λ(23/28)λofλ
theλCFλpositiveλstrainsλharboredλantimicrobialλresistance,λ
inλcontrastλtoλtheλCFλnegativeλstrainsλwhichλonlyλwereλrej
sistantλinλ47%λ(7/15)λofλtheλcases.λhisλindingλmayλsuggestλ
thatλresistanceλgenesλmightλbeλlocatedλonλETECλvirulenceλ
plasmids.λ Presenceλ ofλ CFsλ hasλ previouslyλ beenλ foundλ toλ
correlateλtoλdisease37λandλweλfoundλinλthisλstudyλthatλaλhighλ
proportionλofλtheλETECλstrainsλthatλallλwereλcollectedλfromλ
hospitalizedλ childrenλ expressedλ knownλ CFs.λ Sinceλ theseλ
strainsλmayλalsoλbeλmoreλlikelyλtoλalsoλcarryλantibioticλrej
sistanceλgenes,λourλresultsλ furtherλ implicateλ thatλvaccinaj
tionλisλaλbetterλsolutionλthanλantimicrobialλtreatment.λ
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