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Abstract

Antimicrobial resistance in pathogenic bacteria is a serious problem in public
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analyzing polymorphisms in the blargw; gene associated with antibiotic
de: resistance. Identification technique of E. coli positivity refers to the Indonesian
Ese%\gfizh?é coli National Standard (SNI) 2897:2008, then E. coli identification was performed
[Multi drug-resistance using the Analytical Profile Index (API) Test 20E Kit. Antibiotic sensitivity was
Resistan Cg gene determined by the Kirby Bauer method. Detection of antibiotic resistance genes
Polymorphism in E. coli were determine using Polymerase Chain Reaction (PCR) method.
blarey Sequencing and analysis of polymorphism and phylogenetic were performed
only in blargm:. There were 12 samples identified as having E. coli (1 from

chicken eggs and 11 from cloacal swabs), resistance percentages were highest for

erythromycin ~ (100%), ampicillin ~ (91.7%), ciprofloxacin  (91.7%),

sulfamethoxazole (83.3%), streptomycin (83.3%) gentamicin (75%), tetracycline

@@@@ (41.7%), and chloramphenicol (25%). respectively. All of 12 E. coli samples

B NG | SA were bacteria with MDR. Resistant genes were prevalent, notably blargy; and
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INTRODUCTION

Antimicrobial resistance (AMR) in
bacteria, especially pathogenic bacteria, is
a serious problem in public health, both
human and veterinary. Antimicrobial
resistance is one of the threats to human
health, which can cause death. Mortality
caused by infection with AMR pathogens
was estimated at 4.95 million deaths
worldwide in 2019, with three infectious
diseases dominating the cause of death,
which are associated with AMR
pathogens: thoracic, infection of the lower
respiratory tract, bloodstream infections,
and intra-abdominal infections. Pathogens
with antimicrobial resistance that have
caused more than 250,000 deaths include
E. coli, Staphylococcus aureus, Klebsiella
pneumonia, Streptococcus pneumoniae,
Acinetobacter baumannii, and
Pseudomonas aeruginosa. Escherichia coli
alone is the pathogen that causes many
deaths due to AMR.

Escherichia coli is a normal
bacterium found in the digestive tract of
humans and animals. However, pathogenic
E. coli can infect humans and cause
gastrointestinal disorders. The
transmission route is generally, through
contamination of food or beverages
consumed by humans (food borne
diseases). Therefore, E. coli is used as an
indicator to indicate contamination and
health risks in food?. In addition, E. coli
may be associated with extraintestinal
disorders such as urinary tract infections,
which is one of the nosocomial bacterial
diseases®.

Serious diarrhea may occur as a
result of food-borne pathogens caused by
harmful strains of E. coli. One of the
bacteria that causes food poisoning is
pathogenic E. coli, which can be found in a
wide range of countries, including
developing ones like Indonesia. The latest
data obtained from Japan shows that 3,000

elementary school students experienced
food poisoning, and one of the causes is
the contamination of pathogenic E. coli in
food*. A study conducted by Djaja, Puteri,
and Wispriyono °, in the canteen of one of
the universities in Jakarta, also showed the
presence of E. coli contamination in food
(42%).

Food contamination by pathogenic
E. coli may occur during any of the steps
in the farm-to-table continuum, coming
from a neighbouring environment polluted
by E. coli. This is certainly a problem that
needs to be considered, especially if the
pathogen E. coli that contaminates is MDR
E. coli®. Previous research showed that
there was E. coli with MDR that produced
extended-spectrum beta-lactamase (ESBL)
in beef in Surabaya traditional market,
where the blatgy and blactx-m genes are
genes encoding ESBL in E. coli and are
often found in food of animal origin’. The
other important resistance genes obtained
in E. coli are tetA, aadAl, and aph(3)lla,
that are resistance gene for tetracycline,
streptomycin and aminoglycoside
respectively. Escherichia coli bacteria can
be found in animal products due to
contamination from animal faeces®.

Escherichia coli from livestock
faeces have the potential to contaminate
livestock products and the surrounding
environment if hygiene in animal
husbandry and the management of
livestock waste disposal systems are poor.
E. coli can contaminate livestock products
such as meat, chicken eggs, and milk,
which the products are the sources of
protein that are mostly consumed by the
Indonesian people, especially chicken
eggs. The consumption of chicken eggs in
Indonesia consistently rises annually, with
egg consumption reaching 20.02 kg/capita
per year in 2022°.

Some food processing and serving in
Indonesian society still needs attention to
improve in cleanliness and hygiene. People
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sometimes do not wash their hands after
managing raw chicken eggs or other animal
products, then managing the food being
served, is one of the factors of E. coli
contamination in food. Based on research
conducted by Lee et al', the bacteria found
in eggshells are E. coli and become a food
borne outbreak pathogen that is often found
compared to Salmonella or other pathogenic
bacteria. These bacteria can come from
chicken feces, and then contaminate chicken
eggs through the pores of the eggs. This
should be a concern especially if these
bacteria have developed antibiotic resistance
and carry antibiotic-resistant genes that
could potentially be transmitted to other
pathogens. Therefore, this study aimed is to
determine the profile of antibiotic resistance
genes, which are tetA, aadAl, aph(3)lla,
and blargwm; in E. coli isolated from chicken
eggs and cloacal swabs from several farms
in Sleman, Yogyakarta which have the
potential to be transmitted to humans.

MATERIALS AND METHODS

Materials

This study used 200 chicken eggs
collected from four layer farms and three
supermarkets, along with 63 cloacal swabs
obtained from three broiler farms and three-
layer farms, as samples.

The materials drug needed in the study
are antibiotic disks ampicillin,
chloramphenicol, sulfamethoxazole,
tetracycline, ciprofloxacin, erythromycin,
aminoglycoside antibiotics (streptomycin
and gentamicin). As mention in the previous
study, streptomycin and gentamicin are
aminoglycoside drugs*’.

The other materials needed in this
research are E. coli isolates, Macfarland 0.5,
Brain Heart Infuse (BHI) medium (Thermo
Fisher  Scientific, USA), Chromocult
Coliform Agar (CCA) medium (Sigma-

Aldrich, USA), Eosin Methylene Blue Agar
(EMBA) medium (Sigma-Aldrich, USA),
MacConkey Agar (MCA) medium (Thermo
Fisher Scientific, USA), Mueller Hinton
agar (MHA) medium (Thermo Fisher
Scientific, USA), Nutrient Agar (NA)
medium (Thermo Fisher Scientific, USA),
NaCl 0.9% (Himedia, USA), aluminum foil,
plastic bag, cotton swab, label paper, sterile
swab, tissue, Analytical Profile Index (API)
Test 20E Kit (Biomerieux, USA, Catalog
No. 20100), 70% alcohol (Onemed,
Indonesia), absolute alcohol (Sigma-
Aldrich, USA), Tris/Borate/EDTA (TBE)
buffer (Sigma-Aldrich, USA), QlAamp®
DNA Mini Kit (QIAGEN, Germany,
Catalog No. 51104), and primers for
antibiotic-resistant gene detection, Gotag®
Green Master Mix (Promega Corporation,
Hollow Road-Madison, USA, Catalog No.
M7112), agarose powder (Sigma-Aldrich,
USA), and FluoroVue™ Nucleic Acid Gel
Stain (SMOBIO Technology Inc., Taiwan).

The various equipment used are an
autoclave, incubator, micropipette, bunsen,
petri  dish, cover glass, erlenmeyer,
Eppendorf tube, beaker glass, object glass,
measuring cup, hot plate equipped with a
magnetic stirrer, incubator, test tube rack,
test tube, scale, centrifuge (DLAB D2012
plus  High-Speed  Mini  Centrifuge),
refrigerator (Polytron), Polymerase Chain
Reaction (PCR) machine (Swift™ MiniPro®
Thermal Cycler), electrophoresis gel tank
(Fisherbrand™ Horizontal Electrophoresis
System), gel documentation (SMOBIO B-
Box Blue Light LED epi-illuminator, AC
100 — 240V, 50/60Hz), scale (Precisa 205
A), vortex (Gemmy VM-300), and
Sequencer Machine.

Methods

Identification of Escherichia coli
Identification technique of E. coli

positivity from chicken eggs and cloacal

Copyright ©2024 Indonesian Journal of Tropical and Infectious Disease

210



Nastiti et al. / IJTID, 12(3):208-225

211

swabs used the procedure from Indonesian
National Standard (SNI) 2897:2008,
Escherichia coli morphology of the
samples were identified on selective media
EMBA, MCA, and CCA, followed by
biochemical tests using APl Test 20E Kit
(Biomerieux, USA, Catalog No. 20100)
that can for testing p-galactosidase enzyme
hydrolysis activity to the substrate o-—
nitrophenyl-b-D-galactopyranoside (ONP-
G), decarboxylation of the amino acid
arginine by arginine decarboxylase that
also known as arginine dihydrolase
(ADH), decarboxylation of the amino acid
lysine by lysine decarboxylase (LDC),
decarboxylation of the amino acid
ornithine (ODC), citrate utilization (CIT),
production of hydrogen sulfide (H.S),
urease (URE), tryptophan deaminase
(TDA), Indole test (IND), Voges-
Proskauer test (VP), production of the
enzyme gelatinase (GEL), fermentation of
glucose (GLU), mannose (MAN), inositol
(INO), sorbitol (SOR), rhamnose (RHA),
sucrose  (SAC), melibiose (MEL),
amygdalin (AMY), and arabinose (ARA),
for clarification that the microbials are
exactly E. coli.

Antibiotic  Susceptibility Test and
Multidrug-resistant Classification
Escherichia  coli  isolates are
rejuvenated on BHI medium and then
incubated for 24 hours. Afterwards,
Escherichia coli isolate is suspended by
inoculating 10 ml of sterile saline (0.9%
NaCl). Then, the bacterial suspension was
homogenized by vortex and compared its
turbidity to a MacFarland 0.5 standard
solution. Antibiotic susceptibility test was
performed using the disk diffusion method
(Kirby-Bauer)™® on MHA and incubated at
37 °C for 16 — 18 hours. Antibiotics used
were ampicillin (10 pg), chloramphenicol
(30 pg), sulfamethoxazole (23.75 pg),
tetracycline (30 pg), ciprofloxacin (5 pg),
erythromycin (15 pg), streptomycin (10

Mg, gentamicin (10 pg). The size of the
inhibition zone diameter is used to
determine antibiotic sensitivity into three
results statuses: sensitive, intermediate,
and resistance, which varies for each
antibiotic according to the Clinical and
Laboratory Standards Institute
guidelines™.

Multiple antibiotic resistance (MAR)
indication was also performed in this study
to assess the risk level of Escherichia coli
isolates. If the MAR index is greater than
0.2, considered high risk, that means the
isolate is multi-drug resistant. The MAR
index is determined using the following
formula®®.

Total of resistant antibiotic in every isolate

MAR Index =

Total antibiotics tested

Detection of Antibiotic Resistance Genes
in Escherichia coli

Bacterial genomic DNA  was
extracted using the QlIAamp® DNA Mini
Kit (Catalog No. 51104) as follows: One
milliliter of E. coli stock was cultured in 5
ml of BHI medium at 37° C overnight.
The culture was harvested by transferring
1 ml fresh culture into a 1.5 ml Eppendorf
micro centrifuge tube, followed by
centrifugation at 7500 rpm for 5 minutes to
get the pellet of the bacterial cells. The
supernatant was discarded, and this
process was repeated for each fresh culture
batch. Then, add Buffer ATL (supplied
with QlAamp DNA mini kit) a total
volume of 180 pl to the bacterial pellet.
Add 20 pl proteinase K, mix by vortexing,
and incubate at 56°C (10 — 30 min).
Vortex occasionally during incubation to
disperse the sample, and briefly centrifuge
the 1.5 ml microcentrifuge be to remove
droplets from the inside of the lid.

Mixture the sample add with 200 pl
of Buffer AL for 15 seconds in a pulsing
vortex, and then place it in an incubator at
70 °C for 10 minutes. Briefly centrifuge
the 1.5 ml microcentrifuge tube to remove
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droplets from the lid. Add 200 pl of ethanol
(96-100%) to the sample and pulse-vortex
for 15 seconds to mix. After mixing, briefly
centrifuge the 1.5 ml microcentrifuge tube to
remove droplets from the lid. Afterwards,
gradually pour the mixture onto the QlAamp
mini spin column (in a 2 ml collection tube)
without wetting the rim. Close the cap and
centrifuge for 1 minute at 8000 rpm. Place
the QlAamp Mini Spin Column into the
clean 2 ml collection tube provided and
discard the tube containing the filtrate.
Carefully open the end of the QlAamp Mini
spin column and add 500 pl of Buffer AW1
without wetting the rim. Close the cap and
centrifuge for 1 minute at 8000 rpm. After
that, transfer the QIAamp mini spin column
to a 2 ml collection tube (provided) and
eliminate the collection tube that holds the
filtrate. Carefully open the QlAamp Mini
spin column and add 500 pl Buffer AW2
without wetting the rim. Close the cap and
centrifuge at maximum speed (14,000 rpm)
for 3 minutes. Place the QIAamp mini spin
column into a new 2 ml collection tube (not
included) and discard the old collection tube
containing the filtrate. Centrifuge for 1
minute at maximum speed. Place the
QlAamp mini spin column into a clean 1.5
mL micro centrifuge tube (not included) and
discard the collection tube containing the
filtrate. Carefully add 200 pL of Buffer AE
to the QIAamp Mini spin column. Incubate
for 1 min at room temperature and
centrifuge for 1 min at 8000 rpm™.
Removed QIAamp Mini spin column and
the DNA solution in 1.5 ml microcentrifuge
tube was kept at minus 20°C.

Polymerase  Chain  Reaction is
conducted using specific primers, to detect
antibiotic resistance genes in Escherichia
coli. There are four types of resistant genes
to the drugs tested in this study, i.e to
tetracycline (tetA), to streptomycin (aadAl),
to aminoglycoside (aph(3)lla), and to B-

lactamase (blarem:. The primers used were
tetA’, aadA1'®, aph(3)11a®® and blarem:”
(Table 1). Briefly, reactions were
performed in a total volume of 30 uL, using
Promega Green Gotaq Master-mix (Catalog
No. M7112). PCR optimization conditions,
denaturation started at 95°C for 5 min
followed by the 35 cycles with denaturation
(95°C for 1 min), annealing (55°C for 1
min), extension (72°C for 1 min), and after
35 cycles, add an extension (72°C for 2
min). PCR results were visualized using gel
electrophoresis and documented with UV
light or gel documentation system®®.

Sequencing and Analysis of Phylogenetic
and Polymorphism of blatgm: gene

Sequencing analysis was performed
only in blargm; gene, as understandable that
the gene is one of the responsible genes in
extended-spectrum beta-lactamase (ESBL)
E.coli®®. The writer used the sequencing
service from PT. Genetika Science
Indonesia for blargm: gene sequencing
analysis.

Phylogenetic and  polymorphism
analyses are performed using MEGA X
software, where blarem; gene sequences are
compared with nine control blargm; genes
obtained from gene banks: Malaysia (NZ
PKNAO01000132), Singapore (NZ
CP102064), Thailand (NZ RKKJ01000503),
Vietnam (AP027949), India (MT174046 and
KP724850), China (NG 050209. 1), Norway
(NG 050185), and Hamburg (NG 050185).

RESULT AND DISCUSSION
Result

Identification of E. coli
Based on a pilot study conducted on

200 chicken eggs and 63 cloacal swabs in
Sleman, Yogyakarta, 15 isolates (4 samples
from chicken eggs and 11 samples from
cloacal swabs) were suspected as
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Table 1. Antibiotic-resistant Gene Primers

Resistance Product size Annealing Reference Source
Primer Nucleotide Sequence 5° — 3’ Temperature
Gene (bp) Q)

tetA F GGTTCACTCGAACGACGTCA 577 57 7

R CTGTCCGACAAGTTGCATGA
aadAl F TATCAGAGGTAGTTGGCGTCAT 203 53 18

R GTTCCATAGCGTTAAGGTTTCATT
aph(3)1la F TCTGAAACATGGCAAAGGTAG 484 55 1

R AGCCGTTTCTGTAATGAAGGA
blatem-1 F CATTTCCGTGTCGCCCTTAT 552 55 2

R TCCATAGTTGCCTGACTCCC
Escherichia coli based on the result of swab  metallic  blue

. . i . 15 C4 cloacal green dark Pink
morphologlc_al cha_racterlstlcs on selective swab  metallic  blue
media (mentioned in method). *EMBA test: positive E. coli = green metallic;
The macroscopic  characteristics *jg%;ﬂgve E. 00“_:_bf0‘|'EV“/p”l‘_k retdark bl

. . est: pOSItIVE . Coll = violevdar ue,
were _determlned on EMBA medla, the negative E. coli = colorless
colonies that grew were metallic green in ***MCA test: positive E. coli = pink; negative E.
colour which identified them as E. coli. coli = colorless

Furthermore, the isolates were also
cultured on CCA media, and the colonies
that grew were violet/dark blue, which
means they were positive for E. coli. Also,
MCA was used and the positive E. coli
colonies formed are in pink colour (Table

Despite that, after doing APl 20E test
there were only 12 isolates, which are 1
isolate (KP7) from chicken egg and 11
isolates from cloacal swabs, that were E.
coli positive. The result of APl 20E test
was presented in Table 3.

2).
Table 2. Morphological Identification of E. Table 3. API 20E Test result
coli on Selective Media No Isolate Source API 20E Test
No Isolate Source Selective Media Code Rgsu!t _
code EMBA* CCA** MCA** 1 KP7 Egg Escherichia coli
: ; 2 KP3 Egg Hafnia alvei
1 KP7 e reen violet ink
% ?netallic P 3 KP2 Egg Enterobacter
2  KP3 e reen violet ink cloacae
% %etallic P 4 KP8 Egg Enterobacter

3 KP2 egg green dark pink cloacae

metallic ~ blue 5 BbKa cloat():al Escherichia coli
4 KP8 egg green dark pink Swa
: 6 A7 cloacal . .
metallic  blue b Escherichia coli
5 B6Ka cloacal green dark pink Swa
swab  metallic  blue 7 c3 cloacal ichia coli
) b Escherichia coli
6 A7 cloacal green dark pink Swa
swab  metallic  blue 8 C2 cloacal ichia coli
) swab Escherichia coli
7 C3 cloacal green dark pink
swab metallic  blue 9 AlKa cloat():al Escherichia coli
8 Cc2 cloacal green dark Pink Swa
swab metallic  blue 10 A8 cloaé:al Escherichia coli
9 AlKa cloacal green violet Pink 1 B11 S‘INa |
swab metallic ¢ oat():a Escherichia coli
10 A8 cloacal green dark Pink 5 S‘INa |
swab metallic  blue 1 B10 ¢ oat():a Escherichia coli
11 B11  cloacal green dark Pink Swa
swab  metallic  blue 13 co cloacal ichia coli
_ b Escherichia coli
12 B10  cloacal green dark Pink Swa
; 14 A3 cloacal _ .
swab metallic  blue b Escherichia coli
13 C9 cloacal green dark Pink Swa
swab metallic  blue 15 C4 cloacal ichi i
swab Escherichia coli

14 A3 cloacal green dark pink
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Antibiotic  Susceptibility Test and
Multidrug-resistant Classification
Susceptibility analysis of E. coli

isolates obtained from one chicken egg
(KP7) and 11 cloacal swab samples showed
the highest resistance to the antibiotics
erythromycin ~ (100%), followed by
ampicillin and ciprofloxacin (91.7%); then
sulfamethoxazole, streptomycin, gentamicin,
tetracycline, and chloramphenicol (in
percentage order as follows: 83.3%; 83.3%);
75%; 41.7%; and 25% respectively.
Multidrug-resistant E. coli analysis was
performed on isolates acquired from chicken
egg and cloacal swabs, and all isolates (12
or 100%) were categorized as MDR E. coli.
All E. coli isolate from egg and cloacal swab
samples were categorized as  multi-drug-
resistant based on the MAR index result,
also they showed resistance to three or more
classes of antibiotics tested.
Multidrug-resistant E. coli in this
study were resistant to 5-6 classes of
antibiotic tested on average, and there were
even three isolates derived from cloacal
swab samples (B6Ka, A8, and C4)

experiencing resistance to all antibiotics
tested. Moreover, the MAR index was also
determined to analyze the risk level of E.
coli isolates, and the MAR index value of 12
E. coli in this study was more than 0.2,
which means that the all of E. coli isolates
are at high risk when infecting humans or
animals, because they experience multiple
resistance to antibiotics (Table. 4).

The intermediate category was also
observed in few samples (A7 & KP7).
Antibiotics with intermediate status in A7

and KP7 are chloramphenicol and
streptomycin respectively. It means that
bacteria can be eliminated in body

compartments that easily reached by the
drug, while with the same dose antibiotic
may not effectively treat the bacteria if they
are infecting other body organs.
Furthermore, in some cases of infectious
bacterial infections, higher doses are
required for treatment. The intermediate
result is considered sensitive in the
antibiogram, because in the antibiotic
susceptibility test showed a zone of
inhibition®,

Table 4. Detail of MDR E. coli obtained from Chicken Egg and Cloacal swabs

Resistance to**

Aminoglycoside

Sample AMP* Cc* SMX TE* ClIp* E* drugs MAR MDR***
code S* GM* Index
10 pg 30 pg 23.75 30 pg 5 ug 15 ug 10 pg 10 ug
pg
KP7 R S S S S R | S 0.25
+
B6Ka R R R R R R R R 1.00 +
A7 R | R S R R R R 0.88 +
C3 R S R S R R R R 0.75 +
Cc2 R S R S R R R R 0.75 +
AlKa R S R S R R R R 0.75 +
A8 R R R R R R R R 1.00 +
B11 R S R R R R S S 0.63 +
B10 S S R R R R R S 0.63 +
Cc9 R S S S R R R R 0.63 +
A3 R S R S R R R R 0.75 +
C4 R R R R R R R R 1.00 +
% of R 91.7% 25% 83.3% 41.7% 91.7% 100%  83.3% 75% 100%

* AMP: ampicillin, C: chloramphenicol, SMX: sulfamethoxazole, TE: tetracycline, CIP: ciprofloxacin, S: streptomycin, E:

erythromycin,
GM : gentamicin.

** Antibiotic susceptibility status; R: resistance, S: susceptibility, I: intermediate (calculate as sensitive)
*** Multidrug-resistance: negative MDR (-) if score less than 0.2 ; positive MDR (+) if score more than 0.2.
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Detection of Antibiotic Resistance Genes in
Escherichia coli

Detection of resistant genes was also
carried out to see the presence of resistant
genes supporting antibiotic resistance in E.
coli isolated from cloacal swabs and chicken
eggs (Figure 1). Four types of resistant genes
tested in this study, were tetA, aadAl,
aph(3)lla, and blargms. The results (Figure 2)
performing DNA extraction and PCR with
specific resistant gene primers showed that all
E. coli isolates from both chicken egg and
cloacal swabs had aadAl and blargw; resistant
genes (100%), while tetA and aph(3)lla are
found in 7 isolates (58.3%).

The presence of resistant genes in E. coli
isolates supports and matches the phenotype
profile of antibiotic resistance in these

Table 5. PCR Result of Resistance Gene in E. coli

isolates, whereas ampicillin (p-lactamase) and
streptomycin are common antibiotics resistant
to E. coli in this experiment, according to
their antibiotic susceptibility test. However,
there are differences in the molecular analysis
of resistant genes for these two classes of
antibiotics. The resistant genes aadAl and
blatgmz are found in all E. coli isolates (Table
5), but the antibiotic susceptibility results
(Table 4) showed two isolates, one is still
susceptible to ampicillin (isolate B10) but has
the resistant gene to ampicillin and the other
one is susceptible to streptomycin (isolate
B11) but has the resistant gene to
streptomycin. This allows those two E. coli
isolates to be resistant if ampicillin and
streptomycin are overused because resistant
genes that support resistance to those two
antibiotics are discovered in their genome.?®

E. coli Isolate* Percentage
No Gene of positive
Resista gene
nce B10 Bl1l C9 B6Ka C4 AlKa C3 A8 A3 A7 KP7 (2 resistance
(%)
1 tetA - + - - + - - + + + + + 58.3
2 aadAl + + + + + + + + + + + + 100
3 aph@3)Il + + - + + + + + 58.3
a
4 blaew + + + + + + + + + + + + 100

*Positivity of gene resistance: positive (+); negative (-)

120.00
100%
100.00
§0.00
58.30% §8.30%
60.00 ~

40.00

Total E. coli (%)

20.00

0.00
Tetracycline Aminoglycoside ~ Aminoglycoside p-lactamase
(Streptomycin)

tetA aph(3)11a aadAl blaTEM1

Antibiotic Class

Figure 2. Electrophoresis of blargy; resistant
gene PCR positives results, with a band size is
793 bp. Lane: M : Marker (100 bp); 1: B10; 2:
B11; 3: C9; 4: B6Ka; 5: C4; 6: AlKa; 7: C3;
8: A8; 9: A3; 10: A7; 11: KP7; 12: C2; K- :
negative control.

Figure 1. Percentage Prevalence of Antibiotic
Resistance Genes in E. coli from chicken egg
and cloacal swabs
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Sequencing and Analysis of Phylogenetic
and Polymorphism of blargu; Gene

Sequencing was performed in this
study, only on the blargmi-resistant gene.
The sequencing results showed genomic
profiles in the twelve samples of E. coli that
were resistant to [-lactamase class
antibiotics. After editing and alignment
using MEGA X software, then BLAST on
the NCBI website
https://blast.ncbi.nlm.nih.gov/Blast.cgi), it is
known that 100% of E. coli in this research
are E. coli resistant to B-lactamase class
antibiotics.

The alignment process was performed
to examine the presence of genetic variation

in each gene sequence of Escherichia coli
isolates. Alignment is done by comparing
the gene sequences of all isolates with nine
blarem1 genes of E. coli obtained from gene
banks as mentioned in the method.
Construction of phylogenetic trees
performed in this study (Figure 3) showed
that the twelve E. coli obtained had close
similarities with Escherichia coli from
Vietnam, India, China, Norway, and

Hamburg (branch length 0.0000 - 0.0038),
while E. coli from Singapore, Malaysia, and
Thailand have distant similarities with the
twelve E. coli in the study (branch length
1.7954 and 2.1368).

Figure 3. Phylogenetic tree of twelve Escherichia coli isolates (obtained from chicken egg and cloacal
swabs). The phylogenetic tree was reconstructed using the neighbour-joining tree algorithm.

The alignment results show that there
is one E. coli (A8) has a different nucleotide
base from the other isolates. The nucleotide
base in isolate A8 has genetic variations in
the nucleotide 137" of the sequence. The
codon formed in other E. coli is AGT
(AGU: encodes serine amino acid), while in
isolate A8 the codon formed is AAT (AAU),

there is a substitution of guanine to adenine,
so that the coded amino acid at those sites
changes to asparagine. However, the
difference in nucleotide bases in the isolates
A8 did not affect the beta-lactamase class
antibiotic resistance phenotype, which in
this study the antibiotic used was ampicillin.
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Discussion

Antibiotic resistance, especially in
pathogenic bacteria, poses a serious threat
to public health. Escherichia coli is one of
the important bacteria that is a concern in
human health, as well as veterinary.
Escherichia coli bacteria are known to
have developed resistance to many
antibiotics, such as colistin, erythromycin,
streptomycin, ciprofloxacin,
sulfamethoxazole, and gentamicin'®. This
research was conducted to determine the
antibiotic resistance profile and resistant
genes in E. coli bacteria obtained from
chicken eggs and cloacal swabs from
broiler farms, as well as chicken eggs
obtained from farms and supermarkets in
the Sleman area, Yogyakarta, that
potentially be transmitted to humans. It is
known that E. coli when contaminating
food, water, or the environment’ and then
infecting humans can cause several
diseases such as intestinal (diarrhoea) and
extraintestinal (urinary tract
infection/bladder infection, sepsis,
neonatal meningitis in humans and
animals)?*.

The antibiotic susceptibility test
profile of the twelve E. coli obtained in
this study is shown in the result.
Erythromycin is the highest antibiotic that
has been resistant to E. coli, followed by
ampicillin and ciprofloxacin.

Antibiotics are commonly used to
treat E. coli infections in humans including
ciprofloxacin (first-line therapy), penicillin
(ampicillin), and  sulfamethoxazole®.
Ciprofloxacin is the best antibiotic in the
treatment of E. coli, but it has experienced
resistance®.

Ciprofloxacin resistance is widely
occurring, especially in broiler farms. An
experiment by Kiiti et al.?” showed that E.
coli in broiler and layer chickens have the
highest resistance to ampicillin (100%),

sulfamethoxazole (89.2%), ciprofloxacin
(68.6%), chloramphenicol (53.9%),
ceftriaxone (46.6%), ertapenem (30.4%),
and gentamicin  (10.3%). Antibiotic
resistance in E. coli is also clinically
prevalent.  Previous study  showed
antibiotics that have developed resistance
and are primarily used to treat E. coli
infection are ciprofloxacin®, cefazolin,
amoxicillin,  cefuroxime,  ceftriaxone,
ceftazidime, gentamicin, and
sulfonamide?”.

Multidrug-resistant E. coli in this
study was discovered 100%, from 12
isolates of E. coli, only 1 isolate (KP7) has
the lowest MAR index (0,25). Even tough,
this isolate only resistant to two antibiotics
out of 8 antibiotics tested, but its MAR
result was more than 0,2 that means this
isolate has a high risk as multidrug-
resistant bacteria. Escherichia coli is one
of the bacteria that present multidrug-
resistance, this can impact human or
animal E. coli infection treatment.
Previous studies showed that E. coli
obtained from pig farm and barbeque beef
have MDR percentages of 57.3% and
87%">* whereas the percentage of MDR
E. coli from urine samples of urinary tract
infection (UTIs) patients is 97.5%.

Antibiotic resistance and MDR that
occur in E. coli or other bacteria are
caused by the factor of unwise or
excessive use of antibiotics®. Data from
the WHO Regional Office for South-East
Asia showed that the antibiotic use in
South East Asia countries was high, and
there was a misused of antibiotic in some
countries®’, The irrational use of
antibiotics still occurs in many regions in
Indonesia, recent research conducted by
Hanifa*, with the subject of a study was a
health facility in the Loa Janan area, East
Kalimantan. This result study showed that
27 cases (33.75%) of the antibiotics usage
included in the category of irrational
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antibiotic administration with details: short
duration of consumption (12.50%), using
less effective antibiotics (8.75%), and using
antibiotics without an indication (12.50%).
Another study conducted by Sholih,
Muhtadi, and Saidah®, also showed
irrational use of antibiotics in Bandung
regional hospitals, with drug utilization
(DU) values reaching 90% for penicillin,
cephalosporin, quinolone, and macrolide
antibiotics.

Based on data obtained by Nguyen et
al,® ampicillin usage, especially in Vietnam,
is very high. Based on those data, antibiotics
that are often purchased in rural Vietnam are
extended-spectrum penicillins (amoxicillin
and ampicillin), and first-generation
cephalosporins  (cefalexin). Similarly, in
China and India, consumption of extended-
spectrum penicillin antibiotics is also high.
The use of extended-spectrum penicillin
antibiotics (amoxicillin and ampicillin) in
India almost reached 3 billion of antibiotic
usage during the period 2000 — 2010%,
while in China extended-spectrum penicillin
became the most frequently utilized
antibiotic at about 21.21% of total antibiotic
consumption®*.  The  consumption  of
ampicillin in Indonesia itself, especially in
the human health sector, reached 28.0
defined daily doses (DDD)/100 patient per
days*.

Livestock products such as meat, eggs,
and chicken can be a medium for
transmitting antibiotic-resistant pathogenic
bacteria if these products are contaminated
by them®®. This can occur due to a lack of
hygiene during product processing or farm
location cleanliness®. Bacteria in the farm
environment can also experience antibiotic
resistance by the presence of resistant genes
obtained from genetic transfer, or gene
mutations that occur®®. The resistance genes
obtained in this study showed that E. coli
samples from egg and cloacal swabs carry

tetA, aadAl, aph(3)lla and blargm: genes ,
with the two highest (100%) resistance
genes are aadAl and blatgmi while the two
lower (58.3%) resistance genes are tetA and
aph(3)lla.

B-lactamase resistant genes (such as
b|a'|'E|\/|1, b|ac'|'x|\/|, b|ao)(A) are Wlde|y found in
E. coli, where these genes can cause it
extended-spectrum B-lactamase (ESBL)™.
The percentage of [-lactamase resistant
genes found in previous studies ranged from
42.86% to 98.2%". In the other research
arranged by Deku et al.**; isolating E. coli
from various clinical samples, such as urine,
blood, sputum, and vaginal swabs also
obtained ESBL genes, which the majority
(83.9%) of ESBL E. coli had blargm; gene.

Resistant genes discovered in E. coli
isolates in this experiment also support the
results of antibiotic susceptibility tests of
these isolates. This also shows that one
factor contributing to the occurrence of
antibiotic-drug-resistant in pathogens is
antibiotic-resistant genes. In a study carried
out by Aworh et al.** testing the
susceptibility of E. coli obtained from faeces
samples of farm workers, chicken faeces,
farm waste, and water around the farm, the
highest resistance occurred to tetracycline,
ampicillin, sulfamethoxazole/ trimethoprim,
streptomycin, nalidixic acid, and gentamicin
respectively. The resistance that occurs is
supported by the discovery of resistant
genes to the aminoglycoside class of
antibiotics (streptomycin and gentamicin),
and six types of B-lactamase resistant genes.

B-lactamase resistant genes are an
important concern because the presence of
these genes in bacteria can lead to the
production of ESBL, that result in bacteria
resistant to -lactamase class antibiotics, and
need a higher doses of antibiotics to treat
infections from ESBL bacteria. The bacteria
produce ESBL widely found in hospital
facilities, and bacteria that are often produce
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ESBLs are E. coli and Klebsiella

pneumonia, that can cause of nosocomial
infections.”

Resistant genes found in pathogenic
bacteria are obtained from a horizontal
genetic transfer process from other
bacteria found in the surrounding
environment®®. Thus, resistant genes in E.
coli obtained in this research are likely can
be transferred to other pathogenic bacteria
also. Antibiotic-resistant genes (ARGS) are
transferred across bacteria by horizontal
gene transfer, which is mediated by mobile
genetic elements (MGE), such as integrons
located on transposons and plasmids*.
Based on the latest research “** ' the
blarem: gene is known to be found in the
plasmid of Escherichia coli bacteria, so it
has the potential to be transferred
horizontally to other pathogenic bacteria.

Escherichia coli carrying antibiotic-
resistant genes can  pollute the
environment, and then the resistant genes
can be transferred to other pathogenic
bacteria, which can cause problems in
public health. This can be happened
because E. coli acts as a donor and as a
recipient of resistance genes*’. Thus, the
detection of antibiotic-resistant genes in
bacteria is important in the livestock,
agriculture, or aquatic sectors that have the
potential to transmit antibiotic-resistant
bacteria through food (foodborne disease).
The result study of Wintersdorff et al.*®
also found that MGE can spread to the
environment. This result study is expected
to be a reference for policymakers to give
more attention to the use of antibiotics in
every sector, which can increase antibiotic-
resistant bacteria.

The pB-lactamase TEM1 gene
(blatem1) sequenced in this study was
carried out to ascertain the genomic profile
of the isolated E. coli and the potential for
gene changes in the sequence of DNA pair
bases. The BLAST process on the NCBI

website was carried out on the twelve
samples, it was found that all E. coli
isolates had close similarity with E. coli
strains from Vietnam, India, China,
Norway, and Hamburg in Gene-Bank.
Phylogenetic analysis was conducted
to examine the relatedness of the twelve E.
coli samples, which were aligned with nine
E. coli blatgmi controls, e.g. E. coli from
Malaysia, Singapore, Vietnam, Thailand,
China, India, Norway, and Hamburg.
Neighbour-joining tree reconstruction was
used in the phylogenetic analysis. The
twelve E. coli samples in this study have
very close similarities with E. coli blargm:
strains from Vietnam, India, and China.
These three countries are the countries
with the three highest sales and
consumption of FDC (fixed dose
combination) antibiotics, and ampicillin 3
is the most widely sold antibiotic without a
license from the FDA (Food and Drug
Administration) when compared to
Indonesia  which is ranked 30™.%
Moreover, Vietnam, China, and India are
countries that use most antibiotics in food-
producing animals, including Indonesia.>
There was a difference in the
nucleotide sequence of A8 isolate
compared with the other 11 isolates. The
substitution of nitrogen base occurred in
the 137" nucleotide of the sequence of A8
isolate causing a different amino acid in its
sequence, so the genetic code serine amino
acid change to be genetic code for
asparagine amino acid, while the other
isolates have serine as their amino acid.
Changes in amino acids of isolate A8 did
not affect the results of B-lactamase class
antibiotic resistance phenotypes tested
(ampicillin), where isolate A8 is still
resistant to ampicillin antibiotics with no
inhibition zone formed. Serine amino acid
in the blarem: gene is one of the amino
acid that support B-lactam antibiotic
degradation by producing serine-B-
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lactamases (SBLs) enzyme. SBLs utilize a
catalytic serine residue to initiate a
nucleophilic attack on the p-lactam
carbonyl, similar to the mechanism of
serine-dependent protease.”

However, asparagine (Asn) has a
similar function as serine, which can
hydrolyze B-lactam antibiotics, also affect
catalytic mechanism of  B-lactam
antibiotics®. Asparagine is critical for
penicillin and cephalosporin hydrolysis,
which can lead to resistance against these
antibiotics®. Thus, the polymorphism of
amino acid serine to asparagine does not
affect the [-lactam antibiotic resistance
phenotype of E. coli isolates.

Human mobilization can also affect
the similarity of E. coli strains in Indonesia
with other countries, especially with China
and Vietnam, both are countries that have
high mobilization to Indonesia or vice versa.
Although human mobility from Indonesia to
Malaysia, Singapore, and Thailand is also
high, E. coli blargm; strains from the three
countries have a distant similarity with E.
coli in Indonesia. This happens because the
consumption of ampicillin antibiotics in
public from those three countries is lower
than in Indonesia.*®

STRENGTH AND LIMITATION

The strength of the study obtained
gave molecular information about resistant
genes in E. coli collected from egg and swab
cloacal of broiler chicken in Yogyakarta,
Indonesia, and polymorphism of blarew:
gene. The limitation of the study was sample
collection only done in supermarkets and
farms and only from livestock. Samples
collection needs to be expanded in human
and environmental samples.

CONCLUSIONS

This study obtained 12 Escherichia
coli isolates that are resistant to antibiotics
tested with the highest percentage are
erythromycin (100%), follow by
ciprofloxacin (91.7%), ampicillin (91.7%),
sulfamethoxazole (83.3%), streptomycin
(83.3%), gentamicin (75%), tetracycline
(41.7%), and chloramphenicol (25%).
Resistant genes were also found in the
samples obtained, with the highest
percentage of aadAl and blargmi genes
(100% each), followed by tetA and
aph(3)lla genes (58.3% each). It is
important to pay attention to this result study
because a the resistant gene blargm: that
causes ESBL E. coli which has an important
influence on human health, was found in
100% E.coli in this study and all of 12 E.
coli samples were bacteria with MDR. One
of the E. coli samples has a polymorphism
in its gene, causing changes in the amino
acid sequences, which is serine change with
asparagine. The polymorphism did not
affect the phenotype of E. coli resistance to
beta-lactamase class antibiotics tested
(ampicillin). This is because both amino
acids have the same function, which can
hydrolyze  beta-lactamase  antibiotics.
Phylogenetic analysis showed that all the E.
coli samples have close similarity with E.
coli strains from China, Vietnam, and India.
This happened because it was influenced by
several factors, including high human
mobility from the three countries to
Indonesia. In addition, these three countries
are known to have the highest consumption
of ampicillin antibiotics (beta-lactam class)
in the human or animal health sector.
Detection of resistant genes and analysis of
gene sequences in pathogens is crucial, to
provide information on AMR data, which in
Indonesia itself is still very limited.
Therefore, this study is expected to provide
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information on antibiotic-resistant genes in
bacteria that could potentially become
human pathogens from other sectors
outside the health sector, which will help
paramedics recognize the possibility of
AMR transmission from the environment
to the human health sector.
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