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ABSTRACT
A study was carried out in the Castilla y León region of Spain to investigate the presence of Escherichia coli O157:H7
in raw ewe’s milk samples collected from several cheese factories during 1 year. All specimens were examined for E. coli
O157:H7 by selective enrichment at 41.5 6 1.08C, after both 6 and 22 h of incubation, and then immunomagnetically separated
and plated on cefixime–potassium tellurite–sorbitol MacConkey agar. No growth was obtained in the enrichment broth after
a 6-h incubation. Presumptive colonies obtained after 22 h of incubation were screened by a multiplex PCR assay for the
presence of rfbO157 and fliCH7 genes. Of all the ewe’s milk samples studied, three were positive for E. coli O157:H7. The E.
coli O157:H7 strains that were positive for the rfbO157 and fliCH7 genes were then analyzed by multiplex PCR for the presence
of virulence genes (stx1, stx2, ehxA, and eaeA). All E. coli O157:H7 isolates were Shiga toxigenic and harbored additional
genes related to virulence (ehxA and eaeA). The predominant Stx toxin type was stx2. These results demonstrate that raw ewe’s
milk used in cheesemaking may be sporadically contaminated with E. coli O157:H7 strains that are potentially pathogenic for
humans.

Shiga toxin–producing Escherichia coli (STEC)
O157:H7 has emerged as an important foodborne pathogen
that causes hemorrhagic colitis and hemolytic uremic syndrome (24). Because of its low infectious dose (26) and
ability to survive under refrigeration conditions (16), this
microorganism has been of concern for the dairy industry
in recent years.
Cattle have been identified as a principal reservoir of
E. coli O157:H7 (5), but recent studies have provided evidence that sheep may play a similar role (1, 33). Fecal
contamination of milk during the milking process, along
with poor hygienic practices, has been attributed special
significance as a route of infection for milkborne E. coli
O157:H7 diseases in humans (3, 13). Currently, there is
little information about the presence of E. coli O157:H7 in
raw cow’s milk, even though this microorganism is found
frequently in dairy cattle (1). Furthermore, few studies have
examined the presence of E. coli O157:H7 in raw ewe’s
milk (6, 9, 20, 29).
Castilla y León is the prime production region in Spain
for ewe’s milk. This milk is mainly used for hard and semihard cheese production, with or without previous heat
treatment. With regard to unpasteurized milk cheeses, E.
coli O157:H7 seems to have the potential for survival, not
only in high-moisture soft and semisoft cheeses but also in
hard varieties (21). The objective of the present study was
* Author for correspondence. Tel: Int-34-987-291120; Fax: Int-34-987291284; E-mail: dhticc@unileon.es.

to investigate the overall and seasonal occurrence of E. coli
O157:H7 in raw ewe’s milk and to investigate the virulence
characteristics of isolates from this origin.
MATERIALS AND METHODS
Milk samples. A total of 84 aseptically collected unpasteurized ewe’s milk samples (1 liter each) were examined. Samples
were taken from refrigerated holding tanks (from 10 to 150 tons
in capacity) at five cheese factories in Castilla y León (at least
once per month from January to December 2000). Milk samples
were transported to the laboratory under refrigeration. On arrival,
an immunochromatographic test from Z.E.U.-Inmunotec S.L. (Zaragoza, Spain) was used to determine whether the ewe’s milk had
been adulterated with cow’s milk. Then, milk samples were tested
for the presence of E. coli O157:H7 according to the analytical
protocol summarized in Figure 1 and described below.
Selective enrichment. For each sample, 100 ml of milk was
added to 900 ml of modified tryptone soya broth (mTSB), which
contained 30 g of TSB (Oxoid, Hampshire, UK), 1.5 g of bile
salts no. 3 (Oxoid), 1.5 g of dipotassium phosphate, and 20 mg
of novobiocin (Sigma Chemical Co., St. Louis, Mo.) per liter (15).
The mixture was swirled and incubated at 41.5 6 18C (32).
Immunomagnetic separation and plating. After 6 and 22
h of incubation, the enrichment broth was swirled, and 1 ml of
the broth was added to 20 ml of magnetic beads coated with antibodies to E. coli O157 (Dynal, Oslo, Norway) (27). After immunomagnetic separation, 50 ml of the dynabeads-bacteria complex was plated on CT-SMAC agar: sorbitol MacConkey agar
(SMAC; Oxoid) supplemented with cefixime and potassium tel-
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FLICH7R, were used to amplify the 259- and 625-bp fragments
of the rfbO157 and fliCH7 genes, respectively. The multiplex PCR
assay was performed under the conditions described by Paton and
Paton (25). A positive control (E. coli O157:H7 ATCC 700728)
and two negative controls (no DNA template and no E. coli C600
laboratory strain) were used for the experiment. Amplified PCR
products were analyzed by 2% agarose gel electrophoresis containing ethidium bromide.

FIGURE 1. Steps followed for detecting and characterizing E. coli
O157:H7 from ewe’s milk.

Virulence traits of isolates. All isolates confirmed as E. coli
O157:H7 were analyzed for the presence of stx1, stx2, ehxA, and
eaeA genes by multiplex PCR according to the method of Paton
and Paton (25). A positive control (an E. coli O157:H7 reference
strain harboring stx1, stx2, ehxA, and eaeA genes; kindly provided
by Dr. Blanco, E. coli Reference Laboratory, University of Santiago de Compostela) and a negative control (E. coli C600) were
used in the assay. More details on the location of the primers are
listed in Table 1.

RESULTS
lurite (0.05 and 2.5 mg/liter, respectively; CT Supplement, Oxoid)
(27). After 18 to 20 h of incubation at 37 6 18C, nonsorbitol and
sorbitol fermenting colonies were selected (three colonies per
sample each) and isolated.
PCR-based detection of rfbO157 and fliCH7 genes. All isolates (n 5 504) were subjected to multiplex PCR analysis for the
detection of rfbO157 and fliCH7 genes (12, 25). PCR primers, their
locations, and the length of the amplified products are listed in
Table 1. Two sets of primers, O157F and O157R, FLICH7F and

Detection and occurrence of E. coli O157:H7 in raw
ewe’s milk. Initial tests for adulteration with cow’s milk
were negative in all raw ewe’s milk samples. All presumptive isolates were obtained from the plates of CT-SMAC
after a 22-h incubation in mTSB plus novobiocin at 41.58C;
no growth was observed in plates after 6 h of incubation.
The multiplex PCR assay—targeting the rfb and fliC
genes—for the E. coli O157:H7 reference strain yielded
two clear PCR products of the predicted size (259 bp for

TABLE 1. Primers used in the study
Primer

Specificity

Location within gene

PCR product
(bp)

Reference

(A) O157F
O157R
FLICH7F
FLICH7R

O157 rfbE

393–651

259

25

fliC gene encoding the H7 flagellar antigen

69–694

625

12

(B) stx1F
stx1R
stx2F
stx2R
eaeAF
eaeAR
ehxAF
ehxAR

Shiga toxin 1 (stx1)

454–633 of subunit A

180

25

Shiga toxin 2 (stx2)

603–857 of subunit A

255

25

384

25

534

25

a

Escherichia coli attaching and effacing gene (eaeA)
Enterohemolysin (ehxA)

This region is conserved between enteropathogenic E. coli and STEC.

27–410a
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Serological and biochemical confirmation. To further verify multiplex PCR specificity, positive isolates to rfbO157 and
fliCH7 genes were confirmed as serogroup O157 and as serotype
H7 by agglutination to titer with antiserum to E. coli O157 and
H7 at the E. coli Reference Laboratory, University of Santiago de
Compostela, Lugo, Spain. In addition, the positive isolates were
confirmed as E. coli by an API 20E biochemical test strip
(bioMérieux, Lyon, France) and two additional biochemical tests:
(i) cellobiose utilization plus growth in the presence of potassium
cyanide to differentiate E. coli O157:H7 from Escherichia hermanii (10, 22) and (ii) b-glucuronidase activity on ID medium
(Merck, Darmstadt, Germany) to differentiate E. coli O157 from
most non-O157:H7 E. coli strains (22).
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FIGURE 2. Agarose gel electrophoresis of
DNA fragments amplified by multiplex
PCR of rfbO157 and fliCH7 genes. Lane 1,
non-DNA control; lane 2, E. coli C600
negative control; lane 3, E. coli O157:H7
(ATCC 700728), positive control; lanes 4,
5, 6, and 7, positive isolates.

Virulence genes. E. coli O157:H7 strains isolated from
raw ewe’s milk were all STECs and exhibited two distinct
‘‘virulence patterns’’ (Table 3). PCR testing showed that,
among the seven STEC isolates, six were positive for stx2,
and the remaining isolate harbored both stx1 and stx2. Moreover, all isolates were characterized by the presence of eaeA
and ehxA virulence factors.
DISCUSSION
Detection and occurrence of E. coli O157:H7 in raw
ewe’s milk. A 22-h incubation period of the enrichment
broth proved to be significantly more sensitive for the detection of E. coli O157:H7 in refrigerated raw ewe’s milk
than a 6-h enrichment. This is in good agreement with the
studies of Voitoux et al. (32), who used a method for the
detection of E. coli O157:H7 similar to that used in the
present study, as did Uyttendaele et al. (31). In both studies,
an 18- to 24-h enrichment was recommended so that the
presence of E. coli O157:H7 in refrigerated foods would
not be underestimated. The latter authors observed that cold
TABLE 2. Seasonal incidence of Escherichia coli O157:H7 in
ewe’s raw milk samplesa

Milk samples
a

Winter

Spring

Summer

Autumn

Total

0 (21)

1 (21)

2 (21)

0 (21)

3 (84)

Numbers in parentheses refer to the number of tested samples.

stress may increase the lag-phase time of different enterohemorrhagic E. coli strains. On the contrary, Fratamico et
al. (11) found that the ability to detect E. coli O157:H7 in
ground beef after 8 h of enrichment was not affected by
cold stress. Not only differences in cold storage or strain
characteristics, as was suggested by Fratamico et al. (11)
when referring to the study of Uyttendaele et al. (31), but
also differences in food substrate and isolation procedures
could have accounted for the differences in results between
the study of Fratamico et al. (11) and the other studies.
To our knowledge, there are, at present, only four studies related to E. coli O157:H7 in raw ewe’s milk: two in
the United Kingdom (6, 20), one in Italy (29), and one in
Greece (9). The contamination frequency found in the present study (3.5%) was higher than that found in those countries (0, 0.6, and 1%, respectively). It was also higher than
the frequency detected in cow’s milk (8, 30). There are
several reasons for these variations, such as differences in
hygienic practices during milking, differences in geographic location (5), differences in sampling, e.g., pooled raw
milk versus milk from farm bulk tanks (30), differences in
seasonal trends, and differences in sensitivity of isolation
methodology for E. coli O157:H7 (2, 4). With regard to
methodology, more severe enrichment conditions were used
in the present study, i.e., direct exposure to both novobiocin
and bile salts and 41.58C incubation, than those used or
recommended in several recent studies for the recovery of
cold-stressed E. coli cells (4, 14, 31), in which, to improve
recovery performance, selective agents were omitted, lower

TABLE 3. Genetic virulence factors of Escherichia coli O157:H7
isolates from ewe’s milk
Strain
no.

Source (dairy/
ewe milk
sample no.)

Virulence profile
stx1

stx2

eaeA

ehxA

642
1189
1193
1197
360
361
362

C/41
D/60
D/60
D/60
E/25
E/25
E/25

1
2
2
2
2
2
2

1
1
1
1
1
1
1

1
1
1
1
1
1
1

1
1
1
1
1
1
1
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the O157 genes and 625 bp for the H7 genes), and no gene
products were observed from the DNA template or the E.
coli C600 laboratory strain (Fig. 2).
By this multiplex PCR assay, serotype O157:H7 was
detected in 7 of the 504 colonies tested. No O157 isolates
were detected that were not also of serotype H7. These
seven colonies originated from three raw ewe’s milk samples (3.5% of the samples), which were collected in the
spring (one sample) and summer (two samples) (Table 2).
Positive strains by PCR were all confirmed as E. coli
O157:H7 by conventional and microbiochemical methods.
These strains neither used cellobiose nor grew in the presence of potassium cyanide. They were b-glucuronidase
negative. Finally, these seven strains also tested positive for
O157:H7 by serology.
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incubation temperatures were used, or a preenrichment or
resuscitation step was implemented.
In Spain, there are no previously published data on the
occurrence of E. coli O157:H7 in ewe’s milk. However, the
presence of E. coli O157:H7 in sheep feces has been studied (23). Percentages between 0.4 and 1% were found in
fecal swab samples taken from healthy lambs. Several other
studies in different countries have found occurrence rates
in sheep feces between ,0.8 and 7.4% (5, 12, 13, 17).
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Virulence genes. In agreement with our results, stx2
and stx1-stx2 toxin genotypes have been detected for E. coli
O157:H7 from ovine sources (7, 9, 18, 29). In most of these
studies as well as in the present study, the predominant
toxin genotype was stx2; this toxin is considered the most
important virulence factor associated with hemolytic uremic
syndrome disease (28).
Our results also agree with previous findings that indicate that the eaeA gene is expressed by most, if not all,
STEC O157 isolates (19). The eaeA gene is a potential E.
coli O157:H7 adherence factor, which may be responsible
for the intimate attachment of STECs to epithelial cells,
causing attaching and effacing lesions in the intestinal mucosa (19, 22). In addition, all isolates harbored the ehxA
gene that encodes for the production of hemolysin. It has
been reported that hemolysin and Shiga toxin production
are closely associated in most of the STECs isolated from
cattle, sheep, and goats (3).
The major finding of the present investigation is that a
considerable percentage of ewe’s milk samples are contaminated with E. coli O157:H7.
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