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Shiga toxin-producing Escherichia coli (STEC) strains belonging to serotypes O157:H7, O26:H11, O103:H2, O111:H8, and
O145:H28 are known to be associated with particular subtypes of the intimin gene (eae), namely, �1, �1, �, �, and �1, respec-
tively. This study aimed at evaluating the usefulness of their detection for the specific detection of these five main pathogenic
STEC serotypes in cattle feces. Using real-time PCR assays, 58.7% of 150 fecal samples were found positive for at least one of the
four targeted eae subtypes. The simultaneous presence of stx, eae, and one of the five O group markers was found in 58.0% of the
samples, and the five targeted stx plus eae plus O genetic combinations were detected 143 times. However, taking into consider-
ation the association between eae subtypes and O group markers, the resulting stx plus eae subtype plus O combinations were
detected only 46 times. The 46 isolation assays performed allowed recovery of 22 E. coli strains belonging to one of the five tar-
geted STEC serogroups. In contrast, only 2 of 39 isolation assays performed on samples that were positive for stx, eae and an O
group marker, but that were negative for the corresponding eae subtype, were successful. Characterization of the 24 E. coli iso-
lates showed that 6 were STEC, including 1 O157:H7, 3 O26:H11, and 2 O145:H28. The remaining 18 strains corresponded to
atypical enteropathogenic E. coli (aEPEC). Finally, the more discriminating eae subtype-based PCR strategy described here may
be helpful for the specific screening of the five major STEC in cattle feces.

Enterohemorrhagic Escherichia coli (EHEC) strains are a subset
of Shiga toxin-producing E. coli (STEC) species that are re-

sponsible for severe clinical symptoms, such as those of hemor-
rhagic colitis (HS) and the potential lethal hemolytic uremic syn-
drome (HUS). Although a wide range of serotypes have been
implicated in EHEC infections, five major serotypes are responsi-
ble for the majority of HS and HUS (1). The “top five” EHEC
serotypes are defined as E. coli strains harboring Shiga toxin (stx)
and intimin (eae) genes and belonging to one of the following sero-
types: O157:H7, O26:H11, O103:H2, O111:H8, and O145:H28 (2).
More precisely, the O157:H7 and O145:H28 serotypes are known
to be associated with the eae-�1 subtype, whereas STEC O26:H11,
O103:H2, and O111:H8 harbor eae-�1, eae-ε, and eae-� subtypes,
respectively (3, 4). EHEC strains are zoonotic pathogens, as do-
mestic ruminants, mainly cattle, have been established as the ma-
jor natural reservoir for STEC (5, 6). Human infection mainly
occurs through consumption of contaminated food or water (6).
Epidemiological studies monitoring EHEC in cattle are necessary
to develop control measures in order to reduce the risk of trans-
mission from cattle to humans. Sensitive and specific methods for
EHEC detection in cattle feces are essential to perform these stud-
ies. Since isolation procedures are laborious and time-consuming
and because of the lack of biochemical features distinguishing
most EHEC strains from nonpathogenic E. coli, PCR approaches
based on the detection of EHEC-associated genetic markers have
been developed. Samples positive by PCR for EHEC-associated
genetic markers are considered suspect samples for which isola-
tion procedures should be attempted in order to confirm the pres-

ence of a STEC isolate. Such PCR-based strategies therefore allow
narrowing down the number of samples that are subjected to iso-
lation. The presence of a STEC isolate highly pathogenic to hu-
mans in the test sample would be confirmed only once the STEC
strain was isolated and shown to contain EHEC-associated genetic
markers.

The ISO 13136:2012 Technical Specification (TS) describes a
real-time PCR-based approach for the detection of the five major
EHEC serotypes (7). This stepwise method consists of an enrich-
ment step followed by DNA extraction and real-time PCR analysis
for the presence of stx and eae genes. In a second stage, stx- and
eae-positive samples are subjected to a real-time PCR-based
screening targeting the five O group markers. Finally, EHEC iso-
lations should be attempted from samples positive for stx, eae, and
at least one O group marker, and the presence of EHEC-associated
genetic markers in the E. coli isolates should then be confirmed by
PCR. This Technical Specification is applicable to environmental
samples in the area of the primary production stage. In addition,
in 2009, the European Food Safety Authority (EFSA) proposed the
use of the draft of this Technical Specification for the detection of
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E. coli serogroups O26, O103, O111, and O145, in order to mon-
itor STEC in animals (8).

In the ISO 13136:2012 Technical Specification, the primers
and probes used to amplify the eae gene were designed in the
conserved region (9). Indeed, considerable heterogeneity has been
identified among the DNA sequences of the eae gene, especially in
their 3=-end region, which has led to the classification of at least 18
eae subtypes (10). Among these subtypes, eae-�1, eae-�1, eae-ε,
and eae-� are specifically associated with the five major EHEC
serotypes, as described above. As a consequence, specific detection
of these subtypes by PCR could be more discriminating than de-
tecting “universal” eae gene in identifying the suspect samples that
should be subjected to an isolation procedure for confirmation. As
this isolation step is laborious and time-consuming, a more pre-
cise PCR-based strategy would therefore allow improvement of
the specific detection of the “top five” EHEC serotypes in cattle
feces. Indeed, the number of suspect samples for which isolation
should be attempted should be narrowed down. Besides, a quad-
ruplex real-time PCR assay is available for the simultaneous de-
tection of the four eae subtypes (11).

The objective of the present study was to evaluate the useful-
ness of a real-time PCR screening strategy based on the detection
of eae subtypes in order to improve the specific detection of the 5
major EHEC serotypes in cattle feces. Our goal was to evaluate the
discriminating power of this eae subtype-based PCR strategy to
predict the presence of a “top five” STEC isolate in fecal samples
compared to that of the eae-based PCR strategy proposed by the
ISO 13136:2012 TS. To do so, natural bovine feces samples col-
lected at a slaughterhouse were analyzed in three steps, as follows:
(i) screening by real-time PCR for the presence of stx genes, eae
genes, eae subtypes, and the top five STEC serogroup markers, (ii)
isolation of E. coli strains from PCR-positive samples, and (iii)
comparison of isolation rates between PCR strategies, taking into
account, or not, the detection of eae subtypes.

MATERIALS AND METHODS
Fecal samples, enrichment, and DNA extraction. Feces samples from
150 animals (including 32 young dairy bulls, 38 young beef bulls, 61 dairy
cows, and 19 beef cows) at 64 French farms were collected in May 2010.
These fecal samples were collected in a French slaughterhouse by cutting
the terminal rectum after evisceration. Samples were kept chilled and sent
to the laboratory by overnight courier for analysis. Upon arrival, each
sample (10 g) was diluted 10-fold (wt/vol) in 90 ml of modified tryptone
soya broth (Oxoid, Dardilly, France) supplemented with novobiocin (Ox-
oid, Dardilly, France) at 16 mg · liter�1 and incubated overnight at 37°C.
Bacterial DNA was extracted from 1 ml of each enriched broth using a lysis
tube (Pall GeneDisc Technologies, Bruz, France) as described by the man-
ufacturer except that two steps were added to the protocol in order to
improve the removal of PCR inhibitors from feces: (i) the bacterial pellet
obtained after 5 min of centrifugation at 10,000 � g was washed twice with
phosphate-buffered saline (PBS), and (ii) a final centrifugation step (5
min, 10,000 � g) was added before pipetting the supernatant containing
DNA was performed.

E. coli control strains. Seven reference strains were used as positive
controls in PCR analysis: Sakaï (O157:H7 [stx1 stx2 eae-�1 ehxA espK]),
PMK5 (O103:H2 [stx1 eae-ε]), H19 (O26:H11 [stx1 eae-�1]), 95NR1
(O111:H8 [stx1 stx2 eae-�]), ED-28 (O145:H28 [stx1 eae-�1]), E2348/69
(O127:H6 [bfpA EPEC adherence factor {EAF}gene]), and EDL933
(O157:H7 [stx2 eae-�1 pagC nleB efa1]) (3, 12–14). ED-28 was provided by
the Istituto Superiore di Sanita (Rome, Italy). Laboratory nonpathogenic E.
coli strain MG1655 was used as a negative control for all virulence factors
investigated.

Screening of fecal samples for EHEC-associated genetic markers.
Total DNAs extracted from enriched fecal samples were subjected to a
sequential PCR-based approach for the detection of EHEC-associated ge-
netic markers: an initial screening step for detection of stx and eae genes
was performed followed, in cases of positive results, by a second screening
for the presence of the O group markers. PCR was performed using a
GeneDisc Cycler (Pall GeneDisc Technologies, Bruz, France) according to
the manufacturer’s instructions. The GeneDisc system for detection of
STEC and pathogenic E. coli O157 (GDSTEC04-12) allowed the detection
of stx1, stx2, eae, and rfbEO157 genes, whereas the GeneDisc system for
EHEC identification (GDEHEC01-06) allowed the detection of wzxO26,
wzxO103, wbd1O111, ihp1O145, and flicH7 genes. Notably, the oligonucleo-
tide primers and probes included within these discs were those described
in ISO/TS 13136:2012 and published previously (7, 9, 15, 16).

In addition, all samples were screened by PCR in parallel for the pres-
ence of the four eae subtypes �1, ε, �, and �1, using a LightCycler 480
instrument (Roche Diagnostics), as previously described (11).

Isolation procedure. Isolation of E. coli strains was performed using
samples that tested positive by PCR for the targeted combinations of
genes, i.e., stx, eae, and at least one O group marker. Immunomagnetic
separation (IMS)-based isolations were performed using Dynabeads (In-
vitrogen, Cergy Pontoise, France), as recommended by the manufacturer.
Immunoconcentrated bacteria were plated onto cefixime-tellurite-sorbi-
tol-MacConkey agar (Oxoid, Dardilly, France) for E. coli O157, O103, and
O111, onto cefixime-tellurite-rhamnose-MacConkey agar for E. coli O26,
and onto cefixime-tellurite-raffinose-MacConkey agar for E. coli O145
(17). All media were incubated for 18 to 24 h at 37°C. Suspect colonies
were tested by slide agglutination with serogroup-specific antisera (Stat-
ens Serum Institut, Copenhagen, Denmark). Colonies showing a positive
agglutination result were considered putative E. coli O157, O26, O103,
O111, or O145 and were stored for PCR confirmation. They were further
characterized for the presence of O group markers, stx genes, and eae
subtypes using a LightCycler 480 instrument (Roche Diagnostics), with
the primers and probes described above. The presence of the fliCH alleles
(fliCH2, fliCH7, fliCH8, fliCH11, and fliCH28) was also investigated using
primers and probes previously described (11). PCR-positive colonies
were confirmed to represent E. coli using an API 20E test (bioMérieux,
Marcy l’Etoile, France). Based on PCR results, the E. coli isolates positive
for stx genes were classified as Shiga toxin-producing E. coli (STEC), and
those negative for stx genes but positive for eae gene were classified as
enteropathogenic E. coli (EPEC).

Virulence profiles. Subtyping of stx1 and stx2 genes was performed as
recently described (18). This method allowed identification of 3 subtypes
of the stx1 gene (stx1a, stx1c, and stx1d) and of 7 subtypes of the stx2 gene
(stx2a, stx2b, stx2c, stx2d, stx2e, stx2f, and stx2g). The presence of additional
EHEC-virulence markers (the ehxA gene and OI-122-associated genes,
namely, pagC, nleB, and efa1) was screened by PCR as described previ-
ously (19, 20). Typical EPEC markers (bfpA and EPEC adherence factor
[EAF] genes) were also tested by PCR (21, 22). The presence of the espK
virulence marker was screened by PCR for all the O26 E. coli isolates as
described previously (23).

PFGE typing. To explore further the genetic relatedness of the isolated
O157 and O26 strains, genomic comparison was performed by using the
Standard PulseNet pulsed-field gel electrophoresis (PFGE) protocol for E.
coli O157 (24). Agarose-embedded DNAs were digested overnight at 37°C
with 20 U of XbaI enzyme (Promega Corp. Madison, WI). XbaI-digested
DNA of Salmonella enterica serotype Braenderup strain H9812 (Centers
for Disease Control and Prevention, Atlanta, GA) was used as a universal
molecular size marker. Restriction fragments were resolved at 14°C in
0.5� Tris-borate-EDTA (TBE) buffer on 1% Seakem gold agarose gels
(FMC Bioproducts, Rockland, ME) using a pulsed-field Chef-DR-III sys-
tem (Bio-Rad Laboratories, Munich, Germany). After being stained with
ethidium bromide (10 �g ml�1), gels were visualized by gel image digiti-
zation using Easy RH equipment (Herolab GmBH, Germany) and an
image analyzer (VisioCapt-Bio1D; Fisher Bioblock Scientific, Illrisch,
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France), and the PFGE profiles were analyzed using GelCompar II soft-
ware version 6.5 (Applied Maths, Ghent, Belgium). A dendrogram was
generated using the band-based Dice similarity coefficient with a 1.5%
band position tolerance and the unweighted pair group method with
arithmetic mean clustering.

RESULTS
Presence of EHEC-associated genetic markers in bovine feces. A
total of 150 fecal bovine samples were screened for the presence of
stx1, stx2, and eae genes and eae subtypes �1, ε, �1, and � (Table 1).
The stx genes were the most frequently detected marker (88.7%).
Using universal primers and probe, the eae gene was detected in
73.3% of the samples. Besides, 58.7% of the samples contained at
least one of the four targeted eae subtypes. The most frequently
detected subtypes were eae-�1 and eae-�, followed by eae-�1 and
eae-ε. Regarding the detection of several markers in the same sam-
ple, the presence of both eae and at least one of the four targeted
eae subtypes was observed in 56.0% of the samples. The presence
of both stx and eae genes was observed in 100 (66.7%) samples,
whereas the simultaneous presence of stx and at least one of the
four eae subtypes was observed in 79 (52.7%) samples.

Moreover, 87 of the 100 stx- and eae-positive samples were also
positive for at least one of the five EHEC O group markers. Some

samples contained several O group markers; overall, the five tar-
geted stx plus eae plus O combinations were detected 143 times
(Table 2). The simultaneous presence of stx, eae, and ihpO145 was
the most frequently detected combination. The stx plus eae sub-
type plus O genetic combinations, taking into account the associ-
ation between eae subtypes and the five O group markers, were
detected only 46 times (Table 2). The most frequently identified
combinations were stx plus eae-�1 plus wzxO26 (n � 18) and stx
plus eae-�1 plus ihpO145 (n � 16), followed by stx plus eae-�1 plus
rfbEO157 (n � 7) and stx plus eae-ε plus wzxO103 (n � 5). The
combination stx plus eae-� plus wbd1O111 was not detected.

Isolation of STEC and EPEC strains. IMS assays were per-
formed for all the samples that contained an stx gene and an eae
subtype with its associated O group marker. Of the 46 IMS assays,
22 (47.8%) led to the isolation of an E. coli strain belonging to one
of the five targeted EHEC serotypes. Isolation performance varied
according to the targeted serogroup (Table 2). For O157 and O26
serogroups, the isolation rate was high, as 7 E. coli O157 and 13 E.
coli O26 strains were obtained from 7 and 18 samples, respectively.
For O103 and O145 serogroups, the isolation rate was lower, as
only one O103 strain and one O145 strain were recovered from 5
and 16 samples, respectively. In order to check whether putative

TABLE 1 Detection by real-time PCR of stx1, stx2, and eae genes and eae
subtypes �1, ε, �1, and � in total DNA extracted from 150 cattle feces
samples

Genetic marker(s) targeted by real-time PCR
(either alone or in combination)

Positive samples
(n � 150 tested)

No. %

Individual markers
stxa 133 88.7

stx1 80 53.3
stx2 109 72.7

eaeb 110 73.3
eae subtypec 88 58.7

eae-�1 49 32.7
eae-ε 10 6.7
eae-�1 16 10.7
eae-� 49 32.7

Combinations of markers
eae 	 eae subtype 84 56.0
stx 	 eae 100 66.7

stx1 	 eae 17 11.3
stx2 	 eae 37 24.7
stx1 	 stx2 	 eae 46 30.7

stx 	 eae subtype 79 52.7
stx 	 eae-�1 26 17.3
stx 	 eae-ε 3 2.0
stx 	 eae-�1 2 1.3
stx 	 eae-� 19 12.7
stx 	 eae-�1 	 eae-ε 2 1.3
stx 	 eae-�1 	 eae-�1 2 1.3
stx 	 eae-�1 	 eae-� 12 8.0
stx 	 eae-ε 	 eae-� 3 2.0
stx 	 eae-�1 	 eae-� 7 4.7
stx 	 eae-�1 	 eae-�1 	 eae-� 3 2.0

a Samples positive for stx were positive for stx1 and/or stx2.
b Detection of the eae gene with universal primers/probe.
c Samples positive for an eae subtype(s) were positive for at least one of the four
targeted eae subtypes.

TABLE 2 Detection of combinations of EHEC-associated genetic
markers in cattle feces and isolation of E. coli strains belonging to the
five targeted serogroups

EHEC-associated genetic
marker(s) detected in
cattle feces

No. of samples with
indicated marker(s)
(% of positive
samples)

No. of positive samples/
no. of tested samplesa

Putative
serogroupb

Confirmed
serogroupc

stx 	 eae 	 O 143d (na)
eae subtype	 46d (na) 27/46 22/27
eae subtype� 97d (na) 20/39e 2/20

stx 	 eae 	 ihp1O145 77 (51.3)
eae-�1	 16 (10.7) 1/16 1/1
eae-�1� 61 (40.7) 2/3e 1/2

stx 	 eae 	 wzxO103 25 (16.7)
eae-ε	 5 (3.3) 5/5 1/5
eae-ε� 20 (13.3) 14/20 0/14

stx 	 eae 	 wzxO26 23 (15.3)
eae-�1	 18 (12.0) 14/18 13/14
eae-�1� 5 (3.3) 3/5 1/3

stx 	 eae 	 rfbEO157 16 (10.7)
eae-�1	 7 (4.7) 7/7 7/7
eae-�1� 9 (6.0) 0/9

stx 	 eae 	 wbd1O111 2 (1.3)
eae-�	 0 (0.0)
eae-�� 2 (1.3) 1/2 0/1

a Data represent the number of positive samples resulting in isolation of strains
belonging to the indicated serogroup(s)/number of tested samples.
b The putative serogroup of isolates was determined by slide agglutination with specific
antisera.
c The confirmed serogroup of the isolates was determined by PCR.
d Several samples contained combinations of two or more EHEC-associated genetic
markers. na, not applicable.
e Of the 61 samples positive for the combination of stx plus eae plus ihp1O145 and
negative for eae-�1, only 3 have been subjected to the isolation procedure.
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EHEC isolates belonging to the five targeted serotypes might have
been missed by this eae subtype-based PCR screening strategy, a
similar number of IMS assays were also performed in parallel on
samples that tested positive for stx, eae, and an O group marker
but were negative for the expected eae subtype. Of these additional
39 IMS assays, 2 (5.1%) led to the isolation of a strain belonging to
one of the five EHEC serogroups.

Overall, it is noteworthy that a substantial amount of sero-
grouping results obtained by slide agglutination were not con-
firmed by PCR, especially for serogroup O103, for which only 1 of
the 19 presumptive E. coli O103 isolates was confirmed by PCR
(Table 2). In contrast, the putative serogroup identified by slide
agglutination was confirmed by PCR for all of the 7 strains tested
for E. coli O157 and for 14 of the 17 presumptive E. coli O26
strains.

Virulence profiles of STEC and EPEC strains. All of the 23 E.
coli isolates belonging to any one of the five EHEC serotypes, as
well as the O26:non-H11 E. coli strain, were further characterized
(Table 3). The results showed that only 6 strains carried stx genes
and therefore corresponded to STEC. These strains belonged to
serotypes O157:H7 (n � 1), O26:H11 (n � 3), and O145:H28 (n �
2). All these isolates harbored the eae subtypes known to be spe-
cifically associated with these serotypes (Table 3). They all pos-
sessed the ehxA, nleB, and efa1 genes. In addition, all the STEC
O26:H11 strains harbored the espK gene.

The 18 other isolates lacked an stx gene but yet were eae positive
and belonged to the O157 (n � 6), O26 (n � 11), and O103 (n �

1) serogroups (Table 3). They were all negative for bfpA and EPEC
adherence factor (EAF) plasmid, which justified their classifica-
tion as atypical EPEC (aEPEC) (25). Except for the stx gene, the 6
aEPEC O157:H7 strains shared the same virulence profile as the
STEC O157:H7 strains (i.e., eae-�1, ehxA, pagC, nleB, and efa1).
Of the 10 aEPEC O26:H11 strains, 3 shared the same virulence
profile as the STEC O26:H11 strains (i.e., eae-�1, ehxA, nleB, efa1,
and espK), except for the stx gene. One additional aEPEC O26 was
obtained but was negative for eae-�1 and fliCH11 and therefore
belonged to an O26 non-H11 serotype. Finally, one aEPEC be-
longed to serotype O103:H2 but could not be compared to STEC
O103:H2 as no such strain was isolated. It is worthy of note that
each of the aEPEC O157:H7, O26:H11, and O103:H2 isolates con-
tained the expected specific eae subtype.

Genetic diversity and origin of O157 and O26 isolates. A
PFGE analysis was conducted to identify the genetic diversity among
STEC and aEPEC strains of serogroups O157 and O26 present in
French cattle (Fig. 1). For the 7 O157:H7 strains, three different PFGE
patterns were identified. The single STEC O157:H7 isolate (A86-
O157-1) showed a unique PFGE pattern (type C). It is worthy of note
that this strain was isolated from an individual bovine that also car-
ried an aEPEC O26:H11 strain (A86-O26-1). The six aEPEC
O157:H7 isolates were collected from six young beef bulls at the same
farm (farm 2). They showed the same PFGE pattern (A type), except
for strain A139-O157-1, whose pattern was nevertheless closely re-
lated to the A type (86% similarity). Moreover, in this farm, two
young bulls (A138 and A140) also carried aEPEC O26:H11. For the

TABLE 3 Characterization of STEC and EPEC O157, O26, O103, O111, and O145 isolated from bovine feces

Strain Serotypeb

Presence of genea:

stx (subtype) eae (subtype) ehxA pagC nleB efa1 espK bfpA EAF

STEC
A86-O157-1 O157:H7 	 (stx2c) 	 (�1) 	 	 	 	 NA � �
A58-O26-1 O26:H11 	 (stx1a) 	 (ß1) 	 � 	 	 	 � �
A77-O26-3 O26:H11 	 (stx1a) 	 (ß1) 	 � 	 	 	 � �
A126-O26-1 O26:H11 	 (stx1a) 	 (ß1) 	 � 	 	 	 � �
A113-O145-1 O145:H28 	 (stx2a) 	 (�1) 	 � 	 	 NA � �
A119-O145-1 O145:H28 	 (stx2a) 	 (�1) 	 � 	 	 NA � �

aEPEC
A137-O157-1 O157:H7 � 	 (�1) 	 	 	 	 NA � �
A138-O157-1 O157:H7 � 	 (�1) 	 	 	 	 NA � �
A139-O157-1 O157:H7 � 	 (�1) 	 	 	 	 NA � �
A140-O157-1 O157:H7 � 	 (�1) 	 	 	 	 NA � �
A141-O157-1 O157:H7 � 	 (�1) 	 	 	 	 NA � �
A143-O157-1 O157:H7 � 	 (�1) 	 	 	 	 NA � �
A55-O26-3 O26:H11 � 	 (ß1) � � 	 	 � � �
A64-O26-1 O26:H11 � 	 (ß1) � 	 	 	 � � �
A75-O26-1 O26:H11 � 	 (ß1) � 	 	 	 � � �
A71-O26-1 O26:H11 � 	 (ß1) 	 � 	 	 	 � �
A81-O26-1 O26:H11 � 	 (ß1) � � 	 	 � � �
A85-O26-1 O26:H11 � 	 (ß1) 	 � 	 	 	 � �
A86-O26-1 O26:H11 � 	 (ß1) 	 � 	 	 	 � �
A138-O26-1 O26:H11 � 	 (ß1) � 	 	 	 � � �
A140-O26-1 O26:H11 � 	 (ß1) � 	 	 	 � � �
A145-O26-1 O26:H11 � 	 (ß1) � � 	 	 � � �
A16-O26-2 O26:HND � 	 (ND) � 	 	 	 � � �
A102-O103-4 O103:H2 � 	 (ε) � 	 	 	 NA � �

a 	, detected by PCR; �, not detected by PCR; ND, not determined; NA, not analyzed.
b The serotype was determined by PCR.
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14 E. coli O26 strains, 14 different PFGE patterns were identified.
Strikingly, at farms 1, 2, and 7, distinct types were observed for
aEPEC O26:H11 strains carried by young bulls at the same farm.

DISCUSSION

The main objective of our study was to evaluate the usefulness
of an eae subtype-based PCR strategy for the specific detection
of the five major pathogenic STEC serotypes in cattle feces
compared to the usefulness of the classical eae-based PCR strat-
egy proposed by the ISO 13136:2012 Technical Specification
(7). This eae subtype-based approach has been already used for
the detection and isolation of the five major STEC serotypes in
raw-milk cheeses (26). The present study focused on the detec-
tion of the “top five” STEC strains in naturally contaminated
bovine feces sampled at a slaughterhouse. We compared the
STEC isolation rates obtained by the two strategies based either
on the detection of the eae subtypes or on the detection of the
“universal” eae gene.

A total of 150 cattle fece samples were screened by real-time
PCR for the eae gene and for the four eae subtypes �1, ε, �, and �1.
The results showed that 84 of the 110 eae-positive samples were
also positive for at least one eae subtype. Intimin gene-positive

samples that tested negative for eae subtypes �1, ε, �, and �1 might
contain other eae subtypes, since at least 18 eae subtypes have been
already described (10). To our knowledge, this is the first study
investigating the prevalence of eae subtypes in cattle feces. Inter-
estingly, the rough estimates observed for each eae subtype in
cattle feces were relatively similar to those observed for each eae
subtype in raw-milk cheeses (26).

When PCR-positive samples were selected for STEC isola-
tion based on the simultaneous presence of an stx gene and an
eae subtype with its associated O group marker, 46 IMS isola-
tion assays were performed. Otherwise, 143 isolation assays
should have been performed based on the simultaneous detec-
tion of stx, eae, and at least one O group marker, as recom-
mended by TS ISO 13136:2012. The results showed that 22 of
the 46 isolation assays performed led to the isolation of a STEC
or an aEPEC strain belonging to the targeted serotypes. Isola-
tions assays performed on 39 additional samples that tested
positive for stx, eae, and an O group marker but that tested
negative for the corresponding eae subtype showed that only
two isolates belonging to any of the five serogroups were missed
by the eae subtype assay strategy. This discrepancy was also
observed by Bosilevac and Koohmaraie, who isolated EHEC

FIG 1 XbaI PFGE patterns and origin of the 7 E. coli O157 strains (A) and 14 E. coli O26 strains (B) isolated from the 150 bovine feces collected in France in 2010.
The dendrogram was generated using the band-based Dice similarity coefficient with 1.5% band position tolerance and the unweighted pair group method with
arithmetic mean clustering.

Intimin Gene (eae) Subtypes in Cattle Feces

February 2014 Volume 80 Number 3 aem.asm.org 1181

 on F
ebruary 12, 2017 by guest

http://aem
.asm

.org/
D

ow
nloaded from

 

http://aem.asm.org
http://aem.asm.org/


from ground beef enrichments that tested negative for the eae
gene or the stx gene or the O group marker by PCR (27). These
inconsistencies between PCR screenings and culture results
might be explained by the limitations of PCR assays. Anyway, it
is noteworthy that, in the present study, 91.7% of successful
isolation assays were predicted by the eae subtype-based strat-
egy. Nevertheless, regarding serotype O145:H28, only a few
IMS assays were performed on samples that were positive for
stx, eae, and ihpO145 and negative for the eae-�1 subtype.

As have others, we observed that culture confirmation of PCR-
positive enriched fecal samples is challenging (28–30). The num-
ber of PCR-positive samples confirmed to contain an E. coli strain
belonging to one of the “top five” serotypes was still low for the eae
subtype-based strategy (47.8%), and even much lower for the stx-,
eae-, and O-positive and eae subtype-negative samples (5.1%).
Part of these discrepancies might be explained by the PCR-based
strategy. Simultaneous detection of EHEC-associated genetic
markers in a fecal sample does not necessarily indicate that these
genetic markers are harbored by the same E. coli strain. Limita-
tions of the PCR assays could also explain some discrepancies. For
example, in our study, the O group markers most frequently de-
tected by PCR in cattle feces were those from O145. However, a
lack of specificity of the primers targeting the O145 serogroup
used here has been shown by others (26, 31). Unfortunately, the
use of another PCR assay targeting the O145-specific O antigen
gene cluster (32) did not allow us to detect any sample positive for
O145 (results not shown). Besides, although different isolation
procedures have been proposed for STEC, fast and reliable strain
isolation from bovine feces remains challenging (33–37). The
presence of EHEC in a stressed or injured state and/or the pres-
ence of a high level of background microflora in feces might pre-
vent EHEC isolation. In our study, the isolation procedure con-
sisted of an IMS assay using Dynabeads, followed by plating on
specific agars, testing for the putative serogroup by slide aggluti-
nation with specific antisera, and confirmation of the serogroup
by PCR. The lowest isolation rates were observed for serogroups
O145 and O103. Indeed, for serogroup O145, the number of pre-
sumptive O145 isolates recovered after IMS and slide agglutina-
tion was very low. This is in agreement with previous findings
showing that the Dynabeads for O145 had low affinity, due to
loss-making factors in the IMS procedure (33). Those authors
suggested that the interaction between the antibody and antigen
might be too weak for antibody-antigen complexes to arise or to
remain intact during the IMS procedure. Concerning the O103
serogroup, although many putative O103 isolates were recovered
after the IMS assays and slide agglutination, these were not con-
firmed as E. coli O103 by PCR. In fact, it has been shown elsewhere
that a large proportion of non-O103 E. coli strains were recovered
using IMS O103 beads and slide agglutination (34). Last but not
least, the availability of media that select for the top five EHEC
serotypes and distinguish them from commensal E. coli is still
lacking.

Finally, although 24 eae-positive E. coli strains belonging to the
top five serogroups could be isolated, a large proportion of these
lacked the stx gene, and only 6 STEC strains were obtained from
the 150 fecal bovine samples tested. According to their virulence
genetic profiles, these STEC strains should be considered patho-
genic for humans (23, 38). Besides, the fact that 18 aEPEC strains
were isolated from stx-positive fecal samples raises some ques-
tions. As mentioned above, the stx genes detected might have been

carried by other bacterial strains, but they could also have been
carried by bacteriophages. However, it is noteworthy that, except
for the stx gene, aEPEC O157:H7 showed a genetic profile sim-
ilar to that of STEC O157:H7. Three of the 10 aEPEC O26:H11
strains also showed a genetic profile similar to that of the STEC
O26:H11 strains, except for the stx gene. As loss of bacterio-
phage-associated stx genes was shown to occur both in vitro
and in vivo (39–41), it is tempting to speculate that these
aEPEC strains are derivatives of STEC that have lost their stx
genes, either in vivo in cattle or during the enrichment or iso-
lation procedure. Finally, we observed that STEC and aEPEC
strains were mainly isolated from young bulls and that three
young bulls carried STEC and/or aEPEC strains belonging to
different serotypes. The genetic diversity of STEC and aEPEC
O26:H11 strains was high, as described previously for this se-
rotype (26). We observed that distinct clones of aEPEC O26:
H11 could be present in the same farm, whereas aEPEC
O157:H7 strains isolated from bulls coming from the same
farm were epidemiologically related. Nevertheless, these data
were obtained from a limited number of animals and remain to
be clarified.

In conclusion, the eae subtype-based real-time PCR strategy
represents an interesting and valuable strategy for the specific
detection of the five major EHEC serotypes in cattle feces. Its
higher discriminating power compared to an eae-based PCR
approach should improve the prediction of samples likely to
contain the EHEC strains most frequently involved in human
infections. Nevertheless, PCR assays and isolation procedures
still must be further refined in order to increase their sensitivity
and specificity.
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