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ARTICLE INFO ABSTRACT

Keywords: Campylobacter jejuni (C. jejuni) is recognized as a serious food contaminant that extensively results in foodborne
Campylobacter jejuni diseases. Numerous studies have been conducted on the prevalence and antibiotic resistance of C. jejuni, but there
Prevalence

is a lack of comprehensive analysis of published data. This study provides a comprehensive overview of the
epidemiology, antibiotic resistance, and virulence determinants of C. jejuni in China through a systematic review
and meta-analysis. The prevalence levels of C. jejuni from low to high were the humans (5.2 %, 95 % CI: 4.2-6.4
%), foods (12.5 %, 95 % CI: 9.7-15.6 %), animals (15.4 %, 95 % CI: 13.2-17.6 %), and environment (17.8 %, 95
% CI: 9.7-27.7 %), respectively. Furthermore, C. jejuni exhibits high resistance rates to antibiotics such as
cefoperazone, nalidixic acid, ciprofloxacin, cefradine, and tetracycline. The overall multi-drug resistance rate
(MDR) of C. jejuni was 72.8 % (95 % CI: 62.4-82.2 %), indicating a serious problem with MDR. The resistance of
C. jejuni to most antibiotics has increased in the last 20 years. Among the main resistance determinants of
C. jejuni, gyrA_T86I and tet(O) had a higher pooled prevalence of 94.8 % (95 % CI: 88.7-99.0 %) and 79.0 % (95
% CI: 66.9-89.2 %), respectively. Furthermore, the high prevalence of virulence-related genes was shown in
C. jejuni, such as adhesion (cadF, racR), invasion (ciaB, iamA, ceuE), and toxin (cdtB, cdtC). In summary, C. jejuni
has a high prevalence with regional characteristics, and antibiotic resistance of this bacterium especially animal
sources remains a serious problem in China. Comprehensive monitoring and control measures for this pathogen
are urgently needed to ensure food safety and public health.

Antibiotic resistance
Meta-analysis
China

1. Introduction Jilin, China, resulting in 36 cases associated with C. jejuni infection [7].
During April 2021-November 2022, C. jejuni caused five foodborne

Campylobacter jejuni (C. jejuni) represents one of the leading causa- outbreaks in five local schools in Wenzhou, southeastern China, infect-

tive agents of foodborne diarrheal diseases in humans [1]. Infections
with foodborne C. jejuni can lead to symptoms such as fever, acute
gastroenteritis, and reactive arthritis [2]. One of the most severe com-
plications of C. jejuni infection is Guillain-Barré syndrome (GBS), an
acute demyelinating disease of the peripheral nervous system, for which
C. jejuni is the most common antecedent infectious trigger, potentially
causing respiratory muscle paralysis and death in severe cases [3,4].
According to recent estimates from the World Health Organization
(WHO), C. jejuni is responsible for approximately 96 million intestinal
infections annually globally [5].The risk assessment results suggest that
the average incidence of campylobacteriosis from poultry consumption
in China in 2010 was estimated to be 0.00118 % (118 cases per 100,000
people) [6]. In 2007, an outbreak of GBS occurred in a rural town in
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ing about 83 inhabitants [8]. The elevated prevalence and incidence
rates of C. jejuni from different sources have established it as a major
public health threat [9,10].

Antimicrobial resistance (AMR) has emerged as one of the major
public health threats. The misuse and overuse of antimicrobial agents in
humans, animals, and plants are primary drivers for the emergence of
resistant pathogens [11]. According to related studies, AMR directly
contributed to 1.27 million deaths globally in 2019 and was associated
with an additional 4.95 million deaths [12]. From 2017 to 2018, the
isolation rate of Campylobacter from patients with diarrhea was 7.81 %
in the Beijing area of China, with C. jejuni showing resistance rates to
ciprofloxacin, tetracycline, and nalidixic acid all greater than 90 % [13].
In Sichuan and Jiangsu regions, C. jejuni isolated from broiler chickens
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exhibited extremely high resistance rates to ciprofloxacin and erythro-
mycin [14,15].

In terms of drug resistance mechanisms, various bacteria, including
C. jejuni, have evolved multiple strategies to counteract the selective
pressures imposed by antibiotics in a stringent antibiotic environment.
The principal mechanisms that have been clearly defined are: (1)
reducing cell membrane permeability and enhancing the expression of
efflux pumps to prevent antibiotics from binding to their target sites; (2)
modifying or protecting the sites of antibiotic action; and (3) producing
inactivating or deactivating enzymes that render antibiotics ineffective
or alter their structure [16,17]. In terms of pathogenicity, the primary
pathogenic mechanisms of C. jejuni can be categorized into five major
systems: the flagellar system, chemotaxis system, adhesion proteins,
exotoxins, and endotoxins. The synergistic action of these five systems
constitutes the complex pathogenic framework of C. jejuni. During this
process, the expression of various virulence genes plays a key role. Genes
such as flaA, flaB, plblA, cadF, and ciaB are among those that are
expressed and contribute to pathogenicity [18,19].

Despite the extensive research on C. jejuni, the overall contamination
and resistance profile of this bacterium in China remains unclear.
Therefore, this study aims to comprehensively quantify the prevalence,
antibiotic resistance, resistance determinants, and virulence genes of
C. jejuni isolated from different sources in China using a meta-analysis,
providing a reference for relevant departments to implement appro-
priate risk management strategies.

2. Materials and methods
2.1. Search strategy and screening criteria

This systematic review was performed according to Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA),
which includes a total of 27 checklist items (Supplementary Table S1)
[20]. Two databases were systematically searched for relevant scientific
reports published between January 2000 and December 2023, including
the Web of Science (WOS, https://www.webofscience.com/wos
/alldb/basic-search) database and the China National Knowledge
Infrastructure (CNKI, https://chn.oversea.cnki.net/index/) database. In
the initial stages of our research, we included PubMed and Scopus in our
search protocol. After conducting an exhaustive comparison and cross-
referencing process, we found that all relevant literature from these
databases was comprehensively covered in the WOS database.

The following search strategy was utilized to gather relevant publi-
cations from the WOS database: [(“prevalence” OR “incidence” OR
“occurrence” OR “drug” OR “antibiotic” OR “antimicrobial” OR “qual-
ity” OR “contamination” OR “survey” OR “sampling” OR “character*”
OR “quanti*” OR “epidemiol*” OR “isolate*” OR “enumerat*”)] AND
[(“Campylobacter jejuni” OR “Campylobacter’)] AND [(“China” OR
“Chinese”)] AND (2000:2023). The asterisk (*) serves as a truncation
symbol to represent any number of characters in the search terms for the
WOS database. For the CNKI database, the search strategy was formu-
lated as: [(Campylobacter OR Campylobacter jejuni)] AND [(contamina-
tion rate OR prevalence OR incidence OR drug OR antibiotic OR
antimicrobial OR contamination OR epidemiology OR isolation OR
resistance)] AND (2000,2023), with terms in Chinese.

After removing duplicate records, all the publications were checked
against a set of exclusion criteria. A study was excluded if (1) it was
published as a conference abstract or was not a research paper; (2) it was
not relevant, such as studies focusing on the detection method, predic-
tive modeling, or hurdle technology; (3) it was a duplicate report; (4)
non-available data; (5) inadequate sample: sample number of <30; (6)
not C. jejuni; and (7) the study was not conducted in mainland China.

2.2. Data extraction and synthesis

Two authors (Z. Li and X-J. Qin) independently extracted the
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following data from the final selected studies: authors, year of publica-
tion, sampling time, sampling location (the minimum resolution is
restricted in the province), total sample size and positive rates of C. jejuni
contamination prevalence, sample size, and antibiotic usage rate, total
number of resistant strains, antibiotics detected, antibiotic resistance
level and MDR rates, source of the strains, drug susceptibility testing
methods, antibiotic resistance gene information and virulence gene in-
formation. Recorded data were compiled in Microsoft Excel for further
statistical analysis.

2.3. Meta-analysis and statistical analyses

This meta-analysis was performed using R-software (meta-package,
version 4.9.2). Antibiotic resistance rates were estimated by dividing the
number of antibiotic-resistant isolates by the total number of isolates,
expressed as a percentage. A random-effects model was applied to
analyze the pooled prevalence. In all instances, rates were calculated
using a 95 % confidence interval (CI). Heterogeneity among studies was
assessed using I? statistics (Deeks, Higgins, Altman, & Group, 2019). I
values with percentages of 25 %, 50 %, and 75 % were considered low,
moderate, and high heterogeneity levels, respectively (Paudyal et al.,
2018). Subgroup analyses were conducted to explore the potential
causes of heterogeneity based on the source of isolates (i.e., human,
animal, food, environment), time, and region. All statistical tests with a
p < 0.05 were considered significant.

3. Results
3.1. Characteristics of eligible studies and datasets

The comprehensive flowchart detailing the literature search process
is presented in.

Initially, a total of 1224 publications (323 in English databases, 901
in Chinese databases) were identified from the two selected electronic
databases. From these, 10 duplicate articles were removed. The
remaining 1214 articles were subjected to screening for relevant infor-
mation, which resulted in the exclusion of 616 articles. Then, the
remaining 598 articles were checked against predefined eligibility
criteria. Additional 408 articles were excluded because they were not
journal articles, reported duplicate data, or lacked relevant data in the
literature. Finally, a meta-analysis included 190 studies, 49 in English
and 141 in Chinese (Fig. 1).

Of the 190 final articles included, 146 were eligible for pooling the
prevalence. Of these, 22 provinces and municipalities were included,
representing most provinces in China. In the context of AMR, 92 studies
were utilized for single-resistance analysis, while 48 studies were
employed for multiple-resistance analysis. Furthermore, the meta-
analysis of resistance gene carriage rates included 14 studies, whereas
the meta-analysis of virulence gene carriage rates included 29 studies.

3.2. Pooled prevalence of C. jejuni in different sources

The pooled prevalence of C. jejuni from animals, environment, foods,
and humans using the random effects model is provided in Fig. 2. Results
showed that the prevalence of C. jejuni was the highest in the environ-
ment (17.8 %, 95 % CI: 9.7-27.7 %). The pooled prevalence rates for
animals, food, and humans were 15.4 % (95 % CI: 13.2-17.6 %), 12.5 %
(95 % CI: 9.7-15.6 %) and 5.2 % (95 % CI: 4.2-6.4 %), respectively.

To understand the prevalence of C. jejuni in major types of food and
animals in China, a subgroup analysis of C. jejuni from food and animal
sources was subsequently conducted. The prevalence of C. jejuni in
specific food types and animal species is presented in Table 1. In
different animal categories, swine exhibited the highest prevalence
(62.3 %, 95 % CI: 9.1-100.0 %), followed by chicken (24.0 %, 95 % CI:
20.6-27.5 %), goose (14.3 %, 95 % CIL: 5.7-25.6 %), cattle (9.4 %, 95 %
CI: 5.1-14.8 %), and duck (6.5 %, 95 % CI: 1.5-14.1 %). In different food
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Fig. 1. Flowchart of the literature search and collection.
categories, chicken meat displayed the highest prevalence (19.3 %, 95 %
20 CL: 11.7-28.3 %), followed by duck (15.9 %, 95 % CI: 3.9-33.4 %), and
17.8% swine (8.5 %, 95 % CI: 0-29.6 %). Even though most of the environ-
mental data came from places where animals were raised and food was
15.4% processed, there were not enough data to do subgroup analyses to show
15 how the prevalence of C. jejuni from environmental sources varied.
12.5% Additionally, due to limited information in the literature regarding
—_ D70
= whether the food samples were chilled or frozen, the relationship be-
b tween the prevalence of C. jejuni and food storage methods could not be
% 10 - determined.
T; The overall prevalence of C. jejuni found before and after 2010 in
L different sources is shown in Fig. 3. Before the year 2010, the prevalence
- . of C. jejuni from animal, food, and human sources was 10.6 % (95 % CI:
5 5.2% 6.3-15.9 %), 7.4 % (95 % CI: 1.9-15.7 %), and 5.2 % (95 % CI: 2.9-8.0
%), respectively. After 2010, the respective prevalence from these
different sources increased to 12.5 % (95 % CI: 9.8-15.4 %), 13.6 % (95
% CI: 10.3-17.2 %), and 5.4 % (95 % CI: 4.2-6.8 %). Overall, there was
an apparent increase in the detection rates of C. jejuni in different
0- ! . sources both before and after 2010. Due to the unavailability of envi-
Animal Food Human Environment

Fig. 2. Pooled prevalence of C. jejuni in different sources.

ronmental source data for C. jejuni before 2010, such comparisons were
not included in this analysis.

Table 1
The prevalence of C. jejuni in specific food types and animal species.
Category No. of studies Total Positive Pooled Prevalence (%) 95 % CI (%) 2 12 (%)
Animal Chicken 40 29,776 5586 24.0 20.6-27.5 0.0154 97.7
Cattle 10 6606 424 9.4 5.1-14.8 0.0116 96.5
Swine 3 555 123 62.3 9.1-100 0.1801 98.0
Duck 3 786 63 6.5 1.5-14.1 0.0096 86.8
Goose 4 1834 139 14.3 5.7-25.6 0.0150 79.6
Food Chicken 19 4730 947 19.3 11.7-28.3 0.0523 98.0
Duck 2 313 38 15.9 3.9-33.4 0.0186 85.9
Swine 4 1126 43 8.5 0-29.6 0.0570 97.1

95 % CI: 95 % confidence interval; 7% between-study variance; I?: inverse variance index;
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Fig. 3. Overall prevalence of C. jejuni in different sources before 2010 and after
2010 in China.

3.3. Pooled prevalence of C. jejuni in different geographical regions

Due to the inherent limitations of literature searches in meta-
analyses, the prevalence data of C. jejuni covered 17 provinces, major
municipalities, and autonomous regions in China. In these regions, the
prevalence levels of C. jejuni are illustrated in Fig. 4 and Supplementary
Table S2 (indicated as low (< 10 %), medium (>10 % and < 20 %) and
high level (>20 %)), without considering the time and sample sources
tested. The highest prevalence level of C. jejuni was reported in Hei-
longjiang (33.6 %, 95 % CL: 30.0-40.5 %). In comparison, the overall
prevalence of C. jejuni was relatively lower in Liaoning, Hubei,
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Shanghai, Xinjiang, Yunnan, Henan, and Guangxi, ranging from 0.75 %
t0 9.8 %.

3.4. Antibiotic resistance of C. jejuni

In all eligible studies, the antibiotic resistance of C. jejuni was
interpreted according to Clinical and Laboratory Standards Institute
(CLSI) guidelines. Data on eight major types of antibiotics, including 32
individual antibiotic agents, were covered in the studies resulting from
the meta-analysis, allowing us to calculate antibiotic resistance rates for
B-lactams (i.e., ampicillin, cefotaxime, cefoperazone, amoxicillin, cef-
triaxone, imipenem, meropenem, penicillin, cefradine, and cefaclor),
aminoglycosides (i.e., gentamicin, streptomycin, amikacin, kanamycin,
and tobramycin), macrolides (i.e., erythromycin and azithromycin),
quinolones (i.e., nalidixic acid, ciprofloxacin, norfloxacin, levofloxacin,
ofloxacin, and enrofloxacin), sulfonamide (i.e., sulfamethoxazole), lin-
cosamides (i.e., clindamycin and lincomycin), tetracyclines (i.e., tetra-
cycline, doxycycline, and oxytetracycline), ketolides (i.e.,
telithromycin) and phenicols (i.e., chloramphenicol and florfenicol).

The results of the meta-analysis of AMR in C. jejuni are shown in
Table 2. According to the pooled prevalence of AMR, the highest resis-
tance rate was observed for cefoperazone (98.1 %, 95 % CI: 95.2-99.8
%), while the lowest resistance rate was to amikacin (8.8 %, 95 % CI:
3.1-19.0 %). The most commonly used antibiotics, including tetracy-
cline, ciprofloxacin, erythromycin, gentamicin, azithromycin, linco-
mycin, florfenicol, nalidixic acid, and chloramphenicol, exhibited
resistance rates ranging from 13.3 % to 89.0 %. Rather high levels of
heterogeneity and wide CI ranges for resistance rates derived from the
literature were observed for the other antibiotic agents.

Guangxi ﬁuangdong
12.8%
Tlongk
wﬂfMacagng ong )
. {
s /

Fig. 4. Pooled prevalence of C. jejuni in different geographical regions.
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Table 2
Meta-analysis results of the antibiotic resistance of C. jejuni.
Antibiotic Class Antibiotic Agents No. of studies Total Positive Resistance Rate (%) 95 % CI (%) 2 12 (%)
p-Lactams Ampicillin 31 2714 1361 57.3 46.6-67.7 0.0843 96.6
Cefotaxime 23 1978 531 27.2 15.8-40.3 0.1101 97.3
Cefoperazone 18 1825 1775 98.1 95.2-99.8 0.0231 89.7
Amoxicillin 15 1117 441 43.0 22.2-65.2 0.1845 98.2
Ceftriaxone 8 1072 692 72.8 49.4-91.0 0.1284 98.3
Imipenem 11 1419 259 11.6 1.2-29.3 0.1333 98.5
Meropenem 8 912 218 10.7 0-40.2 0.2492 99.1
Penicillin 10 663 483 67.8 50.5-83.0 0.0727 94.9
Cefradine 10 889 625 83.2 60.4-97.7 0.1630 98.2
Cefaclor 7 549 375 78.9 54.8-95.6 0.1143 97.2
Aminoglycosides Gentamicin 99 8069 1946 19.8 15.4-24.5 0.0711 95.8
Streptomycin 43 2772 636 21.4 15.2-28.3 0.0590 93.8
Amikacin 23 3325 695 8.8 2.1-19.0 0.1176 98.4
Kanamycin 20 1356 529 33.0 21.3-45.8 0.0797 95.5
Tobramycin 10 1075 378 34.8 16.7-55.5 0.1058 97.8
Macrolides Erythromycin 98 8443 1167 13.0 9.7-16.8 0.0586 95.2
Azithromycin 66 6221 1241 13.3 9.0-18.2 0.0653 96.0
Quinolones Nalidixic acid 70 4931 4136 89.0 84.7-92.8 0.0626 94.6
Ciprofloxacin 98 8985 6759 83.5 77.5-88.8 0.1320 97.9
Norfloxacin 20 1814 1249 79.3 65.5-90.4 0.1152 97.6
Levofloxacin 17 1430 955 79.8 64.4-91.8 0.1243 97.6
Ofloxacin 11 1307 738 62.9 48.6-76.2 0.0547 96.1
Enrofloxacin 15 2398 1346 75.1 58.5-88.6 0.1152 98.4
Sulfonamide Sulfamethoxazole 27 3380 2482 79.6 67.0-89.9 0.1338 98.4
Lincosamides Clindamycin 76 6204 1763 25.3 19.1-32.1 0.0974 96.9
Lincomycin 6 696 214 34.8 16.4-55.9 0.0661 96.7
Tetracyclines Tetracycline 99 9167 6908 83.2 78.3-87.6 0.0861 96.9
Doxycycline 23 2258 1225 70.1 54.9-83.5 0.1355 97.8
Oxytetracycline 5 373 301 79.9 72.5-86.4 0.0055 60.8
Ketolides Telithromycin 32 2056 278 11.9 7.7-16.9 0.0301 88.4
Phenicols Chloramphenicol 56 4037 680 14.6 9.4-20.6 0.0752 95.6
Florfenicol 62 5669 2245 34.7 27.2-42.7 0.0958 97.1

95 % CI: 95 % confidence interval; 72 between-study variance; % inverse variance index;

3.5. Antibiotic resistance of C. jejuni from different isolated sources and
times

The results showed that there was considerable heterogeneity among
the included studies for each antibiotic. Subgroup analyses were con-
ducted to analyze the heterogeneity by sources.

The antibiotic resistance of C. jejuni from different isolated sources
(human, animal, food and environment) is presented in Supplementary
Tables S3-S6. The majority of C. jejuni isolates from human sources were
resistant to cefoperazone, sulfamethoxazole, cefradine, cefaclor and
nalidixic acid, with resistance rates of 99.9 % (95 % CI: 98.8-100 %),
97.7 % (95 % CI: 92.9-100 %), 96.0 % (95 % CI: 84.9-100 %), 91.5 %
(95 % CI: 83.9-97.0 %), and 91.1 % (95 % CI: 87.6-94.1 %), respec-
tively, while the lowest resistance rates were observed to amikacin (0.2
%, 95 % CI: 0-1.6 %) and imipenem (0.2 %, 95 % CI: 0-2.6 %) (Sup-
plementary Table S3). C. jejuni isolated from animals showed the highest
AMR prevalence to cefoperazone (95.1 %, 95 % CI: 79.7-100 %) and the
lowest resistance rate to meropenem (4.9 %, 95 % CI: 1.3-10.1 %)
(Supplementary Table S4). C. jejuni isolates from food sources had the
highest resistance to norfloxacin (95.1 %, 95 % CI: 72.8-100 %) and the
lowest resistance to meropenem (2.0 %, 95 % CI: 0-6.7 %) (Supple-
mentary Table S5). Due to limited data availability for environmental
sources, comprehensive AMR data were not able to be presented
comprehensively; however, the available data indicated that the highest
level of resistance was observed to tetracycline (92.4 %, 95 % CI:
82.3-98.9 %) and the lowest to telithromycin (4.1 %, 95 % CIL: 0-23.4 %)
(Supplementary Table S6).

Changes in resistance of domestic C. jejuni to 16 major antibiotics
around 2010 are shown in Fig. 5. Regardless of the source of C. jejuni
isolation, the resistance rates of C. jejuni to ampicillin, cefotaxime,
gentamicin, kanamycin, erythromycin, azithromycin, ciprofloxacin,
norfloxacin, clindamycin, and chloramphenicol showed an increasing
trend over time. The prevalence of resistance to chloramphenicol

increased 4.63 times from the period before 2010 (4.0 %, 95 % CI:
0-12.23 %) to after 2010 (18.4 %, 95 % CL: 11.9-25.9 %). However,
around the year 2010, the resistance rate to ciprofloxacin only increased
by a factor of 1.03. Around 2010, an increase in resistance was observed
in C. jejuni isolated from human sources to 13 antibiotics, namely
ampicillin, cefotaxime, gentamicin, kanamycin, erythromycin, azi-
thromycin, nalidixic acid, ciprofloxacin, norfloxacin, sulfamethoxazole,
clindamycin, chloramphenicol, and enrofloxacin. The fastest rate of
resistance increase was for kanamycin (4.60-fold), while the slowest was
for nalidixic acid (1.05-fold). In animal sources, increased resistance was
observed for ampicillin, cefotaxime, gentamicin, streptomycin, kana-
mycin, azithromycin, levofloxacin, clindamycin, tetracycline, and
chloramphenicol, with cefotaxime resistance increasing 8.38-fold.

3.6. Pooled prevalence of MDR in C. jejuni

MDR was defined as resistance to three or more antimicrobials
classes in this study. The results of the meta-analysis on the prevalence
of C. jejuni MDR are presented in Table 3. Overall, the MDR rate of
C. jejuni in China was 72.8 % (95 % CI: 62.4-82.2 %). Isolates from
environmental sources had the highest MDR rates (80.0 %, 95 % CL:
50.0-98.6 %), followed by food sources, animal sources, and human
sources, at 79.8 % (95 % CI: 53.8-97.2 %), 77.8 % (95 % CI: 64.0-89.2
%), and 58.7 % (95 % CI: 41.5-75.0 %), respectively. Due to the data
limitations, it was not possible to compile the MDR spectra for C. jejuni
from each isolation source.

3.7. The prevalence of antibiotic resistance determinants in C. jejuni

A meta-analysis was performed to collate the prevalence of eight
antibiotic and resistance determinants (quinolones: gyrA_T86I; tetracy-
clines: tet(O), tet(L); macrolides: 23S rRNA_A2075G, erm(B); p-Lactams:
blaOXA_134, blaOXA_lgg, blCl()XA_460, blaOXA_465; aminoglycosides: aph(3’)—
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Fig. 5. Subgroup analysis for prevalence of antibiotic resistance C. jejuni in
different sources (A: Total; B: Human; C: Animal).

Illa, ant(6)-1a, aph(2")-If, aac(6')-Ie, aph(2")-Ia, aadE, aad9; phenicols:
catA13; lincosamides: inu(C); multidrug efflux pump: cmeB, RE-cmeABC)
in C. jejuni isolates (Table 4). T86I mutations in gyrA were identified in
94.8 % (95 % CI: 88.7-99.0 %) of C. jejuni isolates. A2075G substitution
in 23S rRNA was identified in 15.6 % (95 % CI: 0-51.3 %) of C. jejuni
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isolates. The detection rates of horizontally transferable resistance genes
ranged from 4.9 % to 79.0 %, including genes such as tet(O), tet(L), and
erm(B). (Table 4). The prevalence for the muti-drug efflux pump key
determinants cmeB and RE-cmeABC was 74.7 % (95 % CI: 42.8-97.0 %)
and 71.3 % (95 % CI: 0-100 %), respectively. Low heterogeneity was
observed for gyrA_T86I (53.2 %) and blapxa-460 (17.9 %) among the
eligible studies, which may be due to the small number of relevant
studies.

3.8. Virulence genes of C. jejuni

When collecting the data of antibiotic resistance profiles, it was
found that many studies performed virulence genes of C. jejuni.
Accordingly, in this study, the prevalence of pooled genes was analyzed
in parallel (Table 5). The findings of the results demonstrated that the
prevalence of virulence genes involved in adhesion and colonization,
specifically cadF and racR, were as follows: 99.2 % (95 % CI: 98.0-99.9
%) and 82.1 % (95 % CI: 63.0-95.6 %) respectively. For invasion-
associated genes such as ciaB, iamA, pldA, ceuE and virB11, the pooled
prevalence was 89.3 % (95 % CI: 78.8-96.8 %), 89.9 % (95 % CIL:
76.3-98.6 %), 59.0 % (95 % CI: 23.5-90.0), 90.4 % (95 % CI: 75.3-99.1
%), and 1.5 % (95 % CI: 0.2-3.7 %), respectively. The gene associated
with flagellar movement, flaA, was present at 87.4 % (95 % CL:
73.5-97.0 %). For toxin regulation-related genes, cdtB, cdtA, cdtC, and
wlaN, the pooled prevalence amounted to 97.1 % (95 % CI: 93.0-99.7
%), 83.2 % (95 % CI: 74.3-90.6 %), 97.0 % (95 % CI: 94.3-99.0 %), and
23.1 % (95 % CL 9.1-40.6 %), respectively. The chemotaxis-related
genes, cheW and cheY, exhibited a pooled prevalence of 100.0 % (95
% CI: 99.7-100.0 %) and 99.6 % (95 % CI: 98.7-100.0 %), respectively.
Moreover, C. jejuni exhibited a low level of heterogeneity with respect to
specific virulence genes (cheW and cheY), possibly due to the limited
number of studies investigating these genes.

4. Discussion

Food safety and bacterial resistance are among the key issues of
concern to both the Chinese government and the public [21]. In this
study, we tried to determine the prevalence and antibiotic resistance of
C. jejuni from animals, foods, humans, and environment samples in
China based on a systematic review of published studies.

In this meta-analysis, environmental samples were primarily derived
from the food animal breeding environments (feces, water, etc.) and the
processing environments (rinsing water, cutting boards, etc.), with a
minority from large central kitchens. Fig. 1 illustrates the widespread
prevalence of C. jejuni in both breeding and processing settings.
Consequently, C. jejuni identified in the breeding environment can
colonize food animals, once introduced into the processing line, can
spread to poultry meat through cross-contamination, particularly during
defeathering and evisceration steps [22]. A recent meta-analysis con-
ducted in South Korea reported that the pooled prevalence of
Campylobacter in environmental samples varied from 4.99 % to 36.33 %,
with the highest prevalence in fecal samples, followed by wash water
and equipment. This highlights the significance of environmental factors
in breeding and processing, which may pose a serious threat to public
health indirectly through food consumption [23]. The prevalence of
C. jejuni was lower in animals and food sources than that in environment
sources. Subgroup analysis indicated that among animals, swine had the
highest pooled prevalence (62.3 %), followed by chickens (24.0 %),
whereas among foods, chicken meat exhibited the highest pooled
prevalence (19.3 %) (Table 1). The 95 % confidence interval (9.1-100
%) for the prevalence of C. jejuni from swine sources was relatively wide,
suggesting a lower reliability of the results, which may be due to the
limited sample size. Studies have shown that globally, pigs and poultry
have the highest rates of Campylobacter contamination, with some
variation in the prevalence of each Campylobacter species [24]. In terms
of meat products from food animals, Zbrun M V et al. [25] reported that
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Table 3
The MDR rates of C. jejuni isolates from various sources in China.
Origin Total No. of studies Positive Resistance Rate (%) 95 % CI (%) 2 12 (%)
Total 5398 48 2922 72.8 62.4-82.2 0.7281 98.4
Human 1655 11 603 58.7 41.5-75.0 0.5872 97.4
Animal 2371 19 1582 77.8 64.0-89.2 0.7782 97.8
Environment 156 3 114 80.0 50.0-98.6 0.7999 91.0
Food 360 10 242 79.8 53.8-97.2 0.7981 96.3
95 % CI: 95 % confidence interval; 72 between-study variance; I%: inverse variance index;
Table 4
The prevalence of antibiotic resistance determinants in C. jejuni.
Antibiotic and Resistance Determinants No. of studies Total Positive Prevalence Rate (%) 95 % CI (%) 72 2 (%)
Quinolones gyrA_T861 7 316 299 94.8 88.7-99.0 0.0085 53.2
Tetracyclines tet(O) 10 374 296 79.0 66.9-89.2 0.0318 79.5
tet(L) 4 95 34 45.9 3.9-91.9 0.2484 95.6
Macrolides 23S rRNA_A2075G 3 246 15 15.6 0-51.3 0.1051 95.5
erm(B) 7 280 17 6.4 0-20.0 0.0567 88.6
p-Lactams blaoxa-184 4 266 33 21.8 4.0-47.2 0.0628 91.6
blapxa 193 5 245 96 40.3 12.2-72.0 0.1107 92.1
blaoxa-460 3 211 12 4.9 0.9-11.0 0.0022 17.9
blaoxa.465 4 257 20 14.3 0-42.8 0.0889 93.3
Aminoglycosides aph(3)-1lla 7 304 61 30.4 7.0-60.5 0.1409 94.6
ant(6)-la 4 234 23 12.8 3.8-25.1 0.0134 61.1
aph(2")-If 9 411 117 39.2 13.9-67.8 0.1725 96.4
aac(6)-Ie 7 342 26 6.9 0.7-17.2 0.0289 81.6
aph(2')-Ia 5 306 25 9.1 0.7-23.4 0.0358 86.7
aadE 5 289 17 7.0 0.9-16.9 0.0177 74.2
aad9 4 257 13 5.9 0-23.8 0.0515 89.0
Phenicols catA13 4 257 13 5.9 0-21.3 0.0381 85.7
Lincosamides inu(C) 3 246 16 10.3 1.0-25.9 0.0238 82.6
Multidrug Efflux Pump cmeB 3 214 136 74.7 42.8-97.0 0.0674 88.2
RE-cmeABC 2 165 131 71.3 0-100 0.0452 96.7
95 % CI: 95 % confidence interval; 7% between-study variance; I? inverse variance index;
Table 5
The prevalence of virulence genes in C. jejuni.
Virulence Factors Class Virulence Genes No. of studies Total Positive Prevalence Rate (%) 95 % CI (%) 2 12 (%)
Adhesion cadF 33 2200 2148 99.2 98.0-99.9 0.0081 67.9
racR 10 990 837 82.1 63.0-95.6 0.1095 97.5
Invasion ciaB 20 1056 846 89.3 78.8-96.8 0.0857 94.0
iamA 8 309 271 89.9 76.3-98.6 0.0543 88.7
pldA 10 990 757 59.0 23.5-90.0 0.3313 99.2
ceuE 7 867 795 90.4 75.3-99.1 0.0675 96.8
virB11 18 1241 23 1.5 0.2-3.7 0.0090 69.6
Motility flaA 24 1632 1360 87.4 73.5-97.0 0.1663 97.7
Toxin cdtB 29 1800 1680 97.1 93.0-99.7 0.0457 91.6
cdtA 24 1658 1241 83.2 74.3-90.6 0.0599 94.1
cdtC 24 1658 1600 97.0 94.3-99.0 0.0142 78.9
wlaN 9 331 66 23.1 9.1-40.6 0.0663 90.1
Chemotaxis cheW 7 918 913 100.0 99.7-100.0 0.0000 0.0
cheY 13 1171 1155 99.6 98.7-100.0 0.0008 21.2

95 % CI: 95 % confidence interval; 7% between-study variance; I?: inverse variance index;

the prevalence of Campylobacter was highest in products derived from
laying hens and broilers, with an overall average prevalence of 29.6 % in
animal-derived foods. Similar findings have been reported in other re-
gions of the world, including the United States [26], Ethiopia [27], Iran
[22], Turkiye [28], and South Korea [23].

The results of this study showed that poultry remained the primary
host for C. jejuni, with chickens and chicken meat being the most
severely contaminated. However, other poultry sources (ducks, goose)
should not be overlooked [29]. The prevalence of C. jejuni among do-
mestic populations was 5.2 %, which is lower than a previous study
result from Ethiopia (9.0 %, 95 % CI: 1.3-16.7 %) [27]. This may be
because the latter studies targeted C. jejuni and C. coli, while this study
focused solely on C. jejuni. In the study by Kang et al. [30], it was found
that the isolation rate of C. jejuni from fecal samples in the Korean

population was 2.5 %, which is lower than this study. Similarly, a 2023
report from Turkey indicated that the isolation rate of C. jejuni from 860
human fecal samples in a hospital was 3.88 % [31]. This may be because
many studies in the meta-analysis focused on hospital patient pop-
ulations (diarrhea, fever, etc.), hence the results of this study may not
fully represent the entire Chinese population. Additionally, the differ-
ence may be due to the sanitary conditions [32]. Due to the sample size,
it was not possible to comprehensively reflect the contamination levels
of C. jejuni in different subgroups of the population (age, gender, pres-
ence of illness). However, these findings still have an important refer-
ence value for policy makers and the relevant population.

From a temporal perspective, around 2010, there was a varying de-
gree of increase in C. jejuni pooled prevalence from animal sources, food
sources, and human sources (Fig. 3). Over the past decade, the incidence
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and prevalence of Campylobacter infections have increased in both
developed and developing countries in North America, Europe, Africa,
and Asia, particularly among children. This suggests that campylo-
bacteriosis is likely to remain a significant global health challenge in the
coming years [33]. The potential reasons for this could be attributed to
advancements in microbial detection technologies and current climate
changes. Techniques such as molecular biology counting, immunolog-
ical detection methods, and biosensor technology have significantly
enhanced pathogen detection sensitivity and accuracy [34]. The impact
of climate change (temperature variations, precipitation changes,
extreme weather events, etc.) on the growth, persistence, and virulence
of pathogens (such as Campylobacter) is often complex [35]. According
to a recent study, there is a positive correlation between temperature
and Campylobacter contamination, which increases exposure risk across
all transmission routes [36].

In terms of the geographical prevalence levels, the occurrence of
C. jejuni is more prevalent in the Northeast, Southwest East, and Coastal
areas of East China, whereas its occurrence is relatively less prevalence
in the Central China, southern South China, southern Southwest China,
and northern Northwest China. (Fig. 4) There is no known scientific
rationale for the observed geographical differences in C. jejuni preva-
lence levels. Geographically, the distribution of avian species, mainly
including chickens, ducks, and geese, exhibits their density being
significantly higher in the eastern and southern regions of China
compared to the western and northern regions [37]. This geographical
distribution shows some similarity to the prevalence rates of C. jejuni in
different regions observed in this study. Given that poultry is one of the
primary hosts of C. jejuni, the variations in their distribution density may
directly or indirectly influence the prevalence levels of C. jejuni across
different areas [38]. Additionally, factors such as dietary habits [39],
sanitation conditions [40], retail environments [41], economic devel-
opment levels [42], and market regulatory intensity [43] in various
regions may also impact the prevalence levels and transmission of
C. jejuni to some extent.

In terms of antibiotic resistance, this study identified the highest
AMR rates of C. jejuni isolates from various sources to cefoperazone
(98.1 %), nalidixic acid (89.0 %), ciprofloxacin (83.5 %), cefradine
(83.2 %), and tetracycline (83.2 %), which is consistent with previous
result [15,44-47]. Overall, the resistance to aminoglycosides and mac-
rolides antibiotics was relatively low. C. jejuni resistance rates to other
antibiotics were 11.6 % to 79.9 % (Table 2). Notably, high levels of
heterogeneity were observed in the resistance rates calculated for most
antibiotics. Subgroup analysis elucidated the heterogeneity origins of
C. jejuni. Supplementary Table S3 demonstrates that the resistance rates
of C. jejuni from human sources to cefoperazone, cefradine, cefaclor,
nalidixic acid, and sulfamethoxazole have exceeded 90 %. In compari-
son to human-sourced C. jejuni, animal-sourced strains demonstrate a
resistance rate greater than 90 % only to cefoperazone (Supplementary
Table S4). However, they exhibit higher resistance rates to most other
antibiotics than human-sourced strains. This elevated resistance is
particularly evident in animal-specific antibiotics (such as florfenicol
and enrofloxacin) and those shared between humans and animals (such
as ceftriaxone, penicillin, ciprofloxacin, and tetracyclines), underscoring
the severe drug resistance in animal-sourced C. jejuni. This situation may
arise from the use and misuse of antibiotics in farm animal environments
as growth promoters or for the prevention and treatment of non-specific
infections, significantly increasing antibiotic consumption and resis-
tance in bacteria within animal habitats [48]. In food and environment
sources, resistance rates range from 2 % to 95.1 % (Supplementary
Table S5 and Supplementary Table S6). This study demonstrates that the
resistance rates of C. jejuni isolated from humans to ciprofloxacin,
nalidixic acid, tetracycline, and sulfamethoxazole are similar to those in
the Middle East, yet lower for antibiotics such as amoxicillin, ampicillin,
azithromycin, and chloramphenicol compared to the region. In contrast,
C. jejuni isolated from domestic animals in our country exhibit higher
resistance rates to ampicillin, ciprofloxacin, nalidixic acid,
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streptomycin, and tetracycline than those reported in the Middle East,
while showing relatively lower resistance to amoxicillin, azithromycin,
chloramphenicol, and erythromycin [49]. The European Union’s sum-
mary report on antimicrobial resistance in 2018/2019 noted that
Campylobacter isolates from humans, food-producing animals, and their
meats exhibited high resistance to ciprofloxacin and relatively low
resistance to erythromycin, which is consistent with the findings of this
study [50]. In 2017, the WHO established the AWaRe classification of
antibiotics, which categorizes antibiotics into three groups: Access,
Watch, and Reserve. This classification is designed to guide the appro-
priate use of antibiotics at local and national levels, with the ultimate
aim of curbing the global spread of antibiotic resistance [51]. Briefly,
antibiotics such as cefoperazone, ciprofloxacin, and norfloxacin, which
fall under the Watch category, generally possess a higher potential for
selecting antibiotic-resistant bacteria [52]. In this study, C.jejuni
exhibited a high level of resistance to these antibiotics. In contrast,
although antibiotics like imipenem, meropenem, erythromycin, and
azithromycin also belong to the Watch category, they demonstrated
relatively low resistance levels. Antibiotics in the Access category,
including cephradine, penicillin, sulfamethoxazole, tetracycline, and
doxycycline, are commonly used as first or second choice empiric
treatment options for infectious syndromes. Previous research has
indicated that these antibiotics tend to have lower resistance rates
compared to those in other categories [53]. However, in this study, a
high level of resistance of C.jejuni to these Access category antibiotics
was detected. This implies that the clinical application of these antibi-
otics in the treatment of campylobacteriosis caused by C.jejuni might
lead to treatment failure. Therefore, further monitoring and standard-
ized use of these antibiotics are urgently required to ensure their future
effectiveness.

In addition, the results obtained in this study revealed that in China,
the resistance of C. jejuni to antibiotics such as ampicillin, cefotaxime,
gentamicin, kanamycin, azithromycin, clindamycin, and chloramphen-
icol has exhibited an upward trend over time, regardless of whether the
sources are human or animal (Fig. 5). This trend could potentially be
linked to the misuse of antibiotics in both clinical settings and agricul-
ture. In contrast, there has been a decline in the resistance of human-
sourced C. jejuni to streptomycin, levofloxacin, and tetracycline,
whereas animal-sourced strains displayed reduced resistance to eryth-
romycin, nalidixic acid, ciprofloxacin, sulfamethoxazole, and florfeni-
col. Between 2015 and 2019, the resistance of C. jejuni isolates from
humans to ciprofloxacin increased in nine EU member states, while the
resistance to erythromycin decreased in five member states. Differences
in occurrence or trends of resistance from animals were observed be-
tween countries [50]. Between 2000 and 2010, institutions such as the
National Medical Products Administration, the Ministry of Health, and
the Ministry of Agriculture successively introduced policies and actions
to address antibiotic resistance [54]. However, these measures were
limited to the rational use of antibiotics and clinical drug resistance
monitoring. Since 2011, China has comprehensively initiated the
monitoring and control of antibiotic resistance. In 2012, the National
Health Commission issued the clinical application management methods
for antimicrobial drugs [55]. In the agricultural sector, antibiotics such
as lumefantrine and colistin sulphate were successively banned for use
in food-producing animals from 2015 to 2017 [56,57]. The Ministry of
Agriculture and Rural Affairs implemented a comprehensive ban on the
addition of antibiotics in feed in 2020, and the following year, the na-
tional action plan for the reduction of veterinary antimicrobial use
(2021-2025) was released and implemented [58,59]. From 2017 to
2022, the Ministry of Agriculture released a plan for monitoring bacte-
rial drug resistance in animal sources. The implementation of the above-
mentioned antibiotic resistance management strategies has effectively
strengthened the supervision of antibiotic use and further inhibited the
growth of bacterial drug resistance [60]. The decrease in resistance of
C. jejuni to certain antibiotics observed in this study correlates with the
implementation and application of the above-mentioned management
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plans. However, China’s status as a major global producer and user of
antibiotics, combined with widespread abuse and residue of antibiotics,
makes the domestic problem of antibiotic resistance still very severe
[61].

In the prevention and treatment of diseases in animals and humans,
the cross-use of antibiotics has facilitated the emergence of multidrug-
resistant bacteria (MDRB), posing a grave challenge to clinical therapy
and hospital infection control [62]. In this study, the overall multidrug
resistance rate of C. jejuni reached 72.8 %. Compared to other sources,
the MDR rate of human-sourced C. jejuni was the lowest (Table 3). This
trend may be associated with the relatively cautious use of antibiotics in
clinical settings [63]. Noreen Z et al. [64] found that over 90 % of
C. jejuni strains isolated from children with diarrhea in Pakistan
exhibited MDR, a proportion higher than this study. Moreover, cluster
analysis indicates that these strains can persist in the food chain and
spread from animals to humans. Similar scenarios of C. jejuni MDR have
been reported in other countries and regions [65-67]. Further elucida-
tion of the MDR pattern of C. jejuni from different regions and sources
within China is needed to better coordinate surveillance programs and
strategies for antibiotic use control in both the medical and agricultural
fields.

The T86I point mutation in the C. jejuni DNA gyrase A (gyrA) gene
can lead to the emergence of resistance to quinolone antibiotics, which is
currently the most frequently detected mechanism [68]. In this study,
the pooled prevalence of gyrA_T86I reached as high as 94.8 %, and
similar results have been reported in other studies [69-72]. Addition-
ally, these findings indicate a correlation between the phenotypic and
genotypic resistance of C. jejuni to quinolones, which can partly explain
the high resistance of C. jejuni isolated in China to quinolone antibiotics
(Table 4). Similarly, a strong correlation was observed between the
genotypic and phenotypic resistance to tetracyclines, with a high pooled
prevalence of the tet(O) gene (79.0 %), which has also been reflected in
other studies, such as in C. jejuni isolated from an abattoir in Argentina,
where the tet(O) gene was detected in over 70 % of the isolates [73]. In
contrast, the pooled prevalence of resistance determinants for macro-
lides, p-lactams, aminoglycosides, phenicols, and lincosamides were
lower (such as 23S rRNA_A2075G, erm(B), blaoxa.1ss, aph(3)-Illa,
catA13, inu(C), etc.), and similar results have been reported in other
studies [72,74-78]. Notably, the pooled prevalence of the functional
multidrug efflux pump RE-cmeABC was as high as 71.3 %, which will
further contribute to the increased resistance of C. jejuni to quinolones,
macrolides, tetracyclines, p-lactams, and phenicols [79].

The pathogenicity of Campylobacter is closely associated with
flagellar motility, adhesion, invasion, and the production of cytolethal
distending toxin (CDT). These characteristics are regulated by specific
genes, leading to infections and colonization in humans and animals
[80]. Adhesion, a prerequisite for invasion, is regulated by several genes
including cadF and racR [81]. In this study, both cadF and racR genes
were detected at higher pooled prevalence (Table 5), consistent with
findings from Sierra-Arguello et al. [82] and Jribi et al. [83], who
discovered that C. jejuni isolated from poultry and its by-products all
carried the cadF gene. Although the carriage rate of the racR gene varies
depending on the source of the isolates, the higher carriage rate remains
similar to the results of this study, a phenomenon also observed in other
countries or regions [84-87]. Regarding invasion-related genes, this
study found high pooled prevalence of ciaB, iamA, pldA, and ceuE genes,
highlighting their potential importance in the pathogenesis and survival
of C. jejuni. These genes are widely present in isolates from various
sources [88,89]. The pooled prevalence of the virB11 gene in this study
was only 1.5 %, similar to the results from Jribi et al. [83] and Datta
et al. [84]. However, Wysok et al. [90] found a higher prevalence of
virB11 in C. jejuni isolates from poultry and humans, which may be
related to genetic variations among isolates from different geographical
regions and the plasmid nature of virB11 [91]. The motility mediated by
the flagellar protein gene flaA plays a crucial role in the survival and
pathogenicity of C. jejuni. In this study, the pooled prevalence of this
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gene was 87.4 %. El-Hamid et al. [92], in their study of the genetic di-
versity of C. jejuni from poultry and human sources in Egypt, found that
all isolates possessed the flaA gene. The significant overlap of genes
among C. jejuni isolates from different sources suggests that poultry may
play a role in Campylobacter transmission to humans. Similar findings
have been reported globally [31,93-95]. In contrast, a computational
characterization of C. jejuni virulence genes worldwide by Panzenhagen
et al. [96] revealed an average prevalence of flaA below 35 %, with Asia
having a prevalence of 35.9 %, significantly lower than the results of this
study. This discrepancy might be related to the distribution of the gene
in overlapping groups or the integrity/quality of the genomes. The CDT
consists of three subunits (CdtA, CdtB, and CdtC), encoded by cdtA, cdtB,
and cdtC genes, respectively [75]. In this study, the pooled prevalences
of the toxin genes cdtA, cdtB, and cdtC were 83.2 %, 97.1 %, and 97.0 %,
respectively. According to reports, the prevalence of cdtA, cdtB, and cdtC
in C. jejuni isolated from food, animals, and humans in northern Italy
was 100 % [97]. A high prevalence has also been reported in countries
and regions like Bangladesh [98], Lithuania [99], Turkiye [95] and
Egypt [100]. Current research suggests that the wlaN gene is closely
related to GBS following Campylobacter infection [101]. The distribution
of this gene varies among C. jejuni isolates from different sources and
regions. In the study by Guirado et al. [102], the wlaN gene was detected
at a rate of <20 % in C. jejuni isolated from human and animal sources.
Ramires et al. [103] found that 25 % of isolates (2/8) from the broiler
chicken production chain tested positive for the wlaN gene, similar to
the 23.1 % rate in this study (Table 5), but the small sample size may
limit comparability. More pronounced differences in wlaN distribution
were observed in studies by Gharbi et al. [86] and Andrzejewska et al.
[104], necessitating further research to clarify these distribution dis-
crepancies. The chemotaxis system of Campylobacter exhibits unique
precision and sensitivity in responding to external stimuli, critical for its
colonization and pathogenicity. In this process, cheW and cheY genes
involved in chemotaxis have been proven to play key roles [105]. In this
study, the pooled prevalence of cheW and cheY genes in C. jejuni in China
were 100.0 % and 99.6 %, respectively, obviously higher than other
virulence genes included in this study. Woyda et al. [106] found that
cheW and cheY genes were present in all C. jejuni isolates from broiler
chicken feces, which may allow them to adhere to surfaces and persist
through cleaning and flagellin glycosylation that increases their ability
to adhere and invade human epithelial cells.

5. Conclusion

Analysis of literature published between 2000 and 2023 confirmed
that the pooled prevalences of C. jejuni varies by source. The overall
prevalence of C. jejuni showed an increasing trend over time. Coastal
areas of China had a higher pooled prevalence of C. jejuni than other
regions, despite the significant heterogeneity. This study also revealed
the prevalence of resistant C. jejuni. Regardless of the source of isolation,
C. jejuni overall showed high resistance to p-lactams, quinolones, and
tetracyclines. Compared to other sources of isolation, the issue of AMR
in C. jejuni originating from animals is particularly severe. From a
temporal perspective, although there has been a decline in resistance to
certain antibiotics, an increase in resistance to more antibiotics is
prevalent. Furthermore, the problem of MDR in C. jejuni is particularly
severe, which could potentially have a significant impact on the effec-
tiveness of antibiotic use in clinical and agricultural settings domesti-
cally. The results on antibiotic resistance determinants and virulence
genes reveal that domestic C. jejuni exhibits a high prevalence of major
resistance and virulence genes, with a significant correlation between
resistance and the carriage rate of these genes. Although China has
currently implemented effective measures to address the prevalence and
resistance issues of C. jejuni, many long-term strategies focus more on
monitoring, especially in the environmental and agricultural sectors. In
the future, a systematic surveillance framework for the epidemiology
and drug resistance of C. jejuni under the multi-angle perspective of
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“environment-animal-food-human” should be established based on the
“One Health” theory. Corresponding control strategies should be
formulated to ensure public health and hygiene safety.

Declaration of generative Al in scientific writing

During the preparation of this work, the authors used Moonshot Al
and iFLYTEK Spark to enhance the readability and clarity of this
manuscript. The Al assistance was limited to language polishing and did
not contribute to the research design, data analysis, interpretation, or
authorship of the content. After using this tool, the authors reviewed and
edited the content as needed and took full responsibility for the content
of the publication.

Funding

This research was funded by the Shanghai Agricultural Science and
Technology Innovation Project (grant number 2023-02-08-00-12-
F04610) and Shanghai Food Safety Risk Assessment Project (grant
number RA-2023-16, RA-2024-10).

CRediT authorship contribution statement

Zhao Li: Writing — review & editing, Writing — original draft, Vali-
dation, Investigation, Formal analysis, Conceptualization. Hua Cai:
Visualization, Data curation. Biyao Xu: Visualization, Data curation.
Qingli Dong: Writing — review & editing, Supervision, Funding acqui-
sition. Kai Jia: Methodology, Investigation, Formal analysis. Zijie Lin:
Writing — review & editing, Formal analysis. Xiang Wang: Methodol-
ogy, Investigation, Formal analysis. Yangtai Liu: Methodology, Inves-
tigation, Formal analysis. Xiaojie Qin: Writing — review & editing,
Validation, Supervision, Resources, Funding acquisition, Formal anal-
ysis, Conceptualization.

Declaration of competing interest

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

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.0onehlt.2025.100990.

Data availability
Data will be made available on request.

References

[1] S. Swarnakar, P. Chowhan, A.P. Chakraborty, An Overview of Food-Borne
Pathogenic Microbes: Classification, Mode of Actions, and Recent Advances in
Strategies for Management of Food-Borne Pathogens, Food Production, Diversity,
and Safety Under Climate Change, 2024, pp. 307-318, https://doi.org/10.1007/
978-3-031-51647-4_25.

S. Abay, T. Kayman, B. Otlu, H. Hizlisoy, F. Aydin, N. Ertas, Genetic diversity and
antibiotic resistance profiles of Campylobacter jejuni isolates from poultry and
humans in Turkey, Int. J. Food Microbiol. 178 (2014) 29-38, https://doi.org/
10.1016/j.ijfoodmicro.2014.03.003.

J. Finsterer, Triggers of Guillain-Barré syndrome: Campylobacter jejuni
predominates, Int. J. Mol. Sci. 23 (2022) 14222, https://doi.org/10.3390/
ijms232214222.

T. Kayman, S. Abay, F. Aydin, O. Sahin, Antibiotic resistance of Campylobacter
Jjejuni isolates recovered from humans with diarrhoea in Turkey, J. Med.
Microbiol. 68 (2019) 136-142, https://doi.org/10.1099/jmm.0.000890.

M. Qu, M. Zhang, X. Zhang, L. Jia, J. Xu, Y. Chu, Z. Liang, B. Lv, H. Liang,

Y. Huang, Molecular and epidemiologyical analysis of a Campylobacter jejuni
outbreak in China, 2018, J. Infect. Dev. Count. 13 (2019) 1086-1094, https://
doi.org/10.3855/jidc.11408.

[2

—

[3]

[4]

(5]

10

[6]

[71

[8]

[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

One Health 20 (2025) 100990

J. Huang, X. Zang, W. Zhai, C. Guan, T. Lei, X. Jiao, Campylobacter spp. in
chicken-slaughtering operations: A risk assessment of human campylobacteriosis
in East China, Food Control 86 (2018) 249-256, https://doi.org/10.1016/].
foodcont.2017.11.026.

M. Zhang, Q. Li, L. He, F. Meng, Y. Gu, M. Zheng, Y. Gong, P. Wang, F. Ruan,
L. Zhou, Association study between an outbreak of Guillain-Barre syndrome in
Jilin, China, and preceding Campylobacter jejuni infection, Foodborne Pathog. Dis.
7 (2010) 913-919, https://doi.org/10.1089/fpd.2009.0493.

L. Zhang, Y. Shao, Y. Li, S. Li, H. Lou, Y. Hu, P. Shao, X. Liu, Y. Wu, Y. Zhang,
Epidemiological and molecular investigations of sequential outbreaks of
Campylobacter jejuni infecting adults and schoolchildren in southeastern China,
2021-2022, Int. J. Infect. Dis. 144 (2024) 107055, https://doi.org/10.1016/j.
ijid.2024.107055.

A. Igwaran, A.I. Okoh, Human campylobacteriosis: A public health concern of
global importance, Heliyon 5 (2019) 11, https://doi.org/10.1016/j.
heliyon.2019.e02814.

F. Aydin, T. Kayman, S. Abay, H. Hizlisoy, I.B. Saticioglu, E. Karakaya, O. Sahin,
MLST genotypes and quinolone resistance profiles of Campylobacter jejuni isolates
from various sources in Turkey, Int. J. Food Microbiol. 391 (2023) 110137,
https://doi.org/10.1016/j.ijfoodmicro.2023.110137.

F. Akram, M. Imtiaz, I. Ul Haq, Emergent crisis of antibiotic resistance: A silent
pandemic threat to 21st century, Microb. Pathog. 174 (2023) 105923, https://
doi.org/10.1016/j.micpath.2022.105923.

K.W.K. Tang, B.C. Millar, J.E. Moore, Antimicrobial resistance (AMR), Br. J.
Biomed. Sci. 80 (2023) 11387, https://doi.org/10.3389/bjbs.2023.11387.

P. Zhang, X. Zhang, Y. Liu, J. Jiang, Z. Shen, Q. Chen, X. Ma, Multilocus sequence
types and antimicrobial resistance of Campylobacter jejuni and C. coli isolates of
human patients from Beijing, China, 2017-2018, Front. Microbiol. 11 (2020)
554784, https://doi.org/10.3389/fmicb.2020.554784.

X. Han, D. Zhu, H. Lai, H. Zeng, K. Zhou, L. Zou, C. Wu, G. Han, S. Liu,
Prevalence, antimicrobial resistance profiling and genetic diversity of
Campylobacter jejuni and Campylobacter coli isolated from broilers at slaughter in
China, Food Control 69 (2016) 160-170, https://doi.org/10.1016/j.
foodcont.2016.04.051.

M. Tang, Q. Zhou, X. Zhang, S. Zhou, J. Zhang, X. Tang, J. Lu, Y. Gao, Antibiotic
resistance profiles and molecular mechanisms of Campylobacter from chicken and
pig in China, Front. Microbiol. 11 (2020) 592496, https://doi.org/10.3389/
fmicb.2020.592496.

J.A. Khan, H.H. Abulreesh, R. Kumar, Samreen, I. Ahmad, Antibiotic resistance in
Campylobacter jejuni: mechanism, status, and public health significance,
Antibacterial drug discovery to combat MDR: natural compounds,
nanotechnology and novel synthetic sources, 2019, pp. 95-114, https://doi.org/
10.1007/978-981-13-9871-1_4.

C. Kiirekci, F. Sakin, L. Epping, M.-T. Kniiver, T. Semmler, K. Stingl, et al., Front.
Microbiol. 12 (2021) 712106, https://doi.org/10.3389/fmicb.2021.712106.

L. Kemper, A. Hensel, Campylobacter jejuni: targeting host cells, adhesion,
invasion, and survival, Appl. Microbiol. Biotechnol. 107 (2023) 2725-2754,
https://doi.org/10.1007/500253-023-12456-w.

C. Kurekei, S. Pehlivanlar Onen, Characteristics of ciprofloxacin resistant
Campylobacter spp. isolated from chicken meat in Turkey, J. Food Meas. Charact.
11 (2017) 586-591, https://doi.org/10.1007/511694-016-9426-9.

M.J. Page, J.E. McKenzie, P.M. Bossuyt, 1. Boutron, T.C. Hoffmann, C.D. Mulrow,
L. Shamseer, J.M. Tetzlaff, E.A. AKl, S.E. Brennan, The PRISMA 2020 statement:
an updated guideline for reporting systematic reviews, BMJ 372 (2021), https://
doi.org/10.1136/bmj.n71.

Y. Kang, Food safety governance in China: Change and continuity, Food Control
106 (2019) 106752, https://doi.org/10.1016/j.foodcont.2019.106752.

L. Garcia-Sanchez, B. Melero, 1. Jaime, M.-L. Hanninen, M. Rossi, J. Rovira,
Campylobacter jejuni survival in a poultry processing plant environment, Food
Microbiol. 65 (2017) 185-192, https://doi.org/10.1016/j.fm.2017.02.009.

H.J. Je, S. Singh, D.W. Kim, H.S. Hur, A.L. Kim, E.J. Seo, O.K. Koo, Systematic
review and meta-analysis of Campylobacter species contamination in poultry,
meat, and processing environments in South Korea, Microorganisms 11 (2023)
2722, https://doi.org/10.3390/microorganisms11112722.

E. Rossler, M.L. Signorini, A. Romero-Scharpen, L.P. Soto, A. Berisvil, J.

A. Zimmermann, M.L. Fusari, C. Olivero, M.V. Zbrun, L.S. Frizzo, Meta-analysis of
the prevalence of thermotolerant Campylobacter in food-producing animals
worldwide, Zoonoses Public Health 66 (2019) 359-369, https://doi.org/
10.1111/zph.12558.

M.V. Zbrun, E. Rossler, A. Romero-Scharpen, L.P. Soto, A. Berisvil, J.

A. Zimmermann, M.L. Fusari, M. Signorini, L.S. Frizzo, Worldwide meta-analysis
of the prevalence of Campylobacter in animal food products, Res. Vet. Sci. 132
(2020) 69-77, https://doi.org/10.1016/j.rvsc.2020.05.017.

M. Plishka, J.M. Sargeant, A.L. Greer, S. Hookey, C. Winder, The prevalence of
Campylobacter in live cattle, Turkey, chicken, and swine in the United States and
Canada: A systematic review and meta-analysis, Foodborne Pathog. Dis. 18
(2021) 230-242, https://doi.org/10.1089/fpd.2020.2834.

T. Zenebe, N. Zegeye, T. Eguale, Prevalence of Campylobacter species in human,
animal and food of animal origin and their antimicrobial susceptibility in
Ethiopia: a systematic review and meta-analysis, Ann. Clin. Microbiol.
Antimicrob. 19 (2020) 1-11, https://doi.org/10.1186/512941-020-00405-8.

H. Hizlisoy, M. Barel, A. Dishan, S. Al, C. Gungor, K. Koskeroglu, H.B. Disli,

S. Hizlisoy, N.E. Onmaz, Y. Yildirim, Profiles of Campylobacter jejuni from raw
retail chicken meat: genetic diversity, pathogenic features, and antibiotic
resistance, Int. J. Food Sci. Technol. 59 (2024) 5537-5550, https://doi.org/
10.1111/ijfs.17277.


https://doi.org/10.1016/j.onehlt.2025.100990
https://doi.org/10.1016/j.onehlt.2025.100990
https://doi.org/10.1007/978-3-031-51647-4_25
https://doi.org/10.1007/978-3-031-51647-4_25
https://doi.org/10.1016/j.ijfoodmicro.2014.03.003
https://doi.org/10.1016/j.ijfoodmicro.2014.03.003
https://doi.org/10.3390/ijms232214222
https://doi.org/10.3390/ijms232214222
https://doi.org/10.1099/jmm.0.000890
https://doi.org/10.3855/jidc.11408
https://doi.org/10.3855/jidc.11408
https://doi.org/10.1016/j.foodcont.2017.11.026
https://doi.org/10.1016/j.foodcont.2017.11.026
https://doi.org/10.1089/fpd.2009.0493
https://doi.org/10.1016/j.ijid.2024.107055
https://doi.org/10.1016/j.ijid.2024.107055
https://doi.org/10.1016/j.heliyon.2019.e02814
https://doi.org/10.1016/j.heliyon.2019.e02814
https://doi.org/10.1016/j.ijfoodmicro.2023.110137
https://doi.org/10.1016/j.micpath.2022.105923
https://doi.org/10.1016/j.micpath.2022.105923
https://doi.org/10.3389/bjbs.2023.11387
https://doi.org/10.3389/fmicb.2020.554784
https://doi.org/10.1016/j.foodcont.2016.04.051
https://doi.org/10.1016/j.foodcont.2016.04.051
https://doi.org/10.3389/fmicb.2020.592496
https://doi.org/10.3389/fmicb.2020.592496
https://doi.org/10.1007/978-981-13-9871-1_4
https://doi.org/10.1007/978-981-13-9871-1_4
https://doi.org/10.3389/fmicb.2021.712106
https://doi.org/10.1007/s00253-023-12456-w
https://doi.org/10.1007/s11694-016-9426-9
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1016/j.foodcont.2019.106752
https://doi.org/10.1016/j.fm.2017.02.009
https://doi.org/10.3390/microorganisms11112722
https://doi.org/10.1111/zph.12558
https://doi.org/10.1111/zph.12558
https://doi.org/10.1016/j.rvsc.2020.05.017
https://doi.org/10.1089/fpd.2020.2834
https://doi.org/10.1186/s12941-020-00405-8
https://doi.org/10.1111/ijfs.17277
https://doi.org/10.1111/ijfs.17277

Z. Lietal

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

O. Sahin, L.I. Kassem, Z. Shen, J. Lin, G. Rajashekara, Q. Zhang, Campylobacter in
poultry: ecology and potential interventions, Avian Dis. 59 (2015) 185-200,
https://doi.org/10.3389/fcimb.2012.00021.

Y.-S. Kang, Y.-S. Cho, S.-K. Yoon, M.-A. Yu, C.-M. Kim, J.-O. Lee, Y.-R. Pyun,
Prevalence and antimicrobial resistance of Campylobacter jejuni and
Campylobacter coli isolated from raw chicken meat and human stools in Korea,
J. Food Prot. 69 (2006) 2915-2923, https://doi.org/10.4315/0362-028X-
69.12.2915.

H. Hizlisoy, P. Sagiroglu, M. Barel, A. Dishan, C. Gungor, K. Koskeroglu,

S. Hizlisoy, M.A. Atalay, Campylobacter jejuni and Campylobacter coli in human
stool samples: antibiotic resistance profiles, putative virulence determinants and
molecular characterization of the isolates, World J. Microbiol. Biotechnol. 39
(2023) 353, https://doi.org/10.1007/s11274-023-03786-y.

A.O. Coker, R.D. Isokpehi, B.N. Thomas, K.O. Amisu, C.L. Obi, Human
campylobacteriosis in developing countriesl, Emerg. Infect. Dis. 8 (2002) 237,
https://doi.org/10.3201/eid0803.010233.

N.O. Kaakoush, N. Castano-Rodriguez, H.M. Mitchell, S.M. Man, Global
epidemiology of Campylobacter infection, Clin. Microbiol. Rev. 28 (2015)
687-720, https://doi.org/10.1016/B978-0-12-397169-2.00067-6.

S. Hameed, L. Xie, Y. Ying, Conventional and emerging detection techniques for
pathogenic bacteria in food science: A review, Trends Food Sci. Technol. 81
(2018) 61-73, https://doi.org/10.1016/].tifs.2018.05.020.

C. Mora, T. McKenzie, .M. Gaw, J.M. Dean, H. von Hammerstein, T.A. Knudson,
R.O. Setter, C.Z. Smith, K.M. Webster, J.A. Patz, Over half of known human
pathogenic diseases can be aggravated by climate change, Nat. Clim. Chang. 12
(2022) 869-875, https://doi.org/10.1038/s41558-022-01426-1.

E. Austhof, S. Warner, K. Helfrich, K. Pogreba-Brown, H.E. Brown, Y.

C. Klimentidis, E.S. Walter, R.H. Jervis, A.E. White, Exploring the association of
weather variability on Campylobacter-A systematic review, Environ. Res. 118796
(2024), https://doi.org/10.1016/j.envres.2024.118796.

D.J. Prosser, J. Wu, E.C. Ellis, F. Gale, T.P. Van Boeckel, W. Wint, T. Robinson,
X. Xiao, M. Gilbert, Modelling the distribution of chickens, ducks, and geese in
China, Agric. Ecosyst. Environ. 141 (2011) 381-389, https://doi.org/10.1016/j.
agee.2011.04.002.

W.G. Al Hakeem, S. Fathima, R. Shanmugasundaram, R.K. Selvaraj,
Campylobacter jejuni in poultry: Pathogenesis and control strategies,
Microorganisms 10 (2022) 2134, https://doi.org/10.3390/
microorganisms10112134.

C.K. Olson, S. Ethelberg, W. van Pelt, R.V. Tauxe, Epidemiology of Campylobacter
jejuni infections in industrialized nations, Campylobacter (2008) 163-189,
https://doi.org/10.1128/9781555815554.ch9.

T.R. Julian, Environmental transmission of diarrheal pathogens in low and
middle income countries, Environ Sci Process Impacts 18 (2016) 944-955,
https://doi.org/10.1039/C6EM00222F.

A. Lianou, J.N. Sofos, A review of the incidence and transmission of Listeria
monocytogenes in ready-to-eat products in retail and food service environments,
J. Food Prot. 70 (2007) 2172-2198, https://doi.org/10.4315/0362-028X-
70.9.2172.

A. Wilcock, M. Pun, J. Khanona, M. Aung, Consumer attitudes, knowledge and
behaviour: a review of food safety issues, Trends Food Sci. Technol. 15 (2004)
56-66, https://doi.org/10.1016/].tifs.2003.08.004.

P. Liu, Tracing and periodizing China’s food safety regulation: A study on China’s
food safety regime change, Regulat. Govern. 4 (2010) 244-260, https://doi.org/
10.1111/j.1748-5991.2010.01078.x.

P.M. Burnham, D.R. Hendrixson, Campylobacter jejuni: collective components
promoting a successful enteric lifestyle, Nat. Rev. Microbiol. 16 (2018) 551-565,
https://doi.org/10.1038/541579-018-0037-9.

J. Wang, Z. Wang, J. Zhang, Y. Ding, Z. Ma, F. Jiang, X. Nie, S. Tang, M. Chen,
S. Wu, Prevalence, antibiotic susceptibility and genetic diversity of Campylobacter
jejuni isolated from retail food in China, Lwt 143 (2021) 111098, https://doi.org/
10.1016/j.1wt.2021.111098.

D. Zeng, X. Zhang, F. Xue, Y. Wang, L. Jiang, Y. Jiang, Phenotypic characters and
molecular epidemiology of Campylobacter jejuni in East China, J. Food Sci. 81
(2016) M106-M113, https://doi.org/10.1111/1750-3841.13146.

S. Buyukunal, K. Muratoglu, F.Y. Eker, M.G. Gundemir, S. Topcuoglu,

A. Koluman, Ten-year comparison of the efficiency of legal regulations of
foodborne pathogens in broilers in Tiirkiye, J. Hellenic Vet. Med. Soc. 75 (2024)
7693-7708, https://doi.org/10.12681/jhvms.34315.

B. Aslam, M. Khurshid, M.I. Arshad, S. Muzammil, M. Rasool, N. Yasmeen,

T. Shah, T.H. Chaudhry, M.H. Rasool, A. Shahid, Antibiotic resistance: one health
one world outlook, Front. Cell. Infect. Microbiol. 11 (2021) 771510, https://doi.
org/10.3389/fcimb.2021.771510.

S. Abukhattab, H. Taweel, A. Awad, L. Crump, P. Vonaesch, J. Zinsstag,

J. Hattendorf, N.M. Abu-Rmeileh, Systematic review and meta-analysis of
integrated studies on Salmonella and Campylobacter prevalence, serovar, and
phenotyping and genetic of antimicrobial resistance in the Middle East-A One
health perspective, Antibiotics 11 (2022) 536, https://doi.org/10.3390/
antibiotics11050536.

E. F. S. Authority, E. C. f. D. Prevention and Control, The European Union
Summary Report on Antimicrobial Resistance in zoonotic and indicator bacteria
from humans, animals and food in 2018/2019, EFSA J. 19 (2021) e06490,
https://doi.org/10.2903/j.efsa.2023.7867.

1. Pauwels, A. Versporten, N. Drapier, E. Vlieghe, H. Goossens, Hospital antibiotic
prescribing patterns in adult patients according to the WHO Access, Watch and
Reserve classification (AWaRe): Results from a worldwide point prevalence

11

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

One Health 20 (2025) 100990

survey in 69 countries, J. Antimicrob. Chemother. 76 (2021) 1614-1624, https://
doi.org/10.1093/jac/dkab050.

1. Adekoya, D. Maraj, L. Steiner, H. Yaphe, L. Moja, N. Magrini, G. Cooke,

M. Loeb, N. Persaud, Comparison of antibiotics included in national essential
medicines lists of 138 countries using the WHO Access, Watch, Reserve (AWaRe)
classification: a cross-sectional study, Lancet Infect. Dis. 21 (2021) 1429-1440,
https://doi.org/10.1016,/51473-3099(20)30854-9.

L. Moja, V. Zanichelli, D. Mertz, S. Gandra, B. Cappello, G.S. Cooke, P. Chuki,
S. Harbarth, C. Pulcini, M. Mendelson, WHO’s essential medicines and AWaRe:
recommendations on first-and second-choice antibiotics for empiric treatment of
clinical infections, Clin. Microbiol. Infect. 30 (2024) S1-S51, https://doi.org/
10.1016/j.cmi.2024.02.003.

J. Yin, Y. Wang, X. Xu, Y. Liu, L. Yao, Q. Sun, The progress of global antimicrobial
resistance governance and its implication to China: A review, Antibiotics 10
(2021) 1356, https://doi.org/10.3390/antibiotics10111356.

Y. Xiao, L. Li, Legislation of clinical antibiotic use in China, Lancet Infect. Dis. 13
(2013) 189-191, https://doi.org/10.1016/51473-3099(13)70011-2.

L. Sha, X. Tang, D. Liu, Y. Xu, Y. Ding, F. Ding, Detection and quantitation of
lomefloxacin and pefloxacin residues in the organ tissues and eggs of laying hens,
J. Food Prot. 81 (2018) 810-814, https://doi.org/10.4315/0362-028X.JFP-17-
422,

Y. Wang, C. Xu, R. Zhang, Y. Chen, Y. Shen, F. Hu, D. Liu, J. Lu, Y. Guo, X. Xia,
Changes in colistin resistance and mcr-1 abundance in Escherichia coli of animal
and human origins following the ban of colistin-positive additives in China: an
epidemiological comparative study, Lancet Infect. Dis. 20 (2020) 1161-1171,
https://doi.org/10.1016/51473-3099(20)30149-3.

B. Liu, W. Wang, Z. Deng, C. Ma, N. Wang, C. Fu, H. Lambert, F. Yan, Antibiotic
governance and use on commercial and smallholder farms in eastern China,
Front. Vet. Sci. 10 (2023) 1128707, https://doi.org/10.3389/
fvets.2023.1128707.

Y. Shao, Y. Wang, Y. Yuan, Y. Xie, A systematic review on antibiotics misuse in
livestock and aquaculture and regulation implications in China, Sci. Total
Environ. 798 (2021) 149205, https://doi.org/10.1016/j.scitotenv.2021.149205.
J. Qu, Y. Huang, X. Lv, Crisis of antimicrobial resistance in China: now and the
future, Front. Microbiol. 10 (2019) 2240, https://doi.org/10.3389/
fmicb.2019.02240.

R. Hao, R. Zhao, S. Qiu, L. Wang, H. Song, Antibiotics crisis in China, Science 348
(2015) 1100-1101, https://doi.org/10.1126/science.348.6239.1100-d.

A. Catalano, D. Iacopetta, J. Ceramella, D. Scumaci, F. Giuzio, C. Saturnino,

S. Aquaro, C. Rosano, M.S. Sinicropi, Multidrug resistance (MDR): A widespread
phenomenon in pharmacological therapies, Molecules 27 (2022) 616, https://
doi.org/10.3390/molecules27030616.

X. Zhen, C. Stalsby Lundborg, X. Sun, X. Hu, H. Dong, The clinical and economic
impact of antibiotic resistance in China: a systematic review and meta-analysis,
Antibiotics 8 (2019) 115, https://doi.org/10.3390/antibiotics8030115.

Z. Noreen, F. Siddiqui, S. Javed, B.W. Wren, H. Bokhari, Transmission of
multidrug-resistant Campylobacter jejuni to children from different sources in
Pakistan, J. Global Antimicrob. Resist. 20 (2020) 219-224, https://doi.org/
10.1016/j.jgar.2019.07.018.

E. F. S. Authority, The European Union Summary Report on Antimicrobial
Resistance in zoonotic and indicator bacteria from humans, animals and food in
2020/2021, EFSA J. 21 (2023), https://doi.org/10.2903/].efsa.2023.7867.

A. Garcia-Fernandez, A.M. Dionisi, S. Arena, Y. Iglesias-Torrens, A. Carattoli,

1. Luzzi, Human campylobacteriosis in Italy: emergence of multi-drug resistance
to ciprofloxacin, tetracycline, and erythromycin, Front. Microbiol. 9 (2018) 1906,
https://doi.org/10.3389/fmicb.2018.01906.

M. Gharbi, A. Béjaoui, C. Ben Hamda, N. Alaya, S. Hamrouni, G. Bessoussa,

A. Ghram, A. Maaroufi, Campylobacter spp. in eggs and laying hens in the North-
East of Tunisia: High prevalence and multidrug-resistance phenotypes, Vet. Sci. 9
(2022) 108, https://doi.org/10.3390/vetsci9030108.

N. Espinoza, J. Rojas, S. Pollett, R. Meza, L. Patino, M. Leiva, M. Camina,

M. Bernal, N.D. Reynolds, R. Maves, Validation of the T86I mutation in the gyrA
gene as a highly reliable real time PCR target to detect Fluoroquinolone-resistant
Campylobacter jejuni, BMC Infect. Dis. 20 (2020) 1-7, https://doi.org/10.1186/
$12879-020-05202-4.

A. Devi, T.J. Mahony, J.M. Wilkinson, T. Vanniasinkam, Antimicrobial
susceptibility of clinical isolates of Campylobacter jejuni from New South Wales,
Australia, J. Global Antimicrob. Resist. 16 (2019) 76-80, https://doi.org/
10.1016/j.jgar.2018.09.011.

M. Elhadidy, W.G. Miller, H. Arguello, A. Alvarez-Ordénez, A. Duarte, K. Dierick,
N. Botteldoorn, Genetic basis and clonal population structure of antibiotic
resistance in Campylobacter jejuni isolated from broiler carcasses in Belgium,
Front. Microbiol. 9 (2018) 1014, https://doi.org/10.3389/fmicb.2018.01014.
G. Ghielmetti, H.M. Seth-Smith, T. Roloff, N. Cernela, M. Biggel, R. Stephan,

A. Egli, Whole-genome-based characterization of Campylobacter jejuni from
human patients with gastroenteritis collected over an 18 year period reveals
increasing prevalence of antimicrobial resistance, Microb. Genom. 9 (2023)
000941, https://doi.org/10.1099/mgen.0.000941.

W. Quino, J. Caro-Castro, V. Hurtado, D. Flores-Ledn, N. Gonzalez-Escalona, R.
G. Gavilan, Genomic analysis and antimicrobial resistance of Campylobacter jejuni
and Campylobacter coli in Peru, Front. Microbiol. 12 (2022) 802404, https://doi.
org/10.3389/fmicb.2021.802404.

M.E. Schreyer, C.R. Olivero, E. Rossler, L.P. Soto, L.S. Frizzo, J.A. Zimmermann,
M.L. Signorini, Z.M. Virginia, Prevalence and antimicrobial resistance of
Campylobacter jejuni and C. coli identified in a slaughterhouse in Argentina, Curr.
Res. Food Sci. 5 (2022) 590-597, https://doi.org/10.1016/j.crfs.2022.03.005.


https://doi.org/10.3389/fcimb.2012.00021
https://doi.org/10.4315/0362-028X-69.12.2915
https://doi.org/10.4315/0362-028X-69.12.2915
https://doi.org/10.1007/s11274-023-03786-y
https://doi.org/10.3201/eid0803.010233
https://doi.org/10.1016/B978-0-12-397169-2.00067-6
https://doi.org/10.1016/j.tifs.2018.05.020
https://doi.org/10.1038/s41558-022-01426-1
https://doi.org/10.1016/j.envres.2024.118796
https://doi.org/10.1016/j.agee.2011.04.002
https://doi.org/10.1016/j.agee.2011.04.002
https://doi.org/10.3390/microorganisms10112134
https://doi.org/10.3390/microorganisms10112134
https://doi.org/10.1128/9781555815554.ch9
https://doi.org/10.1039/C6EM00222F
https://doi.org/10.4315/0362-028X-70.9.2172
https://doi.org/10.4315/0362-028X-70.9.2172
https://doi.org/10.1016/j.tifs.2003.08.004
https://doi.org/10.1111/j.1748-5991.2010.01078.x
https://doi.org/10.1111/j.1748-5991.2010.01078.x
https://doi.org/10.1038/s41579-018-0037-9
https://doi.org/10.1016/j.lwt.2021.111098
https://doi.org/10.1016/j.lwt.2021.111098
https://doi.org/10.1111/1750-3841.13146
https://doi.org/10.12681/jhvms.34315
https://doi.org/10.3389/fcimb.2021.771510
https://doi.org/10.3389/fcimb.2021.771510
https://doi.org/10.3390/antibiotics11050536
https://doi.org/10.3390/antibiotics11050536
https://doi.org/10.2903/j.efsa.2023.7867
https://doi.org/10.1093/jac/dkab050
https://doi.org/10.1093/jac/dkab050
https://doi.org/10.1016/S1473-3099(20)30854-9
https://doi.org/10.1016/j.cmi.2024.02.003
https://doi.org/10.1016/j.cmi.2024.02.003
https://doi.org/10.3390/antibiotics10111356
https://doi.org/10.1016/S1473-3099(13)70011-2
https://doi.org/10.4315/0362-028X.JFP-17-422
https://doi.org/10.4315/0362-028X.JFP-17-422
https://doi.org/10.1016/S1473-3099(20)30149-3
https://doi.org/10.3389/fvets.2023.1128707
https://doi.org/10.3389/fvets.2023.1128707
https://doi.org/10.1016/j.scitotenv.2021.149205
https://doi.org/10.3389/fmicb.2019.02240
https://doi.org/10.3389/fmicb.2019.02240
https://doi.org/10.1126/science.348.6239.1100-d
https://doi.org/10.3390/molecules27030616
https://doi.org/10.3390/molecules27030616
https://doi.org/10.3390/antibiotics8030115
https://doi.org/10.1016/j.jgar.2019.07.018
https://doi.org/10.1016/j.jgar.2019.07.018
https://doi.org/10.2903/j.efsa.2023.7867
https://doi.org/10.3389/fmicb.2018.01906
https://doi.org/10.3390/vetsci9030108
https://doi.org/10.1186/s12879-020-05202-4
https://doi.org/10.1186/s12879-020-05202-4
https://doi.org/10.1016/j.jgar.2018.09.011
https://doi.org/10.1016/j.jgar.2018.09.011
https://doi.org/10.3389/fmicb.2018.01014
https://doi.org/10.1099/mgen.0.000941
https://doi.org/10.3389/fmicb.2021.802404
https://doi.org/10.3389/fmicb.2021.802404
https://doi.org/10.1016/j.crfs.2022.03.005

Z. Lietal

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

C.N. Gomes, M.R. Frazao, J. Passaglia, S.S. Duque, M.I.C. Medeiros, J.P. Falcao,
Molecular epidemiology and resistance profile of Campylobacter jejuni and
Campylobacter coli strains isolated from different sources in Brazil, Microb. Drug
Resist. 26 (2020) 1516-1525, https://doi.org/10.1089/mdr.2019.0266.

D.M. Hull, E. Harrel, L. Harden, S. Thakur, Detection of resistance and virulence
plasmids in Campylobacter coli and Campylobacter jejuni isolated from North
Carolina food animal production, 2018-2019, Food Microbiol. 116 (2023)
104348, https://doi.org/10.1016/j.fm.2023.104348.

F. Schiaffino, C.T. Parker, M.P. Olortegui, B. Pascoe, K.M. Villanueva, P.F.

G. Bardales, E. Mourkas, S. Huynh, P.P. Yori, L.R. Cachique, Genomic resistant
determinants of multidrug-resistant Campylobacter spp. isolates in Peru, J. Global
Antimicrob. Resist. 36 (2024) 309-318, https://doi.org/10.1016/j.
jgar.2024.01.009.

R.L. Wallace, D.M. Bulach, A.V. Jennison, M. Valcanis, A. McLure, J.J. Smith,
T. Graham, T. Saputra, S. Firestone, S. Symes, Molecular characterization of
Campylobacter spp. recovered from beef, chicken, lamb and pork products at retail
in Australia, PLoS One 15 (2020) e0236889, https://doi.org/10.1371/journal.
pone.0236889.

B. Wysok, J. Wojtacka, M.-L. Hanninen, R. Kivisto, Antimicrobial resistance and
virulence-associated markers in Campylobacter strains from diarrheic and non-
diarrheic humans in Poland, Front. Microbiol. 11 (2020) 1799, https://doi.org/
10.3389/fmicb.2020.01799.

Z. Shen, Y. Wang, Q. Zhang, J. Shen, Antimicrobial resistance in Campylobacter
spp, Microbiol. Spectrum. 6 (2018), https://doi.org/10.1128/microbiolspec.arba-
0013-2017.

N. Tegtmeyer, I. Sharafutdinov, A. Harrer, D. Soltan Esmaeili, B. Linz, S. Backert,
Campylobacter virulence factors and molecular host-pathogen interactions,
Fighting Campylobacter Infections: Towards a One Health Approach, 2021,

pp. 169-202, https://doi.org/10.1007/978-3-030-65481-8_7.

D.J. Bolton, Campylobacter virulence and survival factors, Food Microbiol. 48
(2015) 99-108, https://doi.org/10.1016/j.fm.2014.11.017.

Y.M. Sierra-Arguello, G. Perdoncini, L.B. Rodrigues, L. Ruschel dos Santos, K.
Apellanis Borges, T. Quedi Furian, C.T. Pippi Salle, H.L. de Souza Moraes, M.J.
Pereira Gomes, V. Pinheiro do Nascimento, Identification of pathogenic genes in
Campylobacter jejuni isolated from broiler carcasses and broiler slaughterhouses,
Sci. Rep. 11 (2021) 4588, https://doi.org/10.1038/541598-021-84149-1.

H. Jribi, H. Sellami, A.B. Hassena, R. Gdoura, Prevalence of putative virulence
genes in Campylobacter and Arcobacter species isolated from poultry and poultry
by-products in Tunisia, J. Food Prot. 80 (2017) 1705-1710, https://doi.org/
10.4315/0362-028X.JFP-16-509.

S. Datta, H. Niwa, K. Itoh, Prevalence of 11 pathogenic genes of Campylobacter
jejuni by PCR in strains isolated from humans, poultry meat and broiler and
bovine faeces, J. Med. Microbiol. 52 (2003) 345-348, https://doi.org/10.1099/
jmm.0.05056-0.

C. Eryildiz, K. Tabakcioglu, G. Kuyucuklu, N. Sakru, Investigation of
antimicrobial resistance and virulence genes of Campylobacter isolates from
patients in a tertiary hospital in Edirne, Turkey, Indian, J. Med. Microbiol. 38
(2020) 157-161, https://doi.org/10.4103/ijmm.IJMM_20_78.

M. Gharbi, A. Béjaoui, C.B. Hamda, K. Ghedira, A. Ghram, A. Maaroufi,
Distribution of virulence and antibiotic resistance genes in Campylobacter jejuni
and Campylobacter coli isolated from broiler chickens in Tunisia, J. Microbiol.
Immunol. Infect. 55 (2022) 1273-1282, https://doi.org/10.1016/j.
jmii.2021.07.001.

M. Gharbi, S. Kamoun, C. Hkimi, K. Ghedira, A. Béjaoui, A. Maaroufi,
Relationships between virulence genes and antibiotic resistance phenotypes/
genotypes in Campylobacter spp. isolated from layer hens and eggs in the north of
Tunisia: Statistical and computational insights, Foods 11 (2022) 3554, https://
doi.org/10.3390/foods11223554.

M.A. Abou Zeid, A. Samir, H. Badr, Overview of Some Selected Virulence and
Antibiotic Resistance Genes in Campylobacter coli Isolated from Broiler Chickens,
Journal of Advanced, Vet. Res. 13 (2023) 400-406. https://advetresearch.com/in
dex.php/AVR/article/view/1238.

G.V. Lopes, T. Ramires, N.R. Kleinubing, L.K. Scheik, A.M. Fiorentini, W. Padilha
da Silva, Virulence factors of foodborne pathogen Campylobacter jejuni, Microb.
Pathog. 161 (2021) 105265, https://doi.org/10.1016/j.micpath.2021.105265.
B. Wysok, J. Wojtacka, R. Kivisto, Pathogenicity of Campylobacter strains of
poultry and human origin from Poland, Int. J. Food Microbiol. 334 (2020)
108830, https://doi.org/10.1016/j.ijffoodmicro.2020.108830.

12

[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

One Health 20 (2025) 100990

A.C. Carvalho, G.M. Ruiz-Palacios, P. Ramos-Cervantes, L.-E. Cervantes, X. Jiang,
L.K. Pickering, Molecular characterization of invasive and noninvasive
Campylobacter jejuni and Campylobacter coli isolates, J. Clin. Microbiol. 39 (2001)
1353-1359, https://doi.org/10.1128/jcm.39.4.1353-1359.2001.

M.L Abd El-Hamid, N.K. Abd El-Aziz, M. Samir, E.-S.Y. El-Naenaeey, E.M.

Abo Remela, R.A. Mosbah, M.M. Bendary, Genetic diversity of Campylobacter
jejuni isolated from avian and human sources in Egypt, Front. Microbiol. 10
(2019) 2353, https://doi.org/10.3389/fmicb.2019.02353.

AM. Ammar, E.-S.Y. El-Naenaeey, R.M. El-Malt, A.A. El-Gedawy, E. Khalifa, S.
S. Elnahriry, M.I. Abd El-Hamid, Prevalence, antimicrobial susceptibility,
virulence and genotyping of Campylobacter jejuni with a special reference to the
anti-virulence potential of eugenol and beta-resorcylic acid on some multi-drug
resistant isolates in Egypt, Animals 11 (2020) 3, https://doi.org/10.3390/
ani11010003.

R.T. Melo, A.L. Grazziotin, E.C.V. Junior, R.R. Prado, E.P. Mendonca, G.

P. Monteiro, P.A. Peres, D.A. Rossi, Evolution of Campylobacter jejuni of poultry
origin in Brazil, Food Microbiol. 82 (2019) 489-496, https://doi.org/10.1016/j.
fm.2019.03.009.

E.G. Demiroglu, M. Sahin, E. Karakaya, I.B. Saticioglu, Y. Ersoy, O. Guran,

C. Guran, S. Abay, F. Aydin, F. Buyuk, Virulence Genes Prevalence and
Enterobacterial Repetitive Intergenic Consensus-PCR Profiles of Goose-Derived
Campylobacter jejuni Isolates, J. Food Saf. 44 (2024) e13161, https://doi.org/
10.1111/jfs.13161.

P. Panzenhagen, A.B. Portes, A.M. Dos Santos, S.D.S. Duque, C.A. Conte Junior,
The distribution of Campylobacter jejuni virulence genes in genomes worldwide
derived from the NCBI pathogen detection database, Genes 12 (2021) 1538,
https://doi.org/10.3390/genes12101538.

G. Ripabelli, M. Tamburro, F. Minelli, A. Leone, M.L. Sammarco, Prevalence of
virulence-associated genes and cytolethal distending toxin production in
Campylobacter spp. isolated in Italy, Comp. Immunol. Microbiol. Infect. Dis. 33
(2010) 355-364, https://doi.org/10.1016/j.cimid.2008.12.001.

K.A. Talukder, M. Aslam, Z. Islam, I.J. Azmi, D.K. Dutta, S. Hossain, A. Nur-E-
Kamal, G.B. Nair, A. Cravioto, D.A. Sack, Prevalence of virulence genes and
cytolethal distending toxin production in Campylobacter jejuni isolates from
diarrheal patients in Bangladesh, J. Clin. Microbiol. 46 (2008) 1485-1488,
https://doi.org/10.1128/jcm.01912-07.

G. Sal¢iiite, D. Baltutyté, M. Malakauskas, S. Ramonaité, Prevalence of virulence
genes in strains of Campylobacter jejuni isolated from broiler products, children,
wild birds and dairy cattle in Lithuania, Vet. Zootech. 79 (2021) 39-43, https://
doi.org/10.5555/20220176350.

D. Street, Prevalence of virulence genes and antimicrobial resistance patterns of
Campylobacter species isolated from chicken in Egypt, Asian, J. Poult. Sci. 9
(2015) 250-261, https://doi.org/10.3923/ajpsaj.2015.250.261.

L. Koolman, P. Whyte, C. Burgess, D. Bolton, Distribution of virulence-associated
genes in a selection of Campylobacter isolates, Foodborne Pathog. Dis. 12 (2015)
424-432, https://doi.org/10.1089/fpd.2014.1883.

P. Guirado, S. Paytubi, E. Mir6, Y. Iglesias-Torrens, F. Navarro, M. Cerda-Cuéllar,
C. Stephan-Otto Attolini, C. Balsalobre, C. Madrid, Differential distribution of the
wlaN and cgtB genes, associated with Guillain-Barré syndrome, in Campylobacter
Jjejuni isolates from humans, broiler chickens, and wild birds, Microorganisms 8
(2020) 325, https://doi.org/10.3390/microorganisms8030325.

T. Ramires, M.G. de Oliveira, N.R. Kleinubing, S. de Fatima Rauber, M.M. Wiirfel,
M.A. Mata, G.V. Iglesias, O.A. Lopes, Dellagostin, W.P. Da Silva, Genetic diversity,
antimicrobial resistance, and virulence genes of thermophilic Campylobacter
isolated from broiler production chain, Braz. J. Microbiol. 51 (2020) 2021-2032,
https://doi.org/10.1007/s42770-020-00314-0.

M. Andrzejewska, K. Grudlewska-Buda, D. Spica, K. Skowron, M. Cwiklifiska-
Jurkowska, M. Szady-Grad, P. Indykiewicz, N. Wiktorczyk-Kapischke, J.J. Klawe,
Genetic relatedness, virulence, and drug susceptibility of Campylobacter isolated
from water and wild birds, Front. Cell. Infect. Microbiol. 12 (2022) 1005085,
https://doi.org/10.3389/fcimb.2022.1005085.

V. Korolik, The role of chemotaxis during Campylobacter jejuni colonisation and
pathogenesis, Curr. Opin. Microbiol. 47 (2019) 32-37, https://doi.org/10.1016/j.
mib.2018.11.001.

R. Woyda, A. Oladeinde, D. Endale, T. Strickland, J. Plumblee Lawrence, Z. Abdo,
Virulence factors and antimicrobial resistance profiles of Campylobacter isolates
recovered from consecutively reused broiler litter, Microbiol. Spectrum. 11
(2023), https://doi.org/10.1128/spectrum.03236-23 e03236-03223.


https://doi.org/10.1089/mdr.2019.0266
https://doi.org/10.1016/j.fm.2023.104348
https://doi.org/10.1016/j.jgar.2024.01.009
https://doi.org/10.1016/j.jgar.2024.01.009
https://doi.org/10.1371/journal.pone.0236889
https://doi.org/10.1371/journal.pone.0236889
https://doi.org/10.3389/fmicb.2020.01799
https://doi.org/10.3389/fmicb.2020.01799
https://doi.org/10.1128/microbiolspec.arba-0013-2017
https://doi.org/10.1128/microbiolspec.arba-0013-2017
https://doi.org/10.1007/978-3-030-65481-8_7
https://doi.org/10.1016/j.fm.2014.11.017
https://doi.org/10.1038/s41598-021-84149-1
https://doi.org/10.4315/0362-028X.JFP-16-509
https://doi.org/10.4315/0362-028X.JFP-16-509
https://doi.org/10.1099/jmm.0.05056-0
https://doi.org/10.1099/jmm.0.05056-0
https://doi.org/10.4103/ijmm.IJMM_20_78
https://doi.org/10.1016/j.jmii.2021.07.001
https://doi.org/10.1016/j.jmii.2021.07.001
https://doi.org/10.3390/foods11223554
https://doi.org/10.3390/foods11223554
https://advetresearch.com/index.php/AVR/article/view/1238
https://advetresearch.com/index.php/AVR/article/view/1238
https://doi.org/10.1016/j.micpath.2021.105265
https://doi.org/10.1016/j.ijfoodmicro.2020.108830
https://doi.org/10.1128/jcm.39.4.1353-1359.2001
https://doi.org/10.3389/fmicb.2019.02353
https://doi.org/10.3390/ani11010003
https://doi.org/10.3390/ani11010003
https://doi.org/10.1016/j.fm.2019.03.009
https://doi.org/10.1016/j.fm.2019.03.009
https://doi.org/10.1111/jfs.13161
https://doi.org/10.1111/jfs.13161
https://doi.org/10.3390/genes12101538
https://doi.org/10.1016/j.cimid.2008.12.001
https://doi.org/10.1128/jcm.01912-07
https://doi.org/10.5555/20220176350
https://doi.org/10.5555/20220176350
https://doi.org/10.3923/ajpsaj.2015.250.261
https://doi.org/10.1089/fpd.2014.1883
https://doi.org/10.3390/microorganisms8030325
https://doi.org/10.1007/s42770-020-00314-0
https://doi.org/10.3389/fcimb.2022.1005085
https://doi.org/10.1016/j.mib.2018.11.001
https://doi.org/10.1016/j.mib.2018.11.001
https://doi.org/10.1128/spectrum.03236-23

	Prevalence, antibiotic resistance, resistance and virulence determinants of Campylobacter jejuni in China: A systematic rev ...
	1 Introduction
	2 Materials and methods
	2.1 Search strategy and screening criteria
	2.2 Data extraction and synthesis
	2.3 Meta-analysis and statistical analyses

	3 Results
	3.1 Characteristics of eligible studies and datasets
	3.2 Pooled prevalence of C. jejuni in different sources
	3.3 Pooled prevalence of C. jejuni in different geographical regions
	3.4 Antibiotic resistance of C. jejuni
	3.5 Antibiotic resistance of C. jejuni from different isolated sources and times
	3.6 Pooled prevalence of MDR in C. jejuni
	3.7 The prevalence of antibiotic resistance determinants in C. jejuni
	3.8 Virulence genes of C. jejuni

	4 Discussion
	5 Conclusion
	Declaration of generative AI in scientific writing
	Funding
	CRediT authorship contribution statement
	Declaration of competing interest
	Appendix A Supplementary data
	Data availability
	References


