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Abstract
Background: Poultry is one of the most prominent sources of Campylobacter jejuni, which is also a major means 
of transmission to people. Campylobacter jejuni contamination in chicken meat comes from chicken feces because it 
naturally exists in the intestines of chickens. 
Aim: The purpose of this study is to identify the antibiotic resistance patterns and genes of C. jejuni, which was found 
in chickens in Pasuruan, Indonesia. 
Methods: The samples used in this study were 200 contents of the small intestine of broiler chickens from 40 farms 
in Pasuruan Regency. The enriched sample was streaked on the selective media of modified charcoal cefoperazone 
deoxycholate agar containing the CCDA selective supplement. Antimicrobial susceptibility test utilizing the Kirby–
Bauer diffusion test method in accordance with Clinical and Laboratory Standards Institute standards. The polymerase 
chain reaction (PCR) method was used to detect the (hipO), which encodes the C. jejuni strain, fluoroquinolone 
resistance (gyrA), beta-lactam resistance (blaOXA-61), and tetracycline resistance (tetO) genes.
Results: The findings revealed a 14% (28/200) prevalence of C. jejuni in the small intestine of broiler chickens. 
These isolates showed high resistance to enrofloxacin (92.9%). All isolates (100%) were susceptible to amoxicillin-
clavulanate. The PCR results showed all C. jejuni isolates (100%) detected the gyrA gene, 96.4% detected the blaOXA-61 
gene, and 50% detected the tetO gene. 
Conclusion: The findings of antimicrobial resistance at a high level from the small intestine of broiler chickens 
illustrate the potential threat to human health. To lessen the effects now and in the future, coordinated and suitable 
action is needed, as well as steps to guarantee the poultry industry’s economic survival and public health insurance.
Keywords: Campylobacter jejuni, Antimicrobial resistance, Gene, Chickens, Indonesia.

Introduction
The poultry sector is the main source of animal 
protein that supplies human food in the world. The 
advantage of poultry meat is that the price is lower 

when compared to other sources of animal protein, but 
the animal protein content is higher (Choi et al., 2023). 
Poultry in Indonesia is growing rapidly in line with the 
higher demand for commodities (Syahlani et al., 2022). 
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The purchasing power of the Indonesian people is 
comparable to the price of chicken meat so that animal 
protein nutrition can be fulfilled at all socioeconomic 
levels (Faridah et al., 2023). 
The problem, poultry is one of the most prominent 
sources of Campylobacter jejuni, which is also a major 
means of transmission to people (Thomrongsuwannakij 
et al., 2017). Systems for managing the risk of 
campylobacteriosis currently exist at the national and 
international levels, but it is still not possible to provide 
consumers with chicken that is free of campylobacter 
(Facciolà et al., 2017). Data have been published that 
the incidence of foodborne illness is related to food 
handlers (Narvaez-Bravo et al., 2017). Sources of 
infection in humans are mostly caused by consuming 
chicken carcasses contaminated with C. jejuni which 
is cooked with imperfect heating (El-Saadony et al., 
2023). Campylobacter jejuni contamination in chicken 
meat comes from chicken feces because it naturally 
exists in the intestines of chickens (Wangroongsarb et 
al., 2021). 
Campylobacter jejuni is an enteric bacterium that is 
pathogenic to humans (Thomrongsuwannakij et al., 
2017). Currently, C. jejuni is a zoonotic agent that 
is quite important for industrialized and developing 
countries (Kaakoush et al., 2015). This bacterium has 
been an emerging bacteria in the last decade since 
many species that are resistant to antibiotics were 
discovered (Facciolà et al., 2017). Epidemiology of 
C. jejuni infection does not only occur in developing 
countries but also in developed countries (Sison et 
al., 2014). In Indonesia, the toddlers with diarrhea 
who visited hospitals and health centers, the bacteria 
that caused the most diarrhea was C. jejuni at 70.8% 
(Budiailmiawan et al., 2022).
Antibiotics are frequently used in medicine to 
treat illnesses, prevent them (via prophylaxis and 
metaphylaxis), and promote growth (Manyi-Loh 
et al., 2018). According to estimates, the livestock 
industry uses two-thirds of the antimicrobials produced 
globally (Hosain et al., 2021). In a 2021 assessment of 
antimicrobial drugs used in animals, it was found that 
26% of the 160 nations examined in 2019 continued to 
utilize antibiotics as growth promoters in animal products 
(Muurinen et al., 2021). Antimicrobial resistance in 
enteric bacteria is a result of the overuse and improper 
use of antibiotics in chickens (Efendi et al., 2022). 
Antimicrobial resistance in Campylobacter strains has 
been frequently isolated, this causes infections that are 
difficult to treat and can be transmitted quickly through 
food of animal origin so that the impact on human 
health is even wider (Gharbi et al., 2022).
The increasing ability of bacteria to become resistant to 
antibiotics commonly used in clinical practice makes 
information regarding antimicrobial resistance in C. 
jejuni important for considering alternative therapies 
and implementing safety strategies. In Indonesia, 
information regarding antimicrobial resistance in C. 
jejuni is still very limited, so this research was carried 

out which aims to detect antimicrobial resistance 
patterns and genes of C. jejuni isolated from chickens 
in Pasuruan, Indonesia.

Materials and Methods
Sample collection
Sampling was carried out from July to September 
2022. The samples used in this study were 200 
contents of the small intestine of broiler chickens from 
40 farms in Pasuruan Regency. Samples come from 3 
sub-districts in Pasuruan Regency, namely Kejayan, 
Grati and Lekok. The contents of the chicken’s small 
intestine are put into a sterile plastic that has been 
prepared to prevent microbial contamination from the 
environment. The sample is then taken using a cool box 
to the laboratory for analysis. 
Culture on enrichment media
The chicken intestine content in the amount of 1 g was 
put into a bottle containing 10 ml of Nutrient Broth No.2 
(Oxoid CM0067, England) which had been added with 
5% lyzed sheep blood, Preston supplements (Oxoid 
SR0117, England) and FBP (sodium pyruvate, sodium 
metabisulfite, and ferrous sulfate) then incubated for 
24 hours at 42°C under microaerophilic conditions (5% 
O2, 85% N2, and 10% CO2). Microaerophilic conditions 
were obtained by placing the bacterial culture into a 
2.5l anaerobic jar (Oxoid, England) and adding a 2.5l 
Gas Generating Kit CampyGen sachet (Oxoid CN0025, 
England).
Isolation and identification of Campylobacter sp
The enriched sample was streaked on the selective 
media of modified charcoal cefoperazone deoxycholate 
(mCCDA) (Oxoid CM0739, England) containing 
the CCDA selective supplement (Oxoid SR 155E, 
England), then kept in an atmosphere of microaerophilia 
for 24 hours at 42°C. Identification of Campylobacter 
sp was then carried out by Gram staining, oxidase test, 
and catalase test.
Antibiotic sensitivity test
Antimicrobial susceptibility test (AST) utilizing the 
Kirby–Bauer Diffusion Test method in accordance with 
Clinical and Laboratory Standards Institute (CLSI) 
standards. On Mueller–Hinton agar (Oxoid CM 0337b, 
England) plates, antimicrobial resistance testing was 
performed on all C. jejuni isolates, supplemented with 
5% defibrinated sheep blood, containing ciprofloxacin 
5 µg, enrofloxacin 5 µg, eritromisin 15 µg, tetrasiklin 
30 µg, streptomisin 10 µg, gentamisin 10 µg, ampicillin 
10 µg, and dan amoxicillin-clavulanate 30 µg antibiotic 
disks. The media were incubated under microaerophilic 
conditions for 24 hours at 42°C. The inhibition zone was 
measured, and the CLSI table was used as a reference to 
assess the bacterial susceptibility to antibiotics.
Detection of C. jejuni strain (hipO gene) dan 
antimicrobial resistance genes (gyrA, blaOXA-61, and 
tetO)
The polymerase chain reaction (PCR) method was 
used to detect the hipO, gyrA, blaOXA-61, and tetO 
genes, hipO is a gene encoding C. jejuni strain, while 
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gyrA is a gene encoding fluoroquinolone resistance, 
blaOXA-61 encodes beta-lactam resistance, tetO encodes 
beta-lactam resistance. The QIAamp DNA Mini Kit 
(Qiagen, USA) was used to extract DNA according 
to the manufacturer’s instructions. The master mix 
formulation for PCR amplification consisted of 5 μl 
template DNA, 1 μl each primer (Integrated DNA 
Technologies, Iowa), 0.5 μl Nuclease Free Water, and 
12.5 μl PCR master mix (Promega, USA) containing 
Taq dNTPs, DNA polymerase, reaction buffer, and 
MgCl2. The final volume of the reaction mixture is 
20 µl. The PCR primers, supplied by Integrated DNA 
Technologies (Iowa), are listed in Table 1. The PCR 
reagent mixture is then loaded into the BioPoducts 
Select Cycler II thermal cycler. Positive control C. 
jejuni strain using ATCC 33560 (Microbiologics, 
Minnesota).
The amplification results of the PCR products were 
carried out by electrophoresis in 1.5% agarose gel 
(Invitrogen, USA) which had been added with RedSafe 
Nucleid Acid Staining Solution gel dye (Intron, South 
Korea). To gauge the size of the DNA produced by the 
PCR, marker 100 was further placed into the agarose 
gel’s wells, afterward the electrophoresis was carried 
out for 30 minutes at a constant 100 volts. The gel was 
taken out and put under a UV lamp for inspection after 
stopping the electrophoresis.
Ethical approval
Animal ethics approval was obtained via the ethical 
clearance committee of the Faculty of Veterinary 
Medicine, Universitas Wijaya Kusuma Surabaya, 
Indonesia (Ethics no: 86-KKE / 2022).

Results
Based on the outcomes of the biochemical tests and 
the results of the isolation and identification using 
morphology, from a total of 200 samples of the 
contents of the small intestine of broiler chickens, 32 
samples were positive for Campylobacter sp (16%). 
Campylobacter sp colonies growing on mCCDA agar 
media are grayish–white, round, convex, smooth, and 
shiny (Fig. 1). Campylobacter sp bacteria appear red 
with Gram hucker staining, have a spiral shape, and 
wavy rods, including Gram-negative, active oxidase, 
and active catalase. The PCR results showed that of the 
32 Campylobacter sp isolates, there were 14% (28/200) 
C. jejuni strains, which was indicated by the presence 
of a PCR product of 323 bp, as shown in (Fig. 2). 
The results of the AST for C. jejuni showed that 
there was high resistance to enrofloxacin (92.9%), 
ciprofloxacin (89.3%), and ampicillin (75%). To a 
lesser extent, C. jejuni is resistant to tetracyclines 
(50%). Very low levels of resistance were seen for the 
antibiotics streptomycin (7.1%), gentamycin (3.6%), 
and erythromycin (3.6%), whereas all isolates (100%) 
were susceptible to amoxicillin-clavulanate (Table 2).
Of 28 C. jejuni isolates, 50% (n = 14) were multidrug 
resistant (MDR). The frequency of resistance profiles 
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to 3 drug classes was the highest at 46.4%, and the 
remaining resistance to 4 drug classes was 3.6%. In 
this research, C. jejuni showed 7 different antibiotic 
resistance patterns (Table 3). The combination CIP–
ENR–TE–AMP is the most frequently occurring 
pattern (39.3%).
A total of 28 C. jejuni isolates were tested using PCR 
to detect gyrA, blaOXA-61, and tetO genes (Table 2). 
Of the 28 isolates, all (100%) detected the gyrA gene 
as indicated by the presence of 235 bp PCR product 
(Fig. 3), 96.4% detected the blaOXA-61 gene as indicated 
by the presence of 372 bp PCR product (Fig. 4), and 
50% detected the tetO gene as indicated by the presence 
of 559 bp PCR product (Fig. 5).

Discussion
The results showed that the prevalence of C. jejuni was 
14% from a total of 200 samples taken from chicken in 
Pasuruan, Indonesia. In comparison to earlier research 
on chicken carcasses in Indonesia by Budiailmiawan 
et al. (2022), which found that the prevalence of 
C. jejuni was 23.5%, this study’s prevalence of the 
bacteria was lower. These results were similar to the 
studies from China, with the prevalence of C. jejuni of 
10.8% from broiler cloacal swabs in China (Yang et al., 
2023). Comparing the findings of research conducted 
in Thailand to the prevalence in this study, it was 
determined to be lower. According to Wangroongsarb 
et al. (2021), 33.5% of chicken samples from Thailand 
included Campylobacter sp. In other countries, the 
prevalence rates vary, which is undoubtedly influenced 

by variations in sampling designs and testing 
techniques. 
Of the 32 isolates of Campylobacter sp, 28 isolates 
were C. jejuni species. These findings support earlier 
research studies that indicated C. jejuni was the 
predominant species isolated from chickens because 
it is in fact the species most frequently seen in the 
digestive tract of poultry (Sierra-Arguello et al., 2018). 
Infection in poultry mostly via the oral-fecal route or 
via vertical transmission from the broodstock (Facciolà 
et al., 2017). Cross-contamination is generally passed 
from generation to generation of the same poultry and 
it is indeed very uncommon for cross-contamination to 
be passed from the environment to animals (Stella et 
al., 2017). 
In this study, the contents of the small intestine of 
chickens have been shown to carry C. jejuni bacteria. 
It is conceivable that chicken could serve as a human 
campylobacteriosis reservoir. It is known that poultry 
is the main food source from which humans contract 
Campylobacter sp. High levels of Campylobacter sp 
in broiler chicks are the primary cause. Therefore, 
Campylobacter sp is frequently found in poultry 
farms, the environment, and water supplies, including 
soil, dust, air, and building surfaces. When people 
improperly prepare raw poultry in home kitchens, 
there is a risk of exposure because of the presence of 
Campylobacter sp in poultry. The majority of incidents 
include handling raw chicken, consuming undercooked 
or raw poultry, or cross-contamination between raw 
and cooked meals (García-Sánchez et al., 2020).

Fig. 1. (a) Campylobacter sp on mCCDA media; (b) Microscopically C. jejuni (1,000x).
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Fig. 2. Representative gel of C. jejuni strains gene (hipO). 
Note: Lanes: M, 100-bp marker; K+, positive control.

Table 2. Antimicrobial resistance profiles and genes of C. jejuni isolated from chickens. 

Drug Class Drug

Resistance 
Zone of 

Inhibition 
(mm)

C.jejuni

n = 28

(%)

PCR

n = 28

(%)
gyrA blaOXA-61 tetO

Fluoroquinolone
Ciprofloxacin (CIP) ≤15 25 (89.3) 28 (100) – –
Enrofloxacin (ENR) ≤24 26 (92.9) – – –

Macrolide Erythromycin (E) ≤13 1 (3.6) – – –

Aminoglycoside
Streptomycin (S) ≤1 2 (7.1) – – –
Gentamycin (CN) ≤12 1 (3.6) – – –

Tetracycline Tetracycline (TE) ≤11 14 (50) – – 14 (50)

Beta-Lactam
Ampicillin (AMP) ≤13 21 (75) – 27 (96.4) –
Amoxicillin-
clavulanate (AMC) ≤13 0 (0) – – –

Table 3. Antimicrobial resistance patterns of C. jejuni isolated from chickens.

Antimicrobial resistance patterns No. of drug class
C. jejuni

n = 28 (%)
CIP–ENR–E–S–CN–TE–AMP 5 1 (3.6)
CIP–ENR–TE–AMP 3 11 (39.3)
CIP–TE–AMP 3 1 (3.6)
ENR–S–AMP 3 1 (3.6)
ENR–TE 2 1 (3.6)
CIP–ENR–AMP 2 7 (25)
CIP–ENR 1 5 (3.6)

(CIP): Ciprofloxacin; (ENR): Enrofloxacin; (E): Erythromycin; (S): Streptomysin; (CN): Gentamycin; (TE): Tetracycline; 
(AMP): Ampicillin. 

Antimicrobial sensitivity test results showed that C. 
jejuni isolates had the highest level of resistance to 
enrofloxacin (92.9%), ciprofloxacin (89.3%), and 
ampicillin (75%), followed by lower resistance to 
tetracyclin (50%). The combination “CIP–ENR–TE–
AMP” is the most common pattern (39.3%). Due to 
the extensive usage of these antibiotics in Indonesia’s 
poultry farming industry, there is little doubt that 
enrofloxacin, ampicillin, and tetracyclin resistance is 
high (Efendi et al., 2022). Around 60% of Indonesian 
poultry farmers use enrofloxacin, with tetracycline and 
ampicillin following closely behind (Zong et al., 2022). 
In fact, research has linked increased resistance to C. 
jejuni isolated from humans and poultry to the usage 
of fluoroquinolones in poultry (Gharbi et al., 2022). 
The high incidence of bacterial resistance to ampicillin 
isolated from poultry in Pasuruan due to the high use 
of ampicillin has been shown by previous research in 
the same area, but on Escherichia coli bacteria from the 
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poultry environment (Yanestria et al., 2022). The low 
resistance to streptomycin (7.1%), gentamicin (3.6%), 
and erythromycin (3.6%) may be due to infrequent 
use in poultry because the price of these antibiotics is 
relatively expensive (Gharbi et al., 2022).
Of 28 C. jejuni isolates, 50% (n = 14) were MDR. 
This case is lower than MDR cases in other countries, 
Tunisia (100%) (Gharbi et al., 2022) and China 
(88.6%) (Yang et al., 2023). In Indonesia, the ban on 
the use of antibiotic growth promoters in the livestock 
sector became effective in January 2018, referring 
to Minister of Agriculture Regulation No. 14/2017; 
however, the impact of antibiotic resistance has already 

occurred and continues to exist today (Untari et al., 
2021), because antibiotic resistance bacteria (ARB) 
and antibiotic resistant genes (ARGs) from destroyed 
ARB have spread in the environment. The proliferation 
of ARBs and ARGs is made worse by the improper use 
of antibiotics in both humans and animals. Humans and 
animals excrete ARBs and ARGs through urine and 
feces into the environment (Yanestria et al., 2022).
All C. jejuni isolates (100%) had the gyrA gene 
detected. The study’s findings are comparable to those 
of studies carried out by other researchers. Research 
by Sierra-Arguello et al. (2018) showed that 100% of 
C. jejuni from chicken farms detected the gyrA gene. 
The majority of the C. jejuni isolates in this study 
were genotypically and phenotypically resistant to 
the fluoroquinolone antibiotic class, indicating a close 
relationship between the two (Šoprek et al., 2022). This 
supports the hypothesis that particular point mutations 
in the quinolone resistance determining region (QRDR) 
of the gyrA gene lead to fluoroquinolone resistance in 
C. jejuni (Thomrongsuwannakij et al., 2017). In reality, 
DNA gyrAse and the structurally related topoisomerase 
IV are two intracellular enzymatic targets of 
fluoroquinolones, but this is different in the bacteria 
C. jejuni (Iovine, 2013). DNA gyrAse is encoded by 
gyrA and gyrB (Jaktaji and Mohiti, 2010). Numerous 
investigations have demonstrated that C. jejuni lacks 
the parC and parE genes, ruling out their involvement 
in the development of fluoroquinolone resistance 
(Shakir et al., 2021).

Fig. 3. Representative gel of fluoroquinolone resistance gene 
(gyrA) from C. jejuni. Note: Lanes: M, 100-bp marker; K-, 
negative control.

Fig. 5. Representative gel of tetracycline resistance gene 
(tetO) from C. jejuni. Note: Lanes: M, 100-bp marker;  
K-, negative control.

Fig. 4. Representative gel of beta-lactam resistance gene 
(blaOXA-61) from C. jejuni. Note: Lanes: M, 100-bp marker; 
K-, negative control.
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DNA gyrAse in C. jejuni is encoded by gyrA and gyrB, 
but mutations in the QRDR gene gyrA are the only 
mechanism causing resistance to fluoroquinolones 
because mutations in gyrB are silent mutations (Han 
et al., 2012). The gyrB gene is not involved in the 
fluoroquinolone mechanism in C. jejuni as shown in 
several previous studies (Yang et al., 2023). 
In this study, all C. jejuni isolates had the gyrA 
resistance gene, but phenotypically there were three 
isolates that were still sensitive to ciprofloxacin and two 
isolates that were still sensitive to enrofloxacin. This 
could be due to the presence or absence of cmeABC 
overexpression. According to several researches, 
ciprofloxacin resistance was connected with the 
overexpression of CmeABC (Grinnage-Pulley et al., 
2015). Strains with overexpressing CmeABC show 
high levels of resistance to ciprofloxacin (Wieczorek 
and Osek, 2013). However, further research is needed 
to prove it.
The blaOXA-61 gene was detected in almost all isolates 
(27/28). Most C. jejuni are capable of producing 
beta-lactamase enzymes which can inactivate beta-
lactam molecules by hydrolyzing structural (Bush and 
Bradford, 2020). In this study, all C. jejuni isolates were 
phenotypically resistant to ampicillin, genotypically 
also having the blaOXA-61 gene. This is in line with 
earlier research that found a substantial association 
between the phenotype of antibiotic resistance and the 
genotype coding for antibiotic resistance in the isolates 
evaluated for antimicrobial resistance (Wieczorek 
and Osek, 2013). The presence of blaOXA-61 is strongly 
correlated with beta-lactam resistance, but six isolates 
that are ampicillin susceptible also have this gene. This 
result is supported by another report which also showed 
that 59% of ampicillin susceptible isolates carried the 
blaOXA-61 gene (Zeng et al., 2014). This demonstrates 
that ampicillin-susceptible isolates have weak blaOXA-61 
gene expression and produce less beta-lactamase than 
resistant isolates (Schreyer et al., 2022). The presence 
of C. jejuni which remains susceptible to ampicillin 
despite carrying the blaOXA-61 gene, could also have 
something to do with the CmeABC efflux pump 
because CmeABC also contributes to beta-lactamase 
resistance (Gharbi et al., 2022). 
The genotypically discovered tetO gene, which 
encodes tetracycline resistance, was present in all 12 C. 
jejuni isolates that were phenotypically resistant to the 
antibiotic. This result is the same as several previous 
studies which showed that 100% of tetracycline-
resistant C. jejuni had the tetO gene (Sharifi et al., 
2021). This demonstrates a relationship between 
the tetO gene and phenotypic tetracycline resistance 
(Zhang and Zhang, 2019).
The most significant known mechanism of 
tetracycline resistance in C. jejuni is mediated by the 
protein tetO, which protects the 16S rRNA ribosome 
site (Pérez-Boto et al., 2014). Usually, resistance to 
tetracycline antibiotics occurs due to the expression 

of various types of tet genes, namely tetA, tetB, tetC, 
tetE, tetg, and tetO which are found in plasmids and 
chromosomes of various Gram-positive and Gram-
negative organisms (Almeida et al., 2021). However, 
only tetO was reported to be highly prevalent in 
Campylobacter species (Bai et al., 2021). Another 
study, Yadav et al. (2020), has proven by detecting 
the tetO, tetA, tetB, tetC, tetD, tetE, and tetG genes in 
43 C. jejuni, the result is that only tetO was detected 
in 74.41% of isolates. 
The high level of resistance of C. jejuni isolates in this 
study may be caused by the unchecked use of antibiotics 
as growth promoters and in animal care without a 
prescription. Because fluoroquinolone antibiotics 
are the preferred treatment for campylobacteriosis in 
humans, the underlying issue for which antibiotic use 
as a treatment is limited, the significant resistance 
rate found in this study is concerning (Portes et al., 
2023). Consequently, it is essential to control the use of 
antibiotics in both humans and animals (Rahman et al., 
2022). The broad use of alternative medications made 
from medicinal plants is also urgently needed (Abd El-
Hamid et al., 2019). 
Farmers are obligated to adhere to and maintain a food 
safety management system based on Hazard Analysis 
and Critical Control Point (HACCP) principles 
(Awuchi, 2023). HACCP training enhances knowledge 
and hygiene practices in poultry handling and poultry 
carcass handling and avoids the inappropriate use 
of antibiotics that have an impact on antimicrobial 
resistance (Chowdhury et al., 2021).

Conclusion
These findings indicate that the bacteria C. jejuni, which 
has antimicrobial resistance properties and contributes 
to the spread of antimicrobial resistance bacteria to the 
environment and poses a risk to human health, can be 
transmitted through chicken. Antimicrobial resistance 
is a widespread issue that needs to be addressed using 
a “One Health” strategy. To lessen the effects now and 
in the future, coordinated and suitable action is needed, 
as well as steps to guarantee the poultry industry’s 
financial stability and public health insurance.
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