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Abstract. Poultry production is an important part of the agricultural industry
in many countries, including Indonesia. Antimicrobial agents are widely used
in the poultry industry to reduce the significant losses caused by Escherichia coli
infections and welfare of animals. However, utilizing antibiotics in food production
in excess and/or inappropriately animal infections have also evolved antibiotic
resistance. This study aims to determine the resistance patterns of Escherichia
coli in broiler chickens to antimicrobial agents. In this study, 50 E. coli strains
isolated from the cecum and carcass samples of broiler chickens from markets
in Bogor West Java, Indonesia were tested for antimicrobials of both veterinary
and human significance (sulfamethoxazole, meropenem, ciprofloxacin, colistin
sulphate, and chloramphenicol). The antimicrobial susceptibility of isolated E.
coli was determined using the standard disc diffusion procedure and the Clinical
and Laboratory Standards Institute (CLSI) Performance Standards. The results
showed that 66% of E. coli isolates were resistant to colistin sulphate, 52% were
resistant to Sulfamethoxazole, 30% were resistant to meropenem, and 15% were
resistant to ciprofloxacin, and 8% were resistant to chloramphenicol. The presence
of multiple drug-resistant E. coli strains in broiler chickens is highlighted in this
study. It showed that there was multiple resistance of E. coli to four types of
antibiotics (4%), three types of antibiotics (20%), and two types of antibiotics
(18%). In this study, Escherichia coli has developed resistance to colistin sulphate
and chloramphenicol, both of which have been banned from use in livestock.
This may be due to the spreading of contamination of resistant bacteria from
the environment. The data revealed the relative risks associated with the use of
antimicrobials in the poultry industry, therefore antibiotic usage in poultry farms
should be restricted.

Keywords: Antimicrobial - Escherichia coli - cecum - carcass - broiler chickens

1 Introduction

An international concern known as antimicrobial resistance (AMR) has evolved, and
developing nations like Indonesia are likely to be more susceptible to the spread of
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resistant bacteria at human-animal interfaces [1]. Antimicrobial resistance (AMR) has
an impact on public health, especially food contamination and infectious diseases [2—4].
AMR in bacteria, primarily caused by foodborne pathogens, is on the rise in most parts
of the world, including ASEAN countries, with serious consequences for the economy,
human and animal health, and the international food trade. Pathogenic bacteria’s pro-
clivity to become multidrug-resistant (MDR) has received the most serious attention in
AMR [3, 4].

Antimicrobials have been widely used in poultry farming for three purposes: therapy,
prevention, growth promoters, and additional feed to increase chicken productivity. This
is the root cause of AMR’s emergence and persistence [2, 5, 6]. Antimicrobial agents
were first used to treat disease in livestock in the mid-1940s, and antimicrobial agents
were first used in commercial feed for cattle, pigs, and poultry in the early 1950s [7].
Waste management on farms and production line processes is a determining factor in
the risk of AMR emergence and the level of food contamination. Antimicrobials have
been widely used in poultry farming for three purposes: therapy, prevention, growth
promoters, and additional feed to increase chicken productivity. This is the root cause
of AMR’s emergence and persistence [2, 8].

The standard bacterial species used to identify AMR-associated infections are Enter-
obacteriaceae such as Escherichia coli (E. coli) and Klebsiella pneumonia [2]. There
are significant health concerns for humans from a number of virulence genes that are
possibly zoonotic in E. coli strains [9]. Meat contaminates with antimicrobial-resistant
E. coli due to the widespread use of antimicrobial agents in the manufacture of animal
products [7]. Antibiotic-resistant E. coli in animal products can endanger public health
[10]. According to [11], The primary source of E. coli with MDR is animal-derived food,
and antibiotics are a critical component of treatment. Furthermore, animal-derived E.
coli can serve as a source of antimicrobial resistance genes for other bacteria. As a result,
the widespread use of antimicrobial agents in food-producing animals may contribute
to an increase in the burden of antimicrobial resistance in humans. Bacteria from animal
reservoirs are of particular interest due to the fact that they are resistant to antimicrobials
that are crucial for human therapy (e.g., aminoglycosides, fluoroquinolones, and third
and fourth-generation cephalosporins) due to the fact that they are resistant to antimicro-
bials that are crucial for human therapy (e.g., aminoglycosides, fluoroquinolones, and
third and fourth-generation cephalosporins) [7].

A number of Indonesian regions have been reported to have E. coli resistant to
antibiotics in chicken, with varying incidence rates for AMR [12—-14]. This study aims
to determine the pattern of resistance of E. coli to antimicrobial agents isolated from
broiler chickens in Bogor, West Java, Indonesia.

2 Materials and Methods

In this study, 50 local isolates of E. coli isolated from broiler chicken cecum (21 isolates)
and carcass samples (29 isolates) obtained from Bogor’s traditional markets used in
this study. A fresh cecum sample was taken aseptically and put in a sample pot, and
the chicken carcasses were placed in sterile plastic bags. All samples brought to the
laboratory using an ice box. Escherichia coli ATCC 25922 was used as a positive control
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strain. Each sample was first planted on Eosin Methylene Blue Agar (EMBA) media
with an overnight incubation at 35 °C before being planted in an enrichment solution of
Buffer Pepton Water. Colonies having a predominant metallic green and a dark center
were suspected to contain E. coli, and the process of identifying it continued. Gram
staining and biochemical tests such as Simmons citrate Agar (SCA), Sulphide Indole
Motility (SIM), Methyl Red Voges Proskauer (MRPV), and Urea Agar are used to
identify samples (SNI 2897:2008 with modification).

The 5 types of antibiotics (Oxoids) in disc form, namely sulphamethoxazole/SXT
(30 pg/disc), meropenem/Mem (10 pg /disc), ciprofloxacin/ CIP (5 wg/disc), colistin
sulphate/ CT (10 pg /disc), and chloramphenicol/ C(30 pg/disc) were selected based on
their clinical or epidemiological significance to human and animal health. The antimicro-
bial susceptibility of all E. coli isolates was determined using the Kirby-Bauer disk diffu-
sion method with Mueller-Hinton (MH) agar (Thermo Fisher Scientific, USA) according
to the Clinical and Laboratory Standards Institute standard procedure (CLSI) [15]. Iso-
lates of E. coli were grown for 24 h in BHI broth (Oxoid CM0225) media before being
incubated at 37 °C. Furthermore, the bacteria were grown on Nutrient Agar (OXOID)
medium and incubated at 37 °C for 24 h. The bacteria were then reintroduced into Brain
Heart Infusion (BHI) broth to form a suspension that was adjusted to match the turbid-
ity of 0.5 McFarland standard using McFarland Densitometer (Biosan). Mueller-Hinton
Agar (OXOID CMO0337) medium in 3 and 1 mL volumes were used. Each antibiotic
disc is placed on the agar surface after it has dried. The agar medium was then incubated
at 37 °C for 24 h. Furthermore, based on the diameter of zone inhibition on the plate,
antibiotic test results are classified as sensitive, intermediate, or resistant.

Percentage (%) of antibiotic resistance of E. coli
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Fig. 1. Prevalence of resistance among E. coli isolates from broiler chickens to antibiotics.
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Fig. 2. Multiple resistance drug (MDR) of E. coli towards antibiotics

3 Results

A total of 50 E. coli isolates from cecum and chicken carcasses obtained from traditional
markets in the Bogor area were tested by disc diffusion using the Kirby-Bauer method to
determine the profile of their resistance to five different antibiotics. We found that 66% of
E.coliisolates were resistant to colistin sulphate, 52% were resistant to sulfamethoxazole,
30% were resistant to meropenem, 15% were resistant to ciprofloxacin, and 8% were
resistant to chloramphenicol (Fig. 1) (Fig. 2).

Furthermore, E. coli was found to have multiple resistances to four types of antibiotics
(4%), three types of antibiotics (20%), as well as two different antibiotics (18%).

4 Discussion

The inappropriate use of antibiotics in human medicine is considered the main driver of
the phenomenon, but the overuse of antibiotics in livestock farming also contributes to the
threat of antibiotic resistance. According to the Organization for Economic Cooperation
and Development (OECD), there will be a 67% increase in the amount of antimicrobials
used in food animals worldwide from 63,151 tons in 2010 to 105,596 tons in 2030 [16].
One of the five nations with the highest expected percentage increases in antimicrobial
consumption by 2030 is Indonesia. According to a Ministry of Agriculture study, the
most often used antibiotics were enrofloxacin (49.4%), amoxicillin/colistin (35.3%),
trimethoprim/sulfadiazine (14.1%), and doxycycline (13.3%), in 360 small and medium-
sized commercial broiler farms in three provinces: West Java, East Java, and South
Sulawesi [17].

The study of antibiotic resistance against E. coli in the cecum and chicken carcasses
from Bogor’s traditional market discovered that 66% of E. coli isolates were resistant
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to colistin sulphate, 52% were resistant to sulfamethoxazole, 30% were resistant to
meropenem, 15% were resistant to ciprofloxacin, and 8% were resistant to Chloram-
phenicol. Furthermore, E. coli was found to have multiple antibiotic resistances to four
types of antibiotics (4%), three types of antibiotics (20%), and two types of antibiotics
(18%). Surprisingly, E. coli has developed resistance to colistin sulphate and chloram-
phenicol, despite the fact that both of these antibiotics are prohibited for use in livestock.
The possibility caused by colistin and chloramphenicol resistance might be due to the
inappropriate use of antimicrobials, including abuse and overuse in humans, and agri-
cultural production. Resistant bacteria can contaminate environment e.g. soil and plants.
Through contact with the environment, animals can contract resistant bacteria. Further-
more, eventhough wild animals are not typically treated with antimicrobials; however,
they can transport antimicrobial-resistant bacteria from the farm’s contaminated sur-
roundings [18]. These findings are similar to those of [6], who discovered resistance
to colistin, streptomycin, erythromycin, oxytetracycline, tetracycline, and cefotaxime.
The resistance pattern to several antibiotics was 99 percent in these isolates. According
to [5], the high prevalence of E. coli isolates with the mcr-1 gene, a marker of colistin
sulfate resistance, was quite concerning in Argentina. Commercial broiler farms can be
a significant source of E. coli strains containing the mcr-1 gene.

This study revealed that 52% of E. coli was resistant to sulfamethoxazole. Antimi-
crobial agents are widely used in the poultry industry to reduce the significant losses
caused by E. coli infections, but this has a negative impact because it can increase the
resistance of digestive tract organisms to antibiotics [19, 20]. Antibiotic use in poultry
farms must be restricted in order to reduce antibiotic resistance because it possess great
threat to public health when the resistant E. coli spread from food animals to humans
through chicken carcasses.

Meanwhile, the resistance of E. coli to meropenem in this study reached 30%. Numer-
ous routes, both connected to and unrelated to agriculture, including wastewater, soils,
manure applications, direct contact between people and animals, and food intake, can
result in the transmission of AMR bacteria and genes across systems. Meropenem is a
carbapenem antibiotic that is used as a last-resort antibiotic in the treatment of human
infections [21, 22]. WHO classifies carbapenem-resistant Enterobacteriaceae as the most
critical priority group of pathogens that pose a threat to human health [22]. There is no
utility for carbapenem in veterinary medicine. This is most likely a result of humans using
antibiotics unwisely, which has led to the spread of meropenem-resistant E. coli into the
environment. It is unknown whether these resistant qualities can be passed from animals
to people or the other way around. Because the prevalence of carbapenem resistance was
found to be higher in humans than in animals, it is likely that the resistance acquired in
animal isolates was acquired through environmental spread [23]. Larbi er.al 2021 [24]
discovered that in Ghana’s Greater Kumasi Metropolis 100% meropenem resistance in
E. coli isolates from broiler chickens, pigs, and cattle. The presence of carbapenem
resistance in E. coli of animal origin highlights the need for effective surveillance and
intervention to prevent infection.

According to [25], ciprofloxacin antibiotics from the fluoroquinolone group and
chloramphenicol antibiotics from the phenicol group are still sensitive, which means
they are still quite effective for the treatment of E. coli infection because they can still
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inhibit bacterial growth. Several other studies, on the other hand, have found that the
antibiotics ciprofloxacin and chloramphenicol have a low level of resistance to E. coli
isolates when compared to other antibiotics [26—28]. Resistance rates to ciprofloxacin
and chloramphenicol were similar to those found in this study. The fluoroquinolone
group is an important antimicrobial agent for treating various types of infections in both
humans and animals because it is known to be bactericidal against almost all bacteria.
Resistance to these antimicrobial agents is usually due to mutations in the drug target,
i.e., the genes for DNA gyrase and topoisomerase IV, but other mechanisms such as
decreased outer membrane permeability, protection of target structures, or upregulated
efflux pumps may also play a role [23].

The percentage of multidrug-resistant (MDR) E.coli isolated from the cecum and
carcass of chickens found dual resistance to four antibiotics (4%), three antibiotics (20%),
and two antibiotics (18%). The MDR profile was also reported in the [29] study. MDR
properties were found in 76 percent of E. coli isolates, with 31.1 percent resistant to
4 antibiotic classes and 2.9 percent resistant to 7 antibiotic classes. According to [30],
E.coli isolated from Se’i meat in Kupang showed resistance to two or more classes of
antibiotics, with 11 different resistance patterns, with the highest MDR pattern observed
against nine classes of antibiotics.

Antimicrobial resistance can develop as a result of the use of antibiotics in animals
and humans, as well as the subsequent transfer of bacterial resistance genes between
animals, humans, animal products, and the environment [31]. High antibiotic resistance
in E. coli can lead to resistance to other pathogenic bacteria, endangering the health
of animals, humans, and the environment [6]. Temperature, solar radiation exposure,
pH, soil type, and microbial bio complexity can all affect resistant bacteria’s ability to
survive, reproduce, die, and exchange/spread resistance genes [32]. Antibiotic resistance
can be managed by limiting the spread of resistant bacteria or by limiting antibiotic use
[33]. Using an alcohol-based hand sanitizer or often washing your hands with soap and
water are two ways to prevent AMR. Be sure to handle food properly by keeping raw
and cooked ingredients apart, completely cooking meals, and using clean water. Avoid
getting too near to sick people.

5 Conclusion

From this study, it can be concluded that Escherichia coli isolated from broiler chickens
collected from Bogor’s traditional markets has resistance to antibiotic colistin sulphate,
sulfamethoxazole, meropenem, ciprofloxacin, and, chloramphenicol. There was found
multidrug-resistance of E. coli to more than two antibiotics.
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