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Antimicrobial resistance (AMR) represents a major global public health concern driven in part by extensive
antibiotic use in food-producing animals. Poultry production, including quail farming, plays a significant role
in the dissemination of resistant bacteria due to intensive management systems and frequent antimicrobial
exposure. Escherichia coli, a common intestinal commensal and opportunistic pathogen, is widely used as an in-
dicator organism for monitoring AMR, particularly extended-spectrum B-lactamase (ESBL) production mediated
by genes such as bla,,,,. However, data on ESBL-associated resistance in quails marketed in Indonesia remain
limited. This study aimed to detect the presence of the bla,,,, gene in E. coli isolated from quails sold in tradi-
tional markets in Surabaya, Indonesia. A total of 150 cloacal swab samples were collected from five traditional
markets between November and December 2024. Isolation and identification of E. coli were performed using
conventional bacteriological and biochemical methods. Antimicrobial susceptibility testing was conducted us-
ing the Kirby-Bauer disk diffusion method in accordance with CLSI guidelines. Polymerase chain reaction (PCR)
e 9€NE among aztreonam-resistant isolates. E. coli was isolated from 148 of 150
samples (99%). The highest resistance rates were observed against ciprofloxacin (33.1%), tetracycline (22.2%),
and aztreonam (13.5%), while resistance to kanamycin and chloramphenicol remained low. Multidrug-resistant
(MDR) E. coli was identified in 2.7% of isolates. PCR analysis revealed the presence of the bla,,, gene in five
aztreonam-resistant isolates, confirming the circulation of ESBL-associated resistance. These findings indicate
that quails marketed in traditional markets may serve as reservoirs of antimicrobial-resistant E. coli. Continuous
surveillance, prudent antimicrobial use, and improved hygiene practices are essential to mitigate the spread of

ESBL-producing bacteria within a One Health framework.
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Introduction

Antimicrobial resistance (AMR) has emerged as one of the most
critical global public health challenges, threatening the effective preven-
tion and treatment of bacterial infections in both humans and animals
(Al-Khalaifah et al., 2025). The widespread and often unregulated use of
antibiotics in food-producing animals has been identified as a major driv-
er of the emergence and dissemination of resistant bacteria (Enshaie et
al,, 2025). In particular, the poultry sector plays a significant role in the ep-
idemiology of AMR due to intensive farming practices, high animal den-
sities, and frequent antimicrobial exposure (Elbehiry and Marzouk, 2025).
These conditions facilitate the selection and spread of resistant bacteria
along the food production chain and into the environment (Widodo et al.,
2023; Rahayu et al.,, 2025).

Escherichia coli is a commensal bacterium commonly found in the
intestinal tract of humans and animals; however, it is also recognized as
an important opportunistic pathogen (Foster-Nyarko and Pallen, 2022).
Because of its ability to readily acquire and disseminate resistance genes
through horizontal gene transfer, E. coli is widely used as an indicator
organism for monitoring antimicrobial resistance (Aabed et al, 2021).
Of particular concern is the emergence of E. coli strains producing ex-
tended-spectrum B-lactamases (ESBLs), enzymes capable of hydrolyzing
a wide range of B-lactam antibiotics, including penicillins and third-gen-
eration cephalosporins (Husna et al., 2023). ESBL-producing E. coli pose
a serious threat to both veterinary and human medicine, as they limit
therapeutic options and increase the risk of treatment failure (Ansharieta

et al,, 2021; Woerde et al., 2023).

Among the various ESBL-encoding genes, the bla_, gene remains

TEM
one of the most frequently reported worldwide (Effendi et al,, 2022). Ini-

tially described in clinical isolates, bla..,, has since been widely detected

TEM
in bacteria originating from food animals, retail meat, and environmental
sources (Telli et al, 2025). The dissemination of bla,,,-harboring E. coli
in food-producing animals is of particular concern, as these bacteria can
be transmitted to humans through direct contact, contaminated food
products, or environmental pathways (Ahadini et al., 2025). Molecular de-
tection of resistance genes such as bla,,, is therefore essential to better
understand the epidemiology of ESBL-producing bacteria and to support
effective AMR surveillance strategies (Mustika et al., 2024).

Quail (Coturnix coturnix) production has increased substantially in In-
donesia due to high consumer demand, rapid growth rates, and relatively
low production costs (Oke et al., 2025). Quails are commonly marketed
through traditional markets, where biosecurity measures are often limited
and sanitary conditions may be suboptimal (Jansson et al,, 2025). These
environments may facilitate the persistence and spread of antimicrobi-
al-resistant bacteria, including ESBL-producing E. coli (Martinez-Laorden
et al, 2023). Despite the growing importance of quail production, data
on antimicrobial resistance and ESBL-associated genes in quail-derived
bacterial isolates remain limited, particularly in Indonesia (Hedman et al,
2020).

Surabaya, one of the largest metropolitan cities in Indonesia, hosts
numerous traditional markets that serve as major distribution points for
poultry products (Sumiati et al,, 2025). The close interaction between live
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animals, vendors, and consumers in these markets increases the potential
risk of zoonotic transmission of resistant bacteria (Hasan et al,, 2025).
Surveillance of ESBL-producing E. coli in quails marketed in Surabaya is
therefore crucial from both veterinary and public health perspectives,
especially within the One Health framework that recognizes the inter-
connectedness of human, animal, and environmental health (Rahayu et
al., 2025).

This study aimed to molecularly identify the presence of the bla,,
gene in Escherichia coli isolated from quail cloacal swabs collected from
traditional markets in Surabaya. By combining conventional bacteriolog-
ical methods with polymerase chain reaction (PCR) analysis, this research
provides valuable insights into the occurrence of bla,,,-harboring E. coli
in quail populations. The findings are expected to contribute to the ex-
isting knowledge on antimicrobial resistance in food-producing animals
and to support the development of appropriate control and prevention
strategies to mitigate the spread of ESBL-producing bacteria.

Materials and methods
Ethical approval

Ethical clearance for this research was granted by the Animal Ethics
Committee, Faculty of Veterinary Medicine, Universitas Wijaya Kusuma
Surabaya, Indonesia (Approval No. 170-KKE-2025).

Study design

The study was carried out between November and December 2024
using a total of 150 cloacal swab samples collected from quails obtained
from five traditional markets in Surabaya, Indonesia, namely Turi, Bratang,
Cemara Pabean, Kupang, and Benowo. Sample collection was performed
using a random sampling approach. This research employed an explor-
atory and observational laboratory-based design and was conducted at
the Veterinary Public Health Laboratory, Faculty of Veterinary Medicine,
Universitas Wijaya Kusuma Surabaya.

The culture media utilized included Eosin Methylene Blue Agar
(EMBA; Oxoid CM0069), Triple Sugar Iron Agar (TSIA; Himedia M021),
Simmons Citrate Agar (SCA; Himedia M099), Sulfide Indole Motility (SIM;
Himedia M181), Methyl Red (MR; Himedia GM070), Voges—Proskauer (VP;
Himedia GM070), and Mueller-Hinton Agar (MHA; Himedia M173).

Isolation and identification of Escherichia coli

Cloacal swab samples were initially enriched in Buffered Peptone
Water (BPW) prior to inoculation onto EMBA plates. EMBA is a selective
and differential medium containing peptone, lactose, sucrose, eosin, and
methylene blue. The presence of methylene blue inhibits Gram-positive
bacteria, facilitating selective growth of Gram-negative enteric organ-
isms. In addition, eosin and methylene blue function as pH indicators,
while lactose and sucrose act as fermentable carbohydrates to differen-
tiate coliform bacteria.

Colonies exhibiting a characteristic green metallic sheen on EMBA
were presumptively identified as E. coli. These isolates were subsequently
subjected to Gram staining and a series of biochemical assays, including
TSIA, SCA, SIM, and MR-VP tests, to confirm their identity.

Antimicrobial susceptibility testing

Antibiotic susceptibility was assessed using the Kirby—Bauer disk
diffusion method in combination with the well diffusion technique. The
diameters of inhibition zones were measured and interpreted in accor-
dance with the Clinical and Laboratory Standards Institute (CLSI) guide-
lines (CLSI, 2020).

The antibiotics evaluated included aztreonam, ciprofloxacin, tetra-
cycline, erythromycin, and streptomycin. Based on CLSI criteria, isolates
were classified as susceptible, intermediate, or resistant (Widodo et al.,
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2022). Isolates demonstrating resistance to three or more antimicrobi-
al classes were defined as multidrug-resistant (MDR) (Khairullah et al.,
2023).

Polymerase Chain Reaction (PCR)

PCR analysis was conducted to detect the presence of resistance-re-
lated genes in E. coli isolates. PCR is a molecular technique that amplifies
specific DNA sequences using the thermostable Tag DNA polymerase
through repeated cycles of denaturation, annealing, and extension. The
enzyme's thermal stability, derived from Thermus aquaticus, allows effi-
cient DNA amplification under high-temperature conditions, making PCR
suitable for bacterial gene detection and molecular screening.

Two sets of specific primers were employed. The primer pair consist-
ing of Forward (5'-ATGAGTATTCAACATTTCCG-3') and Reverse (5'-CTGA-
CAGTTACCAATGCTTA-3') amplified an 867 bp target fragment with an
annealing temperature of 57°C. PCR products were analyzed by agarose
gel electrophoresis to confirm the presence of the bla,,, gene (Ahadini
et al, 2025).

Results

A total of 150 cloacal swab samples obtained from quails in five tra-
ditional markets in Surabaya were analyzed to determine the presence
of E. coli. Of these, E. coli was successfully isolated from 148 samples,
corresponding to a prevalence of 99%. Complete positivity (30/30) was
observed in samples from the Turi, Bratang, and Cemara Pabean mar-
kets, whereas slightly lower detection rates were recorded in Kupang and
Benowo, each with 97% positivity (29/30) and one negative sample (Ta-
ble 1). On Eosin Methylene Blue Agar (EMBA), presumptive E. coli colo-
nies displayed a characteristic metallic green sheen, indicative of lactose
fermentation (Figure 1). Gram staining confirmed that the isolates were
Gram-negative bacilli, as evidenced by their pink rod-shaped appearance
(Figure 2).

Table 1. E. coli isolation and identification table.

E. coli (%)

Traditional market Number of samples

Positive Negative
Turi 30 100% (30/30) 0% (0/30)
Bratang 30 100% (30/30) 0% (0/30)
Cemara Pabean 30 100% (30/30) 0% (0/30)
Kupang 30 97% (29/30) 3% (1/30)
Benowo 30 97% (29/30) 3% (1/30)
Total 150 99% (148/150) 1% (2/150)

A

Figure 1. (A) E. coli bacterial colony on Eosin Methylene Blue Agar (EMBA) media; (B) E.
coli bacterial colony on Mac Conkey Agar (MCA) media.

Biochemical characterization of the cloacal swab isolates demon-
strated typical E. coli profiles. On Triple Sugar Iron Agar (TSIA), all isolates
produced a color shift from red to yellow, reflecting the fermentation
of glucose, lactose, and sucrose, with gas production observed and no
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hydrogen sulfide (H.S) formation. The Simmons Citrate Agar (SCA) test
yielded negative results, while the Sulfide Indole Motility (SIM) assay was
positive for indole production, as indicated by the formation of a red
ring following the addition of Kovach’s reagent. The Methyl Red (MR) test
was positive, whereas the Voges—Proskauer (VP) test remained negative
(Figure 3). Collectively, these biochemical findings confirmed the identity
of the isolates as E. coli.

Figure 2. Microscopic examination of E. coli with Gram staining.

=

Figure 3. Biochemical test on E. coli bacterial isolates.

Antimicrobial susceptibility testing was performed on all 148 E. coli
isolates against five commonly used antibiotics, revealing variable resis-
tance patterns among markets (Table 2). Overall, the highest resistance
rate was detected against ciprofloxacin (33.1%; 49/148), followed by

Table 2. Identification of antibiotic resistance against E. coli bacteria.

tetracycline (22.2%; 33/148) and aztreonam (13.5%; 20/148). In contrast,
lower resistance frequencies were observed for kanamycin (6.0%; 9/148)
and chloramphenicol (4.7%; 7/148).

Market-specific analysis showed that ciprofloxacin resistance was
most prevalent in isolates from Kupang (55.1%) and Benowo (41.3%). Re-
sistance to tetracycline was also commonly detected, particularly in Ben-
owo (31%) and Kupang (27.5%). The highest proportion of aztreonam-re-
sistant isolates was found in Cemara Pabean (20%) and Benowo (17.2%).
Resistance to kanamycin and chloramphenicol remained relatively low
across all sampling locations.

Assessment of multidrug resistance among the 148 isolates indicated
that four isolates (2.7%) fulfilled the criteria for multidrug-resistant (MDR)
E. coli (Table 3). MDR isolates were identified in samples from the Turi
(3.3%; 1/30), Cemara Pabean (6.6%; 2/30), and Kupang (3.4%; 1/29) mar-
kets, while no MDR strains were detected in Bratang or Benowo.

The MDR isolates exhibited distinct resistance profiles to the five
tested antibiotics (Table 4). Two isolates (PTU29 and PKU21) shared an
identical resistance pattern to aztreonam, ciprofloxacin, and tetracycline
(ATM/CIP/TE). One isolate (PCP25) was resistant to aztreonam, ciproflox-
acin, and kanamycin (ATM/CIP/K). The most extensive resistance pattern
was observed in isolate PCP26, which demonstrated resistance to all five
antibiotics tested (ATM/CIP/TE/K/C), representing the highest level of
multidrug resistance identified in this study. Representative MDR E. coli
isolates are illustrated in Figure 4.

Figure 4. Antibiotic sensitivity test of E. coli isolates. (1) Aztreonam; (2) Tetracycline; (3)
Kanamycin; (4) Ciprofloxacin; (5) Chloramphenicol.

Traditional Number of Number of ATM CIP TE K C

market samples E. coli R % R % R % R % R %
Turi 30 30 5 16.6% (5/30) 8 26.6% (8/30) 7 23.3% (7/30) 1 3.3% (1/30) 1 3.3% (1/30)
Bratang 30 30 3 10% (3/30) 7 23.3% (7/30) 6 20% (6/30) 4 13.3% (4/30) 0 0% (0/30)
Cemara Pabean 30 30 6 20% (6/30) 6 20% (6/30) 3 10% (3/30) 3 10% (3/30) 2 6.6% (2/30)
Kupang 30 29 1 3.4% (1/29%) 16 55.1%(16/29) 8 27.5% (8/29) 1 3.4% (1/29%) 2 6.8% (2/29)
Benowo 30 29 5 17.2% (5/29) 12 413%(12/29) 9 31% (9/29) 0 0% (0/29) 2 6.8% (2/29)
Total 150 148 20 13.5% (20/148) 49 33.1% (49/148) 33 22.2%(33/148) 9 6% (9/148) 7 4.7% (7/148)
Note: Aztreonam (ATM), Ciprofloxacin (CIP), Tetracycline (TET), Kanamycin (K), Chloramphenicol (C), Resistant (R)

Table 3. Multidrug resistance test results on E. coli.

Traditional market Number of E. coli Multidrug resistant (MDR) Percentage (%)

Turi 30 1 3.3% (1/30)

Bratang 30 0 0% (0/30)

Cemara Pabean 30 2 6.6% (2/30)

Kupang 29 1 3.4% (1/29)

Benowo 29 0% (0/29)

Total 148 2.7% (4/148)
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Isolates exhibiting resistance to aztreonam were subsequently sub-
jected to Polymerase Chain Reaction (PCR) analysis to detect the presence
of the bla,,, gene. Among the 20 aztreonam-resistant E. coli isolates, five
were confirmed to harbor the bla,,, gene. Positive amplification results
are presented in Figures 5 and 6.

Table 4. Resistance patterns of MDR E. coli.

Antibiotic resistance

Sample code Resistance pattern

ATM  CIP TE K C
PTU29 R R R S S ATM/CIP/TE
PKU21 R R R S S ATM/CIP/TE
PCP25 R R S R S ATM/CIP/K
PCP26 R R R R R ATM/CIP/TE/K/C

Note: Aztreonam (ATM), Ciprofloxacin (CIP), Tetracycline (TET), Kanamycin (K), Chlor-
amphenicol (C), Resistant (R), Sensitive (S)

M K K+ PTU25 PTU28 PTU29 PKU21 PCP23 PCP25 PCP26 PTUS PTU24 PTU29

Figure 5. PCR results of the bla,,, gene in Aztreonam-resistant E. coli isolates.

PKUS PKU22 PER9 PBR21? PBR23 PBR2S PER29 PER30 PBWI1 PCPl13

Figure 6. PCR results of the bla,,, gene in Aztreonam-resistant E. coli isolates.
Discussion

The present study demonstrates a remarkably high prevalence of E.
coli isolated from cloacal swabs of quails obtained from traditional mar-
kets in Surabaya, with a detection rate of 99%. This finding is consistent
with the biological nature of E. coli as a dominant commensal bacterium
inhabiting the intestinal tract of poultry (Abdelhamid et al., 2024). Similar
high isolation rates of E. coli from cloacal samples have been reported
in various poultry species, reflecting its ubiquitous presence in the avian
gastrointestinal system (Agusi et al., 2024; Nguyen et al., 2021). However,
the near-universal detection observed in this study may also reflect sub-
optimal hygienic conditions during quail handling, transport, and market-
ing in traditional market settings (Martinez-Laorden et al., 2023).

The consistent isolation of E. coli across all sampled markets sug-
gests widespread bacterial colonization among quails sold in Surabaya.
Traditional markets often involve close contact between live birds, shared
cages, and limited sanitation, which may facilitate fecal contamination
and bacterial transmission (Rahayu et al., 2025). These conditions not only
promote the persistence of commensal bacteria but may also contribute

to the dissemination of antimicrobial-resistant strains, posing potential
risks to both animal and public health (Sparaciari et al., 2025).

Biochemical characterization confirmed that all isolates exhibited
typical E. coli phenotypes, including lactose fermentation, indole produc-
tion, and mixed-acid fermentation. The uniformity of biochemical profiles
across isolates supports the reliability of the identification process and
indicates that the recovered bacteria represent classical E. coli rather than
atypical coliforms (Ema et al,, 2022). This confirmation is important, as ac-
curate species identification is essential for interpreting antimicrobial re-
sistance data and subsequent molecular findings (Boulmaiz et al., 2025).

Antimicrobial susceptibility testing revealed variable resistance pat-
terns among the isolates, with the highest resistance observed against
ciprofloxacin, followed by tetracycline and aztreonam. Resistance to
fluoroquinolones such as ciprofloxacin is of particular concern, as these
antibiotics are classified as critically important antimicrobials for human
medicine (Cardoso et al, 2025). The relatively high ciprofloxacin resis-
tance detected in this study may reflect the frequent or inappropriate
use of fluoroquinolones in poultry production, either for therapeutic or
prophylactic purposes (Oxinou et al., 2025). Similar resistance trends have
been widely reported in poultry-associated E. coli, indicating a global pat-
tern of fluoroquinolone resistance in food-producing animals (Zhang et
al.,, 2025).

Tetracycline resistance was also common among the isolates, which
is not surprising given the long-standing and widespread use of tetra-
cyclines in livestock production due to their broad spectrum and low
cost. The persistence of tetracycline resistance suggests ongoing selec-
tive pressure and highlights the challenge of reducing resistance to older
antimicrobials that remain widely accessible (Semenova et al,, 2025). In
contrast, resistance to kanamycin and chloramphenicol was relatively low
across all markets, possibly reflecting reduced usage of these antibiotics
in contemporary poultry management (Abreu et al., 2023).

Although the overall prevalence of multidrug-resistant (MDR) E. coli
was relatively low (2.7%), the detection of MDR isolates in multiple mar-
kets remains epidemiologically significant. The presence of MDR strains
indicates that quails can serve as reservoirs for bacteria resistant to multi-
ple antimicrobial classes (Liu et al., 2020). The absence of MDR isolates in
some markets suggests variability in antimicrobial exposure or manage-
ment practices, underscoring the influence of local factors on resistance
development (Muteeb et al., 2023).

Notably, one MDR isolate exhibited resistance to all five tested anti-
biotics, representing an extreme resistance phenotype. Such isolates are
of particular concern, as they may severely limit therapeutic options and
have an increased potential for dissemination of resistance determinants
(Chis et al., 2022). The diversity of MDR resistance patterns observed in
this study suggests that resistance in E. coli is not confined to a single
antibiotic combination but may arise through multiple selective pathways
(Dolou et al., 2025).

Molecular analysis revealed the presence of the bla.,, gene in a

TEM
subset of aztreonam-resistant E. coli isolates. This finding confirms that
B-lactam resistance in quail-derived E. coli is, at least in part, mediated by
ESBL-associated genes (Kendek et al,, 2025). The detection of bla,,,, aligns
with previous studies reporting this gene as one of the most prevalent
ESBL determinants in both human and animal bacterial isolates (Raha-
man et al., 2025). However, not all aztreonam-resistant isolates carried
the bla,,, gene, suggesting that other resistance mechanisms or ESBL
or bla

genes, such as bla may also be involved (Effendi et al., 2022).

SHV CTX-M!

From a One Health perspective, the identification of bla__,,-harboring

TEM
E. coli in quails marketed for human consumption is particularly concern-
ing (Rahayu et al., 2025). Traditional markets represent critical interfaces
where animals, humans, and the environment interact closely, increas-
ing the risk of zoonotic transmission of antimicrobial-resistant bacte-
ria (Hasan et al, 2025). The potential spread of ESBL-producing E. coli
through direct contact, food contamination, or environmental exposure

underscores the need for integrated surveillance and improved biosecu-
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rity measures (Prayudi et al., 2023; Ribeiro et al.,, 2024).

This study provides important baseline data on antimicrobial resis-
tance and ESBL-associated genes in quail-derived E. coli in Surabaya. The
findings highlight the role of quails as potential reservoirs of resistant
bacteria and emphasize the need for prudent antimicrobial use, enhanced
hygiene practices in traditional markets, and continuous AMR monitoring
within the poultry sector (Hedman et al,, 2020). Further studies incorpo-
rating additional resistance genes, molecular typing, and environmental
sampling are recommended to better understand transmission dynamics
and to inform effective control strategies.

Conclusion

This study demonstrates a high prevalence of E. coli in quails mar-
keted in traditional markets in Surabaya, with varying levels of antimicro-
bial resistance. Resistance was most frequently observed against cipro-
floxacin, tetracycline, and aztreonam, and a small proportion of isolates
exhibited multidrug-resistant phenotypes. Molecular analysis confirmed
the presence of the bla,,,, gene among aztreonam-resistant isolates, in-
dicating the circulation of ESBL-associated resistance in quail-derived E.
coli. These findings highlight the role of quails as potential reservoirs of
antimicrobial-resistant bacteria and underscore the importance of pru-
dent antimicrobial use, improved hygiene practices in traditional markets,
and continuous surveillance within a One Health framework to mitigate
the spread of ESBL-producing bacteria.

Acknowledgments

This research was supported by the Faculty Research Group Program
of the Faculty of Veterinary Medicine, Universitas Airlangga, under the
2025 Research Contract No. 2989/B/UN3.FKH/PT.01.03/2025. The au-
thors express their sincere appreciation for the financial and administra-
tive assistance provided. We also extend our gratitude to all laboratory
staff and collaborators who contributed to the completion of this study.

Conflict of interest

The authors have no conflict of interest to declare.

References

Aabed, K., Moubayed, N., Alzahrani, S., 2021. Antimicrobial resistance patterns among different
Escherichia coli isolates in the Kingdom of Saudi Arabia. Saudi J. Biol. Sci. 28, 3776-3782. doi:
10.1016/j.5jbs.2021.03.047.

Abdelhamid, M.K,, Nekouei, O., Hess, M., Paudel, S., 2024. Association Between Escherichia coli
Load in the Gut and Body Weight Gain in Broiler Chickens: A Systematic Review and Me-
ta-Analysis. Avian Dis. 67, 298-304. doi: 10.1637/aviandiseases-D-23-00034.

Abreu, R, Semedo-Lemsaddek, T., Cunha, E., Tavares, L., Oliveira, M., 2023. Antimicrobial Drug Re-
sistance in Poultry Production: Current Status and Innovative Strategies for Bacterial Control.
Microorganisms 11, 953. doi: 10.3390/microorganisms11040953.

Agusi, E.R, Kabantiyok, D., Mkpuma, N., Atai, R.B., Okongwu-Ejike, C., Bakare, E.L,, Budaye, J., Sule,
K.G., Rindaps, RJ., James, G.K, Audu, B.J., Agada, G.O., Adegboye, O., Meseko, C.A,, 2024.
Prevalence of multidrug-resistant Escherichia coli isolates and virulence gene expression in
poultry farms in Jos, Nigeria. Front. Microbiol. 15, 1298582. doi: 10.3389/fmicb.2024.1298582.

Ahadini, S.N., Tyasningsih, W., Effendi, M.H., Khairullah, AR., Kusala, M.K.J,, Fauziah, |., Latifah, L.,
Moses, |.B., Yanestria, S.M., Fauzia, K.A., Kurniasih, D.A.A., Wibowo, S., 2025. Molecular detec-
tion of bla,,,-encoding genes in multidrug-resistant Escherichia coli from cloacal swabs of
ducks in Indonesia farms. Open Vet. J. 15, 92-97. doi: 10.5455/0VJ.2025.v15.i1.8.

Al-Khalaifah, H., Rahman, M.H., Al-Surrayai, T., Al-Dhumair, A, Al-Hasan, M., 2025. A One-Health
Perspective of Antimicrobial Resistance (AMR): Human, Animals and Environmental Health.
Life 15, 1598. doi: 10.3390/1ife15101598.

Ansharieta, R, Effendi, M.H., Plumeriastuti, H., 2021. Genetic identification of Shiga toxin encoding
gene from cases of multidrug resistance (MDR) Escherichia coli isolated from raw milk. Tropi-
cal Animal Science Journal 44, 10-15. https://doi.org/10.5398/tasj.2021.44.1.10.

Boulmaiz, S., Ayachi, A, Bouguenoun, W., 2025. Assessment of Bacterial Contamination and Bio-
film Formation in Popular Street Foods of Biskra, Algeria. Acta Microbiol. Hell. 70, 32. doi:
10.3390/amh70030032.

Cardoso, O., Donato, M.M., Henriques, S.C., Ramos, F., 2025. Fluoroquinolone Residues in Piglet
Viscera and Their Impact on Intestinal Microbiota Resistance: A One Health Approach. Mi-
croorganisms 13, 1389. doi: 10.3390/microorganisms13061389.

Chis, AA, Rus, LL, Morgovan, C., Arseniu, AM., Frum, A, Vonica-Tincu, A.L, Gligor, F.G., Muresan,
M.L, Dobrea, C.M., 2022. Microbial Resistance to Antibiotics and Effective Antibiotherapy.
Biomedicines 10, 1121. doi: 10.3390/biomedicines10051121.

CLSI., 2020. Performance Standards for Antimicrobial Susceptibility Testing. 30th ed. CLSI supple-
ment M100. Wayne (PA): Clinical and Laboratory Standards Institute.

Dolou, M., Tchedie, E., Dolou, E., Siliadin, A., Godonou, A.M., Konou, A.A., Talaki, E., Karou, S.D., Sa-
lou, M., Dagnra, AY., 2025. Diversity of Multi-Drug Resistance Genes in Escherichia coli Isolat-
ed from Poultry in Southern Togo. Vet. Med. (Auckl) 16, 77-98. doi: 10.2147/VMRR.S544186.

Effendi, M.H., Hartadi, E.B., Witaningrum, A.M., Permatasari, D.A., Ugbo, E.N., 2022. Molecular iden-

tification of bla,,,, gene of extended-spectrum beta-lactamase-producing Escherichia coli
from healthy pigs in Malang district, East Java, Indonesia. J. Adv. Vet. Anim. Res. 9, 447-452.
doi: 10.5455/javar.2022.i613.

Elbehiry, A, Marzouk, E., 2025. From Farm to Fork: Antimicrobial-Resistant Bacterial Pathogens
in Livestock Production and the Food Chain. Vet. Sci. 12, 862. doi: 10.3390/vetsci12090862.

Ema, F.A, Shanta, R.N., Rahman, M.Z,, Islam, M.A., Khatun, M.M., 2022. Isolation, identification, and
antibiogram studies of Escherichia coli from ready-to-eat foods in Mymensingh, Bangladesh.
Vet. World 15, 1497-1505. doi: 10.14202/vetworld.2022.1497-1505.

Enshaie, E, Nigam, S., Patel, S, Rai, V., 2025. Livestock Antibiotics Use and Antimicrobial Resis-
tance. Antibiotics 14, 621. doi: 10.3390/antibiotics14060621.

Foster-Nyarko, E., Pallen, M.J., 2022. The microbial ecology of Escherichia coli in the vertebrate gut.
FEMS Microbiol. Rev. 46, fuac008. doi: 10.1093/femsre/fuac008.

Hasan, M.A.E,, Islam, M.S., Fahim, N.A.l, Antor, M.T.H,, Salam, S., Jahan, R,, Masud, R.l, Bakhtiyar, Z.,
Jany, D.A, Rana, M.L, Punom, S.A, Rahman, AM.M.T., Rahman, M.T., 2025. Impact of open
markets on zoonotic threats and antimicrobial resistance: A One Health concern. One Health
21, 101228. doi: 10.1016/j.onehlt.2025.101228.

Hedman, H.D,, Vasco, KA., Zhang, L., 2020. A Review of Antimicrobial Resistance in Poultry Farming
within Low-Resource Settings. Animals (Basel) 10, 1264. doi: 10.3390/ani10081264.

Husna, A, Rahman, M.M., Badruzzaman, A.T.M., Sikder, M.H., Islam, M.R., Rahman, M.T., Alam, J.,
Ashour, H.M., 2023. Extended-Spectrum B-Lactamases (ESBL): Challenges and Opportunities.
Biomedicines 11, 2937. doi: 10.3390/biomedicines11112937.

Jansson, D.S., Hedman, F.L, Yngvesson, J,, Keeling, L., Henriksen, R, 2025. A critical review on the
welfare of Japanese quail in cage-free housing: Current knowledge and future perspectives.
Poult. Sci. 104, 105263. doi: 10.1016/j.psj.2025.105263.

Kendek, I.A., Khairullah, AR, Effendi, M.H., Wibisono, F.J., Tyasningsih, W., Ugbo, E.N., Budiastuti,
B., Degu, N.Y., Moses, |.B., Ahmad, R.Z., Yanestria, S.M., Kurniasih, D.A.A,, Raissa, R., Rehman,
S., 2025. Detection of the bla,,,, gene on multidrug-resistant Escherichia coli producing ex-
tended spectrum B-lactamase from ducks in live poultry markets in Surabaya, Indonesia.
Open Vet. J. 15, 3862-3870. doi: 10.5455/0VJ.2025.v15.i8.52.

Khairullah, AR, Kurniawan, S.C., Sudjarwo, S.A,, Effendi, M.H., Afnani, D.A,, Silaen, O.S.M.,, Putra,
G.D.S., Riwu, K.H.P., Widodo, A.,, Ramandinianto, S.C., 2023. Detection of multidrug-resis-
tant Staphylococcus aureus and coagulase-negative staphylococci in cow milk and hands
of farmers in East Java, Indonesia. Biodiversitas 24, 658-664. doi: 10.13057/biodiv/d240174.

Liu, S., Kilonzo-Nthenge, A., Nahashon, S.N., Pokharel, B, Mafiz, A.l, Nzomo, M., 2020. Prevalence
of Multidrug-Resistant Foodborne Pathogens and Indicator Bacteria from Edible Offal and
Muscle Meats in Nashville, Tennessee. Foods 9, 1190. doi: 10.3390/foods9091190.

Martinez-Laorden, A., Arraiz-Fernandez, C., Gonzalez-Fandos, E., 2023. Microbiological Quality
and Safety of Fresh Quail Meat at the Retail Level. Microorganisms 11, 2213. doi: 10.3390/
microorganisms11092213.

Mustika, Y.R,, Kinasih, K.N., Effendi, M.H., Puspitasari, Y., Kurniawan, S.C., Khairullah, A.R,, Samodra,
M.E.E,, Hasib, A, Agustin, A.L.D., Moses, |.B,, Silaen, O.S.M., 2024. Molecular detection of ex-
tended-spectrum B-lactamase-producing Escherichia coli from bat caves on Lombok Island.
Open Vet. J. 14, 699-706. doi: 10.5455/0V).2024.v14.i2.10.

Muteeb, G., Rehman, M.T., Shahwan, M., Aatif, M., 2023. Origin of Antibiotics and Antibiotic Resis-
tance, and Their Impacts on Drug Development: A Narrative Review. Pharmaceuticals (Basel)
16, 1615. doi: 10.3390/ph16111615.

Nguyen, L.T,, Thuan, N.K,, Tam, N.T,, Trang, C.T.H., Khanh, N.P., Bich, T.N., Taniguchi, T., Hayashidani,
H., Khai, L.T.L,, 2021. Prevalence and Genetic Relationship of Predominant Escherichia coli Se-
rotypes Isolated from Poultry, Wild Animals, and Environment in the Mekong Delta, Vietnam.
Vet. Med. Int. 2021, 6504648. doi: 10.1155/2021/6504648.

Oke, O.E,, Oliyide, K.M., Akosile, O.A., Oni, A.l, Adekunle, E.O., Oyebaniji, B.O., Aremu, O.P., Adeoba,
.M., Eletu, T.A,, Daramola, J.O., 2025. Innovations in Quail Welfare: Integrating Environmental
Enrichment, Nutrition and Genetic Advances for Improved Health and Productivity. Vet. Med.
Sci. 11, €70424. doi: 10.1002/vms3.70424.

Oxinou, D.T., Lamnisos, D., Filippou, C., Spernovasilis, N., Tsioutis, C., 2025. Antimicrobial Use and
Antimicrobial Resistance in Food-Producing Animals: Cross-Sectional Study on Knowledge,
Attitudes, and Practices Among Veterinarians and Operators of Establishments in the Repub-
lic of Cyprus. Antibiotics 14, 251. doi: 10.3390/antibiotics14030251.

Prayudi, S.K.A, Effendi, M.H., Lukiswanto, B.S., Az Zahra, R.L., Benjamin, M., Kurniawan, S.C., Khair-
ullah, AR, Silaen, O.S.M,, Lisnanti, E.F., Baihaqi, Z.A., Widodo, A., Riwu, K.H.P., 2023. Detection
of genes on Escherichia coli producing extended spectrum B-lactamase isolated from the
small intestine of ducks in traditional markets, Surabaya City, Indonesia. Journal of Advanced
Veterinary Research 13, 1600-1608.

Rahaman, A, Mimi, A., Antor, M.T.H., Bakhtiyar, Z,, Hasan, M.A.E,, Fahim, N.A.l, Jany, D.A,, Rahman,
M.T., 2025. Prevalence of extended-spectrum beta-lactamase-producing Enterobacteriaceae
isolated from animals in Bangladesh: A systematic review and meta-analysis. One Health 21,
101237. doi: 10.1016/j.onehlt.2025.101237.

Rahayu, U., Keytimu, M.O., Wibisono, F.J., Effendi, M.H., Tang, J.Y.H., Kendek, |.A., Budiastuti, B,
Khairullah, AR, Rehman, S., Moses, |.B.,, Ahmad, R.Z. and Agustin, A.L.D., 2025. Detection of
iss virulence gene in Avian Pathogenic Escherichia coli multidrug resistance from quail cloacal
swabs in traditional markets in Surabaya, Indonesia. J. Adv. Vet. Res. 15, 334-339.

Ribeiro, L.F.,, Nespolo, N.M., Rossi, G.A.M., Fairbrother, J.M., 2024. Exploring Extended-Spectrum
Beta-Lactamase (ESBL)-Producing Escherichia coli in Food-Producing Animals and Ani-
mal-Derived Foods. Pathogens 13, 346. doi: 10.3390/pathogens13040346.

Semenova, Y., Makalkina, L., Glushkova, N., Gaipov, A, 2025. Tetracyclines in the Modern Era:
Global Consumption, Antimicrobial Resistance, Environmental Occurrence, and Degradation
Techniques. Antibiotics 14, 1183. doi: 10.3390/antibiotics14121183.

Sparaciari, F.E,, Firth, C., Karlsson, E.A.,, Horwood, P.F., 2025. Zoonotic disease risk at traditional
food markets. J. Virol. 99, €0071825. doi: 10.1128/jvi.00718-25.

Sumiati, Fadilah, R, Darmawan, A, Nadia, R, 2025. - Invited Review - Challenges and constraints
to the sustainability of poultry farming in Indonesia. Anim. Biosci. 38, 802-817. doi: 10.5713/
ab.24.0678.

Telli, A.E., Telli, N., Biger, Y., Turkal, G., Yilmaz, T., Ucar, G., 2025. Co-Occurrence and Molecular Char-
acterization of ESBL-Producing and Colistin-Resistant Escherichia coli Isolates from Retail
Raw Meat. Foods 14, 3573. doi: 10.3390/foods14203573.

Widodo, A, Lamid, M., Effendi, M.H., Khailrullah, A.R., Kurniawan, S.C,, Silaen, O.S.M., Riwu, K.H.P.,
Yustinasari, L.R., Afnani, D.A., Dameanti, F.N.A.E.P., Ramandinianto, S.C., 2023. Antimicrobial
resistance characteristics of multidrug resistance and extended-spectrum beta-lactamase
producing Escherichia coli from several dairy farms in Probolinggo, Indonesia. Biodiversitas
24, 215-221. https://doi.org/10.13057/biodiv/d240126.

Widodo, A, Lamid, M., Effendi, M.H., Khailrullah, AR, Riwu, K.H.P., Yustinasari, L.R,, Kurniawan,
S.C., Ansori, AN.M,, Silaen, O.S.M., Dameanti, F.N.AE.P.,, 2022. Antibiotic sensitivity profile
of multidrug-resistant (MDR) Escherichia coli isolated from dairy cow’s milk in Probolinggo,
Indonesia. Biodiversitas, 23, 4971-4976. doi: 10.13057/biodiv/d231002.

Woerde, D.J.,, Reagan, K.L,, Byrne, B.A,, Weimer, B.C,, Epstein, S.E., Schlesener, C., Huang, B.C,, Sykes,
J.E, 2023. Characteristics of Extended-Spectrum B-Lactamase Producing Enterobacterales
Isolated from Dogs and Cats, 2011-2021. Vet. Sci. 10, 178. doi: 10.3390/vetsci10030178.

Zhang, L, Ye, M., Dong, Y., Yuan, L, Xiang, J,, Yu, X, Liao, Q, Ai, Q, Qiu, S,, Zhang, D., 2025. Resis-
tance Mechanisms of Fluoroquinolone in Escherichia coli Isolated from Taihe Black-Boned
Silky Fowl Exhibiting Abnormally Slow Fluoroquinolone Metabolism in Jiangxi, China. Antibi-
otics (Basel) 14, 955. doi: 10.3390/antibiotics14090955.

336



