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Abstrak

Bakteri Escherichia coli yang resisten terhadap antibiotik golongan p-lactam dan dimungkin dapat
memproduksi Extended-spectrum p-lactamase (ESBLs) telah ditemukan dari saluran reproduksi sapi Bali.
Escherichia coli yang memproduksi ESBL akan menyebabkan timbulnya antimicrobial resistance (AMR) yang telah
menjadi masalah kesehatan global. Tujuan penilitian ini untuk mendeteksi secara fenotip adanya Escherichia coli
vang memproduksi ESBL dari saluran reproduksi Sapi Bali. Penelitian ini dilakukan pada Bulan Februari 2022 di
desa Lando Kecamatan Terara, Kabupaten Lombok Timur dengan menggunakan 8 ekor sapi Bali betina pada
peternakan rakyat. Sampel cairan reproduksi dikoleksi menggunakan plastic sheet gun yang dimasukkan pada media
Brain Infusion Heart (BHI) dan diinkubasi di Balai Laboratorium Kesehatan Masyarakat dan Kalibrasi Provinsi
Nusa Tenggara Barat. Sampel kemudian dikultur di media EMBA untuk isolasi Escherichia coli. Escherichia coli
yang diisolasi kemudian diidentifikasi dengan pewarnaan gram dan uji biokimia berdasarkan Bergey's manual of
determinative bacteriology. Escherichia coli yang teridentifikasi diuji skrining dengan metode difusi cakram
menggunakan antibiotik Penisilin G 10U, Ceftazidime 30 ng, dan Cefotaxime 30 pg yang dilanjutkan dengan uji
konfirmasi dengan metode double disk synergy test (DDST). Hasil uji skrining menunjukkan hanya 12,5%
Escherichia coli (1 dari 8 sampel) yang resisten terhadap Penisilin G, namun belum terdeteksi memproduksi ESBL
secara fenotipik.

Kata Kunci: Antibiotik, ESBLs, Escherichia coli, Fenotipik, Resistensi
Abstract

Escherichia coli bacteria that are resistant to f-lactam antibiotics and may be able to produce Extended-
spectrum S-lactamase (ESBLs) have been found in the reproductive tract of Bali cattle. Escherichia coli that produce
ESBL will cause antimicrobial resistance (AMR) which has become a global health problem. The purpose of this
study was to detect phenotypically the presence of Escherichia coli that produces ESBL from the reproductive tract
of Bali cattle. This research was conducted in February 2022 in Lando Village, Terara District, East Lombok Regency
using 8 female Bali cattle on smallholder farms. Reproductive fluid samples were collected using a plastic sheet gun
which was inserted into the Brain Infusion Heart (BHI) media and incubated at the Public Health and Calibration
Laboratory of West Nusa Tenggara Province. The samples were then cultured in EMBA media for the isolation of
Escherichia coli. The isolated Escherichia coli were then identified by gram staining and biochemical tests based on
Bergey's manual of determinative bacteriology. The identified Escherichia coli were screened using the disc diffusion
method using the antibiotics Penicillin G10U, Ceftazidime 30 pg, and Cefotaxime 30 pg followed by a confirmation
test using the double disk synergy test (DDST) method. The results of the screening test showed that only 12.5% of
Escherichia coli (1 out of 8 samples) were resistant to Penicillin G, but they had not been detected to produce ESBL
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1. INTRODUCTION

resistance(AMR) which is a global
health problem has been found in both
animals and humans. O'Neill (2016) states
that AMR has caused the death of around
700,000 people, and by 2050 this number is
expected to increase to around 10 million
deaths each year. The spread of AMR can be
caused by bacteria encoding antibiotic-
resistant genes that infect animals and
humans or in the environment.

Escherichia coli (E. coli) bacteria are
bacteria that can encode Extended-spectrum
B-lactamase (ESBLs) genes. Extended-
spectrum beta-lactamase is an enzyme
produced by gram-negative bacteria
including Escherichia coli which can
hydrolyze B-lactam class antibiotics,
especially in  oxyimino-cephalosporins
(Bradford, 2001).E. Coli which are resistant
to  antibioticsp-lactamlikePenicillin  and
Cefotaxime have been documented in Bali
cattle in several studies. E. coli isolated from
Bali cattle faeces was also found to be
resistant to Penicillin and Cefotaxime
(Kholik et al. 2021). Aminuddi et al. (2020)
found that Escherichia coli was resistant to
Penicillin in Bali cattle which experienced
reproductive disorders.

Escherichia coliThose who are
resistant to B-lactam class antibiotics in Bali
cattle, especially in the reproductive tract,
are likely to produce Extended-spectrum (-
lactamases (ESBLs) because the treatment
of reproductive disorders cannot be
separated from the use of intra-uterine
antibiotics. Escherichia coli which is
resistant to antibiotics will be able to spread
in the human food chain either directly or
indirectly. EFSA (2011) states that the AMR
profile of Escherichia coli almost reflects the
use of antimicrobials in animals for food
production (EFSA, 2011). Escherichia coli
that produce ESBL in the reproductive tract

of cattle is very likely to be excreted from
the reproductive tract fluid which can be
disseminated into the environment and
horizontally transfer resistance genes to
other bacteria.

This research aims toto
detectEscherichia coil which produces ESBL
from the reproductive tract of female Bali
cattle phenotypically carried out in cattle
herds in West Nusa Tenggara Province
which is the national cattle barn where most
of them are Balinese cattle. Data from the
NTB Central Statistics Agency (BPS) until
2019 states that the total cattle population in
NTB is 1,234,357 heads (BPS, 2020). This
research will be the initial data in the early
anticipation of the spread of bacteria
escherichia coliwho manufactures extended
spectrum beta-lactamase(ESBLs)in
animals, humans, and the environment that
can trigger AMR.

2. METHODS

The research method was a cross-
sectional study conducted in February 2022.
The target population for this study was Bali
cattle in the stables of the Pade Angen II
Livestock Farmers Group, Lando Village,
Terara District, East Lombok Regency, West
Nusa Tenggara Province (NTB), totaling 30
heads.

The sample size used in this study
was 8 (eight) Bali cattle for their reproductive
fluids to be taken. The sample size was
determined based on the detect disease to
estimate proportion formula set by Thrusfield
(2005), with a population of 30 individuals, a
95% confidence level, and a minimum
prevalence expectancy of 30%, so a
minimum sample taken is 8 (eight).

A sampling of the reproductive fluids
of Bali cattle used the purposive sampling
method with criteria including female Bali
cattle having normal estrus cycles without

65

JBP Vol. 24SP. No.1, December 2022 - Lalu Purnama Tasyakusuma, Kholik, Maratun Janah,
Alfiana Laili Dwi Agustin, Septyana Eka Rahmawati

DOI 10.20473/jbp.v24il1SP.2022.64-73



Jurnal Biosains Pascasarjana Vol.24SP (2022) pp

© (2022) Sekolah Pascasarjana Universitas Airlangga, Indonesia

interruption and having given birth at least
once. Samples of reproductive fluid for Bali
cattle were taken wusing an artificial
insemination plastic sheet which was taken
and cut approximately 2 cm and placed into
the media brain Heart Infusion(BHI).

2.1 Culture of Escherichia coli

Reproductive fluid samples in media
brain Heart Infusion(BHI) were cultured in
Eosin Methylene Blue Agar (EMBA) and
incubated for 24 hours. The metallic green
colonies that form are an indication of the
presence of Escherichia coli in the sample.
Identification of Escherichia coli was carried
out through Gram staining and biochemical
tests referring to the Bergeys Manual of
Determinative Bacteriology. (Holt et al.,
1994).

2.2 Identification of Escherichia coli

Gram staining for the identification of
Escherichia coli was carried out by taking one
ose of bacterial isolates and placing them on
an object glass measuring + 1 cm2 and fixing
them. The fixed bacterial isolate was dripped
with 2 drops of crystal violet dye and allowed
to stand for 1 minute, then washed with water
and dried. The preparation was then dripped
with Lugol's iodine solution and left for 1
minute and dried, then washed with a bleach
solution (96% alcohol) for + 30 seconds, after
which it was washed with running water and
then dried.

After drying, the preparations were
given a fuchsin dye solution for 1 minute and
washed with water and dried and observed
under a microscope, Gram-positive bacteria
appeared purplish blue while Gram-negative
ones were red (Holt et al., 1994).

Biochemical tests were carried out to
identify E. coli bacteria according to Bergey's
manual of determinative bacteriology (Holt et
al., 1994), including catalase test, glucose,
sorbitol, arabinose, lactose, sucrose,
mannitol, urea, maltose, Triple Sugar Iron
Agar (TSIA), Kovac's reagent produced by

Indole (I), and Test Citrate (C), Glucose
Phosphate (GP), Alkali Phosphate (AP).

2.3 Screening Test for Extended Spectrum
Beta Lactamases (ESBLs)

Escherichia cold those identified
were then screened using the disk diffusion
method according to the criteria of the
National Committee for Clinical Laboratory
Standards (NCCLS) and also referred to
manual on Antimicrobial Susceptibility
Testing. Department of Microbiology
Christian Medical College Vellore (Lalita,
2004).

E. coli grown using the swab
technique on Mueller Hinton Agar (MHA)
medium and then treated with antibiotic paper
discs containing antibiotics. The 3 (three)
antibiotics used included: Penicillin G10U,
Ceftazidime (CAZ) 30 pg, and Cefotaxime
(CTX) 30 pg.

The zone of inhibition produced by
antibiotics is said to be positive extended-
spectrum  f-lactamase(ESBLs) on what
screening test if the inhibition zone produced
by Penicillin G < 17 mm, CAZ <22 mm, and
CTX <21 mm. E. coli that is positive in the
screening test is followed by a confirmation
test (Hemeg, 2010).

24 Confirmation Test of Extended
Spectrum Beta Lactamases (ESBLs)
Confirmation of Escherichia coli
producing  Extended Spectrum  Beta
lactamases (ESBLs)performed using the
double disk synergy test (DDST) method.
The double disk synergy test was carried out
on Escherichia coli which was positive for
the screening test which was grown on MHA
media with the swab technique by placing
three paper discs of antibiotics with a
distance of 20 mm in parallel, where the
middle disc was given the antibiotic
amoxicillin and clavulanic acid (20 pg: 10
pg ) while on the side placed cefotaxime and
ceftazidime 30 pg each. The inhibition zones
that were connected around the antibiotic
discs to each other showed positive
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Escherichia coli producing Extended
Spectrum Beta Lactamases (ESBLs)
(Hemeg, 2010).

The results of the study also stated
that the results of testing with the disk
diffusion method increased by 5 mm in the
diameter of the zone for the antimicrobial
agent tested with clavulanic acid versus the
zone when tested alone confirmed that the
microorganism is a producer of Extended-
spectrum [-lactamases (ESBLs). (Igwe et al.
2014).

Other literature states that positive
bacteria produce extended-spectrum f-
lactamase(ESBLs) if there is an increase in
the inhibition zone and the antibiotic disks of
cefotaxime 30 pg and ceftazidime 30 pg
towards the disc containing amoxicillin
clavulanate (Dwina et al., 2016).

3. RESULTS

The results of isolation of Escherichia
coli from 8 samples of reproductive fluids for
Bali cattle from the cut end of a plastic sheet
gun for artificial insemination in Lando
Village, Terara District, East Lombok
Regency, West Nusa Tenggara Province
(NTB) found 1 positive sample with an
indication of Escherichia coli bacteria based
on identification results by Gram staining and
biochemical test.

The results of Gram staining on
Escherichia coli which were successfully
isolated by macroscopic morphological
observations showed spherical colony
shapes, metallic green colony color, and
shiny surfaces, with convex colonial surfaces.
The results of these observations indicated
that there was an indication of the presence of
Escherichia coli which was then followed by
biochemical tests to identify Escherichia coli
isolates from the reproductive fluids of the
Bali cattle. Culture results for Escherichia
coli isolation on EMBA media can be seen in
Figure 1.

Figure 1. IsolateEscherichia coliform fluids
originating from the reproductive tract of
Bali cattle on EMBA Media

The results of the research on
identifying the morphology of Escherichia
coli microscopically using Gram staining
showed that the morphology of Escherichia
coli was faded red, in the form of cells in the
form of red bacilli or red rods. This Gram
stain will differentiate between Gram-
positive and negative bacteria. Bacteria
belonging to the Gram-positive appear
purplish-blue while bacteria belonging to the
Gram-negative will appear red.

The results of Gram staining of
Escherichia  coli  isolates from the
reproductive fluids of Bali cattle taken using
a plastic sheet gun for artificial insemination
can be seen in Figure 2.
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Figure 2.Morphology of Escherichia coli
with Gram stain

Biochemical  test  results  of
Escherichia  coli  isolates from the
reproductive fluids of Bali cattle include tests
for catalase, glucose, sorbitol, arabinose,
lactose, sucrose, mannitol, urea, maltose,
Tripel Sugar Iron Agar (TSIA), Kovac's
reagent produced by Indole (I), and Citrate
Test (C), Glucose Phosphate (GP), Alkaline
Phosphate (AP) can be seen in Table 1.

Table 1. Isolate Biochemical Test
ResultsEscherichia coli
Biochemical Test Interpretation
Catalase +
Oxidase -
Glucose + (+) Gases
Lactose +

arabinose

Sucrose

Alkaline Phosphatase
Maltose

mannitol

Indole

Sorbitol

Glucose Phosphate

R R Ea B

Malonate
Motility
Urea
Cimon Citrate -

Triple Sugar Iron Agar  acid/acid (+) gas
(TSIA)

J’_

The biochemical test results in Table
1 show that isolated Escherichia coli had a
positive catalase test, positive oxidase,
fermented glucose, lactose, sucrose, and
mannitol and did not ferment dulcitol.
Escherichia coli isolates also produced
positive indole, and positive motility, and did
not produce urea and in the TSIA test, a
yellow slope and a yellow agar base showed
acid and did not produce sulfur.

The results of the Extended Spectrum
Beta Lactamases (ESBLs) screening test on
Escherichia  coli  isolates from the

reproductive fluids of Bali cattle against the
antibiotics Penicillin G pg, Ceftazidime
(CAZ) 30 pg, and Cefotaxime (CTX) 30 pg
using the antibiotic disc diffusion method on
Mueller Hinton Agar can be seen in Figure 3.

Description: A: Ceftazidime, B: Penicillin G,
C: Cefotaxime

Figure 3. Screening Test Observation
ResultsBacteriaEscherichia coli on Mueller
Hinton Agar Media

Figure 3. Screening test on Mueller
Hinton Agar (MHA) media shows
onlyEscherichia coli which was successfully
isolated from the reproductive fluids of Bali
cattle were only resistant to penicillin G
without the formation of an inhibition zone
around the Penicillin G disc, whereas in the
Ceftazidime and Cefotaxime discs an
inhibition zone was formed. The results of the
measurement of the inhibition zone on the
growth of isolates Escherichia coli from the
reproductive fluids of Bali cattle on MHA
media produced by each antibiotic can be
seen in Table 2.

Table 2. Isolate Screening Test
ResultsEscherichia coli

Types of  Obstacles Information
Antibiotics zone

Bacteria sensitive
toCeftazidie
Bacteria resistant to
penicillin G

Ceftazidime 29mm

Penicillin G 0 mm
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Bacteria sensitive to
Cefotaxime

Cefotaxime 34mm

Table 2 states that the inhibition zone
of the Escherichia coli isolates screening test
results of the reproductive fluids of Bali
cattle against antibiotics Penicillin G pg,
Ceftazidime (CAZ) 30 pg, and Cefotaxime
(CTX) 30 pg using the disc diffusion method
were 29 mm, 0 mm, and 34 mm, respectively.

The test results showed that the
screening of Escherichia coli isolatesBali
cattle reproductive fluids of the 8 samples
tested, only Penicillin had no inhibition zone
diameter, while the 3rd generation
cephalosporin class antibiotics (Ceftazidime
and Cefotaxime) had a high inhibition zone
exceeding the requirements for a positive
ESBL screening test, but to ensure the
presence of Escherichia coil which produces
Extended Spectrum Beta
Lactamases(ESBLs) will continue the
confirmation test

Laboratory test results Confirmation
of Extended Spectrum Beta Lactamases
(ESBLs) on Escherichia coli isolatesBali
cattle reproductive fluids to the antibiotic
ceftazidime30 pg, Amoxicillin Clavulanic
Acid (20 pg:10 pg), and Cefotaxime 30 pg
using the double disk synergy test (DDST)
method on Mueller Hinton Agar which is 20
mm apart for each antibiotic can be seen in
Figure 4.

Description: A: Ceftazidime; B: Amoxicillin-
Clavulanic Acid; C: Cefotaxime
Figure 4. Observation Results of Escherichia
coli Bacterial Confirmation Test on Mueller

Hinton Agar Media

Figure 4 states that there is no synergy
formed in the Confirmation Test of Extended
Spectrum Beta Lactamases (ESBLs) on
Escherichia coli bacteria.

4. DISCUSSION

The results of the study which
succeeded in isolating 1 (one) Escherichia
coli from § samples of the reproductive fluids
of Bali cattle indicated that contamination
occurred due to escherichia coli are normal
bacteria in the environment. Molina and
Lucy (2018) stated that Escherichia coli is a
non-specific bacteria that normally exist in
nature. E. coli can enter the reproductive
tract of the cow, and this bacteria will
become a pathogen (Molina and Lucy,
2018). Escherichia coli contamination can
also be the result of an wunfavorable
environment, an especially postpartum.
environment that is less well postpartum will
facilitate the entry of microbes into the
lumen uterus, contaminate the uterine lumen
environment, interfere with the life of a
viable embryo cause early embryonic death
(Arthur et al., 2001).
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Research results that get that
Escherichia coli with shiny surface metallic
green color, with a convex colony surface on
Methylene Blue Agar (EMBA). These
results are the same as the results of the
studyCornelissen et al. (2013) who stated
that Escherichia coli on EMBA medium had
a shiny metallic green color like metal. The
green color that appears shows what
happened here is a reaction between bacteria
and Methylene blue.

The results of identification of the
morphology of Escherichia coli with gram
staining showed the morphology of
Escherichia coli in the form of red bacilli or
red stems. These results thus is because
Escherichia coli is a gram-negative
bacterium that has a thinner wall. Gram-
negative bacteria are marked with a pink
color which indicates that these bacteria are
unable to bind crystal violet color and are
only stained by safranin (Hadioetomo,
1993).

The results of the biochemical test and
gram staining were rod-shaped cells and were
gram-negative, with negative oxidase,
positive catalase, positive lactose, negative
Simon citrate, and positive mannitol. These
results were almost the same as a study
conducted by Gunawan et al. (2018)
thatEscherichia Coli isolated from cow
facces ferment Glucose, sucrose, and indole
positive and do not produce urea. These
results indicate that there is a high
probability of contamination in the
reproductive tract of female Bali cattle.
Based on the results of the biochemical test
of Escherichia coli bacteria, it is positive on
the catalase test and negative on the oxidase
test, indicating that the cell cannot produce
oxidase enzymes. These results are
consistent with the results of the
documentation by Cornelissen et al., (2013)
which stated that Escherichia coli in the
indole test showed positive results and
negative reactions for the citrate test.

Results of Extended Beta Lactamases
Screening on the antibiotics Ceftazidime,

Penicillin G, and Cefotaxime against
escherichia coli using the disc diffusion
method respectively 29 mm, 0 mm, and 34
mm, while according to the CDC (2010),
Ceftazidime is said to be sensitive > 22 mm
and resistant if < 17 mm, Penicillin G is said
to be sensitive >17 mm and resistant if < 13
mm, Cefotaxime is said to be sensitive >26
mm and resistant if < 22 mm. Test results
screening by the disc diffusion method
stated that one sample was
obtainedEscherichia coli(12.5%) resistant to
Penicillin G from 8 samples tested. These
results were almost the same as Aminuddi et
al, (2019) who obtained 100% Escherichia
coli which were found to be resistant to
Penicillin G. This might have happened
because Penicillin was often used. Penicillin,
a B-lactam class of antibiotics, is one of the
most frequently used antibiotics in animal
husbandry and has caused resistance genes
(Huang, L. etal., 2019; Qian, X. etal., 2019).

This fact indicates that Escherichia
coli resistance to Penicillin G has occurred
which can be caused by the use of Penicillin
G that is less controlled. FAO (2016) states
that the most significant factor in the
emergence of AMR is Antimicrobial use
(AMU) in humans and also in animals for the
treatment and prevention of disease.

Poorly controlled administration of
antibiotics will cause Escherichia coli
bacteria to adapt and mutate, including the
Extended-Spectrum [-Lactamases (ESBL)
encoding genes found in chromosomes and
plasmids. These results are in line with the
question about the AMR profile of
Escherichia coli almost reflecting the use of
antimicrobials in animals for production
(EFSA, 2011).

The results of this study state that the
existenceEscherichia coil resistance to Beta-
Lactam antibiotics was quite low in the
reproductive tract of female Bali cattle in
Lando Village, East Lombok District. These
results are in line with Putra et al.'s research.
(2019) managed to find Escherichia coli as
an ESBL producer in 3 of 65 samples
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(4.61%) samples taken in the Surabaya
livestock area. This fact indicates that the
number of samples is crucial to the number
of isolated ESBL-producing Escherichia
coli.

Confirmation test results extended
Spectrum  Beta Lactamases(ESBLs) in
Escherichia coli against the antibiotics
Ceftazidime, Amoxicillin Clavulanic Acid,
and Cefotaxime using the double disk
synergy test (DDST) method in this study
found no synergy formed on discs of
Ceftazidime, Amoxicillin Clavulanic Acid,
and Cefotaxime. Igwe et al. (2014)the results
of the test using the disk diffusion method
are said to be positive if there is a 5 mm
increase in the diameter of the zone for the
antimicrobial agent tested with clavulanic
acid versus the zone when tested alone, then
it can be believed that the samples isolated
from the reproductive tract of female Bali
cattle in Lando Village, District Terara, East
Lombok Regency has not found Escherichia
coli as a producer of Extended Spectrum
Beta Lactamases (ESBLs).

As confirmation of a positive
sampleEscherichia  coliThere is  no
expansion of the inhibitory zone leading to
beta-lactam  inhibitors. It can be
hypothesized that no ESBL-producing
Escherichia coli was found because this
study only detected ESBL wusing a
phenotypic method that did not test
genotypically isolated Escherichia coli.
Kazemian et al. (2019) found positive genes
related to ESBL did not show phenotypic
resistance. Chatrou et al. (2012) stated that
the level of accuracy of a gene is far better
than the best morphology. The differences
observed in the detection of ESBL-positive
isolates by the two different methods can be
justified by the lower sensitivity of the
phenotypic method and the influence of
environmental factors on the occurrence of
resistance. (Yazdi et al. 2012)

5. CONCLUSIONS

The research results show that
Escherichia coli bacteria can be isolated from
the reproductive tract of female Bali cattle
without reproductive disorders in Lando
Village, Terara District, East Lombok
Regency andonly 12.5% of Escherichia coli
are resistant to Penicillin G, but have not
been detected producing itExtended
Spectrum Beta Lactamases(ESBLs)
phenotypically.

Genotypic detection of the gene
encoding  Extended  Spectrum  Beta
Lactamases (ESBLs)in Escherichia coli with
a larger number of samples needs to be done
to determine the ESBLs gene because
different ESBLs genes also show different
resistance to antibiotics,
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