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Summary

Shiga Toxin-Producing Escherichia coli 0157 (STEC O157) is a foodborne pathogen. Contaminated meat and meat products
have an important role in human STEC 0157 outbreaks. The aims of this study were to investigate the presence of STEC 0157
in slaughtered cattle in abattoirs and ground beef sold in Elazig, and to determine virulence genes and antimicrobial resistance
patterns of STEC O157 isolates. A total of 540 rectal swab samples were collected immediately after slaughter. In addition, 100
ground beef samples were obtained from the butcher shops. Selective enrichment, immunomagnetic separation and plating
on Sorbitol MacConkey Agar with cefixime and tellurite (CT-SMAC Agar) were used for the culture. Presence of genes encoding
shiga toxin 1 and 2 (stx7 and stx2), H7 flagella (fliCh7), enterohemolysin (hlyA), intimin (eae) and O157 (rfbE) in the isolates was
detected by Polymerase Chain Reaction (PCR). In the PCR analysis of rectal swab samples., 34 of 82 sorbitol negative isolates were
positive for E. coli 0157. 22 (64.7%) of E. coli 0157 isolates belonged to E. coli 0157:H7. STEC 0157 was detected in 18 (3.3%)
of rectal swab samples. STEC O157:H7 was isolated from 2 (2%) of ground beef samples. All STEC 0157 isolates contained hlyA
and eae genes. All STEC O157 isolates obtained from both rectal swab and ground beef samples were resistant to four or more
antimicrobials. All STEC 0157 isolates were resistant to penicillin, clindamycin, tiamulin and tilmicosin. Two STEC isolates were
resistance to ampicillin. Six STEC 0157 isolates were resistance to chlortetracycline and sulphadimethoxine. One STEC O157
isolate was resistant to enrofloxacin, florfenicol and oxytetracycline.
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Elazig’da Mezbahalarda Kesilen Sigirlardan ve Piyasada Satilan
Kiymalardan Shiga Toksin Ureten Escherichia coli 0157'nin
izolasyonu, Virulens Genleri ve Antibiyotiklere Duyarliliklar

Ozet

Shiga toxin Ureten Escherichia coliO157 (STEC O157) gida kaynakli enfeksiyonlara yol acan bir patojendir. Kontamine et ve et
Urunleri insanlarda salginlarin gériilmesinde énemli bir rol oynamaktadir. Bu calisma Elazig’da mezbahalarda kesilen sigirlardan
ve piyasada satilan kiymalardan STEC O157'nin izolasyonu, izolatlarin virulens genlerinin ve antibiyotiklere duyarhliklarinin
belirlenmesi amaciyla yapilmistir. Kesimden sonra 540 rektal swap 6rnegi ve kasaplardan 100 kiyma &rnegi toplanmistir. Etken
izolasyonu icin selektif zenginlestirme ve immunomagnetik separasyondan sonra sefiksim ve telliirit suplementi iceren Sorbitol
MacConkey Agar kullanildi. Polimeraz zincir reaksiyonu(PCR) ile izolatlarda shiga toxin 1 ve 2 (stx7 and stx2), H7 flagella (fliCh7),
enterohemolysin (hlyA), intimin (eae) ve 0157 (rfbE) genlerinin varligi arastirildi. Rektal sivap érneklerinin PCR testinde, 82
sorbitol negatif izolatin 34'G Escherichia coli 0157 ydninden pozitif bulundu. Escherichia coli 0157 izolatlarinin 22'si (%64.7)
Escherichia coli O157:H7 olarak tiplendirildi. Rektal swap 6rneklerinin 18’inde (%3.3) STEC 0157 saptandi. Kiyma &rneklerinin
%2'sinden STEC O157 izole edildi. STEC O157 izolatlarinin timiinde hlyA and eaeA genleri tesbit edildi. Rektal sivap ve kiyma
orneklerinden elde edilen tim STEC O157 izolatlar penisilin, klindamisin, tiamulin ve tilmikosin’e direncli bulundu. Alti STEC
0157 izolati klortetrasiklin ve stlfadimetoksin’e, iki STEC O157 izolati ampisiline ve bir STEC 0157 izolati enrofloksasin, florfenikol
ve oksitetrasiklin’e direncli bulundu.

Anahtar sozciikler: E. coli 0157, Sigir, Kiyma, Virulens genler, Antibiyotik direnci

& lletisim (Correspondence)
+90 424 2370000
D4 hkalender@firat.edu.tr


http://vetdergi.kafkas.edu.tr/

462

Isolation, Virulence Genes and ...

INTRODUCTION

Shiga toxin-producing Escherichia coli (STEC) strains
are the most important emerged group of foodborne
pathogens worldwide. E. coli O157:H7 is considered a highly
pathogenic serotype responsible for severe human
diseases '. Cattle are the main reservoir of STEC and
shed the bacteria through their feces spreading these
pathogens among cattle herds and the environment 2.
Most infections caused by E. coli O157:H7 result from the
consumption of food and water contaminated with animal
feces 3. Elderly and pediatric patients are at an increased risk
of developing E. coli 0157:H7 associated conditions such
as hemorrhagic colitis (HC), haemolytic-uremic syndrome
(HUS), thrombotic thrombocytopenic purpura and death *°.

The main virulence factor of STEC is the production of
shiga toxins encoded by stx1 and stx2 genes. Additional
virulence factors have also been described including
intimin (encoded by the eaeA gene) and EHEC hemolysin
(encoded by EHEC hlyA gene) ¢, The widespread use of
antibiotics in food animals has resulted in an increase in
resistant strains of bacteria. Development of resistance
in zoonotic bacteria constitutes a public health risk.
Antibiotic resistance strains of STEC have been reported in
many countries 7. The presence of E. coli 0157 in cattle *3,
ground beef "7 and red meat samples '® has previously
been reported in Turkey.

This study was carried out to determine the occurrence
of virulence genes and antimicrobial resistance patterns
of STEC 0157 isolates from slaughtered cattle and ground
beef samples in Elazig.

MATERIAL and METHODS

Sampling

Rectal swab samples were collected immediately at
slaughter during the period of December 2011 to June 2012
from 540 cattle at two abattoirs (named A and B) located

in Elazig. The abattoirs were visited once weekly. At each
visit, 20 rectal swab samples were taken. The animals
sampled were randomly selected. The swabs were placed
in a modified tryptone soya broth (mTSB) (LAB165; Lab M)
supplemented with novobiocin in 10 ml tubes and then
transported immediately to the laboratory. A total of 100
ground beef samples were obtained from the butcher shops.
The ground beef samples were brought into the laboratory
within sterile containers preserved in ice cold packs.

Isolation of STEC 0157

Aproximately 25 g of ground beef samples taken under
aseptic conditions were homogenized within 225 ml of
mTSB. The mTSB medium containing rectal swab and
ground beef samples was incubated at 41.5°C for 24 h.
Then immunomagnetic separation (IMS) was performed
according to the manufacturer’s instructions (Captive 0157,
Lancashire, UK). The IMS samples were plated onto Sorbitol
MacConkey Agar supplemented with cefixime and tellurite
(CT-SMAC Agar) (LAB161; Lab M). The agar plates were
incubated at 37°C for 24 h. Sorbitol negative colonies on
CT-SMAC Agar were considered presumptive E. coli O157.
Presumptive E. coli O 157 colonies were confirmed by
amplification of the gene encoding 0157 somatic antigen
(rfbE) by PCR ™.

Detection of Virulence Genes, 0157 and
Flagellar H7 Gene by PCR

Cultures were grown overnight at 37°C on nutrient agar.
A small amount of the culture was resuspended in 200 ul of
distilled water, heated to 99°C for 15 min, and centrifuged
for 2 min at 12.000 x g. The resulting supernatant was used
as a template for PCR. Shiga toxin genes stx1 and stx2
were detected by multiplex PCR. Single gene PCR was
used to determine the presence of genes encoding H7
flagella (fliCh7), enterohemolysin (hlyA), intimin (eae)
and O157 (rfbE). The primers used in this study are listed
in Table 1. Reaction contents for each PCR (11-pl total
reaction volume) consisted of 3 ul of template DNA, 0.5
MM of primers, 0.18 mM concentration of each deoxyribo-

Table 1. The primers used in the study
Tablo 1. Calismada kullanilan primerler

Target Gene Sequence of Primers (5’-3’) Size (bp) of PCR Product Reference

F: ACA CTG GAT GAT CTC AGT GG »
St R: CTG AAT CCC CCT CCATTATG 282 FELEIEIE el

F: GGC ACT GTC TGA AAC TGC TCC N
g2 R:TCG CCA GTT ATC TGA CATTCT G 0428 FE L) el
coe F: GTG GCG AAT ACT GGC GAG ACT 890 Conmon et 2l

R: CCC CATTCTTTTTCA CCGTCG :

F: AAC GGTTGC TCTTCATTT AG .
bEons, R: GAG ACC ATC CAATAA GTG TG 678 MECEIOGHED

. F: TAC CAC CAA ATC TACTGC TG ”

ek R: TAC CAC CTT TAT CAT CCA CA >60 NEEETO e

F: AGC CGG AAC AGT TCT CTC AG . .
hiyA R: CCA GCATAA CAG CCG ATG T 525 FCle ]
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nucleotide, 4 mM MgCl, 0.4 U of Tag DNA polymerase, 50
mM Tris (pH 8.3), 250 pg/ml Bovine Serum Albumin (BSA),
2% sucrose, and 0.1 mM cresol red. The PCR was performed
using rapid-cycle DNA amplification method. The reactions
consisted of 30 cycles of template denaturation 94°C,
primer anneling at 54°C, and primer extension at 74°C for 30
s. Amplified products were electrophoresed in 1% agarose
gels at 200 V for 30 min. The gels were stained with ethidium
bromide and were visualized under ultraviolet light. Positive
samples were identified based on the presence of bands of
the expected sizes compared with results with a positive
control strain (E. coli ATCC 43895) 7%,

Antimicrobial Susceptibility Testing

A total of 20 STEC O157 isolates were examined for anti-
microbial susceptibility. Minimum inhibitory concentrations
(MIC) were measured using the Sensititre Susceptibility
System. The following antimicrobial agents were used:
ampicillin, ceftiofur, chlortetracycline, clindamycin, dano-
floxacin, enrofloxacin, florfenicol, gentamicin, neomycin,
oxytetracycline, penicillin, spectinomycin, sulphadimethoxine,
tiamulin, tilmicosin, trimethoprim + sulphamethoxazole,
tulathromycin and tylosin. All plates were inoculated
following the guidelines recommended by the Clinical
and Laboratory Standarts Institute (CLSI), and CLSI break-
points for interpretation of MIC results 2.

RESULTS

A total of 82 sorbitol-negative isolates were obtained
from rectal swab samples from 540 slaughtered cattle. Of
these isolates, 34 were positive for E. coli 0157. 22 (64.7%)
of E. coli 0157 isolates belonged to E. coli O157:H7. STEC
0157 was detected in 18 (3.3%) of rectal swab samples.
Stx2 gene was only detected alone in 14 STEC O157
isolates. Four STEC O157 isolates were positive for both

stx1 and stx2 genes. PCR products of stx1 (582 bp) and stx2
(255 bp) were shown in Fig. 1.

All STEC 0157 isolates from rectal swab samples were
positive for both eae and hlyA genes. STEC 0157 was
detected in 2.59% (7/270) and 4.07% (11/270) of rectal
swab samples collected from the abattoir A and the abattoir
B, respectively. All of the STEC O157 isolates from rectal
swab samples were susceptible to ceftiofur, danofloxacin,
gentamicin, neomycin, spectinomycin, trimethoprim-
sulphamethoxazole, tulathromycin and tylosin. But all of
them were resitant to penicillin, clindamycin, tiamulin
and tilmicosin. Two STEC O157 isolates were resistance
to ampicillin. Six STEC 0157 isolates were resistant to
chlortetracycline and sulphadimethoxine. One STEC
0157 isolate was resistant to enrofloxacin, florfenicol and
oxytetracycline (Table 2).

Two sorbitol-negative isolates from ground beef
samples were positive for STEC O157:H7. These isolates
were positive for stx2, eae and hlyA genes, but none
were positive for stx1. All of the two STEC O157 isolates
from ground beef samples were resistance to penicillin,
clindamycin, tiamulin and tilmicosin (Table 3).

DISCUSSION

STEC O157 has been recognized as a growing public
health all around the world. Although it is isolated from
many animal species, it was reported that STEC 0157 is
largely hosted in cattle intestines without showing any
symptoms ©. It was reported that cattle beef, milk and the
products obtained from them play an important role in the
development of human STEC infections .

In the studies conducted in several countries for
determining STEC O157 prevalence in cattle faecal samples,

Fig 1. Agarose gel electrophoresis of PCR products of E. coli 0157 isolates by multiplex PCR

M: Marker (50, 150, 300, 500, 750, 1.000 bp) Lane 1: Positive control, Lane 2: Negative control, Lane 3, 4, 6:
Negative samples, Lane 5: Positive sample for stx1 and stx2, Lane 7, 8: Positive samples for stx2

Sekil 1. Multiplex PCRile E. coli 0157 izolatlarindan elde edilen uriinlerinin agaroz jel elektroforezi
M: Marker (50, 150, 300, 500, 750, 1.000 bp) 1: Pozitif kontrol, 2: Negatif kontrol, 3, 4, 6: Negatif 6rnekler

5: Stx1 ve stx2 pozitif ornek, 7, 8: Stx2 pozitif ornekler



464

Isolation, Virulence Genes and ...

Table 2. Virulence genes and antimicrobial resistance of E. coli 0157 isolates from cattle

Tablo 2. Sigirlardan izole edilen E. coli O157 izolatlarinin virulens genleri ve antibiyotik direnci

Abattoir | Isolate No. 0157 rfbE flich7 Stx1 Stx2 eaeA hlyA Resistance?® Pattern

A 1 + - - - ND ND ND

A 2 + - - - ND ND ND

B 3 + - - - ND ND ND

A 4 + - - - ND ND ND

B 5 + + + + + + CLI, PEN, SUL,TIL

A 6 + - - - ND ND ND

A 7 + - - - ND ND ND

A 8 + - - - ND ND ND

A 9 + - - - ND ND ND

B 10 + + + + + + CHL,CLI, PEN, SUL, TIA,TIL

B 1 + + + + + + CHL,CLI, PEN, SUL, TIA,TIL

B 12 + + + + + + CHL,CLI, PEN, SUL, TIA,TIL

B 13 + - - - ND ND ND

B 14 + - - - ND ND ND

A 15 + - - - ND ND ND

B 16 + + - + + + AMP, CLI, ENF, PEN, SUL,TIA, TIL, TRM

B 17 + + - - ND ND ND

B 18 + + - - ND ND ND

B 19 + + = + + + CHL, CLI, PEN, TIA, TIL

B 20 + + = + + + CHL, CLI, PEN, SUL,TIATIL

B 21 + + - + + + AMP, CHL, CLI, FLO, OXY, PEN, SUL, TIA, TIL

A 22 + - - - ND ND ND

B 23 + + - + + + CLI, PEN, TIA, TIL

B 24 + + - - ND ND ND

B 25 + + - - ND ND ND

A 26 + + - + + + CLI, PEN, TIA, TIL

A 27 + + - + + + CLI, PEN, TIA, TIL

A 28 + + - + + + CLI, PEN, TIA, TIL

A 29 + + - + + + CLI, PEN, TIA, TIL

A 30 + + = + + + CLI, PEN, TIA, TIL

A 31 + + - + + + CLI, PEN, TIA, TIL

B 32 + + - + + + CLI, PEN, TIA, TIL

A 33 + + - + + + CLI, PEN, TIA, TIL

B 34 + + - + + + CLI, PEN, TIA, TIL
9AMP, ampicillin; CHL, chlortetracycline; CLI, clindamycin; ENF, enrofloxacin; FLO, florfenicol; OXY, oxytetracycline; PEN, penicillin; SUL, sulphadimethoxine;
TIA, tiamulin; TIL, tilmicosin; TRM, trimethoprim+sulphamethoxazole, ND, not done

Table 3. Virulence genes and antimicrobial resistance of E. coli 0157 isolates from ground beef

Tablo 3. Kiymalardan izole edilen E. coli 0157 izolatlarinin virulens genleri ve antibiyotik direnci

Isolate No. 0157 rfbE fliCh7 Stx1 Stx2 eaeA hlyA Resistance?® Pattern
1 + + = + + < CLI, PEN, TIA, TIL
2 i + - 4+ 4 “F CLI, PEN, TIA, TIL

aCLI, clindamycin; PEN, penicillin; TIA, tiamulin; TIL, tilmicosin
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prevalence rates varying by the countries were obtained.
It was reported that the worldwide prevalence is between
0.3 and 27.3% for beef cattle and between 0.2 and 48%
for dairy cattle %, Hancock et al?’ detected STEC O157
in 1.8% of cattle faeces in the USA, while Islam et al.?®
reported detection of the bacterium in 7.2% of the cattle
slaughtered in slaughter houses in Bangladesh, Manna et
al? in 2% of cattle slaughtered in slaughter houses in India,
Sasaki et al.* in 8.9% of beef cattle in Japan, and Zhou et
al3' in 1.7% of cattle faeces in China. In studies conducted
in several regions of Turkey, it is reported that E. coli 0157
was detected in cattle faeces with rates varying between
0.6% and 25% '3, However, in some of these studies
the presence of shiga toxin producing E. coli O157 was
examined. In the study by Inat and Siriken '* conducted in
Samsun city, the authors reported they had isolated STEC
0157 from 18% of the rectal swab samples taken from 100
slaughtered cattle. In the study conducted by Aslantas et
al."" in Hatay city, it was reported that in 11% of 565 cattle
faecal samples, STEC O157 was detected. In another study
carried out in Turkey, STEC O157 was isolated from 1.2%
of cattle faecal samples of 251 cattle . In this presented
study, STEC O157 was detected in 3.3% of 540 cattle
rectal swab samples. In comparison with the studies
conducted in Turkey and in other countries, this rate is
higher than the findings of some researchers '>2723! and
lower than the findings of others 32830, This may result
from the differences in seasons, ages of animals, method
of breeding and geographic differences. It was reported
that also sampling method and isolation technique affect
prevalence %32, |t is reported that IMS method is one of
the most sensitive methods for STEC 0157 isolation from
faeces and food samples 213, Also in the present study
the IMS method was employed for isolation. However,
samples were collected in winter and spring months.
It was reported that in ruminants the prevalence of
Escherichia coli O157:H7 is the highest in summer months
and decreases in winter months 62,

Pathogenic STEC strains produce toxins that cause
human illnesses and can produce other virulence factors
that may increase the severity of illnesses. These factors
include intimin and enterohemolysin, which are encoded
by the eae and hlyA genes, respectively °. In the present
study, eae and hlyA genes were detected as well as shiga
toxin genes (4 stx1 and stx2, 14 only stx2) in 18 of the total
34 E. coli 0157 isolates obtained from rectal swab samples.
Stx2-producing strains are often more related to HUS than
stx1-producing strains 633, In this study, the predominant
stx type found was stx2, in aggrement with previous
studies %232, The presence of a combination eae, stx and
hlyA genes is generally regarded as a highly virulent
genetic mix 34 Results of the presented study show that
seemingly healthy cattle contain E. coli 0157 strains that
are highly pathogenic for humans. E. coli 0157 was isolated
from diarrheal human faeces in Turkey and the suspected
source of contamination was reported to be foodstuff 3>,

However, there is a need for a comprehensive study that
examines the relation of human E. coli O157 infections in
Turkey with foodstuffs. In the studies conducted in Turkey
on faecal samples of cattle, Aslantas et al."" reported that 74
of a total of 77 E. coli 0157 isolates contained hlyA, while 72
of them contained eae, 62 contained stx2 and 3 contained
both stx1 and stx2 genes. In the study by Kuyucuoglu et
al®, it was reported that all of 5 E. coli O157:H7 isolates
were positive for hlyA, while 2 of them were positive for
eae gene. In another study conducted by Ongor et al.’?, it
was determined that 2 of a total of 4 E. coli O157 isolates
contained eae, stx1 and stx2, while one contained eae and
another contained eae and stx2 genes.

In studies conducted in several countries with the
purpose of determining E. coli 0157 in ground beef samples
it was reported that in Italy Conedera et al.*® isolated STEC
0157 from 0.43% of 931 samples, in the Netherlands
Heuvelink et al*® from 1.1% of 571 samples and in Peru
Mora et al.** isolated E. coli 0157 from 23% of 102 samples.
In a study conducted in Argentina, E. coli 0157 was isolated
from 3.8% of a total of 160 samples *'. In England, E. coli
0157 was detected in 0.35% of 1979 samples *2. In the
studies carried out in Turkey, Alisarli and Akman ' reported
that they isolated E. coli 0157 from 4.6% of 150 ground beef
samples, Sarimehmetoglu et al.'® reported 7.6% isolation
from 255 ground beef samples in Ankara city, Cadirci et al."”
reported 1% of isolation from 100 ground beef samples in
Samsun city and Aksu et al.'® reported that they isolated E.
coli 0157 from 6% of 50 ground beef samples in Istanbul
city. In the presented study, STEC O157 was isolated from
2% of 100 ground samples. In many countries, low rates
similar to the results of the present study were obtained.
When compared with the other studies conducted in
Turkey, the rate determined with the present study is lower
than the rates found in some studies '¢. However, Cadirci
et al.” reported a rate (1%) close to the rate determined in
this study. The differences in isolation rates from ground
beef samples may occur due to the differences in sampling
method, isolation method, season and geography. Also
inadequate hygienic implementations at butcher shops and
slaughter houses can affect isolation rate. Sarimehmetoglu
et al.”® reported that one of the total 19 E. coli 0157 strains
isolated from ground beef contained stx1, stx2, eae, hlyA
and fliCh7 genes, while the genes of stx1, eae, hlyA and
fliCh7 genes were found in all other strains. In the present
study, stx1, stx2, eae, hlyA and fliCh7 genes were detected
in all ground beef isolates.

Antimicrobial resistance in animal STEC isolates may be
spread to humans through the food chain. Strains of STEC
are commonly found in the ruminant gastrointestinal tract
and can serve as indicator organisms for the development
of antibiotic resistance 2. In the present study, all STEC 0157
isolates were found to be resistant to penicillin, clindamycin,
tiamulin and tilmicosin. Howewer, all the isolates were
susceptible to ceftiofur, danofloxacin, gentamicin, neomycin,
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spectinomycin, trimethoprim-sulphamethoxazole, tulatromycin
and tylosin. Six (33.3%) of the isolates were resistant to
chlortetracycline and sulphadimethoxine. Cephalosporins
and fluoroquinolones often are the drugs of choice for
treatment of infections in humans. Although no resistance
against ceftiofur was found in the isolates in this study,
one isolate was found to be resistant against enrofloxacin.
In Japan, resistance to dihydrostreptomycin in 241 STEC
0157 isolates from beef cattle was detected most frequently
(9.5%), followed by resistance to oxytetracycline (7.9%)
and ampicillin (5.4%) °. In aggrement with our results, In the
USA, all E. coli O157:H7 isolates from cattle were found to
be susceptible to ceftiofur, gentamicin and trimethoprim-
sulphamethoxazole ’. It was reported that 100% of the 6
STEC O157 strains isolated from ground beef in the Czech
Republic were resistant against ampicilline, cephazolin
and tetracycline, while 83% were resistant against
chloramphenicol and colistin, and 50% were resistant against
cefuroxime and cefoxitine *. There are very limited numbers
of studies in Turkey concerning the determination of the
resistances of the STEC 0157 strains isolated from cattle
faeces and ground beef samples. In a study conducted
by Aksoy et al*, it was reported that all of the 4 STEC
0157 strains isolated from cattle were resistant against all
antibiotics. Sasaki et al® determined that the antibiotics
resistance of STEC O157 isolates that contain both stx1
and stx2 was higher than the resistance of the isolates that
contain only stx2. However, no significant relation could
be found in this study between antibiotics resistance and
type of stx.

In conclusion, this study showed cattle are an important
reservoir of STEC 0157 in Turkey. Cross contamination of
carcasses may occur during the slaughter of cattle. This
constitutes a serious hazard to human health as it may lead
to outbreaks of human STEC O157 infections. Appropriate
hygienic measures in food industries including abattoirs
may be implemented to reduce the risk of STEC 0157
infection. Consumers should take proper care for prevention
of the organism such as cold temperature and cooking
before consumption. More studies should be carried out
to understand a genetic relationship between food, animal
and human isolates.
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