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ABSTRACT Poultry is one of the most commonly
farmed species and the most widespread meat industries.
However, numerous poultry flocks have been long threat-
ened by pathogenic bacterial infections, especially antimi-
crobial resistant pathogens. Here the prevalence and the
antimicrobial resistance (AMR) profiles of bacterial
pathogens isolated from poultry in Jiangxi Province,
China were investigated. From 2020 to 2022, 283 tissue
and liquid samples were collected from clinically diseased
poultry, including duck, chicken, and goose, with an
overall positive isolation rate of 62.90%. Among all the
219 bacterial isolates, 29 strains were gram-positive and
190 strains were gram-negative. Major bacteria species
involved were avian pathogenic Escherichia coli (APEC;
57.53%; 126/219), followed by Salmonella spp. (11.87%,
26/219), Pasteurella multocida (6.39%, 14/219), and
Staphylococcus spp. (1.22%, 11/219). Antimicrobial
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susceptibility testing showed the APEC isolates displayed
considerably higher levels of AMR than the Salmonella
and P. multocida isolates. The APEC isolates showed
high resistance rate to amoxicillin (89.68%), ampicillin
(89.68%), and florfenicol (83.33%), followed by strepto-
mycin (75.40%), cefradine (65.87%), and enrofloxacin
(64.29%). Multidrug-resistant isolates were observed in
APEC (99.21%), Salmonella spp. (96.16%), and P. mul-
tocida (85.71%), and nearly 3 quarters of the APEC
strains were resistant to 7 or more categories of antimi-
crobial drugs. Moreover, blaNDM genes associated with
carbapenemase resistance and mcr-1 associated with coli-
sitin resistance were detected in the APEC isolates. Our
findings could provide evidence-based guidance for veteri-
narians to prevent and control bacterial diseases, and be
helpful for monitoring the emerging and development of
AMR in poultry bacterial pathogens.
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INTRODUCTION

Poultry is one of the most widespread types of meat
food industries worldwide because of its relatively low
production costs and the absence of cultural and reli-
gious restrictions for its consumption (Nhung et al.,
2017). Poultry flocks are often raised under intensive
conditions, and the consequent threat of bacterial infec-
tion leads to huge economical losses and decreased ani-
mal welfare, such as avian pathogenic Escherichia coli
(APEC) infections (Christensen et al., 2021). Bacterial
infections have traditionally and preferentially been con-
trolled by the use of a large diversity of antimicrobials.
However, the emergence of antimicrobial resistance
(AMR) in bacteria from global animal production
results in severe risks of ineffective antimicrobials and
veterinary treatment failure (Christensen et al., 2021).
Additionally, AMR in poultry pathogens is likely to
threaten human health because of poultry is an impor-
tant source of zoonoses transmissible to humans
(Munang’andu et al., 2012). Nowadays, many concerns
have been raised about the horizontal transmission
transfer of AMR bacteria and genes within and between
poultry flocks and farms, and even zoonotic transfer via
the food chain (Christensen et al., 2021). Thus, monitor-
ing the AMR profiles of pathogenic bacteria is necessary
for optimizing effective antimicrobial treatments in
poultry and following up the development of bacterial
drug resistance.
Jiangxi Province is one of the largest provinces in

poultry breeding of China and possesses many excellent
native chicken breeds (Li et al., 2021). By the end of
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2022, the poultry stock of Jiangxi Province was
241.674 million, up by 4.2% year over year; 592.635 mil-
lion poultry were brought to market, up by 2.7% from a
year earlier. However, the bacterial infection investiga-
tion and the relative antimicrobial susceptibility infor-
mation of poultry industry in Jiangxi Province have not
been well reported in the last decades. This study aims
to identify the prevalence of bacterial pathogens associ-
ated with poultry morbidity and mortality, and obtain
baseline information of AMR in clinical bacterial patho-
gens. The results could provide evidence-based guidance
for veterinarians to prevent and control bacterial dis-
eases and help reduce the development of AMR in
Jiangxi Province, China.
MATERIALS AND METHODS

Clinical Sample Collection

During a 2-yr period from April 2020 to December
2022, 283 clinical samples were collected from sick or
dead poultry in 11 different cities within Jiangxi Prov-
ince, China. Samples of duck (n = 192), chicken
(n = 68), and goose (n = 23) were mainly livers, followed
by brains, lungs, ascites, and semen. The samples were
stored in a low-temperature environment and trans-
ferred to the laboratory. Among the collected samples,
the breeds of ducks were mainly Sheldrake and White
duck; the breeds of chickens were mainly white-feath-
ered chickens and local breeds, such as Taihe Silky Fowl
and Ningdu Yellow Chicken; the breeds of geese are
Xingguo Grey Goose. The age of the sick or dead poultry
ranged from 10 d to 350 d.
Bacterial Isolation

Bacterial isolation was performed under sterile condi-
tions. The surface of organ or tissue samples were steril-
ized with 75% alcohol. Then, a small piece of meat
(weight approx. 0.2 g) was cut and homogenized in
1 mL of sterile physiological saline. Each 50 mL of the
sample homogenate and the liquid samples were cul-
tured aerobically on tryptic soy agar (Hopebio, Qingdao,
China) with 5% (v/v) newborn bovine serum (NBS;
Sijiqing, Hangzhou, China) at 37°C for 24 h. The sam-
ples were simultaneously cultured on MacConkey agar
(Hopebio) for rapid preliminary identification of bacte-
rial species.
Bacterial Identification

Bacterial colonies were expanded at 37°C in tryptone
soya broth (Hopebio) with 5% NBS or lysogeny broth
(Hopebio). Bacterial morphology was identified using
gram staining. The bacterial genome was extracted
using Bacterial DNA Kit (Omega Bio-Tek, Norcross,
Georgia) according to the manufacturer’s instructions.
PCR targeting the gene coding for 16S rRNA was per-
formed with the primer pair 27F/1492R (Table S1).
Amplification products were then sent to Sangon Bio-
tech (Shanghai) Co., Ltd. for sequencing. Bacterial
sequences were further matched with the database in
NCBI using Nucleotide BLAST. All bacteria were stored
with glycerin at a final concentration of 25% at �80°C.
Scanning Electron Microscope

Bacteria were cultured at 37°C in tryptone soya broth
with 5% NBS or lysogeny broth to the mid-log phase.
Cells were harvested and fixed with 2.5% glutaraldehyde
at 4°C overnight. The subsequent dehydration steps
with ethanol and metal plating were performed in accor-
dance with previously described methods (Tan et al.,
2017). Electron microscope observation was performed
by using a JSM-6390LV SEM (NTC, Tokyo, Japan).
Antibiotic Drugs

A total of 17 commercially available antimicrobial
drugs for veterinary and human use, namely, penicillins
(amoxicillin [AMX; 10 mg per tablet] and ampicillin
[AMP; 10 mg per tablet]), cephalosporins (cefuroxime
[CXM; 30 mg per tablet], cefradine [CED; 30 mg per
tablet], and ceftazidime [CAZ; 30 mg per tablet]), tetra-
cycline (doxycycline [DOX; 30 mg per tablet]), chloram-
phenicol (florfenicol [FON; 30 mg per tablet]),
macrolide (erythromycin [ERM; 15 mg per tablet]),
peptide antibiotic (polymyxin B [PMB; 300 IU per tab-
let]), lincosamide (lincomycin [LCM; 2 mg per tablet]),
quinolones (enrofloxacin [ENR; 10 mg per tablet] and
ciprofloxacin [CIP; 5 mg per tablet]), aminoglycosides
(neomycin [NEO; 30 mg per tablet], spectinomycin
[SPT; 100 mg per tablet], gentamicin [GEN; 10 mg per
tablet], streptomycin [STR; 10 mg per tablet], and kana-
mycin [KAN; 30 mg per tablet]), were prepared for anti-
microbial susceptibility assays. Antibiotic disks were
purchased from Hangzhou Microbial Reagent Co., Ltd.
(Hangzhou, China).
Antimicrobial Susceptibility Assay

Antimicrobial susceptibility assays of all the bacterial
isolates were performed using the disk diffusion method
on Mueller-Hinton agar (Hopebio) in accordance with
the standardized protocol suggested by the Clinical and
Laboratory Standards Institute (CLSI) guidelines
(CLSI, 2022). For bacteria with high nutritional require-
ments, 5% NBS was also added into the plates. Briefly,
bacterial cultures were adjusted to be a 0.5 McFarland
standard with sterile physiological saline and evenly
spread on Mueller-Hinton agar plates using aseptic cot-
ton swabs. The specific antibiotic disks were placed on
plates with a disk dispenser. Subsequently, the plates
were incubated at 37°C for 18 to 24 h. E. coli ATCC
25922 was used as the quality control strain. The diame-
ter of the inhibition zone was measured with a vernier
caliper. The resistance breakpoints for the zone diameter
were defined according to the CLSI guidelines (CLSI,
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2022). The results were identified as susceptible, inter-
mediate, or resistant. Histograms were drawn on Graph-
Pad prism 8.0 software (San Diego, CA).
Identification of Antibiotic Resistance Genes

General PCR amplification was conducted for the
identification of acquired carbapenemase gene (blaNDM)
(Zafer et al., 2015) and colistin resistance genes (mcr-
1 to mcr-8) (Rebelo et al., 2018; Yang et al., 2019). The
9 sets of primers, the expected fragment sizes, and the
references are listed in Table S1. The addition of ddH2O
instead of bacterial DNA was served as the negative con-
trol during PCR assays. Aliquots were analyzed using
electrophoresis on a 0.8% (w/v) agarose gel.
Ethics Statement

When samples needed to be obtained from living sick
poultry, the experiment protocol was approved by the
Animal Ethics Committee of the Institute of Animal
Husbandry and Veterinary, Jiangxi Academy of Agri-
cultural Science (2010-JXAAS-XM-01). All efforts were
made to minimize suffering.
RESULTS

Prevalence of Bacteria Isolated From Clinical
Samples

In this study, a total of 283 tissues and liquid samples
from clinically sick or dead poultry were collected in
Jiangxi Province from April 2020 to December 2022 for
bacteria isolation. Through morphological observation
and PCR identification, 219 bacterial strains were recov-
ered from 178 (62.90%; n = 283) of all the samples
(Table 1). The prevalence of bacteria in ducks, chickens,
and geese was 64.58% (124/192), 64.71% (44/68), and
43.48% (10/23), respectively. Especially, mixed infec-
tions were observed in the 3 kinds of poultry, including
29 (16.29%; n = 178) dual-infected cases and 5 (1.77%;
n = 178) multiple-infected cases.
Isolate Distribution

Among the 219 bacterial isolates, 29 strains were
gram-positive, and 190 strains were gram-negative
(Table S2). The detailed information of host, sample,
and collection time and city of each strain are shown in
Table S2. The gram staining micrographs (Figure 1)
and scanning electron micrographs (Figure 2) of 8
Table 1. Characteristics of clinical poultry samples.

Poultry species Sample number
Positive samples

(rates)
No. of mono-infect

samples

Duck 192 124 (64.58%) 101
Chicken 68 44 (64.71%) 36
Goose 23 10 (43.48%) 7
Total 283 178 (62.90%) 144
strains of gram-positive bacteria and 13 strains of gram-
negative bacteria were organized and provided.
The bacterial isolates could be divided into 16 genera

(Table 2). Our data indicated that APEC was the pre-
dominant pathogenic bacteria, with a proportion of
57.53% (126/219), followed by Salmonella spp. (11.87%,
26/219), Pasteurella multocida (6.39%, 14/219), and
Staphylococcus spp. (1.22%, 11/219). Further analysis
showed the proportion of APEC in duck and chicken
source isolates was the highest, and the proportion of
Salmonella spp. in goose source isolates was the highest.
Eight strains of Riemerella anatipestifer were isolated
from duck livers, whereas 1 strain of Riemerella colum-
bina was isolated from chicken ascites (Table S2). Addi-
tionally, Streptococcus spp. (5 strains), Globicatella
sanguinis (3 strains), Vibro cholerae (1 strain), Pseudo-
monas spp. (1 strain), Acinetobacter spp. (1 strain), and
Actinobacillus anseriformium (1 strain) were identified
only in duck source samples (Table 2).
Antimicrobial Resistance Analysis

The antimicrobial susceptibility of bacteria strains
was determined using the disk diffusion method with 17
antimicrobial drugs as belonging to 9 categories. The
diameters of inhibition zone of bacteria strains are
shown in Table S2. The antimicrobial susceptibility pro-
files between gram-positive bacteria and gram-negative
bacteria were compared. As shown in Figure 3, gram-
positive bacteria were the most sensitive to AMX, AMP,
and CXM, and the sensitivity rates of the 3 drugs were
75%. Gram-negative bacteria were the most sensitive to
PMB (93.09%), followed by SPT (82.98%), CAZ
(80.32%), and GEN (77.13%).
The AMR profiles of APEC, Salmonella spp., and P.

multocida were analyzed because of high isolation rates
of the 3 kinds of bacteria (Figure 4). The results showed
APEC, Salmonella spp., and P. multocida were nearly
100% resistant to ERM and LCM. The APEC strains
showed high resistance rate to AMX (89.68%), AMP
(89.68%), and FON (83.33%), followed by STR
(75.40%), CED (65.87%), and ENR (64.29%). Con-
versely, the APEC strains showed high sensitivity rate
to PMB (96.03%), SPT and CAZ (80.16%), and GEN
(76.19%). In addition, more than half of Salmonella
strains were resistant to STR (57.69%) and DOX
(53.85%), whereas most Salmonella strains were sensi-
tive to PMB (100.00%), SPT (88.46%), CIP (84.62%),
and NEO (76.92%). Moreover, all the P. multocida
strains were completely sensitive to a variety of antimi-
crobial drugs, such as AMP, AMP, CXM, PMB, SPT,
ed No. of dual-infected
samples

No. of multiple-
infected samples

No. of isolated
bacteria

21 2 149
6 2 55
2 1 15

29 5 219



Figure 1. Gram staining of pathogenic bacteria (1,000£).

Figure 2. Morphological micrographs of pathogenic bacteria. Bar, 2 mm.
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Table 2. Distribution of bacteria isolates.

Bacteria Duck Chicken Goose Total

Proportion of
bacteria (n=219)

Avian pathogenic
Escherichia
coli

105 19 2 126 57.53%

Salmonella spp. 0 17 9 26 11.87%
Pasteurella
multocida

9 5 0 14 6.39%

Staphylococcus
spp.

6 5 0 11 1.22%

Riemerella spp. 8 1 0 9 4.11%
Gallibacterium
spp.

4 4 0 8 3.65%

Enterococcus
spp.

4 1 1 6 2.74%

Streptococcus
spp.

5 0 0 5 2.28%

Rothia
nasimurium

1 1 2 4 1.83%

Globicatella
sanguinis

3 0 0 3 1.37%

Klebsiella
pneumoniae

0 1 1 2 0.91%

Vibro cholerae 1 0 0 1 0.46%
Pseudomonas
spp.

1 0 0 1 0.46%

Acinetobacter
spp.

1 0 0 1 0.46%

Actinobacillus
anseriformium

1 0 0 1 0.46%

Avibacterium
paragallinarum

0 1 0 1 0.46%

Total 149 55 15 219 �
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and GEN. The P. multocida strains also had high sensi-
tivity rates to the other drugs (>85%) except for STR
(28.57%).
Figure 4. Antimicrobial resistance profiles of Escherichia coli (A),
Salmonella (B), and Pasteurella multocida (C).
Multidrug Resistance

The standardized definition for multidrug resistance is
presented as a bacteria isolate that is not susceptible to
at least 3 antimicrobial categories (Sweeney et al.,
2018). Multidrug resistance of APEC, Salmonella spp.,
and P. multocida was counted and showed in Figure 5.
Multidrug-resistant isolates were observed in APEC
Figure 3. Comparison of antimicrobial susceptibility profiles
between gram-positive and gram-negative bacteria.
(99.21%), Salmonella spp. (96.16%), and P. multocida
(85.71%). Among all the APEC isolates, 42.00% were
resistant to 8 categories of antimicrobial drugs, and
Figure 5. Analysis of multidrug resistance. X-axis indicates resis-
tance of the isolates to 2 to 9 categories of antimicrobial drugs.



Figure 6. PCR amplification of blaNDM (A) and mcr-1 (B). M represents the DNA marker (100−2,000 bp). S1−S2 in the left figure refers to the
2 blaNDM-positive APEC strains. S1−S8 in the right figure the 8mcr-1-positive APEC strains. - represents the negative control.
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34.13% were resistant to 7 categories of antimicrobial
drugs, accounting for the highest portion. Notably, one
of the APEC isolates exhibited drug insensitivity to the
9 categories; 47.62% of the APEC isolates exhibited
drug insensitivity to 12 or more antibacterial drugs, and
nearly 3 quarters of the APEC strains were resistant to
7 or more categories of antimicrobial drugs. For the Sal-
monella isolates, 26.92% were resistant to 5 categories of
antimicrobial drugs with the highest portion. In addi-
tion, 71.43% of the P. multocida isolates were resistant
to 3 categories of antimicrobial drugs.
Distribution of Antimicrobial Resistance
Genes

The blaNDM genes encoding metallo-b-lactamases are
associated with carbapenemase resistance (Poirel et al.,
2011). The mcr genes encoding phosphoetanolamine
transferases are associated with colisitin resistance (Bar-
bieri et al., 2021). Previous studies show that blaNDM
and mcr-1-positive bacteria disseminate from poultry
farms to supermarkets along the poultry production
chain in China and contaminate the environment
(Wang et al., 2017). Therefore, the prevalence of blaNDM
and mcr in all bacteria isolates was investigated through
PCR assays.

Two blaNDM-positive APEC (Figure 6A) and 8 mcr-1-
positive APEC (Figure 6B) were identified as a conse-
quence, whereas mcr-2 to mcr-8 were not detected
(Table S2). None of the strains possesses the 2 drug
resistance genes. The 2 blaNDM-positive APEC isolates
exhibited a broad spectrum of AMR to all antimicrobial
drugs except for PMB. However, the phenotypes of 5
PMB-insensitive APEC isolates were not fully consis-
tent with the genotypes, which indicated that further
genome sequencing and analysis and particular charac-
terization of colistin resistance is needed.
DISCUSSION

To the knowledge of the authors, well-directed studies
have been rarely carried out on poultry bacterial dis-
eases in Jiangxi Province despite its major, expanding
poultry industry. Thus, 283 clinical tissue and liquid
samples were collected from poultry flocks for the period
of 2020 to 2022. The bacteriology results showed a high
bacterial detection rate of samples, up to 62.90%. In par-
ticular, the isolation rate of gram-negative bacteria
(86.76%; 190/219) far exceeds that of gram-positive bac-
teria (13.24%, 29/219). The results indicated that
despite available diverse categories of antibacterial
drugs nowadays, bacterial infections still require more
attentions, especially the threat from gram-negative
bacteria.
Acting as primary and secondary pathogen, APEC

cause colibacillosis in different types of poultry of all
ages and is associated with a syndrome of severe extrain-
testinal disease (Aleksandrowicz et al., 2021). APEC
infections constitute a major threat to the poultry indus-
try worldwide due to high morbidity and mortality,
reduced productivity within poultry flocks, extensive
economic losses, and contamination of the food chain
(Alber et al., 2021). The results of bacteria isolations
from broiler and layer chicks in Zambia showed the
main pathogens were APEC, Salmonella gallinarum,
and Proteus species (Munang’andu et al., 2012). In the
United States, APEC and Clostridium perfringens are 2
important pathogenic bacteria readily found in the
broiler environment (Fancher et al., 2020). In this study,
major bacteria species involved were APEC (57.53%),
Salmonella spp. (11.87%), and P. multocida (6.39%),
which showed APEC is the primary bacterial pathogen
in poultry breeding industry in Jiangxi Province, China.
In addition to the high detection rate, the AMR of

APEC isolated in Jiangxi Province is severe. A previous
review summarized phenotypic resistance in thousands
of APEC isolates from diseased chickens from Asia,
Africa, the United States, Spain, and Brazil with disk
diffusion assays (Nhung et al., 2017). Among these
APEC isolates, 243 were isolated from diseased chickens,
ducks, and geese during the period from 2007 to 2014 in
eastern China and tested for the AMR profiles (Dou
et al., 2016). Drug resistance rates of the APEC isolates
in this study were AMX (89.68%), AMP (89.68%), STR
(75.40%), KAN (34.13%), FON (83.33%), and ENR
(64.29%), which were higher than the data from the
average resistance levels of these above strains (Nhung
et al., 2017). APEC showed high insensitive rate to most
of the tested antibacterial drugs and strong multidrug
resistance. Moreover, AMR-specific genes, blaNDM and
mcr-1, were observed in APEC isolates.
Salmonella spp. is one of the most important food-

borne pathogens worldwide and causes severe public
health problems. The authors used to investigate the
presence of Salmonella spp. in chicken and duck samples
from retail markets in different provinces of China from
2010 to 2014; the overall prevalence of Salmonella spp.
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in chicken and duck meat were 14.3 and 11.6%, respec-
tively (Zeng et al., 2019). The results in this study
showed Salmonella spp. were only recovered from chick-
ens and geese, with the prevalence of 25% (17/68) and
39.13% (9/23), respectively. Considering the risk of Sal-
monella infections in human beings, further investiga-
tions should be conducted and the AMR of foodborne
pathogens from extensive sources should be continu-
ously monitored.

One of the main concerns of this study is the emer-
gence of some newly developing bacteria and infection
cases. Rothia nasimurium is a facultative anaerobic
gram-positive coccus and part of the commensal flora of
humans and other animals. Until recently, R. nasimu-
rium was reported to be an opportunistic pathogen to
ducks (Wang et al., 2021) and chickens (Zhang et al.,
2022). Here, R. nasimurium strains were recovered from
not only ducks and chickens but also geese. Globicatella
sanguinis is a rare gram-positive cocci known to affect
the bloodstream, urinary tract, and central nervous sys-
tem in human beings (Gupta et al., 2022). Streptococcus
pluranimalium, a gram-positive aerobic coccus, has been
isolated primarily from human beings and several farm
animals, such as horses, cattles, and pigs (Ahmed et al.,
2018). Here, G. sanguinis and S. pluranimalium strains
were isolated from duck brain and liver samples, which
predicted that the 2 bacteria are potential zoonotic
pathogens. A case of Streptococcus uberis-infection in
ducks was also observed. Interestingly, S. uberis is the
leading pathogen in dairy herds, causing clinical and
subclinical infections (Tabashiri et al., 2022). Moreover,
1 strain of A. anseriformium was isolated from duck
liver, and the bacterium has once been isolated from a
case of conjunctivitis in duck in 2012 (Bisgaard and
Christensen, 2012).

It has been a common understanding that high usage
levels of antibacterial drugs would give advantage to the
development and transmission of organisms with higher
levels of resistance (Nhung et al., 2017). Studies on
larger collection of E. coli strains from humans and food
animals have conclusively demonstrated increases in
resistance over time against most antimicrobials
(Tadesse et al., 2012). In recent times, many strategies
have been proposed to control poultry bacterial diseases,
such as using plant extracts (Abiala et al., 2016),
improvement of host genetic resistance (Monson and
Lamont, 2021), vaccination and use of competitive
exclusion (Christensen et al., 2021), and alternative
therapies, especially virulence inhibitors (Kathayat
et al., 2021). At present, various vaccine candidates,
mostly live-attenuated and recombinant vaccines, have
been investigated to protect poultry against APEC and
Salmonella infections (Kathayat et al., 2021). However,
effective bacteria vaccines that can provide protection
against diverse serotypes and heterogenous infections
are still urgently needed.

In conclusion, the present study investigated the cur-
rent information about bacterial infections, AMR pro-
files, and specific AMR genes throughout the poultry
industry in Jiangxi Province. Our findings showed a
high bacterial isolation rate from clinical poultry flocks
and infections from gram-negative bacteria were more
usual, especially APEC infections. The results of antimi-
crobial susceptibility testing indicated that multidrug
resistance has widely emerged in avian pathogenic bac-
teria in Jiangxi Province. In addition, the presence of
specific AMR genes is increasing the risk of the intra-
and interspecies horizontal transfers. Thus, a continuous
clinical surveillance of bacterial AMR is urgently
needed. Taking advantage of stringent measures is also
important to reduce the development of AMR and
treatment failure of poultry diseases, such as improving
management protocols, encouraging responsible antimi-
crobial usage, and establishing a knowledge base on the
AMR profile of poultry pathogens. Moreover, further
research focusing on the understanding of AMR-associ-
ated mechanisms would be helpful and necessary for
developing effective preventive measures of bacterial
infections.
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