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ABSTRACT

Objectives: The study aimed to search for E. coli 0157 and non-O157 in milk, meat and faeces of cattle,
sheep and pigs slaughtered in Cotonou.

Methodology and Results: One hundred and Seventy-Five (175) samples including 25 meat, 25 faeces per
species and 25 milk from cattle were analysed for E. coli 0157; 026 and 0111 and the virulence genes
were identified by PCR. The SAS software (1998) and the bilateral Z test were used to calculate and
compare the identification frequencies. E. coli 0157 was identified in 4% of cattle faeces, 4% of sheep
faeces, and 20% of beef and, in 20% of milk samples. E. coli 026 was identified in 12% of cattle faeces
and, in 8% of beef samples. E. coli 0111 was identified at frequencies of 8%, and 12% in faeces of sheep
and pigs, respectively. The eae gene was detected in 4% of beef, ovine meat, milk, pig faeces and in sheep
faeces. stx1 was detected in 8% of milk, and in 4% of bovine and sheep faeces. The strains possessing the
gene were all of E. coli 0157 with the exception of one from pig faeces identified as 0111.

Conclusions and application of findings: The presence of these serogroups of E. coli with virulence genes
poses a real food safety problem in Benin. This study findings must be taken into account for risk
assessment and management related to the consumption of food of animal origin.
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INTRODUCTION

The urban population explosion in West African
countries has fostered the development of a
dynamic traditional food production sector which
provides producers with a substantial income and
a wide range of inexpensive food (Elwert-
Kretschmer, 2001; Djevi & Outtier, 2004).
However, food processing, distribution conditions

and practices are sources of contamination by
pathogens and expose consumers to the risk of
foodborne illness. According to Salifou et al.
(2013), enteric infections and foodborne iliness are
an important public health concern because of
their frequency and severity. They cause more
than 2 million deaths a year in the world and more
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than half come from the African continent (Saba &
Gonzalez-Zorn, 2012). Among the microorganisms
involved, Escherichia coli and particularly those
producing Shiga-toxins (STEC) are considered to
be one of the most important groups of emerging
pathogens. Food is contaminated by animals and
humans who may be healthy carriers of E. coli and
also by previously contaminated surfaces (Estrada-
Garcia et al., 2004). The strains of pathogenic E.
coli are numerous and vary according to the
regions of the world (AFSSA, 2010). Benin, like
other developing countries, has high rates of
diarrheal diseases (407200 cases in 2016
including 207 deaths) (DPP, 2016). That suggests
significant underlying food safety issues. Food-
borne diseases include typhoid and paratyphoid
fevers, shigellosis, amoebiasis, cholera and other
undiagnosed diarrheal diseases (Salifou et al.,
2010).  Potentially  pathogenic ~ Shiga-toxin
producing E. coli (STEC) has been identified as
responsible for most childhood diarrhea in
developing countries (Filopon, 2005). Serotypes
0157, 026 and 0111, have been listed as STECs
with high prevalence in both Africa and India
(Lebbie & Ramsay, 1999; Jajarmi et al., 2017).
Ogura et al (2009) found that serotype 0157 has
virulence genes very similar to those of 026 and
0O111. The strains of Shiga toxin-producing E. coli

MATERIALS AND METHODS

The identification of Shiga-toxin-producing E. coli 0157,
026 and 0111 in milk, meat and faeces of cattle, sheep
and pigs was carried out in the municipality of Cotonou
and its surroundings in Southern Benin. It involved a
total of 175 samples, of which 25 were meat and 25
faeces per species and 25 were cow’s milk.

Sampling: Meat samples were taken from the
carcasses by the destructive method (European
Commission Regulation, 2007) and the collar, flank,
shoulder and rump were the carcass sampling sites in
cattle and sheep. The internal muscular surface of the
ham, the posterior part of the pelvis, the sternum and
the posterior aspect of the forelimb were the sites of
sampling in pigs. For each sampling site, excision of the
subcutaneous connective tissue (2 mm thick and 5 cm?
of area) of the carcass was performed using a punch.
The four samples taken per carcass were put
aseptically together in a stomacher sachet, pre-

(STEC group), synthesize Shiga toxin 1 (Stx1),
Shiga toxin 2 (Stx2) or both (Obrig et al., 2003;
Rahal et al., 2012), and additional toxin subtypes
have also been described (Scheutz et al., 2012).
At the slaughterhouse in Cotonou in Southern
Benin, a heavy load of E. coli was counted on the
surface of the carcasses produced (Salifou et al.,
2013b) and E. coli 0157 was identified in
sandwiches and monyo (local soup) marketed on
the campus of Abomey-Calavi University (Ahoyo et
al., 2010). Considering the abundant consumption
of meat in restaurants and in street foods in Benin,
a search for potentially pathogenic Shiga-toxin-
producing E. coli (STEC) and particularly E. coli
0157, E. coli 026 and E. coli 0111 will make it
possible to access the real risk incurred by
consumers, especially children. The overall
objective of the study was to characterize the
prevalence of E. coli 0157 and non-O157 in cattle
milk, meat and faeces of species such as cattle,
sheep and pigs slaughtered in the municipality of
Cotonou. Specifically, this involved: a) assessing
the prevalence of E. coli 0157, 026 and 0111 in
cow's milk, carcasses and faeces, of cattle, of
sheep, of pigs and, b) determination of the
virulence genes of the presumptive strains E. coli
0157,026 and 0111 isolated.

identified and well labelled. For the collection of faeces,
at least 100 g was recovered directly from the rectum of
each animal and placed in a labeled stomacher bag.
Samples were transported at 4°C in a cooler box to the
Laboratory of Animal Biotechnology and Meat
Technology of the Department of Animal Health and
Production of the polytechnic school of Abomey-Calavi
for bacteriological analyses. These analyses were
performed on the same day as the sampling. Once in
the laboratory, 259 of faeces were aseptically collected
per bag for analysis. Twenty-Five (25) mL of milk was
collected directly into labelled sterile tubes.
Microbiological analysis

Enrichment step: For each sample, different dilutions
were made. A volume of 100 mL of trypticase broth
(TSB) added to novobiocin for E. coli 0157, added to
cefixime, vancomycin and tellurite for E. coli 026 and
added to cefixime and vancomycin but without addition
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of potassium tellurite for E. coli 0111 preheated to 41.5
° C was introduced into each Stomacher bag containing
the total test portion of 20 cm? of meat. After mixing in
the stomacher, the supernatant was recovered in a
sterile vial and formed the stock solution. For faeces,
225 mL of the same media were used for the 25 g test
portion. After homogenization in Stomacher bag, the
resulting solution was filtered with sterile filter and the
filtrate recovered was the 10-' solution. The milk taken
from the farm was the stock solution and the different
dilutions were made from the stock solution and with
the same media used for meat and feces. The various
dilutions made were homogenized and then incubated
at 37 ° C for 6 h for faeces and non-E. coli 0157 and at
41.5 ° C for 24 hours for meat and milk for E. coli O157.
Separation/concentration step: The technique used
is that of the immuno-magnetic separation which is
technically simple to perform and specific for the
isolation of STEC 0157 and non 0157 (Vernozy-
Rozand, 1999). After incubation, 1 mL of the pre-
enriched solution of each dilution and of each sample
was taken and placed in eppendorf tubes containing 20
ul of solution of anti E. coli 0157 Dynabeads for E. coli
0157, EPEC / VTEC 026 Dynabeads for the detection
of E. coli 026 and Dynabeads EPEC / VTEC 0111 for
the detection of E. coli O111. The immuno-magnetic
separaton ~was made according to the
recommendations of the manufacturers of Dynabeads
anti E. coli solutions and a Dynabeads® MX1 Mixer and
a washing buffer solution (PBS) were used for this
purpose.

Step of isolation on selective media : The
Dynabeads® bacteria complex and washing water
obtained at the end of the separation phase was
vortexed briefly and 50 ul were removed and inoculated
on plates containing 20 mL of Cefixime Tellurite and
BCIG  (5-bromo-4-chloro-3-indolyl-B-D-glucuronide)-
containing Sorbitol MacConkey Agar for E. coli 0157
and plates containing 20 mL of Mac Conkey
supplemented with rhamnose, cefixime tellurite (CT-
RMAC) for E. coli 026 and on plates containing 20 mL
of chromocult agar supplemented with cefixime,
cefsulodine and vancomycin for E.coli O111. The
dishes were incubated at 37°C for 18 to 24 hours.
Confirmation step: After incubation, five characteristic
colonies were selected per plate and each subcultured

RESULTS

Identification of 0157, 026 and 0111 antigens: The
agglutination latex test carried out gave a total of 21
positive strains for 0157, 9 positive strains for 026 and

according to the type of E. coli sought on plates
containing the respective isolation media and then
incubated again at 37 °C for 18 to 24 hours. One
colony from each plate was subsequently confirmed
with the Latex Agglutination Test (Dryspot E. coli 0157
testkit; Prolex Latex Reagent E. coli 026; Prolex Latex
Reagent E. coli O111) according to manufacturer's
instructions.

Confirmation of the strains by APIE 20E strips; The
biochemical characteristics of colonies that tested
positive for agglutination were investigated using the
APl 20E strips according to the manufacturer's
instructions. The same colonies were subjected to an
oxidase test.

Detection of virulence genes in E. coli O 157: The
strains identified by the APIE 20E strips as E. coli 0157
were investigated for virulence gene using PCR. The
genes sought were the stx genes (stx7 and stx2) and
the eae gene. The PCR was performed after the
extraction of the DNA according to the method
described by Karch et Meyer (1989). For the "master
mix", the same reagents were used with the exception
of the primers eae bact F and eae bact R which were
used for the eae gene and the primers stx7 bact F and
stx1 bact R for the stx1 gene and stx2 bact F and stx2
bact R for stx2 gene. The amplification program used
included a preheating step allowing initial denaturation
at 94 ° C. For 5 minutes; followed by 40 cycles
consisting of a denaturation step at 94°C for 30
seconds, an annealing step at 58°C for 45 seconds and
an extension step at 72° C for one minute and a final
extension at 72 ° C for 10 minutes and a refrigeration
step at 4 °C. The resulting PCR products were
migrated on a 1.5% agarose gel. The migration was
done in a tank filled with Tris Borate-EDTA run at 120 V
for one hour. The PCR products were visualized under
a UV light connected to a photographic device in
connection with a computer to save the image.
Statistical analysis: The frequency of samples
containing E. coli 0157, 026 and O111 by type of
sample (meat, milk and faeces) and by species for
meat and faeces was calculated by the Proc freq
procedure of Karch et Meyer (1989). The frequencies
were compared using the pair-wise Z-test.

9 positive strains for 0O111. The frequencies of the
identified species and serogroups are shown in Table 1.
The 0157 antigen was identified in meat of cattle and
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pigs at frequencies of 28% and 4% respectively and in
faeces of cattle and sheep at a frequency of 8%. No
0157 was identified in pig meat. In milk, it has been
identified at a rate of 36%. The frequencies of
identification in bovine milk and meat did not differ
significantly (p> 0.05). Similarly, the frequencies of
0157 in faeces of sheep and bovine faeces did not
differ significantly from that obtained in beef. No strain
was identified in sheep meat and pig faeces unlike
other meats and faeces. Some strains were positive to

the agglutination latex test but also positive to the test
control. Others were negative to latex test but positive
to test control 026 antigen was identified in 8% and 4%
respectively of beef and sheep meat samples and in
16% of cattle faeces samples. These different
frequencies did not differ significantly (p> 0.05). As for
the O111 antigen, it has been identified in pig meat at a
rate of 8%, also in faeces of cattle, sheep and pigs at
rates of 8%, 8% and, 12% respectively. No difference
was also obtained between these different frequencies.

Table 1: Frequency (%) of identification of O 157, 026 and O 111 antigens

Host Sample type E. coli O 157 E. coli O 26 E. coli 0111
Faeces 8.0bc 16.0a 8.0a
Cattle Meat 28.0ab 8.0ab 0.0a
Milk 36.0a 0.0b 0.0a
Pigs Faeces 0.0c 0.0b 12.0a
Meat 4.0c 0.0b 8.0a
Sheep Faeces 8.0bc 0.0b 0.0a
Meat 0.0c 4.0ab 0.0

Frequencies from the same column followed by the same letter are not statistically different at 166 the threshold of 5%.

Confirmation of presumed E. coli 0157, 026 and
0111 strains by API 20E strips: All the positive strains
from agglutination test were not confirmed as E. coli by
the API strips. From the strains positive for the 0157
latex test assay, five strains isolated from bovine meat,
one strain from bovine faeces and one strain from
sheep faeces were identified as E. coli. sorbitol
negative and beta-glucorinase negative. Thus, the
confirmation rate of E. coli 0157 were 20%, 4% and 4%
respectively in beef, cattle faeces and sheep faeces.
For milk, 5 samples were identified as E. coli sorbitol
negative and beta-glucorinase negative resulting in an
identification frequency of 20%. For the 026 test-
positive strains, two strains from bovine meat and 3
from cattle faeces were identified as E. coli. The

identification frequencies of E. coli 026 were 8% and
12% respectively in meat and faeces of cattle. As for
0111 antigen positive strains, two from sheep faeces
and 3 from pig faeces were identified as E. coli at the
frequencies of 8% and 12% respectively. No strain from
milk, cattle meat and faeces was positive for the 026
and O111 latex test. Table 2 provides frequency of
positive strains from agglutination test 0157, 026 and
0111 confirmed E. coli. For four colony strains from
milk that were positive for the agglutination test
indicating the presence of 0157 antigen, API 20F gave
Klebsiella for two, Pseudomonas Aeruginosa for one
and Serretia fonticola for one. The four strains were
sorbitol and beta-glucorinase positive.

Table 2: Frequency of positive strains from agglutination test 0157, 026 and 0111 confirmed E. coli

Host Sample type E. coli O 157 E. coli O 26 E. coli 0111
Faeces 20,00ab 8,00a 0,00a
Cattle Meat 4,00bc 12,00a 0,00a
Milk 20,00a 0,00a 0,00a
Pigs Faeces 0,00c 0,00a 12,00a
Meat 0,00c 0,00a 0,00a
Sheep Faeces 4,00bc 0,00a 8,00a
Meat 0,00c 0,00a 0

Frequencies from the same row followed by the same letter are not statistically different at 189 the threshold of 5%.
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Detection of the virulence genes of the presumed E.
coli 0157, 026 and 0111 strains: From all the strains
studied by PCR, one strain isolated from a milk sample,
one strain from bovine meat, one from sheep faeces
and one from pig faeces have the eae virulence gene
(Figure 1). Thus, the frequency of the eae gene of all 25
samples of each species was 4% in bovine meat, milk,
and pig faeces and in sheep faeces. As for the stx1
gene, it was detected in two strains from milk, one of
which had the eae gene, in one strain from bovine meat

1 2 2332485 35

and in one strain from the sheep faeces sample which
having also the eae gene (Figure 2). The frequency of
the stx1 gene of all 25 samples of each species was
8% in milk and 4% in beef and sheep faeces. The stx2
gene was not detected in any of the strains studied and
the strains possessing virulence gene were E. coli
0157 strains except for the gene identified in the feces
of pig that was from E. coli O111 strain. The table 3
provides genes identified for strains confirmed E. coli.

/7 8 190 10 11 .32 13 14 155168 LE 18100 () 8 5D 2

Figure 1: Detection of eae gene in positive strains from agglutination test

Legends:1: E. coli S237, 2: E. coli S236, 3: E. coli S234, 4: E. coli S232, 5: E. coli S231, 6: negative PCR, 7: strain M1, 8: strain
S1, 9: strain C1, 10 : strain C2, 11: strain FC, 12: strain M2 positive, 13: strain M3, 14: strain M4, 15: strain FP1 positive, 16:
strain M5, 17: strain C3, 18: strain FS1 positive, 19:strain FP2, 20: strain FP3, 21: strain C4, 22: strain C5 positive, C= cattle; S=

sheep; M= Milk ; P= pig ; F= faeces.

1 2 3485 a

7 8 9710 11912 1314 1:amme 17 118 1920 £21 20

Figure 2: Detection of Stx7 gene in positive strains from agglutination test

Legends:1: E. coli S237, 2 : E. coli S236, 3 : E. coli S234, 4 : E. coli S232, 5 : E. coli S231, 6 : negative 213 PCR, 7 : strain M1,
8 : strain S1, 9: strain C1, 10 : strain C2, 11 : strain FC, 12 : strain M2 positive, 13 : strain M3, 14 : strain M4, 15 : strain FP1,
16 : strain M5 positive, 17 : strain C3, 215 18 : strain FS1 positive, 19 : strain FP2, 20 : strain FP3, 21 : strain C4 positive, 22 :
strain C5, 216 C= cattle ; S=sheep ; M=milk ; P= pig ; F= faeces.
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Table 3: Identified genes for strains confirmed E. coli

S 0157 026 o111

Host ample type | n Stx1 |[Stx2 |eae n Stx1 |[Stx2 |eae n Stx1 |[Stx2 |eae
Cattle 5 1 - 1 12 |- - - 0 |- - .

Cattle Faeces 1 - - 3 |- - - 0 |- - .
Milk 5 2 - 1 (0 |- - - 0 |- - -

Pigs Faeces 1 - - - 0 |- - - 3 |- - 1

Sheep |Faeces 1 1 - 1 10 |- - - 2 |- - .

- . not found; n=Number of strains tested

DISCUSSION

The study revealed an effective presence of Shiga toxin
E. coli 0157, and 0111 in meat of cattle, in faeces of
sheep and pigs slaughtered in slaughterhouses in
Cotonou and in raw milk from cows. The observed
prevalence ranging from 4% to 20% of E. coli with the
0157, 026 and 0111 antigen indicate a poor hygienic
condition of preparation of foodstuffs of animal origin
and the presence of stx1 genes in meat and milk of
cattle and eae genes in cattle meat, indicates that a
real risk is incurred by consumers. Ahoyo et al. (2010)
have already reported the presence of E. coli 0157 in
sandwiches and monyos (local soup) sold on the
Abomey-Calavi University Campus in Benin at
frequencies of 8% and 11% respectively. The high
frequencies observed in cattle, sheep and milk confirm
the statement of Dadie et al. (2013) stating that beef,
sheep, milk and dairy products are cited as the main
sources of STEC transmission in Africa. Serotypes
0157, 026 and 0111 have also been studied in cattle
by several authors (Pearce et al., 2006; Ekiri et al.,
2014). Shridhar et al. (2017) reported isolated E. coli
0157 from cattle faeces. Bonardi et al. (2015) obtained
frequencies of 3.1%, 1.9% and 0.6% respectively of
0157, 026 and O111 with the stx1 gene in cattle
faeces and frequencies of 8.8%, 1.3% and 1.3%,
respectively of 0157, 026 and O111 on the skin of
cattle. In the present study, 4% of bovine meats and
4% of sheep faeces analysed revealed the presence of
E. coli 0157 with only the stx? gene. Andral et al.
(1999) also did not obtain the stx2 gene for O 26 and
0111 serotypes. These authors identified E. coli 0157
in meat samples from cattle carcasses and the
slaughter line in France in 7 of the 50 samples
analysed, representing a prevalence of 8%. A study of
100 fresh meat samples in about 15 Moroccan
butcheries resulted in the isolation of E. coli 0157 in
9% of products Beneduce et al. (2008). In Algeria, 18
carcasses of beef from 230 carcasses sampled at a
slaughterhouse were positive for STEC 0157, a

prevalence of 7.8% (Chahed, 2007). Hiko et al. (2008)
found out of 250 samples of beef tested in Ethiopia, a
prevalence of 8%. In the case of small ruminants,
serovars were also isolated in Ethiopia from lamb,
sheep (2.5%) and goat (2%) meat (Hiko et al., 2008).
Chahed (2007) obtained a prevalence of 2.5% of STEC
on carcass and 25.4% in faeces in sheep in Algeria.
Djordjevic et al. (2001) identified six serotypes of STEC
in 95% of the sheep tested and of these six serotypes,
E. coli O157: H7 was identified in 2.2% of the isolates.
In pigs, several authors (Heuvelink et al., 1998; Parma
et al., 2000; Haeghebaert et al., 2002) obtained low to
zero (0%, 2%, 1.4%) prevalences of E. coli O157: H7.
Similarly, in our study, no pork samples revealed the
presence of E. coli 0157 and 026. On the other hand,
0111 with the virulence eae gene was identified at a
frequency of 4%. Generally, less STEC is in milk and
meat than in faeces if hygiene rules are observed
during the process. STEC may therefore enter milk and
meat via faecal contamination during milking and
slaughter (Jaakkonen et al., 2019). In the present
study, there were less STEC in cattle and pig faeces for
0 157 and less in sheep faeces for O 26. That may be
due to the overwhelming STEC by IMS beads,
Hallewell et al. (2017) proved the limitation of
immunomagnetic separation method for detection of E.
coli 0157 and non-O 157. The lack of eae gene
identification in E. coli 026 strains does not mean that
his gene is absent. A study on a larger sample size
may reveal their possible presence. The fact that not all
agglutination-positive strains were E. coli indicates the
presence of false positives (Vernozy-Rozand, 1997).
The high rate of E. coli 0157 associated with the
presence of Klebsiella in this study indicates that E. coli
may be associated with presence of Klebsiella in raw
milk due to a high Klebsiella prevalence noted in other
studies in raw milk. Badri et al. (2017), found a highest
prevalence of Klebsiella pneumoniae (62%) in raw milk.
The self-agglutination obtained for certain colony
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strains could reveal the presence of nonserotyping E.
coli. Since the study took into account only somatic O

CONCLUSION AND APPLICATION OF RESULTS

The study carried out on the prevalence and
characterization of 0157 and non-O157 Shigatoxin-
producing strains of Escherichia coli isolated from meat,
faeces of cattle, sheep, pig and milk in Southern Benin
revealed that faeces and meat of those species and
cow's milk contain E. coli 0157, 026 and 0111 with
virulence genes stx1 for some, eae for the others and
both genes for some isolates. This shows that a real
risk is incurred by consumers and that it is necessary to
train professionals in the meat and milk sector on good
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antigens, it would be interesting to look for flagellar H
antigens for complete serotyping.

hygiene practices and to put in place preventive
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