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Study on prevalence of ESBL producing multi drug resistant E. coli in livestock
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ABSTRACT

Antimicrobial resistance is considered one of the greatest public health threat undermining the effectiveness of
antibiotics. Occurrence of Extended spectrum beta-lactamase (ESBL) producing multidrug resistant (MDR) E. coli
in human and animal poses a clinical and epidemiological challenge. The aim of the present study was to determine
the occurrence of ESBL-producing MDR E. coli among healthy livestock and chicken and to investigate the types
of ESBL genes circulating among livestock in Patna district of Bihar. A total of 254 samples from apparently healthy
animals and chickens were collected from sixteen villages of Patna district which comprised of raw milk, rectal
swabs and chicken cloacal swab. Out of 254 samples processed a total 148 isolates were confirmed as E. coli. After
isolation and confirmation of E. Coli resistance profile were generated by disc diffusion method. The antimicrobial
resistance profile of isolates revealed that 85.13% isolates were resistant to amoxicillin/ clavulanate; 72.97% to
cefpodoxime; 37.83% resistant to ampicillin; 33.10% to ceftazidime; 27.02% to nalidixic acid; 26.35% to cefoxitin;
and 23.64% to trimethoprim. However, 97.98% isolates were found susceptible to amikacin and 100% were sensitive
to imipenem. The MDR analysis showed that 54.05% of isolates have MAR index >0.25 and 8.1% of isolates have
MAR index >0.5. Further, out of 148 E. coli isolates tested for ESBL production, 30 isolates were found ESBL
producer. The study provides data on prevalence of MDR ESBL producing E. coli among livestock in Bihar, India,
indicating the risk of transmission of pathogens to humans through horizontal transmission.
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Antimicrobial resistance (AMR) stands as a global threat
and is recognized as among the top 10 challenges to public
health by the World Health Organization (WHO). It poses
catastrophic outcomes, limiting arsenal against severe
and life-threatening infections (Nobrega et al. 2021). The
rampant use of antibiotics, coupled with improper dosing
and termination of premature treatment in both humans
and animals, are some of the major factors of developing
bacterial resistance to antibiotics (Rahman ez al. 2020).
This renders the antibiotics ineffective, complicating the
management of infections, and in the process elevate
both morbidity and mortality rates. The development of
resistance among the bacterial population also undermines
the advancements made in modern medicine, raising
concerns about the potential onset of a post-antimicrobial
era in the 21% century (Suay-Garcia and Pérez-Gracia
2019). In a report on AMR by O’Neill (2016), 10 million
deaths associated to AMR has been projected, out of which
up to 90% deaths has been projected to take place in low-
and middle-income countries (LMICs). Among these
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LMICs, India bears a significant burden of AMR-related
infection (CDDEP 2020).

Extended spectrum beta lactamases (ESBLs) are
enzymes commonly produced by Enterobacteriaceae such
as Escherichia coli and Klebsiella pneumoniae which
hydrolyzes B-lactam ring of broad-spectrum [-lactam
antibiotics such as oxyimino-cephalosporins, the third-
generation cephalosporins, (cefotaxime, ceftazidime,
ceftriaxone, cefuroxime, cefepime) and monobactams
(aztreonam), however these enzymes could not inactivates
cephamycins (cefoxitin, cefotetan) or carbapenems
(imipenem, meropenem, ertapenem, doripenem) (Blairezal.
2015). These enzymes can be inhibited by B-lactamase
inhibitors such as clavulanate, sulbactam & tazobactam,
which are considered as older f-lactamase inhibitors, while,
avibactam, relebactam and vaborbactam are the latest Food
and Drug Administration (FDA) approved B-lactamase
inhibitors (Bush and Bradford 2020). Production of
ESBLs by the bacterium depends on the presence of
genes encoding ESBL commonly harboured on bacterial
transposons or insertion sequences of plasmids. These
genes can be horizontally transferred to other bacterial
species (pathogenic or commensals) making them resistant
to antibiotics. These genes are diverse in nature, leading
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to a continuous increase in the number of reported ESBLs
(Rahman ez al. 2018). Based on the amino acid sequences of
enzymes, ESBL have been subdivided into ten families—
CTX-M, TEM, SHV, SFO, PER, VEB, GES, TLA, BES
and OXA. Among these, CTX-M, TEM, and SHV ESBLs
are the most common among Enterobacteriaceae.

Livestock, particularly chicken has been reported to
carry ESBL producing Enterobacteriaceae. Such bacteria
producing ESBL has also been reported from raw milk
(Odenthal ef al. 2016) and has been correlated with spread
of resistant bacterium among human population (Carattoli
2008). The gut microbiota of livestock serves as an ideal
reservoir for antibiotic resistance genes accumulated in due
course of time due to overuse of antibiotics (Bennett 2008)
in animal husbandry.

The current work was aimed to determine the occurrence
of ESBL-producing MDR E. coli among healthy livestock
and chicken and to investigate the types of ESBL gene
circulating among healthy livestock of Bihar, India.

MATERIAL AND METHODS

Sample collection: A total of 254 samples were collected
from farm animals and chickens during the period December
2021 to July 2022. The sample were collected aseptically
from healthy animals, from different blocks of Patna, Bihar
that comprised of raw milk from cattle (n=72) and buffalo
(n=64), rectal swabs from goat (n=67) and chicken cloacal
swab (n=51). The milk samples were collected in sterile
vial (HiMedia, Mumbai, India) after washing the teats with
clean water followed by swabbing with antiseptic. Before
collecting the milk, first few strips of milk were discarded.
The rectal and cloacal swabs were collected with the
help of sterile cotton swab sticks (HiMedia, Mumbai,
India) kept in sterile vial with transport media as per the
standard guideline. All the samples were transported to the
laboratory under cold temperature for further processing.

Isolation and PCR based confirmation of E. coli:
Isolation of E. coli was made by enrichment of samples
in Mac-Conkey broth with overnight incubation at 44°C.
The suspected tubes with bacterial growth were streaked
on Eosin Methylene Blue agar (EMB agar, HiMedia,
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Mumbeai, India) for selective growth of E. coli. The colony
showing metallic sheen were selected and sub cultured
in order to get pure E. coli isolates. The isolates were
subjected to biochemical characterization as per standard
microbiological procedures (Quinn et al. 1994). The
biochemically confirmed isolates were further confirmed
by PCR targeting 16S rRNA (Table 1) as described by
Sabat et al. (2000).

Antimicrobial resistance (AMR) profile of E. coli:
The AMR profile of all confirmed E. coli isolates
were generated against antibiotics: ampicillin (10 pg),
amoxicillin-clavulanic acid (20/10 pg), ceftriaxone (30
ng), cefpodoxime (10 pg), aztreonam (30 pg), cefotaxime
(30 pg), imipenem (10 pg), amikacin (30 pg), tetracycline
(30 pg), enrofloxacin (5 pg), nalidixic acid (30 pg),
trimethoprim (5 pg) and chloramphenicol (30 pg) using
Mueller-Hinton agar (HiMedia, Mumbai, India), by
disc diffusion method as per Clinical and Laboratory
Standards Institute (CLSI VET08) guideline. Based on
zone of inhibition, isolates were classified as resistant
or susceptible to a particular antibiotic using standard
reference values as per CLSI VETOS. E. coli, ATCC 25922
was used as a reference strain for the test. The multiple
antibiotic resistance (MAR) index was determined using
the formula: MAR index = a/b, where ‘a’ represents the
number of isolates resistant to antibiotics and ‘b’ denotes
the total number of antibiotics used. The isolates found
resistant to three or more than three classes of antibiotics
were defined as Multidrug-resistant (MDR) isolate.

Detection of ESBL production by E. coli: Initially all
the confirmed E. coli isolates were screened for ESBL
production by standard disc diffusion using antibiotic disc
cefpodoxime (10 pg), ceftazidime (30 pg), aztreonam (30
ng), cefotaxime (30 pg) and ceftriaxone (30 pg) on Mueller
Hinton agar pre-inoculated with 0.5 McFarland inoculum.
E. coli, ATCC 25922 was used as a reference strain for
the test. The isolates exhibiting resistance to any of these
five antibiotics were suspected for ESBL production.
These suspected isolates were further confirmed as ESBL
producer by combined disc method (CLSI VETO0S8) on
Mueller-Hinton agar pre-inoculated with 0.5 McFarland

Table 1. Primer for amplification of /65 rRNA and ESBL genes of E. coli

Primer sequence Target gene Amplicon size (bp) Reference
F- 5 GAAGAAGCTTGCTTCTTTGCTGAC3’ 16S rRNA
R- 5"GCCCGGGGATTTCACATCTGACTTA3’ E. coli >4 Sabat et al. 2000
F-5’CATTTCCGTGTCGCCCTTATTC3’

TEM-1& TEM-2 800
R-5’CGTTCATCCATAGTTGCCTGAC3’
F-5’AGCCGCTTGAGCAAATTAAAC3’ SHY- 713
R-5’ATCCCGCAGATAAATCACCAC3’ i
F-5’GGCACCAGATTCAACTTTCAAG3’ OXA-1, 0XA4-4 &

564 Dallenne et al. 2010
R-5’GACCCCAAGTTTCCTGTAAGTG3’ 0XA4-30
F-5>’AACRCRCAGACGCTCTAC3’
R-5’"TCGAGCCGGAASGTGTYAT3’ CTX-M /25 326
F-5’CCC CGC TTA TAG AGC AAC AA3’
AmpC 634

R-5"TCA ATG GTC GAC TTC ACA CC3’
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inoculum of suspected isolates. The combined disc
diffusion test was performed with antibiotic disc containing
cefotaxime (30 pg) or ceftazidime (30 pg) alone and
in combination with clavulanic acid (10 pg) placed
diagonally with a distance of 25 mm (center to center)
incubated at 35°C for 16-18 hours. An increase of 5 mm
or more in the zone of inhibition around the combined disc
containing clavulanic acid than the corresponding disc with
cefotaxime or ceftazidime alone was considered positive
for ESBL production. Furthermore, cefoxitin—cloxacillin
double disc synergy (CCDDS) test was performed with
all the isolates for phenotypic confirmation of AmpC beta
lactamase (ACBL) production by E. coli isolates (Tan
et al. 2009).

Molecular detection of ESBL genes in E. coli: The
isolates phenotypically confirmed for ESBL production
were investigated for the presence of ESBL gene(s) like
blaCTX-M, blaSHV, blaTEM, blaOXA and AmpC by
PCR (Table 1) as described by Dallenne ef al. (2010). The
template DNA from ESBL producer isolates were extracted
by snap and chill method as described ecarlier by Kaushik
et al. (2018). The PCR reaction mixture was prepared in
25 uL reaction volume each containing 2.5 uL. 10X PCR
buffer (500 mM KCI, 100 mM Tris-HCI, pH-8.3; 15 mM
MgCL,), 0.5 pL of dNTP mixture (10 mM), 2 pL (10 pmol/
uL) of forward and reverse primers (Table-1), 0.2 pL (5 U/
uL) Taqg DNA polymerase, 3 pL of DNA template and 14.8
pL nuclease free water. The amplification process consisted
of an initial denaturation at 94°C for 10 min, followed by
30 cycles of denaturation at 94°C for 40 sec, annealing
at 60°C for 40 sec and elongation at 72°C for 1 min with
a final elongation phase at 72°C for 7 min. The PCR
amplicon was analysed in 1.5% agarose gel electrophoresis
and visualized under gel documentation system (VILBER).

RESULTS AND DISCUSSION

AMR has become a global challenge for both human
and animal health. A survey report on mapping of AMR
in animals among developing countries envisages China
and India (north eastern) as hotspots of AMR (Van Boeckel
et al. 2019). WHO also focussed on the ESBL-producing
E. coli as an indicator pathogen for integrated surveillance
programme on AMR (WHO 2021). The current study was
undertaken to know the occurrence of ESBL producing
E. coli in milk from apparently healthy cattle/ buffalo,
faeces of goats and chickens in Patna. A total of 148 E.
coli (25 cattle milk, 31 buffalo milk, 52 goat rectal swab
and 40 chicken cloacal swab) were isolated and confirmed
by PCR amplification of 16S rRNA gene (Table 2) which
were further studied for antimicrobial resistance (AMR)
and ESBL production. The resistance profile was found to
be 85.13%, 72.97%, 37.83%, 33.10%, 27.02%, 26.35%,
23.64%, 18.24%, 12.83%, 8.78%, 7.4%, and 5.4%,
against amoxicillin/ clavulanate, cefpodoxime, ampicillin,
ceftazidime, nalidixic acid, cefoxitin, trimethoprim,
tetracycline, ceftriaxone, enrofloxacin, aztreonam and
chloramphenicol, respectively, however, 97.98% and 100%

Table 2. Sample wise confirmation by PCR and resistance pattern of E. coli based on disc diffusion
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isolates were found sensitive to amikacin and imipenem,
respectively (Table 2). Besides amoxicillin/ clavulanic
acid, cefpodoxime, ceftazidime and cefoxitin, in the present
study it was observed that E. coli isolates are also resistant
to ampicillin (37.83%); ceftazidime (33.10%); nalidixic
acid (27.02%); trimethoprim (23.64%); tetracycline
(18.24 %); ceftriaxone (12.83%); enrofloxacin (8.78%);
aztreonam (7.4%); chloramphenicol 5.4% which is not
surprising seeing other studies (Kar ef al. 2015, Brower et
al. 2017, Jindal et al. 2021, Lalhruaipuii et al. 2021, Jain
et al. 2021, Athanasakopoulou et al. 2021, Banerjee et al.
2022). The current finding reveals that 97.98% isolates
are susceptible to amikacin and 100% were sensitive to
imipenem which is in line with the previous findings in E.
coli. (Jana and Mondal 2013, Suay-Garcia ef al. 2019, Jain
et al. 2021). The isolation rate of E. coli in the study was
higher in the faecal samples of goat and chickens (Table 2)
compared to milk which may be because the organism
naturally inhabits in the GI tract of animals. The resistance
of E. coli to amoxicillin/ clavulanic acid was shown by
85.13% of isolates which was highest among all antibiotics
tested. The high resistance against amoxicillin/ clavulanic
acid observed among E coli isolates from animal sources
may be correlated with the indiscriminate use of these
drug in livestock for therapeutic purposes or as growth
promotor in poultry feed (Kar et al. 2015, Haulisah
et al. 2021). This can also be correlated with exposure of
animals to the environmental resistance gene pool. It was
also observed in the study that 72.97% and 33.10% of
isolates were resistant to cefpodoxime and ceftazidime (3™
generation cephalosporin), respectively, whereas 26.35%
were resistant to cefoxitin (2! generation cephalosporin).
Resistance shown by E. coliisolates from apparently healthy
animals, in the study, against molecules such as ceftazidime
raises major concern over the use of these antibiotics as
these are considered strategic molecules for bacterial
infections used under hospital setting (Suay-Garcia et al.
2019). These variations in AMR pattern among the isolates
could be attributed to the prevailing usage and drug abuse
in the study area, which warrants stringent and continuous
surveillance on antibiotic resistance pattern in the area. This
finding also supports the fact that the drug like carbapenem
are not being used in the treatment of livestock in India
(Murugan et al. 2019), however resistance to amikacin
was seen among few isolates (2.02%) from chickens only
though, this is encouraging, seeing as this is widely used in
clinical practice, in both veterinary and human medicine.
With regard to MDR among E. coli in the present study,
54.05% of isolates showed MAR index >0.25 and 8.1%
of isolates showed MAR index >0.5 which indicates a
very high prevalence of MDR among non-clinical isolates
of E. coli in the region. Such MDR bacterial isolates are
considered as reservoirs for resistance and virulence
genes which can be transferred to other strains of the
same or the other species, thereby increasing the source
of antibiotic resistance (Martinez-Vazquez et al. 2022). In
accordance to the findings of present study, earlier reports
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are also available, on high prevalence of MDR E. coli from
livestock and poultry in India (Lalhruaipuii et al. 2021,
Jaiswal et al. 2024).

The predominance of antimicrobial resistance genes
significantly drives the emergence of MDR bacteria.
While data on the frequency of antibiotic resistance in E.
coli from clinical animal sources is available, very limited
information is available from Bihar, India, regarding
prevalence of E. coli, from nonclinical sources, harbouring
antibiotic resistance genes (WHO 2021). The current
findings indicate that 20.27% (30 out of 148) of E. coli
isolates exhibit ESBL production. Among these, 56%
(17 isolates) were identified from chicken cloacal swabs,
26.6% (8 isolates) from goat faeces, and 16.6% (5 isolates)
from buffalo milk (Table 3). There are several reports
regarding ESBL producer E. coli from livestock sector
is available in India which corroborate with the present
findings (Samanta et al. 2014, Kar et al. 2015, Brower et al.
2017, Murugan et al. 2019, Tewari et al. 2019), however,
we could not find any report from Bihar, India. Brower
et al. (2017) in his comparative study on occurrence of
MDR and ESBL producing E. coli, among layer and
broiler birds, reported 94% and 87% as MDR and ESBL
producing E. coli, respectively in broiler chicken in Punjab,
India. In contrast, the occurrence of ESBL producing E.
coli has been reported to be more frequent from human
clinical samples (Dallenne et al. 2010, Mukherjee et al.
2013, Harwalkar et al. 2013, Bhoomika et al. 2016, Rohit
et al. 2019). Tewari et al. (2022) in a recent study reported
the occurrence of ESBL genes among 50% (101 out 0f 203)
of E. coli isolated from human clinical samples.

The blaTEM and blaSHV type ESBL enzymes in E.
coli isolates are frequently reported in India (Bhoomika
et al. 2016, Tewari et al. 2019, Agrawal et al. 2021, Das
et al. 2017), in which point mutations are suggested to give
rise to ESBLs (Ramadan et al. 2019). The present study
revealed blaTEM (blaTEM1/2) as predominant ESBL
gene in 13 (43.33%) isolates followed by blaSHV-1 in 4
(13.33%) isolates (Table 3). It is interesting to note that
all the E. coli isolates harbouring blaTEM and/or blaSHV
in the current study was resistant to antibiotic amoxicillin/
clavulanic acids, a p-lactam-B-lactamase inhibitor
combination, suggesting the presence of inhibitor-resistant
TEMs and SHV variants of E. coli in animals which might
have evolved due to antibiotic selective pressure due to
indiscriminate use of antibiotics (Prinarakis et al. 1997,
Jacquier et al. 2013, Robin et al. 2011).

Several studies have suggested that animals could
potentially transmit ESBL-producing bacteria and/or
bacteria with ESBL-encoding genes to humans, either
through direct contact or via food chain (Ewers et al.
2012). The widespread use of antibiotics in the food and
farming industries is considered one of the most significant
risk factors contributing to the high prevalence of ESBL-
producing E. coli among healthy animals (Bailar and
Travers 2002, Larson 2007). The presence of such E. coli
variants in livestock poses a serious threat to public health

[o]



April 2025]

PREVALENCE OF ESBL PRODUCING MDR E. COLI IN LIVESTOCK AND POULTRY

283

IN PATNA , BIHAR

Table 3. Antibiotic Resistance (Signatures), Beta-Lactamase Production and multiple antibiotic resistant (MAR) index among thirty beta
lactamase producing E. coli Strains isolated from different livestock sources

Isolate Animal spp Signature profile (No. of Antibiotics) B-Lactamase MAR index
BI15BI Buffalo AMC, CPD, CX, NA blaSHV-1, AmpC 0.25
B6PS Buffalo AMP, AMC, CPD, CAZ, CTX, NA, CL blaSHV-1, AmpC 0.44
BOPS Buffalo AMP, AMC, CTR, CPD, CAZ, CTX, NA,TR blaTEM-1/2, AmpC 0.5
B5PH Buffalo AMC, CPD, CAZ, CL AmpC 0.25
B14PH Buffalo AMP, AMC, CPD, CAZ, CX, CL AmpC 0.37
GI9BI Goat AMC, CPD, TE, EX, NA, TR AmpC 0.37
G4D Goat AMP, AMC, CPD, CAZ, NA blaTEM-1/2, AmpC 0.31
G10D Goat AMC, CPD, TE, NA, C AmpC 0.31
G12D Goat AMP, AMC, CTR, CPD, CAZ, CTX, NA AmpC 0.43
G13PS Goat AMP, AMC, CPD, TE, NA, TR blaTEM-1/2 0.37
GIPH Goat AMP, AMC, CTR, CPD, CAZ, CTX, TR AmpC 0.43
G6PH Goat AMP, AMC, CTR, CPD, CAZ, CTX, CX, TR AmpC 0.5
G12PH Goat AMP, AMC, CTR, CPD, CTX, TR AmpC 0.37
P2BI Chicken AMP, AMC, CPD, AK, TE, EX, NA blaTEM-1/2, AmpC 0.43
P3BI Chicken AMP, AMC, CTR, CPD, CAZ, AT, CTX, TE, TR, C blaSHV-1, blaTEM-1/2, AmpC 0.62
P8BI Chicken AMC, CPD, CTX, C AmpC 0.25
P9BI Chicken AMP, AMC, CTR, CPD, CTX, TE AmpC 0.37
P12BI Chicken AMP, AMC, CPD, TE, TR blaSHV-1, AmpC 0.31
PID Chicken  AMP,AMC, CTR, CPD, CAZ, AT, CTX, CX, TE, NA, TR, C blaTEM-1/2, AmpC 0.75
PSD Chicken AMP, AMC, CTR, CPD, AT, CTX, CX, TE, NA, TR, C,CL AmpC 0.75
P4PS Chicken AMP, AMC, CTR, CPD, CAZ, CTX, TE, EX, NA, TR, C blaTEM-1/2, AmpC 0.68
P6PS Chicken AMP, AMC, CPD, TE, NA blaTEM-1/2, AmpC 0.31
P7PS Chicken AMP, AMC, CAZ, TE, NA blaTEM-1/2, AmpC 0.31
P8PS Chicken AMP, AMC, CTR, CPD, CAZ, CTX, TE, EX,NA, TR,C AmpC 0.68
P9PS Chicken AMP, AMC, CPD, CX, TR AmpC 0.31
P13PS Chicken AMP, AMC, CPD, TE, NA, TR blaTEM-1/2, AmpC 0.37
P3PH Chicken AMP, AMC, CTR, CPD, CAZ, CTX, AK, EX, NA blaTEM-1/2, AmpC 0.56
P6PH Chicken AMP, AMC, CPD, CX, TE, NA blaTEM-1/2, AmpC 0.37
P9PH Chicken AMP, AMC, CPD, TE, NA blaTEM-1/2, AmpC 0.31
P11PH Chicken AMP, AMC, CTR, CPD, CAZ, CTX, AK, EX, NA, CL AmpC 0.62

AMP: Ampicillin, AME: Amoxicillin-clavulanic acid, CTR: Ceftriaxone, CPD: Cefpodoxime, CAZ: Ceftazidime, AT: Aztreonam,
CTX: Cefotaxime, CX: Cefoxitin, [PM: Imipenem, AK: Amikacin, TE: Tetracycline, EX: Enrofloxacin, NA: Nalidixic acid,

TR: Trimethoprim, C: Chloramphenicol.

due to their potential for transmission to humans through
environmental contamination or food chain (Ewers et al.
2012). The co-occurrence of AmpC with blaTEM and
blaSHV in E. coli isolates, resistant to the amoxicillin/
clavulanic acid and other cephalosporins, from healthy
livestock species indicates multi-drug-resistant bacteria
circulating in animal that pose risks to environmental
transmission.
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