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ABSTRACT

Emergence of antimicrobial resistance in animal husbandry is of utmost concern as it has resulted in therapeutic failure and nowadays it
is one of the latest challenges faced by scientific community across the world. Extensive use of antibiotics without performing antibiotic
susceptibility testing may lead to development of multidrug resistant (MDR) organisms. This study was undertaken to assess the AMR
pattern and their correlation with plasmid profiling in ESBL producing Klebsiella spp. from bovine origin. Total 160 samples (80 mastitic
milk and 80 diarrhoeic faeces) were collected from 2 district of Eastern Plain Zone of Uttar Pradesh (India) and 63 (39.37%) isolates were
confirmed as Klebsiella spp. by conventional methods (cultural characteristics on selective media & biochemical tests). Antimicrobial
susceptibility testing of confirmed isolates revealed 82.0%-94.0% resistance to 3™ & 4" generation cephalosporin, 100% to ampicillin
and all isolates were found 100% sensitive to aminoglycosides, chloramphenicol and polypeptides class of antibiotics. Total 49 (77.8%)
isolates were confirmed as ESBL producers using DDST and ESBL E-strip test, out of which 45 (71.43%) isolates revealed the presence of
bla-cry.m 9p genes by PCR analysis. On plasmid profiling, total 82.82% isolates revealed the presence of plasmid with molecular weight
between 2.5 kb to >10 kb and number 1-2. These high molecular weight plasmids are mostly situated on conjugative plasmid, which

are horizontally transferred from one species to another in highly populous country like India.
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INTRODUCTION

N owadays resistance to beta-lactam group of antibiotics
is expanding rapidly throughout the world and is a
point of discussion as it is one of the latest challenges faced
by scientific community since it has resulted in therapeutic
failure. Several disease in animals are caused by variety of
bacteria; among them Klebsiella spp. is an important Gram
negative pathogen and noticed as an emerging pathogen
(Saini et al., 2012). It has also been reported as opportunistic
pathogen that can cause primary bacteraemia as well as
urinary tractinfection (UTI) in human and animals (Mansour et
al., 2014). Among Enterobacteriaceae E. coliand Klebsiella spp.
are major ESBL producers and their increasing prevalence in
livestock during last few years has been identified as global
threat (Reuland et al., 2013). Most of the antibiotic resistant
genes in Gram negative bacteria are located on plasmids
which are horizontally transmitted between close families
of bacteria and are considered as the important vector in
retaining and dissemination of antibiotic resistant genes as
their tendency to replicate in wide host range (Rozwannowicz
etal., 2018).

There is limited information on antimicrobial resistance
pattern and plasmid profiling of ESBL producing isolates
of Klebsiella spp. of bovine origin. The present study was
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designed to understand the characteristics of plasmids and
their possible role in the transmission of AMR genes among
bacteria of closely related families and also in environment.

MATERIALS AND METHODS

Collection of Samples: In the present study, total 160
random samples (80 mastitic milk and 80 diarrhoeic faeces)
were collected aseptically from 5 tehsils of Ambedkar Nagar
and 3 tehsils of Barabanki district of Eastern plain zone of
Uttar Pradesh (India) during the period from January, 2022
to January 2023. Sampling was done randomly and consisted
of 5 diarrhoeic faecal samples and 5 mastitic milk samples
from both cattle and buffaloes of above mentioned tehsils.
Approximately 5 mL of milk was collected in sterilized test
tube and Calofornia mastitis test was used for screening of
mastitic milk samples and faecal samples were collected
by swab techniques. After collection, the samples were
immediately transported to Veterinary Microbiology
Laboratory in ice box for further processing.

Isolation and Identification: All samples were enriched
with 2 mL tetrathionate broth and incubated at 37°C for
24 h. A loopful inoculum was taken and streaked directly
on MacConkey agar plates and incubated at 37°C for 24 h.
Pink colonies with mucoid appearance were picked up and
streaked on Eosine Methylene Blue agar plates. Colonies
showing light purple mucoid appearance were tentatively
suspected as Klebsiella spp. After this, pure individual colonies
were taken onto sterilized nutrient agar slant and further
identification was done by various biochemical tests, viz,
IMViC pattern, nitrate reduction, urease test, triple sugar
iron agar sugar fermentation reaction and catalase test as
per standard method in practice.

Antibiotic Resistance Profiling: All the confirmed
isolates (63) were subjected to in vitro antibiotic sensitivity
testagainst 17 antibiotics of 11 different classes (Table 3) using
standard disc diffusion method and results were interpreted
as per guideline of CLSI (2019). The isolates showing reduced
susceptibility towards 3™, 4" generation cephalosporines
and monobactam classes of antibiotics were screened as
ESBL producers.

Confirmation of ESBL Producing Isolates by
Phenotypic Methods

Double discsynergy test (DDST): The screened isolates were
further confirmed by using ESBL Kit 1 and Kit 3 (Hi-media).
These commercially available discs were placed on MHA

plates inoculated with 1.5x108 organism/mL at 25 mm apart
and incubated at 37°C for 24 h. The results were interpreted
as per CLSI guidelines (2019).

Minimum inhibitory concentration (MIC) ESBL E-test:
This test was done by using E-strip (Hi-media) on MHA plates
inoculated with 1.5x108 organism/mL and incubated at 37°C
for 24 h. The result was interpreted as per CLSI guidelines
(2019).

Confirmation of ESBL Producing Isolates by
Polymerase Chain Reaction

Extraction of plasmid DNA: Single pure colony of
phenotypically confirmed ESBL positive isolates was
inoculated into 10 mL of Luria-Bertani (LB) broth medium
(HiMedia, India) and incubated at 37°C for 18 h in shaking
incubator. Plasmid DNA was extracted using GenelJet plasmid
Miniprep kit (Thermo Scientific) as per the instruction of the
manufacturers.

Detection of bla- ¢y 4., and bla- 15,0 genes: Genotypic
confirmation of ESBL genes (bla-cry.y.1 and bla-crx.m.o) Was
done in a total reaction volume of 25 pL for CTX-M gene as
per method described by Dallenne et al. (2010). Amplicon size,
primer sequence of targeted genes and cyclic conditions of
PCR are mentioned in Table 1. Multiplex PCR was performed
for CTX-M genes and amplified products (5 pL) were mixed
with 3 uL of bromophenol blue dye (6X) and electrophoresis
was done in 0.8% agarose gel for CTX-M group genes using
1 kb ladder at 60-70 mA for 40 min and gel was visualized
using the UV illuminator (GeNei Bangalore, India).

Profiling of Plasmid DNA: Plasmid DNA from
genotypically confirmed ESBL producing isolates was
extracted, using Genelet plasmid Miniprep kit (Thermo Fisher
Scientific, USA) following the manufacturer’s protocol and
was stored at -20°C till further processing. Each extracted
plasmid DNA samples (5 pL) was mixed with 2 uL of loading
dye (6X) and electrophoresis was done on 0.8% (w/v) agarose
gel mixed with 1 pL ethidium bromide (conc. 5 pg/mL) at
80-100V for 1 to 1.5 h using 1 kb ladder DNA. At the end
of electrophoresis, the gel was visualized under UV trans-
illuminator (EZ Gel Documentation system, Bio-Rad) fitted
with high resolution digital camera for the presence, number
and size of plasmid.

ResuLTs AND DiscussioN

In this study, out of total 160 samples (80 mastitic milk and
80 diarrhoeic faeces) 63 (39.37%) isolates were confirmed

Table 1: Detail of primers and PCR conditions used for detection of ESBLs gene in Klebsiella spp. isolates (Dallenne et al., 2010)

Targeted genes Primer sequence (5’-3’) I::'z‘:l(ll'::;‘ PCR conditions and cycles
bl F-5'TTAGGAARTGTGCCGCTGYA3’ .
a- .
crx-m-19P R-5'CGATATCGTTGGTGGTRCCAT3’ 1 cycle of 10 min at 94 OC, 30 cycles of 40
E S TCAAGCCTGCCGATCTGGTS! sec. at 94°C, 40 sec. at 60°C, 1 min at 72°C, 1
_ - o
bla-cry .o9P 561 cycle of 7 min. at 72°C

R-5"TGATTCTCGCCGCTGAAG3’
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Table 2: Occurrence of Klebsiella spp. isolates from clinical samples of bovine origin

Samples (Source/Origin)

Confirmed Klebsiella spp. isolates

ESBL positive Klebsiella spp. isolates

Cattle Mastitic milk (n=40)
Diarrhoeic faeces (n=40)
Buffalo Mastitic milk (n=40)
Diarrhoeic faeces (n=40)
Total (N=160)

63 (39.37%)

16 (40.0%) 12 (30.0%)
10 (25.0%) 7 (17.5%)
22 (55.0%) 15 (37.5%)

15 (37.5%) 11 (27.5%)

45 (28.12%)

Table 3: Antimicrobial resistance pattern of Klebsiella spp. isolates (n=63)

Group Antibiotics (Hi-Media) Conc. (pg/disc) Klebsiella spp. (AMR%)
Carbapenems Imepenem (IMP) 10 17.46%
Meropenem (MRP) 10 14.28%
3"and 4™ generation Cefotaxime (CTX) 10 93.65%
Cephalosporins Cefpodoxime(CPD) 30 88.91%
Ceftazidime (CAZ) 30 85.71%
Ceftriazone (CTR) 30 82.53%
Monobactams Aztreonam (AT) 30 76.19%
2" generation Cephalosporins Cefoxitin (CX) 30 28.57%
Penicillin Ampicillin  (AMP) 25 100%
Polypeptides Polymyxin B (PB) 300 unit 0.00%
Aminoglycosides Gentamicin (GEN) 30 0.00%
Amikacin (AK) 30 0.00%
Tetracycline Tetracycline (TE) 30 34.92%
Sulphonamides Trimethoprim (TR) 30 36.50%
Quinolons Ofloxacin (OF) 2 31.74%
Nalidixic acid (NA) 30 34.92%
Chloramphenicol Chloramphenicol (C) 30 0.00%

as Klebsiella spp. on the basis of morphological, cultural
and biochemical characteristics. The isolation rate was
highest in mastitic milk of buffaloes (55.0%) followed
by mastitic milk of cattle (40.0%) and diarrhoeic faecal
samples of buffaloes (37.5%) and cattle (25.0%) (Table 2).
In this study, isolation rate of Klebsiella spp. predominated
in milk samples as compared to diarrhoeic faecal samples
of bovine. These findings are in agreement with the
observations of Badri et al. (2017), Koovapra et al. (2016)
and Rawat et al. (2018), who have reported 63.0% Klebsiella
spp. from raw cow milk samples, 68.5%, 59.6% and 10.8%
Klebsiella spp. from subclinical, clinical and healthy cow
milk, respectively, and 16.6% Klebsiella spp. from faecal
samples of dairy cattle.

Antimicrobial resistance (AMR) is currently one of the
major problems faced by scientific community across the
world. In present study, antimicrobial susceptibility test
(AST) of all confirmed Klebsiella spp. isolates was performed
against 17 antibiotics of 11 different classes. All isolates
of Klebsiella spp. showed 100% resistance to ampicillin
followed by 82-94% to 3'Y, 4" generation cephalosporins
and 76.19% to aztreonam. The reasonable factors for this
high degree of resistance against these antibiotics might

be due to continuous antibiotic pressure or acquired by
horizontal transmission through plasmids, transposons or
insertion sequences. Susceptibility pattern of these isolates
varied to different classes of non-B-lactam antibiotics. These
isolates showed 100% susceptibility to chloramphenicol,
polypeptides and aminogycosides classes of antibiotics
(Table 3). There are abundant evidences that corroborate
with these findings of Klebsiella spp. isolated from milk
samples of bovine (Olowe et al., 2015; Badri et al., 2017; Rawat
etal., 1018; Salauddin et al., 2019).

In this study, carbapenem antibiotics like imipenem
and meropenem were also found resistant against these
isolates, which were 17.46% and 14.28%, respectively. Badri
et al. (2017) reported 49.4% resistance of Klebsiella spp. to
imipenem isolated from raw milk of bovine in Sudan, while
Singh et al. (2017) found 53.50% resistance to meropenem
and 22.5% resistance to imipenem in enterobacteriaisolated
from human and environment in India. Although these
antibiotics are not used for treatment of animal anywhere
in India, but across the world, it might be due to use of these
antibiotics for treatment of human patients and Klebsiella
spp. being most commonly implicated in outbreaks of
nosocomial infections.
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Table 4: Distribution of ESBL genes and plasmid in ESBL positive Klebsiella spp. isolates among various sources

ESBL posi- bla-c1y. 9p genes Plasmid profile in Klebsiella spp.

Samples (Source/Origin) tive isolates bla-cry 1 bla-cry oo Positive  No. of Average

isolates  bands size (kb)

Cattle Mastitic milk (n=40) 12 (30.0%) 10 (25.0%) 6 (15.0%) 11 1-2 25t06.0

Diarrhoeic sample (n=40) 7 (17.5%) 5(12.5%) 2 (5.0%) 6 1 2.5->10

Buffaloes Mastitic milk (n=40 15 (37.5%) 12 (30.0%) 4 (10.0%) 15 1-2 3.5->10

Diarrhoeic sample (n=40) 11(27.5%) 10 (25.0%) 4 (10.0%) 5 1 4.0-8.0

Total (n=160) 45 (28.12%) 37 (23.12%) 16 (10.0%) 37 1-2 2.5->10
1000bp 561 bp
500 bp 88bp

Fig.1: Multiplex PCR, Amplification of bla-cry s and bla_cty.m-o

M: 1 kb ladder (Thermo Scientific) Lane 2 & 4 positive for bla-c1y.y.o gene (561bp), Lane 6 and 7 positive for bla-cry..; gene (688 bp)

10000 bp
6000 bp
3000 bp
1000 bp

Fig. 2: Plasmid profile of ESBL positive Klebsiella spp. isolates

M: 1 Kb ladder (Thermo Scientific); lane, 1, 2, 3,4, 5, 6 and 7 revealed plasmid bands

Nowadays, Multi-drug resistance (MDR) is the major
cause of concern as they posses serious health problem by
limiting the therapeutic options. In present study, 76.12%
(48/63) isolates were found to be MDR, which highlighted
the potential risk by limiting the treatment options. These
results corroborated with the findings of Salauddin et al.
(2019) and Yadav et al. (20223).

This study also had aim to confirm ESBL producing
isolates using phenotypic confirmatory methods and PCR
analysis. Total 63 confirmed isolates of Klebsiella spp. were
subjected to screening and phenotypic confirmatory tests.
Out of total 63 confirmed isolates, 52 (82.53%) were screened
as ESBL producers using disc diffusion method, 50 (79.36%)
were confirmed as ESBL producer by DDST and 49 (77.8%)
by ESBL-E strip test, and final confirmation was done by
PCR analysis, which revealed 45 (71.43%) ESBL producing
isolates. There was very little difference in the sensitivity of
both phenotypic and genotypic confirmatory method and
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this was very similar to findings of Olowe et al. (2015) and
Badri et al. (2017).

Phenotypically confirmed ESBL positive isolates were
subjected to PCR analysis for detection of bla-cry.., and
bla-c1x.m-o 9enes. The molecular characterization revealed
total 45 (28.12%) isolates to be ESBL positive comprising 12
(30.0%) and 07 (17.5%) from mastitic milk and diarrhoeic faecal
samples of cattle and 15 (37.5%) and 11 (25.7%) from mastitic
milk and diarrhoeic faecal samples of buffalo (Table 2, Fig.
1). This study revealed 37 (23.12%) existence of bla-cry .
gene and 16 (10.0%) bla-cry.m.o genes (Table 4). Similarly
various co-workers across the world have also reported high
prevalence of bla--ry.\ gene in different sample sources
(Olowe etal., 2015; Badri et al., 2017; Yadav et al., 2019; Yadav
etal., 2022°). This study also revealed the co-existence of bla-
ctx-m-1 and bla-c1y.y.o genes in 8 (5.0%) isolates.

Plasmid profiling of ESBL positive isolates was performed,
total 37/45 (82.22%) isolates of Klebsiella spp. revealed plasmid
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bandinrange of 1 to 2 with average plasmid size ranging from
2.5to> 10 kb. Total 5 different plasmid profiling patterns were
observed based on molecular weightand 2 on their numbers.
One plasmid of > 10 kb was found in 67.56% (25/37) of isolates
and maximum number of isolates (72.97%, 27/37) having 01
plasmid band (Table 4, Fig. 2). The results of this study were
found in accordance with the findings of many workers of
India (Rawat et al., 2018; Singh et al., 2020; Yadav et al., 2023).

CONCLUSIONS

Present study revealed that 76.0% isolates were MDR and
most of the isolates showed resistance to 3%, 4" generation
cephalosporins, ampicillin and aztreonam, which is not a
good sign. Most interesting finding of this study was that
all isolates revealed 100% sensitivity to aminoglycosides,
chloramphenicol and polypeptide group of antibiotics, which
may be alternative therapeutic option for this area. Most of
the ESBL positive isolates revealed the presence of at least one
plasmid with molecular weight ranging from 2.5 kb to >10 kb.
Due to extra-chromosomal and dynamic nature of plasmids
their number and size may differ and a single bacterium can
acquire several plasmids from multiple donors. The presence
of plasmids clearly indicates the horizontal transmission of
antibiotic resistant genes in the environment and healthcare
settings. This study serves as a base that would be helpful
in taking necessary initiative to monitor and limit the
indiscriminate use of antibiotics, as well as properinspection
following standard protocol throughout the nation.
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