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ABSTRACT ARTICLE INFORMATION

Background: Poultry-associated Escherichia coli is a critical reservoir of multidrug resistance

(MDR), posing escalating zoonotic risks at the human-animal interface. Comparative risk assess- Ic(zﬁqnz!r‘isiél poultry
ment of MDR E. coli between commercial farm and backyard systems remains understudied in Farm

Chattogram, Bangladesh. Objective: This study comparatively assessed the bacterial load, anti- Backyard
microbial resistance profiles, and MDR burden of E. coli in poultry litter samples from both Bacterial Load

production systems. Method: Bacterial load was evaluated, followed by biochemical tests to
identify probable bacterial species, and E. coli identification through culture and polymerase
chain reaction. Additionally, the antimicrobial sensitivity pattern of E. coli to antimicrobial
agents was determined using the disk diffusion method. Descriptive statistical analysis was per- Received ‘ 22 May 2026
formed to assess the association of knowledge and practice of antimicrobial agents across
sources. Results: Farm and backyard samples yielded mean bacterial loads of 141.78 and 134.74
Colony-Forming Units per milliliter, respectively. Both systems harbored overlapping yet com-
positionally distinct MDR bacterial communities, with Acinefobacter exclusively recovered from
backyard samples. Furthermore, universal ampicillin and tetracycline resistance (100%) was ob-
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served in farm isolates, with predominant ciprofloxacin resistance, while backyard isolates re-
tained broader gentamicin susceptibility. Descriptive analysis revealed that antibiotic full-dose
completion was observed in 92.6% of farms, whereas it was observed in 19.1% of backyard
systems. Some respondents from both systems reported concurrent illnesses in humans and
chickens following the use of human medicines in poultry. Conclusion: These findings necessi-
tate production-system-specific stewardship strategies and integrated One Health surveillance
frameworks to mitigate MDR E. coli transmission in high-density poultry production regions.

© 2026 by the authors. Published by Universitas Muhammadiyah Surakarta, Indonesia, in Advanced Drug Sciences (ADS). This
is a gold open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY 4.0) Inter-
national License (https://creativecommons.org/licenses/by/4.0/).
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1. INTRODUCTION

Antibiotic resistance is substantially driven by the inap-
propriate use of antibiotics in food animals [1]. Gener-
ally, farmers administer sub-therapeutic doses of
antibiotics to broiler flocks without proper knowledge.
They also do not wait for the recommended withdrawal
period required for the elimination of antibiotics from
the chicken’s body. Instead, chickens are sold to con-
sumers before complete antibiotic clearance, which may
contribute to the spread of antimicrobial resistance
(AMR) among human consumers [2]. Not only poultry
chickens but also other sources, such as fish, cattle,
goat, sheep, etc., food-producing animals, play a crucial
role in amplifying resistance factors that eventually con-
verge within populations of human pathogens [3, 4].

Bangladesh's poultry industry is diversified, with
both intensive commercial farms and traditional family
flocks. About one-third of animal-source protein comes
from poultry, which is essential for rural livelihoods, in-
come, and food security. The national chicken popula-
tion is ~320 million, with about 90,000 registered
commercial farms; ~150,000 commercial broiler and
layer farms have been reported. With dynamic interac-
tions in marketplaces and live-bird chains, the produc-
tion and distribution network is structured around four
primary sub-systems: backyard deshi, commercial Son-
ali, commercial broiler, and commercial layer. Many
small, inexperienced commercial producers run "frag-
ile" businesses with inadequate biosecurity and a strong
reliance on unofficial finance and dealer networks. Vi-
ruses are transmitted from various settings, such as live
bird markets (LBMs), commercial farms, and backyard
settings in both urban and peri-urban settings [5-7].

Currently, broiler chickens act as significant am-
plifiers of antibiotic resistance determinants to humans,
primarily through resistant Escherichia coli harbored in
the food chain [8-10]. The prevalence of antibiotic re-
sistance is increasing worldwide, with South Asian
countries bearing a disproportionately high burden of
resistant strains [11]. Additionally, poultry production
ranks among the most intensive consumers of veterinary
antimicrobials worldwide, with low and middle-income
countries bearing a disproportionate burden of unregu-
lated usage, largely due to inadequate biosecurity infra-
structure [12].

Furthermore, multidrug-resistant (MDR) E. coli
has been extensively recorded in a variety of South
Asian chicken production systems, particularly in

Bangladesh and India [13, 14]. MDR E. coli is fre-
quently resistant to three or more antibiotic classes. Ad-
ditionally, E. coli that was isolated from both backyard
and commercial broiler chickens has been found as a
potential source of crucial zoonotic transmission across
various poultry production systems [15].

In Bangladesh, the combination of smallholder
backyard systems and commercial broiler operations
near dense human populations produces particularly
harsh epidemiological conditions for the amplification
and cross-system transmission of antibiotic resistance
[11, 12]. However, the differences in resistance profiles
between backyard and commercial systems remain in-
consistent and poorly described. Although regional
studies have documented the general prevalence of an-
tibiotic resistance in Bangladeshi poultry, no specific,
comparative risk assessment of the AMR profile of E.
coli between commercial farm and backyard systems in
the Chattogram region, where poultry density and hu-
man-animal interfaces are among the highest in the na-
tion [16, 17]. Furthermore, the environmental
dimension of resistance transmission via contamination
of litter, soil, and the coop floor has remained underex-
plored in system-level comparative analyses.

Therefore, this study aimed to compare the preva-
lence, AMR profiles, and MDR burden of E. coli iso-
lated from commercial farm and backyard poultry
production systems in Hathazari, Chattogram, integrat-
ing microbiological, biochemical, molecular, and epide-
miological approaches to provide a comprehensive One
Health risk assessment of MDR E. coli transmission dy-
namics across divergent poultry production systems.

2. MATERIALS AND METHODS

2.1.  Ethical approval

The study received approval from the ethical committee
of Chattogram Veterinary and Animal Sciences Univer-
sity (Memo no: CVASU/Dir (R&E) EC/2026/17/26,
Date:28/01/2026). We obtained informed consent after
discussing the informed consent form with each partic-
ipant.

2.2.  Study design, location, and duration:

We conducted a cross-sectional study at commercial
and backyard poultry farms in Hathazari Upazila, Chat-
togram district, Bangladesh, from February 2026 to
March 2026.
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2.3.  Sample and Data Collection

Following ethical approval, we collected litter from the
27 commercial poultry farms and soil and/or coop floor
samples from 27 households with backyard poultry. The
study was conducted within a geographically restricted
area, Hathazari, and the sample size was balanced by
the availability of eligible farms to enable comparative
analysis between the two production systems, despite
limited statistical power due to the small sample size.
After collection, samples were preserved in cool boxes
at 4°C and transported immediately to the microbiology
laboratory. The sampling protocol was implemented by
trained personnel in accordance with standardized bi-
osafety procedures. We collected farm-level data and
knowledge information from the owners or the farmers
through a well-structured questionnaire that captured 17
key variables, particularly poultry system type, chicken
breeds, flock demographics, vaccination protocols, an-
tibiotic usage patterns, human-animal health interac-
tions, and biosecurity awareness levels, with responses
coded using predetermined categorical scales to ensure
data consistency and analytical rigor (Supplementary
Appendix Al).

2.4. Laboratory evaluation
2.4.1.  Quantitative Bacterial Load Assessment

To calculate the bacterial load in the environmental
samples, we evaluated each sample for bacterial colony
count by the spread plate technique. Serial dilutions of
the homogenized samples were prepared in normal sa-
line to a final dilution of 10", The 10”7 dilution was then
taken from the series of diluted samples for plating. We
used nutrient agar media or differential media such as
MacConkey agar medium and Eosin Methylene Blue
(EMB) agar to grow enteric bacteria [18, 19]. A specific
volume of the diluted sample was spread onto nutrient
agar plates using the spread plate technique. The plates
were then incubated at 37°C for 24 hours. The colonies
were then counted, and the bacterial load was deter-
mined in colony-forming units per milliliter (CFU/mL)
using the standard formula. The nutrient agar media fol-
lowed by Ebomah et al (2018) [20].

2.4.2. Bacterial Isolation and Identification

Distinct, isolated colonies from each nutrient agar plate
were used for bacterial isolation and identification.
Each colony was transferred and cultured again on a
new nutrient agar medium to isolate a pure bacterial
strain. These pure cultures were streaked on plates, and
isolated single colonies were used for biochemical tests

to determine their identities. Based on biochemical test
results, probable E. coli isolates were selected and
grown on selective and differential media, including
MacConkey and EMB agar, for definitive identification.
Colonies with distinct colony morphology on Mac-
Conkey agar and green metallic sheen on EMB agar
were regarded as E. coli isolates.

2.5. Biochemical Characterization of the
presence of probable multiple bacterial species

Certain biochemical assays were systematically per-
formed to achieve definitive species-level identification
of isolated bacterial strains and to confirm the presence
of E. coli through phenotypic characterization. The
IMVIC tests, comprising indole production and citrate
utilization assays, were employed for E. coli identifica-
tion due to their high specificity and reliability in differ-
entiating closely related Enterobacteriaceae species
based on distinct metabolic profiles [21].

Similarly, other enzyme tests, namely, oxidase ac-
tivity (identifying cytochrome oxidase enzyme in the
electron transport chain), and triple sugar iron (TSI) fer-
mentation patterns (assessing glucose, lactose, and su-
crose fermentation with hydrogen sulfide production),
were performed to provide metabolic profiling and en-
hance identification accuracy (Supplementary Figure
S1).

Each biochemical test was performed according to
established protocols using commercially available rea-
gents and media, with isolated colonies inoculated into
appropriate test systems and incubated under specified
conditions (~37°C for 18-24 hours). After spread plat-
ing of all 27 samples from each group, well-isolated col-
onies were subcultured to obtain pure single colonies.
Morphologically similar colonies were excluded to
minimize duplication.

2.6. Molecular Characterization

The E. coli isolates from both production systems were
subjected to polymerase chain reaction (PCR) based
molecular characterization targeting a species-specific
genetic marker. The uidA gene, which encodes -D-glu-
curonidase, is highly conserved across most E. coli
strains and is frequently used as a molecular target for
detection. However, uidA homologs and B-glucuroni-
dase activity have been reported in some non-£. coli En-
terobacteriaceae. Therefore, given the potential cross-
reactivity of the uidA gene with closely related Entero-
bacteriaceae, this study adopted a combined approach
integrating biochemical profiling and molecular
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characterization to enhance the accuracy of E. coli iden-
tification.

For deoxyribonucleic acid (DNA) isolation, the
pure colonies were suspended in 200 pL of sterile dis-
tilled water in a 1.5 mL eppendorf tube and vortexed.
The cells were lysed for at least 15 seconds. Genomic
DNA was then extracted using the Jena Bioscience kit
[22]. Species-specific confirmation of the isolate E. coli
was done using conventional PCR targeting the uidA
gene with universal primers, followed by Ramirez-Mar-
tinez et al. (2015) [23] and Bej et al. (1991)[24]. The
primers were forward: AAAACGGCAAGAAAAA-
GCAG; Reverse: ACGCGTGGTTACAGTCTTGCG.
The product size was 147bp.

PCR was performed in a 10 pL reaction volume
containing 5 pL. GoTaq® PCR Master Mix, 0.5 uL each
of forward and reverse primers, 1 pL of genomic DNA
template, and 3 pL of nuclease-free water. Amplifica-
tion was performed in a T100™ thermocycler (Bio-Rad,
USA) with an initial denaturation at 94 °C for 10 min,
followed by 35 cycles of denaturation at 94 °C for 45 s,
annealing at 58 °C for 45 s, and extension at 72 °C for
1 min, with a final extension at 72 °C for 10 min. PCR
products were then stored at 4-8 °C until further analy-
sis.

The PCR products were analyzed by agarose gel
electrophoresis and visualized under UV illumination to
confirm the presence of the expected amplicon size
(~147 bp for the uidA gene), by comparing with the
marker gene.

2.7. Antibiogram Testing and Multidrug Re-
sistance Determination

Antibiogram testing was performed to determine the re-
sistance profiles of the isolates against ampicillin, tetra-
cycline, ciprofloxacin, and gentamicin. The analysis
was conducted using the standard Kirby-Bauer disk dif-
fusion method on Mueller-Hinton agar (MHA) in ac-
cordance with Clinical and Laboratory Standards
Institute (CLSI) guidelines [25]. The study selected am-
picillin, tetracycline, ciprofloxacin, and gentamicin be-
cause these antibiotics represent commonly used
antimicrobial classes in poultry production and veteri-
nary practice in Bangladesh. These antibiotics were also
chosen to reflect local antimicrobial usage patterns and
field relevance of study area. The selected panel in-
cluded representatives from four distinct antimicrobial
classes: B-lactams (ampicillin), tetracyclines (tetracy-
cline),  fluoroquinolones  (ciprofloxacin),  and

aminoglycosides (gentamicin). Bacterial suspensions
were standardized and uniformly inoculated onto MHA
plates, followed by the placement of antibiotic disks in-
cluding ampicillin, tetracycline, ciprofloxacin, and gen-
tamicin. The plates were incubated overnight, and after
incubation, zones of inhibition were measured and in-
terpreted according to CLSI breakpoints to categorize
isolates as susceptible, intermediate, or resistant. MDR
was defined as resistance to at least 3 classes of antibi-
otics.

2.8.  Statistical Analysis

Descriptive statistics were calculated, and Fisher’s ex-
act test was performed to determine the associations be-
tween poultry management practices, patterns of
antimicrobial usage, and awareness levels across the
different production systems [26]. Fisher's exact test
was used to compare two groups because it performs
better with categorical data and small sample sizes,
providing exact p-values without relying on large-sam-
ple approximations. The statistical analysis was carried
out using the SciPy library (SciPy. Stats module) of Py-
thon 3.0, where each variable was cross-tabulated
against poultry system categories (backyard and com-
mercial farm) [27]. Significant associations were iden-
tified with p-values < 0.05.

3. RESULTS

3.1. Bacterial Viability and Load Compari-
son

Bacterial load measurements, expressed in CFU/ml,
were assessed across 54 samples, with 27 individual
samples from both farm and backyard sources. Among
the samples from the commercial farm, the bacterial
load exhibited considerable inter-sample variability,
with a calculated mean of 141.78 CFU/ml, ranging from
a minimum of 23 CFU/ml to a maximum of 412
CFU/ml, (Figure 1a). Notable peaks were also recorded
at samples 6 (250 CFU/ml), 7 (270 CFU/ml), 15 (240
CFU/ml), 23 (224 CFU/ml), and 27 (410 CFU/ml),
while several samples including samples 3 (50
CFU/ml), 10 (60 CFU/ml), and 26 (55 CFU/ml) regis-
tered comparatively lower counts.

In backyard samples, bacterial load demonstrated
an even wider range, with a mean of 134.74 CFU/ml,
spanning from 19 CFU/ml (samples 9 and 15) to a peak
of 616 CFU/ml (sample 7), (Figure 1b). Prominent ele-
vations were observed at samples 1 (256 CFU/ml), 6
(428 CFU/ml), 16 (357 CFU/ml), and 22 (310 CFU/ml),
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interspersed with markedly lower values at samples 8
(55 CFU/ml), 11 (40 CFU/ml), 13 (25 CFU/ml), and 26
(36 CFU/ml). Though the mean bacterial load was mar-
ginally higher in farm samples (141.78 CFU/ml)

compared to backyard samples (134.74 CFU/ml), the
backyard samples exhibited a substantially greater ab-
solute peak load.

(a) Bacterial Load in Farm Samples (Mean: 141.78)
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Figure 1. Comparing the bacterial load of farm and backyard samples. Here, Blue color denotes Farm samples, and red color denotes

Backyard samples.

3.2

We identified several bacterial isolates based on a series
of biochemical tests (Table 1). Among the farm isolates,
01 was characterized by positive citrate and motility re-

Biochemical Evaluation

actions, alkaline slant and butt in TSI, and a positive ox-
idase test, with Gram-negative morphology, and was
identified as the genus Pseudomonas. The farm isolate
02 demonstrated positive indole and urease reactions
with an acid slant and alkaline butt, assuming as Pro-
teus. While isolate 03 exhibited indole and urease posi-
tivity, H2S production, and an acid-acid TSI profile,
consistent with Citrobacter. Isolate 04 remained unreac-
tive across citrate, MIU, and oxidase tests, with an acid
slant and alkaline butt, and was recommended as
Citrobacter. E. coli 05 displayed the characteristic com-
bination of positive motility, indole, and urease, an acid-
acid TSI profile, and gas production. The four
Klebsiella isolates (06—09) showed varying profiles:
Klebsiella 06 was citrate-positive with an acid slant and
alkaline butt; Klebsiella 07 and 08 were positive for mo-
tility, indole, and urease. Finally, Klebsiella 09 was

motility and urease-positive without indole production.
Additionally, Enterobacter 10 was citrate-positive with
an acid-acid TSI profile and gas production.

Among the backyard isolates, E. coli 01 demon-
strated positive motility, indole production, gas produc-
tion, and an acid-acid TSI profile, though Gram stain
data were unavailable. Proteus 02 showed citrate and
motility positivity with an acid slant and alkaline, while
Pseudomonas 03 was positive for citrate, motility, and
oxidase with an alkaline-alkaline TSI profile. Acineto-
bacter 04 was citrate-positive with a purely alkaline TSI
profile and negative oxidase, and Klebsiella 05 and 07
were both citrate-positive with acid slant and alkaline
butt profiles. Enterobacter/Citrobacter 06 was distin-
guished by citrate and urease positivity, an acid-acid
TSI profile, and gas production. Klebsiella 08 was ure-
ase-positive with an alkaline-alkaline TSI, Klebsiella 09
showed a variable indole reaction with an acid-acid TSI
profile, and Proteus 10 demonstrated positive motility
with an alkaline slant and acid butt (Supplementary
Figure S2).
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Table 1. Biochemical characterization of the presumptive 10 best bacterial colonies.

MIU - MIU - MIU -

TSI - TSI - TSI -

Isolate ID Citrate Motility Indole Urease TSI-Slant Butt Gas H.S Oxidase Gram
R e N O R ®A) @ @ D
Farm
Pseudomonas 01 + + - - K K - - + -
Proteus 02 - - + + A K - - - -
Citrobacter 03 - - + + A A - + - -
Citrobacter 04 - - - - A K - - - -
E. coli 05 - + + + A A + - - -
Klebsiella 06 + - - - A K - - - -
Klebsiella 07 - + + + K K - - - -
Klebsiella 08 - + + + A K - - - -
Klebsiella 09 - + - + A K - - - -
Enterobacter 10 + - - - A A + - - -
Backyard
E. coli 01 - + + - A A + - - N/A
Proteus 02 + + - - A K - - - -
Pseudomonas 03 + + - - K K - - + -
Acinetobacter 04 + - - - K K - - - -
Klebsiella 05 + - - - A K - - - -
Enterobacter / N ) ) N A A . ] ] ]
Citrobacter 06
Klebsiella 07 + - - - A K - _ _ -
Klebsiella 08 - - - + K K - - -
Klebsiella 09 - - Vv - A A - - -
Proteus 10 - + - - K A - - _

+ = Positive, - = Negative, A = Acid, K = Alkaline, V = Variable.

Overall, the presumptive bacterial genera identi-
fied from farm samples comprised Pseudomonas spp.,
Proteus spp., Citrobacter, Klebsiella spp., Enterobac-
ter, and E. coli, whereas backyard samples harbored E.
coli, Pseudomonas spp., Enterobacter/Citrobacter,
Klebsiella spp., Acinetobacter spp., and Proteus spp.,
suggesting a broadly overlapping yet compositionally
distinct bacterial community structure between the two
poultry production environments.

3.3.

Molecular profiling confirms the tentative biochemical
identification of isolates, as phenotypic characterization

Molecular Profiling

alone is insufficient to unequivocally differentiate
closely related species. PCR amplification targeting the

uidA gene, which encodes the enzyme -

Dglucuronidase and serves as a highly specific molecu-
lar marker for E. coli.

Representative isolates from farm and backyard
poultry sources were subjected to molecular analysis,
with PCR-amplified products subsequently visualized
by agarose gel electrophoresis (Figure 2). The presence
of discrete amplification bands (~147 bp) further con-
firmed the molecular identity of the respective isolates
as E. coli.

34.

To avoid duplicate phenotypes and ensure adequate pu-
rity for reliable antimicrobial susceptibility testing, two

Antimicrobial Susceptibility Patterns

isolates from the backyard group were excluded after
purification and quality assessment. Consequently, to
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maintain a balanced comparison between the study
groups, antibiogram analysis was performed on 25 rep-
resentative isolates from each group. Zone of inhibition
measurements were performed for all 50 isolates from
both farm and backyard sources against a panel of com-
mercially used antibiotics and interpreted in accordance
with CLSI breakpoint criteria (Supplementary Figure
S3) to determine the antimicrobial susceptibility pat-
terns of poultry-associated bacterial isolates. Among
farm isolates, ampicillin (10 pg) and tetracycline (30
ug) yielded no measurable zones of inhibition across all
25 isolates from farm samples. Among backyard iso-
lates, ampicillin (10 ug) produced zones of 0 mm for the

LaneNo 1 2

majority of isolates, with isolated exceptions at isolates
3 (16 mm), 4 (12 mm), 5 (10 mm), 11 (6 mm), 18 (12
mm), 19 (6 mm), and 21 (4 mm), most of which re-
mained at or below the resistance breakpoint (<13), ex-
cept isolate 3 (16 mm) fell in the range of intermediate
sensitive range (1416 mm) (Figure 3a). Tetracycline (30
ng) showed predominantly zero inhibition zones, with
sparse activity recorded at isolates 3 (18 mm), 11 (8
mm), and 18 (6 mm), and a value of 4 mm at isolate 22,
all falling below or at the resistance threshold except for
isolate 3, which approached the intermediate range (15-
18 mm) (Figure 3b).

<« 147bp

Figure 2. uidA gene-specific PCR amplification bands were visualized in an agarose gel. Here, a 50 bp DNA ladder has been used,

and lanes 1-7 show the expected amplicon size of 147 bp.

In the case of farm isolates, gentamicin (10 pg) in-
hibition zones of two isolates reached a maximum of 22
mm (isolate 10) and 20 mm (isolate 15), which fell
within the sensitive threshold (>15) (Figure 3c). On the
other hand, gentamicin (10 pg) demonstrated a mark-
edly broader and more consistent activity profile among
backyard isolates relative to farm isolates, with zones
ranging from 0 mm (isolate 17) to a peak of 28 mm (iso-
late 9), and several isolates recording values at or above
the sensitive threshold (>15), including isolates 1 (22
mm), 4 (24 mm), 5 (24 mm), 6 (20 mm) (Figure 3c).

Ciprofloxacin (5 pg) produced zones ranging from
0 mm across the majority of isolates to a peak of 12 mm

(isolate 14) and 10 mm (isolates 10 and 15), with 8 mm
(isolates 2 and 22) and 10 mm (isolates 5 and 25), all of
which fell below the sensitive threshold (>21), suggest-
ing widespread ciprofloxacin resistance among farm
isolates (Figure 3d). On the contrary, Ciprofloxacin (5
ug; sensitive: >21 mm) showed variable inhibition
among backyard isolates, with zones reaching 26 mm
(isolate 3) and 24 mm (isolate 4), along with values of
22 mm (isolate 13), 20 mm (isolate 14), and 18 mm (iso-
lates 1 and 17). This suggests that a subset of backyard
isolates retained susceptibility to ciprofloxacin, whereas
most of the others recorded within the resistant thresh-
old (<15) (Figure 3d).
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(a)30 Ampicillin (10 pg)
) (
2 10 o 0,0 o & 0 0 8_0 0 0 0 0,0 e 4 = Sensitive: >17 mm
ﬁ 0 - -0 —-9— 00— V— -0 —0— —0~ —@ —F—P——C—P— @ — -0 — @— O —O— =0 —@ =0 —O — & — @ » Intermediate: 1416 mm
0 5 10 15 20 25 = Resistant: <13 mm
Isolates
— ® —Farm Source - ® —Backyard Source
(b)30 Tetracycline (30 pg)
£20 :
3 10 0 %‘..‘ 0 0 0 0 A~ 0 G 0 0 ﬁ { 0 0 L; 0 0 ® Sensitive: 219 mm
E 0 g g g g g g g gt g Ne gl g i AR S s, i S S = Intermediate: 15-18 mm
0 5 10 15 20 25 = Resistant: <14 mm
Isolates
- ® —Farm Source Backyard Source
(c) ‘g}entamicin (10 ng)
30
E 20 = Secnsitive: 215 mm
% 10 = Intermediate: 13—14 mm
g = Resistant: <12 mm
Noo
0
Isolates
- @ — Farm Source -~ @ - Backyard Source
(d) Ciprofloxacin (5 pg)
30 >0
g 20 ; - i = Sensitive: >21 mm
= Vs = Intermediate: 16-20 mm
£ 10 0 /‘{ 0 0 = Resistant: <15 mm
N 0 e o v
0
Isolates

— @ —Farm Source

- ® - Backyard Source

Figure 3. Zone of inhibition determination based on the general CLSI Guideline of commercially used antibiotics in chicken against
bacterial isolates from the farm and backyard sources. (a), (b) Ampicillin and tetracycline against bacterial isolates from backyard
sources, respectively, and (c) and (d) gentamycin and ciprofloxacin against bacterial isolates from both farm (blue) and backyard

(orange) sources, respectively.

3.5. Knowledge of and practice of antimicro-
bial agents among farmers

In the statistical analysis, there was some association
between the use of antimicrobial agents and knowledge
and practice of antimicrobial agents among the farmers.
Among responders, a statistically significant associa-
tion was observed between completion of the antibiotic
course and the source of antibiotic recommendation
among farm chicken respondents (p = 0.038) (Figure
4a). Respondents who used antibiotics based on veteri-
nary recommendations showed the highest rate of full-
dose completion, where 92.6% completed the antibiotic
course properly. In contrast, respondents who followed
a seller recommendation or made a self-decision

demonstrated markedly lower completion rates, with
only 3.7% in each group completing the full dose.

Similarly, a statistically significant association was
also observed between completion of the antibiotic
course and awareness of zoonotic transmission among
farm chicken respondents (p = 0.037) (Figure 4b). Re-
spondents who completed the full antibiotic dose
demonstrated a markedly higher level of awareness re-
garding zoonotic disease transmission, with 96.3%
aware that diseases can spread from chickens or other
animals to humans.

Among farm chicken respondents, E. coli aware-
ness varied by the source of antibiotic recommendations
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(Figure 4c). Respondents who received antibiotic rec-
ommendations from veterinarians demonstrated com-
paratively higher awareness of E. coli, including
knowledge that it exists in chickens and can spread
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(a)

100

(b)

100
92.6%

96.3%

80 80 /

60 60

AN

40 40

Percentage (%}
Percentage (%)

20 20

3.7%
2

= Fully Aware

Aware Zoonotic Transmission
=) Partially Aware

diseases and antibiotic resistance to humans. In contrast,
respondents relying on seller recommendations or self-
decisions showed relatively lower awareness levels,
with a statistically significant value (p=0.007).
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Figure 4. Statistical association (Fisher's exact test) between antibiotics and related phenomena for farm chickens. Here, (a) denotes
the association between full dose completion of antibiotics and antibiotic suggestions; (b) denotes the association between full dose
completion of antibiotics and aware zoonotic transmission; and (c) denotes the association between full dose completion of antibi-

otics and aware E. coli.

Given the common rural practice of administering
human medicines to poultry, respondents were also
asked whether chickens and humans became sick sim-
ultaneously or within a close time period, and whether
human medicines were used in chickens. Analysis of the
farm chicken data revealed a strongly significant asso-
ciation between simultaneous sickness in chickens and
humans and the use of human medicines in chickens.
Respondents who reported the use of human medicines
in chickens were more likely to report that chickens and
humans became sick at the same time. suggesting a
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possible link between inappropriate medication prac-
tices, disease transmission, and public health awareness.

On the other hand, among backyard chicken re-
spondents, incomplete antibiotic dose administration
was most common among those who used antibiotics at
their own discretion without following any veterinary
recommendation (Figure 5a). Approximately 42.3% of
respondents who administered antibiotics on their own
did not complete the full course.

(c)
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Figure 5. Statistical association (Fisher's exact test) between antibiotics and related phenomena for chickens from backyard sources.
Here, (a) denotes the association between full dose completion of antibiotics and antibiotic suggestions; (b) denotes the association
between full dose completion of antibiotics and aware zoonotic transmission; and (c) denotes the association between full dose

completion of antibiotics and aware E. coli.

Furthermore, awareness of zoonotic disease trans-
mission and of E. coli was comparatively lower among
respondents who did not seek veterinary consultation
and instead relied on seller recommendations or self-de-
cisions regarding antibiotic use (Figure S5b, 5c¢). In

contrast, respondents receiving veterinary advice
demonstrated relatively greater awareness of the trans-
mission of diseases from chickens and other animals to

humans. suggesting the positive role of professional

DOI: To Be Assigned

| Page 9 of 14



Shifat et al.

Adv. Drug Sci. xx(2026): e000001

guidance in improving public health awareness and re-
sponsible antibiotic use practices.

In comparison with farm systems, backyard poul-
try systems showed a higher incidence of administering
human medicines to chickens. Respondents from back-
yard settings also more frequently reported the percep-
tion that chickens and humans become ill at the same
time or in close temporal proximity, accounting for ap-
proximately 22.2% of responses. In addition, the pro-
portion of “do not know” responses was comparatively
higher among backyard respondents than among farm
respondents.

4. DISCUSSION

AMR in chicken production systems is a serious public
health concern, especially in low- and middle-income
nations where the use of antibiotics is still mostly un-
regulated [12, 28, 29]. The indiscriminate use of antibi-
otics in poultry settings has accelerated the emergence
and dissemination of MDR bacterial strains, which are
capable of zoonotic transmission [30, 31]. The indis-
criminate antimicrobials use in poultry can pose serious
public health and food safety threat to Bangladesh in-
cluding animal health and environmental ecosystem as
well [32].

Moreover, antimicrobial resistance in poultry-as-
sociated E. coli constitutes a pressing One Health con-
cern, particularly at the human-animal-environment
interface characteristic of high-density poultry produc-
tion regions [ 14, 33]. Intensive commercial farming and
residential backyard systems coexist in close spatial
proximity to densely populated areas in Bangladesh's
Chattogram region, providing a habitat that is particu-
larly high risk for interspecies and environmental AMR
transmission [34, 35]. Comparative risk evaluations be-
tween backyard poultry production and intensive farm
systems are still understudied, despite growing world-
wide concern. This leaves a substantial knowledge gap
regarding the relative contributions of each system to
the AMR burden, especially in the case of regional re-
search [8-10, 14, 30]. While regional studies have doc-
umented the general prevalence of antibiotic resistance
in Bangladeshi poultry, a specific and methodologically
rigorous comparative risk assessment of E. coli re-
sistance profiles between commercial farm and back-
yard production systems in this region has remained
absent from the literature. Furthermore, the environ-
mental dimension of resistance dissemination through
contamination of litter, soil, and the coop floor has been

largely unintegrated into comparative assessments. Ad-
dressing this gap, the present study compared the prev-
alence, antimicrobial resistance profiles, and multidrug
resistance burden of E. coli isolated from commercial
farm and backyard poultry production systems in
Hathazari, Chattogram, employing integrated microbi-
ological, biochemical, molecular, and epidemiological
approaches to construct a comprehensive One Health
risk assessment of MDR E. coli transmission dynamics
across divergent production environments.

Subsequently, bacteriological characterization re-
vealed a broadly overlapping yet compositionally dis-
tinct microbial community structure between the two
environments. Pseudomonas, Proteus, Klebsiella, En-
terobacter, Citrobacter, and E. coli were recovered
from both systems, while Acinetobacter was identified
exclusively among backyard isolates, a genus of grow-
ing clinical concern given its intrinsic resistance mech-
anisms and capacity for horizontal gene transfer with £.
coli and other Enterobacteriaceae. Mean bacterial loads
in backyard samples demonstrated substantially greater
peak loads and wider amplitude fluctuation. This sug-
gests the absence of standardized hygiene and waste
management protocols characteristic of informal pro-
duction settings. Comparatively the lower bacterial load
was observed in commercial poultry systems. This
might be the consequence of frequent use of antibiotics
and improved management practices, which exert selec-
tive pressure on gut microbiota and reduce overall mi-
crobial abundance. In contrast, backyard systems, with
limited antimicrobial intervention, tend to harbor higher
bacterial loads due to unrestricted environmental expo-
sure [36]. In addition, molecular confirmation of E. coli
identity via PCR amplification of the uidA gene pro-
vided more specificity to the biochemical profiles, en-
suring that susceptibility and resistance data were most
likely attributed to E. coli isolates rather than phenotyp-
ically ambiguous Enterobacteriaceae.

Furthermore, according to antimicrobial suscepti-
bility profile, all farm and backyard isolates showed
universal resistance to ampicillin and tetracycline,
which is consistent with earlier research [37, 38]. This
pattern is consistent with the prolonged, widespread,
and largely unregulated use of these first-line agents in
Bangladeshi poultry production and reflects their well-
documented ineffectiveness as therapeutic options for
E. coli infections in this context. The universal re-
sistance to ampicillin and tetracycline among farm-as-
sociated E. coli mirrors findings reported from
Bangladesh, India, and Pakistan, where these antibiotics
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rank among the most frequently administered agents in
commercial poultry operations, usually without a veter-
inarian's prescription or dose oversight [39-41].

However, ciprofloxacin resistance was predomi-
nant among farm isolates, with inhibition zones for most
isolates falling below the resistance breakpoint. This in-
dicates that the fluoroquinolone-resistant E. coli has be-
come entrenched in commercial farm environments. It
is a crucial finding of the study as a serious public health
concern. Besides, in backyard isolates, gentamicin
demonstrated broader and more consistent inhibitory
activity than farm isolates. This indicates that differen-
tial selective pressure, rather than uniform resistance
saturation, characterizes the backyard AMR landscape.
These differential susceptibility profiles between the
two production systems have important implications for
risk stratification in regional AMR surveillance and for
the prioritization of antibiotic classes in stewardship in-
terventions.

Backyard poultry systems often lack adequate
knowledge and practices related to hygienic handling of
raw chicken and proper waste management, which may
contribute to environmental contamination and human
exposure. This finding indicates that the absence of
proper veterinary guidance may contribute to irrespon-
sible antibiotic use practices and incomplete dose ad-
ministration in backyard poultry management. Though
commercial farms generally maintain relatively better
biosecurity and handling practices, both systems con-
tribute to the dissemination of antimicrobial-resistant
bacteria through raw poultry products and improper dis-
posal of untreated waste. The consequence is transmis-
sion of AMR and MDR among humans via the food
chain and the surrounding environment [42].

The present study revealed several significant as-
sociations between antibiotic use practices and AMR-
related phenomena that carry direct implications for E.
coli-mediated resistance transmission in both produc-
tion systems. In farm settings, a statistically meaningful
association was identified between antibiotic use and
zoonotic awareness, with full dose completion univer-
sally observed when antibiotic administration was
guided by a veterinarian or seller. In contrast, self-di-
rected antibiotic use consistently resulted in incomplete
dosing, a practice well established as a principal driver
of subtherapeutic antibiotic exposure and subsequent
selection of resistance in commensal E. coli popula-
tions. Of clinical significance, among respondents who
reported using human medicine in chickens, they

simultaneously reported concurrent illness in both
chickens and humans, raising serious concern regarding
bidirectional E. coli transmission pathways operating at
the farm-household interface. In backyard settings, the
epidemiological risk signal was comparably pro-
nounced. All antibiotic-using respondents reported hu-
man illness following chicken illness, suggesting a
direct epidemiological link between poultry antibiotic
use and adverse human health outcomes in household
production settings.

Knowledge-level determinants of risk perception
may operate differently across production systems, as
evidenced by the strong and statistically significant cor-
relations among E. coli awareness, biosecurity aware-
ness, and zoonotic transmission awareness observed
only in farm settings and absent among backyard re-
spondents. Consequently, this distinction has obvious
consequences for the design and targeting of antibiotic
stewardship initiatives. These findings indicate that re-
spondents seeking veterinary advice were compara-
tively more careful and responsible in administering
antibiotics, whereas incomplete dosing practices were
more common among those relying on sellers or self-
medicating. This finding suggests that respondents with
better knowledge of zoonotic transmission were more
likely to follow proper antibiotic administration prac-
tices and complete the prescribed antibiotic course.

However, the current literature shows mixed find-
ings regarding differences in awareness. Muleme et al.
(2023) found that subsistence (rural) farmers in Uganda
were more likely to correctly describe antibiotics than
commercial farmers [43]. On the contrary, Mudenda et
al. (2022) portrayed the opposite in Zambia: commer-
cial farmers were more aware of AMR than medium-
scale farmers [44]. The evidence indicates AMR risk in
rural settings is driven by a multi-level awareness sys-
tem.

Despite providing the first integrated microbiolog-
ical, biochemical, molecular, and epidemiological com-
parative assessment of MDR E. coli across commercial
farm and backyard poultry production systems in the
Chattogram region, the use of self-reported data for an-
tibiotic use practices and illness co-occurrence intro-
duces recall and social desirability biases, while small
sub-group sample sizes in certain strata may have con-
strained the statistical power of associative inferences.
Moreover, the absence of whole-genome sequencing
precluded characterization of specific resistance genes,
mobile genetic elements, and plasmid-mediated
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mechanisms, hereby limiting the assessment of horizon-
tal gene transfer associated with the observed AMR bur-
den. Another important point is that the cross-sectional
design precludes causal inference, and the geographic
restriction to Hathazari, Chattogram, which limits
broader generalizability.

5. LIMITATIONS OF THE STUDY

While this study provides a detailed comparison of mul-
tidrug-resistant E. coli across poultry systems, there are
some limitations and future directions to note. The first
limitation of the study is the small sample size, which
could undermine the power of the findings. Further-
more, this investigation was unable to establish causal-
ity; moreover, because it was conducted in Hathazari,
Chattogram district, it could not provide comprehensive
insight into the state of affairs in other areas. At the mo-
lecular level, the lack of whole-genome sequencing pre-
cluded the identification of resistance mechanisms,
including mobile genetic elements and specific re-
sistance genes. The restricted antibiotic panel used for
susceptibility testing, although based on commonly
used antimicrobial classes in the local poultry setting,
may have limited a more comprehensive characteriza-
tion of antimicrobial resistance, and inclusion of addi-
tional agents, such as third-generation antibiotics, could
have strengthened the resistance profiling. Although the
cross-sectional design and geographic restriction limit
causal inference and broader generalizability, these con-
straints also define a clear trajectory for future research,
particularly longitudinal, multi-site investigations in-
corporating whole-genome sequencing and environ-
mental sampling of litter, soil, and drainage water.
These are needed to fully understand the dynamics of
antimicrobial resistance and to address the environmen-
tal transmission gap identified in this study.

6. CONCLUSION

The findings collectively demonstrate that commercial
farm and backyard systems harbor clinically significant
MDR bacteria, including E. coli populations, yet differ
meaningfully in their resistance landscapes, behavioral
risk determinants, and knowledge-level predictors of
AMR. Both systems are significant contributors to
AMR due to prolonged and improper antibiotic use, as
evidenced by resistance to drugs such as ampicillin and
tetracycline. The resistance profile also varies between
farm types: commercial farms show ciprofloxacin re-
sistance, while backyard farms have higher bacterial

loads, including Acinetobacter. The study highlights a
direct link between poor antibiotic use and concurrent
infections in humans and chickens, suggesting possible
pathogen movement between hosts. These findings un-
derscore the need to address antibiotic resistance in each
farming system individually. Hence, the urgent need for
production system-specific antibiotic stewardship strat-
egies, strengthened veterinary oversight, genomic epi-
demiology, and One Health AMR surveillance
frameworks that integrate human, animal, and environ-
mental resistance data at the regional level.

Supplementary Materials

The supplementary materials supporting the findings of this study
are available with the online version of this article as Supplemen-
tary Appendix Al and Supplementary Figures S1-S3.

Author’s ORCID iDs

Siratul Kubra Shifat: https://orcid.org/0009-0008-4518-8955
Joynab Binta Arafat: https://orcid.org/0009-0003-6280-8654
Israt Jahan Eva: https://orcid.org/0009-0009-1146-8753

Sheikh Abdullah Al Ashik: https:/orcid.org/0000-0002-3923-
1266

Md Anowar Parvez: https://orcid.org/0009-0008-6258-6904

Author Contributions

Conceptualization and supervision: SKS. Writing — original draft
preparation: SKS, SAAA. Laboratory work- JBA, IJE. Formal anal-
ysis: SKS, SAAA. Writing — review and editing: MAP. Resources:
SKS, MAP. Investigation: SKS, IJE. Methodology: SKS. Project ad-
ministration: SKS. All authors have read and approved the final ver-
sion of the manuscript.

Funding information

The authors did not receive any internal or external funding.

Institutional Review Board Statement

The study received approval from the ethical committee of Chatto-
gram Veterinary and Animal Sciences University (Memo no:
CVASU/Dir (R&E) EC/2026/17/26, Date:28/01/2026). We obtained
informed consent after discussing the informed consent form with
each participant.

Informed Consent Statement

Informed consent was obtained from all participants involved in the
study.

Data Availability Statement

The data supporting the findings of this study are available from the
corresponding author upon reasonable request.

Acknowledgements

We would like to acknowledge Dr. Pronesh Dutta for the discussion,
suggestions during the study, and reviewing the draft manuscript.

DOI: To Be Assigned

| Page 12 of 14



Shifat et al.

Adv. Drug Sci. xx(2026): e000001

Artificial Intelligence (AI) Declaration

The authors declare that all scientific ideas presented in this manu-
script, including conceptualization, content, data analysis, and data
interpretation, are their own; no generative Al tools were used. Dur-
ing the preparation of this work, the authors received limited assis-
tance from DeepseekR to improve language, clarity, and readability.
After using this tool/service, the authors reviewed and edited the
content as needed and took full responsibility for the published arti-
cle.

Conflict of Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influ-
ence the work reported in this paper.

References

1. Zhou Y, Zhang A, van Klinken RD, Jones D, Wang J.
Consumers’ perspectives on antibiotic use and antibiotic
resistance in food animals: a systematic review. npj Sci Food.
2025;9(1):29, doi:10.1038/s41538-025-00381-3.

2. Spagnolo AM, Palma F, Amagliani G, Panunzio MF,
Montagna MT, Alonzo E, et al. Antimicrobial Resistance
Along the Food Chain: Spread and Integrated Strategies for
Mitigation and Control. Antibiotics. 2026;15(3):311,
doi:10.3390/antibiotics15030311.

3.  Chavan P, Vashishth R. Antimicrobial resistance in foodborne
pathogens: consequences for public health and future
approaches. Discov Appl Sci. 2025;7(6):623,
doi:10.1007/s42452-025-07015-z.

4.  Elbehiry A, Marzouk E. From Farm to Fork: Antimicrobial-
Resistant Bacterial Pathogens in Livestock Production and the
Food Chain. Vet Sci. 2025;12(9):862,
doi:10.3390/vetscil2090862.

5. Islam MZ, Islam MS, Kundu LR, Ahmed A, Hsan K, Pardhan
S, et al. Knowledge, attitudes and practices regarding
antimicrobial usage, spread and resistance emergence in
commercial poultry farms of Rajshahi district in Bangladesh.
PloS One. 2022;17(11):e0275856,
doi:10.1371/journal.pone.0275856.

6. Hennessey M, Fournié¢ G, Hoque MA, Biswas PK, Alarcon P,
Ebata A, et al. Intensification of fragility: Poultry production
and distribution in Bangladesh and its implications for disease
risk. Prev Vet Med. 2021;191:105367,
doi:10.1016/j.prevetmed.2021.105367.

7.  Islam A, Amin E, Khan MA, Islam M, Gupta SD, Abedin J, et
al. Epidemiology and evolutionary dynamics of HON2 avian
influenza virus in Bangladesh. Emerg Microbes Infect.
2025;14(1):2498574, doi:10.1080/22221751.2025.2498574.

8. Ahmed ZS, Hashad ME, Atef'Y, Badr H, Elhariri M, Kadry M.
Public health threat of antimicrobial resistance and virulence
genes in Escherichia coli from human-chicken transmission in
Egypt. Sci Rep. 2025;15(1):12627, doi:10.1038/s41598-025-
94177-w.

9. Cox GW, Avery BP, Parmley EJ, Irwin RJ, Reid-Smith RJ,
Deckert AE, et al. A One Health Genomic Investigation of
Gentamicin Resistance in Escherichia coli from Human and
Chicken Sources in Canada, 2014 to 2017. Antimicrob Agents
Chemother. 2022;66(10):¢00677-22, doi:10.1128/aac.00677-
22.

10. Britfelan DO, Tabaran A, Colobatiu L, Mihaiu R, Mihaiu M.
Prevalence and Antimicrobial Resistance of Escherichia coli
Isolates from Chicken Meat in Romania. Animals.
2023;13(22):3488, doi:10.3390/ani13223488.

11. Williams Alexander D, Rousham E, Neal Andrew L, Amin
Mohammed B, Hobman Jon L, Stekel D, et al. Impact of
contrasting poultry exposures on human, poultry, and
wastewater antibiotic resistomes in Bangladesh. Microbiol

12.

13.

14.

15.

16.

17.

18.

20.

21.

22.

23.

24.

25.

Spectr. 2023;11(6):e01763-23, doi:10.1128/spectrum.01763-
23.

Singh K, Mitra S. Operationalising Genomic Surveillance for
Antimicrobial Resistance in Low- and Middle-Income
Countries: A One Health Perspective from Bangladesh.
Microorganisms. 2026;14(3):527,
doi:10.3390/microorganisms14030527.

Islam MS, Hossain MJ, Sobur MA, Punom SA, Rahman
AMMT, Rahman MT. A Systematic Review on the Occurrence
of Antimicrobial-Resistant Escherichia coli in Poultry and
Poultry Environments in Bangladesh between 2010 and 2021.
BioMed Res Int. 2023;2023(1):2425564,
doi:10.1155/2023/2425564.

Sohail MN, Isloor S, Rathnamma D, Chandra Priya S,
Veeregowda BM, Hegde NR, et al. Phenotypic and Genotypic
Characterization of Colistin, ESBL, and Multidrug Resistance
in Escherichia coli Across the Broiler Production Chain in
Karnataka, India. Poultry. 2025;4(4):51,
doi:10.3390/poultry4040051.

Borges CA, Tarlton NJ, Riley LW. Escherichia coli from
commercial broiler and backyard chickens share sequence
types, antimicrobial resistance profiles, and resistance genes
with human extraintestinal pathogenic Escherichia coli.
Foodborne Pathog Dis. 2019;16(12):813-22,
doi:10.1089/fpd.2019.2680.

Chowdhury S, Fourni¢é G, Blake D, Henning J, Conway P,
Hoque MA, et al. Antibiotic usage practices and its drivers in
commercial chicken production in Bangladesh. PloS One.
2022;17(10):e0276158, doi:10.1371/journal.pone.0276158.
Das Gupta S, Barua B, Fourni¢ G, Hoque MA, Henning J.
Village and farm-level risk factors for avian influenza infection
on backyard chicken farms in Bangladesh. Sci Rep.
2022;12(1):13009, doi:10.1038/s41598-022-16489-5.

Jacob Megan E, Keelara S, Aidara-Kane A, Matheu Alvarez
Jorge R, Fedorka-Cray Paula J. Optimizing a Screening
Protocol for Potential Extended-Spectrum p-Lactamase
Escherichia coli on MacConkey Agar for Use in a Global
Surveillance Program. J Clin Microbiol.
2020;58(9):10.1128/jcm.01039-19,  doi:10.1128/jcm.01039-
19.

Popovici R, Bei MF, Popovici RA, Domocos D, Todor PC,
Pogan MD. Methods of Isolation and Identification of
Enterobacteriaceae. Med Evol. 2021;27(2):88-93,
doi:10.70921/medev.v27i2.1135.

Ebomah KE, Adefisoye MA, Okoh Al. Pathogenic Escherichia
coli Strains Recovered from Selected Aquatic Resources in the
Eastern Cape, South Africa, and Its Significance to Public
Health. Int J Environ Res Public Health. 2018;15(7):1506,
doi:10.3390/ijerph15071506.

Arbab S, Ullah H, Wang W, Qadeer A, Aseceri AA, Alzahrani
FM, et al. Prevalence and antimicrobial drug resistance of
gram-negative bacteria in dairy feed and water: a One Health
concern. Front Vet Sci. 2025;12:1654200,
doi:10.3389/fvets.2025.1654200.

Abdlla YA, Al-Sanjary RA. The molecular identification of
diarrheagenic Escherichia coli (DEC) isolated from meat and
meat products. Iraqi J Vet Sci. 2023;37(1):9-15,
doi:10.33899/ijvs.2022.133244.2192.

Ramirez-Martinez ML, Olmos-Ortiz LM, Barajas-Mendiola
MA, Giono Cerezo S, Avila EE, Cuellar-Mata P. A PCR
procedure for the detection of Giardia intestinalis cysts and
Escherichia coli in lettuce. Lett Appl Microbiol.
2015;60(6):517-23, doi:10.1111/lam.12402.

Bej AK, DiCesare JL, Haff L, Atlas RM. Detection of
Escherichia coli and Shigella spp. in water by using the
polymerase chain reaction and gene probes for uid. Appl
Environ Microbiol. 1991;57(4):1013-7,
doi:10.1128/aem.57.4.1013-1017.1991.

Haley E, Cockerill FR, Pesano RL, Festa RA, Luke N, Mathur
M, et al. Pooled antibiotic susceptibility testing performs
within CLSI standards for validation when measured against
broth microdilution and disk diffusion antibiotic susceptibility

DOI: To Be Assigned

| Page 13 of 14



Shifat et al.

Adv. Drug Sci. xx(2026): e000001

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

testing of cultured isolates. Antibiotics. 2024;13(12):1214,
doi:10.3390/antibiotics13121214.

Vierra A, Razzaq A, Andreadis A. Chapter 28 - Categorical
Variable Analyses: Chi-square, Fisher Exact, and Mantel—
Haenszel. In: Eltorai AEM, Bakal JA, Newell PC, Osband AJ,
editors. Translational Surgery: Academic Press; 2023. p. 171-
5. doi:10.1016/B978-0-323-90300-4.00095-1

Gommers R, Virtanen P, Haberland M, Burovski E, Reddy T,
Weckesser W, et al. scipy/scipy: SciPy 1.15.0. Zenodo. 2025,
doi:10.5281/zenodo.14593523.

Sulis G, Sayood S, Gandra S. Antimicrobial resistance in low-
and middle-income countries: current status and future
directions. Expert Rev Anti Infect Ther. 2022;20(2):147-60,
doi:10.1080/14787210.2021.1951705.

Ikhimiukor OO, Odih EE, Donado-Godoy P, Okeke IN. A
bottom-up view of antimicrobial resistance transmission in
developing countries. Nat Microbiol. 2022;7(6):757-65,
doi:10.1038/541564-022-01124-w.

Mengistu AB, Belete MA, Tassew H, Kassa HY, Alemu BG,
Tegegne HC, et al. Multidrug-resistant non-typhoidal
Salmonella enterica from chickens, farmworkers, and
environments: One health implications from Northwestern
Ethiopia. PloS One. 2025;20(10):¢0333591,
doi:10.1371/journal.pone.0333591.

Vivarelli S, De Francesco C, Paba E, Giambo F, Fenga C. The
resistome bridge between livestock and workers: novel
frameworks for early detection and monitoring of
antimicrobial resistance. Front Public Health.
2026;14:1746385, doi:10.3389/fpubh.2026.1746385.

Hasan MM, Ali T, Khan A, Islam M, Khan MA, Sayeed MA,
et al. Determinants of indiscriminate antimicrobial use in
commercial chicken farms in Bangladesh and their impact on
food safety and public health. Sci Rep. 2025;15(1):30103,
doi:10.1038/s41598-025-14108-7.

Chitatanga R, Luwe M, Yiwombe C, Mwantoma W, Milala H,
Kamwana C, et al. The epidemiology of ceftriaxone and
cotrimoxazole-resistant Escherichia coli from humans, poultry,
and their environment in central Malawi: A cross-sectional
study. PLoS Glob Public Health. 2026;6(1):e0005869,
doi:10.1371/journal.pgph.0005869.

Sultana F, Akter SA, Ahmed Z, Kadir A. Are land use conflicts
a barrier to sustainable city development? Evidence from
Chattogram  District  of  Bangladesh.  GeoJournal.
2025;90(1):45, doi:10.1007/s10708-025-11295-8.

Hashem MA, Sarker MSK, Alam AMMN, Mia N, Rahman
MM. Poultry processing and value addition in Bangladesh-A
review. Meat Res. 2024;4(3), doi:10.55002/mr.4.3.91.

Zhan R, LuY, XuY, Li X, Wang X, Yu G. Effects of antibiotics
on chicken gut microbiota: community alterations and
pathogen identification. Front Microbiol. 2025;16:1562510,
doi:10.3389/fmicb.2025.1562510.

Luo X, Hou J, Xia D, Zhou Y, Huang N, Liu J, et al. A hidden
reservoir of antibiotic resistance genes: transferable plasmids
in community air and wastewater. Front Microbiol.
2026;17:1699056, doi:10.3389/fmicb.2026.1699056.

Khalifa HO, Mohammed T, Elbediwi M, Abdalla A, Mohamed
M-YI, Ramadan H, et al. Prevalence and genetic basis of
extended-spectrum B-lactamase-producing Escherichia coli
carriage in broiler farms in the United Arab Emirates. Front Vet
Sci. 2025;12:1714381, doi:10.3389/fvets.2025.1714381.
Sivagami K, Vignesh VJ, Srinivasan R, Divyapriya G, Nambi
IM. Antibiotic usage, residues and resistance genes from food
animals to human and environment: An Indian scenario. J
Environ Chem Eng. 2020;8(1):102221,
doi:10.1016/j.jece.2018.02.029.

Bilal H, Khan MN, Rehman T, Hameed MF, Yang X.
Antibiotic resistance in Pakistan: a systematic review of past
decade. BMC Infect Dis. 2021;21(1):244,
doi:10.1186/512879-021-05906-1.

Chowdhury S, Ghosh S, Aleem MA, Parveen S, Islam MA,
Rashid MM, et al. Antibiotic Usage and Resistance in Food
Animal Production: What Have We Learned from Bangladesh?

42.

43.

44.

Antibiotics.
doi:10.3390/antibiotics10091032.
Chen'Y, Liu Y, Zhao C, Ma J, Guo J. Antibiotic resistance gene
pollution in poultry farming environments and approaches for
mitigation: A system review. Poultry  Science.
2025;104(3):104858, doi:10.1016/j.psj.2025.104858.

Muleme J, Ssempebwa JC, Musoke D, Kankya C, Wafula ST,
Okello J, et al. Antimicrobial resistance among farming
communities in Wakiso District, Central Uganda: A
knowledge, awareness and practice study. Plos One.
2023;18(6):¢0284822, doi:10.1371/journal.pone.0284822.
Mudenda S, Malama S, Munyeme M, Hang’ombe BM,
Mainda G, Kapona O, et al. Awareness of Antimicrobial
Resistance and Associated Factors among Layer Poultry
Farmers in Zambia: Implications for Surveillance and
Antimicrobial Stewardship Programs. Antibiotics.
2022;11(3):383, doi:10.3390/antibiotics11030383.

2021;10(9):1032,

DOI: To Be Assigned

| Page 14 of 14



