
Academic Editor: Stephen K. Wikel

Received: 17 August 2025

Revised: 2 October 2025

Accepted: 31 October 2025

Published: 6 November 2025

Citation: Frank, C.A.; Goni, M.D.;

Kamaruzzaman, N.F.; Afolabi, H.A.;

Gaddafi, M.S.; Yakubu, A.; Saeed, S.I.

Occurrence, Antimicrobial Resistance

Profiles, and Multidrug Resistance

Characterization of Campylobacter spp.

Isolated from Domestic Pets in

Kelantan, Malaysia. Zoonotic Dis. 2025,

5, 33. https://doi.org/10.3390/

zoonoticdis5040033

Copyright: © 2025 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license

(https://creativecommons.org/

licenses/by/4.0/).

Article

Occurrence, Antimicrobial Resistance Profiles, and Multidrug
Resistance Characterization of Campylobacter spp. Isolated from
Domestic Pets in Kelantan, Malaysia
Chinedu Amaeze Frank 1, Mohammed D. Goni 1,*, Nor Fadhilah Kamaruzzaman 1 , Hafeez A. Afolabi 2,
Mohammed S. Gaddafi 3 , Aliyu Yakubu 1,4 and Shamsaldeen Ibrahim Saeed 1,5,*

1 Department of Clinical Studies, Faculty of Veterinary Medicine, University Malaysia Kelantan,
Kota Bharu 15000, Kelantan, Malaysia; d21d009f@siswa.umk.edu.my (C.A.F.);
norfadhilah@umk.edu.my (N.F.K.); aliyu.y@umk.edu.my (A.Y.)

2 Department of General Surgery, University Sains Malaysia, Health Campus, Kubang Kerian 16150, Kelantan,
Malaysia; hafeez11@student.usm.my

3 Department of Public Health, Ministry of Animal Health, Husbandry and Fisheries, Birnin-Kebbi 860101,
Kebbi, Nigeria; 17310808002@udusok.edu.ng

4 Department of Public Health, Ministry of Agriculture and Natural Resources, Damaturu 632102, Yobe, Nigeria
5 Faculty of Veterinary Science, University of Nyala, Nyala P.O. Box 155, Sudan
* Correspondence: dauda.g@umk.edu.my (M.D.G.); shamsaldeen@nyalau.edu.sd (S.I.S.)

Simple Summary

Campylobacter spp. are important zoonotic pathogens in companion animals, and their rising
antimicrobial resistance (AMR) is a critical One Health issue. However, epidemiological
data on feline Campylobacter carriage in Kelantan, Malaysia, remain scarce. This study
investigated the occurrence and antimicrobial resistance profiles of Campylobacter species in
150 rectal swab samples collected from 150 cats, both healthy and diseased. Approximately
35% of the cats harbored Campylobacter, with C. upsaliensis being the predominant species.
Isolates exhibited high resistance to commonly used antibiotics, including amoxicillin,
ampicillin, tetracycline, and erythromycin. These findings fill an epidemiological gap
by providing the first baseline data on Campylobacter in cats in Kelantan, with direct
implications for zoonotic transmission and regional AMR surveillance. The results indicate
the urgent need for responsible antibiotic stewardship in veterinary practice and companion
animal care, as indiscriminate use not only compromises animal health but also poses
a significant public health concern through the potential spread of multidrug-resistant
Campylobacter to humans.

Abstract

Campylobacter spp. are significant zoonotic pathogens, increasingly recognized for their role
in the transmission of antimicrobial resistance (AMR) between animals and humans. This
study aims to determine the occurrence, antimicrobial resistance profiles, and characteriza-
tion of multidrug resistance indices of Campylobacter spp. isolated from domestic pets in
Kelantan, Malaysia. Methods: Rectal swabs (n = 150) were collected from both healthy and
diarrheic cats. Campylobacter spp. were isolated and confirmed by PCR, and antimicrobial
susceptibility was assessed using the disk diffusion method. Results: Campylobacter spp.
were detected in 35.3% of cats (53/150; SE = 0.04; 95% CI: 28.1–43.3%), with C. upsaliensis
identified as the predominant species (33.3%; SE = 0.05; 95% CI: 24.5–43.6%), followed
by C. jejuni (17.8%; SE = 0.04; 95% CI: 11.3–26.9%) and C. coli (7.8%; SE = 0.03; 95% CI:
3.8–15.2%). Isolates exhibited high resistance rates to amoxicillin (90.6%), ampicillin (81.1%),
tetracycline (67.9%), erythromycin (62.3%), and sulphonamides (54.7%). Conclusion: The
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study reveals a substantial prevalence of Campylobacter spp. and notable levels of antimi-
crobial resistance among feline isolates, highlighting the zoonotic threat in Malaysia. These
findings emphasize the importance of integrated surveillance and prudent antimicrobial
stewardship under a One Health framework.

Keywords: antimicrobial resistance; Campylobacter species; Malaysia

1. Introduction
Campylobacter spp. are spiral-shaped, motile, Gram-negative bacteria that thrive under

microaerophilic conditions and are increasingly implicated in gastrointestinal disorders
across species boundaries [1]. Among the various members of this genus, Campylobacter
jejuni and C. coli have traditionally dominated public health discourse due to their high
zoonotic potential and frequent association with enteric disease in humans [2]. However,
accumulating evidence indicates the emergence of less frequently studied species, such
as Campylobacter upsaliensis and C. helveticus, particularly in companion animals like cats
and dogs [3,4]. These animals often serve as subclinical carriers, enabling environmental
dissemination and unnoticed transmission to human hosts via close physical interaction,
shared living environments, or exposure to contaminated surfaces [5,6].

The ecological intimacy between humans and household pets has grown markedly
in recent years, further blurring the interspecies barrier for zoonotic pathogens [7]. In
Kelantan, Malaysia, cats occupy both indoor and semi-roaming ecological niches, which in-
creases their likelihood of contact with contaminated environments, infected prey, and other
free-roaming animals [8]. This ecological context is particularly relevant in Kelantan, where
high human–animal density, close household interactions, and limited implementation of
preventive veterinary care create conditions favorable for pathogen transmission. [9]. The
infection risk is further heightened by the unapparent nature of carriage, which facilitates
prolonged microbial shedding without overt clinical signs [1,8]. Compounding this con-
cern is the documented escalation of antimicrobial resistance (AMR) within Campylobacter
populations, driven by misuse of antibiotics in both human and veterinary medicine [10].
Increasing resistance to macrolides, fluoroquinolones, β-lactams, and tetracyclines has been
reported in isolates from diverse hosts, significantly compromising treatment options and
threatening public health security [10,11]. The resistance genes harbored by companion
animal strains have the potential to disseminate horizontally, contributing to the broader
resistome and exacerbating global AMR burdens [12,13]. Although the One Health frame-
work emphasizes integrated surveillance across human, animal, and environmental sectors,
companion animals have historically been underrepresented in AMR research initiatives,
particularly in Southeast Asia [14,15].

Recent studies in Southeast Asia, including Malaysia, have documented the presence
of multidrug-resistant Campylobacter in pets, with varying prevalence based on species,
lifestyle, and exposure to environmental risk factors [16,17]. In Malaysia, pet ownership is
steadily rising, with cats being among the most commonly kept domestic species, particu-
larly in urban and semi-urban areas where veterinary care access and hygiene practices vary
widely [18,19]. Although research has examined Campylobacter in dogs and livestock, data
on the antimicrobial resistance (AMR) profiles of feline isolates remain scarce, especially
in the northeastern state of Kelantan [20,21]. To address this knowledge gap, the present
study aimed to determine the occurrence of Campylobacter spp. in domestic cats in Kelantan,
Malaysia; assess the antimicrobial resistance profiles of feline Campylobacter isolates; and
characterize the multidrug resistance indices of the identified isolates.
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2. Materials and Methods
2.1. Study Area and Design

A cross-sectional study was conducted from March 2023 to March 2024 in three
districts of Kelantan, Malaysia (Kota Bharu, Bachok, and Kuala Krai), located on the east
coast of Peninsular Malaysia. Sampling was performed at various sites, including private
veterinary clinics, community rescue shelters, and a veterinary teaching hospital. Rectal
swabs were collected from cats whose owners or custodians provided informed consent
after completing a standardized participation form were included. The study area is
characterized by a humid tropical climate, with annual rainfall ranging from 2032 mm to
2540 mm. The wettest months occur from November to January, with ambient temperatures
between 25 ◦C and 37 ◦C [22].

A total of 150 rectal swabs were obtained from domestic and stray cats across the
selected districts, 50 samples per district, representative of the area collected. The frequency
of collection was performed on a monthly basis. This sample size was determined based on
population accessibility, estimated density of feline populations in urban and semi-urban
settings, and the feasibility of sampling within the study timeframe. Additionally, the
sample size was calculated using a simplified formula for cross-sectional studies:

n = Z2P(1 − P)/d2, (1)

where Z is the Z-score for 95% confidence (1.96), P is the expected prevalence of
Campylobacter spp. (assumed at 20% based on prior studies), and d is the desired precision
(0.07) [23]. The formula yielded a minimum sample size of 123, but to enhance statisti-
cal power and accommodate potential data exclusions, 150 samples were collected. The
sampling decision was influenced by logistical practicality, ethical considerations, and acces-
sibility of local cat populations, in line with recent regional studies involving Campylobacter
spp. in companion animals [23,24]. The study was approved by the Institutional Animal
Ethics Committee, Universiti Malaysia Kelantan (UMK/FPV/ACUE/PG/002/2023) and
adhered to national animal research guidelines.

2.2. Sample Collection

A total of 150 rectal swabs were collected from cats presented at veterinary clinics and
hospitals across Kelantan, Malaysia. Pet owners were approached during routine visits
and invited to participate voluntarily. Upon providing informed consent, participants were
given a standardized questionnaire to complete. Rectal swab samples were obtained asepti-
cally using sterile cotton-tipped applicators and immediately sealed in individual sterile
plastic bags to prevent cross-contamination. The samples were subsequently placed in
Cary-Blair transport medium and transported to the laboratory in a cooler box maintained
at 4 ◦C. All specimens were processed within 24 h of arrival to ensure optimal recovery of
microorganisms. The study protocol was reviewed and approved by the Animal Ethics
Committee of the Faculty of Veterinary Medicine, Universiti Malaysia Kelantan (Approval
Code: UMK/FPV/ACUE/PG/002/2023).

2.3. Isolation and Identification of Campylobacter spp.

Rectal swabs were inoculated onto modified charcoal cefoperazone deoxycholate agar
(mCCDA) supplemented with selective agents and incubated at 42 ◦C for 48 h under
microaerophilic conditions, following protocols optimized for thermophilic Campylobacter.
Colonies with typical morphology were subcultured onto blood agar for purification.
Presumptive identification was performed based on Gram stain morphology, motility, and
standard biochemical reactions (oxidase, catalase, urease, and hippurate hydrolysis) [25,26].
Confirmed isolates were preserved in Mueller–Hinton broth containing 20% glycerol and
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stored at −80 ◦C for long-term viability. Molecular confirmation of genus and species
identity was performed using polymerase chain reaction (PCR) assays targeting specific
genetic markers, as described in previous studies [27].

2.4. PCR-Based Molecular Confirmation of Campylobacter spp.

The presence of Campylobacter spp. in phenotypically identified isolates was molecu-
larly confirmed through polymerase chain reaction (PCR) targeting the 16S rRNA gene, a
highly conserved marker commonly employed for genus-level detection [28]. A reference
control strain, Campylobacter jejuni ATCC 33560, kindly provided by the Department of
Medical Microbiology and Parasitology, Universiti Sains Malaysia, was included in each
PCR run as a quality assurance benchmark.

PCR was conducted using previously validated genus-specific primers [29]. Each
25 µL reaction mixture comprised 12.5 µL of GoTaq® Green Master Mix (Promega, Madison,
WI, USA), 1 µL of forward primer (10 µM), 1 µL of reverse primer (10 µM), 5 µL of DNA
template, and 5.5 µL of nuclease-free water. Amplification was carried out in a Bio-Rad
T100™ Thermal Cycler (Bio-Rad Laboratories, Hercules, CA, USA) with the following
thermal protocol: initial denaturation at 95 ◦C for 10 min; 30 amplification cycles of 95 ◦C
for 20 s (denaturation), 58 ◦C for 20 s (annealing), and 72 ◦C for 60 s (extension); followed
by a final extension at 72 ◦C for 7 min. Amplicons were resolved by electrophoresis on
1.5% agarose gels pre-stained with a nucleic acid-safe dye. Electrophoretic separation was
conducted at 100 V for 45 min in 1× Tris-borate-EDTA (TBE) buffer. A 100 bp DNA ladder
(Promega, USA) was used to estimate molecular sizes of the amplified fragments. Primer
sequences, expected amplicon sizes, and cycling parameters are detailed in Table 1.

Table 1. List of primers used for the detection of Campylobacter spp.

Genes Specie Primer Sequence PCR Conditions Product Size References

16SrRNA Campylobacter F-GGATGACACTTTTCGGAGC
R-CATTGTAGCACGTGTGTC

Initial denaturation: 95 ◦C for 10 min, 30
cycles each of 95 ◦C for 20 s, annealing: 58
◦C for 20 s, elongation: 72 ◦C for 1 min, and

final extension time: 72 ◦C for 7 min.

816 [30]

cj0414 gene C. jejuni F-CAAATAAAGTTAGAGGTAGAATGT
R-CCATAAGCACTAGCTAGCTGAT

Initial denaturation: 95 ◦C for 15 min, 25
cycles each of 95 ◦C for 30 s, annealing: 58
◦C for 1.5 min, elongation: 72 ◦C for 1 min,
and final extension time: 72 ◦C for 7 min.

161 [31]

glyA gene C.coli F-AAACCAAAGCTTATCGTGTGC
R-AGTGCAGCAATGTGTGCAATG

Initial denaturation: 95 ◦C for 10 min, 45
cycles each of 95 ◦C for 15 s, annealing: 60
◦C for 60 s, elongation: 72 ◦C for 1 min, and

final extension time: 72 ◦C for 7 min.

502 [32]

lpxA C. upsaliensis F-AAGTCGTATATTTTCYTACGCTTGTGTG
R-CAATCATGDGCDATATGASAATAHGCCAT

Initial denaturation: 95 ◦C for 6 min, 30
cycles each of 95 ◦C for 30 s, annealing: 59
◦C for 30 s, elongation: 72 ◦C for 30 s, and

final extension time: 72 ◦C for 7 min.

86 [33]

2.5. Antimicrobial Susceptibility Assessment

The resistance profiles of Campylobacter isolates were evaluated using the standard disk
diffusion assay, performed on Mueller–Hinton agar enriched with 5% defibrinated sheep
blood (Oxoid, Manchester, UK), in accordance with the Kirby–Bauer method, although
broth microdilution or E-test MICs are the gold standard for Campylobacter, these were not
feasible in the current study due to resource limitations. Colonies exhibiting consistent
morphology were selected from pure cultures and suspended in 10 mL of sterile saline
solution (0.9% NaCl). After thorough mixing, the bacterial suspension was adjusted to
match the turbidity of a 0.5 McFarland standard. Using a sterile cotton swab, 2 mL of the
standardized suspension was uniformly spread across the agar surface. The plates were
left to dry at ambient temperature for approximately five minutes before applying the
antibiotic disks. Inoculated plates were then incubated at 37 ◦C for 48 h under controlled
microaerophilic conditions.



Zoonotic Dis. 2025, 5, 33 5 of 15

Following incubation, the diameters of the inhibition zones were measured using a
digital caliper, and susceptibility interpretations were made in accordance with Clinical
and Laboratory Standards Institute (CLSI) breakpoints [34]. Each isolate was categorized
as susceptible, intermediate, or resistant based on these criteria [34]. A panel of 12 antibi-
otics commonly used in both human and veterinary medicine in Malaysia was selected for
testing. These included: ampicillin (10 µg), amoxicillin–clavulanic acid (20/10 µg), chloram-
phenicol (30 µg), gentamicin (10 µg), tetracycline (30 µg), erythromycin (30 µg), kanamycin
(30 µg), trimethoprim–sulfamethoxazole (25 µg), nalidixic acid (30 µg), ciprofloxacin (5 µg),
cefoxitin (30 µg), and sulfonamides (300 µg). The resistance profile (antibiogram) of each
isolate was defined by its pattern of resistance, while the antibiogram length was calculated
as the total number of antimicrobials to which resistance was observed [34].

2.6. Assessment of Multidrug Resistance and MAR Index

To assess resistance trends among the bacterial isolates, multidrug resistance (MDR)
was defined as resistance to three or more different classes of antimicrobial agents, fol-
lowing previously established guidelines as described by (Gaddafi et al., 2023) [35]. The
extent of antimicrobial resistance was further quantified using the Multiple Antibiotic
Resistance (MAR) index, which was computed for each isolate by dividing the number of
antibiotics to which resistance was observed by the total number of antibiotics included
in the susceptibility panel. The MAR index serves as a proxy indicator for the level of
antimicrobial exposure in the isolate’s environment. Values exceeding 0.2 are generally
indicative of high-risk sources, such as settings where antimicrobial agents are widely used
or improperly managed [36].

2.7. Statistical Analysis

Data entry was performed in Microsoft Excel, and all analyses were conducted using
IBM SPSS Statistics (v29.0; IBM Corp., Armonk, NY, USA) and R version 5.5.2. Descriptive
statistics summarized prevalence and resistance patterns, with 95% confidence intervals
(CIs), proportions were calculated using the Wilson method; exact (Clopper–Pearson) CIs
were applied for small counts. Associations between categorical variables (e.g., host factors
and resistance status) were assessed with Pearson’s chi-square or Fisher’s exact tests as
appropriate, while non-parametric tests (Mann–Whitney U, Kruskal–Wallis) compared
continuous variables. Exact binomial tests were used to evaluate observed resistance
proportions against reference values. Risk factors for resistance to ≥1 antimicrobial were
further examined using multi-variable logistic regression, reporting adjusted odds ratios
(aOR) with 95% CIs. Model fit was evaluated using the Hosmer–Lemeshow test and
discriminatory power by the area under the ROC curve. For multiple comparisons, false
discovery rate (FDR) adjustment was applied using the Benjamin–Hochberg method. In all
tests, a p-value of <0.05 was considered statistically significant.

3. Results
3.1. Detection of Campylobacter spp. in Feline Fecal Samples

In this investigation, a total of 150 rectal swabs collected from cats were analyzed. Of
these, 90 samples (60.0%, SE = 0.04; 95% CI: 52.0–67.5%) exhibited phenotypic characteristics
suggestive of Campylobacter spp., as determined through conventional culture techniques
and morphological assessment (Table 2). To confirm the identity of the isolates, molecular
analysis via polymerase chain reaction (PCR) was performed. This approach verified the
presence of Campylobacter DNA in 53 of the 90 presumptive isolates. Accordingly, the
PCR-confirmed prevalence of Campylobacter spp. among the examined feline population
was 35.3% (53/150; SE = 0.04; 95% CI: 28.1–43.3%). Species-level identification revealed that
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the predominant species was C. upsaliensis (30/53; 56.6% of PCR-positive isolates; SE = 0.07;
95% CI: 43.3–69.0%), followed by C. jejuni (16/53; 30.2%; SE = 0.06; 95% CI: 19.5–43.5%)
and C. coli (7/53; 13.2%; SE = 0.05; 95% CI: 6.5–24.8%). When expressed relative to the total
examined cat population (n = 150), the prevalence of C. upsaliensis, C. jejuni, and C. coli
was (33.3%; SE = 0.05; 95% CI: 24.5–43.6%), followed by C. jejuni (17.8%; SE = 0.04; 95%
CI: 11.3 –26.9%) and C. coli (7.8%; SE = 0.03; 95% CI: 3.8–15.2%), respectively (Figure 1).
Species-level identification was achieved using species-specific PCR assays. Amplification
of the cj0414 gene (161 bp) confirmed the presence of C. jejuni, while detection of the glyA
gene (502 bp) and lpxA gene (86 bp) facilitated identification of C. coli and C. upsaliensis,
respectively. Risk factors such as cats that had contact with other animals, semi-roamers,
had unfiltered water, and had a history of antibiotic use were found in this study to be at a
higher risk of Campylobacter infection.

Table 2. Prevalence of Campylobacter spp. among cats (n = 150).

Detection Method/Species Positive Samples (n) Prevalence (%) SE 95% CI

Culture (presumptive) 90/150 60.0 0.04 52.0–67.5

PCR-confirmed Campylobacter 53/150 35.3 0.04 28.1–43.3

C. upsaliensis 30/150 33.3 0.05 24.5–43.6

C. jejuni 16/150 17.8 0.04 11.3–26.9

C. coli 7/150 7.8 0.03 3.8–15.2

SE = Standard Error of the proportion; CI = Confidence Interval (95%). Species prevalence expressed relative to
the total cat population (n = 150).

 

Figure 1. Prevalence of Campylobacter spp. detected among cats in Kelantan, Malaysia.

3.2. Antimicrobial Resistance Profiles of Campylobacter Isolates

Antimicrobial susceptibility testing was performed on all 53 Campylobacter isolates
using a panel of 12 antibiotics, revealing distinct resistance patterns (Figure 2). The iso-
lates demonstrated the highest resistance to five antibiotics spanning four major classes.
Resistance was most prevalent against amoxicillin (48/53), followed by ampicillin (43/53),
tetracycline (36/53), erythromycin (33/53), and sulfonamides (29/53). Lower levels of
resistance were observed for trimethoprim (11/53), gentamicin (10/53), cefoxitin (9/53),
nalidixic acid (8/53), ciprofloxacin (5/53), and minimal resistance was found to kanamycin
(1/53) and chloramphenicol (1/53). Overall, 90.56% (48/53) of the isolates exhibited re-
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sistance to at least one antibiotic class, while 67.92% (36/53) demonstrated multidrug
resistance (MDR), defined as resistance to three or more antimicrobial classes. Among the
53 PCR-confirmed Campylobacter isolates, 81.1% (43/53) were resistant to at least one antimi-
crobial. To further explore determinants of resistance, host-related variables were analyzed.
The prevalence of resistance to at least one antimicrobial and its association with risk factors
are summarized in Table 3. The overall antimicrobial resistance profile of Campylobacter spp.
isolates are presented in Table 4, whereas the species-specific resistance profiles are detailed
in Table 5. Notable variations in resistance profiles were evident. Among C. upsaliensis
isolates (n = 30), high resistance was observed to amoxicillin (93.33%), ampicillin (86.66%),
tetracycline (80%), erythromycin (73.33%), and sulfonamides (60%). Similarly, C. jejuni
strains (n = 16) exhibited resistance to amoxicillin (87.5%), ampicillin (75%), tetracycline
(50%), and erythromycin (43.75%). C. coli isolates (n = 7) showed substantial resistance to
amoxicillin (85.71%), ampicillin (71.42%), and tetracycline (57.14%). In contrast, resistance
to nalidixic acid, kanamycin, and chloramphenicol remained low across both C. jejuni and
C. coli isolates.

 

Figure 2. Prevalence of antimicrobial-resistant Campylobacter spp. isolated from cats in Kelantan, Malaysia.

Table 3. Prevalence of resistance to at least one antimicrobial among Campylobacter spp. isolates from
cats and its association with host-related risk factors.

Risk Factor (Level) No of Antimicrobial
Resistant (n = 10)

Resistant to ≥1
Antimicrobial (n = 43) Odds-Ratio p-Value 95% CI

Location—Veterinary hospital 6 (60%) 25 (58.1%) 0.596
0.116

0.240–1.118
—Breeding shelter 4 (40%) 18 (41.9%) Ref 0.240–1.118

Origin—Semi-roamers 4 (40%) 17 (39.6%) 1.214
0.001 * 1.987–2.757—Outdoor 3 (30%) 13 (30.2%) 0.462

—Indoor 3 (30%) 13 (30.2%) Ref

Household density—Multi-pet 8 (80%) 36 (83.7%) 0.584 0.174 0.236–1.116
Household density—Single 2 (20%) 7 (16.3%) Ref 0.236–1.116

Age—Juvenile 4 (40%) 17 (39.6%) 0.440
0.228
0.245

0.162–0.996
0.143–0.971

—Adult 3 (30%) 13 (30.2%) 0.324
—Kitten 3 (30%) 13 (30.2%) Ref

Sex—Male 3 (30%) 13 (30.2%) Ref 0.185 0.196–1.110
Sex—Female 7 (70%) 30 (69.8%) 0.574 0.196–1.110

Antibiotic history—Yes 8 (80%) 34 (79.1%) 1.138 0.028 * 1.272–2.145
Antibiotic history—No 2 (20%) 9 (20.9%) Ref 1.272–2.145

Contact with other animals—Yes 8 (80%) 34(79.1%) 1.112 0.041 * 1.256–2.124
Contact with other animals—No 2 (20%) 9 (20.9%) Ref 1.256–2.124

Water source—Unfiltered 8 (80%) 34 (79.1%) 1.161 0.018 * 1.284–2.153
Water source—Filtered 2 (20%) 9 (20.9%) Ref 1.284–2.153
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Table 3. Cont.

Risk Factor (Level) No of Antimicrobial
Resistant (n = 10)

Resistant to ≥1
Antimicrobial (n = 43) Odds-Ratio p-Value 95% CI

Food—Home-made/leftovers 6 (60%) 26 (60.5%) 0.587
0.120 0.238–1.112—Pet food 1 (10%) 4 (9.30%) Ref

—Mixed home/pet food 3 (30%) 13 (30.2%) 0.336

Overall (PCR-confirmed isolates) 53 — — — —

Total sampled cats 150 — — — —

OR = Odds ratio; CI = Confidence interval; Ref = Reference category. p < 0.05 is considered statistically significant.
* = Risk factors significantly associated with Campylobactar. Analyses based on PCR-confirmed isolates (n = 53).

Table 4. Antimicrobial resistance profile of Campylobacter spp. isolates (n = 53).

Antibiotic Group Antimicrobial Agent Resistant (n) Resistant (%) 95% CI (%)

β-Lactams Amoxicillin 48 90.6 79.9–96.1
Ampicillin 43 81.1 67.9–90.0

Aminoglycosides Gentamicin 10 18.9 10.6–31.1
Kanamycin 1 1.9 0.3–10.0

Quinolones
Nalidixic acid 8 15.1 7.8–27.0
Ciprofloxacin 5 9.4 4.0–20.3

Folate pathway Trimethoprim 11 20.8 12.0–33.9
Inhibitors Sulfonamides 29 54.7 40.8–67.9

Macrolides Erythromycin 33 62.3 48.0–74.7

Cephems Cefoxitin 9 17.0 8.8–29.9

Tetracyclines Tetracycline 36 67.9 53.8–79.6

Phenicol Chloramphenicol 1 1.9 0.3–10.0
CI = Confidence interval; Analyses based on PCR-confirmed isolates (n = 53).

Table 5. Antimicrobial resistance profiles of Campylobacter species isolated from cats in Kota Bharu,
Kelantan, Malaysia.

Resistant Isolates (%)
Antibiotic Group Antibiotic Agent C. jejuni C. coli C. upsaliensis Total

(n = 16) (n = 7) (n = 30) (n = 53)

β-Lactams Amoxicillin 14 (87.5) 6 (85.71) 28 (93.33) 48 (90.56)
Ampicillin 12 (75) 5 (71.42) 26 (86.66) 43 (81.13)

Aminoglycosides Gentamicin 2 (12.5) 1 (14.28) 7 (23.33) 10 (18.86)
Kanamycin - 1 (14.28) 1 (1.33) 1 (1.89)

Quinolones Nalidixic acid 3 (18.75) 1 (14.28) 4 (13.33) 8 (15.09)
Ciprofloxacin 3 (18.75) 2 (38.57) 3 (10) 5 (9.35)

Folate pathway Trimethoprim 2 (12.5) 3 (42.85) 6 (20) 11 (20.75)
Inhibitors Sulfonamides 7 (43.75) 4 (57.14) 18 (60) 29 (54.71)

Macrolides Erythromycin 7 (43.75) 4 (57.14) 22 (73.33) 33 (62.26)
Cephems Cefoxitin 2 (12.5) 2 (28.57) 5 (16.66) 9 (16.98)

Tetracyclines Tetracycline 8 (50) 4 (57.14) 24 (80) 36 (67.92)
Phenicol Chloramphenicol 1 (14.28) - 1 (1.88)

3.3. Multiple Antimicrobial Resistance Indices of Campylobacter spp. from Cats

The extent of antimicrobial resistance among Campylobacter isolates was further quan-
tified using the Multiple Antibiotic Resistance (MAR) index, calculated for each isolate as
MAR = a/b, where a represents the number of antibiotics to which the isolate was resistant,
and b denotes the total number of antibiotics tested, as per established methodology [37]. All
53 Campylobacter isolates obtained from feline rectal swabs exhibited MAR indices greater
than 0.2, indicating significant antimicrobial pressure and widespread multidrug resistance.

A total of 26 distinct multidrug resistance (MDR) profiles were identified across the
12 antibiotics evaluated, reflecting the heterogeneous nature of resistance among the isolates.
The most prevalent MDR pattern involved resistance to amoxicillin, ampicillin, tetracycline,
erythromycin, and sulfonamides observed in five isolates (14.70%) for C. upsaliensis (Table 6).
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This was followed by amoxicillin, ampicillin, erythromycin, tetracycline, sulfonamides, and
trimethoprim, observed in three isolates (8.82%) for C. jejuni (Table 7). Followed by a third
MDR pattern involving resistance to amoxicillin, ampicillin, sulfonamides, trimethoprim,
erythromycin, gentamicin, and tetracycline observed in two isolates (5.88%) for C. coli (Table 8).

Table 6. MAR indices and Patterns of antimicrobial resistance phenotypes observed in MDR Campy-
lobacter upsaliensis from cats in Kota Bharu, Kelantan, Malaysia (n = 34).

Number of Antimicrobials Antibiotic-Resistant Pattern Number of Isolates MAR Index

4

AMO + AMP + TET + ERY 1

0.3
AMO + TET + ERY + AMP 1
AMO + ERY + TET + AMP 1
AMO + AMP + ERY + TET 1

5

AMO + AMP + TET + ERY + SULF 5

0.4

AMO + AMP + TET + ERY + TET 1
AMO + ERY + TET + SULF + AMP 1
AMO + AMP + ERY + TET + SULF 1
AMO + SULF + TET + ERY + AMP 1
AMO + ERY + SULF + AMP + TET 1

6
AMO + AMP + ERY+ TRI + SULF + TET 1

0.5AMO + SULF + TRI + AMP + ERY + TET 1

Tet: Tetraycline; Ox: Oxytetracycline; Trim: trimethoprim; Sul: Sulphonamides; Ery: Erythromycin;
Amp: Ampicillin; NA: Nalidixic acid; Chl: chloramphenicol; Gen: Gentamycin; Cip: Ciprofloxacin; Amox:
amoxicillin; and Cef: Cefoxitin.

Table 7. MAR indices and Patterns of antimicrobial resistance phenotypes observed in MDR Campy-
lobacter jejuni from cats in Kota Bharu, Kelantan, Malaysia (n = 34).

Number of Antimicrobials Antibiotic-Resistant Pattern Number of Isolates MAR Index

6
AMO + AMP + ERY + TET + SULF + TRI 3

0.5AMO + AMP + SULF + TRI + TET + ERY 1
AMO + ERY + TET + TRI + AMP + SULF 1

7 AMO + AMP + TET + ERY + SULF + TRI + GEN 1
0.58AMO + TET + ERY + AMP + TRI + GEN + SULF 2

8
AMO + AMP + TET + ERY + SULF + AMP + GEN + CEF 1 0.66
AMO + TET + SULF + GEN + ERY + CEF + TRI + AMP 1
AMO + GEN + ERY + CEF + AMP + TRI + SULF + TET 1

Tet: Tetraycline; Ox: Oxytetracycline; Trim: trimethoprim; Sul: Sulphonamides; Ery: Erythromycin; Amp:
Ampicillin; NA: Nalidixic acid; Chl: chloramphenicol; Gen: Gentamycin; Cip: Ciprofloxacin; Amox: amoxicillin;
and Cef: Cefoxitin.

Table 8. MAR indices and Patterns of antimicrobial resistance phenotypes observed in MDR Campy-
lobacter coli from cats in Kota Bharu, Kelantan, Malaysia (n = 34).

Number of Antimicrobials Antibiotic-Resistant Pattern Number of Isolates MAR Index

6 AMO + ERY + SULF + TET + TRI + AMP 1 3.5
7 AMO + AMP + SULF + TRI + ERY + GEN + TET 2 0.58
8 AMO + AMP + TET + ERY + SULF + TRI + GEN + CEF 1 0.66
9 AMO + ERY + AMP + SULF + TET + TRI + CEF + NAL + GEN 1 0.75
10 AMO + AMP + TET + ERY + SULF + TRI + GEN + CEF + NAL + CIP 1 0.8
11 AMO + AMP + TET + ERY + SULF + TRI + GEN + CEF + NAL + CIP + KAN 1 0.9

Tet: Tetraycline; Ox: Oxytetracycline; Trim: trimethoprim; Sul: Sulphonamides; Ery: Erythromycin;
Amp: Ampicillin; NA: Nalidixic acid; Chl: chloramphenicol; Gen: Gentamycin; Cip: Ciprofloxacin; Amox:
amoxicillin; and Cef: Cefoxitin.

4. Discussion
The detection of Campylobacter spp. in domestic cats carries important public health

implications, particularly due to the close human–animal interface and the zoonotic poten-
tial of several Campylobacter species [14,38]. Identifying these bacteria in pets offers critical
epidemiological insights and informs risk assessment strategies for zoonotic transmission.
In the present study, a cross-sectional survey was conducted to provide comprehensive
insights into the occurrence, antimicrobial resistance patterns, and risk factors associated
with Campylobacter spp. among domestic cats in Kelantan, Malaysia. In the present study,
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Campylobacter spp. were detected in 35.33% of feline samples. This prevalence aligns closely
with previous findings reported in Malaysia, notably by Goni et al. (2017), who observed
a similar rate of 32.6% in domestic cats [20]. The marginally higher detection rate in the
current study may be influenced by factors such as diagnostic sensitivity, host population
characteristics, or localized ecological dynamics that affect pathogen distribution and trans-
mission [39]. On a global scale, research conducted in China by Zhang et al. (2023) [30]
reported a Campylobacter spp. prevalence of 30.1% in feline populations. This figure is
marginally lower than those reported in Malaysian studies, which may be attributed to vari-
ations in ecological settings, husbandry systems, and the diagnostic tools employed across
regions. The higher detection rate observed in this study may reflect improved molecular
diagnostics, environmental exposure differences, or regional variations in antimicrobial
use and pet management practices. The results emphasize the critical need for sustained
epidemiological surveillance, the establishment of standardized and validated diagnostic
protocols, and the promotion of targeted public health education aimed at reducing the
zoonotic risks associated with close human–animal interactions, particularly involving
companion animals.

In the present study, Among the Campylobacter species identified, C. upsaliensis was
the most prevalent (33.3%), followed by C. jejuni (17.7%) and C. coli (7.8%). These findings
support growing recognition of C. upsaliensis as a dominant species in feline hosts, de-
spite historically being underrepresented in public health discussions due to its fastidious
growth requirements and diagnostic challenges [40]. Campylobacter upsaliensis was the
most frequently isolated species in this study, with a prevalence of 33.3% This aligns with
findings by (Goni et al., 2017) [20] who reported C. upsaliensis as a common isolate in
cats, often associated with asymptomatic carriage. The predominance of C. upsaliensis in
cats may be explained by several factors: first, its strong host adaptation to the feline gas-
trointestinal tract facilitates efficient colonization and persistence. Second, asymptomatic
carriage allows prolonged shedding without clinical signs, supporting silent transmission
within domestic and semi-roaming populations. Third, its fastidious growth requirements
and poor recovery on conventional culture media have historically led to underestimation,
with PCR-based molecular methods now revealing its true epidemiological burden Finally,
environmental and behavioral factors, particularly the semi-roaming lifestyle of cats in Ke-
lantan, increase exposure to contaminated environments and prey species that may harbor
C. upsaliensis [41]. C. jejuni and C. coli were detected at rates of 17.7% and 7.8%, respectively,
comparable to the 15% and 10% reported by the same study. These discrepancies may
stem from a range of influencing factors, including divergence in laboratory detection
techniques, the occurrence of asymptomatic carriage, seasonal fluctuations in pathogen
transmission, variations in host health status, and differential environmental exposure risks
across study populations [42].

This study assessed the occurrence and antimicrobial resistance (AMR) profiles of
Campylobacter isolates recovered from feline samples in Kelantan, Malaysia [43]. The resis-
tance patterns observed correspond to antimicrobials commonly utilized in small animal
veterinary practice. Notably, a high proportion of isolates exhibited resistance to amox-
icillin (90.56%), ampicillin (81.13%), tetracycline (67.92%), erythromycin (62.26%), and
sulfonamides (54.71%). These results mirror trends reported in both national and interna-
tional research, highlighting increasing resistance among Campylobacter spp. particularly to
macrolides, β-lactams, and tetracyclines, antibiotic classes frequently used in veterinary
medicine [44]. Such differences may result from variations in antimicrobial administration
protocols, levels of environmental contamination, and the effectiveness of animal health
and husbandry practices [28]. Lower resistance was observed for ciprofloxacin (9.43%),
kanamycin (1.89%), and chloramphenicol (1.86%), which may reflect restricted or regulated
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use of these agents in companion animal care [45]. These results point to rising antimi-
crobial resistance in Campylobacter spp. from companion animals, indicating the need for
ongoing surveillance, judicious antimicrobial use, and region-specific research [13,46]. A
key methodological limitation of this study is the use of the disk diffusion method instead
of E-test or broth microdilution MICs, which represent the gold standard for Campylobacter
susceptibility testing. This choice was driven by resource constraints and laboratory ca-
pacity in our setting. Although disk diffusion remains commonly employed in low- and
middle-income countries and provides useful preliminary resistance profiles, it may either
underestimate or overestimate true resistance levels. Accordingly, future investigations in
Malaysia should incorporate MIC-based methods to ensure more accurate characterization
of antimicrobial resistance.

Multidrug resistance (MDR), defined as resistance to ≥3 antimicrobial classes, was de-
tected in 67.92% of isolates, underscoring the growing challenge of antimicrobial resistance
in Campylobacter spp. from companion animals. Notably, 26 distinct MDR phenotypes
were documented, with the most common involving resistance to amoxicillin, ampicillin,
erythromycin, tetracycline, and sulfonamides. These resistance patterns are reflective of
commonly administered antibiotics in routine veterinary care, and mirror findings from
previous studies in canine and avian Campylobacter populations [35]. The observed het-
erogeneity of resistance profiles may be influenced by factors such as antibiotic selection
pressure, horizontal gene transfer, and environmental contamination [13,47]. The Multiple
Antibiotic Resistance (MAR) index serves as an effective indicator for evaluating potential
exposure risks linked to bacterial sources [48]. In this study, all Campylobacter isolates
displayed MAR values between 0.3 and 0.9, exceeding the standard threshold of 0.2, indi-
cating high-risk contamination sources such as environments and substantial antimicrobial
pressure within the feline host population.

These findings suggest a substantial level of antimicrobial exposure and a high preva-
lence of multidrug resistance (MDR), raising concerns about potential overuse or inappro-
priate antibiotic administration in companion animals [48]. 26 distinct multidrug resistance
(MDR) profiles were identified across the 12 antibiotics evaluated, reflecting the heteroge-
neous nature of resistance among the isolates. The most prevalent MDR pattern involved
resistance to amoxicillin, ampicillin, tetracycline, erythromycin, and sulfonamides observed
in five isolates of C. upsaliensis. This was followed by amoxicillin, ampicillin, erythromycin,
tetracycline, sulfonamides, and trimethoprim observed in three isolates of C. jejuni. The
third most frequent resistance pattern, involving resistance to amoxicillin, ampicillin, sul-
fonamides, trimethoprim, erythromycin, gentamicin, and tetracycline observed in two
isolates of C. coli, reinforcing the hypothesis of selective pressure driven by veterinary
antimicrobial use [22,49]. These findings are consistent with prior reports that link ele-
vated MAR indices to MDR carriage in Campylobacter spp. from various animal reservoirs,
including poultry and dogs [48–50].

The high MAR indices and varied resistance profiles observed in this study indicate the
potential for zoonotic transmission of resistant Campylobacter strains. Particularly concern-
ing are the high resistance levels to first-line antibiotics such as tetracyclines, macrolides,
and β-lactams, indicating the urgent need for strengthened antimicrobial stewardship in
Malaysia. From a One Health perspective, the detection of multidrug-resistant Campylobac-
ter spp. in cats highlights their role as potential reservoirs for zoonotic transmission [21,50].
Recent molecular studies reporting genomic similarities between human and companion
animal isolates further suggest possible bidirectional transmission routes [49,50]. In the
Malaysian context, these findings call for concrete measures such as: (i) the establishment of
a national surveillance system for AMR in companion animals alongside existing livestock
and human programs, (ii) the introduction and enforcement of stricter veterinary pre-
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scription policies to prevent over-the-counter access and misuse of antimicrobials, and (iii)
community-level awareness campaigns to promote responsible pet ownership, improved
hygiene, and prudent antibiotic use. Without such targeted interventions, multidrug-
resistant Campylobacter strains may increasingly circulate between animals and humans,
amplifying the public health burden. Nevertheless, the interpretation of these findings
should consider two key limitations. First, the reliance on convenience sampling may not
fully represent the broader cat population in Kelantan, potentially introducing selection bias
and limiting generalizability. Second, while phenotypic resistance profiles were established,
the absence of molecular characterization of resistance genes restricts deeper insight into
the genetic mechanisms underlying multidrug resistance and their potential for horizontal
transfer. Addressing these limitations in future studies through representative sampling
and molecular AMR gene profiling will strengthen the evidence base for intervention.
Without such targeted efforts, multidrug-resistant Campylobacter strains may increasingly
circulate between animals and humans, amplifying the public health burden.

5. Conclusions
This study demonstrates a high prevalence of Campylobacter spp., including multidrug-

resistant strains, among domestic cats in Kelantan, Malaysia. The detection of diverse
resistance profiles and elevated MAR indices underscores the role of cats as potential
reservoirs of antimicrobial resistance (AMR) in the region. These findings call for the
establishment of regional surveillance systems for companion animals and the implementa-
tion of judicious veterinary antibiotic use as part of an integrated One Health approach.
Explicit recognition of the limitations of this study is important: its cross-sectional design
restricts the ability to assess temporal trends; the use of disk diffusion rather than MIC-
based methods may have led to under- or overestimation of resistance; and reliance on
convenience sampling limits the generalizability of findings. Furthermore, the exclusive
focus on Campylobacter spp. did not account for potential co-infections with other zoonotic
pathogens. Future studies should adopt longitudinal designs to monitor shedding dynam-
ics, incorporate molecular characterization of resistance genes, and expand surveillance to
include co-occurring pathogens. Such efforts will strengthen the evidence base needed to
guide AMR mitigation strategies in Malaysia.
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