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The Presence and Antibiotic Resistance of non-0157 STEC on Lamb Carcasses
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ABSTRACT

There is an increasing trend in the prevalence of Hemolytic Uremic Syndrome (HUS) both in Tirkiye and the world.
HUS might be caused by Shiga toxin (Stx)-producing Escherichia coli (STEC) 0157 and strains of non-0157 STEC. The
feces and fleece of lambs and non-hygienic conditions present in the lamb slaughtering process are the main sources
of STEC contamination of lamb carcasses. In this study, the prevalence of STEC on lamb carcasses and, as an import-
ant global public health issue, the antibiotic resistance profiles of STEC strains isolated were determined. The pres-
ence of stx was considered as STEC indicator. STEC suspected isolates obtained by using chromogenic media were
first confirmed by detecting 16S rRNA, and 16% (8/50) of the carcasses were found to be contaminated with E. coli.
The analysis showed that none of the strains isolated were 0157 serotype. Only one isolate had hly gene, 2 isolates
carried both stx1 and hly genes together, and 3 isolates had both stx2 and eae genes together. But 5 out of 8 strains
isolated carried stx1 and stx2 genes, so they were identified as non-0157 cytotoxigenic E. coli. Antibiotic resistance
profiles of the isolates were determined by using the Kirby Bauer Disc Diffusion method. All of the isolates were
found to be resistant to at least one antibiotic investigated, and as the highest resistance rate was found, 87.5% of the
isolates were resistant to both gentamycin and pefloxacine. In addition, 75% of the isolates were multidrug resistant
(MDR), and the overall MAR (Multi Antimicrobial Resistant) index of isolates was 0.4. As a result, STEC contamination
on lamb carcasses was considered a risk for both children and adults for HUS, and the high antibiotic resistance of the
isolates observed also increased public health hesitations. Reassessment of the slaughtering process based on the
HACCP (Hazard Analysis and Critical Control Points) requirements and taking necessary actions/measures to control
cross contaminations are thought to be crucial steps to reduce pathogenic bacteria incidence in the food chain.
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Kuzu Karkaslarinda Non-0157 STEC Varlig1 ve Antibiyotik Direnci
OZET

Son dénemde Hemolitik Uremik Sendrom’un (HUS) prevalansi diinyada ve tilkemizde artis gdstermektedir. HUS Shiga
toxin (Stx) Ureten Escherichia coli (STEC) 0157 ve non-0157 STEC kaynakh meydana gelmektedir. Kuzularin diskilari,
postlari ile kesim prosesindeki iyi olmayan hijyen kosullari karkaslardaki STEC kontaminasyonunun kaynaklari olarak
kabul edilmektedir. Arastirmada kuzu karkaslarinda STEC varligi ile halk sagligi acisindan kiresel bir problem olan
antibiyotik direng profilinin belirlenmesi amaglanmistir. Calismada stx genlerinin varligi STEC indikatori olarak kul-
lanilmigtir. Kromojenik besiyeri kullanilarak izole edilen STEC slipheli izolatlarin konfirmasyonunda ilk olarak 16S rRNA
geni varlig arastirilmis, karkaslarin %16’sinin (8/50) E. coli ile kontamine oldugu belirlenmistir Yapilan analizler so-
nucu izolatlarin higbirinin 0157 serotipi olmadig gérilmistiir. izolatlarin 1’inin sadece hy/ genini, 2’sinin stx1 ile hyl
genlerini, 3’linlin ise stx2 ve eae genlerini birlikte tasidigl belirlenmistir. Diger taraftan elde edilen 8 izolattan 5’inin
stx1 ile stx2 geni tasimasi nedeniyle non-0157 STEC E. coli oldugu tespit edilmistir. Kirby Bauer ydontemi kullanilarak
antibiyotik direng profili degerlendirilmistir. izolatlarin tamaminin arastirilan antibiyotiklerden en az birine direngli
oldugu, en ¢ok da %87,5 oranda gentamisin ile pefloksasin direnci tespit edilmistir. Bununla birlikte izolatlarin %75’i
coklu antibiyotik direnci géstermis ve tiim izolatlar igin de ¢oklu antimikrobiyal diren¢ (MAR) indeksi orani 0,4 olarak
belirlenmistir. Sonug olarak kuzu karkaslarinda STEC kontaminasyonu HUS agisindan basta ¢ocuklar olmak (izere ye-
tiskinler igin de risk olusturmasinin yani sira yuksek orandaki antibiyotik direngliligi de endisenin boyutunu arttirmak-
tadir. Kesim prosesinin HACCP gereklilikleri agisindan yeniden degerlendirilmesi ile dizeltici 6nlemlerin/aksiyonlarin
alinmasi gida zincirine giren patojenik bakterilerin yayginliginin azaltilmasinda etkili olacaktr.

Anahtar kelimeler: Antibiyotik direngliligi, kuzu karkas, non-0157 STEC.
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Introduction

Shiga toxin producing Escherichia coli (STEC) may cause
several foodborne diseases from bloody diarrhea, hae-
morogical colitis to haemolytic uremic syndrome (HUS).
HUS, as one of the most frequent causes of acute kidney
damages, is a multisystemic disease causing microangio-
pathic haemolytic anemia, thrombocytopenia and kid-
ney failures especially in children younger than 5 years
old (Tarr et al., 2005). Development of HUS requires
several factors such as Stx1 and Stx2 cytotoxins encoded
by stx1 and stx2 as well as intimine for the attachment
of STEC to enterocyte and hemolysin (Etcheverria et al.,
2010). Stx2-producing strains are more virulent than
those of both Stx1 and Stx1 and Stx2-producing strains.
Stx2 producing strains are more frequently associated
with HUS than Stx1 producing strains (Paton and Paton,
2002). In addition to this, in a report produced by EFSA
and ECDC (2019) stated that besides stx1 and stx2 genes,
the presence of eae gene encoding intimin, which is re-
sponsible from the adhesion, should be investigated to
identify STEC serogroups isolated from foodstuff.

E. coli 0157 was previously identified as the prima-
ry causative agent of HUS worldwide. However, recent
studies have revealed that other serotypes, such as 026,
045, 0103, 0111, 0121, and 0145, can also lead to
STEC-HUS (McCarthy et al., 2021a; Alharbi et al., 2022).
Foods such as raw meat, unpasteurized milk, and vege-
tables contaminated with these serotypes are frequently
associated with HUS cases in humans (Liu et al., 2021).
Over 8000 STEC infections were reported in Europe in
2018, 37% of which ended up with hospitalization of the
patients (EFSA and ECDC, 2019). The EU One Health 2020
Zoonosis Report highlighted the increase in STEC infec-

tions between 2015 and 2019 (EFSA and ECDC, 2021).
Although cattle are the primary source of STEC contam-
ination, small ruminants are also stated as an important
STEC reservoir and contamination source for the food
industry (Mughini-Gras et al., 2018). It is also reported
that small ruminants release more feces with longer pe-
riod when compared to large ruminants (McCarthy et al.,
2021a). The variations in contamination and cross con-
tamination levels were reported to be due to the size of
the establishment, design of the slaughterhouse, equip-
ment, the speed of the slaughter line and the number of
the animals slaughtered, geographical location, season,
the hygienic conditions of holding paddocks, the animal
species and age as well as the training and knowledge
level of personnel (USDA, 2002). The hygienic status of
the slaughtering process is affected by several contam-
ination and cross contamination steps in the slaughter
line. Applications at some processing steps such as de-
hiding and evisceration may result in higher carcass con-
tamination risk than at the other processing steps. Some
parts of the carcasses (brisket, shank etc.) are more sus-
ceptible to contamination and cross contamination than
the other parts. Contamination of the carcasses along
with the slaughtering process is considered as main port
contamination in the meat supply chain for STEC (Etch-
everria et al., 2010; Milios et al., 2011).

Antibiotic resistant bacteria become a serious public
health problem due to the excessive usage of antibiotics
in farm animals (Pan et al., 2021). Therefore, considering
‘One Health’ principle, the surveillance of the resistant
zoonotic pathogens in animals is crucial for evaluating
public health risks (Gupta et al., 2022). E. coli is con-
sidered an indicator of antibiotic resistance and E. coli
strains including STEC have been used for monitoring and

Table 1. Primers and thermal cycler conditions used in this study

Gene Primer sequence (5’-3’) SPirzoeduct Thermal cycler conditions References
Initial denaturation 95°C 5 min
(1 cycle)
F: 5- GACCTCGGTTTAGTTCACAGA-3’ f
165 rRNA 585bp  94°C 1 min; 58°C, Parvin et al.
R: 5'- CACACGCTGACGCTGACCA-3’ (2020)
1 min; 72°C 1 min; 72°C 7min
(35 cycles)
rfbE F: 5- CAGGTGAAGGTGGAATGGTTGTC-3’ 296 bp
R: 5’-TTAGAATTGAGACCATCCAATAAG-3 Initial denaturation 94°C 2 min
stx, F: 5’-TGTAACTGGAAAGGTGGAGTATACA-3’ 210 bp (1 cycle)
y
R: 5’-GCTATTCTGAGTCAACGAAAAATAAC-3’ 94°C 20
S;
stx2 F: 5’-GTTTTTCTTCGGTATCCTATTCC-3’ 484 bp
60°C1min; 72°C L min; 72°c  JeShveenetal.
R: 5'- GATGCATCTCTGGTCATTGTATTAC-3’ (2012)
10 min
egeA F: 5’- ATTACCATCCACACAGACGGT-3’ 397 bp
(35 cycles)
R: 5’-ACAGCGTGGTTGGATCAACCT-3’
hyl F: 5'-ACGATGTGGTTTATTCTGGA-3’ 166 bp

R: 5’-CTTCACGTCACCATACATAT-3’
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Figure 1. PCR assay for E. coli M: DNA ladder, P:positive control, ATCC 25922, N: negative control, 1-8 Lanes: samples isolate

surveillance of antibiotic resistance in animals, different
environments, and humans (Rubab and Oh, 2021). With
E. coli being the most widely studied bacteria, the resis-
tance to at least two classes of antibiotic agents has been
frequently documented (Karama et al, 2019; Pan et al,
2021; Rubab and Oh, 2021).

Toxins of STEC originated from animal foods might cause
serious health hazards. As a natural reservoir small rumi-
nants take an important place in disseminating antibiotic
resistance to environment and foods. Determination of
the prevalence of antibiotic resistant STECs and their re-
sistance profiles may aid determining treatment alterna-
tives for human infections. This study aimed to find out
the presence of STEC on lamb carcasses and antibiotic
resistance profiles of isolates.

Materials and Methods
Material

In this study, a total of 50 lamb carcasses, slaughtered
at a private slaughterhouse located in Mugla, were used
as material. Samples were taken according to the ISO
17604 (2015) standard by using the sponge swab tech-
nique following the slaughtering process, just before
chilling. Sponge swabs were soaked in 10 ml buffered
peptone water (Oxoid CM509, England) before swab-
bing. Sampling was carried out on a total of 400 cm? of
area from front and rear shanks, neck and brisket areas
(100 cm? each) of randomly selected carcasses using a
sterile template (10x10 cm). Swab samples were taken to
the laboratory on the same day under cold chain (+4°C)

and analyzed for STEC.
Microbiological Analysis

Swab samples were homogenized in 90 ml of Modified
Tryptone Soya Broth (Merck,1.090205.0500, Germany)
including novobiocin then incubated at 37°C for 18-24
hrs (ISO 16654, 2001). CHROMagar STEC (CHROMagar,
ST160(B), ST162(S) suppl., France) agar was used for se-
lective isolation.

Typical colonies with violet color and smooth edges
were taken and subjected to biochemical analysis. The
isolates were stored at -202C in Tryptone Soya Broth
(Oxoid, CM129, USA) containing 20% glycerol (Merck,
1.04092.100, Germany) for PCR analyses.

DNA Extraction and PCR Analysis

DNA extraction was conducted according to the instruc-
tions of the producer (Thermo Scientific Fisher, USA).
Confirmation of conventionally identified isolates was
carried out by using the Parvin et al. (2020) method to
determine the presence of the 16S rRNA gene. Then, the
presence of 0157 (rfbE), shigatoksin 1 (stx1), and shiga-
toksin 2 (stx2), intimin (eaeA), and hemolysin (hyl) genes
was investigated by using multiplex PCR technique devel-
oped by Jeshveen et al. (2012)(Table1).

Determination of antimicrobial susceptibility of E. coli
strains

Antimicrobial susceptibility tests were conducted by Kir-
by Bauer disc diffusion method using Enterobacteriaceae
specific antibiotic discs; ampicillin (10 pg), cefotaxime (5

Table 2. Virulence genes distribution among E. coli isolates

Isolate number Virulence genes '(r:::l) (%)
K5 hyl 1(16.6)
K1, K8 stx1, hyl 2 (33.3)
K2, K6, K7 stx2, eae 3 (50)
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ug), ceftazidime (10 pg), meropenem (10 ug), aztreonam
(30 pg), pefloxacin (5 ug), gentamicin (10 ug), chloram-
phenicol (30 ug), tigecycline (15 pg) and trimethoprim/
sulfamethoxazole (1.25-23.75 ug), referred by The Euro-
pean Committee on Antimicrobial Susceptibility Testing
(EUCAST, 2021) were used. Mueller-Hinton agar (Oxoid
CMO0337B, England) was used in the disk diffusion meth-
od, and the results were assessed following incubation
at 37°C for 24 hours. MDR was defined as showing resis-
tance to at least three of antimicrobials used.

Reference Strains

E. coli ATCC 25922 was used as positive control for mi-
crobiological analysis and targeting 16S rRNA genes. E.
coli ATCC 43888 was used as positive control for E. coli
0157:H7 E. coli positive strains for virulence genes were
kindly supplied by Prof. Dr. Stkri KIRKAN from Faculty of
Veterinary Medicine, Aydin Adnan Menderes University,
Aydin, Turkiye.

Results

A total of 8 STEC suspected isolates were isolated con-
ventionally from 50 lamb carcasses. In order to identify
E. coli isolates, the presence of the 16S rRNA gene was
investigated. All of the isolates were found to carry 16S

penem (37.5%), and cefotaxime (25%). The antibiotic re-
sistance profiles of the isolates were shown in Table 2.
25% of the isolates were classified as low drug resistant
(LDR), whereas 75% as MDR. Overall Multi Antimicrobi-
al Resistant (MAR) index of isolates was reported as 0.4.
MAR index of 75% of the isolates (6/8) were higher than
0.2 (Table 1).

Discussion

Ruminants generally disseminate high amounts of STEC
over a long period to the environment, which is called
“super shedding.” Super shedding is the most important
source of STEC contamination in the food supply chain
(Alharbi et al., 2022). McCarthy et al. (2021b) reported
that a high percentage of lambs were STEC reservoirs,
disseminating this agent by feces and taking an import-
ant role in the environmental contamination of STEC. Al-
though cattle were referred as the primer STEC carrier,
several researchers reported the carriage rate of lambs
between 1.8% and 86.2% (Kalchayanand et al., 2007;
Soéderlund et al., 2012; Maluta et al., 2014; Oporto et al.,
2019).

It is almost impossible to preclude contamination at the
slaughterhouse. Several factors such as fleece, internal
organs, equipment, other carcasses, aprons and hands

Table 3. Antimicrobial resistance profiles of E. coli strains isolated from lamb carcasses

Antimicrobial resistance profile No (%) *MAR Classification of isolates
isolates index Type of resistance No (%)
isolates

ATM, CTX, CN, CIP, CAZ, MRP 2 (25) 0.6
AMP, ATM, CN, CIP, CTX 1(12.5) 0.5
AMP, CAZ, CIP, CN 1(12.5) 0.4 VDR 6 (75)
AMP, CAZ, CN, MRP 1(12.5) 0.4
CIP, CN, CAZ 1(12.5) 0.3
CIP, CN 1(12.5) 0.2

LDR 2(25)
CTX, CIP 1(12.5) 0.2

*MAR Index=Number of resistance* antibiotics/total number of antibiotics tested (Krumperman, 1983)

rRNA gene, which is specific for E. coli (Figure 1). None of
the isolates had rfbE gene. 6 out of 8 isolates (75%) were
reported to have at least 1 virulence genes investigated.
In addition, only one isolate had hly gene, 2 isolates car-
ried both stx1 and hly genes together, and 3 isolates had
both stx2 and eae genes together (Table 2). 5 isolates
had stx1 and stx2 genes so referred as Table 2 - Figure 1.

All of the isolates identified in this study were resistant to
at least 1 antibiotic. They were also found to be suscep-
tible to chloramphenicol, tigecycline and trimethoprim/
sulfamethoxazole. When resistance profile of the iso-
lates was evaluated, maximum resistance was observed
against gentamycine and pefloxacine (87.5%) followed
by ceftazidime (62.5%), ampicillin, aztreonam and mero-

of the personnel may affect contamination of carcasses
(Hauge et al., 2011). Especially dehiding and evisceration
process may disseminate microbiota including patho-
gens such as STEC, cause contamination and increase
the microbiological load of carcasses (Hauge et al., 2011;
McCarthy et al., 2021a). In this study, 10% of the lamb
carcasses were found to be contaminated by STEC. Sev-
eral studies conducted on lamb carcasses and meat sam-
ples showed that STEC contamination levels were ranged
between 2.02% and 81.6% (Kalchayanand et al., 2007;
Momtaz et al., 2013; Maluta et al., 2014; Ferhat et al.,
2019). The differences between the contamination rates
might be due to the isolation methods used, preslaugh-
ter and post-slaughter contamination levels of the ani-
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mals, hygienic status of the premises and the slaughter-
ing methods. In addition, although fleece cleanliness and
the STEC contamination levels on the fleece were not
investigated before slaughtering, the handmade fleece
removal process without using an automated escalator
applied on the premises might be one of the reasons for
carcass contamination.

None of the 8 E. coli isolates did not carry rfbE and 5
isolates had at least one stx genes. Two out of five STEC
isolates carried both stx1 and hyl. Due to its direct asso-
ciation with Stx production, hemolysin is considered an
important epidemiological indicator for easy and rapid
identification of STEC serotypes (Alharbi et al., 2022).
eae gene is located on a plasmid like plasmid R100 of
Shigella spp. and pO157 of E. coli 0157:H7 carried by a
pathogenicity island called Locus of Enterocyte Efface-
ment. These plasmids can be transferred horizontally to
the other pathogens (Deng et al., 2001). On the other
hand, stx genes are carried by mobile genetic elements.
Due to mobile genetic elements, toxin genes are trans-
ferred to the other E. coli bacteria via transduction caus-
ing new formation of STEC clones (Quiros and Muniesa,
2017). 3 out of 5 non-0157 STEC isolates carried both
stx2 and eae genes together. This genetic combination
improves the virulence of pathogens causing more se-
rious clinical symptoms in infected individuals (Werber
et al., 2003; Alharbi et al., 2022). Similar to this study
presented here, several previous studies conducted in
the USA, Tirkiye and Algeria reported that stx2 gene was
more dominant in compared to stxI (Kalchayanand et
al.,, 2007; Gencay, 2014; Ferhat et al., 2019). However,
studies carried out in Iran and China reported that stx1
gene was more dominant (Babolhavaeji et al., 2021; Liu
et al., 2022).

Apart from infections caused by STEC virulence factors,
antibiotic resistance of bacteria/pathogens, including
STEC, is another important problem for human and an-
imal health issues worldwide. This situation increases
the need for new surveillance studies on antibiotic re-
sistance of bacteria (Rubab and Oh, 2021). Beta-lactam
antibiotics have been well-known for a long time and are
considered to have low toxicity and wide-range antibac-
terial spectra. However, they are also known as one of
the most frequently seen antibiotic resistant group (Pan
et al., 2021; Rubab and Oh, 2021). Unlike previous stud-
ies on the antibiotic-resistant profile of E. coli, the results
of this study stated that beta-lactam resistance was not
in the first place (Momtaz et al., 2013; Enriquez-Gomez
et al., 2023). It is stated that quinolones, B-lactams and
trimethoprim/sulfamethoxazole can cause bacterial SOS
reactions and the massive release of Shiga toxins (Pan et
al., 2021). However, the effects of various antibiotic class-
es on the shiga toxin production are varied. Quinolones,
tetracycline, chloramphenicol and fosfomycin do not
only inhibit shiga toxin release but also affect the adhe-
sion of pathogens to intestinal membranes, which make
them very usable antimicrobial tools to prevent develop-
ment of HUS in the treatment of STEC infections (Mir and

Kudva, 2019). It was reported that cytotoxin production
of STEC could be blocked according to the dose of azith-
romycin, tetracycline or gentamicin exposed (Berger et
al., 2019). The results of this study revealed that all of
the isolates were susceptible to tetracycline, chloram-
phenicol and trimethoprim/sulfamethoxazole, but were
greatly resistant to gentamicin and pefloxacin. Although
meropenem is considered as an effective antibiotic for
STEC infection treatments, 37.5% of isolates are resistant
to this antibiotic. These results support the need to de-
velop therapeutic strategies. The global increase in the
rate of field isolates showing MDR is considered as an
important threat for public health. The MAR index is an
effective risk evaluation mark, and a MAR value of 0.2
indicates high-risk contamination, and overuse or misuse
of antimicrobials in the relevant region (Krumperman,
1983). MAR index for all isolates was determined as 0.4,
the MAR index of 62.5% of the isolates was found to be
higher than 0.2, which was in agreement with previous
studies (Elabbasy et al., 2021; Mateus et al., 2021; Rubab
and Oh, 2021).

Conclusion

In this study, the presence of STEC virulence genes in
isolates obtained from lamb carcasses showed that lamb
carcasses are potentially pathogenic STEC reservoirs for
human. The presence of pathogens on the lamb carcass
surfaces indicated insufficient good hygienic practices
applied along the slaughter line. Considering the anti-
biotic resistance problem, new strategies should be de-
veloped related to antibiotic treatments in animals by
authorities, and intensive control programs should be
implemented. In addition, related regulations should be
updated and non-0157 STECs should be added to the
pathogens list that have the potential to pose a serious
threat to public health and should not be present in the
foodstuff. Rapid diagnostic kits for foodborne pathogens
should be used at slaughterhouses and sufficient hy-
giene procedures should be implemented.

Acknowledgements

This research did not receive any specific grant from
funding agencies in the public, commercial, or not-for-
profit sectors.

Conflict of interest

The authors declare that they have no conflict of interest
in this study.

References

Alharbi, M.G., Al-Hindi, R.R., Esmael, A., Alotibi, I.A., Azhari,
S.A., Alseghayer, M.S., & Teklemariam, A.D. (2022).
The “big six”: Hidden emerging foodborne bacterial

pathogens. Tropical Medicine and Infectious Disease, 7(11), 356.
https://doi.org/10.3390/tropicalmed7110356

Babolhavaeji, K., Shokoohizadeh, L., Yavari, M., Moradi, A., & Alikhani,
M.Y. (2021). Prevalence of Shiga toxin-producing Escherichia coli
0157 and non-0157 serogroups isolated from fresh raw beef meat
samples in an industrial slaughterhouse. International Journal of
Microbiology, 2021. https://doi.org/10.1155/2021/1978952



Kogak Kizanlik et al.

60

Non-0157 STEC on Lamb Carcasses

Berger, M., Aijaz, |, Berger, P, Dobrindt, U., & Koudelka, G.
(2019). Transcriptional and translational inhibitors block SOS
response and Shiga toxin expression in enterohemorrhagic
Escherichia coli. Scientific Reports, 9(1), 18777.
https://doi.org/10.1038/s41598-019-55332-2

Deng, W., Li, Y., Vallance, B.A. & Finlay, B.B. (2001). Locus of
enterocyte effacement from Citrobacter rodentium: sequence
analysis and evidence for horizontal transfer among attaching
and effacing pathogens. Infect Immunity, 69, 6323-6335.
https://doi.org/10.1128/iai.69.10.6323-6335.2001

EFSA & ECDC (European Food Safety Authority & European Centre for
Disease Prevention and Control) (2019). The European Union one
health 2018 zoonoses report. EFSA Journal, 17(12), e05926.

EFSA & ECDC (European Food Safety Authority & European Centre for
Disease Prevention and Control) (2021). The European Union one
health 2020 zoonoses report. EFSA Journal, 19(12), e06971.

Elabbasy, M.T., Hussein, M.A., Algahtani, F.D., Abd El-Rahman, G.I.,
Morshdy, A.E., Elkafrawy, |.A., & Adeboye, A.A. (2021). MALDI-TOF
MS based typing for rapid screening of multiple antibiotic resistance
E. coli and virulent non-0157 shiga toxin-producing E. coli isolated
from the slaughterhouse settings and beef carcasses. Foods, 10(4),
820. https://doi.org/10.3390/foods10040820

Enriquez-Gomez, E., Acosta-Dibarrat, J., Talavera-Rojas, M., Soriano-
Vargas, E., Navarro, A., Morales-Espinosa, R., ... & Cal-Pereyra, L.
(2023). serotypes, pathotypes, shiga toxin variants and antimicrobial
resistancein diarrheagenicescherichiacoliisolated fromrectal swabs
andsheep carcassesinanabattoirin Mexico. Agriculture, 13(8),1604.
https://doi.org/10.3390/agriculture13081604

Etcheverria, A.l, Padola, N.L., Sanz, M.E., Polifroni, R., Kriiger, A.,
Passucci, J., ... & Parma, A.E. (2010). Occurrence of Shiga toxin-
producing E. coli (STEC) on carcasses and retail beef cuts in the
marketing chain of beef in Argentina. Meat Science, 86(2), 418-421.
https://doi.org/10.1016/j.meatsci.2010.05.027

EUCAST (European Committee on Antimicrobial Susceptibility Testing).
Breakpoint tables for interpretation of MICs and zone diameters.
Version 10.0, 2021.

Ferhat, L., Chahed, A., Hamrouche, S., Korichi-Ouar, M. &
Hamdi, T.M. (2019). Research and molecular characteristic
of Shiga toxin-producing Escherichia coli isolated from sheep
carcasses. Letters in applied microbiology, 68(6), 546-552.
https://doi.org/10.1111/lam.13142

Gencay, Y.E. (2014). Sheep as an important source of E. coli 0157/
0157: H7 in Turkey. Veterinary Microbiology, 172(3-4), 590-595.
https://doi.org/10.1016/j.vetmic.2014.06.014

Gupta, M. D., Sen, A., Shaha, M., Dutta, A., & Das, A. (2022).
Occurrence of Shiga toxin-producing Escherichia coli carrying
antimicrobial resistance genes in sheep on smallholdings in
Bangladesh. Veterinary Medicine and Science, 8(6), 2616-2622.
https://doi.org/10.1002/vms3.935

Hauge, S.J., Wahlgren, M., Rgtterud, O.J., & Nesbakken, T. (2011). Hot
water surface pasteurisation of lamb carcasses: Microbial effects
and cost-benefit considerations. International Journal of Food
Microbiology, 146(1), 69-75.
https://doi.org/10.1016/j.ijffoodmicro.2011.02.003

ISO (International Organization for Standardization). (2001). ISO 16654:
2001. Microbiology of food and animal feeding stuffs—Horizontal
method for the detection of Escherichia coli 0157.

ISO (International Organization for Standardization). (2015). ISO
17604: 2015. Microbiology of the food chain. Carcass sampling for
microbiological analysis.

Jeshveen, S.S., Chai, L.C.,, Pui, C.F, & Son, R. (2012). Optimization of
multiplex PCR conditions for rapid detection of Escherichia coli
0157: H7 virulence genes. International Food Research Journal,
19(2), 461-466.

Kalchayanand, N., Arthur, T.M., Bosilevac, J.M., Brichta-Harhay, D.M.,
Guerini, M.N., Shackelford, S.D., ... & Koohmaraie, M. (2007).
Microbiological characterization of lamb carcasses at commercial
processing plants in the United States. Journal of Food Protection,
70(8), 1811-1819. https://doi.org/10.4315/0362-028X-70.8.1811.

Karama, M., Cenci-Goga, B.T., Malahlela, M., Smith, A.M., Keddy, K.H.,
El-Ashram, S., ... & Kalake, A. (2019). Virulence characteristics
and antimicrobial resistance profiles of shiga toxin-producing

Escherichia coli isolates from humans in South Africa: 2006-2013.
Toxins, 11(7), 424. doi: https://doi.org/10.3390/toxins11070424

Krumperman, P.H. (1983). Multiple antibiotic resistance indexing of
Escherichia coli to identify high-risk sources of fecal contamination
of foods. Applied Environmental Microbiology, 46, 165-170.
https://doi.org/10.1128/aem.46.1.165-170.1983

Liu, Y., Li, H., Chen, X., Tong, P, Zhang, Y., Zhu, M., ... & Cai, W. (2022).
Characterization of Shiga toxin-producing Escherichia coli isolated
from cattle and sheep in Xinjiang province, China, using whole-

genome sequencing. Transboundary and Emerging Diseases, 69(2),
413-422. https://doi.org/10.1111/tbed.13999

Maluta, R.P., Fairbrother, J.M., Stella, A.E., Rigobelo, E.C., Martinez,
R., & de Avila, FA. (2014). Potentially pathogenic Escherichia
coli in healthy, pasture-raised sheep on farms and at the
abattoir in Brazil. Veterinary Microbiology, 169(1-2), 89-95.
https://doi.org/10.1016/j.vetmic.2013.12.013

Mateus, K.A., dos Santos, M.R., de Lima, J., de Bona, L.F.,, dos Santos,
M.S., Korb, A, ... & Kessler, J.D. (2021). Antimicrobial resistance of
Escherichia coli isolates from spray-chilled sheep carcasses during
cooling. Revista Colombiana de Ciencias Pecuarias, 34(1), 63-72.
https://doi.org/10.17533/udea.rccp.v34n2a04

McCarthy, S.C., Burgess, C.M., Fanning, S., & Duffy, G. (2021a).

An overview of Shiga-toxin producing Escherichia coli
carriage and prevalence in the ovine meat production
chain. Foodborne Pathogens and Disease, 18(3), 147-168.

https://doi.org/10.1089/fpd.2020.2861

McCarthy, S.C., Macori, G., Duggan, G., Burgess, C.M., Fanning, S.,
& Duffy, G. (2021b). Prevalence and whole-genome sequence-
based analysis of shiga toxin-producing Escherichia coli isolates
from the recto-anal junction of slaughter-age Irish sheep.
Applied and Environmental Microbiology, 87(24), e01384-21.
https://doi.org/10.1128/AEM.01384-21

Milios, K., Mataragas, M., Pantouvakis, A., Drosinos, E.H., & Zoiopoulos,
P.E. (2011). Evaluation of control over the microbiological
contamination of carcasses in a lamb carcass dressing process
operated with or without pasteurizing treatment. International
Journal of Food Microbiology, 146(2), 170-175. https://doi.
org/10.1016/j.ijfoodmicro.2011.02.023

Mir, R.A., & Kudva, LT. (2019). Antibiotic-resistant Shiga toxin-
producing Escherichia coli: An overview of prevalence and
intervention strategies. Zoonoses and Public Health, 66(1), 1-13.
https://doi.org/10.1111/zph.12533

Momtaz, H., Dehkordi, FS., Rahimi, E., Ezadi, H., & Arab, R.
(2013). Incidence of Shiga toxin-producing Escherichia coli
serogroups in ruminant’s meat. Meat Science, 95(2), 381-388.
https://doi.org/10.1016/j.meatsci.2013.04.051

Mughini-Gras, L., Van Pelt, W., Van der Voort, M., Heck, M., Friesema,
I., & Franz, E. (2018). Attribution of human infections with Shiga
toxin-producing Escherichia coli (STEC) to livestock sources and
identification of source-specific risk factors, The Netherlands
(2010-2014). Zoonoses and Public Health, 65(1), e8-e22.
https://doi.org/10.1111/zph.12403

Oporto, B., Ocejo, M., Alkorta, M., Marimén, J.M., Montes, M., &
Hurtado, A. (2019). Zoonotic approach to Shiga toxin-producing
Escherichia coli: integrated analysis of virulence and antimicrobial

resistance in ruminants and humans. Epidemiology and Infection,
147, e164. https://doi.org/10.1017/50950268819000566

Pan, Y., Hu, B., Bai, X.,, Yang, X. Cao, L., Liu, Q. .. & Xiong,
Y. (2021). Antimicrobial resistance of Non-0157
shiga  toxin-producing  Escherichia coli isolated from
humans and domestic animals. Antibiotics, 10(1), 74.

https://doi.org/10.3390/antibiotics10010074

Parvin, M.S., Talukder, S., Ali, M.Y., Chowdhury, E.H., Rahman, M.T., &
Islam, M. T. (2020). Antimicrobial resistance pattern of Escherichia
coli isolated from frozen chicken meat in Bangladesh. Pathogens,
9(6), 420. https://doi.org/10.3390/pathogens9060420

Paton, A.W., & Paton, J.C. (2002). Direct detection and characterization
of Shiga toxigenic Escherichia coli by multiplex PCR for stx 1, stx 2,
eae, ehxA, and saa. Journal of Clinical Microbiology, 40(1), 271-274.
https://doi.org/10.1128/jcm.40.1.271-274.2002

Quiros, P, & Muniesa, M. (2017). Contribution of cropland to
the spread of Shiga toxin phages and the emergence of new


https://doi.org/10.4315/0362-028X-70.8.1811
https://doi.org/10.3390/antibiotics10010074

Kogak Kizanlik et al.

61

Non-0157 STEC on Lamb Carcasses

Shiga toxin-producing strains. Scientific Reports, 7, 7796.
https;//doi.org/10.1038/s41598-017-08169-6

Rubab, M., & Oh, D.H. (2021). Molecular detection of
antibiotic resistance genes in Shiga toxin-producing E. coli
isolated from different sources. Antibiotics, 10(4), 344.
https://doi.org/10.3390/antibiotics10040344

Séderlund, R., Hedenstrom, I., Nilsson, A., Eriksson, E., & Aspan, A.
(2012). Genetically similar strains of Escherichia coli 0157: H7
isolated from sheep, cattle and human patients. BMC Veterinary
Research, 8, 1-4. https://bmcvetres.biomedcentral.com/
articles/10.1186/1746-6148-8-200

Tarr, Pl., Gordon, C.A.,, & Chandler, W.L. (2005). Shiga-toxin-
producing Escherichia coli and haemolytic uraemic syndrome. The
Lancet, 365(9464), 1073-1086.
https://doi.org/10.1016/50140-6736(05)71144-2

USDA (US Department of Agriculture). (2002). Escherichia coli 0157:H7
in Ground Beef: Review of a Draft Risk Assessment. National
Academies Press.

Werber, D., Fruth, A., Buchholz, U., Prager, R., Kramer, M.H., Ammon,
A., & Tschadpe, H. (2003). Strong association between Shiga toxin-
producing Escherichia coli 0157 and virulence genes stx 2 and
eae as possible explanation for predominance of serogroup 0157
in patients with haemolytic uraemic syndrome. European Journal
of Clinical Microbiology and Infectious Diseases, 22, 726-730.
https://doi.org/10.1007/s10096-003-1025-0



	_Hlk142492184
	_Hlk142492347
	_Hlk68513113
	_Hlk152834575

