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Abstract

Background and Aim: Antimicrobial-resistant microorganisms (ARMs) have been increasing among wild animals.
Interactions occurring at the interface between wildlife, humans, and livestock can lead to the transmission of ARMs.
Thus, the prevalence of ARMs in wild and domestic animals should be determined to address and prevent this issue. This
study aimed to determine the resistance patterns of cefotaxime (CTX)-resistant Escherichia coli and identify the presence
of extended-spectrum beta-lactamase (ESBL) genes in ESBL-producing E. coli among a population of wild banteng (Bos
Jjavanicus) and domestic cattle kept on farms located close to the Lam Pao non-hunting area, Kalasin province, Thailand.

Materials and Methods: Forty-five fecal samples were taken from wild bantengs inhabiting the Lam Pao non-hunting
area in Thailand, alongside 15 samples from domestic cattle. Bacterial culture, triple sugar iron, and motile indole lysine
tests were conducted to identify E. coli. A polymerase chain reaction (PCR) was conducted for specific confirmation.
MacConkey agar supplemented with 2 ug/mL of CTX was used to identify CTX-resistant E. coli, which would be used to
identify ESBL production based on a double-disk synergy test. Extended-spectrum beta-lactamase-producing samples were
subjected to disk diffusion tests to determine resistant patterns, and the sizes of PCR bands and DNA sequencing were used
to differentiate ESBL gene types.

Results: All samples tested positive for E. coli. Forty-five isolates from 15 banteng samples and three isolates from one
domestic cattle sample displayed CTX-resistant and ESBL-producing traits. The banteng and domestic cattle populations
exhibited nine and three distinct resistant patterns, respectively. The PCR results indicated that the banteng isolates harbored
the following genes: Cefotaxime-M1 (n = 38), CTX-M9 (n = 5), and the SHV group (n = 2). All three isolates from the
domestic cattle sample contained the CTX-M1 gene. Classification of ESBL genes based on the DNA sequences of the
banteng isolates showed the characteristics of CTX-M15 (n = 20), CTX-M55 (n = 6), CTX-M14 (n = 5), and CTX-M79
(n =1). The three domestic cattle isolates exhibited the characteristics of CTX-M15, CTX-M55, and CTX-M79.

Conclusion: Despite no previous antibiotic applications, approximately one-third of the banteng samples displayed CTX
resistance, indicating ARM contamination within the ecosystem. The similarity in ESBL genes between the banteng and
domestic cattle populations suggests potential gene transmissions between these animal groups. However, the initial source
of ARMs remains unclear, as the banteng population exhibited more ESBL genes than the domestic cattle, suggesting the
possibility of multiple ARM sources. These findings raise concerns because the banteng population inhabits an area that
is an important source of freshwater and nourishes the entire north-east region of Thailand and other South-east Asian
countries, including Laos, Cambodia, and Southern Vietnam.

Keywords: antimicrobial resistance, banteng, cattle, extended-spectrum beta-lactamase, human-wildlife interface, wildlife.

Introduction has caused habitat loss for wild animals, creating
new wildlife-human-livestock (WHL) interfaces [2].
These interfaces have raised various public health
concerns [3, 4], including the potential transmission
of antimicrobial-resistant microorganisms (ARMs)

between humans, livestock, and wildlife [3]. The emer-

The global human population has been rapidly
increasing [1], necessitating the expansion of land
uses for anthropogenic activities, such as agriculture
to provide sufficient food resources. This expansion
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gence of ARMs in wild species poses several chal-
lenges and warrants the identification (ID) of potential
sources and the mechanisms behind such transmis-
sions. Inappropriate drug use has significantly con-
tributed to the emergence of ARMs [3], particularly in
non-human applications (e.g., livestock and compan-
ion animals). This is because antibiotics are heavily
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used as precautionary measures for high-risk animals
and as growth promoters for healthy livestock, often
mixed with their feed [S]. These applications illustrate
violations of rational drug use proposed by the World
Health Organization to prevent ARM emergence [6].
Thus, ARMs are likely to emerge in livestock and
potentially spread to wildlife and ecosystems [7].

The emergence of ARMs has complicated the
treatment of infectious diseases, often leading to treat-
ment delays and/or failures. Beta-lactam antibiotics
have been extensively prescribed in livestock due
to their broad-spectrum activities [8]. These antibi-
otics primarily disrupt cell wall synthesis, resulting
in bacterial death [9]. However, ARMs can produce
beta-lactamase enzymes that hydrolyze the beta-lac-
tam ring of these antibiotics [9], essentially degrad-
ing their pharmacological effects. The emergence of
ARMs is primarily due to genetic mutation and selec-
tion [10]; however, genetic materials that encode anti-
microbial-resistant genes (ARGs) can also be acquired
from other microorganisms through horizontal gene
transfer (HGT) [11]. The HGT mechanism is crucial
because environments contaminated with ARM and
non-pathogenic bacteria can serve as ARG reservoirs,
facilitating the indirect transmission of these genes,
even without the coexistence of the organisms at the
WHL interfaces. Escherichia coli is a common flora
that inhabits the gastrointestinal tracts of healthy
organisms, with some strains found to exhibit patho-
genicity and toxigenesis [12]. The previous study
by Rupp and Fey [13] have shown that E. coli plas-
mid harbors genes encoding ampicillin-hydrolyzing
beta-lactamases (e.g., TEM-1, TEM-2, and SHV-1)
and cephalosporins-hydrolyzing extended-spectrum
beta-lactamases (ESBLSs). In this study, we focused on
ESBL-producing E. coli strains crucial for the devel-
opment of drug resistance [13]. Extended-spectrum
beta-lactamase genes confer resistance to third-gen-
eration cephalosporins, which have been extensively
used in veterinary practices for their broad-spectrum
effects [8]. With over 150 documented ESBLs, they
are differentiated from other ampicillin-hydrolyz-
ing beta-lactamases by their ability to hydrolyze
oximino-cephalosporins [14]. Most E. coli strains
can tolerate extreme environmental changes and
survive adverse conditions for months [15]. Thus,
non-pathogenic E. coli strains are excellent reservoirs
of ESBLs before these genes are transmitted to sus-
ceptible species.

This study aimed to identify the types of ESBLs
present in ESBL-producing E. coli strains isolated from
a free-ranging population of bantengs (Bos javanicus)
in the Lam Pao non-hunting area (Kalasin, Thailand)
and domestic cattle in neighboring human communi-
ties. The banteng, listed as “endangered” on the red
list of threatened species of the International Union
for Conservation of Nature since 2014, is estimated
to have only 4000-8000 individuals left in their nat-
ural habitats [16]. Identifying ESBL profiles in wild

bantengs and domestic animals would address the
spillover of ARMs between wild and domestic ani-
mals, facilitating further studies aimed at preventing
this issue at other WHL interfaces.

Materials and Methods

Ethical approval

This study was approved by the Institutional
Animal Care and Use Committee, Mahasarakham
University (IACUC-MSU), Thailand (Approval num-
ber IACUC-MSU-32/2021). Works involving legally
protected animals and areas were approved by the
Department of Natural Parks, Wildlife, and Plant
Conservation, Thailand (MNRE 0907.4/439).

Study period and location

The study was conducted from August 2021 to
October 2022. The Lam Pao non-hunting area was
established in 1988 with an area of approximately
338 km? in Kalasin Province, North-east Thailand.
Of the total area, three square kilometers have been
inhabited by a population of about 100 free-ranging
bantengs as well as other wild species such as Siamese
hares (Lepus peguensis), various species of squirrels,
Asian palm civets (Paradoxurus hermaphroditus),
and migratory and non-migratory bird species [17].
This area is known for the local communities as Suan
Sa-On (GPS coordinates 16.61345, 103.45910). The
north, south, and west boundaries of Suan Sa-On are
surrounded by the Pao River, and the east is adjacent
to the land and human communities.

Sample collection

Fecal samples from the bantengs were collected
from six locations (Figure-1) within the non-hunting
area in August 2021. The locations were selected
based on the preferred grazing areas of the bantengs,
which were identified using observational records.
Fecal samples from domestic cattle were collected
from nearby farms within a 3-km radius of the
non-hunting area that had records of antibiotic use.
To avoid contamination, approximately 20 g of fresh
feces from the middle portions that did not come into
contact with the environment (i.e., air and soils) were
sampled. Each sample was packaged individually in
a sealed plastic bag and labeled with a unique sample
ID number (Supplementary data). Overall, 45 banteng
and 15 domestic cattle samples were collected. All
samples were then preserved in ice-cooled contain-
ers (~4°C) and promptly transferred to the microbiol-
ogy laboratory at the Faculty of Veterinary Sciences,
Mahasarakham University, where they were refriger-
ated until further processing.

Identification of E. coli

Escherichia coli strains were identified based
on colony characteristics (i.e., pink, flat, smooth, and
round) and biochemical tests. Colonies that showed
characteristics consistent with E. coli on MacConkey
agar (Himedia®, Mumbai, India) were considered
potential colonies and verified using triple sugar iron
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(TSI) [18] and motile indole lysine (MIL) tests [19].
Three colonies (hereafter referred to as isolates) were
selected from each sample that tested positive for
both TSI and MIL, and these isolates were cultured
on nutrient agar (Himedia®) and incubated at 37°C
for 24 h. An isolate was collected using an inoculated
loop and mixed with 400 uL of distilled water in a
microcentrifuge tube. Next, the tube containing the
isolate was boiled in 100°C water for 10 min and left
to cool at room temperature (28—30°C). Centrifugation
was conducted at 18,000% g and 4°C for 10 min. The
supernatant (approximately 300 uL for each sample)

was collected and kept at —20°C as a DNA template
for polymerase chain reaction (PCR) analysis.

The PCR was performed for each sample using
6.25 uL of OnePCR® Ultra solution (GeneDirex,
USA), 0.05 uL of the ECO-1 primer, 0.05 uL of the
ECO-2 primer (Table-1), 1.0 uL. of DNA templates,
and 5.65 nuclease-free water. The PCR protocol fol-
lowed these steps: (1) Initial denaturation at 94°C for
1 min, (2) denaturation at 98°C for 3 s, (3) annealing
at 50°C for 30 s, (4) an extension at 74°C for 35 s,
(5) steps 2—4 repeated for 35 cycles, (6) a final exten-
sion at 74°C for 2 min, and (7) elongation at 45°C

i

Figure-1: Map of Suan Sa-On non-hunting area (Courtesy of Geo-Informatics Center for Thailand). The six sampling sites
of bantengs samples are shown as red asterisks. Note that the area is surrounded by local agricultural communities and

the Pao River.

Table-1: Primers used for the identification ESBL genes.

Genes Primers Sequences (5’ > 3') Amplicon sizes (bp)
Escherichia coli malB ECO-1 GACCTCGGTTTAGTTCACAGA 585
ECO-2 CACACGCTGACGCTGACCA
blaTEM MultiTSO-T_for CATTTCCGTGTCGCCCTTATTC 800
MultiTSO-T_rev CGTTCATCCATAGTTGCCTGAC

blaSHV MultiTSO-S_for AGCCGCTTGAGCAAATTAAAC 713
MultiTSO-S_rev ATCCCGCAGATAAATCACCAC

blaOXA MultiTSO-0_for GGCACCAGATTCAACTTTCAAG 564
MultiTSO-O_rev GACCCCAAGTTTCCTGTAAGTG

blaCTX-M-1 CTXmGri_F AAA AAT CAC TgC gCC AgT TC 415
CTXmGrl1_R AgC TTA TTC ATC gCC ACg TT

blaCTX-M-2 CTXmGr2_F CgA CgC TACCCC TgC TAT T 552
CTXmGr2_R CCA gCg TCA gAT TTT TCA gg

blaCTX-M-9 CTXmGro_F CAA AgA gAg TgC AAC ggA Tg 205
CTXmGr9_R ATT ggA AAg CgT TCA TCA CC

blaCTX-M-8/25 CTXmGr8/25_for AAC RCR CAG ACG CTC TAC 326
CTXmGr8/25_rev TCG AGC CGG AAS GTGTYT T

Sequencing primers SeqCTX-M-1-for GACTATTCATGTTGTTGTTATTTC 923
SeqCTX-M-1-rev TTACAAACCGTTGGTGACG

Sequencing primers SeqCTX-M-9-for ATGGTGACAAAGAGAGTGCAACGG 876

SeqCTX-M-9-rev

TCACAGCCCTTCGGCGATGATTCT

ESBL=Extended-spectrum beta-lactamase, CTX=Cefotaxime
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for 2 s. Polymerase chain reaction products were visu-
alized using 1.5% agar rose gel electrophoresis in a
1x Tris-acetate-EDTA (TAE) buffer, compared to a
100 base pairs (bp) DNA ladder (VC 100 bp DNA
ladder, Vivantis, Malaysia) and positive controls.
Samples displaying a band of 585 bp were considered
positive.
Bacterial culture and ID of cefotaxime (CTX)-resistant
E. coli

To identify CTX-resistant E. coli, each sample
was cultured on a Petri dish containing MacConkey
agar (Himedia) supplemented with 2 ug/mL of CTX.
The samples were then incubated at 37°C for 24 h.
Only the E. coli-like colonies were selected for fur-
ther confirmation, while the rest were preserved in
tryptone soya broth with 10% glycerol at —20°C. The
TSI [18] and MIL [19] tests were conducted, and
samples positive for both tests were considered CTX-
resistant E. coli.
Identification of ESBL-producing CTX-resistant E. coli
using the double-disk synergy test

The samples categorized as CTX-resistant
E. coli were cultured in individual Petri dishes con-
taining nutrient agar (Himedia). Three growth colo-
nies were selected from each sample (three isolates
per sample) and individually diluted in 0.85% NaCl
to achieve a turbidity equivalent to 0.5 McFarland
standard. A sterile cotton swab was immersed in the
solution and then spread on Mueller-Hinton agar
(MHA; Himedia). On an MHA Petri dish, an amox-
icillin/clavulanate (20/10 ng/disk, respectively) disk
(Oxoid, UK) and a CTX (30 pg/disk) disk (Oxoid)
were placed at the center with a distance of 2.5 cm
between them. Incubation was conducted at 37°C
for 1624 h, and the increase in the inhibition zone
between both disks was considered an indicator of
ESBL production [20].

Disk diffusion test to determine resistant patterns

A drug susceptibility test was conducted for
samples confirmed to be ESBL-producing. Each
sample was cultured on nutrient agar (Himedia)
and incubated at 37°C for 24 h. A colony was
selected and diluted in 0.85% NaCl to achieve a
turbidity equivalent to 0.5 McFarland standard.
A sterile cotton swab was immersed in the solution
and spread on a dish containing MHA (Himedia).
Disks containing the following antibiotics were
used for the drug susceptibility test: meropenem
(MER) (10 pg), gentamicin (GEN; 10 ug), tetracy-
cline (TET; 30 ug), ciprofloxacin (CIP; 5 ng), nali-
dixic acid (NAL; 30 ug), chloramphenicol (CHL;
30 ug), and sulfamethoxazole/trimethoprim (SXT;
23.75/1.25 ng). These antibiotics were selected
from drugs commonly used in the area. To deter-
mine resistant patterns, the results were interpreted
following the zone diameter interpretive crite-
ria recommended by the Clinical and Laboratory
Standards Institute [21].

Identification of ESBL gene groups using the PCR
technique

DNA extraction was conducted on the isolates
identified as ESBL-producing and CTX-resistant,
which served as DNA templates for subsequent PCR
procedures. Extended-spectrum beta-lactamase genes
were identified using the multiplex PCR technique. To
identify CTX-M genes for each isolate, a PCR reac-
tion mixture of 13 uL was prepared, which contained
the following: 6.25 uL of 2X ViRed Taq Mastermix®
(Vivantis); 0.05 puL of the CTXmGr1_F, CTXGrl R,
CTXmGr2 _F, CTXmGr2 R, CTXmGr9 _F,
CTXmGr9 R, CTXmGr8 F, CTXmGr25 F, and
CTXmGr8/25 R primers (Table-1); 1.0 uL. of DNA
templates; and 5.30 puL of nuclease-free water. The
PCR (Proflex®, Applied Biosystem, Bangkok) pro-
tocol followed these steps: (1) Initial denaturation
at 94°C for 2 min, (2) denaturation at 98°C for 10 s,
(3) annealing at 55°C for 30 s, (4) an extension at
72°C for 30 s, (5) steps 2—4 repeated for 25 cycles, and
(6) a final extension at 72°C for 7 min. The PCR prod-
ucts were visualized using 1.5% of agar rose gel elec-
trophoresis in a 1x TAE buffer. Extended-spectrum
beta-lactamase gene groups were identified based on
the sizes of PCR products relative to a 100 bp DNA
ladder (VC 100 bp DNA ladder®, Vivantis) and posi-
tive controls of different groups.

To identify the TEM, SHV, and OXA gene
groups for each isolate, a PCR solution of 10 uL was
prepared. This solution contained 10 uL of 2X ViRed
Taq Mastermix (Vivantis); 0.05 of the MultiTSO-T
for, MultiTSO-T_rev, MultiTSO-S_for, MultiTSO-S_
rev, MultiTSO-O-for, and MultiTSO-O_rev primers
(Table-1); 1.0 uL. of DNA templates; and 3.7 uL of
nuclease-free water. The same protocol used to con-
duct the PCR reactions and determine amplicon sizes
was followed to identify the CTX-M genes.

Identification of ESBL genes using DNA sequencing
To identify ESBL genes, sample preparation
for DNA sequencing was conducted for each isolate
using 10 uL of 2X ViRed Taq Mastermix (Vivantis);
0.05 uL of the SeqCTX-M-1_for, SeqCTX-M-1_rev,
SeqCTX-M-9 for, and SeqCTX-M-9 rev primers
(Table-1); 2.0 uL of DNA templates; and 7.90 uL of
nuclease-free water. The same amplification protocol
employed to identify ESBL gene groups using the PCR
technique was followed. For quality control, 2.0 pL
of PCR products were subjected to 2% agar rose gel
electrophoresis (i.e., validation of E. coli based on
amplicon sizes and confirmation of DNA materials).
The PCR product from each isolate that showed a
well-defined electrophoretic band with an appropri-
ate size was selected to represent each resistant pat-
tern. These PCR products were submitted for DNA
sequencing (Solgent Co. Ltd., South Korea) and were
examined for ESBL genes using the basic local align-
ment search tool [22] available on the National Center
for Biotechnology Information website (https://blast.
ncbi.nlm.nih.gov/Blast.cgi).
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Results

Identification of E. coli

Based on the TSI and MIL tests, as well as the PCR
analyses, all 135 isolates from the 45 banteng samples
and 45 isolates from the 15 domestic cattle samples
were confirmed as E. coli (Supplementary data).

Bacterial culture and ID of CTX-resistant and ESBL-
producing E. coli

Among the 45 banteng samples, 15 were iden-
tified as CTX-resistant E. coli, accounting for 33.3%
of the total banteng samples (Table-2). These samples
were labeled with the following IDs: BJ10, BJ12,
BJ13, BJ17, BJ18, BJ23, BJ24, BJ26, BI28, BJ31,
BJ33, BJ34, BJ35, BJ42, and BJ44 (Supplementary
data). Conversely, only one (ID: DCO1) out of the 15
domestic cattle samples was CTX-resistant, represent-
ing 6.7% (Supplementary data).

The double-disk synergy test confirmed ESBL
production in all 15 CTX-resistant banteng samples.
Similarly, the only CTX-resistant sample among the
domestic cattle was confirmed to be ESBL-producing.
These results accounted for 33.3% and 6.7% of the
total banteng and domestic cattle samples, respec-
tively (Table-2).

Disk diffusion test to determine resistant patterns

The 15 banteng samples deemed CTX-resistant
and ESBL-producing exhibited the following resistant
patterns (Table-3): CTX-TET-SXT-NAL-CHL-GEN
(ID: BJ10), CTX-TET-SXT-NAL-CHL-CIP (IDs:
BJ23 and BJ26), CTX-TET-SXT-NAL-CHL (ID:
BJ28), CTX-TET-CHL-GEN (ID: BJ13), CTX-TET-
CHL (ID: BJ31), CTX-TET-MER (ID: BJ35), CTX-
SXT-GEN (ID: BJ33), CTX-TET (IDs: BJ24, BJ42,
and BJ44), and CTX (IDs: BJ12, BJ17, BJ18, and
BJ34). However, the three isolates from the CTX-
resistant and ESBL-producing domestic cattle sam-
ples showed different resistant patterns (Table-3):
CTX-TET-NAL-CHL (DCO013), CTX-SXT-MER-
NAL (DC012), and CTX-TET (DCO11).

Identification of ESBL gene groups using the PCR
technique

Forty-five banteng isolates were obtained from
the 15 CTX-resistant and ESBL-producing samples.
Among these isolates, 84.5% (38) belonged to the
CTX-M1 group, while 11.1% (5) and 4.4% (2) were
categorized under the CTX-M9 and SHV groups. All
three isolates (100%) obtained from one domestic cat-
tle sample were classified under the CTX-M1 group
(Supplementary data).

Identification of ESBL genes using DNA sequencing
Thirty-two banteng isolates and three domestic
cattle isolates were selected for sequencing based on
their well-defined electrophoretic bands with appro-
priate sizes. Cefotaxime-M15 was detected in 20 ban-
teng isolates and one domestic cattle isolate, while
CTX-M55 was observed in six banteng isolates and
one domestic cattle isolate. Furthermore, CTX-M14
was observed in five banteng isolates, and CTX-M79

Table-2: Percentages of samples that were deemed as
CTX-resistant Escherichia coli.

Animals Number Percentage Percentage of
of of CTX ESBL-producing
samples resistance samples
Bantengs 45 33.3 (15/45) 33.3 (15/45)
Domestic cattle 15 6.7 (1/15) 6.7 (1/15)

ESBL=Extended-spectrum beta-lactamase,
CTX=Cefotaxime

Table-3: Resistant patterns revealed from the disk
diffusion test of the CTX-resistant ESBL-producing
Escherichia coli.

Resistant pattern Sample IDs
CTX-TET-SXT-NAL-CHL-GEN BJ10
CTX-TET-SXT-NAL-CHL-CIP BJ23, B126
CTX-TET-SXT-NAL-CHL B128
CTX-TET-CHL-GEN BJ13
CTX-TET-CHL BJ31
CTX-TET-MER BJ35
CTX-SXT-GEN BJ33

CTX-TET BJ24, Bl42, BJ44, DCO11
CTX BJ12, BJ17, BJ18, BI34
CTX-TET-NAL-CHL DC013
CTX-SXT-MER-NAL DC012

BJ=Banteng samples, DC=Domestic cattle samples,
ESBL=Extended-spectrum beta-lactamase,
CTX=Cefotaxime, GEN=Gentamicin, TET=Tetracycline,
CIP=Ciprofloxacin, NAL=Nalidixic acid,
CHL=Chloramphenicol, SXT=Sulfamethoxazole/
trimethoprim, MER=Meropenem

was observed in one banteng and one domestic cattle
isolate (Supplementary data).

Discussion

To the best of our knowledge, this study is the
first to identify ESBL-producing E. coli among the
wild banteng population of Thailand. This popu-
lation has never been treated with antibiotics, sug-
gesting the potential sharing of ARMs between
bantengs and domestic cattle. The existence of these
organisms in other wild species has been reported
worldwide [7, 23, 24]. The first publication discuss-
ing the spread of cephalosporin-resistant bacteria
in wild animals (e.g., wild boars, Sus scrofa) was
published in 2004 [25]. Subsequently, the number
of related studies steadily increased, with a notable
acceleration between 2016 and 2020, during which
approximately 60% of these studies were published
[23]. The CTX-M1 group identified in this study
exhibited the highest prevalence among free-rang-
ing bantengs, consistent with previous studies by
Homeier-Bachmann et al. [24], Torres et al. [26],
Formenti et al. [27], Sasaki et al. [28] and Niumsup et
al. [29] on other wild ungulates and healthy individu-
als in rural Thailand regions. The prevalence of CTX-
M1 and CTX-M9 observed in this study is consistent
with the findings reported in other studies involving
domesticated animals [30, 31] and humans [28, 29]
in South-east Asia. In addition, most ESBL genes
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identified through DNA sequencing were shared
between the bantengs and domestic cattle. Only one
gene (i.e., CTX-M14) observed in the bantengs was
absent in domestic cattle. This consistency across
studies and the shared genes between these animal
groups highlight the potential for ARG transmission
among humans, wildlife, and domestic animals.
However, regarding the number of gene counts,
the banteng samples exhibited more ESBL genes than
the domestic cattle samples. Homeier-Bachmann
et al. [24] reported a contrary finding, with fewer
ESBL genes observed in wild animals than in domes-
tic species. The dissimilarity in our study is likely due
to the differing sample sizes between the wild ban-
teng (45 samples) and domestic cattle (15 samples)
populations, as a smaller sample size limits the detec-
tion of less common ESBLs. However, regardless
of sample size, our results suggest that the bantengs
did not solely acquire ESBL genes from the domes-
tic cattle. Instead, they suggest the existence of other
ESBL sources [32]. The relationships between various
factors and the prevalence of ESBLs in wildlife have
been reported in various studies. These factors include
high cattle densities [33], the presence of wastewater
treatment plants [34], and the existence of scavenger
species [35]. Potentially, the bantengs in our study
might act as reservoirs hosting ARMs from multiple
origins, implying that the ARMs in the population
were not solely introduced by the domestic cattle. The
results are concerning because this banteng popula-
tion inhabits an area that serves as an important source
of freshwater, nourishing the entire north-east region
of Thailand and other South-east Asian countries,
including Laos, Cambodia, and Southern Vietnam.

Conclusion

The presence of ARMs in the wild banteng popu-
lation poses a threat to public health and wildlife con-
servation. The results of our study highlight the need
for further studies to identify contamination sources
and establish surveillance programs for monitoring
ARM in wild animal populations.
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corresponding author on a reasonable request.

Authors’ Contributions

AK, NR, TPh, TPu, PM, and NS: Performed
animal tracking by foot to collect samples. MY, TPh,
PM, and NS: Conducted laboratory work. MY, AK,
and TPu: Conceptualized the study and data analysis.
TPu: Acquired funding and finalized the manuscript.
All authors have read, reviewed, and approved the
manuscript.

Acknowledgments

This research project was financially sup-
ported by Mahasarakham University, Thailand
(grant number 6508022/2565).

Competing Interests

The authors declare that they have no competing
interests.

Publisher’s Note

Veterinary World remains neutral with regard
to jurisdictional claims in published map and institu-
tional affiliation.

References

1. Leridon, H. (2020) World population: towards an explosion
or an implosion? Popul. Soc., 573(1): 1-4.

2. Bradley, CA. and Altizer, S. (2007) Urbanization and the ecol-
ogy of wildlife diseases. Trends Ecol. Evol., 22(2): 95-102.

3. Lee, S., Fan, P, Liu, T., Yang, A., Boughton, R.K.,
Pepin, K.M., Miller, R.S. and Jeong, K.C. (2022)
Transmission of antibiotic resistance at the wildlife-live-
stock interface. Commun. Biol., 5(1): 1-12.

4. Jadeja, N.B. and Worrich, A. (2022) From gut to mud:
Dissemination of antimicrobial resistance between ani-
mal and agricultural niches. Environ. Microbiol., 24(8):
3290-3306.

5. Ayukekbong, J.A., Ntemgwa, M. and Atabe, A.N. (2017)
The threat of antimicrobial resistance in developing coun-
tries: Causes and control strategies. Antimicrob. Resist.
Infect. Control, 6(1): 47.

6. Mekonnen, B.D., Ayalew, M.Z. and Tegegn, A.A. (2021)
Rational drug use evaluation based on world health orga-
nization core drug use indicators in Ethiopia: A systematic
review. Drug Healthc. Patient Saf., 13(1): 159-170.

7. Yossapol, M., Yamamoto, M., Sugiyama, M., Odoi, J.O.,
Omatsu, T., Mizutani, T., Ohya, K. and Asai, T. (2021)
Association  between the  blaCTX-M-14-harboring
Escherichia coli isolated from weasels and domestic animals
reared on a University Campus. Antibiotics, 10(4): 432.

8. Tenover, F.C. (2006) Mechanisms of antimicrobial resis-
tance in bacteria. Am. J. Med., 119(6): S3—S10.

9. Wilke, M.S., Lovering, A.L. and Strynadka, N.C. (2005)
B-Lactam antibiotic resistance: A current structural perspec-
tive. Curr. Opin. Microbiol., 8(5): 525-533.

10.  Gniadkowski, M. (2008) Evolution of extended-spec-
trum B-lactamases by mutation. Clin. Microbiol. Infect.,
14(Suppl 1): 11-32.

11.  Von Wintersdorff, C.J.H., Penders, J., van Niekerk, J.M.,
Mills, N.D., Majumder, S., van Alphen, L.B., Savelkoul, PH.M.
and Wolffs, P.F.G. (2016) Dissemination of antimicrobial
resistance in microbial ecosystems through horizontal gene
transfer. Front. Microbiol., 7(1):173.

12.  Paton, A.W., Ratcliff, R.M., Doyle, R.M., Seymour-Murray, J.,
Davos, D., Lanser, J.A. and Paton, J.C. (1996) Molecular
microbiological investigation of an outbreak of hemolyt-
ic-uremic syndrome caused by dry fermented sausage con-
taminated with Shiga-like toxin-producing Escherichia coli.
J. Clin. Microbiol., 34(7): 1622-1627.

13. Rupp, M.E. and Fey, P.D. (2003) Extended-spectrum [3-lact-
amase (ESBL)-producing enterobacteriaceae. Drugs, 63(4):
353-365.

14.  Bradford, P.A. (2001) Extended-spectrum P-lactamases in
the 21% century: Characterization, epidemiology, and detec-
tion of this important resistance threat. Clin. Microbiol.
Rev., 14(4): 933-951.

15. Jang, J., Hur, H.G., Sadowsky, M.J., Byappanahalli, M.N.,
Yan, T. and Ishii, S. (2017) Environmental Escherichia coli:
Ecology and public health implications-a review. J. Appl.
Microbiol., 123(3): 570-581.

16. Timmins, R., Duckworth, J., Hedges, S., Steinmetz, R. and
Pattanavibool, A. (2019) Bos javanicus. IUCN Red List
Threatened Species. 2008: e. T2888A9490684. Available
from: https://www.iucnredlist.org/species/2888/46362970.

Veterinary World, EISSN: 2231-0916

1801



Available at www.veterinaryworld.org/Vol.16/September-2023/4.pdf

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Retrieved on 15- 03-2023.

Department of National Parks, Wildlife and Plant

AmpC-producing  Escherichia coli in wild boar:
Epidemiology and risk factors. Animals, 11(7): 1855.

Conservation of Thailand (2019) Suan Sa-On Kalasin. 28.  Sasaki, T., Hirai, I., Niki, M., Nakamura, T., Komalamisra, C.,
Available from: https://portal.dnp.go.th/Content/ Maipanich, W., Kusolsuk, T., Sa-Nguankiat, S., Pubampen, S.
WildlifeConserve?contentld=24497. Retrieved on and Yamamoto, Y. (2010) High prevalence of CTX-M
15-03-2023. beta-lactamase-producing Enterobacteriaceae in stool
Hajna, A. (1945) Triple-sugar iron agar medium for the iden- specimens obtained from healthy individuals in Thailand. J.
tification of the intestinal group of bacteria. J. Bacteriol., Antimicrob. Chemother., 65(4): 666—-668.
49(5): 516-517. 29.  Niumsup, P., Tansawai, U., Na-Udom, A., Jantapalaboon, D.,
Reller, L.B. and Mirrett, S. (1975) Motility-indole-lysine Assawatheptawee, K., Kiddee, A., Romgaew, T.
medium for presumptive identification of enteric pathogens Lamlertthon, S. and Walsh, T. (2018) Prevalence and risk
of Enterobacteriaceae. J.. Clin. Miqrqbiol., 2(3): 247—252. factors for intestinal carriage of CTX-M-type ESBLs in
Luzzarp, E, Mant.engoll, E;’ Perilli, M., Lombar.dl, G., Enterobacteriaceae from a Thai community. Eur. J. Clin.
Orlandl,_ V., Orsatti, A., Amlc_osante, G., Rossphnl, G.M. Microbiol. Infect. Dis., 37(1): 69-75.
and T0n¥010, A. (2001) Dynamics of a nosocqmlal outbreak 30. Lay, K.K. Jeamsripong, S., Sunn, K.P, Angkititrakul, S.,
Qf multidrug-resistant Pseudomonas aeruginosa produp- Prathan, R., Srisanga, S. and Chuanchuen, R. (2021)
ing the PER-1 extended-spectrum B-lactamase. J. Clin. Colistin resistance and ESBL production in Salmonella
Mz'cr‘obzol., 39(5): 1865-1870. . and Escherichia coli from Pigs and Pork in the Thailand,
Clinical and Laboratory Stanfiar'ds .lnstltute. (.291.4) Cambodia, Lao PDR, and Myanmar border area. Antibiotics,
Performance Standards for Antimicrobial Susceptibility 10(6): 657.
Testing Twenty-fourth Informatiqnal Supp l.ement‘ Clinical 31.  Seenama, C., Thamlikitkul, V. and Ratthawongjirakul, P.
and Laboratory Standards Institute, Philadelphia, PA, . .
p50-60. (2919) Multilocus sequence typing and blaESBL charfic—
Altschul, S.F., Gish, W., Miller, W., Myers, E.W. and terlzatlgn 0 f eX.ténded-sp ectrum beta-lactamase-p rod}lcn?g
Lipman, D.J. (1990) Basic local alignment search tool. J. Escherichia golz isolated from healthy humans and swine in

p g .
Mol. Biol., 215(3): 403—410. Noﬁhem Thailand. Infect. Drug. Resist., 12: 2201-2214.
Palmeira, J.D., Cunha, M.V., Carvalho, J., Ferreira, H., 32.  Swift, B.M., Bennett, M., Waller, K., Dodd, C., Murray, A.,
Fonseca, C. and Torres, R.T. (2021) Emergence and spread Gorpes, RL., Humphrey s, B., Hobman, J.L., Jones, M'A,"
of cephalosporinases in wildlife: A review. Animals, 11(6): Wh}ﬂOCk’ S.E. apd MltCheH} I_“'J : (_2019)_Anthrop0ge_n1c
1765. environmental drivers of antimicrobial resistance in wild-
Homeier-Bachmann, T., Schiitz, A.K., Dreyer, S., Glanz, J., llf_e' Sci. Total Environ., 649(12): 12-20. ]
Schaufler, K. and Conraths, F.J. (2022) Genomic analysis 33. Ginther, T., Kramer-Schadt, S., Fuhrmann, M. and Belik, V.
of ESBL-producing E. coli in wildlife from North-Eastern (2022) Environmental factors assoc1ateq W}th the preva-
Germany. Antibiotics, 11(2): 123. lence of ESBL/AmpC-producing Escherichia coli in wild
Aarestrup, F.M., Hasman, H., Olsen, I. and Serensen, G. boar (Sus scrofa). Front. Vet.‘Sci., 9): 980554.
(2004) International spread of blaCMY-2-mediated cepha- 34.  Worsley-Tonks, K.E., Miller, E.A., Anchor, CL.,
losporin resistance in a multiresistant Sa/monella enterica Bender, J.B., Gehrt, S.D., McKenzie, S.C., Singer, R.S,,
serovar Heidelberg isolate stemming from the importation Johnson, T.J. and Craft, M.E. (2021) Importance of anthro-
of a boar by Denmark from Canada. Antimicrob. Agents pogenic sources at shaping the antimicrobial resistance
Chemother., 48(5): 1916-1917. profile of a Peri-urban Mesocarnivore. Sci. Total Environ.,
Torres, R.T., Cunha, M.V., Araujo, D., Ferreira, H., 764(24): 144166.
Fonseca, C. and Palmeira, J.D. (2022) A walk on the wild side: 35. Hickman, R.A., Agarwal, V., Sjéstrom, K., Emanuelson, U.,
Wild ungulates as potential reservoirs of multidrug-resistant Fall, N., Sternberg-Lewerin, S. and Jarhult, J.D. (2022)
bacteria and genes, including Escherichia coli harbouring Dissemination of resistant Escherichia coli among wild
CTX-M beta-lactamases. Environ. Pollut., 306: 119367. birds, rodents, flies, and calves on dairy farms. Front.
Formenti, N., Calo, S. and Parisio, G. (2021) ESBL/ Microbiol., 13:974.

fskoskoskskoskocksk

Veterinary World, EISSN: 2231-0916

1802



