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This study aims to detect Escherichia coli which encodes beta-lactamase Cefotaxime
(blaCTX-M) gene from the reproductive tract of Bali cattle with repeat breeder cases. This
research was conducted from June to August 2021 using 16 Bali cattle with repeat breeder
cases. The reproductive fluids were taken using a plastic sheet gun which was inserted into a
Brain Heart Infusion medium, isolated in eosin-methylene blue agar (EMB) and identified using
biochemical tests. Antibiotic susceptibility testing of E. coli was carried out using the disc
diffusion method. Double-disk approximation test was used to screen the presence of E. coli
which produces Extended-spectrum beta-lactamase. The polymerase chain reaction (PCR)
method was used to detect the blaCTX-M gene of E. coli and sequences of the blaCTX-M gene
were phylogenetically analyzed. The research results obtained three E. coli isolates from 16
reproductive tract fluids of Bali cattle. Antibiotic sensitivity tests showed that 100% of E. coli
was resistant to penicillin G and oxytetracycline. 66.66% of E. coli was resistant to cefotaxime
(CTX) and gentamicin, and 33.33% of E. coli was resistant to tetracycline. Escherichia coli
isolates that were resistant to penicillin and CTX showed positive results in the double-disk
approximation test. The results of E. coli detection using PCR showed that three E. coli isolates
encoded the blaCTX-M gene located at 370 bp on gel electrophoresis. The results of the
phylogenetic analysis showed that E. coli from the reproductive tract of Bali cattle was related to
E. coli that encoded blaCTX-M-14 isolated from humans.

© 2024 Urmia University. All rights reserved.

Introduction

The incidence of cases of reproductive disorders such
as the repeat breeder case cannot be separated from the
use of antibiotics. Uncontrolled antibiotic treatment causes

West Nusa Tenggara province, which consists of the
islands of Lombok and Sumbawa, is one of the provinces
that is rich in people's livestock and supplies national beef
cattle. Data from the West Nusa Tenggara province Central
Statistics Agency until 2019 stated that the total cattle
population in West Nusa Tenggara was 1, 234, 357 heads.!
West Nusa Tenggara province is a national meat supplier
with a 1000-cow village program.? Problems that are often
found on people's farms in West Nusa Tenggara province,
especially Lombok island, are cases of reproductive
disorders that are treated using antibiotics. Previous
research data on repeat breeders shows that the incidence
rate of repeat breeder cases in Bali cattle in the Pringsewu
Regency, Indonesia was 19. 85%.3
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the bacteria in the reproductive tract to become resistant
to the antibiotics used. The beta-lactam class of antibiotics
is one of the antibiotics that is often used in animal
husbandry and has given rise to resistance genes.*5 The
use of beta-lactam antibiotics has given rise to bacteria
that can code for resistance genes that have been found in
animals and humans. One of the resistance genes widely
studied by world researchers is the cefotaxime-munich
(CTX-M). Extended-Spectrum beta-Lactamase (ESBL) gene
found in Escherichia coli produceESBL other than the
Temoneira (TEM) gene.

Extended spectrum beta-lactamase is an enzyme
produced by E. coli bacteria and has increased activity in
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hydrolyzing beta-lactam antibiotics, especially oxyimino-
cephalosporins.® Enterobacteriaceae including E. coli
producing ESBLs type CTX-M have been found in people
living in rural areas in Thailand with a prevalence of
65.70% from 417 fecal samples.” Escherichia coli which
can carry two ESBL genes with the CTX-M type has also
been found in cattle on farms in Florida.® The genes
encoding CTX-M-1 and CTX-M-9 in E. coli have been
successfully isolated in 8.60% of 220 cattle feces samples
at slaughterhouses in Bogor.? Escherichia coli encoding the
CTX-M gene has also been found in cattle feces and the
environment in Peninsular Malaysia.l® Meanwhile, on
Lombok island, there were only reports of E. coli which
was resistant to beta-lactam antibiotics isolated from the
feces of Bali cattle with reproductive disorders. Previous
research reported that E. coli could be isolated from Bali
cattle that were repeat breeders.!! Previous research data
showed that isolated E. coli which was resistant to beta-
lactam antibiotics such as penicillin G, cefotaxime (CTX)
and oxytetracycline from the feces of Bali cattle on
community farms on Lombok island.12

Research data states that there are many cases of
repeat breeders in Bali cattle on Lombok island, if they are
kept by people's farms who are not aware of the dangers
of using antibiotics. This have the potential for cases of
antimicrobial resistance (AMR) to arise. One of the factors
causing the increase in cases of AMR is the lack of
awareness and understanding of the people of West Nusa
Tenggara regarding the dangers of AMR. Surveillance on
how AMR occurs on people's livestock in West Nusa
Tenggara is urgently needed to raise awareness among
farmers about the dangers of resistant microbes. The lack
of surveillance of resistance development is one of the key
causes of the increase in cases of AMR.13

Cases of repeat breeders in Bali cattle on Lombok
island, if treated with poorly controlled antibiotics, are
very likely to cause the emergence of E. coli encoding the
beta-lactamase Cefotaxime (blaCTX-M) gene. Escherichia
coli which codes for the blaCTX-M gene can be released
from the reproductive tract fluids of Bali cattle so that it
can spread to animals, humans and the environment
which can potentially increase cases of antimicrobial
resistance. Results of previous research stated that E. coli
produceing ESBL had the potential to increase cases of
AMR in animals and humans because the gene encoding
AMR can be spread horizontally to other bacteria in their
microenvironment.!4 Therefore, research on molecular-
based detection of the presence of E. coli which codes for
the blaCTX-M gene in Bali cattle that are repeat breeders
on Lombok island is very important to anticipate the
spread of this bacteria.

This study aims to detect E. coli which encodes the
blaCTX-M gene from the reproductive tract of Bali cattle
with repeat breeder cases which had implications for
increasing cases of AMR, considering that AMR caused

deaths around 700,000 people, and by 2050 this
number is expected to increase to around 10 million
deaths each year.15

Materials and Methods

Study design. This research was a cross-sectional
descriptive study carried out from June to August 2021 on
people's farms located on Lombok island, West Nusa
Tenggara Province with sample testing carried out at the
Health Testing and Calibration Laboratory of West Nusa
Tenggara province accredited by the National
Accreditation Committee. This research used 16 Bali cattle
whose reproductive fluid samples were taken from 30
animals suffering from repeat breeder cases. The criteria
for Bali cattle suffering from breeder cases were female
Bali cattle with normal heat cycles and periods that mated
two or more times with fertile males or inseminated with
the semen of fertile males but were not pregnant.16

Isolation and identification of E. Coli. The fluid
collection was carried out by veterinarians from the
Faculty of Veterinary Medicine, Universitas Pendidikan
Mandalika who have professional qualifications. The
reproductive fluids of Bali cattle with repeat breeder cases
were collected using a sterile artificial insemination gun
coated with a plastic sheet which was inserted into the
reproductive tract of Bali cattle.l” The tip of the plastic
sheet was cut 2.00 - 3.00 cm and immediately placed in the
Brain Heart Infusion (Merck, Darmstadt, Germany) broth
and immediately taken to the Health Testing and
Calibration Laboratory of West Nusa Tenggara province
and incubated for 24 hours at 37.00 °C. The samples were
then planted in Eosin Methylene Blue (EMB; Merck) media
and incubated for 24 hr at 37.00 °C to grow E. coli. The E.
coli that grew were then identified by Gram staining and
biochemical tests. The biochemical tests included sulfide
indole motility, fermentation of lactose, glucose, fructose
and mannitol performed using basic laboratory
procedures in clinical bacteriology.18

Antibiotic sensitivity test. The identified E. coli was
then tested for sensitivity to antibiotics to determine its
resistance to antibiotics using disk diffusion (Oxoid,
Basingstoke, UK) on Mueller Hinton Agar using the Kirby-
Bauer method. The colonies of E. coli from EMB media
were put into a tube containing 0.90% NaCl and
homogenized until they reached the McFarland standard
of 0.50. Escherichia coli suspension and the standard of
0.50. Then, was swabbed on Mueller Hinton Agar (Oxoid)
planted with several antibiotics. Antibiotics planted on
Mueller Hinton Agar (Oxoid) included penicillin G 10.00 U
(Oxoid), oxytetracycline 30.00 pg (Oxoid), gentamicin
10.00 pg (Oxoid), tetra-cycline 30.00 pg (Oxoid) and CTX
30.00 pg (Oxoid), and then incubated for 24 hr at 37.00 °C.
Sensitivity to antibiotics was carried out by measuring the
diameter of the inhibition zone formed. Penicillin and CTX
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antibiotics were used in this study because these
antibiotics are beta-lactam antibiotics. Cefotaxime is a
third-generation cephalosporin antibiotic that is used as
an indication of the presence of ESBL-producing bacteria.
The antibiotic oxytetracycline was used in this research
because it has been used in the treatment of large animals
in either short-acting or long-acting form, while
tetracycline was used in this research as a comparison to
oxytetracycline because tetracycline is usually used in
humans. Gentamicin was used in this study because
gentamicin has been used for reproductive disorders such
as metritis in combination with prostaglandin F2 alpha.1®
The screening test for the presence of ESBL uses a double-
disk approach test method. The antibiotics used in the
double-disk approximation test method included CTX
30.00 pg and amoxicillin-clavulanate (AMC) 30.00 pg. This
research used E. coli American Type Culture Collection
(ATCC) 25,922 as a negative control. Interpretation of the
results of the E. coli sensitivity test to antibiotics was
carried out by measuring the diameter of the inhibition
zone formed. The zone of inhibition formed was measured
using a caliper. Assessment of the sensitivity of E. coli to
antibiotics was categorized into sensitive, intermediate
and resistant based on the standards of the Clinical and
Laboratory Standards Institute.20

Detection of blaCTX-M gene. Molecular detection of
the blaCTX-M gene in Escherichia coli was preceded by
extraction of E. coli DNA using the QIAprep® Spin
Miniprep Kit procedure (Qiagen, Hilden, Germany). The
purity and DNA concentration was estimated using a
spectrophotometer. Molecular detection of the blaCTX-M
gene from E. coli was carried out using a polymerase chain
reaction (PCR) assay by a specific primer. The specific
primer was designed based on NCBI reference sequence:
KX669628.1. The reagents for PCR were done with a total
volume of 51.00 pL consisting of 25.00 uL. PCR mix Dream
Taq HS (Thermo Fisher Scientific, Waltham, USA), 1.50 pL
primer, 20.00 pL. ddH20, and 3.00 pL extracted DNA of E.
coli as a template. The mixture was processed in the
Biorad i-cycler PCR machine (BioRad, Hercules, USA). The
specific primers were used in this study for blaCTX-M
genes forward (blaCTX-MF) 5' CTTTATGCGCAGACGAGTGC
-3' and blaCTX-M genes reverse (blaCTX-MR) 5' CGTATTG
CCTTTGAGCCACG -3' with an amplicon of 579 bp.2! The
PCR conditions used were as follows: Predenaturation
temperature at 95.00 °C for 3 min, denaturation at 94.00 °C
for 30 sec, annealing at 57.00 °Cfor 30 sec, and elongation
at 72.00 °Cfor 1 min and post- elongation at 72.00 °C for 5
min with 35 cycles. The PCR amplicon from the blaCTX-M

gene was electrophoresed on 2.00% agarose gel. The
results of electrophoresis were read using the BioRad Gel
Imager. This research used E. coli isolate type 25,922 of
ATCC as a negative control. Sequencing of PCR results was
carried out at Genetica Science Indonesia. The data
obtained from the research results were analyzed
descriptively in pictures including the results of
electrophoresis of the gene encoding blaCTX-M from E.coli
isolates. The phylogenetic tree analysis was carried out to
analyze the relationship of the gene encoding blaCTX-M of
E. coli isolates with various E. coli encoding blaCTX-M in
GenBank® using MEGA Software (version 10.0; Biodesign
Institute, Tempe, USA).

Results

The results of isolation of E. coli on EMB Agar ) medium
obtained three (18.75%) of 16 reproductive tract fluid
samples of Bali cattle. The results of the research on the
sensitivity test to antibiotics on three isolated E. coli
showed that 100% of E. coli was resistant to penicillin G
and oxytetracycline. 66.66 % of E. coli was resistant to CTX
and gentamicin, and 33.33 % of E. coli was resistant to
tetracycline. This research also found that 66.66% of E. coli
were resistant to penicillin and CTX (Table 1). The results
of the screening test for the presence of ESBL in E. coli
which was resistant to penicillin and CTX using the
double-disk approach test method showed positive
results with the presence of an expansion of the CTX
disc diameter zone around the AMC disc (Fig. 1). The
results of 2.00% agarose electrophoresis from the CTX-
M gene PCR product of E. coli showed that for the
blaCTX-M gene, three samples were positive, namely
samples No. 1, 2, and 3 at position 370 bp in the agarose
electrophoresis band for each sample (Fig. 2). The
phylogenetic results of the three E. coli isolates that
were positive for the blaCTX-M gene in this study when
compared to the ESBL-producing E. coli in NCBI using
the Neighbor-Joining method showed that the E. coli
blaCTX-M gene from the Bali cattle reproductive tract
was located in one group (Fig. 3). Figure 3 shows that E.
coli CTX-M genes from the reproductive tract of Bali cattle
(CTX-M_R1, R2, and R5) are located in one group. The E.
coli group from the reproductive tract of Bali cattle (CTX-
M_R1, R2, and R5) was related to the E. coli producing
ESBL gene blaCTX-M which is used as a reference from
GenBank® data with code KX669628.1. The code
KX669628.1 is E. coli which encodes blaCTX-M-14. genes
originating from humans.

Table 1. The result of the antibiotics sensitivity test of isolated Escherichia coli, based on inhibition zone diameter (mm).

No. Cefotaxime Penicillin Oxytetracycline Gentamycin Tetracycline
1 12.00R 0.00R 0.00R 0.00R 12.001
2 40.00 S 0.00R 0.00R 18.00 S 16.00 S
3 10.00R 0.00R 0.00R 0.00R 0.00R

S: Susceptible, I: intermediate, and R: resistant.
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Fig. 1. Double-disk approximation synergy test on Escherichia
coli. A) E. coli, American type culture collection (ATCC®) 25,922,
and B) E. coli sample. AMC: Amoxicillin-clavulanate and CTX:
cefotaxime. Arrow shows the synergy.

Fig. 2. The 2.00% of agarose gel electrophoresis shows three
samples in No. (1-3) of E. coli encode beta-lactamase Cefotaxime
gene. Lane M is the DNA marker, the sample is in lanes 1-3, and
lane K is E. coli, American type culture collection (ATCC®) 25,922.
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Discussion

The results of the isolation of E. coli on EMB Agar
medium obtained 18.75% of 16 reproductive tract fluid
samples of Bali cattle. This research was consistent with
research conducted by Aminuddi et al. which found E.
coli in the reproductive tract of Bali cattle that were
repeat breeders. The incidence of E. coli in the
reproductive tract of Bali cattle that experienced repeat
breeders was almost the same as research which stated
that E. coli was detected in 25.00% of Bali cattle that
experienced repeat breeders.22

The results of the present research showed that E. coli
isolated from the reproductive tract of Bali cattle showed
resistance to penicillin G, oxytetracycline, CTX, gentamicin
and tetracycline, indicating that various antibiotics were
given to Bali cattle in repeat breeders whose management
had received little attention. Poorly controlled
administration of antibiotics will cause E. coli bacteria to
adapt and mutate, including the gene encoding ESBL found
on chromosomes and plasmids. The results of the present
study were in agreement with the statement that the AMR
profile of E. coli almost reflected the use of antimicrobials
in animals for food production.23

The results of the screening test in the present study
for the phenotypic test using double-disk diffusion showed
that the AMC disk diffused into the agar and inhibited
beta-lactamase around the CTX disk. Previous research
data stated that the expansion of the ceftazidime disk zone
around the AMC disk was interpreted as a positive result.24
The results of the double-disk diffusion test with a 5.00
mm increase in zone diameter for the antimicrobial agent
tested with clavulanic acid versus the zone when tested
alone can be suspected that E. coli produces ESBL.
Escherichia coli which was isolated from the reproductive
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Fig. 3. Phylogenetic analysis of the beta-lactamase Cefotaxime gene on E. coli samples with data from GenBank®. 1R-C CTXM, 2R-C CTXM,
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tract of Bali cattle in the present study produced ESBLs.
This event was caused by the adaptation of E. coli to the
administration of beta-lactam antibiotics used in treating
reproductive disorders. One of the bacterial efforts to
avoid the pressure of beta-lactam antibiotics is by
producing enzymes that can hydrolyze beta-lactam anti-
biotics known as ESBL. These results were consistent with
a previous research that found that beta-lactam antibiotics
were one of the antibiotics most frequently used in animal
husbandry and gave rise to resistance genes.

The PCR results of the CTX-M gene in E. coli isolated
from the reproductive tract of Bali cattle in this study was
located at position 370 bp in the agarose band which was
lower when compared to several studies. The results of
previous research found that blaCTX-M isolated from E.
coli from the urine of dairy cows with uterine infections in
India was at 580 bp.25 The results of other research also
found that the blaCTX-M gene of E. coli in cattle was
located at around 400 bp.10 These results showed that the
molecular size of the blaCTX-M gene of E. coli samples was
lower because there were variations in the position of the
blaCTX-M gene of E. coli on the agarose gel electrophoresis
in several research results because there were several
factors that influenced the electrophoresis results. These
factors included the size of the DNA molecule,
concentration of the agarose gel, DNA conformation,
voltage, presence of DNA dye and composition of the
electrophoresis buffer.

In the phylogenetic analysis of the blaCTX-M gene of
E. coli isolates from the reproductive tract of Bali cattle
that experienced repeat breeding, there was a
relationship with the code KX699628.1, which was E.
coli strain EC271 ESBL blaCTX-M-14 isolated from
humans. Escherichia coli encoding the blaCTX-M-14
gene in the reproductive tract of Bali cattle could come
from humans and the environment.

Escherichia coli contamination in the reproductive tract
of Bali cattle could occur through livestock keepers or staff
who did not pay attention to hygiene in treating
reproductive tract disorders such as postpartum
treatment, artificial insemination and other cases of
reproductive disorders. Previous research results stated
that the predisposing factors causing repeat breeders of
cattle were the result of bacterial infections when treating
cases of dystocia, retained placenta, uterine prolapse, and
ovarian disorders.2¢ Infection of the uterus can be caused
by environmental conditions during childbirth, however,
placental retention is the most important predisposition.2”
Previous research data stated that E. coli which coded for
the beta-lactamase gene could come from human feces and
urine because of the discovery of E. coli which coded for
the beta-lactamase Temoneira (blaTEM) gene from the
reproductive tract related to E. coli strain U-10 TEM.28

This research detected E. coli blaCTX-M from the
reproductive tract of Bali cattle with repeat breeder cases

on Lombok island that was related to the E. coli strain
EC271 blaCTX-M-14 isolated from humans. The data from
this research could be used as a basis for study and
prevention with a one-health approach in the spread of E.
coli encoding blaCTX-M which has the potential to increase
the incidence of AMR.
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