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ABSTRACT

The present study was aimed at investigating the pathogenic strains of Escherichia coli in sheep and goats and their antibiotic 
resistance patterns with special emphasis on extended spectrum beta lactamases producing E. coli. A total of 200 presumptive 
E. coli isolates were obtained from 120 faecal samples of sheep and goats. Out of these 200 isolates, 62 isolates showed the 
presence of at least one virulence gene studied. Among these, 10 isolates carried eaeA gene either alone or in combination 
with ehxA and were categorized as EPEC. 44 isolates carried stx genes and were categorized as STEC, 08 isolates carried ehxA 
genes and were designated as EHEC. All 62 isolates showing the presence of at least one virulence gene were further screened 
for ESBL production by using primers specific for blaTEM, blaCTX-M, blaSHV and blaOXA genes. Out of 62 isolates, only 22 were 
tested positive for presence of ESBL genes. Further, the prevalence of blaTEM, blaCTX-M and blaSHV genes was found to be 54.54%, 
27.27% and 36.36% respectively. Antibiotic sensitivity profiling of the isolates positive for virulence genes revealed that all 
isolates were resistant to cefotaxime.

HIGHLIGHTS

mm The most abundant ESBLs type in Sheep and Goat of Jammu region is blaTEM gene.
mm Antibiotic sensitivity profiling shows highest resistance against cefotaxime.

Keywords: E. coli, ESBL, multiplex PCR, Virulence genes

Escherichia coli is a part of normal enteric microflora 
in most healthy individuals, yet are capable of causing 
serious diarrheal diseases, and other systemic diseases 
in animals and human. The diarrhoeagenic E. coli have 
been categorized into six pathotypes based on mechanism 
of pathogenesis and the illness caused. These pathotypes 
include shigatoxigenic E. coli (STEC), enteropathogenic 
E. coli (EPEC), enterotoxigenic E. coli (ETEC), 

enteroinvasive E. coli (EIEC), diffusely adherent E. 
coli (DAEC) and enteroaggregative E. coli (EAggEC) 
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(Ghilardi et al. 2001). Human disorders viz. hemorrhagic 
colitis and hemolytic uremic syndrome are caused by 
Shiga toxin-producing Escherichia coli (STEC) (Nataro 
and Kaper 1998). STEC isolates that causes hemolytic 
uremic syndrome are known as enterohemorrhagic E. coli 
(EHEC) (Mainil 1999). Although healthy cattle are the 
primary STEC reservoir, some research suggest that sheep 
also have a role in the spread of these organisms leading 
to the risk of human infection (Ferens and Hovde 2011). 
Shiga toxins 1 and 2, which are encoded by the stx1 and 
stx2 genes, respectively, are the primary virulence factors 
of STEC that impede protein synthesis in eukaryotic 
cells (Gyles et al. 2010). According to epidemiological 
research, stx2 is more frequently linked to serious disorders 
and the development of HUS than stx1 (Nishikawa et 
al. 2008). Although STEC’s main virulence factor is the 
synthesis of stx1 and/or stx2 and variants, the capacity to 
adhere to the intestinal epithelium is the predominant 
pathogenicity factor. STEC strains carry genes encoding 
Shiga toxins and may possess other virulence genes for 
intimin and enterohemolysin. EPEC isolates are defined 
as intimin-containing diarrhoeagenic E. coli isolates that 
possess the ability to form attaching and effacing (AE) 
lesions on intestinal cells and do not possess genes coding 
for Shiga toxin. Another important adhesin in STEC that 
does not encode the location of enterocyte effacement is 
STEC auto-agglutinating adhesin (SAA). It is responsible 
for adhesion and colonization of the bovine and ovine 
intestinal epithelium (Zweifel et al. 2005; Kumar et al. 
2012).

Antimicrobial resistance (AMR) is a growing problem in 
veterinary medicine because it involves many different 
species of animals and microorganisms, as well as different 
animal rearing environments and resistance mechanisms. 
Some of the most common pathogenic bacteria, such as 
E. coli and Staphylococcus, are becoming increasingly 
resistant to first-line antibiotics (Lewis et al. 2007, Pop and 
D’Agata 2005). Extended spectrum beta-lactamases are 
the enzymes that mediate resistance to extended–spectrum 
(third generation) cephalosporins (e.g., ceftazidime, 
cefotaxime, and ceftriaxone) and monobactams (e.g., 
aztreonam) but do not affect cephamycins (e.g., cefoxitin 
and cefotetan) or carbapenems (e.g., meropenem or 
imipenem). The majority are derivatives of the TEM 
and SHV β-lactamase families, while others, including 
CTX-M, OXA and KPC β-lactamases, have only recently 

been discovered. The main mechanism underlying the 
rise of antibiotic resistance is horizontal gene transfer 
by mobile genetics elements like plasmids and integrons 
(Correa et al. 2014).

Therefore, the impact of healthy farm animals as a possible 
reservoir for ESBL producing Enterobacteriaceae on the 
food processing chain has to be assessed. Even though 
several studies have been conducted in cattle, but there is 
scarcity of data regarding characterization of E. coli isolates 
from sheep and goats. The aim of this study was to screen 
E. coli isolates from sheep and goats for presence of one 
or more virulence associated genes, presence of genes that 
lead to production of Extended spectrum beta lactamases 
(ESBLs) and determine the antibiotic resistance patterns 
of E. coli isolates from Jammu, J&K, India.

MATERIALS and METHODS

Sample collection and Phenotypic tests for the detection 
of E. coli

A total of 120 fecal samples collected aseptically from 
apparently healthy sheep and goats and were inoculated 
on MacConkey’s agar plates followed by incubation at 
37°C for 24 hours. Two well-isolated pink colonies from 
each plate were picked at random and sub-cultured on 
Eosin Methylene Blue (EMB) agar and incubated at 37°C. 
The colonies exhibiting distinctive green metallic sheen 
were presumptively identified as E. coli. These colonies 
were further streaked to obtain pure culture and subjected 
to various biochemical tests like Indole, MR, VP, Citrate 
utilization test (IMViC). All the isolates exhibiting 
characteristic IMViC pattern of ++-- were considered 
to be E. coli and further subjected to PCR for virulence 
determination as well as for production of ESBLs.

Multiplex PCR for detection of virulence genes viz. 
stx1, stx2, eaeA and ehxA genes

DNA was extracted from the isolates by suspending a loop 
full of confluent bacterial growth in 500 µL sterile distilled 
water followed by boiling for 10 mins, immediate cooling 
on ice for 10 minutes and centrifugation at 10,000g for 
5min. The supernatant (containing DNA) was used as 
template for multiplex PCR reaction. All the confirmed 
E. coli isolates were subjected to molecular screening by 
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multiplex PCR (m- PCR) for stx1, stx2, eaeA and ehxA 
genes using specific primers (Paton and Paton 1998).

Electrophoresis

About 10 microlitres of amplified PCR products were 
analyzed by gel electrophoresis using 1% agarose 
containing ethidium bromide (0.5ug/mL). The products 
were visualized with UV illumination and imaged with gel 
documentation system.

Detection of ESBL producing E. coli strains

Molecular detection of ESBL genes

All the E. coli isolates that carried virulence genes were 
further tested for the presence of blaTEM, blaSHV, blaOXA and 
blaCTX-M genes by multiplex PCR assay (Fang et al. 2004). 
About 10 microlitres of PCR product was electrophoresed 
in a 1% (w/v) agarose gel for 1 hr at 5 V/cm with a Standard 
molecular weight marker. The products were visualized 
with UV illumination and imaged with gel documentation 
system.

 Antimicrobial susceptibility testing

In vitro antibiotic sensitivity assay was used for phenotypic 
detection of isolates positive for virulence genes producing 
E. coli as per Bauer et al. (1966). The commonly used 

antimicrobials like, Amoxy-clav (Amoxycillin + 
Clavulanic acid), Cefipime, Chloramphenicol, Cefotaxime, 
Cepfoperazone, Ceftazidime, Ciprofloxacin, Doxycycline 
hydrochloride, Kanamycin and Nalidixic acid were tested 
for their in vitro efficacy against E. coli isolates from 
sheep and goats.

RESULTS and DISCUSSION

Isolation of Presumptive Escherichia coli

Out of 120 samples, a total of 200 isolates presumptively 
identified as E. coli were obtained. All the isolates 
produced pink colonies on MacConkey agar and exhibited 
metallic sheen on EMB agar. The isolates were further 
subjected to a range of biochemical tests and exhibited a 
positive catalase and negative oxidase reaction in addition 
to IMViC pattern of ++-- which was used to confirm the 
identity of selected isolates.

Detection of Virulence genes by PCR

All the 200 E. coli isolates were screened for the presence 
of virulence genes viz. stx1, stx2, eaeA, and ehxA genes by 
PCR. The stx1 gene produced an amplicon of 180bp while 
stx2, eaeA and ehxA genes produced an amplicon of 255 
bp, 384 bp and 534 bp respectively (Fig. 1). All isolates 
that showed the presence of eaeA gene but no stx1 or stx2 
gene were classified as Enteropathogenic E. coli (EPEC), 
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Fig. 1: Representative stx1, stx2, eaeA and ehxA genes profile of E. coli isolates using multiplex PCR. Lane 

M depicts 100 bp DNA ladder while Lane 1 contains positive control for stx1 (180 bp b), stx2 (255 bp), eaeA 

(384 bp) and ehxA (534 bp) genes. Lane 2 is negative control, Lane 3 is stx1 positive, Lane 4 is eaeA 

positive, Lane 5 is ehxA positive, Lane 6 is stx1, ehxA positive, Lane 7 is positive for both eaeA, ehxA genes, 

Lane 8 is positive for stx1, stx2, ehxA genes while Lane 9 is positive for stx1, eaeA, ehxA genes. 
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Fig. 1: Representative stx1, stx2, eaeA and ehxA genes profile of E. coli isolates using multiplex PCR. Lane M depicts 100 bp DNA 
ladder while Lane 1 contains positive control for stx1 (180 bp b), stx2 (255 bp), eaeA (384 bp) and ehxA (534 bp) genes. Lane 2 is 
negative control, Lane 3 is stx1 positive, Lane 4 is eaeA positive, Lane 5 is ehxA positive, Lane 6 is stx1, ehxA positive, Lane 7 is 
positive for both eaeA, ehxA genes, Lane 8 is positive for stx1, stx2, ehxA genes while Lane 9 is positive for stx1, eaeA, ehxA genes.
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whereas isolates with stx1, stx2, or both genes but no eaeA 
gene were classified as Shiga toxigenic E. coli (STEC). 
The isolates having only ehxA gene were classified as 
Enterohaemorrhagic E. coli (EHEC).

In the current study the virulence gene profile of E. coli 
isolates from sheep and goats was determined. A total of 
76.47% (26/34) sheep isolates harboured stx1 gene while 
70.58% (24/34) harboured ehxA, 23.52% (08/34), eaeA 
and 5.88% isolates harboured (02/34) stx2 genes. Among 
goat isolates, 64.28% (18/28) harboured stx1 gene, 7.14% 
(02/28) had stx2, 21.42% (06/28) had eaeA while 71.42% 
(20/28) harboured ehxA genes. Similar results have been 
obtained by Cobeljic et al. (2004) who found STEC in 
66.8% of sheep and 73.8% of goats in Serbia. However, 
the present study is in contrast to Orden et al. (2003), who 
found prevalence rates of VTEC in 24.4% and 16.2% in 
healthy sheep and goats respectively in Spain. Zaheri et 
al. (2020) found STEC prevalence rates of 61.6% in sheep 
and 23.9% in goats. In contrast, Zschock et al. (2000) 
found a high prevalence rate of STEC in healthy goats in 
Germany (75.3%). These changes could be due to the fact 
that STEC shedding patterns are influenced by a variety of 
factors including food, age, environmental circumstances, 
and seasonal fluctuations (Kudva et al. 1997). STEC was 
found in just 32.3% of sheep by Adesiyun et al. (1992). 
In contrast, Fegan and Desmarchelier (1999) found STEC 
in 45% of sheep. Wray et al. (1997) on the other hand, 
reported a lower proportion of healthy sheep infected 

with VTEC (6.1%). The frequency found in this study is 
equivalent to the 78.3% STEC prevalence seen in healthy 
sheep in Brazil (Ferreira et al. 2015). In the current 
investigation, the prevalence of STEC strains in sheep 
was found higher than in goats, which is in equivalence to 
studies conducted by Beutin et al. (1993), who recovered 
STEC from sheep (66.6%) and goats (56.1%), respectively. 
The prevalence of STEC was 63% in sheep and 45% in 
goats, whereas a study conducted by (Zschock et al. 2000) 
found STEC in 32.1% sheep and 75.3% goats in Germany. 
Wani et al. (2009) isolated Shiga toxin-producing E. 
coli (STEC) from 24.1% of lambs without diarrhoea in 
Kashmir, which is lower than the current study. Fegan and 
Desmarchelier (1999) found stx in 88% of stool samples 
from sheep grazing on pasture in Australia while STEC 
was discovered in 66% of the sheep (Beutin et al. 1993).

Detection of Virulence genes by PCR

All the 62 isolates carrying virulence genes were tested 
for the presence of blaTEM, blaSHV, blaOXA, and blaCTX-M 
genes by multiplex PCR. The amplicon of 445 bp, 237 bp 
and 593 bp, for blaTEM, blaSHV, blaCTX-M and were detected 
in 54.54% (12/22), 36.36% (08/22) and 27.27% (06/22) 
isolates respectively (Fig. 2). Among sheep isolates 
blaCTX-M, blaSHV and blaTEM genes were detected in 20.0% 
(02/10), 50.0% (05/10) and 40.0% (04/10) of the isolates, 
respectively. In contrast, 25.0% (03/12) isolates from 
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positive for both eaeA, ehxA genes, Lane 8 is positive for stx1, stx2, ehxA genes while Lane 9 is 

positive for stx1, eaeA, ehxA genes. 

Fig. 2:Detection of blaSHV, blaTEM and blaCTX-M genes of virulent E. coli isolates using multiplex 

PCR. Lane M depicts 100 bp DNA Ladder. Lane 1 shows positive control for blaSHV (237 bp band), 

blaTEM (445 bp) and blaCTX-M (593 bp) genes; Lane 2 shows Negative control; Lane 3 is positive for 

blaSHV; Lane 4 for blaTEM; Lane 5 for blaCTX-M; Lane 6 is positive for both blaTEM and blaCTX-M and 

Lane 7 is positive for blaSHV and blaTEM.
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Fig. 2: Detection of blaSHV, blaTEM and blaCTX-M genes of virulent E. coli isolates using multiplex PCR. Lane M depicts 100 bp DNA 
Ladder. Lane 1 shows positive control for blaSHV (237 bp band), blaTEM (445 bp) and blaCTX-M (593 bp) genes; Lane 2 shows Negative 
control; Lane 3 is positive for blaSHV; Lane 4 for blaTEM; Lane 5 for blaCTX-M; Lane 6 is positive for both blaTEM and blaCTX-M and Lane 7 
is positive for blaSHV and blaTEM.



Determination of virulence factors and ESBL from sheep and goats 

Journal of Animal Research: v. 15, n. 02, April 2025	 79

goats harboured blaTEM genes, 25.0%, (3/12) had blaSHV 
while 33.33% (04/12) harboured blaCTX-M.

Overall, in the current study the prevalence of ESBL 
producing E. coli in the caprine and ovine population of 
Jammu region was found to be 35.48%. These values are 
higher than those found in Switzerland where 8.6% of E. 
coli isolates from sheep were found to carry ESBLs (Geser 
et al. 2011). In contrast, ESBL producing E. coli isolates 
from sheep feces and goat feces were found to be 22.5% 
and 10% respectively, in Tunisia (Sghaier et al. 2019).

Antimicrobial susceptibility testing

In vitro antibiotic sensitivity assay of ESBL producing E. 
coli isolates against ten antibiotics was conducted and the 
results were interpreted as resistant and sensitive based 
on the guidelines given by Clinical Laboratory Standard 
Institute (CLSI, 2010). Among the ESBL producing E. 
coli isolates from goats, resistance was found against 
Cefotaxime (100%), Ceftazidime (92.85), Cefoperazone 
(85.71%) and Cefipime (89.28%). These isolates were 
however sensitive to Amoxicillin/ Clavulanic acid 
(89.28%), Chloramphenicol (100%), Doxycycline 
hydrochloride (92.85%) and Nalidixic acid (78.57%). The 
resistance rates among ESBL-producing E. coli isolates 
in the sheep was highest against Cefotaxime (100%), 
Ceftazidime (97.05%), Cefoperazone (87.87%) and 
Cefipime (76.47%) while the isolates were sensitive to 
Chloramphenicol (100%), Amoxicillin/ Clavulanic acid 
(88.23%) and Doxycycline hydrochloride (91.17%). The 
sensitivity pattern of ESBL producing E. coli isolates from 
sheep and goats to 10 antibiotics has been presented in 
Table 1.

Our findings are in contrast to work done by Sharaf et 
al. (2016) who found chloramphenicol resistance in 30% 
of E. coli isolates. The percentage of isolates resistant to 
ceftazidime, ceftriaxone, aztreonam, and cefotaxime in 
the study by Sharaf et al. (2016) was 11.5%, 11.5%, 7.6% 
and 5.7% respectively, which is quite low in comparison to 
the current study findings. Ghanbarpour and Kiani (2013) 
discovered that 192 ovine STEC isolates were resistant 
to at least one of eight antibiotics tested; resistance to 
penicillin (98.4%), cephalexin (94.8%), and tetracycline 
(91.2%) was highest, while resistance to sulfamethoxazole 
+ trimethoprim (51%) and ciprofloxacin (51%) was 
lowest (62%) sulfamethoxazole + trimethoprim (51%) 

and ciprofloxacin (51%) was lowest as compare to our 
findings. Okpara et al. (2017) conducted a study that all 
ESBL-producing E. coli isolates were tetracycline resistant 
in addition to being resistant to β-lactam antibiotics 
(ampicillin, cefotaxime, and ceftazidime).

Table 1: Sensitivity pattern of ESBL producing E. coli isolates 
from sheep and goats

Antimicrobials
Sheep Goat

S R S R
Amoxicillin/ 
Clavulanic acid

30 04 25 03

Cefipime 08 26 03 25
Chloramphenicol 34 00 28 00
Cefotaxime 00 34 00 28
Cefoperazone 05 29 04 24
Ceftazidime 01 33 02 26
Ciprofloxacin 13 20 06 20
Doxycycline 
hydrochloride

31 03 26 02

Kanamycin 12 22 10 18
Nalidixic acid 25 09 22 06

They were also resistant to streptomycin (73.6%), 
nalidixic acid (84.9%), sulfamethoxazole/trimethoprim 
(81.1%), compound sulfonamides (81.1%), trimethoprim 
(83.0%), gentamicin (35.8%), chloramphenicol (37.7%), 
ciprofloxacin (28.3%), kanamycin (20.8%), and amikacin 
(9.4%). The resistance to kanamycin, nalidixic acid, 
ciprofloxacin in present study is 64.5%, 24.2% and 69.3% 
respectively. This may be due to indiscriminate use of 
cephalosporins at field level and the antibiotics such as 
chloramphenicol are not used so frequently.

CONCLUSION

Sheep and goats in Jammu region are an important carrier 
of STEC and EPEC. The effectiveness of cephalosporins 
which are the antimicrobials used for treating serious 
infections is being compromised by the presence of ESBL 
producing bacteria. This study emphasizes the need for 
extensive study in this direction to ascertain the immensity 
of the issue of antibiotic resistance occurring among 
animals and humans. Transferable plasmids play an 
important role in the horizontal transfer of antimicrobial 
resistance genes and their capability to spread between 



80	 Journal of Animal Research: v. 15, n. 02, April 2025

Mishra et al.

bacterial cells by means of conjugation greatly enhances the 
dissemination of the bla genes. The presence of β-lactam 
resistant commensal/pathogenic E. coli in animals in this 
region may pose a serious public health threat, since these 
bacteria may act as a reservoir of resistance genes, which 
can be disseminated to the normal flora of the man and 
animals. There is a dire need to increase the awareness 
among veterinarians and physicians on the challenges 
deriving from antibiotic resistance.
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