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ABSTRACT 

Aim: Purpose of the study was to investigate the occurrence, antimicrobial resistance patterns and associated risk factors of 
Campylobacter spp. across the human–animal–environment interface within a One Health framework in Maiduguri, 
northeastern Nigeria.  
Method and materials: A cross-sectional design was employed between March and December 2025. A total of 520 samples, 
comprising 400 poultry (live and slaughtered birds) and 120 environmental samples, were collected and analyzed using 
standard microbiological methods. Antimicrobial susceptibility testing was performed using the Kirby–Bauer disk diffusion 
method, while a structured questionnaire assessed knowledge, hygiene practices, and antibiotic use among 100 poultry 
stakeholders. 
Results: Overall, 82 (15.8%) samples were positive for Campylobacter, with C. jejuni (11.0%) predominating over C. coli (4.8%). 
Environmental samples exhibited a higher contamination rate (24.2%) compared to poultry samples (13.3%), with wash water 
identified as the most contaminated source (35.0%). Significant associations were observed between Campylobacter occurrence 
and poultry species (p = 0.0242), sample type (p < 0.0001), and bird health status (p = 0.0319). High levels of antimicrobial 
resistance were detected, particularly against vancomycin (84.1%), penicillin (79.3%), and ampicillin (73.2%). Multidrug 
resistance was prevalent in 72.0% of isolates, with a mean multidrug resistance index of 0.37 ± 0.14. Behavioral assessment 
revealed poor awareness of Campylobacter (9.0%), inadequate hygiene practices, and widespread misuse of antibiotics, including 
non-prescription use (82.0%) and growth promotion (71.0%). 
Conclusion: It was concluded that these findings highlight significant public health risks driven by environmental 
contamination, poor biosecurity, and antimicrobial misuse. Integrated One Health interventions focusing on hygiene 
improvement, antimicrobial stewardship, and surveillance are urgently required to mitigate transmission and resistance. 
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Introduction 
The Campylobacter species are among the most 
important bacterial agents of foodborne 
gastroenteritis globally, posing substantial public 
health and socioeconomic burdens, particularly in 
low- and middle-income countries where food 
safety systems are often inadequate (Badjo et al., 
2024 and Severino et al., 2025). Among the genus, 
Campylobacter jejuni and Campylobacter coli are the 
most frequently implicated species in human 
infections, responsible for a wide spectrum of  
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disease ranging from self-limiting diarrhoea to 
severe inflammatory enteritis. In some cases, 
infections may result in serious post-infectious 
complications, including Guillain–Barré syndrome 
and reactive arthritis (Veronese and Dodi, 2024; 
Worku et al., 2024). 
 From a One Health perspective, Campylobacter 
spp. are zoonotic pathogens maintained at the 
interface of animals, humans, and the 
environment. Poultry remains the principal 
reservoir, with birds often colonized 
asymptomatically in their gastrointestinal tract at 
very high bacterial loads (Njoga et al., 2025; 
Veronese and Dodi, 2025). This silent colonization 
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plays a critical role in environmental contamination 
and foodborne transmission, particularly during 
slaughtering, processing and retail handling. 
Contamination of poultry carcasses commonly 
occurs through fecal leakage, improper 
evisceration, contaminated equipment, and water 
used during processing especially in settings where 
biosecurity and hygienic standards are poorly 
enforced (Ahmed and Gulhan, 2022; Popa et al., 
2025). 

In many developing countries, including 
Nigeria, the poultry value chain is largely 
dominated by informal systems, particularly open 
markets where slaughtering, dressing, and retailing 
are conducted under suboptimal sanitary 
conditions. These environments act as critical 
nodes for pathogen amplification and 
dissemination within human–animal–environment 
interface (Nyokabi et al., 2018; Ovuru et al., 2023). 
Consequently, poultry meat sold in such markets 
represents an important vehicle for Campylobacter 
transmission to consumers, with significant 
implications for food safety and public health. 

Epidemiological studies have consistently 
demonstrated the widespread occurrence of 
Campylobacter in poultry meat and associated 
environments. Reported prevalence varies widely 
depending on geographic location, production 
systems, and hygienic practices, with some studies 
documenting alarmingly high contamination rates 
in retail poultry products (El-Saadony et al., 2023; 
Kostoglou et al., 2023). In Nigeria, investigations 
conducted in slaughter slabs and open markets 
have reported high levels of contamination, in 
some instances exceeding 70–90% positivity in 
chicken meat samples (Nwankwo et al., 2016; Njoga 
et al., 2019; 2025). These findings emphasize the 
persistent food safety challenges associated with 
poultry handling and distribution systems. 

In addition to their importance as foodborne 
pathogens, Campylobacter spp. has emerged as 
significant contributors to global burden of 
antimicrobial resistance (AMR). The widespread 
and often unregulated use of antimicrobials in 
poultry production for therapeutic, prophylactic, 
and growth-promoting purposes has accelerated 
selection of resistant strains (Bukari et al., 2025; 
Hassen et al., 2026). These resistant organisms can 
be transmitted along food chain and through 
environmental pathways, ultimately reaching 
humans and complicating treatment outcomes 
(Mayyas et al., 2025). 

Of particular concern is the increasing 
resistance of Campylobacter isolates to critically 
important antimicrobials used in human medicine, 
including fluoroquinolones, macrolides, and 
tetracyclines (Mohan et al., 2025). Multidrug-
resistant strains have been widely reported in 
poultry-associated Campylobacter populations in 
several regions, including Nigeria, raising 
concerns about limited therapeutic options and 
potential treatment failures in human infections 
(Woźniak-Biel et al., 2018; Bukari et al., 2025). This 
situation is further exacerbated by weak regulatory 
enforcement, limited antimicrobial stewardship, 
and inadequate surveillance systems across animal 
production and food distribution networks. 

The burden of Campylobacter exposure may be 
particularly high in urban centers such as 
Maiduguri, where rapid population growth, high 
demand for affordable animal protein, and 
informal meat marketing systems converge. Open 
markets in such settings often lack adequate 
refrigeration, sanitation infrastructure, and 
controlled slaughter practices, thereby creating 
ideal conditions for bacterial survival, 
multiplication, and cross-contamination (Okello et 
al., 2025; Njoga et al., 2026). Despite these risk 
factors, there remains limited integrated data on 
the occurrence and antimicrobial resistance 
patterns of Campylobacter spp. in poultry meat and 
associated market environments within this 
region. 

From a One Health standpoint, understanding 
the circulation of Campylobacter at the human–
animal–environment interface is critical for 
designing effective control strategies. Localized 
epidemiological evidence is essential to inform risk 
mitigation measures, strengthen food safety 
systems, and guide antimicrobial stewardship 
interventions. 

Therefore, this study aims to investigate the 
occurrence and antimicrobial resistance profiles of 
Campylobacter spp. in poultry meat obtained from 
open markets and poultry farms in Maiduguri, 
Nigeria. The findings are expected to contribute to 
a better understanding of the One Health 
dynamics of Campylobacter transmission in the 
region and support evidence-based interventions 
aimed at improving food safety and reducing the 
burden of antimicrobial-resistant infections. 

Materials and Methods 
This study was conducted between March and 
December 2025 in Maiduguri, the capital and 



Journal of Veterinary Research Advances                                                                                                                                    Open access 

Visit at: http://jvra.org.in                                                                                                                                         Vol 08 No 01, p 41-57/43 
 

largest urban center of Borno State, located in 
northeastern Nigeria. The study area lies within the 
Sudan–Sahel ecological zone, approximately 
between latitudes 11°46′N and 11°53′N, and 
longitudes 13°02′E and 13°13′E. The region is 
characterized by a semi-arid climate, with 
prolonged dry seasons, high ambient temperatures 
frequently exceeding 40°C during the hot season, 
low relative humidity, and a distinct harmattan 
period marked by dry, dust-laden winds. 
Maiduguri has experienced rapid urbanization and 
population growth in recent years, resulting in 
increased demand for affordable animal protein, 
particularly poultry products. These dynamics, 
coupled with limited cold-chain infrastructure and 
informal marketing systems, create conditions that 
may facilitate the persistence and transmission of 
foodborne pathogens. 

The study was conducted across major poultry 
value chain nodes, including major live bird 
markets (Monday Market, Custom Market, and 
Tashan Bama Market), commercial poultry farms, 
backyard production systems, and poultry 
slaughter/retail points. These locations were 
selected due to their central role in poultry 
aggregation, processing, and distribution, and their 
significance as potential hotspots for pathogen 
amplification and transmission within the human–
animal–environment interface. 
Study Design 
A cross-sectional study design was employed to 
investigate the occurrence and antimicrobial 
resistance patterns of Campylobacter spp. within a 
One Health framework. The study integrated 
microbiological sampling across the human–
animal–environment interface with a structured 
assessment of stakeholder practices. Microbiological 
investigations encompassed samples from live birds 
(cloacal swabs), slaughtered poultry (carcass swabs 
and tissue samples), and environmental sources, 
including processing surfaces and water used for 
carcass washing. In addition, a structured 
questionnaire was administered to poultry farmers, 
live bird sellers, and butchers to evaluate their level 
of knowledge, hygiene practices, and patterns of 
antimicrobial use, thereby providing contextual 
insights into behavioral factors influencing the 
transmission dynamics and resistance profiles of 
Campylobacter spp. 
Study Population and Sampling Strategy 
The study population comprised poultry sourced 
from commercial farms, backyard production 

systems, and live bird markets, as well as birds 
presented for slaughter and processing. Both 
apparently healthy and clinically sick birds were 
included to ensure a comprehensive representation 
of infection status across the production and 
marketing continuum. 

A total of 400 poultry samples were collected, 
consisting of 200 samples from live birds obtained 
via cloacal swabs—chickens (n = 70), ducks (n = 
45), pigeons (n = 45), and turkeys (n = 40)—and 200 
samples from slaughtered birds, including carcass 
swabs and tissue specimens from chickens (n = 
140), ducks (n = 15), pigeons (n = 35), and turkeys 
(n = 10). To evaluate environmental contamination 
and potential points of cross-transmission, an 
additional 120 samples were collected from critical 
control points within slaughter and retail settings, 
comprising processing tables (n = 30), knives (n = 
25), chopping boards (n = 25), and carcass wash 
water (n = 40). 

Sampling was conducted using a non-
probability convenience approach, guided by 
accessibility, operational feasibility, and the 
intensity of poultry handling activities at selected 
sites. For the behavioral assessment component, a 
total of 100 respondents, including poultry farmers, 
live bird sellers, and butchers, were purposively 
selected and administered a structured 
questionnaire to capture data on knowledge, 
hygiene practices, and antimicrobial usage patterns 
relevant to the transmission dynamics of 
Campylobacter spp. 
Sample Size Determination 
The minimum sample size was determined using 
the standard formula for prevalence studies: 
 
 
 
 
Where, 
N = required sample size 
Z = standard normal deviate corresponding to a 95% 
confidence level (1.96) 
P = assumed prevalence (0.5), adopted due to absence 
of prior data in study area to maximize sample size 
d = desired level of precision (0.05) 

Using these parameters, a minimum sample size of 
384 was obtained. To enhance statistical power, 
improve representativeness, and account for 
potential sample loss or laboratory attrition, the 
sample size was increased to 400 poultry samples. 
In addition, 120 environmental samples were 
included to capture contamination at critical control 
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points within the poultry value chain, while 100 
respondents were incorporated into the 
questionnaire survey to strengthen the behavioral 
and One Health analytical components of the study. 
Sample Collection 
A total of 520 microbiological samples, comprising 
400 poultry and 120 environmental samples, were 
collected using strict aseptic techniques to ensure 
sample integrity and minimize contamination. 
Samples from live birds were obtained as cloacal 
swabs using sterile cotton-tipped applicators, while 
samples from slaughtered birds included carcass 
surface swabs and tissue specimens (intestinal 
contents and muscle) collected immediately post-
slaughter to capture contamination associated with 
processing activities. Environmental samples were 
collected from critical control points within 
slaughter and retail settings, including frequently 
contacted processing surfaces such as tables, knives, 
and chopping boards, as well as water used for 
carcass washing. 

All samples were appropriately labeled with 
unique identifiers and relevant metadata. Samples 
were immediately placed in sterile containers and 
transported under cold chain conditions (4–8°C) to 
the Department of Veterinary Microbiology 
Postgraduate Research laboratory, University of 
Maiduguri for bacteriological analysis within 4–6 
hours of collection to preserve microbial viability 
and ensure analytical reliability. 
Questionnaire Survey 
A structured questionnaire was administered to 100 
poultry stakeholders, including farmers, live bird 
sellers, and butchers, to assess their awareness of 
Campylobacter infection and other foodborne 
diseases, hygiene practices during poultry handling 
and processing, and patterns of antimicrobial use. 
The instrument was pre-tested for clarity and 
reliability and refined accordingly prior to 
deployment. It was specifically designed to capture 
key behavioral and management variables relevant 
to transmission risk within the One Health 
framework, thereby providing contextual insights 
into factors influencing the occurrence and 
dissemination of Campylobacter spp. across the 
human–animal–environment interface. Where 
necessary, the questionnaire was administered 
through interviewer-guided sessions to ensure 
clarity and completeness of responses. Participation 
in the survey was voluntary, and informed consent 
was obtained from all respondents prior to data 
collection. Confidentiality of participants’ 

information was strictly maintained throughout the 
study. 
Isolation and Identification of Campylobacter spp. 
Isolation of Campylobacter spp. was performed 
using standard culture-based microbiological 
methods optimized for thermophilic species as 
described by Demiroğlu et al. (2022) and Neyaz et 
al. (2024). Briefly, samples were initially enriched in 
selective enrichment broth (Bolton broth 
supplemented with selective antibiotics) and 
incubated under microaerophilic conditions at 42°C 
for 24–48 hours to enhance the recovery of 
Campylobacter organisms. 

Following enrichment, aliquots were streaked 
onto selective agar media, including modified 
charcoal cefoperazone deoxycholate agar 
(mCCDA), and incubated under microaerophilic 
conditions at 42°C for 24–48 hours. Microaerophilic 
conditions were generated using commercially 
available gas-generating systems. 

Presumptive identification of Campylobacter 
isolates was based on characteristic colony 
morphology (grayish, moist, and spreading 
colonies), Gram staining (Gram-negative curved or 
spiral rods), and motility patterns (rapid, darting 
motility under wet mount microscopy). Further 
confirmation was achieved through standard 
biochemical tests, including oxidase and catalase 
reactions. 

Species-level differentiation of isolates, 
particularly Campylobacter jejuni and Campylobacter 
coli, was performed using established biochemical 
assays such as the hippurate hydrolysis test. These 
procedures were conducted in accordance with 
recognized microbiological protocols for the 
isolation and identification of thermophilic 
Campylobacter spp (Vaz et al., 2014). 
Antimicrobial Susceptibility Testing 
Antimicrobial susceptibility testing was performed 
using the Kirby–Bauer disk diffusion method on 
Mueller–Hinton agar supplemented with 5% 
defibrinated sheep blood, in accordance with the 
Clinical and Laboratory Standards Institute (CLSI) 
guidelines (CLSI, 2020). This approach was adopted 
to ensure standardized and internationally 
comparable interpretation of resistance patterns in 
Campylobacter isolates. 

A panel of commercially prepared antibiotic 
discs (Oxoid, UK) representing commonly used 
antimicrobials in both human and veterinary 
medicine was employed. The antibiotics tested 
included ampicillin (10 µg), penicillin (10 IU), 



Journal of Veterinary Research Advances                                                                                                                                    Open access 

Visit at: http://jvra.org.in                                                                                                                                         Vol 08 No 01, p 41-57/45 
 

sulphamethoxazole/trimethoprim (25 µg), 
erythromycin (5 µg), ciprofloxacin (5 µg), 
streptomycin (10 µg), vancomycin (5 µg), oxacillin (5 
µg), gentamicin (10 µg), chloramphenicol (30 µg), 
tetracycline (5 µg), and amoxicillin/clavulanic acid 
(30 µg). 

Pure bacterial colonies were suspended in sterile 
saline and standardized to a 0.5 McFarland 
turbidity standard prior to inoculation. The 
standardized inoculum was evenly spread onto 
prepared agar plates to ensure uniform bacterial 
growth. 

A maximum of six antibiotic discs was applied 
per agar plate to prevent overlapping zones of 
inhibition and ensure accurate measurement. Plates 
were incubated under microaerophilic conditions at 
37–42°C for 24–48 hours. 

Following incubation, zones of inhibition were 
measured in millimeters and interpreted as 
susceptible, intermediate, or resistant according to 
CLSI interpretative breakpoints. These results were 
used to determine resistance profiles and multidrug 
resistance patterns among isolates. 
Determination of Multidrug Resistance and Multidrug 
Resistance Index (MDRI) 
Multidrug resistance (MDR) was defined as 
resistance to three or more classes of antimicrobial 
agents, in line with established international 
standards for antimicrobial resistance classification. 
To further quantify the extent of antimicrobial 
pressure and the potential risk associated with the 
sources of isolation, the Multidrug Resistance Index 
(MDRI) was calculated for each Campylobacter 
isolate using the formula: 

MDRI=  
�

�
                   

Where: 
a = number of antibiotics to which an isolate 
exhibited resistance 
b = total number of antibiotics tested 
The MDRI provides an estimate of the level of 
antibiotic exposure in the source environment from 
which the isolates originated. An MDRI value 
greater than 0.2 was interpreted as indicative of 
high-risk contamination sources characterized by 
frequent or indiscriminate use of antimicrobial 
agents. This threshold was used to assess the 
epidemiological significance of resistance patterns 
within the One Health context of the study. 
Data Analysis 
Data generated from laboratory investigations and 
questionnaire surveys were systematically entered 
into Microsoft Excel and subsequently exported to 

IBM SPSS Statistics (Version 25.0) for analysis. 
Descriptive statistical methods were employed 

to summarize the prevalence of Campylobacter spp., 
distribution across sample sources, and 
antimicrobial resistance patterns. Results were 
presented as frequencies and percentages. 

Associations between categorical variables, 
including sample source, management practices, 
and Campylobacter occurrence or resistance profiles, 
were evaluated using the Chi-square test. 
Where applicable, binary logistic regression 
analysis was performed to identify potential risk 
factors associated with Campylobacter contamination 
and antimicrobial resistance at the human–animal–
environment interface. All statistical tests were 
conducted at a 95% confidence level, and results 
were considered statistically significant at p < 0.05. 
Ethical Considerations 
All procedures involving human participants 
complied with established ethical standards for 
research involving human subjects. Informed 
consent was obtained from all respondents prior to 
questionnaire administration, and participation 
was entirely voluntary. Confidentiality and 
anonymity of all participants were strictly 
maintained throughout the study, and data were 
used solely for research purposes. 

All animal-related procedures, including sample 
collection from live birds and carcasses, were 
conducted in accordance with internationally 
accepted guidelines for the ethical use and 
handling of animals in research. Care was taken to 
minimize stress and discomfort to the animals 
during sampling, and all procedures were 
performed by trained personnel following standard 
veterinary biosafety practices. 

Results and Discussion 
The distribution and prevalence of Campylobacter 
spp. across poultry species and environmental 
matrices are presented in Table 1. From a total of 
520 samples analyzed, 82 (15.8%) yielded 
Campylobacter isolates, comprising 57 (11.0%) C. 
jejuni and 25 (4.8%). Within poultry-derived 
samples (n = 400), 53 (13.3%) were positive, 
whereas environmental sources (n = 120) recorded 
a comparatively higher contamination rate of 29 
(24.2%). Among live birds, 36 out of 200 cloacal 
swabs (18.0%) were positive for Campylobacter, with 
chickens accounting for the highest proportion 
[16/70 (22.9%)], followed by ducks [9/45 (20.0%)], 
turkeys [7/40 (17.5%)], and pigeons [4/45 (8.9%)]. 
Notably, C. jejuni predominated across all species, 
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while C. coli was not isolated in pigeons (Table 1). In 
contrast, samples from slaughtered poultry 
exhibited a markedly lower prevalence, with 
Campylobacter spp. isolated from 17 (8.5%) out of 200 
samples. Within this category, turkeys showed the 
highest contamination rate [3/10 (30.0%)], followed 
by ducks [4/15 (26.7%)], chickens [9/140 (6.4%)], 
and pigeons [1/35 (2.9%)]. 

Environmental sampling revealed considerable 
contamination across processing points, with wash 
water demonstrating the highest prevalence [14/40 
(35.0%)], followed by processing tables [7/30 
(23.3%)], chopping boards [5/25 (20.0%)], and 
knives [3/25 (12.0%)]. Across all environmental 
samples, C. jejuni remained the dominant species 
compared to C. coli (Table 1). 

The analysis of risk factors associated with the 
occurrence of Campylobacter spp. in poultry samples 
(Table 2). A statistically significant association was 
observed between poultry species and 
Campylobacter occurrence (χ² = 9.421; p = 0.0242). 
When expressed as a proportion of the total 
sampled population (n = 400), chickens contributed 
the highest share of infections [25/400 (6.3%)], 
followed by ducks [13/400 (3.3%)], turkeys [10/400 
(2.5%)], and pigeons [5/400 (1.3%)]. However, when 
examined within species-specific groups, ducks 
[13/60 (21.7%)] and turkeys [10/50 (20.0%)] 
exhibited higher positivity rates compared to 
chickens [25/210 (11.9%)] and pigeons [5/80 (6.3%). 
Sample type was identified as a highly significant 
determinant of Campylobacter occurrence (χ² = 218.1; 
p < 0.0001). Live birds accounted for a greater 
proportion of overall infections [36/400 (9.0%)] 
compared to slaughtered poultry [17/400 (4.3%)]. 
Out of 200 samples collected from live birds 36 
(18.0%) was found to be infected with 
Campylobacter, while 17 (8.5%) out of the 200 
samples collected from slaughtered poultry were 
found infected with Campylobacter. The estimated 
odds ratio (OR = 0.02039) indicates a substantially 
lower likelihood of recovering Campylobacter from 
slaughtered samples. 

Bird health status also showed a significant 
association with Campylobacter detection (χ² = 4.603; 
p = 0.0319). Apparently healthy birds contributed a 
larger proportion of total positives [35/400 (8.8%)] 
compared to clinically sick birds [18/400 (4.5%)]. 
Nonetheless, within-group analysis revealed a 
higher positivity rate among clinically sick birds 
[18/90 (20.0%)] than apparently healthy birds 
[35/310 (11.3%)]. The odds ratio (OR = 0.5091) 

further suggests a reduced likelihood of 
Campylobacter detection in apparently healthy birds 
relative to clinically affected ones. 

The antimicrobial susceptibility profile of 
Campylobacter isolates recovered from poultry and 
environmental sources is presented in Table 3. A 
high level of resistance was observed across 
multiple antimicrobial classes, with the greatest 
resistance recorded against vancomycin [69/82 
(84.1%)], penicillin [65/82 (79.3%)], ampicillin 
[60/82 (73.2%)], and oxacillin [58/82 (70.7%)]. 
Substantial resistance was also noted for 
tetracycline [55/82 (67.1%)] and 
sulphamethoxazole/trimethoprim [51/82 (62.2%)]. 
Moderate resistance levels were observed for 
streptomycin [48/82 (58.5%)] and ciprofloxacin 
[41/82 (50.0%)], while comparatively lower 
resistance rates were detected for erythromycin 
[30/82 (36.6%)], chloramphenicol [34/82 (41.5%)], 
and gentamicin [23/82 (28.0%)]. Notably, 
gentamicin exhibited the highest susceptibility 
profile, with 50 (61.0%) of isolates remaining 
sensitive, followed by erythromycin [40 (48.8%)] 
and chloramphenicol [36 (43.9%)] (Table 3). 

The distribution of multidrug resistance (MDR) 
and the multidrug resistance index (MDRI) among 
the isolates are summarized in Table 4. Out of the 
82 Campylobacter isolates, 59 (72.0%) were classified 
as MDR, exhibiting resistance to three or more 
antimicrobial classes, while only 23 (28.0%) were 
non-MDR. The MDRI values ranged from 0.00 to 
>0.60, with the majority of isolates clustering within 
the intermediate range of 0.21–0.40 [30 (36.6%)], 
followed by 0.41–0.60 [25 (30.5%)]. A smaller 
proportion of isolates exhibited MDRI values 
between 0.00–0.20 [15 (18.3%)], while 12 (14.6%) 
demonstrated very high MDRI values (>0.60), 
indicative of intense antimicrobial selection 
pressure. The overall mean MDRI was 0.37 ± 0.14 
(Table 4). 

The specific multidrug resistance phenotypes 
expressed by the isolates are detailed in Table 5. 
The most predominant resistance pattern was 
AMP–PEN–OXA–TET–SXT, observed in 15 (18.3%) 
isolates, representing concurrent resistance to β-
lactams, tetracyclines, and folate pathway 
inhibitors. This was followed by PEN–OXA–TET–
STR–SXT [13 (15.9%)], which additionally 
incorporates resistance to aminoglycosides, and 
AMP–PEN–TET–CIP–SXT [10 (12.2%)], reflecting 
combined resistance to β-lactams, tetracyclines, 
fluoroquinolones, and folate inhibitors. Other 
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notable patterns included PEN–OXA–STR–CIP–
ERY [8 (9.8%)], encompassing resistance across β-
lactams, aminoglycosides, fluoroquinolones, and 
macrolides. Importantly, a subset of isolates [7 
(8.5%)] exhibited extensive multidrug resistance, 
characterized by resistance to six or more 
antimicrobial classes (AMP–PEN–OXA–TET–STR–
SXT). 

The knowledge and awareness of Campylobacter 
infection and related food safety concepts among 
poultry farmers, live bird sellers, and butchers are 
presented in Table 6. Overall, awareness levels were 
markedly low across all assessed domains. Only 9 
(9.0%; 95% CI: 4.8–16.3) respondents reported 
awareness of Campylobacter infection, while an 
overwhelming majority of 91 (91.0%; 95% CI: 83.8–
95.2) had no prior knowledge of the pathogen. 
Similarly, knowledge of zoonotic transmission was 
limited to 13 (13.0%; 95% CI: 7.8–21.0) respondents, 
with 87 (87.0%) lacking such awareness. Awareness 
of foodborne diseases was slightly higher but still 
suboptimal, with 18 (18.0%; 95% CI: 11.7–26.7) 
respondents demonstrating knowledge compared 
to 82 (82.0%) who were unaware. In the context of 
antimicrobial resistance, only 15 (15.0%; 95% CI: 
9.3–23.3) participants indicated awareness, whereas 
85 (85.0%) had no knowledge of this critical issue. 
Notably, understanding of the importance of 
hygiene in disease prevention, although 
comparatively higher, remained limited, with 22 
(22.0%; 95% CI: 15.0–31.1) respondents 
demonstrating awareness compared to 78 (78.0%) 
who did not. All assessed knowledge variables 
showed statistically significant differences (χ² range: 
62.72–134.5; p < 0.0001) (Table 6). 

The hygienic practices of poultry handlers in live 
bird markets and processing environments (Table 
7). The findings reveal widespread inadequacies in 
essential biosecurity and hygiene measures. Only 24 
(24.0%; 95% CI: 16.7–33.2) respondents reported 
adequate hand-washing practices after handling 
birds, while 76 (76.0%) practiced inadequate 
hygiene. The use of protective clothing such as 
gloves and aprons was particularly poor, with just 
11 (11.0%; 95% CI: 6.3–18.6) respondents adhering 
to recommended practices, compared to 89 (89.0%) 
who did not. Routine cleaning of processing 
surfaces was adequately practiced by 27 (27.0%; 
95% CI: 19.3–36.4) respondents, whereas 73 (73.0%) 
reported inadequate cleaning. Similarly, only 19 
(19.0%; 95% CI: 12.5–27.8) respondents used clean 
water for carcass washing, and proper waste 

disposal practices were observed in just 16 (16.0%; 
95% CI: 10.1–24.4) cases. All practice indicators 
were statistically significant (χ² range: 42.32–121.7; 
p < 0.0001) (Table 7). 

The patterns of antibiotic usage among poultry 
farmers and handlers are presented in Table 8. The 
results indicate widespread misuse and poor 
stewardship of antimicrobial agents. A substantial 
proportion of respondents, 82 (82.0%; 95% CI: 73.3–
88.3), reported using antibiotics without veterinary 
prescription, while only 18 (18.0%) adhered to 
professional guidance. Additionally, 71 (71.0%; 95% 
CI: 61.5–79.0) respondents reported using 
antibiotics for growth promotion, reflecting non-
therapeutic application of these drugs. Compliance 
with recommended withdrawal periods was 
notably low, with only 14 (14.0%; 95% CI: 8.5–22.1) 
respondents adhering to guidelines, compared to 
86 (86.0%) who did not. Furthermore, access to 
veterinary supervision prior to drug administration 
was limited, as only 21 (21.0%; 95% CI: 14.2–30.0) 
respondents reported consulting veterinary 
professionals, while 79 (79.0%) did not. All 
variables showed strong statistical significance (χ² 
range: 35.28–103.7; p < 0.0001) (Table 8). 

This present study provides insight into the 
epidemiology of Campylobacter spp. within poultry 
production systems and associated environments in 
Maiduguri, Nigeria, highlighting important host, 
environmental, and management-related drivers of 
transmission. The overall prevalence of 15.8% 
observed in this study indicates a substantial 
burden of Campylobacter within the poultry value 
chain, reinforcing its continued relevance as a 
foodborne pathogen of public health importance. 
This finding is consistent with the report of 
Nwankwo et al. (2016), who similarly documented a 
notable prevalence of the bacterium, with higher 
isolation rates from both poultry and human 
samples in Sokoto State, Nigeria.  

In a related perspective, Njoga et al. (2025) 
reported the isolation of the organism from poultry 
sources and further demonstrated a substantial 
occupational risk of human infection through 
questionnaire-based assessments among poultry 
handlers in Enugu State, Nigeria, highlighting the 
public health relevance of human–animal interfaces 
in transmission dynamics.  The predominance of 
Campylobacter jejuni (11.0%) over Campylobacter coli 
(4.8%) observed in the present study aligns with 
global epidemiological evidence, where C. jejuni is 
consistently reported as the principal species 
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Table 1. Distribution and prevalence of Campylobacter spp. across poultry species and environmental sources in poultry farms 
and live bird markets in Maiduguri, Borno State, Nigeria (n = 520) 

Sample Category Sample Source No. Examined No. Positive (%) C. coli n (%) 
 

C. jejuni n (%) 

Live Birds 
(Cloacal swabs) 

Chickens  70 16 (22.9) 5 (7.1) 11 (15.7) 

 Duck 45 9 (20.0) 3 (6.7) 6 (13.3) 
 Pigeon 45 4 (8.9) 0 (0.0) 4 (8.9) 
 Turkeys 40 7 (17.5) 3 (7.5) 4 (10.0) 

Total  200 36 (18.0) 11 (5.5) 25 (12.5) 

Slaughtered Poultry 
(Carcass/Tissue) 

Chickens  140 9 (6.4) 2 (1.4) 7 (5.0) 

 Ducks  15 4 (26.7) 2 (13.3) 2 (13.3) 
 Pigeons  35 1 (2.9) 0 (0.0) 1 (2.9) 
 Turkeys 10 3 (30.0) 1 (10.0) 2 (20.0) 

Total  200 17 (8.5) 5 (2.5) 12 (6.0) 

Subtotal (Poultry) — 400 53 (13.3) 16 (4.0) 37 (9.3) 

      
Environmental Samples Processing tables 30 7 (23.3) 2 (6.7) 5 (16.7) 
 Knives 25 3 (12.0) 0 (0.0) 3 (12.0) 
 Chopping boards 25 5 (20.0) 2 (8.0) 3 (12.0) 
 Wash water 40 14 (35.0) 5 (12.5) 9 (22.5) 

Subtotal (Environment) — 120 29 (24.2) 9 (7.5) 20 (16.7) 

Overall Total — 520 82 (15.8) 25 (4.8) 57 (11.0) 

Table 2. Risk factors associated with the occurrence of Campylobacter spp. in poultry samples (n = 400) in Maiduguri, Borno 
State, Nigeria 

Variable Category No. 
Examined 

No. Positive 
(%) 

Prevalence (%)  
95% CI (LL – UL) 

χ² p-value OR 

Poultry Species Chicken 210 25 (11.9) 6.3a (4.3 – 9.1) 9.421 0.0242 - 
 Duck 60 13 (21.7) 3.3b (1.9 – 5.5)    
 Pigeon 80 5 (6.3) 1.3c (0.5 – 2.9)    
 Turkeys 50 10 (20.0) 2.5d (1.4 – 4.5)    
Sample Type Live birds 200 36 (18.0) 9.0a (6.6 – 12.2) 218.1 <0.0001 0.02039 
 Slaughtered poultry 200 17 (8.5) 4.3b (2.7 – 6.7)    
Bird Health 
Status 

Apparently healthy 310 35 (11.3) 8.8a (6.4 – 11.9) 4.603 0.0319 0.5091 

 Clinically sick 90 18 (20.0) 4.5b (2.9 – 7.0)    

Key: CI= Confidence Interval; LL – UL = Lower limit – Upper limit; χ2 = Chi – square 
a,b,c,d Values with different superscripts indicate significant (p < 0.05) difference in prevalence rates 

Table 3. Antimicrobial resistance patterns, multidrug resistance (MDR), and multidrug resistance index (MDRI) of Campylobacter 
spp. isolated from poultry and environmental sources in Maiduguri, Borno State, Nigeria (n = 82) 

Antimicrobial Agent (Disc 
Potency) 

Antimicrobial Class Resistant n (%) Intermediate n (%) Susceptible n (%) 

Ampicillin (10 µg) β-lactam (penicillin) 60 (73.2) 8 (9.8) 14 (17.0) 
Penicillin (10 IU) β-lactam (penicillin) 65 (79.3) 5 (6.1) 12 (14.6) 
Amoxicillin/clavulanic acid (30 
µg) 

β-lactam 
 (β-lactamase inhibitor) 

45 (54.9) 10 (12.2) 27 (32.9) 

Oxacillin (5 µg) 
β-lactam (penicillinase-

resistant) 
58 (70.7) 7 (8.5) 17 (20.8) 

Tetracycline (5 µg) Tetracyclines 55 (67.1) 7 (8.5) 20 (24.4) 
Chloramphenicol (30 µg) Phenicols 34 (41.5) 12 (14.6) 36 (43.9) 
Gentamicin (10 µg) Aminoglycosides 23 (28.0) 9 (11.0) 50 (61.0) 
Streptomycin (10 µg) Aminoglycosides 48 (58.5) 7 (8.5) 27 (32.9) 
Ciprofloxacin (5 µg) Fluoroquinolones 41 (50.0) 8 (9.8) 33 (40.2) 
Erythromycin (5 µg) Macrolides 30 (36.6) 12 (14.6) 40 (48.8) 
Sulphamethoxazole/trimethoprim 
(25 µg) 

Folate pathway inhibitors 51 (62.2) 6 (7.3) 25 (30.5) 

Vancomycin (5 µg) Glycopeptides 69 (84.1) 4 (4.9) 9 (11.0) 
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Table 4. Multidrug resistance profile and MDRI distribution of Campylobacter spp. isolated from poultry and environmental 
sources in Maiduguri, Borno State, Nigeria 

Parameter Category               Number of Isolates (%) 

MDR Status MDR (≥3 classes)                    59 (72.0) 
 Non-MDR (<3 classes)                     23 (28.0) 
MDRI Range 0.00 – 0.20                      15 (18.3) 
 0.21 – 0.40                       30 (36.6) 
 0.41 – 0.60                       25 (30.5) 
 >0.60                       12 (14.6) 
Mean MDRI ± SD —                     0.37 ± 0.14 

Table 5. Multidrug resistance phenotypes of Campylobacter spp. isolated from poultry and environmental sources in Maiduguri, 
Borno State, Nigeria 

Resistance Pattern (Abbreviated) Antibiotics Included Frequency (%) 

AMP–PEN–OXA–TET–SXT β-lactams + tetracycline + folate inhibitors 15 (18.3) 

PEN–OXA–TET–STR–SXT β-lactams + aminoglycoside + tetracycline 13 (15.9) 

AMP–PEN–TET–CIP–SXT β-lactams + fluoroquinolone + tetracycline 10 (12.2) 

PEN–OXA–STR–CIP–ERY β-lactams + aminoglycoside + macrolide 8 (9.8) 

AMP–PEN–OXA–TET–STR–SXT Extensive MDR (≥6 classes) 7 (8.5) 

Key: AMP = Ampicillin; PEN = Penicillin; AMC = Amoxicillin/clavulanic acid; OXA = Oxacillin; TET = Tetracycline; CHL = 
Chloramphenicol; GEN = Gentamicin; STR = Streptomycin; CIP = Ciprofloxacin; ERY = Erythromycin; SXT = 
Sulphamethoxazole/trimethoprim 

Table 6. Knowledge and awareness of Campylobacter infection and food safety among poultry farmers, live bird sellers, and 
butchers in Maiduguri, Borno State, Nigeria (n = 100) 

Knowledge Variable Response Number of 
Respondents n (%) 

95% CI (LL – UL) χ² p-value 

Awareness of 
Campylobacter infection 

Aware 9 (9.0) 4.8 – 16.3 134.5 <0.0001 

 Not Aware 91 (91.0) 83.8 – 95.2   

Knowledge of zoonotic 
transmission 

Aware 13 (13.0) 7.8 – 21.0 109.5 <0.0001 

 Not Aware 87 (87.0) 79.0 – 92.2   

Awareness of foodborne 
diseases 

Aware 18 (18.0) 11.7 – 26.7 81.92 <0.0001 

 Not Aware 82 (82.0) 73.3 – 88.3   

Knowledge of antibiotic 
resistance 

Aware 15 (15.0) 9.3 – 23.3 98.0 <0.0001 

 Not Aware 85 (85.0) 76.7 – 90.7   

Understanding of hygiene 
importance in disease 
prevention 

Aware 22 (22.0) 15.0 – 31.1 62.72 <0.0001 

 Not Aware 78 (78.0) 68.9 – 85.0   

 

associated with poultry colonization and human 
campylobacteriosis (WHO, 2020; Taha-Abdelaziz et 
al., 2023; Kuang et al., 2025). This dominance may be 
attributed to its superior colonization capacity 
within the avian gastrointestinal tract, enhanced 
environmental adaptability, and greater persistence 
under processing and handling conditions, which 
collectively facilitate its transmission along the food 
chain. However, this finding contrasts with the 
reports of Nwankwo et al. (2016) and Njoga et al. 
(2025), who documented a higher prevalence of C. 

coli compared to C. jejuni. These variations may be 
attributable to differences in study design, sample 
size, geographical and ecological settings, 
husbandry practices, as well as variations in 
laboratory diagnostic approaches and species 
identification techniques. 

Such disparities further highlight the influence 
of local epidemiological and methodological factors 
on the distribution patterns of Campylobacter species 
across different study environments. 
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Table 7. Hygienic practices among poultry handlers in live bird markets and processing environments in Maiduguri, Nigeria (n 
= 100) 

Practice Indicator Response Number of 
Respondents n (%) 

95% CI (LL – UL) χ² p-value 

Hand washing after handling 
birds 

Adequate 
Practice                    

24 (24.0) 16.7 – 33.2 54.08 <0.0001 

 Inadequate 
Practice                

76 (76.0) 66.7 – 83.3   

Use of protective clothing 
(gloves/aprons) 

Adequate 
Practice                  

11 (11.0) 6.3 – 18.6 121.7 <0.0001 

 Inadequate 
Practice         

89 (89.0) 81.4 – 93.8   

Routine cleaning of 
processing surfaces 

Adequate 
Practice             

27 (27.0) 19.3 – 36.4 42.32 <0.0001 

 Inadequate   
Practice         

73 73.0) 63.6 – 80.7   

Use of clean water for carcass 
washing 

Adequate 
Practice       

19 (19.0) 12.5 – 27.8 76.88 <0.0001 

 Inadequate 
Practice         

81 (81.0) 72.2 – 87.5   

Proper waste disposal 
practices 

Adequate 
Practice        

16 (16.0) 10.1 – 24.4 92.48 <0.0001 

 Inadequate 
Practice        

84 (84.0) 75.6 – 89.9   

Key: CI= Confidence Interval; LL – UL = Lower limit – Upper limit; χ2 = Chi – square 

Table 8. Antibiotic usage practices among poultry farmers and handlers in Maiduguri, Nigeria (n = 100) 

Practice Indicator Response Number of 
Respondents n (%) 

95% CI (LL – UL) χ² P value 

Use of antibiotics without 
veterinary prescription 

Yes 82 (82.0) 73.3 – 88.3 81.92 <0.0001 

 No 18 (18.0) 11.7 – 26.7   
Use of antibiotics for growth 
promotion 

Yes 71 (71.0) 61.5 – 79.0 35.28 <0.0001 

 No 29 (29.0) 21.0 – 38.5    
Observance of recommended 
withdrawal period 

Yes 14 (14.0) 8.5 – 22.1             103.7               <0.0001 

 No 86 (86.0) 77.9 – 91.5    
Access to veterinary 
supervision before drug use 

Yes 21 (21.0) 14.2 – 30.0                 67.28  <0.0001 

 No 79 (79.0) 70.0 – 85.8    
Key: CI= Confidence Interval; LL – UL = Lower limit – Upper limit; χ2 = Chi – square

The higher contamination observed in 
environmental samples (24.2%) compared to 
poultry samples (13.3%) emphasize the critical role 
of environmental reservoirs in the persistence and 
dissemination of Campylobacter. In particular, the 
high prevalence in wash water (35.0%) suggests that 
water used during slaughter and processing may 
serve as a major vehicle for cross-contamination. 
This finding aligns with previous reports that 
identify contaminated water and processing 
surfaces as key contributors to pathogen spread 
within live bird markets and slaughter facilities 
(Whiley et al., 2013; Zhang et al., 2018; Chala et al., 

2021; Njoga et al., 2025). The detection of 
Campylobacter on processing tables, chopping 
boards, and knives further indicates inadequate 
sanitation practices and highlights the potential for 
repeated contamination cycles during processing 
operations. 

The comparatively higher prevalence in live 
birds (18.0%) relative to slaughtered poultry (8.5%) 
suggests that colonization primarily occurs at the 
farm or pre-slaughter stage, with partial reduction 
during processing. However, the persistence of the 
organism in carcass samples indicates that 
slaughtering processes in the study area may not be 
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sufficiently effective in eliminating contamination. 
This observation is consistent with findings from 
similar settings where traditional slaughter 
practices, limited biosecurity, and poor hygienic 
conditions contribute to the survival and spread of 
Campylobacter (Zainol et al., 2024; Njoga et al., 2025). 
The significant association between sample type 
and Campylobacter occurrence further supports the 
notion that intervention strategies should prioritize 
both pre-harvest and post-harvest control measures. 

Species-specific differences observed in this 
study provide additional epidemiological insights. 
While chickens contributed the largest proportion of 
overall infections (6.3%) due to their higher 
representation in the sample population, ducks and 
turkeys exhibited higher within-group prevalence 
rates (21.7% and 20.0%, respectively), suggesting 
increased susceptibility or exposure in these species. 
These findings corroborate earlier studies indicating 
that waterfowl, particularly ducks, may act as 
important reservoirs of Campylobacter due to their 
frequent contact with contaminated water sources 
and their capacity to asymptomatically harbor the 
organism (Ahmed and Gulhan, 2022; Wysok et al., 
2022). The relatively lower prevalence observed in 
pigeons may reflect differences in husbandry 
practices, ecological behavior, or reduced exposure 
to contaminated environments. 

The significant association between bird health 
status and Campylobacter detection highlights the 
complex interplay between host physiology and 
pathogen dynamics. Although apparently healthy 
birds contributed a greater proportion of total 
positives due to their larger sample size, clinically 
sick birds exhibited a higher within-group 
prevalence, suggesting that disease conditions may 
enhance bacterial shedding or susceptibility. This 
observation is in agreement with previous reports 
that stress, immunosuppression, and concurrent 
infections can increase Campylobacter colonization 
and excretion in poultry (Ahmed and Gulhan, 2022; 
Mbai et al., 2022; Wu et al., 2024). Importantly, the 
detection of Campylobacter in apparently healthy 
birds reinforces its status as a commensal organism 
in poultry, posing a silent but significant risk for 
transmission to humans. 

The antimicrobial resistance profile observed in 
this study reveals a concerning pattern of reduced 
susceptibility among Campylobacter isolates from 
both poultry and environmental sources, with 
important implications for treatment efficacy and 
public health. The high levels of resistance to β-

lactam antibiotics, including penicillin (79.3%), 
ampicillin (73.2%), and oxacillin (70.7%), are 
consistent with the intrinsic and acquired resistance 
mechanisms widely reported in Campylobacter spp., 
particularly the production of β-lactamases and 
reduced permeability of the bacterial cell wall 
(Zenebe et al., 2020; Hasan et al., 2025). The notably 
high resistance to vancomycin (84.1%) is expected, 
given that Campylobacter is a Gram-negative 
organism inherently resistant to glycopeptides due 
to the outer membrane barrier, and thus this 
finding primarily reflects intrinsic resistance rather 
than acquired selective pressure. 

The elevated resistance to tetracycline (67.1%) 
and sulphamethoxazole/trimethoprim (62.2%) 
suggests extensive and possibly indiscriminate use 
of these antimicrobials in poultry production 
systems. Tetracycline resistance in Campylobacter 
has been strongly associated with the presence of 
the tet (O) gene, often carried on transferable 
genetic elements, facilitating rapid dissemination 
within bacterial populations (Alam et al., 2023). 
Similarly, resistance to folate pathway inhibitors 
may reflect long-term exposure and selective 
pressure within both veterinary and environmental 
contexts. These findings align with reports from 
other low- and middle-income countries where 
antimicrobial use in animal husbandry is often 
poorly regulated (Ayandiran et al., 2018; Fani et al., 
2019). 

Of particular concern is the moderate to high 
resistance observed against fluoroquinolones 
(ciprofloxacin, 50.0%) and macrolides 
(erythromycin, 36.6%), which are considered 
critically important antimicrobials for the treatment 
of human campylobacteriosis (Tramuta et al., 2024; 
Popa et al., 2025). Resistance to fluoroquinolones is 
commonly linked to point mutations in the gyrA 
gene, while macrolide resistance is associated with 
mutations in the 23S rRNA gene or the presence of 
efflux pumps such as CmeABC (Shariati et al., 2022; 
Wang et al., 2025). The presence of such resistance 
patterns in this study raises significant concerns 
regarding the potential for therapeutic failure, 
particularly in severe or invasive infections. 

In contrast, gentamicin demonstrated the 
highest level of susceptibility (61.0%), suggesting 
that aminoglycosides may still retain effectiveness 
against Campylobacter in the study area. However, 
the emergence of resistance to streptomycin 
(58.5%), another aminoglycoside, indicates that this 
class of antibiotics is not entirely spared from 
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resistance development. The relatively moderate 
susceptibility to chloramphenicol (43.9%) may 
reflect its limited use in contemporary veterinary 
practice due to regulatory restrictions, thereby 
reducing selective pressure. 

The high prevalence of multidrug resistance 
(72.0%) observed in this present study is 
particularly alarming and indicative of widespread 
exposure of Campylobacter populations to multiple 
antimicrobial agents. This level of MDR exceeds 
values reported in some previous studies and 
underscores the intensity of antimicrobial selection 
pressure within the local poultry production 
environment (Gahamanyi et al., 2021; Barata et al., 
2024; Kholeif et al., 2025; Mayyas et al., 2025). The 
MDRI distribution further supports this 
observation, with a mean value of 0.37 ± 0.14, 
suggesting that isolates originated from high-risk 
environments where antibiotics are frequently used. 
MDRI values above 0.2 are generally considered 
indicative of high-risk contamination sources with 
significant antimicrobial exposure (Ayandele et al., 
2020), and the substantial proportion of isolates 
within the 0.21–0.60 and >0.60 ranges in this study 
reinforces this concern. 

The diversity of multidrug resistance 
phenotypes observed reflects the complex and 
multifactorial nature of antimicrobial resistance 
development in Campylobacter. The predominance of 
resistance patterns involving β-lactams, 
tetracyclines, and folate pathway inhibitors suggests 
that these antimicrobial classes are under strong 
selective pressure within the study setting. The 
identification of extensive MDR phenotypes, 
including resistance to six or more antimicrobial 
classes, is particularly noteworthy and indicative of 
the emergence of highly resistant strains with 
limited treatment options. Such patterns have been 
increasingly reported in regions with unregulated 
antimicrobial usage and highlight the potential for 
horizontal gene transfer and co-selection of 
resistance determinants (Adhikari et al., 2025; 
Mayyas et al., 2025). 

From a public health perspective, the coexistence 
of high antimicrobial resistance and environmental 
contamination observed in this study amplifies the 
risk of transmission of resistant Campylobacter 
strains through the food chain. Poultry products 
contaminated with MDR strains may serve as a 
direct source of infection, while environmental 
reservoirs may facilitate indirect transmission and 
persistence. These findings emphasize the urgent 

need for antimicrobial stewardship programs 
targeting poultry production, including regulation 
of antibiotic use, promotion of alternative disease 
control strategies, and enforcement of withdrawal 
periods. 

The findings of this study reveal substantial 
gaps in knowledge, suboptimal hygienic practices, 
and widespread misuse of antibiotics among 
poultry farmers, live bird sellers, and butchers, all 
of which have important implications for the 
persistence and transmission of Campylobacter and 
antimicrobial resistance within the poultry value 
chain. The consistently low levels of awareness 
observed across all assessed domains indicate a 
critical deficiency in risk perception and health 
literacy among key stakeholders involved in 
poultry production and processing. Notably, 
awareness of Campylobacter infection was extremely 
limited (9.0%), suggesting that the pathogen 
remains largely unrecognized despite its 
established role as a leading cause of bacterial 
gastroenteritis globally (WHO, 2020; Njoga et al., 
2025). This lack of awareness may hinder the 
adoption of preventive measures and contribute to 
ongoing transmission within both animal and 
human populations. 

Similarly, the limited knowledge of zoonotic 
transmission (13.0%) and foodborne diseases 
(18.0%) underscores a broader disconnect between 
occupational exposure and perceived health risks. 
In settings such as live bird markets, where 
human–animal interactions are frequent and often 
unregulated, insufficient understanding of zoonotic 
pathways can significantly increase the likelihood 
of pathogen transmission (Abebaw and Assefie, 
2025; Sparaciari et al., 2025). The low level of 
awareness regarding antimicrobial resistance 
(15.0%) is particularly concerning, given the 
growing global burden of resistant infections and 
the central role of agricultural antibiotic use in 
driving resistance emergence (Ahmed et al., 2024). 
Even though awareness of hygiene as a preventive 
measure was relatively higher (22.0%), it remained 
inadequate, suggesting that knowledge alone 
where present may not be sufficient to translate 
into effective practice. 

The observed deficiencies in hygienic practices 
further reinforce the risks associated with low 
awareness. The majority of respondents reported 
inadequate hand hygiene, limited use of personal 
protective equipment, and poor sanitation of 
processing surfaces. These findings are consistent 
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with previous studies in similar informal poultry 
systems, where infrastructural limitations, lack of 
training, and economic constraints contribute to 
poor compliance with hygiene standards (Grace et 
al., 2024; Melaku et al., 2025). The particularly low 
use of protective clothing (11.0%) and inadequate 
cleaning of processing surfaces (73.0%) suggest a 
high potential for cross-contamination during 
handling and slaughtering processes. Moreover, the 
limited use of clean water for carcass washing and 
poor waste disposal practices highlight 
environmental pathways through which 
Campylobacter and other pathogens may persist and 
spread. 

The patterns of antibiotic usage identified in this 
study provide further evidence of systemic 
challenges in antimicrobial stewardship. The high 
proportion of respondents using antibiotics without 
veterinary prescription (82.0%) reflects weak 
regulatory oversight and easy access to 
antimicrobial agents, a situation commonly 
reported in many low- and middle-income 
countries (Nepal et al., 2026; Orisile et al., 2026). The 
widespread use of antibiotics for growth promotion 
(71.0%) and the low compliance with withdrawal 
periods (14.0%) are particularly problematic, as 
these practices not only promote the selection of 
resistant bacteria but also increase the risk of 
antimicrobial residues entering the food chain. The 
limited access to veterinary supervision (21.0%) 
further exacerbates this issue, as farmers and 
handlers may rely on informal knowledge or peer 
recommendations when administering drugs. 

Conclusion 
This study demonstrated that Campylobacter spp. 
was widely distributed across poultry and 
associated environmental matrices in Maiduguri, 
with an overall prevalence of 15.8% and a notably 
higher contamination burden in environmental 
sources compared to poultry samples. The 
predominance of C. jejuni across all sample types 
reinforces its central role in poultry-associated 
campylobacteriosis and highlights its 
epidemiological importance within the local 
production and processing continuum. The 
significantly higher recovery of isolates from live 
birds relative to slaughtered poultry, coupled with 
species-specific differences, underscores the 
influence of host factors and production systems on 
pathogen dynamics. The detection of substantial 
environmental contamination, particularly in wash 
water and processing surfaces, provides strong 

evidence of critical control failures along the 
processing chain and highlights the environment as 
a key reservoir facilitating cross-contamination and 
transmission. Furthermore, the significant 
associations observed with poultry species, sample 
type, and health status emphasize the multifactorial 
nature of Campylobacter occurrence within the 
production system. 

Of particular concern is the high level of 
antimicrobial resistance observed among isolates, 
including widespread resistance to commonly used 
antibiotics and a high prevalence of multidrug 
resistance (72.0%), with elevated multidrug 
resistance index values indicative of sustained 
antimicrobial selection pressure. The diversity of 
resistance phenotypes, including strains resistant to 
multiple antimicrobial classes, underscores the 
growing therapeutic challenge posed by 
Campylobacter in this setting. 

Equally critical are behavioral and management 
factors identified in this study. The findings reveal 
markedly low levels of knowledge and awareness 
of Campylobacter, food safety, and antimicrobial 
resistance among poultry handlers, alongside 
widespread deficiencies in hygienic practices and 
extensive misuse of antibiotics, including non-
prescription use and poor compliance with 
withdrawal periods. These practices constitute 
significant drivers of pathogen transmission and 
antimicrobial resistance emergence within the 
human–animal–environment interface. 
Recommendations 
To mitigate burden and transmission of 
Campylobacter within poultry value chain, 
immediate implementation of integrated control 
measures is essential. Hygiene and biosecurity 
practices should be strengthened across all critical 
points particularly in live bird markets and 
processing environments through enforcement of 
minimum sanitary standards, provision of clean 
water and routine disinfection of equipment and 
surfaces. Capacity-building programs targeting 
poultry farmers, traders and processors should be 
prioritized to improve knowledge of zoonotic 
diseases, food safety and personal hygiene practices 
with emphasis on handwashing, use of protective 
clothing and safe carcass handling. In parallel, 
farm-level interventions, including improved 
housing waste management and controlled access 
to flocks should be promoted to reduce 
environmental contamination and pathogen 
circulation. 
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Addressing antimicrobial resistance requires 
coordinated One Health–driven strategies that 
integrate veterinary public health, and 
environmental sectors. Regulatory frameworks 
governing antibiotic distribution and use should be 
strengthened to limit non-prescription access and 
discourage the use of antimicrobials for growth 
promotion. Enhanced veterinary oversight 
alongside antimicrobial stewardship programs, is 
critical to promote judicious drug use. Routine 
surveillance systems for antimicrobial resistance 
and Campylobacter occurrence across poultry, 
humans and environmental sources should be 
institutionalized to support evidence-based 
decision-making. Furthermore, investment in 
diagnostic capacity and future research focusing on 
molecular characterization and source attribution is 
recommended to better elucidate transmission 
pathways and inform targeted interventions aimed 
at improving food safety and protecting public 
health. 
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