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Abstract

The present study aimed to detect the prevalence, virulence and antimicrobial resistance 
genes profile of Escherichia coli isolated from diarrhoeic lambs. A total of 61 faecal samples 
were collected from diarrhoeic lambs. The presence of various virulence and antimicrobial resis-
tance genes in E. coli isolates was determined by the use of PCR. In total, 46 E. coli isolates were 
recovered from 61 rectal swabs of diarrhoeic lambs. Out of these 46 isolates, PCR showed that 
seven isolates (15.22%) carried the stx1 or stx2 gene and were found positive for Shiga-toxin- 
producing E. coli (STEC). Four isolates (8.70%) were found to be Enteropathogenic E. coli 
(EPEC) and all these EPEC isolates were atypical EPEC pathotypes. STEC and intimin-positive 
isolates were recovered only from one isolate, hence, out of 46 isolates, only one isolate (2.17%) 
was confirmed as Enterohaemorrhagic E. coli. The lt and st genes were not detected in any  
of the E. coli isolates recovered from field samples. Therefore, all the isolates were confirmed  
as non-Enterotoxigenic E. coli. Further, thirty-five isolates (76.09%) were found to be Entero- 
-aggregative E. coli pathotypes. All the E. coli isolates were also tested for antimicrobial resis-
tance against 15 different antibiotics. All the E. coli isolates were found to be resistant to penicil-
lin-G, cephalothins, and azithromycin and the majority of isolates of E. coli were sensitive  
to chloramphenicol, ofloxacin, and sulfafurazole. Two antibiotic resistance genes i.e. tetA and 
blaTEM were detected in 10.87% (n=5/46) and 28.26% (n=13/46) of E. coli isolates, respectively.
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Introduction

Lamb diarrhoea is one of the most commonly  
reported diseases in lambs up to 3 months of age  
(Ghanbarpour et al. 2017). It causes economic losses, 
especially in neonatal animals resulting in weight loss, 
morbidity, and mortality (Ghanbarpour et al. 2017). 
Among the causative agents of diarrhea, Escherichia 
coli is the most commonly encountered pathogen 
(Yimer et al. 2015). Pathogenic E. coli is classified into 
intestinal pathogenic E. coli (IPEC) and extraintestinal 
pathogenic E. coli (ExPEC) according to the production 
of virulence factors (Habouria et al. 2019). Based on the 
type of virulence factor and host clinical symptoms,  
intestinal pathogenic E. coli strains associated with  
diarrhoea (IPEC) are further categorized into six patho-
types: Shiga-toxin-producing E. coli (STEC), Entero-
pathogenic E. coli (EPEC), Entero-invasive  
E. coli (EIEC), Enterotoxigenic E. coli (ETEC),  
Entero-aggregative E. coli (EAEC), and Diffusely  
adherent E. coli (DAEC) (Mishra et al. 2019).

STEC isolates carry genes encoding Shiga toxins 1 
and/or 2 (stx1, stx2) while EHEC produces stx1/or stx2 
and intimin which is encoded by the eaeA gene (Askari 
Badouei et al. 2014). EPEC isolates are intimin-con-
taining diarrhoeagenic E. coli isolates that can form at-
taching and effacing (AE) lesions on intestinal cells but 
do not possess genes coding for Shiga toxins (Gomes  
et al. 2016). EPEC strains may be either typical, pro-
ducing bundle-forming pili (encoded by the bfpA gene), 
or atypical, which are negative for these appendages 
(Gomes et al. 2016). The EIEC strains have a plasmid 
that carries the ial gene which helps to invade the colon 
epithelial cells (Mishra et al. 2019). ETEC isolates are 
the major cause of diarrhoea in newly born farm  
animals causing a major loss to the livestock industry 
(Cho and Yoon 2014). Enterotoxins and fimbrial anti-
gens are the major virulence factors of ETEC (Duan et 
al. 2012). Fimbrial adhesins mediate the attachment of 
bacteria to epithelial surfaces in the small intestine and 
thereby facilitating bacterial colonization with both 
heat-labile (LT) and heat-stable (ST) enterotoxins. 
These toxins induce the secretion of fluids and electro-
lytes from the intestinal epithelial cells, which ultimate-
ly leads to diarrhoea (Wang et al. 2019). The EAEC 
isolates are characterized by the presence of aggrega-
tive adherence factors (AAFs). EAEC-associated com-
ponents of the ETT2 (E. coli type III secretion system 
2) are encoded by the etrA gene (Zhao et al. 2021).  
The most suitable methods for the differentiation  
of diarrhoeagenic and non-pathogenic strains of E. coli 
are DNA-based methods (Türkyilmaz et al. 2013). 

Bacteria develop resistance to the antibiotics which 
are frequently used for treatment. Therefore, continu-

ous monitoring at regional and local levels in terms  
of their characterization, including antibiotic sensitivity 
patterns, is essential to devise a successful treatment 
strategy. Looking towards the importance of virulence 
and antimicrobial resistance genes of E. coli associated 
with lamb diarrhoea, this study was planned to detect 
the virulence and antimicrobial resistance genes  
of E. coli strains isolated from diarrhoeic lambs.

Materials and Methods

Ethics statement

The faecal samples used in the study were collected 
from diarrhoeic lambs. The history of animals with the 
symptoms of diarrhoea was recorded at the time of sam-
pling. The study was approved by Institutional Animal 
Ethics Committee (Protocol No. /IAEC/RES/02/03).

Study area and sample collection 

The study was conducted at the College of Veteri-
nary and Animal Science, Navania, Udaipur, Rajasthan, 
India. A total of 61 faecal samples were collected from 
0 to 4 months-old diarrhoeic lambs from nine sheep 
farms, i.e. one institutional sheep farm of Mega Sheep 
Seed Project (MSSP), ICAR in College of Veterinary 
and Animal Science, Navania, and eight sheep farms 
(farmer’s flock) in nearby eight villages viz. Udakhera, 
Laxmanpura, Jaspura, Asawara, Bhatewar, Sawaniya, 
Khemli, and Dabok from June 2022 to November 2022. 
These farms and villages were randomly selected based 
on the availability of sheep population. Faecal samples 
were collected directly from the rectum of diarrhoeic 
lambs using sterile cotton swabs (HiMedia Laboratories 
Pvt. Ltd., Mumbai, India). The collected swabs were 
kept on the ice and immediately brought to the Depart-
ment of Veterinary Microbiology, CVAS, Navania, 
Udaipur. Demographic data of the lambs such as age 
and sex were recorded.

Bacteriological examination

Faecal sample swabs were subjected to bacteriolo- 
gical examination. All the samples were subjected to 
isolation of bacteria and biochemical characterization 
of bacterial isolates as per the standard techniques 
(Markey et al. 2013). In the biochemical characteriza-
tion were performed by Gram staining, catalase test, 
oxidase test, motility test, O-F test, Indole test, methyl 
red test, Voges Proskaurer test, citrate utilization test, 
triple sugar iron agar test, urease test and haemolysis 
test (Markey et al. 2013). Further, the pathogenicity  
(invasiveness) of the E. coli isolates was determined  
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as per the technique recommended by standard tech-
niques (Mishra et al. 2019).

Extraction of bacterial DNA

The isolation of bacterial genomic DNA from E. coli 
isolates was carried out by heat treatment method  
(Li et al. 2017). The concentration and purity of DNA 
were estimated in a UV absorbance bio-spectrophoto- 
meter (Eppendorf, Hamburg, Germany).

Identification of E. coli  
by Polymerase Chain Reaction (PCR) 

The molecular confirmation of E. coli was done by 
PCR amplification of the universal stress protein A 
(uspA) gene and uidA gene. The oligonucleotide  
sequences along with their amplicon sizes are listed  
in Table 1. A total of 25 µl volume was used for the PCR 
amplification which contained 3 µl DNA, 12.5 µl 2 × 

master mix (Genetix Biotech Asia Pvt. Ltd., New Delhi, 
India), 0.75 µl (25 pmol) of each primer (forward and 
reverse), and then nuclease-free water (NFW) was  
added to make a final volume of 25 µl. Then, the PCR 
reaction mixtures were set into an automated thermal 
cycler (Biorad Pvt. Ltd., California, USA). The ampli-
fied PCR products were subjected to electrophoresis 
and it was allowed to run for 1 hr. of 70 V in agarose gel 
(1.5%) containing ethidium bromide (0.5 µg/ml). Fol-
lowing electrophoresis, DNA bands were visualized 
and compared with the DNA ladder, and the images 
were captured by using the gel documentation system 
(Biogen Scientific, Cambridge, USA).

PCR assay for detection of virulence genes

The presence of seven virulence genes viz stx1, 
stx2, eaeA, bfpA, lt, st and etrA encoding various viru-
lence factors was screened in all the E. coli isolates by 
PCR. The oligonucleotide sequences along with their 

Table 1. Oligonucleotide sequences used for the detection of Escherichia coli, various virulence and antimicrobial resistance genes.

S. No. Name of 
Genes Primer Sequence

(5’ – 3’)
Annealing 

(°C)
Amplicon 
size (bp) Reference

1. uspA
uspA-F 5’-CCGATACGCTGCCAATCAGT-3’ 

49°C 884 Mishra  
et al. 2019uspA-R 5-ACGCAGACCGTAGGCCAGAT-3’

2. uidA
uidA-F 5’-GCGTCTGTTGACTGGCAGGTGGTGG-3’

67°C 510 Johnson  
et al. 2017uidA-R 5’-GTTGCCCGCTTCGAAACCAATGCCT-3’

3. stx1
stx1-F 5’-AAATCGCCATTCGTTGACTACTTCT-3’

55.2°C 366 Momtaz  
et al. 2013stx1-R 5’-TGCCATTCTGGCAACTCGCGATGCA-3’

4. stx2
stx2-F 5’-CGATCGTCACTCACTGGTTTCATCA-3’

57°C 282 Momtaz  
et al. 2013stx2-R 5-GGATATTCTCCCCACTCTGACACC-3’

5. eaeA
eaeA-F 5’-GACCCGGCACAAGCATAAGC-3’

55°C 384 Wani  
et al. 2003eaeA-R 5-CCACCTGCAGCAACAAGAGG-3’

6. bfpA
bfpA-F 5’- ATGGTGCTTGCGCTTGCTGC-3’

52°C 158 Mishra  
et al. 2019bfpA-R 5’-AATCCACTATAACTGGTCTGC-3’

7. lt
lt -F 5’-GGC GAC AGA TTA TAC CGT GC-3’

51.4°C 450 Mishra  
et al. 2019lt -R 5’-CGG TCT CTA TAT TCC CTG TT-3’

8. st
st-F 5’- ATT TTT CTT TCT GTA TTG TCT T-3’ 45.5°C 190 Mishra  

et al. 2019st-R 5’-CAC CCG GTA CAA GCA GGA TT-3’

9. etrA
etrA-F 5’-CTTCTTCCTAACGAAACTATCATTA-3’

56.5°C 913 Zhao  
et al. 2021etrA-R 5’-TGACATATCAACTTTCTCTTACGC-3’

10. tetA
tetA-F 5’- GGTTCACTCGAACGACGTCA-3’

53°C 577 Momtaz  
et al. 2013tetA-R 5’-CTGTCCGACAAGTTGCATGA-3’

11. blaTEM
blaTEM-F 5’- ATCAGCAATAAACCAGC-3’

51°C 857 Maynard  
et al. 2003blaTEM-R 5’-CCCCAAGAACGTTTTC-3’
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amplicon sizes are listed in Table 1. The PCR reaction 
mixtures were prepared and set into an automated  
thermal cycler. Amplified PCR products were analyzed 
by gel electrophoresis in 1.5% agarose containing 
ethidium bromide. Following electrophoresis, DNA 
bands were visualized and compared with the DNA  
ladder and images were captured by using the gel docu-
mentation system.

Antimicrobial susceptibility testing 

All the E. coli isolates were subjected to in vitro 
antimicrobial susceptibility testing using 15 antimicro-
bial agents viz. penicillin-G, ampicillin, cephalothin, 
ceftriaxone, cefixime, ofloxacin, ciprofloxacin, genta-
micin, tetracycline, sulfafurazole, co-trimoxazole,  
trimethoprim, chloramphenicol, polymyxin-B and  
azithromycin by Kirby-Bauer disc diffusion method 
(Bauer et al. 1966) according to the Clinical and  
Laboratory Standards Institute’s guidelines (CLSI, 
2020).

PCR assay for detection of antimicrobial 
resistance genes

Molecular detection of antibiotic resistance genes 
viz. tet(A) and blaTEM genes was done by using PCR. 
The oligonucleotide sequences along with their ampli-
con sizes are listed in Table1. The PCR reaction  
mixtures were prepared and set into an automated ther-
mal cycler. Amplified PCR products were analyzed  
by gel electrophoresis in 1.5% agarose containing 
ethidium bromide. Following electrophoresis, DNA 
bands were visualized and compared with the DNA lad-
der and images were captured by using the gel docu-
mentation system.

Results

Prevalence of E. coli 

Out of 61 faecal samples obtained from diarrhoeic 
lambs, forty-six isolates were identified as E. coli based 
on morphological, biochemical, and molecular confir-
mation. Results revealed that the overall prevalence  
of E. coli was 75.41% (n=46/61). 

Distribution of virulence genes 

All these 46 isolates of E. coli were further subject-
ed to PCR for the detection of virulence genes viz. stx1, 
stx2, eaeA, bfpA, lt, st, and etrA. The prevalence  
of STEC in E. coli isolates was 15.22% (n=7/46)  
as seven isolates contained at least one virulence gene 
for STEC i.e. stx1 or stx2. Among the virulence genes 

of STEC, 13.04% (n=6/46) E. coli isolates positive for 
the stx1 gene, 6.52% (n=3/46) of isolates positive  
for the stx2 gene, and 4.35% (n=2/46) isolates produced 
positive amplicon for both stx1 and stx2. The stx1 gene 
was more prevalent than the stx2 gene. EPEC (eaeA-posi- 
tive non-STEC) was detected in 8.70% of E. coli iso-
lates in diarrhoeic lambs. The eaeA gene was detected 
in 16.67% of STEC isolates from diarrhoeic lambs  
and classified as EHEC. All 46 isolates were non-ETEC 
as they were negative for both lt and st genes. EAEC 
encoding gene etrA was detected in 76.09% (n=35/46) 
of E. coli isolated and was found the most prevalent 
pathotype.

Antimicrobial susceptibility testing 

In all E. coli isolates resistant to antimicrobial 
agents in decreasing frequency order: azithromycin 
(100%), cephalothin (100%), penicillin-G (100%), 
polymixin-B (91.30%), cefixime (43.48%), gentamicin 
(41.30%), ampicillin (28.26%), ceftriaxone (21.74%), 
tetracycline (21.74%), trimethoprim (17.39%), co-tri-
moxazole (13.04%), ciprofloxacin (6.52%), sulfafura-
zole (6.52%), ofloxacin (4.35%) and chloramphenicol 
(0%). 

Distribution of antimicrobial resistance genes 

In the present study, the tetA gene was reported in 
10.87% (n=5/46) of E. coli isolates. In the current study, 
the blaTEM gene was found in 28.26% (n=13/46)  
of E. coli isolates.

Discussion

In the present study, the prevalence of STEC  
in E. coli isolates was 15.22%. The present findings are 
in agreement with other reports (Bhat et al. 2008, 
Türkyilmaz et al. 2013) reported almost similar preva-
lence for STEC in diarrhoeic lambs as 17.5% and 
17.76%, respectively. In contrast to the present find-
ings, a higher prevalence of STEC was detected  
by other studies (Bandyopadhyay et al. 2011, Ghanbar-
pour et al. 2017, Sujatha 2018) as 32%, 40.34%, 
87.05%, and 32.05%, respectively. However, a lower 
prevalence of STEC in diarrhoeic lambs was reported 
by other scientists (Wani et al. 2003, Wani et al. 2009) 
as 6.66% and 9.6%, respectively. The occurrence  
of STEC may vary with different geographical loca-
tions and seasons (Bandyopadhyay et al. 2011), the dif-
ference in animal husbandry practices, breeds, and age 
of the animal, and agro-climatic variation (Gupta et al. 
2022). Among the virulence genes of STEC, the stx1 
gene was more prevalent than the stx2 gene. The results 
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of the present study are in accordance with other scien-
tific studies (Bhat et al. 2008, Sujatha 2018) that report-
ed a higher prevalence of the stx1 gene than the stx2 
gene in diarrhoeic lambs. In contrast, studies by other 
authors (Wani et al. 2003, Wani et al. 2009, Bandyopa-
dhyay et al. 2011, Türkyilmaz et al. 2013, Ghanbarpour 
et al. 2017) reported a higher prevalence of stx2 gene 
than stx1 gene in diarrhoeic lambs. The detection  
of the stx2 gene in the present study is a matter of con-
cern for animal handlers because the E. coli isolates 
harbouring the stx2 virulence gene have been impli- 
cated in dreadful human infections such as haemolytic 
colitis and haemorrhagic uremic syndrome and those 
carrying stx1 may trigger diarrhoea in immune-compro-
mised individuals (Ghanbarpour et al. 2017). 

EPEC was detected in 8.70% of E. coli isolates in 
diarrhoeic lambs. The present study findings are in agree- 
ment with the findings of (Bhat et al. 2008) who repor- 
ted almost similar prevalence (12.5%) of EPEC in diar-
rhoea lambs. However, a higher prevalence of EPEC 
was detected by some authors (Wani et al. 2003,  
Bandyopadhyay et al. 2011, Türkyilmaz et al. 2013)  
as 26.67%, 18%, 20.6%, and 67.94% respectively, 
while others (Wani et al. 2009, Ghanbarpour et al. 2017) 
reported a lower prevalence of EPEC as 6.1% and 
4.48% respectively. The variation in the prevalence  
of EPEC may be due to geographical, climatic, or sea-
sonal variations. All EPEC isolates in the present study 
were found to be atypical EPEC (aEPEC) as the bfpA 
gene was not detected in these isolates. These observa-
tions are in agreement with the findings of (Ghanbar-
pour et al. 2017) who reported that the majority  
of the EPEC isolates were aEPEC. This is also in con-
cur with the findings of some authors (Chandran and 
Mazumder 2013) who revealed that humans are the 
only reservoir of typical EPEC (tEPEC) except for  
a few isolates from dogs, whereas, others (Wani et al. 
2009, Türkyilmaz et al. 2013) reported tEPEC among 
EPEC isolates in diarrhoeic lambs as they detected the 
bfpA gene. The tEPEC is a leading cause of infant diar-
rhoea in developing countries, whereas aEPEC is found 
frequently (Trabulsi et al. 2002). In the present study, 
the eaeA gene was detected in 16.67% of STEC isolates 
from diarrhoeic lambs and classified as EHEC.  
The results of the present study are in agreement with 
findings of some authors (Bandyopadhyay et al. 2011, 
Sujatha 2018) who detected the eaeA gene in 18%  
and 16.22% of STEC isolates, respectively. This  
is in contrast to the findings of others (Bhat et al. 2008, 
Türkyilmaz et al. 2013) who found the eaeA gene  
in 2.85% and 10.2% of STEC isolates, respectively, 
whereas, others (Wani et al. 2009, Ghanbarpour et al. 
2017) reported the eaeA gene in 46.2% and 48.72%  
of STEC isolates, respectively. The existence of the 

eaeA gene in STEC isolates showed that the eaeA-posi-
tive isolates could be more dangerous for human being 
than eaeA-negative isolates because the eaeA gene may 
be needed for the expression of full virulence of STEC 
for humans (Ramamurthy 2008). 

In the present study, all 46 isolates were non-ETEC. 
The findings of the present investigation were in agree-
ment with Sujatha (2018), who also observed that none 
of the isolates belonged to ETEC in diarrhoeic lambs. 
However, some authors (Bandyopadhyay et al. 2011, 
Türkyilmaz et al. 2013, Ghanbarpour et al. 2017)  
detected ETEC isolates in diarrhoeic lambs. The diffe- 
rence in the prevalence of st and lt genes may be asso-
ciated with different factors such as geographical loca-
tions (Ghanbarpour et al. 2017), season, environment, 
and hygienic conditions in the farm (Sujatha 2018).  
The absence of enterotoxin genes in the present study 
indicated that E. coli in this geographical area may car-
ry other genes, which, we have not tested in this study 
or ETEC may not play an important role in the frequent 
occurrence of lamb diarrhoea in this region of Rajas-
than. In the present study, EAEC was found the most 
prevalent pathotype. The present study findings are in 
agreement with the observations of Zhao et al. (2021) 
who reported almost similar prevalence (80.2%)  
of EAEC in diarrhoeic sheep. In the current study,  
etrA (76.09%) gene was the most prevalent among all 
virulence genes.

The presence of virulent isolates of E. coli in the 
environment may be a potential source of contamina-
tion of food and water. Moreover, these isolates also 
contain a potential reservoir of virulence genes acquired 
from different sources. E. coli is a very dynamic organ-
ism with the capacity for horizontal gene transfer which 
increases its genetic diversity and sometimes this can 
lead to the emergence of new pathogenic isolates  
(Sujatha 2018). 

An increase in the resistance of E. coli isolates  
towards some antibiotics may be attributed to the indis-
criminate use of antibiotics and due to under-dosing and 
irrational therapy, particularly for the treatment of diar-
rhoea (Tarunpreet et al. 2019). Similar findings were 
reported by Momtaz et al. (2013), who revealed that the 
majority of the E. coli isolates were resistant to penicil-
lin. Almost similar antibiotic resistance patterns  
of E. coli isolates were detected by Pachaury and  
Kataria (2012) in diarrhoeic lambs, kids, and calves. 
Similarly, Kumar et al. (2022) also observed that the 
majority of E. coli isolates from diarrhoeic sheep were 
resistant to penicillin. Similarly, Tarunpreet et al. (2019) 
reported high sensitivity to chloramphenicol and low 
sensitivity to cefixime. On the contrary, Kumar et al. 
(2022) showed resistance to antimicrobial agents in  
decreasing order was ampicillin (93.3%), tetracycline 
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(68.8%), amoxicillin, chloramphenicol, cotrimoxazole 
and ofloxacin (31.3%) each and ceftriaxone (18.8%)  
in E. coli isolates from diarrhoeic lambs.

Antimicrobial agents play a significant role in the 
treatment of animal and human diseases around the world. 
But, indiscriminate use of antimicrobial agents in milk 
and meat-producing animals has always resulted in the 
development of antimicrobial-resistant bacteria (Kumar 
et al. 2022). The distribution of antimicrobial resistance 
genes found in the present study was very low. This 
may be due to the lower use of antimicrobial agents  
in this area of Rajasthan by the local veterinarians.  
In the present study, the tetA gene was reported in 
10.87% of E. coli isolates. On the contrary, Kumar et al. 
(2022) reported a higher prevalence (47.5%) of the tetA 
gene in diarrhoeic sheep and goats. In the current study, 
the blaTEM gene was found in 28.26% of E. coli iso-
lates. This result concurs with the findings of Kumar  
et al. (2022) who reported almost similar prevalence 
(30%) of blaTEM in sheep and goats. In contrast to the 
present study, a higher prevalence of blaTEM (91.21%) 
was reported (Sujatha 2018). The differences in the dis-
tribution of antimicrobial resistance genes in bacteria 
may be due to differences in antimicrobial use and dif-
ferent geographical zone. 

In conclusion, in this study, E. coli is highly  
prevalent in diarrhoeic lambs in the Udaipur region  
of Rajasthan, India. Isolation of STEC and EHEC  
is a serious public health concern in this study area, 
where the sheep handlers live in close contact with 
sheep. Little concern for hygiene may be a source  
of an important reservoir of STEC and EPEC infection 
in humans. The prevailing E. coli in diarrhoeic lambs  
in the Udaipur region were found completely resistant 
to azithromycin, cephalothin, and penicillin-G. Chlor-
amphenicol, ofloxacin, and sulfafurazole against which 
minimal resistance was observed, may be used to treat 
E. coli-associated diarrhoea in the Udaipur region  
of Rajasthan.
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