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Abstract

The presence of B-lactamase-producing Escherichia coli and Klebsiella pneumoniae in poultry is an important public health
concern because they can be transmitted through the food chain. In this study, $-lactamase-associated resistance genes and efflux
pump activity of E. coli and K. pneumoniae isolated from chicken meat in Dibrugarh and neighbouring districts of Assam, India, were
investigated. In total, 210 fresh chicken meat samples were taken from retail outlets and poultry farms. Standard microbiological
methods were used to identify the bacterial isolates, which were then subjected to antimicrobial susceptibility testing, phenotypic
confirmation of extended-spectrum (-lactamase (ESBL) production, polymerase chain reaction (PCR) detection of blaTEM, blaSHYV,
blaCTX-M and blaOXA, and assessment of efflux pump activity using the ethidium bromide agar cartwheel method. Among the 513
bacterial isolates recovered, 306 (59.6%) were E. coli and 207 (40.4%) were K. pneumoniae. Overall, 228 (44.4%) isolates were
resistant to third-generation cephalosporins, and Resistance was significantly higher in E. coli than in K. pneumoniae (x* = 8.44, p =
0.0037). 133 E. coli and 70 K. pneumoniae were confirmed by PCR for the presence of B-lactamase-associated genes. A total of 203
genes were detected, including blaTEM (61), blaCTX-M (61), blaSHV (53) and blaOXA (28) genes. The distribution of genes was
significantly different between the two species of bacteria (x* = 9.32; p = 0.025). Activity of efflux pumps was observed in 72 (31.6%)
resistant isolates, with no significant difference between E. coli and K. pneumoniae (p = 0.126). The results of this study showed high
prevalence of f-lactamase-mediated resistance determinants and efflux-mediated Resistance among poultry-derived E. coli and K.
pneumoniae, indicating that poultry meat might be a reservoir of antimicrobial Resistance. Improved antimicrobial usage, molecular

surveillance, and One Health approaches are key to reducing the spread of resistant bacteria via the food supply chain.
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Introduction

As an important pillar of economic growth, the poultry and
poultry-based food industry serves as an important source of
protein for a large section of the human population [1]. However,
the increasing trend of contamination in the poultry food industry
is becoming a serious health problem (Kashanchi,, et al. 2017). The
indiscriminate usage of antibiotics in the poultry industry is leading
to an alarming upsurge in the occurrence of antibiotic resistance.
Among the antibiotic resistant bacteria, Klebsiella pneumoniae
and Escherichia coli have been identified as frequent offenders in
poultries (Bushen.,, et al. 2021), owing to the prolonged exposure
to B-lactams and fluoroquinolones used as growth promoters
for livestock and poultry in animal feed [2]. Being environmental
organisms and part of the standard intestinal flora of animals and
birds, they are most often encountered in cross-contaminated
meat, opportunistically entering the human body through the
consumption of improperly handled or poorly cooked food [3].
K. pneumoniae and E. coli have been included among the top six
critical, high-priority, multidrug-resistant organisms belonging to
the World Health Organization priority list of antibiotic-resistant
Bacteria [4]. Therefore, the detection of antibiotic resistance
determinants in two such enterobacterial genera of poultry meat
could provide insights into the prevalence of Resistance among
them. Enterobacteriaceae members produce ESBL enzymes mainly,
and these enzymes can be exchanged rapidly between bacterial

species since plasmids encode them [5].

Methodology
Collection of samples

Samples were collected from fresh chicken meat samples from
diverse retail outlets, farms, and local chicken shops in Dibrugarh
District and the surrounding areas, Assam, during the time span
of 6-12 months. A total of 210 fresh chicken meat samples were
randomly collected in sterile, leak-proof containers. The samples
were transported in a cold box to the laboratory within 3-4 h
to avoid overgrowth or viability loss during examination and

processing.

Isolation and identification

25 g of the meat sample was homogenized and aseptically
transferred to 225 mL of buffered peptone water for enrichment
and incubated at 37 °C for 18-24 h, and then loopful of the

culture broth was streaked onto freshly prepared Nutrient Agar
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(NA) medium. The streaked plates were incubated at 37 °C for 18-
24 h. Single colonies were then selected for further identification
by performing biochemical tests, including oxidase and catalase
tests. The results were interpreted as per Clinical Laboratory
Standard Institute (CLSI) guidelines, 2022 and Bergey’s Manual of

Determinative Bacteriology.

Screening for ESBL production

Phenotypic detection of extended-spectrum (3-lactamase (ESBL)
production was performed for all antimicrobial susceptibility
testing (AST) resistant isolates by the Double Disk Synergy Test
(DDST) following CLSI (CLSI, 2022) guidelines.

Bacteria were grown overnight and then a bacterial suspension
of 0.5 McFarland turbidity was prepared. Suspensions were in all
cases inoculated onto Mueller-Hinton (MHA) plates using sterile
cotton swabs. A disk of amoxicillin-clavulanic acid, 20/10 pg,
was put in the center of the plate. The disks of cefotaxime (30
ug), ceftazidime (30 pg) and ceftriaxone (30 pg) were positioned
at a distance of 20 mm (center-to-center) from the amoxicillin/

clavulanic acid disk.

Aerobically plates were incubated for 18-24 h at 37°C. Isolates
with an increased inhibition zone and/or the characteristic
“keyhole effect” (ballooning) between any cephalosporin disk and
the amoxicillin-clavulanic acid disk were deemed phenotypically

positive for ESBL production [6].

A Combination Disk Test (CDT) was also carried out, with
cefotaxime (30 pg) and ceftazidime (30 pg) discs alone and in
combination with clavulanic acid (10 pg) to further confirm
ESBL production. The CLSI (2022) criteria for ESBL positivity
were interpreted as an increase in the diameter of the inhibition
zone of 25 mm for either of the two antimicrobial agents tested
in combination with clavulanic acid when compared to the

antimicrobial agent alone.

Phenotypically confirmed ESBL-producing isolates were then
molecularly characterized by PCR for detection of B-lactamase
associated resistance genes (blaCTX-M, blaTEM, blaSHV and
blaOXA) [7,8].

Escherichia coli ATCC 25922 (non-ESBL producer) negative
controls and K. pneumoniae ATCC 700603 which is a ESBL producer

served as the positive control.
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Genomic and plasmid DNA extraction

A single colony of the isolates from NA plates was inoculated in
Nutrient broth and incubated overnight at 37 °C. The extraction of
genomic and plasmid DNA was done using HiPurA genomic DNA
miniprep purification Kit (HiMedia, India) and HiPurA Plasmid
DNA miniprep purification Kit (HiMedia India), respectively. The
purity and concentration of using a puDrop plate in a Multiskan Sky.

Detection of B-lactamase-associated genes

The presence of ESBL-encoding associated genes was

determined by PCR utilising the specified primers shown in
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Table 1. PCR amplification was done by following denaturation
at 94°C for 10 minutes, 37 cycles of DNA at 94 °C for 30 seconds,
annealing at a temperature specified for each primer, extension
at 72 °C for 1 minute, and the final elongation for 7 minutes.
Positive and negative controls were used for each PCR amplicon.
PCR amplicons were visualized by electrophoresis in 1 % agarose
bla

family was determined by the bands of the correct bp size based

gel. The presence of the bla or bla,, and blaOXA gene

CTX-M’ SHV”

on the previously mentioned reference. The Primers used in this

procedure are listed in Table 1.

Ampli- Anneal
S/N Gene Primer Sequence 5’-3’ con . References
. ing temp.
Size (bp)
1 blaCTXM CTX-F ATGTGCAGYACCAGTAARGTKATGGC 592 55 [5]
CTX-R TGGGTRAARTARGTSACCAGAAYSAGCGG
2 blaTEM TEM-F GAG TAT TCA ACATTT CCG TG 678 55 [9]
TEM-R TAA TCA GTG AGG CAC CTA
3 blaSHV SHV-F ATG CGT TAT ATT CGC CTGTGT ATT 628 55 [10]
SHV-R AGCAGGGCGACAATCCCGCG
4 blaOXA OXA-F ATGAAAAACACAATACATATCAACT 632 62 [10]
OXA-R GTGTGTTTAGAATGGTGATCGCATT

Table 1: Primers for PCR amplification of B-lactamase-associated resistance genes.

Sequences, length of the expected amplicon, annealing temperatures and corresponding references for PCR-amplification of the

-lactamase-associated resistance genes (blaCTX-M, blaTEM, blaSHV and blaOXA) studied.

Assessment of resistant bacterial strains for efflux pump
activity

The Ethidium bromide (EtBr)- Agar Cartweel Method, which
is Agar method based utilizes EtBr to reveal efflux pump activity
in bacteria. All the isolated strains that showed Resistance to
Cephalosporins were further analyzed for efflux pumps by means
of the EtBr-agar method. The strains were swabbed onto Tripticase

Soy Agar (TSA) plates encompassing different concentrations

of EtBr and incubated for aperiod of 16 hours at 37 °C. After
incubation, fluorescence was observed and recorded, and the
bacterial strains which revieled lower fluorescence than the

control were selected [11].

Results

Isolation of Antibiotic-Resistant Bacteria from Chicken Meat

Samples.

Pathogen Number of isolates No. Resistant to Cephalosporins Percentage of Resistance
E.coli 306 152 49.6%
K. pnuemoniae 207 76 36.7%
Total Isolates and %age 513 228 44.4%

Table 2: Prevalence of E. coli and K. pneumoniae that showed cephalosporin resistance in chicken meat samples.

3rd generation cephalosporin resistance of the bacterial isolates recovered from 210 chicken meat samples. Percentages are the percent-

age of resistant isolates among each bacterial species.
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513 bacterial isolates were taken from 210 chicken meat
samples; a total of 306 (59.6%) E. coli and 207 (40.4%) K
pneumoniae were isolated. In all, 228 (44.4%) isolates were
resistant to the third-generation cephalosporins. Resistance
was significantly higher in E. coli (49.6%) than in K. pneumoniae
(36.7%) ()* = 8.44, p = 0.0037).
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Graph 1: Frequency of resistance of cephalosporin-resistant
bacterial isolates; proportion of resistance.
The graphical presentation represents the proportion of resis-
tant isolates of each bacterial species in the constituent out-

breaks of the study.

Figure 1: Representative phenotypic confirmation of extended-
spectrum {-lactamase (ESBL) production.
Representative DDST results showing ESBL production in
cephalosporin-resistant isolates. When growing on the amoxicil-
lin-clavulanic acid disk, an enhancement of the inhibition zone
(keyhole effect) is indicative of ESBL production. (A) Klebsiella

pneumoniae. (B) Escherichia coli.
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The 152 E.coli and 76 Klebsiella phenotypically confirmed
resistant strains were further examined through PCR to detect
[-lactamase-associated genes. Of which 133 E. coli and 70 Klebsiella
resistant strains were genotypically confirmed to contain the
named genes. encode the ESBL gene, leading to 203 genes being

detected, as explained in Table 3.

TEM SHV CTX 0XA
E. coli 43 40 31 16
Klebsiella 18 13 30 12
Total genes 61 53 61 28
detected

Table 3: Prevalence of 3-lactamase-associated resistance genes
detected by PCR of Escherichia coli and Klebsiella pneumoniae

resistant to cephalosporins.

203 genes encoding for -lactamases were detected by PCR
among resistant isolates. blaTEM and blaCTX-M were the most
frequently detected genes (61 each), followed by blaSHV (53) and

blaOXA (28).

Gene E (C;)I)l n kp n:zgz;)mae Total n (%)
blaTEM 43 (32.3) 18 (25.7) 61 (30.0)
blaSHV 40 (30.1) 13 (18.6) 53 (26.1)
blaCTX-M 31(23.3) 30 (42.9) 61 (30.0)
blaOXA 16 (12.0) 12 (17.1) 28 (13.8)
Total gene | 130 (100) 70 (100) 203 (100)
detections

Table 4: Analysis of the distribution of 3-lactamase-associated
resistance genes in Escherichia coli and Klebsiella pneumoniae

isolates.

x*=9.32,df=3,p=0.025.

E. coli are calculated as percentages of 133 isolates with PCR
positivity, while K. pneumoniae are based on 70 PCR-positive
isolates. The total number of f-lactamase-associated gene
detections was 203, and the overall percentages are based on this
total.
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Figure 2: Association of 3-lactamases to the strains of Klebsiella
pneumoniae and Escherichia coli. Clustering and distribution
of beta-lactamase genes identified in E. coli and K. pneumoniae
that are resistant to cephalosporin antibiotics. The percentage
frequency of blaTEM, blaSHV, blaCTX-M and blaOXA genes for
each bacterial species are shown as grouped bars.

Figure 3: Agarose gel electrophoresis showing the PCR Ampli-
cons of beta-lactamase-associated resistance genes in Esche-
richia coli and Klebsiella pneumoniae isolates from Chicken meat

samples.

Representative agarose gel electrophoresis of PCR products of
cephalosporin-resistant isolates. Labe M (A) 100 bp DNA lad-
der (100-1500 bp). (B) PCR amplicons of blaCTX-M (592 bp),
blaOXA (632 bp), blaSHV (628 bp), and blaTEM (678 bp). The

codes for the lane numbers are representative bacterial isolates.
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Efflux pump activity
Out of 228 Resistant strains analysed for efflux activity, 72 were

indicated to have positive activity, 43 for E. coli and 29 for Klebsiella.

Figure 4: A test to detect bacterial efflux pump activity was de-

veloped using the use of ethidium bromide agar cartwheel assay.

Ethidium bromide agar cartwheel assay for efflux pumps in
cephalosporin-resistant organisms. Bacterial efflux pumps
actively extrude ethidium bromide, reducing the fluorescence
when exposed to UV light. (A) Escherichia coli. (B) Klebsiella

pneumoniae.

Tested Organism Number of efflux activities
E. coli 43
Klebsiella 29
Total 72

Table 5: Efflux Pump-positive cephalosporin-resistant isolates in

a distribution.

Number of cephalosporin-resistant isolates positive for efflux

pump activity on the Ethidium bromide agar cartwheel assay.

Figure 5: The efflux pump positive isolates as a percentage
distribution of cephalosporin-resistant Escherichia coli and
Klebsiella pneumoniae.

Efflux Pump-positive or total proportion of isolates on the pie
chart. Of the 72 efflux-positive bacteria isolated, 43 (60.5%)

were E. coli and 29 (40.3%) were K. pneumoniae.

Citation: P Chetia, et al. “Prevalence of Beta-Lactamase Genes and Efflux Activity in Klebsiella pneumoniae and E. coli Isolated from Chicken Meat
Samples Collected from Dibrugar City and the Surrounding, Assam, India". Acta Scientific Microbiology 9.8 (2026): 64-73.



Prevalence of Beta-Lactamase Genes and Efflux Activity in Klebsiella pneumoniae and E. coli Isolated from Chicken Meat Samples Collected

from Dibrugar City and the Surrounding, Assam, India

Statistical analysis

Categorical variables were compared using Statistical analyses
based on Chi-square (x?) test. A p-value <0.05 was deemed as
statistically significant. The frequencies and percentages were
used to describe the statistics. The prevalence data were presented

as 95% confidence intervals (95% CI).

Statistical Results

Comparison of Cephalosporin Resistance prevalence between

E. coli and K. pneumoniae

The bacterial strains found in the 210 samples of chicken meat
were 513 in total: 306 (59.6%) Escherichia coli and 207 (40.4%)
Klebsiella pneumoniae. In total, 228 (44.4%) isolates were resistant
to third-generation cephalosporins. Among E. coli, 152 of 306
isolates (49.7%; 95% Cl: 44.1-55.3%) were resistant, whereas 76
of 207 K. pneumoniae isolates (36.7%; 95% CI: 30.1-43.3%) were
resistant. There was a significant difference in the prevalence of
cephalosporin resistance between the two bacterial species (x* =
8.44,df =1, p = 0.0037), with E. coli showing a significantly higher
prevalence of Resistance to cephalosporins than K. pneumoniae.

Distribution of B-Lactamase Resistance-associated genes

Of 228 cephalosporin-resistant isolates, 203 (89.0%) were
confirmed using PCR to contain one or more {-lactamase-
associated genes. In particular, 133 Escherichia coli and 70
Klebsiella pneumoniae strains were positive for at least one of the
analysed genes (blaTEM, blaSHV, blaCTX-M, and blaOXA).
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203 genes coding for B-lactamase were detected. blaTEM, with
61 (30.0%) detections, and blaCTX-M, with 61 (30.0%) detections,
were the most common genes identified, followed by blaSHV with
53 (26.1%) detections and blaOXA with 28 (13.8%) detections.

Within E. coli, blaTEM was the most frequently detected gene
(43/130; 33.1%), followed by blaSHV (40/130; 30.8%), blaCTX-M
(31/130; 23.8%), and blaOXA (16/130; 12.3%).

Within K. pneumoniae, blaCTX-M predominated (30/73; 41.1%),
followed by blaTEM (18/73; 24.7%), blaSHV (13/73; 17.8%), and
blaOXA (12/73; 16.4%).

Comparing the distribution of all B-lactamase genes between E.
coli and K. pneumoniae revealed a statistically significant difference
(Pearson’s x* = 9.32, df = 3, p = 0.025), indicating that the frequency
of individual -lactamase genes differs between the two bacterial

species.

Efflux pump activity

Of the 228 cephalosporin-resistant isolates, 72 (31.6%) showed
positive efflux pump activity. Of these, 43 (59.7%) were E. coli, and
29 (40.3%) were K. pneumoniae. Resistant isolates were found
to be efflux-active at a high frequency. E. coli: 43/152 (28.3%) K.
pneumoniae: 29/76 (38.2%) Efflux activity was more prevalent
between both the K. pneumoniae and the difference between both

species is not statistically significant (x* = 2.34, df = 1, p = 0.126).

Summary of statistical findings

Comparison Statistical Test Test Statistic | p-value Interpretation
Cephalosporin resistance between E. Pearson’s Chi- X2 = 8.44 (df 0.0037 Significant, with very high propor-
coli and K. pneumoniae square =1) tion of resistance found for E. coli as
compared to K. pneumoniae.
Distribution of 3-lactamase- Pearson’s Chi- x?=9.32 (df 0.025 Significant, the gene coding for
associated genes (blaTEM, blaSHYV, square =3) -lactamase was found at different
blaCTX-M, blaOXA) between E. coli frequencies in the two bacterial
and K. pneumoniae species.
PCR detection of B-lactamase- Descriptive statis- 203/228 — In all, 133 E. coli and 70 K. pneu-
associated genes tics (89.0%) moniae resistant isolates contained
PCR-positive one or more genes associated with
isolates B-lactamases.
Efflux pump activity between E. coli Pearson’s Chi- x? = 2.34 (df 0.126 Not significant; although there ap-
and K. pneumoniae square =1) peared to be proportionately more
efflux activity in K. pneumoniae,
this difference was not statistically
significant.
Table a
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Discussion and Conclusion

The present study demonstrated a high prevalence of
-lactamase-producing Escherichia coli and Klebsiella pneumoniae
in chicken meat samples. Of the 210 meat samples analysed, 93.8%
yielded E. coli and 88.6% yielded K. pneumoniae, indicating a
substantial bacterial load in retail poultry meat. Of the 513 total
isolates, 228 (44.4%) exhibited Resistance to third-generation

cephalosporins, strongly suggesting 3-lactamase genes production.

The resistance rate observed in E. coli (49.6%) was found
to be higher than that of K. pneumoniae (36.7%). This finding
collates with earlier reports, which have reported E. coli
as the predominant ESBL reservoir in poultry [3,12]. The
abundant prevalence of contamination may also suggest cross-
contamination under slaughtering, processing, and sale conditions
that are typically common for non-registered meat markets in
several parts of India [7,8]. These results further substantiate the
evidence that plasmid-mediated B-lactam resistance in foodborne
Enterobacteriaceae as a whole highlights chicken meat as a major
reservoir and transmission chain for multidrug-resistant (MDR)
Enterobacteriaceae [10,13,14].

In addition, B-lactamase plasmids are generally accompanied by
core-resistance genes that confer Resistance to aminoglycosides,
tetracycline, and fluoroquinolones [15,16]; consequently, their
emergence in poultry poses an important therapeutic challenge
that may restrict treatment options for both veterinary and human
infections [17,18].

Given this background, molecular screening was performed for
the four predominant (3-lactamase gene families (blaTEM, blaSHYV,
blaCTX-M, and blaOXA) in resistance isolates. The most frequently
observed genes were blaCTX-M (61 detections), and blaTEM (61)
then blaSHV (53) and blaOXA accounted for 28 detections.

The prevalence of blaCTX-M appears to be consistent with a
worldwide trend, in which CTX-M types are now the most common
ESBL type in Enterobacteriaceae and have replaced TEM and SHV
variants [19,20]. The fact that similar CTX-M-15 and its variants
are easily disseminated in both clinical and foodborne isolates
indicates their widespread presence in India [9,21,22]. The nearly
even prevalence of CTX-M genes in E. coli and K. pneumoniae has
indicated plasmid-mediated horizontal transfer of ESBL-encoding

plasmids within poultry settings.
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Despite blaTEM and blaSHV ESBL types being the most common
historically [16,23] found that they are carried together with
CTX-M genes, pointing to the coexistence of several -lactamase
genes in the same isolate; this means an enhancement of substrate
specificity and the acquisition of potentially wider Resistance.
Detection of blaOXA, although less prevalent, is alarming as OXA-
type B-lactamases are frequently linked to carbapenem resistance
[19,24]. The occurrence of such a gene in food isolates underscores
the spread of CPE (carbapenemase-producing Enterobacteriaceae)
in the food chain [8,25,26]. The ethidium bromide agar cartwheel
assay revealed that 72 (31.6%) of the resistant isolates exhibited
efflux activity, comprising 43 E. coli and 29 K. pneumoniae. Active
efflux pumps are involved in resistance mechanisms, which enable
antibiotics to be actively removed from bacterial cells, resulting
in a lowered intracellular concentration of the drug [12]. The
identification of an efflux pump as a resistance mechanism indicates
multiple Resistance that combines factors, which are collectively
involved in the expression of ceftiofur resistance (f-lactamase
production plus efflux activity) [27].

The high efflux activity expressed in E. coli is consistent with
the possession of a higher number of 3-lactamase genes, which
demonstrates its adaptability to antimicrobial challenges [28].
The cooperative action of efflux pumps and B-lactamase enzymes
contributes to the persistence of bacteria under the selective
pressure of antibiotics, especially in poultry industries, where
B-lactams and fluoroquinolones are commonly used (de Janon., et
al. 2020).

Corresponding studies from all over India have shown similar
results [29-33], with 45% of E. coli isolates from broiler meat
being B-lactamase producers, predominantly harbouring CTX-M
type genes [34] from Bangladesh reported a 38% prevalence of
ESBL-producing K. pneumoniae in chicken meat. These localized
circumstances are indicative of common problems, such as
indiscriminate use of antimicrobials and poor biosecurity and

surveillance [35].

The findings show that there may be identical $-lactamase gene
families in both clinical and poultry isolates, which supports the
one HEALTH concept [36,37]. Demonstrating that human, animal,

and environmental health systems are interconnected.
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Public health and epidemiological implications

The detection of B-lactamase genes and efflux activity among
foodborne isolates poses a considerable health risk [38]. Poultry is
a possible source of transferring resistant bacteria or their genes
into humans through either consumption or contamination during
preparation [39]. These bacteria can acquire Resistance from other
commensal or pathogenic species in the human gut via plasmid
exchange [40].

The environmental pollution by chicken waste and antibiotic
residues contributes to the persistence of the problem, resulting

in an important spread of resistance genes in soil and water [41].

The findings highlight the importance of rigorous antimicrobial
stewardship, improved hygiene management, and public education

for controlling the transfer of AMR along the food chain [42].

Conclusions

This study exposed a widespread incidence of ESBL-producing
E. coli and K. pneumoniae isolates in poultry meat available for sale
in Dibrugarh, Assam, which also exhibited efflux pump activity.
The presence of multiple B-lactamase gene families, namely
blaCTX-M, blaTEM, blaSHV, and blaOX4, indicates molecular
diversity and possibly the mobility of -lactamase determinants
[43]. An abundance of CTX-M type B-lactamase and simultaneous
efflux pump activity indicates a synthetic resistance mechanism
that aids the bacterium in thriving against antibiotic stress [44].
Since resistance E. coli harbored such a high percentage of MRGs,
it is expected that it will act as the main gene sharing pool [40,45],
and because blaOXA was identified in farm animals originating
from pork and pigs raised for slaughter and feeding weaning pigs,
this may be an early alarm for carbapenemase-related Resistance
showing up in our food supply [46,47]. The simultaneous presence
of these resistance determinants underscores the severity and
urgency of implementing aggressive, multisectoral interventions
within a One Health context [42].

Recommendations

This work supports the banning of non-therapeutic and
growth-promoting uses of antibiotics in the poultry industry.
Regulate access to prescription prophylactic antibiotics and record
all use of antibiotics. Decentralization of molecular diagnostics

(PCR, WGS) into the resistance surveillance scheme. Introduction
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of Good Hygiene Practices (GHP) and the Hazard Analysis and
Critical Control Point (HACCP) system at slaughter and retail
establishments. Whole genome sequencing should be used to

investigate clonal relatedness and plasmid types.

Final Remarks
This

interventions to reduce AMR in the poultry industry. If not

study underscores the imperative for integrated
addressed, resistant bacteria , such as E. coli and K. pneumoniae,
could persist in the food chain, posing risks to both animal and

human health.
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