
Serotyping of E. coli O and H antigens has been shown to be 
suitable for identification of the major clonal types of 
pathogenic E. coli strains, such as O157 strains and others. 
Investigation of serotypes is important in investigations of 
outbreaks and for the spread and emergence of new E. coli

types. The characterization of the O-antigen type only is not 
sufficient enough to identify potential pathogenic E. coli

strains. Only some of the strains belonging to STEC O groups 
O26, O111, and O157 were shown to produce Shiga toxins 
(Leomil et al., 2005; Guerra et al., 2006; Kaufmann et al.,
2006). On the other hand, it was found that Shiga toxin 
production is closely associated with strains belonging to 
certain O:H serotypes, such as O26:H11, O111:H8, and 
O157:H7 (Whittam and Ake, 1993; Reid et al., 2000; Zhang et 

al., 2000). 
However, several difficulties have been observed, in 

particular with H-serotyping of E. coli, when it was applied as 
a laboratory standard in routine praxis: 1) The expression of 
H-antigens can be sometimes delayed and dependent on 
various environmental signals (Kerridge, 1961; Adler and 
Templeton, 1967; Ratiner, 1999), 2) a great scale of cross-
reactions happen to occur among E. coli which requires 
application of end-point dilution tests, and last but not least, 
3) diagnostic H-sera are not commercially available and there-
fore not standardised. Therefore, several other approaches, in 
particular molecular approaches, were taken into considera-
tion to characterise the O- and H-antigens of E. coli (Kilger 
and Grimont, 1993; Fields et al., 1997; Dauga et al., 1998; Reid
et al., 1999; Coimbra et al., 2000; Machado et al., 2000). One 
approach to subdivide E. coli was carried out on the basis of 
the flagella main protein gene fliC (Iino et al., 1988; Joys, 
1988; Kuwajima, 1988) in order to replace the time-consuming 

and non-standardised H-serotyping (Fields et al., 1997; Reid et 

al., 1999; Machado et al., 2000). 
In order to develop a specific and commonly applicable 

method for the typing of E. coli H-antigen, this study aimed 
first to analyze the complete nucleotide sequences of the fliC
gene encoding flagellar antigen from E. coli reference strains 
for database building of fliC gene sequences, second to apply 
this identification system to 74 potentially pathogenic E. 

coli isolated from food in Morocco, and third to compare 
the results obtained by this method with those obtained by 
fliC-RFLP.  

Materials and Methods 

Bacterial strains 

The E. coli reference strains used for database building of fliC gene 

sequences were from the collection described by (Machado et al.,

2000), which were characterized for their fliC types by PCR-RFLP 

typing. Seventy four E. coli isolates carrying virulence factors from the 

collection described by (Badri et al., 2009) were tested to determine 

their H-types. 

DNA preparation and amplification of fliC gene 

Strains were streaked on tryptocasein soy agar (Sanofi Diagnostics 

Pasteur, Marnes-la-Coquette, France) and bacterial DNA was 

isolated using InstaGene Matrix kit (BioRad), following the 

instructions given by the manufacturer. 

The fliC flagellin gene was amplified with the following two 

primers: 5 -CAA GTC ATT AAT AC (A/C) AAC AGC C-3  (primer 

1) and 5 -GAC AT(A/G) TT(A/G) GA(G/A/C) ACT TC(G/C) GT-3

(primer 2). A/C, A/G, G/C, and G/A/C in parentheses indicate A or C, 

A or G, G or C, G or A or C (respectively). The synthesized product 

had to contain a mixture of oligonucleotides representing all these 

combinations (Dauga et al., 1998). * For correspondence. E-mail: samira_bdm@yahoo.fr; Tel: +212-68-30-
67-18; Fax:+212-22-98-50-63 
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In order to develop other molecular method useful for typing of motile and non motile Escherichia coli
strains, a total of 207 strains of E. coli (133 reference strains, 74 food strains) were characterized by analysis

of sequences of their amplified flagellin-encoding (fliC) gene products. The collection of reference strains was

used for database building of fliC gene sequences. Application of this identification system to 74 E. coli food

isolates revealed a reproducible and clear cut classification with very good correlation to results obtained by

HhaI restriction of the amplified flagellin gene. The proposed determination of fliC sequences variations

should be helpful for epidemiological studies. 
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Restriction patterns and computer identification of isolates 

PCR-generated DNA was purified using GFX PCR DNA and Gel 

Band Purification kit (Pharmacia). The purified PCR products fliC

were cleaved with HhaI restriction endonuclease (Pharmacia) 

according to the manufacturer’s instructions for 2 h at 37°C. 

Using the Taxotron software, the restriction patterns of their 

amplified fliC gene were identified against databases containing the F 

types of reference strains (Coimbra et al., 2000; Machado et al., 2000) 

to conclude H types. 

Nucleotide sequencing of fliC gene  

The PCR products were purified with a QIAquick PCR purification 

kit (QIAGEN), used for sequencing by applying dye terminator 

chemistry PE Applied Biosystems, and separated on an automated 

DNA sequencer (Applied Biosystems). The sequences were analyzed 

with Bionumerics software. 

Results 

To investigate the ability of the fliC sequence analysis method 
to differentiate the fliC genes that encode the H antigens, the
fliC gene of the reference strains has been sequenced and a 
database was built with the nucleotide sequences obtained. 
Application of this identification system to 74 E. coli food 
isolates carrying virulence factors were established. The 
results showed that prevalent H-types in E. coli strains tested 
were: H1 (5%), H2 (5%), H4 (23%), H5 (1%), H7 (5%), H8 
(12%), H9 (5%), H10 (12%), H11 (3%), H18 (1%), H19 (2%), 
H21 (7%), H25 (1%), H26 (1%), H28 (1%), H29 (1%), H30 
(1%), and H31 (8%). These strains were characterized by 
HhaI restriction of the amplified flagellin gene. Analysis 
of the restriction fragments were identified against databases 
containing the F types of reference strains (Coimbra et al.,
2000; Machado et al., 2000) to conclude H types (Fig. 1). 

To correlate the F-types obtained by fliC-RFLP with H-
types obtained by fliC sequence analysis, it was shown that the 
fliC genotypes of F-types derivatives of E. coli strains were 
similar to those obtained by fliC sequence analysis. 

Discussion

In this work, we demonstrated that the fliC sequence analysis 
is a reliable, rapid, and easy-to-perform method for determi-
nation of the H types of E. coli isolates, including non motile 
strains that cannot be H typed by serotyping. Clearly identi-
fiable and reproducible fliC-sequences were obtained for the 
E. coli strains isolated from food. 

Moreover, serologically non-typeable H-antigens or H-
antigen-negative (non-motile) strains could be classified into 
the H1 to H56 groups using the fliC sequences patterns. 
However, for international comparisons and application, fliC
fingerprinting will require a standard operation protocol (e.g. 
as described in ‘Materials and Methods’). Since the O- and H-
antigens will remain an important biomarker for detection, 
population genetics, and epidemiological analysis of E. coli,
their determination needs to be carried out by primary 
diagnostic laboratories and respective Reference Centres 
whether in its classical form or in its fliC fingerprinting version 
(Winstanley and Morgan, 1997). When new serogroups (O 
and H) will have to be established this will remain a task of 

the International Escherichia and Klebsiella Centre (WHO). 
In addition to serotyping a range of other subtyping methods 

such as genotyping (molecular fingerprinting), electrotyping, 
and above all, virulence factor analysis has been applied 
(Swaminathan et al., 2001). Earlier observations concerning 
particular pathogenic factors identified in particular serotypes 
(serovar) (Stenderup and Orskov, 1983) might have been 
misunderstood in the past as a serotype-related virulence with 
particular clinical implication. The definition of E. coli pathovars 
(such as EHEC, ETEC, EIEC, UPEC, etc.) according to their 
virulence make-up (Levine, 1987) does not imply principally a 
correlation between pathogenic factors and distinct serovars. 
This is not unexpected since most of the pathogenic factors 
are encoded by mobile genetic elements which allow the 
conversion of various serovars into the same pathovar (Brunder 
and Karch, 2000). However, the connection of distinct 
pathogenic factors with distinct serovars is indeed often 
observed among E. coli strains of clinical origin. Therefore, 
serotype grouping (O-and H-antigens) of pathogenic E. coli

strains remains the first line of their investigation and is 
regarded as the essential first approach in subtyping pathogenic 
bacteria. Only when the serotype of clinical isolates is 
established the other molecular methods for subtyping and 
fingerprinting can be reasonably applied. 
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Fig. 1. Dendrogram generated by Bionumerics software, showing H-antigen (F) generated with HhaI restriction of fliC PCR products and

relevant characteristics of the 74 E. coli strains used in this study. The phenogram was constructed using the Dice coefficient and UPGMA

analysis. The degree of similarity (%) is shown on the scale. 



Sequence analysis of fliC gene in E. coli  187 

Joys, T.M. 1988. The flagellar filament protein. Can. J. Microbiol. 34, 

452-458. 

Kaufmann, T.C., A. Engel, and H.W. Remigy. 2006. A novel method 

for detergent concentration determination. Biophys. J. 90, 310-317. 

Kerridge, D. 1961. The effect of environment on the formation of 

bacterial flagella, pp. 41-68. Microbial reactions environment. 

Cambridge University Press, Cambridge, UK.  

Kilger, G. and P.A. Grimont. 1993. Differentiation of Salmonella 

phase 1 flagellar antigen types by restriction of the amplified fliC

gene. J. Clin. Microbiol. 31, 1108-1110. 

Kuwajima, G. 1988. Flagellin domain that affects H antigenicity of 

Escherichia coli k-12. J. Bacteriol. 170, 485-488. 

Leomil, L., A.F. Pestana de Castro, G. Krause, H. Schmidt, and L. 

Beutin. 2005. Characterization of two major groups of diarrheagenic 

Escherichia coli O26 strains which are globally spread in human 

patients and domestic animals of different species. FEMS Microbiol. 

Lett. 249, 335-342. 

Levine, M.M. 1987. Escherichia coli that cause diarrhea: Entero-

toxigenic, enteropathogenic, enteroinvasive, enterohemorrhagic, 

and enteroadherent. J. Infect. Dis. 155, 377-389. 

Machado, J., F. Grimont, and P.A. Grimont. 2000. Identification of 

Escherichia coli flagellar types by restriction of the amplified fliC

gene. Res. Microbiol. 151, 535-546. 

Ratiner, Y.A. 1999. Temperature-dependent flagellar antigen phase 

variation in Escherichia coli. Res. Microbiol. 150, 457-463. 

Reid, S.D., C.J. Herbelin, A.C. Bumbaugh, R.K. Selander, and T.S. 

Whittam. 2000. Parallel evolution of virulence in pathogenic 

Escherichia coli. Nature 406, 64-67. 

Reid, S.D., R.K. Selander, and T.S. Whittam. 1999. Sequence 

diversity of flagellin (fliC) alleles in pathogenic Escherichia coli. J.

Bacteriol. 181, 153-160. 

Stenderup, J. and F. Orskov. 1983. The clonal nature of entero-

pathogenic E. coli strains. J. Infect. Dis. 148, 1019-1024.  

Swaminathan, B., T.J. Barrett, S.B. Hunter, and R.V. Tauxe. 2001. 

Pulsenet: The molecular subtyping network for foodborne 

bacterial disease surveillance, United States. Emerg. Infect. Dis. 7, 

382-389. 

Whittam, T.S. and S.E. Ake. 1993. Genetic polymorphisms and 

recombination in natural populations of Escherichia coli, pp. 223-

245. In N. Takahata and A.G. Clark (eds.), Mechanisms of mole-

cular evolution, Sinauer Associates, Inc., Sunderland, Mass, USA. 

Winstanley, C. and J.A. Morgan. 1997. The bacterial flagellin gene as 

a biomarker for detection, population genetics and epidemiolo-

gical analysis. Microbiology 143, 3071-3084. 

Zhang, W.L., M. Bielaszewska, J. Bockemuhl, H. Schmidt, F. Scheutz, 

and H. Karch. 2000. Molecular analysis of H antigens reveals that 

human diarrheagenic Escherichia coli O26 strains that carry the 

eae gene belong to the H11 clonal complex. J. Clin. Microbiol. 38, 

2989-2993.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


