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Abstract. Kendek IA, Putri MFR, Wibisono FJ, Effendi MH, Tyasningsih W, Ugbo EN, Agumah NB. 2024. Molecular detection of hlyF
gene on multidrug resistance of avian pathogenic Escherichia coli isolated from ducks on wet markets of Surabaya, Indonesia.
Biodiversitas 25: 1246-1252. Avian Pathogenic Escherichia coli (APEC) is a strain of pathogen that can cause colibacillosis in poultry,
including ducks worldwide. This disease can be influenced by various virulence genes, one of which is the hlyF gene which can cause
systemic disorders and potentially become zoonotic in poultry. This study aimed to detect the hlyF virulence gene from the multidrug
resistance (MDR) properties of Escherichia coli originating from 158 duck cloacal swab samples from seven live markets in Surabaya.
Samples were isolated and identified using Eosin Methylene Blue Agar (EMBA) and MacConkey Agar (MCA) media, Gram staining,
and then continued with biochemical tests of Triple Sugar Iron Agar (TSIA), Simmons Citrate Agar (SCA), Sulfide Indole Motility
(SIM), Methyl red (MR) and Voges-Proskauer (VP). Samples were tested for MDR properties and continued with confirmation of the
hlyF virulence gene using PCR. Based on the results of this study, it showed that 85% (134/158) were positive for Escherichia coli.
Escherichia coli bacteria experienced resistance to the antibiotic erythromycin 96% (129/134), ciprofloxacin 16% (22/134), antibiotics
gentamicin 15% (20/134), aztreonam 4.4% (6/134) and chloramphenicol 3% (5/58). The MDR test results in this study were 15%
(20/134), while the PCR test results for the hlyF gene were 60% (12/20). Therefore, Escherichia coli was found to have the hlyF
virulence gene, an MDR in Escherichia coli bacteria at the Surabaya live market. Furthermore, APEC strains with the hlyF gene, an
MDR, potentially affect public health.
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INTRODUCTION

Escherichia coli bacteria are Gram-negative bacteria
that are normal flora in the digestive tract and are
pathogenic and capable of attacking animals and humans
(Na et al. 2019; Sora et al. 2021; Wibisono et al. 2021;
Islam et al. 2023). Based on the level of pathogenesis,
Escherichia coli bacteria are classified into three groups,
namely Extraintestinal Pathogenic Escherichia coli (EXPEC),
intestinal pathogenic Escherichia coli (InPEC) and
commensal strains (Ovi et al. 2023). EXPEC strains are a
group of Escherichia coli that infect extraintestinal tissues,
such as the urinary tract, respiratory tract, and yolk sac
infections (Akanbi et al. 2022; Hu et al. 2022). One of the
EXPEC substrains is Avian Pathogenic Escherichia coli
(APEC) which causes systemic disorders that can result in
colibacillosis in poultry, high morbidity, high mortality,
production losses, and the risk of transmission through

food to humans (Logue et al. 2017; Maciel et al. 2017;
Sarowska et al. 2019; Kathayat et al. 2021; Aberkane et al.
2023). Avian Pathogenic Escherichia coli (APEC) strains
cause a wide range of local and systemic infections in
poultry, including chickens, turkeys, ducks, and other bird
species (Papouskova et al. 2020; Kathayat et al. 2021).
Lesions caused by APEC are characterized by sacculitis,
peritonitis, pericarditis, salpingitis, synovitis, osteomyelitis,
omphalitis, septicemia, and others (Azam et al. 2020; levy
et al. 2022). APEC strains have the potential to be zoonotic
this is because general virulence factors of APEC have
been found in humans, and there is a relationship between
APEC, UPEC, and NMEC (Oliveira et al. 2019; Xu et al.
2019).

APEC strains can carry various virulence genes related
to the pathogenesis of colibacillosis, including adhesion,
invasion, iron acquisition system, siderophores, and toxins
(Saha et al. 2020). APEC virulence factors are influenced
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by several genes contained in the plasmid (Ramaditya et al.
2019; Bakhshi et al. 2020). Avian Pathogenic Escherichia
coli virulence factors vary, such as iss, tsh, iroN, episomal/
chromosomal ompT, iutA, cvaC, hlyF, iucD, papG allele
(1/1r), iroN and papC (Kathayat et al. 2021; Ovi et al.
2023). The hlyF gene encodes various types of toxins, hlyF,
hlyA, hlyE (avian hemolysin), tong (vacuolation toxin
autotransporter), cdtB, cdtS (cytolethal swelling factor), stx2f
(shiga toxin variant), pic (serine protease autotransporter),
espC (serine protease), ace4/35 (acetylcholine esterase), sat
(porter toxin auto trans) and toxins that facilitate biofilm
formation, agglutination, vacuolization induction, and outer
membrane vesicle formation (Murase et al. 2015; Velhner
et al. 2018; Kathayat et al. 2021). These vesicles are
bacterial virulence factors that cause pathological changes
in infected hosts (Murase et al. 2015).

Measures to prevent APEC infection can be carried out
by vaccination with respiratory agents, reducing stress in
chickens, predisposing factors, and treatment with antibiotics
(Adrenalin et al. 2020). The use of antibiotics in animal
production has a major impact on public health, increasing
the incidence of antibiotic and multidrug resistance (Saha
et al. 2020; Effendi et al. 2021; Yousef et al. 2023).
Resistance events can be transmitted to other animals and
humans through direct contact, production of animal
products, and indirectly through the environment (Vidovic
and Vidovic 2020; Tyasningsih et al. 2022; Faridah et al.
2023). Resistance to more than three types of antibiotics
from different groups is called multidrug resistance (MDR).
Antibiotic resistance can occur through mechanisms of
transfer of resistance genes between various bacteria
vertically or horizontally (transformation, conjugation, and
transduction) (Amer et al. 2020; Dameanti et al. 2023).

Moreover, APEC bacteria in ducks has not yet been
widely reported in Indonesia. Hence, in isolating the bacteria,
the incidence of multidrug resistance and the molecular
gene encoding hlyF in poultry are based on symptoms of
colibacillosis caused by Avian Pathogenic Escherichia coli
(APEC). Therefore, it is necessary to carry out this research
to determine the hlyF virulence gene in APEC in Indonesia.
The finding of the virulence factor is to increase public
awareness of the safety of food originating from ducks and
among breeders of the colibacillosis disease caused by the
APEC strain.

MATERIALS AND METHODS

Ethical approval

The research commission for animal ethics approval
was obtained from the Faculty of Veterinary Medicine,
Wijaya Kusuma University, Surabaya, Indonesia (ethics
number: 139-KKE-2023).

Sample collection

The number of samples used was 158 Mojosari duck
cloacal swabs in wet markets in Surabaya, including
Wonokromo Market, Pucang, Pacar Keling, Benowo,
Keputran, Pabean, and Krampung. Samples were taken
from sterile cotton swabs of duck cloaca (Onemed, Indonesia).
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All samples were transported into test tubes containing
Buffer Peptone Water (BPW) (HiMedia). All samples were
transported using a thermobox at a temperature of 4°C
(Wibisono et al. 2020; Yanestria et al. 2022).

Isolation and identification of Escherichia coli

Escherichia coli bacteria were isolated using Eosin
Methylene Blue Agar (EMBA) (HiMedia M317) and
MacConkey Agar (MCA) (HiMedia MHO081) media: incubated
at 37°C for 18-24 hours. Morphological identification of
Escherichia coli using Gram staining then continued with
the biochemical test Triple Sugar Iron Agar (TSIA)
(HiMedia M021): Simmons Citrate Agar (SCA) (HiMedia
M099), IMVIC media, such as Sulfide Indole Motility
(SIM) (HiMedia M181): Methyl red (MR): VVoges-Proskauer
(VP) (Merck; 105712) (Wibisono et al. 2020; Effendi et al.
2021; Yanestria et al. 2022).

Antibiotic sensitivity test

Antibiotic Sensitivity Tests were done using the
Kiebery-Beur disk diffusion method isolated on Mueller
Hinton Agar (MHA) media (HiMedia M173) and adjusted
to the standards of the Clinical Laboratory Standards
Institute (CLSI 2021). The antibiotic disk paper uses five
classes of antibiotics, including Aztreonam 30 pg (Oxoid
CT0264B), Chloramphenicol 30 pg (Oxoid CT0013B),
Gentamicin 10 pg (Oxoid CT0026B), Ciprofloxacin 5 ug
(Oxoid CT0425B) and Erythromycin 15 pg (Oxoid CT054B).
One to two colonies were taken from the MCA medium
using a sterile tube, then placed in physiological NaCl with
Mc Farland standard 0.5 (1.5x108 CFU/mL). The next
process was to carry out a culture using a sterile cotton
swab and smear it on Mueller Hinton Agar (MHA) media
over the entire surface of the petri dish. The media was
divided into five parts, and then the disc was placed on the
MHA media (Musa et al. 2020) and incubated at 37°C for
24 hours. Interpretation of the results of the diameter of the
inhibition zone is adjusted based on CLSI (CLSI 2020;
Effendi et al. 2021; Yanestria et al. 2022). Isolates are
declared multidrug-resistant (MDR), where bacteria are
resistant to three or more different classes of antibiotics
(Kissinga et al. 2018; Effendi et al. 2022; Putri et al. 2023).

Characteristics of the hlyF Gene using Polymerase
Chain Reaction (PCR)

DNA extraction using QlAamp® DNA kit (QIAGEN,
Germany). The forward primer used is GGCGATTTAGGC
ATTCCGATACTC, while the reverse primer is ACGGGG
TCGCTAGTTAAGGAG with a target of 599 bp. Thermal
cycler conditions with predenaturation parameters at 94°C
for seven minutes, denaturation at 94°C for one minute,
annealing at 56°C for 30 seconds, extension at 72°C for 30
seconds, cycle repeated 35 times, and final extension at
72°C for five minutes. Each primer is calibrated first to
determine the appropriate annealing temperature and
amplification using PCR. After that, the amplicons were
visualized by electrophoresis using 2% agarose gel
(Ramaditya et al. 2019).
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RESULTS AND DISCUSSION

Based on the results of the isolation and identification
of Escherichia coli bacteria in this study, 85% (134/158)
were positive for Escherichia coli, and 15% (24/158) were
negative in duck cloacal swabs from seven wet markets in
Surabaya.

The results of isolation and identification tests for
Escherichia coli bacteria originating from duck cloacal
swabs from seven wet markets in Surabaya showed that the
highest percentage of Escherichia coli bacteria came from
the Wonokromo wet market at 100% (30/30).

Sampling uses enrichment media, namely Buffered
Peptone Water (BPW), then the samples were taken to the
laboratory for testing using a cool box at a temperature of
4°C. The first isolation used Eosin Methylene Blue Agar
(EMBA) media, with the colony morphology of Escherichia
coli bacteria being metallic green and having a black dot in
the middle. The second and third purification isolations
used Mac Conkey Agar (MCA) media with the morphology
of small round, separate, irregular colonies, and pink.

The results of antibiotic sensitivity tests for five
different classes of antibiotics obtained from duck cloacal
swabs showed that the highest incidence occurred in the
antibiotic Erythromycin with a percentage of 96%
(129/134), then antibiotic resistance in ciprofloxacin was
16% (22/134), the antibiotic gentamicin was 15% (20/134).
In comparison, the antibiotics with the lowest incidence of
resistance were aztreonam and chloramphenicol at 4.4%
(6/134). MDR test results on duck cloacal swabs from
seven live markets in Surabaya showed an incidence of
15% (20/134). The highest percentage was in the Wonokromo
market at 23% (7/30), followed by the Pabean market at
18.7% (3/16), Pucang market at 16.6% (2/12), and Keputran
at 16.6% (4/24). The Kapas Krampung was 11.7% (2/17),
the Kelling market at 6.2% (1/16), and the Benowo market
at 5.2% (1/19).

The resistance pattern of Escherichia coli from duck
cloca swabs at the Surabaya live market shows that the
incidence of Multidrug Resistance (MDR) is in (Table 3).

Based on the results of this study, 12/20 Escherichia
coli isolates from duck cloacal swabs showed a positive
band at 667 bp, so 60% of multidrug-resistant Escherichia
coli isolates had the hlyF virulence gene in this study.

Table 2. Profile of antibiotic resistance on Escherichia coli
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Table 1. Isolation and identification of Escherichia coli from
duck cloacal swabs at Wet markets, Surabaya

Escherichia coli (%)

Wet market Sample size — -
Positive Negative

Pabean 20 80% (16/20) 20% (4/20)
Wonokromo 30 100% (30/30) 0% (0/30)
Pucang 20 60% (12/20) 40% (8/20)
Kapas Krampung 21 81% (17/21) 19% (4/21)
Keputran 26 92% (24/26) 8% (2/26)
Pacar Keling 21 76% (16/21) 24% (5/21)
Benowo 20 95% (19/20) 5% (1/20)
Total 158 85% (134/158) 15% (24/158)

Figure 1. A. Colonies of Escherichia coli bacteria on Eosin
Methylene Blue Agar (EMBA) media, B. Colonies of Escherichia
coli bacteria on Mac Conkey Agar (MCA) media

Figure 2. Multidrug resistance of Escherichia coli. Note: CN:
Gentamicin; C: Chloramphenicol; E: Eritromisin; ATM: Aztreonam;
CIP: Ciprofloxacin

Wet Market . Antibiotic-Resistant (%)

Surabaya Sample size —— 7 CIp CN C E MDR
Pabean 16 0% (0/16) 37% (6/16) 37% (6/16) 6% (1/16) 81% (13/16)  18,7% (3/16)
Wonokromo 30 3% (1/30) 27% (8/30) 3% (1/30) 7% (2/30) 97% (29/30) 23% (7/30)
Pucang 12 8% (1/12) 17% (2/12) 17% (2/12) 8% (1/12) 100% (12/12)  16,6% (2/12)
Kapas Krampung 17 6% (1/17) 12% (2/17) 12% (2/17) 0% (0/17) 94% (16/17)  11.7% (2/17)
Keputran 24 4% (1/24) 8% (2/24) 13% (3/24) 4% (1/24)  100% (24/24)  16,6% (4/24)
Kelling 16 6% (1/16) 0% (0/16) 25% (4/16) 0% (0/16) 100% (16/16)  6.2% (1/16)
Benowo 19 5% (1/19) 11% (2/19) 11% (2/19) 5.2% (1/19)  100% (19/19)  5.2% (1/19)
Total 134 4.4% (6/134) 16% (22/134) 15% (20/134) 4.4% (6/134) 96% (129/134) 15% (20/134)

Note: ATM: Aztreonam, CIP: Ciprofloxacin, CN: Gentamisin, C: Chloramfenicol, E: Eritromisin and MDR: Multidrug resistant
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Table 3. Resistance pattern of Multidrug-resistant Escherichia coli

Sample Antibiotics Resistance
code ATM CIP CN C E pattern
PKE14 R R R S R ATMICIP/CN/E
PAW9 R R S R R ATM/CIP/C/E
PPC7 S R R R R CIP/CN/C/E
PAB19 S R R R R CIP/CN/C/E
PKR18 R R S S R ATMICIP/E
PKP9 R S R S R ATMI/CN/E
PAB20 R R R S R CIP/ICN/E
PAW23 S R R S R CIP/ICN/E
PAW26 S R R S R CIP/ICN/E
PAW28 S R R R R CIP/CN/C/E
PAW29 S R R S R CIP/ICN/E
PAW30 S R R S R CIP/ICN/E
PAB18 S R R S R CIP/ICN/E
PPC14 S R R S R CIP/ICN/E
PKR12 S R R S R CIP/ICN/E
PKP11 S R R S R CIP/ICN/E
PKP23 S R R S R CIP/ICN/E
PBW14 S R R S R CIP/ICN/E
PAW2 S R S R R CIP/CIE
PKP16 S S R R R CN/C/E

Note: ATM: Aztreonam, CIP: Ciprofloxacin, CN: Gentamicin, C:
Chloramphenicol, E: Eritromisin, R: Resistant, S: Sensitive

M K- PAB19 PPC7 PPCl4 PABIS PAB20 PAW2 PAWY PAW23 PAW2S PKRI12

PAW26 PAW29 PAW30 PBWI14 PKP1l _ PKP9

—— == —— X — = ——al ey

PKP16 PKP23 PKRIS PKEl4

Figure 4. PCR results for the hlyF gene of Escherichia coli
isolates were positive in the 599 bp band. Sample codes that were
positive for the hlyF gene included PAB18, PAB20, PAW?2,
PAW9, PAW23, PAW26, PAW30, PKP1l, PKP16, PKP23,
PKR18, and PKE14, while those that were negative were PAB19,
PPC7, PPC14, PAW28, PKR12, PAW?29, PBW14, and PKP9

Discussion

Ducks originating from live markets in Indonesia are
still sold traditionally, exacerbated by the lack of
biosecurity and sanitation implemented by workers in the
markets (Effendi et al. 2022). The ducks can be infected by
bacteria, both pathogenic and non-pathogenic, including
Pasteurella multocida, Salmonella enterica, and Escherichia
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coli (Wei et al. 2013; Soman et al. 2014; Li et al. 2016;
Abd EI-Ghany, 2023). Escherichia coli bacteria cause
colibacilosis disease by APEC strains (Newman et al.
2021; levy et al. 2022). Colibacillosis in the poultry world
is a significant challenge, resulting in production problems,
economic losses, and mortality in poultry (Afayibo et al.
2022; Kika et al. 2023). Colibacillosis in livestock and live
markets is due to poor sanitation, hygiene, and environment
(Saha et al. 2020; levy et al. 2022).

The isolation and identification results showed that the
Escherichia coli bacteria obtained from duck cloaca swabs
in seven live markets in Surabaya was 85% (134/158). This
result is lower than in Tanzania at 91% of duck cloacal
swabs (Kissinga et al. 2018) but higher than previous
research in Zimbabwe at 41% (12/29) (Dube and Mbanga
2018); in Egypt at 16.0% (40/120) (Darwish et al. 2015);
China 15.6% (Li et al. 2023) and 32% (32/100) of samples
from duck cloacal swabs in Surabaya traditional markets
(Prayudi et al. 2023). Isolation on EMBA media for
identification of Escherichia coli bacteria with metallic
green colored colonies marked by a black dot in the center
while isolation on MCA media with a small round, separate,
irregular, and pink colony morphology (Kissinga et al.
2018; Na et al. 2019; Effendi et al. 2021; Wibisono et al.
2021). The results of bacterial staining showed Gram-
negative bacteria, characterized by short rod-shaped, red,
and uniform bacterial cell morphology (Yanestria et al.
2022; Prayudi et al. 2023). The biochemical test results at
TSIA showed Acid/Acid, positive gas, and negative H2S
because Escherichia coli can ferment glucose, sucrose, and
lactose. The citrate test results will remain green in SCA
media because bacteria cannot ferment citrate as carbon
(Jiang et al. 2021). The results of indole were positive, and
H2S were negative which showed motility in the SIM
media. The Methyl-Red (MR) test on the sample tested
showed a positive result, which appeared red after adding
the MR reagent, while the Voges-Praskeur (VP) test
showed a negative result after adding 10% KOH and a-
naphthol, there was no color change or appeared yellow
(Vivijs et al. 2014; Rahmahani et al. 2020).

The test results for the incidence of resistance to the
antibiotic Erythromycin showed 96% (129/134) with a high
incidence of resistance. Unwise use of antibiotics in the
poultry industry can increase the incidence of MDR against
Escherichia coli bacteria (Wall 2019; Wibisono et al. 2021;
Akanbi et al. 2022; Sarker et al. 2022; Zhang et al. 2023).
The results of this study are lower than those in Bangladesh
(97.2%) and Nigeria (100%) (Akanbi et al. 2022; levy et al.
2022). The incidence of Ciprofloxacin antibiotic resistance
against Escherichia coli bacteria was 16% (22/134).
Ciprofloxacin is a second-generation fluoroquinolone
antibiotic that is most often used in the treatment of poultry
industry caused by Escherichia coli bacterial infections
(Wibisono et al. 2021). Previous research states that all
breeds of poultry are 85% in Northern Nigeria (Akanbi et
al. 2022), in ducks it is 88% in Zimbabwe (Dube and
Mbanga 2018), in ducks it is 69% in Bangladesh and Nepal
(Singh et al. 2012) and ducks in Egypt amounted to 26.32%
(Abd ElI-Samie et al. 2019).
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Ducks are relatively resistant to certain diseases (Eid et
al. 2019). Many factors increase ducks' susceptibility to
bacterial infections, such as poor management and
sanitation, malnutrition, overcrowding, and environmental
stress (Eid et al. 2019). The results of gentamicin antibiotic
resistance in this study were 15% (20/134). The antibiotic
gentamicin is a class of aminoglycosides commonly used in
the poultry industry. This result is lower than previous
research on ducks in China of 22.7% (10/44) (Yassin et al.
2017). The incidence of aztreonam resistance in this study
showed 6.8% (3/44) of samples obtained from ducks in
China (Yassin et al. 2017). The resistance test results for
the antibiotic chloramphenicol were 4% (6/134) from duck
cloacal swabs at the Surabaya live market. According to
Yassin et al. (2017) the incidence of resistance of Escherichia
coli bacteria to the antibiotic chloramphenicol is 25%
(11/44). This result is also lower than research in Egypt
amounted to 25.79% (Abd EI-Samie et al. 2019)

Moreover, antibiotics have become an option to reduce
the death rate due to colibacillosis in poultry. However,
excessive and inappropriate use of antibiotics has triggered
the emergence of antibiotic resistance and MDR, resulting
in therapeutic failure and economic losses for farmers
(Azam et al. 2020; Jeong et al. 2021). This study shows a
15% (20/134) experienced MDR, which is lower than
Jeong et al. (2021) of 65.5% from ducks in China. The
incidence of multidrug resistance is increasing worldwide
due to the spread of genes located on genetic elements in
the form of plasmids and the combination of genes with
resistance genes, which produce bacteria resistant to all
classes of antibiotics (Allocati et al. 2013; Hardiati et al.
2021). This study's results were lower than Prayudi et al.
(2023) who experienced resistance to more than 3-4
(31.25%) types of antibiotics originating from Surabaya
traditional markets. Previous research showed that the
incidence of MDR in ducks was 100% from five different
types of antibiotics (Yassin et al. 2017). This shows that the
problem of antibiotic resistance has a huge impact on
public health from feces being scattered in the market
environment (Manyi-Loh et al. 2018; Januari et al. 2019).
Additionally, the incidence of antibiotic resistance in ducks
in West Bengal, India, includes ciprofloxacin at 31.91%
(15/47), chloramphenicol at 2.1% (1/47), and gentamicin at
8.5% (4/47) (Banerjee and Acharyya 2021).

This study revealed differences in MDR resistance
patterns arise due to differences in the combination of types
of antibiotics used by breeders. This follows Hardiati et al.
(2021), who stated that resistance patterns show diversity
due to various antibiotics used, geographical differences,
and different poultry production systems causing differences
in resistance patterns. Furthermore, broad-spectrum antibiotics
can influence resistance patterns to shared antibiotics
(Samuel et al. 2023).

Infectious diseases can attack poultry, one of which is
ducks caused by avian pathogenic Escherichia coli (APEC)
and is considered the main cause of health problems in
poultry farms worldwide (Abreu et al. 2023; Putri et al.
2023). APEC infection causes symptoms systemic, such as
airsacculitis, pericarditis, perihepatitis, septicemia, enteritis,
granuloma, sinusitis, omphalitis, peritonitis, and swollen
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head syndrome in poultry (Azam et al. 2020; Wang et al.
2023). Several genes in the plasmid cause virulence factors
in APEC strains, such as cvaC, tsh, sitA, iutA, ompT,
etsABCD, eitABC, hlyF, and iroN. Pathogenic isolates
have genes with a high frequency of around 85% compared
to commensal bacteria, which is around 25% (Kathayat et
al. 2021).

The PCR test showed that 12/20 with a percentage of
60% of Escherichia coli isolates from duck cloacal swabs
had the hlyF virulence gene. This result is lower than
previous research regarding the incidence of APEC caused
by hlyF virulence of 80% in Korea (Jeong et al. 2021).
Moreover, reports regarding APEC containing the hlyF
virulence gene in ducks are still rare. There are reports
regarding APEC regarding other poultry, such as chickens,
which have the hlyF gene at 83.33% in Bangladesh
(Hossain et al. 2021) and Nepal at 100% (Subedi et al.
2018). The hlyF virulence gene shows an incidence of 99%
in Qatar (Johar et al. 2021), and in Indonesia, hlyF is 100%
in free-range chickens (Ramaditya et al. 2019). The hlyF
gene is found in APEC, which becomes a toxin, causing
cells to undergo lysis and damage, inducing host cell
vacuolization, colonization, motility, biofilm formation,
agglutination, formation of outer membrane vesicles, further
contributing to bacterial virulence including cytolethal
distending toxin (CDT) and cytolysin A factors (ClyA)
(Murase et al. 2015; Kathayat et al. 2021; Sgariglia et al.
2019).

In conclusion, Escherichia coli with Multidrug Resistance
(MDR) properties were found in duck cloacal swabs at
seven live markets in Surabaya at 15%, and the hlyF
virulence gene was found at 60%. There is public awareness
of the safety of food originating from ducks and among
breeders of the colibacillosis disease caused by the APEC
strain. Furthermore, the use of antibiotics that trigger
resistance and the incidence of MDR is a concern and
requires veterinary supervision.
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