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

should be helpful for epidemiological studies.
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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
026, 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:HS8, 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
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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,Gor 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).



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 Hhal 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
Hhal 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 HS6 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
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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 ez 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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EcSa3s F4 iucD Turkey
EcSa36 F4 iucD Turkey
EcSa6 F4 iucD Turkey
EcSas4 F4 iucD Turkey
EcSa105 F4 iucD Turkey
EcSa117 F4 iucD Turkey
EcSa127 F4 iucD Sausage
EcSa8s F4 astA Sausage
EcSa®2 Fa4 astA Sausage
EcSa152 F4 st +hiyA W ell water
EcSal73 F4 st +hiyA Turkey
EcSa103 Fa4 astA +pap Turkey
EcSa19 F4 astA Sausage
EcSa139 F4 astA Turkey
EcSa148 F4 iucD W ell water
EcSa8 F28 astA Turkey
EcSa112 F31 astA +iucD +ipaH Turkey
EcSa40 F31 astA +iucD +ipaH Turkey
EcSa47 F31 astA +iucD Turkey
EcSas0 F31 astA +iucD Turkey
EcSa72 F31 astA +iucD Turkey
EcSa88 F31 astA +iucD Turkey
EcSat142 F2 IpaH Turkey
Ecsat143 F2 IpaH Turkey
EcSat45 F2 IpaH Turkey
4 EcSal50 F2 IpaH Turkey
EcSa51 F30 astA +iucD Ground beef
EcSa37 F1 iucD Turkey
EcSa75 F1 astA +iucD Turkey
EcSa109 F1 iucD Turkey
EcSa38 F1 iucD Ground beef
EcSa185 F7 iucD +pap Sausage
EcSa198 F7 stx1 +stx2 + eaeA +hlyA Ground beef
L EcSa201 F7 stx1 +stx2 + eaeA +hlyA Ground beef
EcSa81 F7 astA Turkey
— EcSa136 F9 iucD Turkey
EcSa42 F9 iucD Turkey
EcSa9t F9 iucD Ground beef
EcSa168 M1 astA Sausage
EcSa135 F5 iucD Turkey
EcSa158 F10 astA Sausage
EcSat0 F10 astA Sausage
EcSa2s F10 astA Sausage
EcSa% F10 astA Sausage
EcSa183 F25 iucD Sausage
EcSa188 F34 It Sausage
EcSa189 F34 It Sausage
Ecsas7 F10 iucD Turkey
EcSa&4 F10 iucD Ground beef
M Ecsa74 F10 iwcD Turkey
EcSa76 F10 iucD Turkey
EcSa44 F8 eaeA Turkey
EcSa48 F8 eaeA Turkey
EcSa49 F8 eaeA Ground beef
Ecsa% F8 eaeA Ground beef
EcSa62 F8 eaeA Ground beef
EcSa80 F8 eaeA Ground beef
| EcSa% F8 eaeA Sausage
EcSa78 F8 eaeA Ground beef
EcSa169 F8 iwcD Sausage
I Ecsat6 F29 hiyA + astA Turkey
—_ EcSa178 F21 afa W el water
EcSa21 F10 astA Sausage
EcSa133 F19 pap Sausage
EcSa7 F19 stx1 +hlyA + saa Ground beef
EcSa14 F26 eaeA +astA +pap Ground beef
e, EcSa116 F18 iucD Sausage
EcSa140 F21 astA +iucD Turkey
EcSa147 F21 astA +iucD Turkey
Ecsat25 F21 pap Turkey
EcSa45 F9 astA +iucD Sausage
4|;|: EcSa110 F11 iucD Turkey
EcSa33 F21 stx1 Sausage
EcSa2 F11 astA Ground beef

Fig. 1. Dendrogram generated by Bionumerics software, showing H-antigen (F) generated with Hhal 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.
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