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Identification of putative new Escherichia coli flagellar 
antigens from human origin using serology, PCR-RFlP 
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ABSTRACT

Escherichia coliλhasλbeenλisolatedλfrequently,λshowingλlagellarλantigensλthatλareλnotλrecognizedλbyλ
anyλofλtheλ53λantisera,λprovidedλbyλtheλmostλimportantλreferenceλcenterλofλE. coli,λheλInternationalλ
Escherichiaλ andλKlebsiella Centerλ (WHO)λofλ theλStatensλSerumλInstitute,λCopenhagen,λDenmark.λ
heλobjectiveλofλthisλstudyλwasλtoλcharacterizeλlagellarλantigensλofλE. coliλthatλexpressλnonjtypeableλ
Hλantigens.λheλmethodsλusedλwereλserology,λPCRjRFLPλandλDNAλsequencing.λhisλcharacterizaj
tionλwasλperformedλbyλgeneλampliicationλofλtheλliCλ(lagellinλprotein)λbyλpolymeraseλchainλreactionλ
inλallλ53λstandardsλE.coliλstrainsλforλtheλHλantigensλandλ20λE. coliλstrainsλforλwhichλtheλHλantigenλ
wasλuntypeable.λheλampliconsλwereλdigestedλbyλrestrictionλenzymes,λandλdiferentλrestrictionλenj
zymeλproilesλwereλobserved.λAntijseraλwereλproducedλinλrabbits,λforλtheλnonjtypeableλstrains,λandλ
agglutinationλtestsλwereλcarriedλout.λ Inλconclusion,theλresultsλshowedλthatλalthoughλnonjtypeableλ
andλtypableλHλantigensλstrainsλhadλsimilarλlagellarλantigens,λtheλtwoλtypesλofλstrainsλwereλdistinctλ
inλtermsλofλnucleotideλsequence,λandλdidλnotλphenotypicallyλreactλwithλtheλstandardλantiserum,λasλ
expected.λhirteenλstrainsλhadλbeenλcharacterizedλasλlikelyλputativeλnewλHλantigenλusingλPCRjRFLPλ
techniques,λDNAλsequencingλand/orλserology.

Keywords:λEscherichia coli;λantigens;λbacterial;λpolymeraseλchainλreaction;λpolymorphism;λrestricj
tionλfragmentλlength.

[Braz J Infect Dis 2011;15(2):144-150]©ElsevierλEditoraλLtda.

INTRODUCTION

Escherichia coli isλ theλ predominantλ facultaj

tiveλmemberλofλtheλnormalλhumanλintestinalλ

flora.λ Thisλ speciesλ alsoλ includesλ differentλ

pathovarsλ whichλ areλ associatedλ withλ intesj

tinalλandλextraintestinalλdiseasesλ inλhumansλ

andλanimals.λSomeλE. coliλvariantsλhaveλbeenλ

identiiedλ asλ pathogensλ thatλ encodeλ anλ arrayλ

ofλpathogenicλfactorsλharmfulλforλtheλrespecj

tiveλhost.1,2λheλOλpolysaccharideλandλlagellinλ

areλtheλtwoλmajorλantigensλofλGramjnegativeλ

bacteria,λalsoλknownλrespectivelyλasλtheλOλandλ

Hλantigens.λSinceλtheλearlyλ1940’s,λagglutinaj

tionλ ofλ theseλ twoλ antigensλ hasλ servedλ asλ theλ

foundationλofλE. coliλserotypingλwithλ187λ“O”λ

andλ53λ“H”λbeingλcharacterizedλtoλdate.3

Serologyλ hasλ beenλ usedλ toλ trackλ strainsλ

inλ epidemiologicalλ studiesλ andλ hasλ allowedλ

theλcharacterizationλofλpathogenicλE. coliλsej

rotypes.λ Twoλ mainλ groupsλ ofλ suchλ frequentλ

serotypesλwereλdefined:λserotypesλfromλdiarj

rhoealλdiseaseλandλserotypesλfromλextraintesj

tinalλ disease.4λ However,λ severalλ difficultiesλ

haveλ beenλ observed,λ whenλ theλ Hλ serotypj

ingλofλE. coliλisλappliedλasλroutineλlaboratoryλ

standard:λ (I)λ theλ expressionλ ofλ Hjantigensλ

canλbeλdependentλonλvariousλenvironmentalλ

signalsλandλidentificationλofλtheλcompleteλsetλ

ofλserotypesλisλaλtimejconsumingλprocessλandλ

requiresλ theλ useλ ofλ 53λ specificλ antisera;λ andλ

(II)λ thereλ isλ aλ greatλ dealλ ofλ crossjreactionsλ

amongλE. coliλstrains.1,2,5λ

heλlagellumλ(theλorganelleλresponsibleλforλ

motility)λ consistsλ ofλ repeatedλ subunitsλ ofλ theλ

proteinλlagellinλ(liC).λheλlagellinλproteinsλareλ

conservedλ inλ theirλ terminalλ domains,λ wherej

as,λ theλ centralλ domainλ isλ variableλ andλ carriesλ

serotypejspeciicλ epitopes.6λ Flagellinλ genesλ areλ

suitableλ forλ PCRλ ampliication,λ andλ variabilityλ

betweenλtheλPCRλproductsλcanλsubsequentlyλbeλ

assessedλbyλrestrictionλanalysisλ(PCRjRFLP)λorλ

DNAλ sequencing.1,3,7λ Molecularλ biologyλ techj

niquesλ oferλ theλ potentialλ forλ rapidλ andλ reproj

ducibleλanalysisλofλbacterialλdiversity.8λHowever,λ
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serotypingλhasλbeenλtheλmainstayλinλtheλcharacterizationλandλ

diagnosticλofλE. coli,λandλthisλtechniqueλremainsλessentialλforλ

taxonomicλandλepidemiologicalλpurposes.2,9λ

heλaimλofλthisλstudyλwasλtoλcharacterizeλtheλHλantigensλ

ofλmotile,λserologicallyλnonjtypeableλHλantigensλstrains,λfromλ

variousλclinicalλoriginsλ(casesλofλgastroenteritis,λbloodyλdiarj

rhoea,λ HUS,λ urinaryλ tractλ infection).λ Rabbitλ antiseraλ wereλ

producedλ againstλ nonjtypeableλ strains.λ Aλ PCRjrestrictionλ

fragmentλ lengthλ polymorphismλ (PCRjRFLP)λ testλ thatλ dej

tectsλ andλ characterizesλ liCλ wasλ usedλ toλ buildλ aλ databaseλ ofλ

restrictionλpatternsλ(Pjtypes)λandλtoλrecognizeλHjtypes.1,2λOneλ

nonjtypeableλstrainλthatλtheλHλantigenλwasλnotλrecognizedλbyλ

PCRjRFLPλwasλselectedλandλtheλliCλgeneλwasλsequencedλtoλ

compareλwithλthoseλalreadyλdescribedλinλtheλliterature.

MATERIALS AND METHODS

Bacterial strains

Theλ referenceλ strainsλ belongingλ toλ variousλ Ojλ andλλ

HjantigenλgroupsλrepresentingλtheλflagellaλantigensλH1λtoλ

H56λwereλincludedλinλthisλstudy,10λandλtheyλwereλobtainedλ

fromλtheλE. coliλReferenceλLaboratory,λSantiagoλdeλComj

postela,λSpainλ(Table1).λMoreover,λaλtotalλofλ20λserologij

callyλnonjtypeableλHλantigensλstrainsλfromλvariousλclinij

calλoriginsλwereλusedλinλthisλstudyλ(Tableλ2).λTheλclinicalλ

E. coliλstrainsλwereλdonatedλbyλDr.λHelmutλTschäpeλ(Robj

ertλ Kochλ Institute,λ Nationalλ Referenceλ Centreλ ofλ Salmo-

nellaλandλotherλenterics,λWernigerode,λGermany)λandλbyλ

Dr.λ JorgeλBlancoλ (E. coliλReferenceλLaboratory,λSantiagoλ

deλCompostela,λSpain).λAllλE. coliλ isolatesλwereλstoredλatλ

roomλtemperatureλinλnutrientλbrothλ(NB)λ0.75%λagarλandλ

preservedλinλglycerolλculturesλatλj80°C.

Sera, serum absorption, and H-antigen serotyping

Toλ determineλ theλ Ojλ andλ Hjantigens,λ weλ usedλ antiseraλ

againstλ referenceλE. coliλHjantigensλ thatλwereλobtainedλ

fromλtheλE. coliλReferenceλLaboratory,λSantiagoλdeλComj

postela,λ Spain.λ Theλ applicationλ ofλ theλ E. coliλ referenceλ

collectionλandλtheλreferenceλseraλproducedλaccordingλtoλ

recommendationλ ofλ theλ Internationalλ Escherichiaλ andλ

KlebsiellaλCentreλ(WHO)λwasλused.λReferenceλE. coliλandλ

clinicalλE. coliλstrainsλwereλserotypedλatλtheλUniversidade 

Estadual de Campinas.

Hyperimmuneλ rabbitλ antiseraλ againstλ nonjtypeableλ

strainsλ wereλ producedλ byλ theλ Bacterialλ Antigensλ Laboj

ratoryλ inλ Universidade Estadual de Campinas.λ Usingλ

theλclinicalλE. coliλstrainsλandλtheλstandardλprotocolλforλλ

Tiba,λMoura,λCarazzolleλet al.

Table 2. E. coli clinical strains carrying serologically non-typeable H-antigens

Nº  Original code Serogroup Nº Original code Serogroup

1C VTH 15 (STEC) O81 2A 01-03443 (STEC) O55

2C VTH 110 (EHEC) O84 3A 00-04915 (EHEC) O76

3C VTH 118 (EHEC) O26 5A 00-04447 (STEC) O91

4C 28011a (EHEC) O84 7A 00-08242 (STEC) O136

5C 33141a (EPEC) ONT 8A 00-03034 (-) O25

6C 46103B (-) ONT 9A 00-07153 (-) O74

7C 40478B (EHEC) ONT 10A 00-00848 (-) O126

8C 48629c(1) (EPEC) O86 11A 00-05951 (STEC) R

9C 48629c(2) (EPEC) ONT 13A 00-08712 (STEC) O15

    14A 99-01406 (EPEC) O68

    15A 00-09775 (EPEC) O76

ONT, undertermined by typing sera; R, rough strains.
(-), negative to virulence factors: eae (enterocyte attaching and effacing), vt1 (verocytotoxin type 1), vt2 (verocytotoxin type 2), 
bfp ( bundle forming pilus), eaf (EPEC adherence factor). 

Table 1. E. coli H-antigens reference strains

O6:H1 O9:H12 O86:H25 086:H36 O156:H47

O3:H2 O18:H13 O38:H26 O42:H37 O16:H48

O53:H3 O23:H15 O58:H27 O69:H38 O6:H49

O50:H4 O46:H16 O148:H28 O110:H39 O8:H51

O4:H5 O15:H17 O138:H29 O41:H40 O11:H52

O120:H6 O17:H18 O86:H30 O137:H41 O148:H53

O1:H7 O32:H19 O73:H31 O70:H42 O161:H54

O105:H8 O126:H20 O114:H32 O140:H43 O4:H55

O30:H9 O146:H21 O60:H33 O3:H44 O139:H56

O108:H10 O158:H23 O160:H34 O125:H45 

O26:H11 O51:H24 O134:H35 O115:H46 
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derivingλ rabbitλ antisera.11λ Theλ productionλ andλ absorpj

tionλofλantiseraλandλ tubeλHjantigenλagglutinationλwereλ

carriedλoutλasλdescribedλpreviouslyλbyλEwingλ(1986).λ

DNA preparation

Aλ singleλ colonyλ wasλ grownλ inλ 3.0λ mLλ ofλ LuriajBertaniλ

medium,λovernightλatλ37°C.λGenomicλDNAλwasλpurifiedλ

byλ usingλ theλ “Wizardλ Genomicλ DNAλ Purificationλ Sysj

temλ Kit”λ (Promega/EUA).λ Theλ purifiedλ DNAλ wasλ susj

pendedλinλ100λµLλofλwaterλandλstoredλatλ4°C.

Primers and PCR ampliication

Theλ primersλ usedλ inλ thisλ studyλ areλ listedλ inλ Tableλ 3.λ

EachλPCRλwasλcarriedλoutλusingλaλ30λµLλreactionλmixj

tureλ containingλ 2λ mMλ MgCl2,λ eachλ deoxynucleosideλ

triphosphateλatλaλconcentrationλofλ0.2λmM,λeachλprimerλ

atλ aλ concentrationλ ofλ 10λ pmolλ andλ 1.5λ Uλ ofλ Taqλ DNAλ

polymeraseλ (Fermentas).λPCRλconditionsλ includedλdej

naturationλ forλ 60sλ atλ 94°C,λ annealingλ forλ 60sλ atλ 60°Cλ

andλextensionλforλ120sλatλ72°Cλforλ30λcycles,λinλaλTherj

malλCyclerλ(GeneλAmpλPCRλSystemλ9700/PerkinλElmerλ

Corporation,λ Norwalλ CT/USA).λ Theλ amplifiedλ DNAλ

productλwasλvisualizedλbyλstandardλsubmarineλgelλelecj

trophoresisλ usingλ 10λ mLλ ofλ theλ finalλ reactionλ mixtureλ

onλ aλ 1.5%λ agaroseλ gelλ inλ TAEλ bufferλ (1.6λ Mλ TrisjEDj

TA,λ 0.025λ Mλ aceticλ acid).λ Amplifiedλ DNAλ fragmentsλ

ofλspecificλsizesλwereλlocatedλbyλUVλfluorescence,λafterλ

stainingλ withλ ethidiumλ bromide.λ Theλ 1jkpbλ DNAλ ladj

derλ(Fermentas)λwasλusedλasλaλstandardλforλdeterminingλ

molecularλsizeλofλPCRλproducts.

Metaphorλ(FMCλBioproducts/USA)λforλ5hλatλ4.8λV/cm.1λ

Aλ100jbpλDNAλladderλ(Fermentas)λwasλusedλasλexternalλ

andλinternalλfragmentλsizeλstandard.λTheλrestrictionλfragj

mentsλ wereλ stainedλ withλ ethidiumλ bromideλ andλ docuj

mentedλ byλ Imageλ Masterλ VDSλ (Amershamλ Pharmaciaλ

Biotech/λUSA.λGelλComparλIIλ(AppliedλMaths/λBelgium)λ

wasλusedλtoλidentifyλRFLPλpatternsλandλtoλestablishλaλdaj

tabaseλforλfliCλfingerprinting.λFragmentsλwereλconsideredλ

identicalλ ifλ theirλ sizesλ didλ notλ differλ byλ moreλ thanλ 3.5%λ

(allowedλerror).

DNA manipulation and sequencing

Theλ fliCλ geneλ wasλ firstλ PCRλ amplified,λ andλ theλ PCRλ

productλ wasλ insertedλ intoλ pGEMλ Tjeasyλ kitλ (Promega/λ

USA).λAnalysisλofλclonedλfragmentsλandλtransformationλ

inλ DH5αλ strainλ wereλ performedλ usingλ standardλ methj

ods.12λfliCλPCRλproductsλwereλpurifiedλwithλtheλenzymeλ

ExoSAPjIT,λaccordingλ toλ theλ instructionsλofλ theλmanuj

facturerλ(GEλHealthλCare/USA).λSubsequently,λ5.0λμLλofλ

purifiedλPCRλproductλwereλmixedλwithλ4.0λμLλETλTermij

natorTMλmixλ(GEλHealthλCare/USA),λ1.0λμLλsequencingλ

primersλ T7λ (forward)λ andλ M13λ (reverse).λ Theλ thermalλ

programλ consistedλ ofλ 30λ cyclesλ ofλ 20sλ atλ 95°C,λ 15sλ atλ

50°Cλandλ1λminλatλ60°C.λTheλpurificationλofλtheλsequencj

ingλproductsλwasλobtainedλbyλmixingλ1λμLλofλammoniumλ

acetateλ (7.5M)λ andλ 27.5λ μLλ absoluteλ ethanol,λ followedλ

byλ incubationλ inλ theλ darkλ forλ 30λ min,λ andλ subsequentλ

centrifugationλatλ3,700λrpmλforλ75λminλatλ4°C.λSeparaj

tionλofλtheλDNAλfragmentsλwasλobtainedλinλaλMegabaceλ

1,000λsystemλ(GEλHealthλCare/USA).λVoltageλandλ timeλ

ofλinjectionλwereλ3kVλandλ120s.λRunningλwasλperformedλ

atλ9kVλforλ100λminλatλ44°C.

DNAλ sequenceλ wasλ assembledλ andλ editedλ byλ usj

ingλ theλ programsλ Phred,λ Phrap,λ andλ Consed.λ BLASTλ

wasλ usedλ forλ searchingλ databases,λ includingλ theλ Genj

Bank.λ Sequenceλ alignmentλ andλ comparisonλ wereλ carj

riedλ outλ usingλ ClustalW.λ Afterλ analysis,λ anλ internalλ

primerλ pairλ wasλ constructed:λ fliCλ 1C:λ AACTAACGj

GTACTAACTCTGACAλ andλ fliC1Crev:λ CCACTACj

CGTCTCAGCTTTλ toλ obtainλ aλ completeλ fliCλ sej

quence,λ becauseλ theλ entireλ geneλ wasλ largeλ andλ whenλ

theλ DNAλ sequencerλ (Megabaceλ 1000λ system)λ wasλ

usedλ approximatelyλ justλ 600λ pbλ wereλ obtained.Theλλ

DNAλ sequenceλ hasλ beenλ depositedλ inλ GenBankλ underλλ

theλaccessionλnºλGQ423574.

RESULTS

Serotyping

DeterminationλofλtheλOjλandλHjantigensλwasλperformedλ

accordingλtoλEwing,λ1986,λbyλagglutinationλwithλspecificλ

hyperimmuneλ rabbitλ antisera.λ Allλ Hjantigenλ referenceλ

collectionλandλfromλvariousλclinicalλoriginλstrainsλwereλ

Restriction patterns

TheλPCRjRFLPλprotocolλdevelopedλbyλFieldsλet al.,7 andλ

Machadoλet al.,1λwasλcarriedλout.λTheλamplifiedλfliCλgeneλ

wasλ cleavedλ withλ HhaIλ restrictionλ endonucleaseλ (Invitj

rogen),λ whenλ fliC(M)λ primersλ wereλ used,λ andλ RsaIλ rej

strictionλ endonucleaseλ (Invitrogen),λ whenλ fliC(F)λ primj

ersλ wereλ used.λ Fifteenλ microlitersλ ofλ eachλ PCRλ productλ

wasλ digestedλ withλ restrictionλ endonuclease,λ accordingλ

toλ theλ manufacture’sλ instructions.λ Restrictionλ fragmentsλ

wereλ separatedλ byλ electrophoresisλ onλ aλ 2%λ agaroseλ gelλ

IdentiicationλofλputativeλnewλE. coliλlagelarλantigens

Table 3. Sequence of primers used for PCR amplification

Primers Oligonucleotides 5’- 3’

fliC(F)1 ATGGCACAAGTCATTAATACCCAAC

fliC(F)2 CTAACCCTGCAGCAGAGACA,

fliC(M)1 CAAGTCATTAATAC(A/C)AACAGCC

fliC(M)2 GACAT(A/G)TT(A/G)GA(G/A/C)ACTTC(G/C)GT
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Tiba,λMoura,λCarazzolleλet al.

serotypedλ withλ respectλ toλ theirλ Hjantigensλ usingλ theλ

classicalλagglutinationλtests.

Allλ clinicalλ strainsλwereλ titratedλwithλallλ existingλ53λ

antiseraλinitiallyλinλ1:100λdilutionsλandλtheλresultsλofλagj

glutinationλtestsλwereλnegative,λmeaningλthatλtheλclinicalλ

strainsλusedλinλthisλwork,λhadλnonjtypeableλHjantigens.λ

Toλanalyzeλtheλflagellarλserologyλofλtheλnonjtypeableλ

strains,λ hyperimmuneλ rabbitλ antiseraλ againstλ theλ Hj

antigenλ wereλ produced.λ Antibodyλ crossjabsorptionλ asj

saysλwereλcarriedλout,λ andλ theλHjantigenλagglutinationλλ

testsλwereλperformedλ inλ tubes.λMoreover,λ theλresultsλofλ

serotypingλ(Tableλ4)λshowedλthatλtheseλantiseraλproducedλ

againstλ nonjtypeableλ strainsλ sharedλ aλ specificλ partialλλ

Hjantigenλ factorλ absentλ inλ theλ referenceλ strains.λ Allλ

nonjtypeableλE. coliλclinicalλstrainsλwereλnegativeλtoλsej

rotypingλusingλreferenceλantiseraλ(53λHjantisera).λ

fliC-RFLP analysis of E. coli reference strains

Toλ correlateλ theλ Hjantigenλ patternλ withλ fliCλ polymorj

phisms,λPCRjamplifiedλfliCλfragmentsλwereλsubjectedλtoλ

RFLPλanalysis.λThisλanalysisλwasλperformedλthreeλtimesλ

orλmoreλforλeachλstrainλstudied.λPatternsλwereλdesignatj

edλbyλaλ letterλP,λ followedλbyλaλnumberλ(Tableλ1).λAllλE. 

coliλ referenceλstrainsλ testedλgaveλriseλ toλaλPCRλproductλ

(varyingλinλsizeλfromλ0.8λtoλ2.7λkbp)λwithλtheλexceptionλ

ofλ fliC(F)λH17,λH25,λandλH53.λTheλfliCλwasλnotλamplij

fiedλeitherλ inλ theλH53λantigenλwhenλ fliC(M)λwasλused,λ

evenλ underλ differentλ PCRλ condition,λ indicatingλ inadj

equateλprimerλhomology.

HhaIjfliCλgeneλrestrictionλfragmentsλwereλobservedλ

inλ 52λ E. coliλ referenceλ strains.λ Aλ totalλ ofλ 44λ differentλ

patternsλwereλobservedλafterλHhaIλrestrictionλ(Tableλ5)λ

andλ aλ totalλ ofλ 40λ differentλ patternsλ wereλ observedλ afj

terλRsaIλ restrictionλ (Tableλ5).λWhenλRsaIjλ fliC(F)λwasλ

used,λaλcommonλpatternλwasλobservedλforλtheλfliCλfromλ

theλ H1,λ H28,λ H31λ strainsλ (P1),λ theλ H2,λ H30λ andλ H35λ

strainsλ(P2),λtheλH7,λH19λandλH27λstrainsλ(P7),λtheλH9λ

andλH14λstrainsλ (P8),λ theλH11λandλH47λstrainsλ (P10).λ

Whenλ HhaIjfliC(M)λ wasλ used,λ theλ H3λ andλ H8λ strainsλ

(P3),λtheλH6,λH10,λH19λandλH27λstrainsλ(P6),λtheλH11λ

andλH47λstrainsλ (P9),λ theλH23λandλH43λstrainsλ (P18),λ

theλH28λandλH42λstrainsλ(P22)λhadλaλcommonλpattern.λ

TheλfliCλgenesλforλH11,λH19,λH27,λH28λandλH47λantij

gensλ wereλ indistinguishableλ withλ bothλ restrictionλ enj

zymes.λ

Detection of non-typeable antigen by PCR-RFLP

SinceλmanyλpathogenicλE. coliλ strainsλwereλmotileλbut,λλ

nonjtypeableλ byλ serotyping,λ theλ determinationλ ofλ fliCλλ

polymorphismλmightλbeλaλquickλaltenativeλforλHjantigenλ

typing.λ Theλ flagellinλ geneλ wasλ amplifiedλ inλ allλ strainsλ

studiedλ (Tableλ 6).λ Weλ detectedλ singleλ bandsλ rangingλ

fromλ 1.1λ toλ 2.6λ kbpλ whenλ fliC(M)λ wasλ usedλ andλ sinj

gleλ bandsλ fromλ 1.3λ toλ 2.7λ kbpλ whenλ fliC(F)λ wasλ used.λ

Whenλ RsaIjflic(F)λ wasλ used,λ inλ elevenλ nonjtypeableλ

strainsλ thereλ wereλ noλ patternsλ comparableλ toλ thoseλ

fromλE. coliλreferenceλstrains.λThreeλstrainsλsharingλtheλ

P2λ pattern,λ andλ fourλ strainsλ sharingλ theλ P8,λ P10,λ P11,λ

andλ P13λ patternsλ respectivelyλ (Tableλ 5).λ Whenλ HhaIj

fliC(M)λwasλusedλthereλwereλnoλpatternsλcomparableλtoλ

thoseλ fromλ referenceλ strainsλ inλ thirteenλ nonjtypeableλ

strains.λ Twoλ strainsλ sharedλ theλ P2λ pattern,λ twoλ otherλ

strainsλ sharedλ theλ P10λ patternλ andλ threeλ strainsλ sharj

ingλtheλP9,λP13λandλP41λpatternsλrespectivelyλ(Tableλ6).λ

Twoλstrainsλhadλtheλsameλpatternλ(P2)λwhenλbothλtechj

niquesλ wereλ used.λ Thisλ strainλ wasλ identifiedλ asλ beingλ

similarλ toλ theλ H2λ antigen.λ Mostλ ofλ theseλ nonjtypeableλ

strainsλ revealedλ unknownλ RFLPλ patternsλ amongλ theλλ

HλantigensλH1λtoλH56λ(Tableλ6).

Table 4. Results of PCR-RFLP and serotyping of non-

typeable E. coli strains

Strains PCR-RFLP PCR-RFLP Titer of non-typeable  

 fliC(M) fliC(F) antisera against  

   standard H antigen  

   strains 

1C - - H11 (1:6400)

2C P2 P2 H2 (1:12800)

3C P9 P10 H11 (1:12800)

5C - - NR

7C - - NR

8C P41 - NR

9C - - NR

2A - P8 H9 (1:12800)

3A - - NR

5A - - NR

7A - - NR

8A P10 P11 H12 (1:12800)

9A P10 - NR

10A - P2 H30 (1:12800)

13A P13 P13 H16 (1:12800)

14A - - NR

15A - - NR

NR, negative reaction; Strains 4C, 6C and 11A were not ob-

tained antisera. 
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Table 5. Polymorphisms of fliC(F) and fliC(M) PCR products and their restriction patterns obtained (molecular pattern)

H antigen O antigen RFLP (RsaI) in bp Molecular RFLP (HhaI) in bp  Molecular 
reference strain   of fliC(F) PCR products  pattern  of fliC(M)-PCR products pattern

H1 O6 630, 330, 310 P1 285, 195, 170, 70  P1

H2 O3 570, 410, 320, 120 P2 1370, 180 P2

H3 O53 720, 320, 290, 150  P3 360, 350, 150, 110 P3

H4 O50 440, 255, 230 P4 340, 285, 100, 60, 50 P4

H5 O4 1290 P5 770, 260, 160, 120  P5

H6 O120 565, 335, 320 P6 750, 150, 110, 70, 50 P6

H7 O1 570, 340, 330 P7 790, 200, 150, 120, 105 P7

H8 O105 710, 330, 295, 150 P3 360, 350, 150, 110 P3

H9  1115, 315, 170 P8 735, 470, 215, 120, 70 P8

H10 O108 540, 320, 310 P9 740, 160, 115, 70, 50 P6

H11 O26 560, 300, 160 P10 445, 435, 300, 220 P9

H12 O9 730, 410, 280, 160, 130 P11 655, 410, 230, 175, 120  P10

H14 O18 1115, 315, 170 P8 340, 245, 220, 110, 105, 60 P11

H15 O23 440, 325, 300, 230, 95 P12 390, 360, 320, 215, 130  P12

H16 O46 390, 330, 300, 150 P13 1220, 230, 140 P13

H17 O15 -a - 355, 305, 110, 70 P14

H18 O17 760, 420, 150, 120, 95 P14 660, 250 P15

H19 O32 550, 335, 325 P7 750, 150, 110, 70, 50 P6

H20 O126 385, 315, 300, 230, 200 P15 710, 420, 200, 110, 60 P16

H21 O146 1275 P16 720, 210, 110, 70, 55 P17

H23 O158 680, 390, 350, 300, 130 P17 460, 320, 210, 145, 105, 70 P18

H24 O51 550, 440, 310, 275, 140 P18 540, 340, 195, 145, 135 P19

H25 O86 -a - 625, 195, 130, 125 P20

H26 O38 860, 570, 150 P19 290, 260, 210, 180, 160, 130,100 P21

H27 O58 560, 340, 330 P7 740, 155, 110, 70, 50 P6

H28 O148 620, 335, 320 P1 315, 235, 210, 110, 100, 80, 70 P22

H29 O138 380, 340, 310, 175, 110 P20 740, 280, 125, 80, 70 P23

H30 O86 590, 420, 310, 120 P2 410, 280, 240, 150, 115, 100, 85 P24

H31 O73 610, 320, 310 P1 380, 320, 285, 240, 215, 115, 65 P25

H32 O114 760, 525, 305 P21 430, 370, 300, 250, 210, 170, 130, 80 P26

H33 O60 670, 420 P22 235, 230, 210, 105 P27

H34 O160 640, 535, 415 P23 670, 315, 160, 135 P28

H35 O134 570, 410, 310, 120 P2 1210, 220, 195 P29

H36 O86 690, 560, 290, 210, 150, 105 P24 740, 595, 445, 305, 220 P30

H37 O42 840, 330, 230, 130 P25 680, 270, 240 P31

H38 O69 320, 180, 165, 150, 120 P26 995, 130 P32

H39 O110 310, 280, 270, 210, 110, 90 P27 390, 250, 210, 170, 110, 105 P33

H40 O41 315, 290, 250, 145, 85 P28 380, 340, 195, 160 P34

H41 O137 430, 320, 300, 270, 215, 130 P29 570, 440, 160, 130 P35

H42 O70 640, 320, 310, 95 P30 320, 235, 210, 115, 70, 60 P22

H43 O140 390, 350, 300, 290, 130 P31 465, 320, 215, 150, 115, 75 P18

H44 O3 710, 610, 500, 300, 90 P32 335, 315, 275, 250, 190, 110, 70 P36

H45 O125 430, 380, 315, 215, 140, 130, 110 P33 455, 410, 260, 250, 115 P37

H46 O115 460, 315, 300, 250, 200, 105 P34 400, 310, 215, 180, 110, 80 P38

H47 O156 575, 300, 155 P10 445, 430, 300, 230 P9

H48 O16 630, 470, 290, 95 P35 515, 290, 210, 125, 100 P39

H49 O6 410, 310, 290, 260, 210, 130, 70 P36 540, 350, 200, 150, 130 P40

H51 O8 360, 310, 270, 210, 150, 115 P37 1000, 250, 205, 105 P41

H52 O11 695, 375, 180, 90 P38 335, 260, 220, 140 P42

H53 O148 -a - -a -

H54 O161 780, 315, 255, 200, 145, 115 P39 525, 330, 275, 165, 115, 110 P43

H55 O4 900, 305, 105 P40 440, 235, 165, 130, 80, 60 P44

H56 O139 900, 305, 105 P40 440, 230, 160, 125, 80, 60 P44

a , not amplified by PCR.

IdentiicationλofλputativeλnewλE. coliλlagelarλantigens
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Table 6. fliC gene restriction analysis of non-typeable E.coli strains using RsaI and HhaI

E. coli RFLP (RsaI) in bp of  Molecular fliC fragment  RFLP (HhaI) in bp of  Molecular fliC fragment 

strains  fliC(F)-PCR products pattern  size (bp) FliC(M) PCR products pattern size (bp)

1C 595, 520, 375, 320, 285, 230, 140 P41 1,420 895, 295, 220 P45 1,360

2C 560, 410, 320, 125 P2 1,470 1305, 220 P2 1,390

3C 565, 290, 150 P10 1,430 445, 435, 315, 220 P9 1,410

4C 565, 400, 315, 130 P2 1,470 1350, 180 P2 1,395

5C 310, 260, 185, 150, 105 P42 1,445 875, 360, 285, 260,  P46 1,350 

    210, 170, 150, 110

6C 1320 P43 1,300 735, 210, 115 P47 1,180

7C 415, 280, 230, 190, 95 P44 1,790 615, 430, 370, 120 P48 1,625

8C 335, 290, 250, 240, 190, 130, 105 P45 1,740 1005, 260, 210, 100 P41 1,695

9C 570, 440, 420, 235, 180 P46 1,670 1040, 350, 120 P49 1,620

2A 1100, 320, 170, P8 2,050 760, 480, 215, 130 P50 1,955

3A 315, 270, 170, 150, 105 P47 1,495 260, 210, 180, 160, 115, 85 P51 1,460

5A 645, 570, 420 P48 1,660 690, 310, 250, 110 P52 1,590

7A 580, 375, 310, 290, 225, 185 P49 1,720 710, 425, 210 P53 1,660

8A 715, 430, 300, 175, 145 P11 1,785 645, 400, 225, 165, 120 P10 1,710

9A 420, 355, 320, 240, 205, 130 P50 1,775 635, 400, 215, 165, 115 P10 1,550

10A 560, 420, 320, 125 P2 1,725 650, 380, 250, 215,  P54 1,665 

    165, 120, 85, 65, 50

11A 560, 420, 330, 135 P2 1,500 615, 375, 205, 155, 95, 60, 50 P55 1,630

13A 375, 325, 295, 140 P13 1,555 1350, 180 P13 1,460

14A 1005, 550, 310, 280, 140 P51 2,690 720, 435, 380, 290, 220 P56 2,065

15A 555, 520, 370, 250, 135 P52 1,720 625, 350, 205, 105 P57 1,630

Tiba,λMoura,λCarazzolleλet al.

Nucleotide sequence analysis

heλfullλgeneλsequenceλwasλobtainedλforλoneλstrainλandλT7λ

andλ M13λ primersλ basedλ onλ theλ pGEMTjeasyλ vectorλ wereλ

used.λAnλinternalλpairλofλprimersλbasedλonλwithinλsequencedλ

E. coliλ liCλ geneλ wasλ alsoλ constructed.λ heλ nonjtypeableλ

strain,λshowedλtwoλexpectedλconservedλregionsλinλtheλNjterj

minalλandλCjterminalλportions,λwhereasλtheλcentralλregionλ

wasλquiteλvariable.λheλcompleteλnucleotideλsequenceλofλliCλ

geneλhasλ1,541bpλ(accessionλnumberλGQ423574).

DNAλalignmentλwasλbasedλonλtheλaminoλacidλalignmentλ

storedλinλtheλdatabaseλofλtheλNationalλCenterλforλBiotecnolj

ogyλInformationλ(NCBI).λOurλsequenceλforλtheλtypeλstrainλ

VTHj15λ isλ99%λ identicalλ toλ thoseλofλH21λantigen.λSynonj

ymousλ andλ nonsynonymousλ substitutionλ wereλ observedλ

througλtheλprogramλBLASTx.λheλdeducedλaminoλacidλsej

quencesλofλthisλliCλgeneλdiferλinλupλtoλoneλaminoλacidλfromλ

thoseλofλtheλH21λtypeλstrain.λ

DISCUSSION

E. coliλ ofλ speciicλ serotypeλ canλ beλ associatedλ withλ certainλ

clinicalλ syndromes,λ evenλ thoughλ theλ serologicalλ antigensλ

doλnotλcorrelateλwithλvirulence.λItλhasλbeenλshownλthatλanj

tigenicλtypingλofλE. coliλisλextremelyλusefulλinλepidemiologij

calλstudies.4λCurrently,λsomeλisolatesλareλgenerallyλnotλveryλ

motileλandλnonjtypeableλandλseveralλdiicultiesλhaveλbeenλ

observed,λwhenλtheλHλserotypingλofλE. coliλwasλappliedλasλaλ

routineλlaboratoryλstandard.1,2,5

ToλconirmλputativeλnewλHjantigens,λhyperimmuneλrabj

bitλantiseraλwereλproducedλandλendpointλagglutinationλtestsλ

withλallλknownλHjgroupλreferenceλstrainsλwereλusedλtoλconj

irmλspeciicity.λSixλantiseraλobtainedλagainstλnonjtypeableλ

HλantigenλcrossreactedλwithλtheλreferenceλHjantigen,λbutλtheλ

liC(F)λandλliC(M)λpatternsλresultsλwereλdistinct.λAlthoughλ

thereλareλseveralλminorλrelationshipsλamongλtheλrecognizedλ

Hjantigens,λtheλabsorbedλHλantiserumλisλrequiredλforλtheirλ
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exactλ identiication.λ Anλ importantλ relationshipλ existsλ bej

tweenλE. coliλHjantigensλH11λandλH21.11λWeλdemonstratedλ

thatλtheλantiserumλobtainedλfromλVTHj15λstrainλhadλtheλij

nalλantiserumλdilutionλofλ1:6,400,λwhileλnucleotideλsequencj

ingλdemonstratedλsimilarityλofλ99%λtoλH21λtypeλstrain.λRej

sultsλbyλ testsλ inλabsorbedλantiserumλwereλnegativeλ toλH11λ

andλH21λantigens.λDeiningλandλestablishingλnewλHjantigenλ

typesλwillλremainλaλtaskλofλtheλInternationalλEscherichiaλandλ

KlebsiellaλCentreλ(WHO).λ

Usingλ theλ liCλ PCRjRFLPλ methodλ severalλ authorsλ

showedλ thatλ nonjmotileλ E. coliλ strainsλ possessλ liCjλ RFLPλ

patternsλ thatλdidλnotλ correspondλ toλknownλHλE. coliλ antij

gens.7,8λHowever,λnonjtypeableλstrainsλhaveλliCλRFLPλpatj

ternsλ thatλ didλ notλ correspondλ toλ theλ patternλ identiiedλ forλ

theλH1λtoλH56λantigensλandλmightλthereforeλrepresentλnovelλ

Hjantigenλtypes.λ

Inλ theλpresentλ study,λweλhaveλ shownλ thatλ theλliCλ geneλ

couldλbeλampliiedλinλallλnonjtypeableλE. coliλstrains,λandλaλ

considerableλ polymorphismλ ofλ theλ HhaIλ andλ RsaIλ restricj

tionsλproductsλofλtheλampliiedλliCλgeneλcouldλbeλdetectedλ

(Tableλ6)λandλusedλforλaλlagellarλidentiicationλsystem.λ

heλ diversityλ ofλ ampliicationλ productsλ wasλ examinedλ

withλtheλuseλofλHhaIλandλRsaI,λwhichλdemonstratedλtoλbeλaλ

feasibleλandλrapidλmethodλforλidentiicationλandλsubtypingλ

ofλHjantigens.λForλeachλofλtheλliCλproductsλobtainedλfromλ

nonjtypeableλstrains,λaλrestrictionλpatternλ(Pjtype)λwasλgenj

erated.λAλtotalλofλ12λkindsλofλPjtypesλwereλdetermined,λwhenλ

RsaIλ(PCRjRFLPλRsaI)λwasλusedλandλaλtotalλofλ13λkindsλofλ

PjtypesλwereλdetectedλwithλtheλuseλofλHhaI.λ

NucleotideλsequencingλofλtheλnonjtypeableλE. coliλ(VTHj

15)λfromλhumanλclinicalλisolatesλisλdepositedλinλGenBankλasλ

GQ423574.λFlagellinλgenesλareλidentiiedλonλtheλbasisλofλtheλ

homologyλwithλknownλlagellinλgenes.λCompleteλnucleotideλ

sequencingλ ofλ liCλ geneλ fromλ nonjtypeableλ strainλ demonj

stratedλsimilarityλofλ99%λtoλ thoseλpreviouslyλpublishedλ forλ

theλ H21λ typeλ strain.λ Althoughλ mostλ ofλ theλ Hjantigensλ ofλλ

E. coliλhaveλbeenλalreadyλdescribedλatλ theλmolecularλ level3λ

aλfewλremainedλtoλbeλanalyzed,λespeciallyλtheλnonjtypeableλ

strains.

Inλconclusion,λliCλdiversityλhasλbeenλ showedλbyλusingλ

theλPCRjRFLPλtechniqueλinλnonjtypeableλstrains.λheseλpuj

tativeλnewλHλgroupsλinλE. coliλstrainsλisolatedλfromλhumansλ

willλbeλusedλinλtheλepidemiologicalλandλoccurrenceλstudies.λ

However,λdeiningλandλestablishingλnewλHλantigensλtypeλwillλ

remainλaλtaskλofλtheλInternationalλEscherichiaλandλKlebsiellaλ

Centreλ(WHO).
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