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ABSTRACT

Objective: Antibiotic-resistant bacterial pathogens from livestock and poultry pose a significant 
global concern, contributing to many foodborne and zoonotic diseases. This study aimed to detect 
Salmonella spp. from selected poultry farms during a defined study period, with a particular focus 
on antibiotic resistance.
Materials and Methods: One hundred and five cloacal swabs were obtained aseptically from birds 
of seven randomly selected commercial layer farms of Mymensingh district in Bangladesh. The 
isolation of Salmonella spp. was performed through culturing on selective agar media and subse-
quently confirmed by polymerase chain reaction (PCR) using specific primers. The disc diffusion 
method was performed to determine the sensitivity of confirmed Salmonella spp. isolates against 
19 antibiotics. Finally, PCR was performed to detect the tetracycline (tetA) and beta-lactamase 
(blaTEM) genes.
Results: Out of 105 samples, 34 were detected as positive for Salmonella spp. on Salmonella-
Shigella media, of which 20 (19.05%) isolates were confirmed as Salmonella spp. (211 bp). 
Erythromycin, cefuroxime, doxycycline, amoxicillin, ampicillin, and tetA were ineffective against 
all 20 isolates. Several unique antibiotic resistance patterns were observed, with most isolates 
exhibiting multidrug resistance (MDR). Furthermore, 100% of the phenotypically resistant isolates 
contained the tetA and blaTEM genes.
Conclusion: Commercial layers in Bangladesh were found to harbor MDR Salmonella spp., repre-
senting a potential risk to the poultry population and a public health concern.
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Introduction

Poultry farming has become a profitable venture in 
Bangladesh, contributing to employment opportunities 
and national food security [1,2]. Poultry farmers and stake-
holders rely heavily on pharmaceutical products, primarily 
vaccines, vitamins, minerals, and antibiotics, to meet the 
increasing demand. Globally, poultry farmers use a large 

quantity of antibiotics not only for therapeutic purposes 
but also as a preventive measure against diseases [3–5]. 
Antibiotics have been utilized to enhance the efficiency of 
poultry production, enabling the production of high-qual-
ity poultry products at a reasonable cost and making 
them available to consumers. Many of these antimicrobi-
als used in Bangladesh are essential in human medicine 
[6]. However, the indiscriminate use of these essential 
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antimicrobials in animal production has been associated 
with the accelerated development of antimicrobial resis-
tance (AMR) in pathogens, as well as in commensal organ-
isms [4,7].

AMR has become one of the most important health 
problems of the 21st century, and it is of public importance 
[8,9]. When AMR is developed in bacteria, their suscepti-
bility to antimicrobials is lost [10]. These resistant bacteria 
then multiply and become the dominant population, and 
as such, can transfer (both horizontally and vertically) the 
genes responsible for their resistance to other bacteria 
[11]. Humans can become infected with antibiotic-resis-
tant bacteria by consuming and handling contaminated 
poultry meat [12].

Salmonella spp. causes human illnesses worldwide 
[13]. It can survive on a diverse range of food types, includ-
ing poultry meat, pork, and vegetables. Chicken products 
are a major reservoir of Salmonella spp. [14]. Therefore, 
Salmonella leads to foodborne diseases, resulting in sig-
nificant economic losses and deaths [15]. The emergence 
of AMR among Salmonella strains in chicken products has 
raised concern about using antimicrobials in poultry feed-
ing practices [16,17]. Consumption of poultry infected with 
salmonellosis is considered a risk factor for transmission 
of multidrug-resistant (MDR) Salmonella from poultry to 
humans [18,19]. Salmonellosis caused by antibiotic-resis-
tant Salmonella leads to prolonged illness, longer hospital 
stays, higher treatment costs, and a two-fold increased risk 
of post-infection morbidity [20]. Salmonella strains are 
long-lasting and may be resistant to common antibiotics, 
such as ampicillin, tetracycline (tetA), and chlorampheni-
col, due to their ability to form biofilms on poultry house 
surfaces [21].

Many researchers in Bangladesh isolated Salmonella 
spp. from different poultry sources and performed antibi-
otic sensitivity tests [22–25]. However, the occurrence of 
MDR Salmonella spp. in commercial poultry in Bangladesh 
over time has yet to be investigated. Investigating 
Salmonella spp. over a period is crucial, as it can reveal the 
progression of antibiotic resistance in birds during rearing. 
Long-term surveillance can help identify resistance trends 
among bacteria, facilitating the development of effective 
interventions. Therefore, the present investigation was 
conducted to detect antibiotic-resistant Salmonella spp. 
in commercial layer birds through phenotypic and genetic 
characterization, as well as their antibiotic resistance 
patterns.

Materials and Methods

Ethical approval

The study protocol was approved by the Animal Welfare 
and Experimentation Ethics Committee of Bangladesh 

Agriculture University, Mymensingh (Approval No. 
AWEEC/BAU/2018(27).

Pre-work survey and study design

Cloacal swab samples were collected from seven-layer 
farms across different areas of Mymensingh dis-
trict (Bhaluka, Phulbaria, Trishal, and Sadar Upazila) 
(Fig. 1) and analyzed at the Department of Microbiology 
and Hygiene, Faculty of Veterinary Science, Bangladesh 
Agricultural University, Mymensingh, Bangladesh. Data 
was collected before initiating the experiment to assess 
the ‘antibiotics-using scenarios’ in the selected commer-
cial layer farms. The data were collected through in-person 
interviews, during which the farm owners (from whom 
samples were intended to be collected) were asked prede-
termined questions. The survey aimed to collect informa-
tion about the number and types of antibiotics used by the 
farmers during the study period. The study resumed with 
the meticulous collection of samples from egg-laying birds 
to isolate and confirm the presence of MDR Salmonella spp. 

Collection of samples and bacterial enrichment

A total of 105 samples were aseptically collected from the 
cloacal region of commercial layers in Eppendorf tubes 
with nutrient broth using sterile cotton swabs. Seven com-
mercial layer farms were selected, with four located in 
Trishal and one farm representing each of the remaining 
locations. From each of the farms, 15 cloacal swabs were 

Figure 1. Sample collection sites (Bhaluka- 24° 22’N and 90° 
22’E, Phulbaria- 24° 38’N and 90° 16’E, Trishal- 24° 32’N and 90° 
20’E, and Sadar Upazila-24° 45’N and 90° 25’E).

http://bdvets.org/javar/


http://bdvets.org/javar/	�  1144Khatun et al. / J. Adv. Vet. Anim. Res., 12(4): 1142–1150, December 2025

collected over a 4-month period of rearing. All samples 
were immediately placed on ice in a thermos flask after 
collection and transported to the laboratory. Then, the 
sample containing nutrient broth was placed in a bacterio-
logical incubator and overnight incubated at 37°C.

Isolation of Salmonella and genomic DNA extraction

A previously described procedure was followed for the 
isolation of Salmonella spp. [26]. Briefly, a small quan-
tity of the bacteria-enriched broth was streaked on 
Salmonella-Shigella media and incubated overnight. DNA 
was extracted from the culture-positive isolates using the 
boiling method, as described previously [27].

Molecular detection of Salmonella spp.

The invA gene was targeted for amplification using a 
25 µl reaction mixture comprised of 1µl of specific prim-
ers (Forward: 5’-ATC AGT ACC AGT CGT CTA TCT TGAT-3’ 
and Reverse: 5’-TCT GTT TAC CGG GCA TAC CAT-3’), 12.5 µl 
of 2× Master Mix (Promega, USA), 6.5 µl of nuclease-free 
water, and 4 µl of DNA template. The following thermal 
profile was inserted into the thermal cycler (Thermo 
Fisher Scientific, USA): Initial denaturation at 94°C for 
5 min followed by 30 cycles of denaturation at 94°C for 
30 sec, annealing at 52°C for 1 min, extension at 72°C for 
45 sec, and final extension at 72°C for 5 min [28]. The 
amplified products were resolved on a 1.5% agarose gel, 
stained with ethidium bromide, and visualized under a 
UV-transilluminator (BIO-RAD, USA). 

Antibiotic sensitivity test using the disc diffusion method

The disc diffusion method was used to detect AMR pat-
terns following the recommendations of the Clinical and 
Laboratory Standards Institute (CLSI) [29]. The antibi-
otic sensitivity patterns of Salmonella spp. isolates were 
evaluated using 19 antibiotics representing 7 different 
classes. The process began with the initial enrichment of 
the polymerase chain reaction (PCR)-positive isolates in 
nutrient broth, followed by spreading the enriched broth 
onto Mueller-Hinton agar after comparing it with the 0.5 

McFarland standards. Discs of 19 antibiotics from seven 
classes- Aminoglycosides (Amikacin 30 µg, Gentamicin 
10 µg, Streptomycin 10 µg, Neomycin 30 µg), tetA (tetA 
30 µg, Doxycycline 30 µg), β-lactams [Cephalosporins 
(Cefixime 5 µg, Ceftriaxone 30 µg, Cefalexin 30 µg, 
Cefuroxime 30 µg) and Penicillin (Amoxicillin 10 µg, 
Ampicillin 10 µg)], Macrolides (Azithromycin 15 µg, 
Erythromycin 15 µg), Fluoroquinolones (Nalidixic acid 
30 µg, Ciprofloxacin 5 µg, Levofloxacin 5 µg, Pefloxacin 
5 µg), and Polymyxin (Colistin sulphate 10 µg) (Oxoid, UK) 
were inserted onto agar plates and incubated overnight 
at 37°C. Following the CLSI guidelines [29], the diffusion 
zones were measured.

Detection of tetA and ampicillin-resistant genes in 
Salmonella spp. isolates

All phenotypically ampicillin- and tetA-resistant isolates 
were tested for the presence of resistance genes. To do so, 
the beta-lactamase (blaTEM) and tetA genes were targeted 
for amplification using a reaction mixture with the earlier 
composition and specific primer sets and the thermal pro-
file (Table 1). A 1.5% agarose gel was prepared for elec-
trophoresis, followed by staining and visualization under a 
UV transilluminator (BIO-RAD, USA).

Statistical analysis

A chi-square (goodness-of-fit) test was conducted to 
evaluate whether the number of PCR-positive Salmonella 
isolates differed significantly across the seven commer-
cial layer farms, each contributing an equal number of 
samples (n = 15). To assess statistically significant vari-
ations in resistance patterns among different farms and 
bird age groups, One-way Analysis of Variance (ANOVA) 
was performed. To determine the variation in inhibition 
zones across farms, the F-test was applied separately for 
each antibiotic. Statistically significant differences with 
p-values < 0.05 were considered. IBM SPSS Statistics for 
Windows, Version 29.0 (IBM Corp, NY, USA) was used for 
all statistical analyses.

Table 1.  Thermal profiles for the detection of tetA and ampicillin-resistant genes in Salmonella.

Target gene Thermal profiles Size (bp) References

Initial denaturation Denaturation Annealing Extension Final extension Cycles

tetA F: 5'-GGT TCA CTC GAA CGA CGT CA-3'
R: 5'-CTG TCC GAC AAG TTG CAT GA-3'

34 577 bp [30]

95°C for 5 min 95°C for 1 min 54°C for 1 min 72°C for 1 min 72°C for 7 min

blaTEM 5'-CAT TTC CGT GTC GCC CTT AT-3'
5'-TCC ATA GTT GCC TGA CTC CC-3'

793 bp [31]

95°C for 5 min 95°C for 1 min 56°C for 1 min 72°C for 1 min 72°C for 7 min
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Results

A pre-work survey suggests indiscriminate use of antibiotics

Among the chosen layer farms, amoxicillin, ciprofloxa-
cin, oxytetracycline, colistin sulphate, and sulfa drugs 
were predominantly used, which are considered crucial 
for human therapeutic use (Table 2). During the study 
period, 100% of the farmers used colistin sulfate, while 
85.7% used a combination of amoxicillin, ciprofloxacin, 
oxytetracycline, and sulfa drugs, and 14.28% used chlor-
tetracycline, levofloxacin, and neomycin. Enrofloxacin was 
used less frequently by the farm owners of the study area 
(4.28%) (Fig. 2). Overall, most farmers used a range of 
antibiotics during the study period, suggesting an indis-
criminate use of essential antibiotics across the selected 
commercial layer farms.

Detection and confirmation of Salmonella spp.

The primary enrichment of bacteria in the nutrient broth 
was confirmed by turbidity. Following streaking, iso-
lates produced round, black-centered colonies on SS agar 
media and were preliminarily selected as Salmonella spp. 
Among 105 samples, 34 isolates were suspected of being 
Salmonella spp. after culture. Of these culture-positive iso-
lates, 20 were confirmed to carry the invA gene by PCR, 
with bands observed at 211 bp after gel electrophoresis 
(Fig. 3). Overall, 19.05% of isolates were confirmed to be 
Salmonella spp. The chi-square test showed no significant 
difference in Salmonella distribution among farms (χ² = 
3.834, df = 6, p = 0.70), indicating that the observed varia-
tion could be attributed to random chance (Table 3).

Salmonella isolates showed resistance to several classes of 
antibiotics

As described previously, seven different classes of antibi-
otics were used to check the sensitivity/resistance pro-
files of Salmonella spp. The antibiogram results of the 20 
PCR-positive Salmonella spp. isolates revealed diverse 
resistance patterns. 100% of the Salmonella spp. isolates 
showed resistance to ampicillin, amoxicillin, cefuroxime, 
doxycycline, erythromycin, and tetA (Fig. 4), while 95% of 
the isolates were resistant to azithromycin and cefixime. 
Approximately 80% were resistant to colistin sulphate 
and cefalexin, 65% and 60% to ciprofloxacin and peflox-
acin, 55%, 50%, and 45% to streptomycin, ceftriaxone, 
and levofloxacin, respectively. Additionally, 30% and 35% 
were resistant to neomycin and nalidixic acid, respectively. 
Among the antibiotics tested, only amikacin and genta-
micin demonstrated strong activity against Salmonella 
spp. isolated from commercial layers, with 85% of the 

Table 2.  List of antimicrobials randomly used by the farmers of 
selected layer farms (color depicts the positive response. Separate 
colors indicate different antibiotics).

Layer 
farm

Name of antibiotics

AMX CTET CIP CL ENR LE N OTET SUL

Farm A

Farm B

Farm C

Farm D

Farm E

Farm F

Farm G

AMX, Amoxicillin; CTET, Chlortetracycline; CIP, Ciprofloxacin; CL, Colistin 
sulphate; ENR, Enrofloxacin; LE, Levofloxacin; N, Neomycin; OTET, 
Oxytetracycline; SUL, Sulfa drug.

Figure 2. The overall rate of antimicrobials used randomly 
by farmers of selected layer farms. AMX, Amoxicillin; CTET, 
Chlortetracycline; CIP, Ciprofloxacin; CL, Colistin sulphate; 
ENR, Enrofloxacin; LE, Levofloxacin; N, Neomycin; OTET, 
Oxytetracycline; SUL, Sulfa drug.

Figure 3. Amplification of the invA (211 bp) gene from the 
Salmonella genus was carried out. Lane 1 was loaded with a 
100 bp DNA ladder, Lane 2 with the negative control, Lane 3 
with the positive control, and Lanes 4–10 with DNA templates of 
Salmonella spp.
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isolates being sensitive to amikacin and 80% to genta-
micin. Visualization of farm- and time-specific antibiotic 
resistance data in a heatmap revealed a range of sensitivity 
patterns (Fig. 5). 

All the isolates were MDR; resistance extended from a 
minimum of four to a maximum of seven antibiotic classes. 
Notably, Salmonella spp. isolated on day 0 from Farms B, 
C, D, E, and F demonstrated resistance to 6, 5, 7, 6, and 
7 antibiotic classes, respectively, indicating the presence 
of MDR Salmonella at an early age (Table 4). Statistical 

analysis revealed significant differences between sev-
eral antibiotics. The greatest variation among farms was 
observed for ciprofloxacin (F = 27.63, p = 0.000001), 
followed by norfloxacin (F = 12.13, p = 0.000113), nali-
dixic acid (F = 4.68, p = 0.0095), and streptomycin (F = 
4.46, p = 0.0115). These results indicate that resistance 
to these antibiotics significantly varies between farms. 
In contrast, no statistically significant differences were 
observed for certain antibiotics. Levofloxacin (F = 2.20, 
p = 0.110), gentamicin (F = 1.75, p = 0.187), ceftriaxone 
(F = 1.74, p = 0.189), amikacin (F = 1.52, p = 0.248), azi-
thromycin (F = 0.92, p = 0.511), and cefixime (F = 0.92, 
p = 0.511) showed no significant variation in resistance 
among the farms. Statistical comparison using one-way 
ANOVA across bird age groups revealed no significant 
variation in AMR patterns. The uniform resistance pro-
files for several antibiotics likely contributed to the lack 
of statistical significance.

Detection of tetA and ampicillin-resistant genes in 
Salmonella spp. isolates

We examined all phenotypically tetA and ampicillin-re-
sistant Salmonella spp. isolates to determine their geno-
typic resistance through PCR and gel electrophoresis by 
using specific primers. Under a UV-transilluminator, we 
observed positive bands at 577 and 793 bp for the tetA-re-
sistant tetA gene and the ampicillin-resistant blaTEM genes, 

Table 3.  Isolation of Salmonella spp. by culture and molecular 
methods from commercial layers.

Farm 
name

No. of 
samples

No. of culture-
positive isolates

No. of PCR 
positive isolates

χ² 
value

p-value

A

105

3 1

3.834 p > 0.05*

B 6 5

C 4 3

D 6 4

E 4 2

F 6 3

G 5 2

Total 34 20 (19.05%)

*A p-value greater than 0.05 (p > 0.05) was regarded as statistically 
insignificant.

Figure 4. The overall antibiotic sensitivity/resistance patterns of Salmonella spp. isolated from commercial layers was determined. AK, 
Amikacin; AMP, Ampicillin; AMX, Amoxicillin; AZM, Azithromycin; CIP, Ciprofloxacin; CL, Colistin sulphate; CN, Cefalexin; CFM, Cefixime; 
CTR, Ceftriaxone; CXM, Cefuroxime; DO, Doxycycline; E, Erythromycin; GEN, Gentamicin; LE, Levofloxacin; N, Neomycin; NX, Nalidixic 
acid; PF, Pefloxacin; S, Streptomycin; TET, Tetracycline.
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respectively. All phenotypically tetA-resistant isolates 
were confirmed to carry tetA gene. In contrast, the ampi-
cillin-resistant blaTEM gene was confirmed in 13 of the 20 
isolates (65%) (Figs. 6 and 7).

Discussion

Antibiotics serve as the foundation for treating bacterial 
infections. However, this process can take a U-turn in the 
presence of antibiotic-resistant pathogens. Salmonella spp. 
are bacteria that have immense disease-producing poten-
tial for both humans and animals. The study also aimed to 
isolate antibiotic-resistant Salmonella spp. and examine 
their resistance patterns. The survey report showed the 
scenario of the most exploited antibiotics in poultry farm-
ing, as also reported by others [32]. Although colistin sul-
phate is classified as a reserve drug, it was used in 100% 
of the farms included in the study. In this study, 20/105 
samples were confirmed to harbor Salmonella spp., cor-
responding to an isolation rate of 19.05%. This isolation 

rate was slightly higher than those documented in other 
studies, which reported isolation rates of 11.50%, 12.5%, 
and 12.5%, respectively [33–35]. The overall occurrence of 
Salmonella varied from farm to farm, and these differences 
may have been influenced by biosecurity and management 
factors, for example, the farm environment, hygiene, and 
the health status of the birds.

A total of 19 antibiotics were employed to test the 
isolates. These antimicrobials were classified into seven 
groups: quinolones, phenicols, β-lactams (including ceph-
alosporins and penicillins), aminoglycosides, polymyxins, 
and tetA. The antibiogram of PCR-positive isolates revealed 
complete resistance (100%) to erythromycin, cefuroxime, 
doxycycline, amoxicillin, ampicillin, and tetA. High sensi-
tivity was observed against amikacin (85%), gentamicin 

Table 4.  antibiotic-resistant patterns according to the classes of 
antibiotics used against pcr-positive salmonella spp. isolates of 
each farm during the rearing period.

Farms Age of the 
birds

Antibiotic sensitivity pattern 
(Group-wise)

No. of resistant 
antibiotic classes

A Day 120 AMG-CEF-MAC-P-PM-Q-T 7

 
 
B
 
 

Day 0 CEF-MAC-P-PM-Q-T 6

Day 30 CEF-MAC-P-PM-Q-T 6

Day 60 AMG-CEF-MAC-P-PM-Q-T 7

Day 90 CEF-MAC-P-PM-T 5

Day 120 AMG-CEF-MAC-P-T 5

 
C
 

Day 0 CEF-MAC-P-PM-T 5

Day 30 AMG-CEF-MAC-P-PM-T 6

Day 90 CEF-MAC-P-T 4

 
D
 

Day 0 AMG-CEF-MAC-P-PM-Q-T 7

Day 30 AMG-CEF-MAC-P-PM-Q-T 7

Day 60 AMG-CEF-MAC-P-PM-Q-T 7

Day 90 CEF-MAC-P-PM-Q-T 6

E
Day 0 AMG-CEF-MAC-P-Q-T 6

Day 30 AMG-CEF-MAC-P-PM-Q-T 7

 
F
 

Day 0 AMG-CEF-MAC-P-PM-Q-T 7

Day 60 AMG-CEF-MAC-P-PM-Q-T 7

Day 90 AMG-CEF-MAC-P-PM-Q-T 7

G Day 90 AMG-CEF-MAC-P-PM-Q-T 7

Day 120 AMG-CEF-MAC-P-PM-Q-T 7

AMG-Aminoglycosides, CEF-Cephalosporins, MAC- Macrolides, P-Penicillin, 
PM-Polymyxins, Q-Quinolones/Fluoroquinolones, T-Tetracyclines.

Figure 5. Antibiotic sensitivity/resistance patterns of Salmonella 
spp. isolated from commercial layers. AK, Amikacin; GEN, 
Gentamicin; N, Neomycin; S, Streptomycin; CFM, Cefixime; CN, 
Cefalexin; CTR, Ceftriaxone; CXM, Cefuroxime; AZM, Azithromycin; 
E, Erythromycin; AMP, Ampicillin; AMX, Amoxicillin; CL, Colistin 
sulphate; CIP, Ciprofloxacin; LE, Levofloxacin; NX, Nalidixic acid; 
PF, Pefloxacin; DO, Doxycycline; TET, Tetracycline. No quantitative 
scaling is applied.

Figure 6. Amplification of the tetA (577 bp) gene in isolated 
Salmonella spp. was performed. Lane 11 was loaded with a 
100 bp DNA ladder, Lane 12 with the positive control, Lane 13 
with the negative control, and Lanes 1–10 and 14–21 with the 
amplified products of DNA samples of Salmonella spp.
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(80%), and nalidixic acid (55%). One prior study revealed 
that 100% of Salmonella isolates were sensitive to chlor-
amphenicol and streptomycin, while 92 isolates (58%) 
were sensitive to nalidixic acid [36]. Like this study, pre-
vious research reported that 100% of the Salmonella 
spp. isolates were tetA resistant [37]. Resistance rates of 
streptomycin (64.5%) and nalidixic acid (39.5%) reported 
in another study were within a close range of this study 
[38]. Moreover, the results of this study align with another 
report, where all Salmonella spp. isolates from commer-
cial layer flocks in the UK were sensitive to amikacin [39]. 
Sensitivity to ciprofloxacin and amikacin in 87.88% of 
Salmonella isolates was reported earlier [40].

Meanwhile, poultry-origin isolates were observed to be 
resistant to multiple classes of antibiotics, thereby signi-
fying MDR. This concords with the findings from broiler 
farms, where 98% of the isolates were MDR [41]. It was 
observed that most isolates exhibited resistance to more 
than 10 antibiotics. A similar finding was reported in 
another study, where two Salmonella isolates were resis-
tant to as many as 10 antibiotics, while the remaining 
isolates were mostly resistant to more than seven antibi-
otics [42]. This study showed that MDR Salmonella spp. is 
prevalent among the layer birds at an early age. Moreover, 
multiple classes of antibiotics were found to be ineffective 
against Salmonella spp. isolates. Some possible explana-
tions for the presence of bacteria in young birds include 
vertical transmission from egg-laying hens, inadequate 
biosecurity measures at the hatchery and farm levels, and 
the consumption of contaminated feed and water. It is 
well-documented that Salmonella spp. can be transmitted 
vertically [43]. Additionally, poor biosecurity can facilitate 
the introduction of Salmonella spp. into hatcheries and 
farms where chicks are reared [18].

In this study, 100% and 65% of phenotypically tetA 
and ampicillin-resistant isolates contained tetA and blaTEM 
genes, respectively.  Consistent with the present study, 
a previous report also detected a high percentage of 
Salmonella spp. isolates carrying the tetA gene [44], but 

a different study reported a lower isolation rate (62%) 
of this gene [45]. However, it was reported that the blaTEM 
gene was harbored by 82.9% of Salmonella spp. isolated 
from food animals, which is higher than that of this study 
[46]. The variations between this study and others may be 
due to differences in sampling areas, individual factors, 
nutrition, and health conditions. It is recommended that 
farm owners avoid the irrational use of antibiotics during 
the rearing period. Antibiotics should be used only when 
prescribed by a registered veterinarian. Biosecurity mea-
sures should be encouraged to reduce the bacterial burden 
on farms. Alternatives to antibiotics, such as probiotics, 
should be emphasized.

Conclusion

Our study shows that Salmonella spp. is prevalent in com-
mercial layer farms, and antibiotic resistance develops 
on these farms over time. According to the findings, layer 
birds can disseminate Salmonella spp. containing antibi-
otic-resistant genes in the farm environment. Given their 
increasing significance for public health, irrational use of 
antibiotics in layer farms for treatment and prevention 
should be discouraged. The adoption of strict biosecurity 
practices, along with the application of probiotics instead 
of antibiotics, has been recommended to address this issue.

List of abbreviations

gm, gram; µl, microliter; °C, degree Celsius; min, minutes; 
spp., species; AMR, antimicrobial resistant; blaTEM, β-lact-
amase; bp, base pair; CL, commercial layer; CLSI, clinical 
& laboratory standard institute; invA, invasion A; MDR, 
multidrug-resistant; PCR, polymerase chain reaction; SS, 
Salmonella-Shigella; tetA, tetracycline A; UV, Ultra-violet.

Acknowledgment

This research was supported by a grant (Project no. 
2018/593/BAU) from Bangladesh Agricultural University 
(BAU), Mymensingh to the corresponding author. Mrs. 
Anny Khatun is grateful to the Ministry of Science and 
Technology, Bangladesh, for his fellowship. The authors 
are also grateful to all the owners of layer farms for their 
kind cooperation during this research.

Conflicts of interest

The authors declare that they have no known financial or 
personal conflicts of interest that could have influenced 
the work reported in this manuscript. 

Figure 7. Amplification of the blaTEM (793 bp) gene in isolated 
Salmonella was carried out. Lane 1 was loaded with a 100 bp DNA 
ladder, Lanes 2–6 with the amplified products of DNA samples of 
Salmonella spp., Lane 7 with the positive control, and Lane 8 with 
the negative control.

http://bdvets.org/javar/


http://bdvets.org/javar/	�  1149Khatun et al. / J. Adv. Vet. Anim. Res., 12(4): 1142–1150, December 2025

Authors’ contributions

The project was conceptualized and managed, and all 
experiments were performed by MTH, AK, AHD, and MH, 
who contributed equally. The manuscript draft was pre-
pared by MTH, SC, MNK, RS, and RAS. Research design 
and supervision were carried out by MTH, KR, MR, and 
MAI. The draft manuscript was revised and finalized by 
MTH and DS. Statistical analysis, as well as preparation 
of graphs and tables, was performed by MKJB and SC. The 
final draft was thoroughly read, carefully reviewed, and 
formally approved by all authors.

References
[1]	 Hennessey M, Fournié G, Hoque MA, Biswas PK, Alarcon P, Ebata 

A, et al. Intensification of fragility: poultry production and dis-
tribution in Bangladesh and its implications for disease risk. 
Prev Vet Med 2021; 191:105367; https://doi.org/10.1016/j.
prevetmed.2021.105367

[2]	 Akter MS, Uddin MT, Dhar AR. Advancing safe broiler farming in 
Bangladesh: an investigation of management practices, financial 
profitability, and consumer perceptions. Commodities 2023; 
2(3):312–28; https://doi.org/10.3390/commodities2030018

[3]	 Habiba UE, Khan A, Mmbaga EJ, Green IR, Asaduzzaman M. Use of 
antibiotics in poultry and poultry farmers: a cross-sectional sur-
vey in Pakistan. Front Public Health 2023; 11:1154668; https://
doi.org/10.3389/fpubh.2023.1154668

[4]	 Al Sattar A, Chisty NN, Irin N, Uddin MH, Hasib FMY, Hoque MA. 
Knowledge and practice of antimicrobial usage and resistance 
among poultry farmers: a systematic review, meta-analysis, and 
meta-regression. Vet Res Commun 2023; 47:1047–66; https://
doi.org/10.1007/s11259-023-10082-5

[5]	 Moffo F, Mouiche MMM, Kochivi FL, Dongmo JB, Djomgang HK, 
Tombe P, et al. Knowledge, attitudes, practices, and risk percep-
tion of rural poultry farmers in Cameroon to antimicrobial use 
and resistance. Prev Vet Med 2020; 182:105087; https://doi.
org/10.1016/j.prevetmed.2020.105087

[6]	 Tasmim ST, Hasan MM, Talukder S, Mandal AK, Parvin MS, Ali MY, 
et al. Sociodemographic determinants of use and misuse of anti-
biotics in commercial poultry farms in Bangladesh. IJID Reg 2023; 
7:146–58; https://doi.org/10.1016/j.ijregi.2023.01.001

[7]	 Alam MU, Rahman M, Abdullah-Al-Masud, Islam MA, Asaduzzaman 
M, Sarker S, et al. Human exposure to antimicrobial resistance 
from poultry production: assessing hygiene and waste-dis-
posal practices in Bangladesh. Int J Hyg Environ Health 2019; 
222(8):1068–76; https://doi.org/10.1016/j.ijheh.2019.07.007

[8]	 Salam MA, Al-Amin MY, Salam MT, Pawar JS, Akhter N, Rabaan 
AA, et al. Antimicrobial resistance: a growing serious threat for 
global public health. Healthcare 2023; 11(13):1946; https://doi.
org/10.3390/healthcare11131946

[9]	 Coque TM, Cantón R, Pérez-Cobas AE, Fernández-de-Bobadilla 
MD, Baquero F. Antimicrobial resistance in the global health net-
work: known and unknown challenges for efficient responses in 
the 21st century. Microorganisms 2023; 11(4):1050; https://doi.
org/10.3390/microorganisms11041050

[10]	 Tang KWK, Millar BC, Moore JE. Antimicrobial resistance (AMR). 
Br J Biomed Sci 2023; 80:11387; https://doi.org/10.3389/
bjbs.2023.11387

[11]	 Urban-Chmiel R, Marek A, Stępień-Pyśniak D, Wieczorek K, 
Dec M, Nowaczek A, et al. Antibiotic resistance in bacteria: a 
review. Antibiotics 2022; 11(8):1079; https://doi.org/10.3390/
antibiotics11081079

[12]	 Conceição S, Queiroga MC, Laranjo M. Antimicrobial resistance in 
bacteria from meat and meat products: a one health perspective. 
Microorganisms 2023; 11(10):2581; https://doi.org/10.3390/
microorganisms11102581

[13]	 Popa GL, Popa MI. Salmonella spp. infection: a continuous 
threat worldwide. Germs 2021; 11(1):88–96; https://doi.
org/10.18683/germs.2021.1244

[14]	 Ehuwa O, Jaiswal AK, Jaiswal S. Salmonella, food safety, and 
food handling practices. Foods 2021; 10(5):907; https://doi.
org/10.3390/foods10050907

[15]	 Hoffmann S, White AE, Mcqueen RB, Ahn JW, Gunn-Sandell 
LB, Scallan Walter EJ. Economic burden of foodborne illnesses 
acquired in the United States. Foodborne Pathog Dis 2024; 
22(1):4–14; https://doi.org/10.1089/fpd.2023.0157

[16]	 Kipper D, Mascitti AK, De Carli S, Carneiro AM, Streck AF, Fonseca 
ASK, et al. Emergence, dissemination, and antimicrobial resistance 
of the main poultry-associated Salmonella serovars in Brazil. Vet 
Sci 2022; 9(8):405; https://doi.org/10.3390/vetsci9080405

[17]	 Punchihewage-Don AJ, Hawkins J, Adnan AM, Hashem F, Parveen 
S. The outbreaks and prevalence of antimicrobial-resistant 
Salmonella in poultry in the United States: an overview. Heliyon 
2022; 8(11):e11571; https://doi.org/10.1016/j.heliyon.2022.
e11571

[18]	 Shaji S, Selvaraj RK, Shanmugasundaram R. Salmonella infec-
tion in poultry: a review on the pathogen and control strategies. 
Microorganisms 2023; 11(11):2814; https://doi.org/10.3390/
microorganisms11112814

[19]	 Alam SB, Mahmud M, Akter R, Hasan M, Sobur A, Nazir KHMNH, 
et al. Molecular detection of multidrug-resistant Salmonella spe-
cies isolated from broiler farms in Bangladesh. Pathogens 2020; 
9(3):201; https://doi.org/10.3390/pathogens9030201

[20]	 Billah MM, Rahman MS. Salmonella in the environment: a review 
on ecology, antimicrobial resistance, seafood contamination, and 
human health implications. J Hazard Mater Adv 2024; 13:100407; 
https://doi.org/10.1016/j.hazadv.2024.100407

[21]	 Laban SE, Arafa AA, Ibrahim ES, Eman FE, Khalefa HS. Dry biofilm 
formation, mono- and dual-attachment, on plastic and galvanized 
surfaces by Salmonella typhimurium and Staphylococcus aureus 
isolated from poultry house. Int J Vet Sci 2025; 14(1):25–31; 
https://doi.org/10.47278/journal.ijvs/2024.197

[22]	 Jahan S, Zihadi MA, Nazir KHMNH, Islam M, Rahman MB, Rahman 
M. Molecular detection and antibiogram of Salmonella spp. from 
apparently healthy Japanese quails of three different quail farms 
in Mymensingh. J Adv Vet Anim Res 2018; 5(1):60–6; https://doi.
org/10.5455/javar.2018.e248

[23]	 Parvej MS, Nazir KHMNH, Rahman MB, Jahan M, Khan MF, 
Rahman M. Prevalence and characterization of multidrug-resis-
tant Salmonella enterica serovar Gallinarum biovar Pullorum and 
Gallinarum from chickens. Vet World 2016; 9(1):65–70; https://
doi.org/10.14202/vetworld.2016.65-70

[24]	 Rahman MA, Rahman AKMA, Islam MA, Alam MM. Detection 
of multidrug-resistant Salmonella from milk and meat in 
Bangladesh. Bangladesh J Vet Med 2018; 16(1):115–20; https://
doi.org/10.3329/bjvm.v16i1.37388

[25]	 Aditya A. Drug-resistant Salmonella in broiler chickens sold at 
local markets in Bangladesh and its public health significance. Afr 
J Biotechnol 2015; 14(43):2995.

[26]	 Rafiq K, Sani AA, Hossain MT, Hadiuzzaman M, Bhuiyan MAS. 
Assessment of the presence of multidrug-resistant Escherichia 
coli, Salmonella, and Staphylococcus in chicken meat, eggs, and 
feces in Mymensingh Division of Bangladesh. Heliyon 2024; 
10(17):e36690; https://doi.org/10.1016/j.heliyon.2024.e36690

[27]	 Hossain MT, Kim EY, Kim YR, Kim DG, Kong IS. Application of 
groEL gene for the species-specific detection of Vibrio para-
haemolyticus by PCR. Lett Appl Microbiol 2012; 54(1):67–72; 
https://doi.org/10.1111/j.1472-765X.2011.03174.x

http://bdvets.org/javar/
https://doi.org/10.1016/j.prevetmed.2021.105367
https://doi.org/10.1016/j.prevetmed.2021.105367
https://doi.org/10.3390/commodities2030018
https://doi.org/10.3389/fpubh.2023.1154668
https://doi.org/10.3389/fpubh.2023.1154668
https://doi.org/10.1007/s11259-023-10082-5
https://doi.org/10.1007/s11259-023-10082-5
https://doi.org/10.1016/j.prevetmed.2020.105087
https://doi.org/10.1016/j.prevetmed.2020.105087
https://doi.org/10.1016/j.ijregi.2023.01.001
https://doi.org/10.1016/j.ijheh.2019.07.007
https://doi.org/10.3390/healthcare11131946
https://doi.org/10.3390/healthcare11131946
https://doi.org/10.3390/microorganisms11041050
https://doi.org/10.3390/microorganisms11041050
https://doi.org/10.3389/bjbs.2023.11387
https://doi.org/10.3389/bjbs.2023.11387
https://doi.org/10.3390/antibiotics11081079
https://doi.org/10.3390/antibiotics11081079
https://doi.org/10.3390/microorganisms11102581
https://doi.org/10.3390/microorganisms11102581
https://doi.org/10.18683/germs.2021.1244
https://doi.org/10.18683/germs.2021.1244
https://doi.org/10.3390/foods10050907
https://doi.org/10.3390/foods10050907
https://doi.org/10.1089/fpd.2023.0157
https://doi.org/10.3390/vetsci9080405
https://doi.org/10.1016/j.heliyon.2022.e11571
https://doi.org/10.1016/j.heliyon.2022.e11571
https://doi.org/10.3390/microorganisms11112814
https://doi.org/10.3390/microorganisms11112814
https://doi.org/10.3390/pathogens9030201
https://doi.org/10.1016/j.hazadv.2024.100407
https://doi.org/10.47278/journal.ijvs/2024.197
https://doi.org/10.5455/javar.2018.e248
https://doi.org/10.5455/javar.2018.e248
https://doi.org/10.14202/vetworld.2016.65-70
https://doi.org/10.14202/vetworld.2016.65-70
https://doi.org/10.3329/bjvm.v16i1.37388
https://doi.org/10.3329/bjvm.v16i1.37388
https://doi.org/10.1016/j.heliyon.2024.e36690
https://doi.org/10.1111/j.1472-765X.2011.03174.x


http://bdvets.org/javar/	�  1150Khatun et al. / J. Adv. Vet. Anim. Res., 12(4): 1142–1150, December 2025

[28]	 Ogunremi D, Nadin-Davis S, Dupras AA, Márquez IG, Omidi K, 
Pope L, et al. Evaluation of a multiplex PCR assay for the identifi-
cation of Salmonella serovars Enteritidis and Typhimurium using 
retail and abattoir samples. J Food Prot 2017; 80(2):295–301; 
https://doi.org/10.4315/0362-028X.JFP-16-167

[29]	 CLSI. Performance standards for antimicrobial susceptibility test-
ing. Clinical and Laboratory Standards Institute, Wayne, NJ, USA, 
M100–S25, 2021.

[30]	 Randall LP. Antibiotic resistance genes, integrons, and multiple 
antibiotic resistance in thirty-five serotypes of Salmonella enter-
ica isolated from humans and animals in the UK. J Antimicrob 
Chemother 2004; 53(2):208–16; https://doi.org/10.1093/jac/
dkh070

[31]	 Walker RA, Lindsay E, Woodward MJ, Ward LR, Threlfall EJ. 
Variation in clonality and antibiotic-resistance genes among 
multiresistant Salmonella enterica serotype Typhimurium 
phage type U302 (MR U302) from humans, animals, and 
foods. Microb Drug Resist 2001; 7(1):13–21; https://doi.
org/10.1089/107662901750152701

[32]	 Ferdous J, Sachi S, Noman ZA, Hussani SMAK, Sarker YA, Sikder 
MH. Assessing farmers’ perspectives on antibiotic usage and 
management practices in small-scale layer farms of Mymensingh 
District, Bangladesh. Vet World 2019; 12(9):1441–7; https://doi.
org/10.14202/vetworld.2019.1441-1447

[33]	 Lebdah M, Mohammed W, Eid S, Hamed R. Molecular detection 
of some antimicrobial resistance genes in Salmonella species 
isolated from commercial layers in Egypt. Zagazig Vet J 2017; 
45(1):29–38; https://doi.org/10.21608/zvjz.2017.7684

[34]	 Mohammed Y, Dubie T. Isolation, identification, and antimicrobial 
susceptibility profile of Salmonella isolated from poultry farms in 
Addis Ababa, Ethiopia. Vet Med Sci 2022; 8(3):1166–73; https://
doi.org/10.1002/vms3.762

[35]	 Orji MU, Onuigbo HC, Mbata TI. Isolation of Salmonella from poul-
try droppings and other environmental sources in Awka, Nigeria. 
Int J Infect Dis 2005; 9(2):86–9; https://doi.org/10.1016/j.
ijid.2004.04.016

[36]	 Habrun B, Šimpraga B, Kompes G, Krstulović F. Antimicrobial 
resistance and serotyping of Salmonella enterica subsp. enterica 
isolated from poultry in Croatia. Vet Arch 2012; 82:371–81.

[37]	 Cardoso MO, Ribeiro AR, Santos LR, Pilotto F, De Moraes HLS, Salle 
CTP, et al. Antibiotic resistance of Salmonella enteritidis isolated 

from broiler carcasses. Braz J Microbiol 2006; 37(3):368–71; 
https://doi.org/10.1590/S1517-83822006000300030

[38]	 Zdragas A, Mazaraki K, Vafeas G, Giantzi V, Papadopoulos T, 
Ekateriniadou L. Prevalence, seasonal occurrence, and anti-
microbial resistance of Salmonella in poultry retail products in 
Greece. Lett Appl Microbiol 2012; 55(4):308–13; https://doi.
org/10.1111/j.1472-765X.2012.03298.x

[39]	 Snow LC, Davies RH, Christiansen KH, Carrique‐Mas JJ, Wales AD, 
O’Connor JL, et al. Survey of the prevalence of Salmonella species 
on commercial laying farms in the United Kingdom. Vet Rec 2007; 
161(14):471–6; https://doi.org/10.1136/vr.161.14.471

[40]	 Khan MA, Suryanarayan P, Ahmed MM, Vaswani RB, Faheem SM. 
Antimicrobial susceptibility of Salmonella isolates from chicken 
meat samples in Dubai. Int J Food Nutr Public Health 2010; 
3(2):149–59; https://doi.org/10.47556/j.ijfnph.3.2.2010.4

[41]	 Jain P, Bepari AK, Sen PK, Rafe T, Imtiaz R, Hossain M, et al. High 
prevalence of multiple antibiotic resistance in clinical Escherichia 
coli isolates from Bangladesh and prediction of molecular resis-
tance determinants using WGS of an XDR isolate. Sci Rep 2021; 
11:22859; https://doi.org/10.1038/s41598-021-02251-w

[42]	 Singh S, Yadav AS, Singh SM, Bharti P. Prevalence of Salmonella 
in chicken eggs collected from poultry farms and marketing 
channels and their antimicrobial resistance. Food Res Int 2010; 
43(8):2027–30; https://doi.org/10.1016/j.foodres.2010.06.001

[43]	 Wigley P. Salmonella and the chicken: reflections on salmonellosis 
and its control in the United Kingdom. Poult Sci Manag 2024; 1:1; 
https://doi.org/10.1186/s44364-024-00001-y

[44]	 Adesiji YO, Deekshit VK, Karunasagar I. Antimicrobial-resistant 
genes associated with Salmonella spp. isolated from human, 
poultry, and seafood sources. Food Sci Nutr 2014; 2(4):436–42; 
https://doi.org/10.1002/fsn3.119

[45]	 Forgaciu A, Tabaran A, Colobatiu L, Mihaiu R, Dan SD, Mihaiu 
M. Concerning increase in antimicrobial resistance patterns of 
pathogenic strains of Salmonella isolated from poultry meat prod-
ucts. Antibiotics 2022; 11(11):1469; https://doi.org/10.3390/
antibiotics11111469

[46]	 Lai J, Mu H, Zhou B, He J, Cheng X, Gan Y, et al. BlaTEM-positive 
Salmonella enterica serovars Agona and Derby are preva-
lent among food-producing animals in Chongqing, China. 
Front Microbiol 2023; 14:1011719; https://doi.org/10.3389/
fmicb.2023.1011719

http://bdvets.org/javar/
https://doi.org/10.4315/0362-028X.JFP-16-167
https://doi.org/10.1093/jac/dkh070
https://doi.org/10.1093/jac/dkh070
https://doi.org/10.1089/107662901750152701
https://doi.org/10.1089/107662901750152701
https://doi.org/10.14202/vetworld.2019.1441-1447
https://doi.org/10.14202/vetworld.2019.1441-1447
https://doi.org/10.21608/zvjz.2017.7684
https://doi.org/10.1002/vms3.762
https://doi.org/10.1002/vms3.762
https://doi.org/10.1016/j.ijid.2004.04.016
https://doi.org/10.1016/j.ijid.2004.04.016
https://doi.org/10.1590/S1517-83822006000300030
https://doi.org/10.1111/j.1472-765X.2012.03298.x
https://doi.org/10.1111/j.1472-765X.2012.03298.x
https://doi.org/10.1136/vr.161.14.471
https://doi.org/10.47556/j.ijfnph.3.2.2010.4
https://doi.org/10.1038/s41598-021-02251-w
https://doi.org/10.1016/j.foodres.2010.06.001
https://doi.org/10.1186/s44364-024-00001-y
https://doi.org/10.1002/fsn3.119
https://doi.org/10.3390/antibiotics11111469
https://doi.org/10.3390/antibiotics11111469
https://doi.org/10.3389/fmicb.2023.1011719
https://doi.org/10.3389/fmicb.2023.1011719

