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ABSTRACT 
Campylobacter, a leading cause of foodborne bacterial illness globally, poses a significant public health concern.Characterization of Campylobacter from 690 chicken meat and environment samples from slaughter slabs in Jos ,Plateau state, Nigeria was performed to detect Campylobacter species, detect resistance and virulence genes and genetic relatedness of the isolates. Isolates identified using culture methods were confirmed for genus and specie level by multiplex PCR. Antimicrobial resistance and virulence genes were detected molecularly, and phylogenetic analysis was conducted using MEGA X to assess the genetic relatedness of the isolates. Campylobacter jejuni (10.7%) and Campylobacter coli (3.6%) were identified by multiplex PCR. Among the 12 molecularly characterized isolates, 10 carried the tetO gene (tetracycline resistance), 9 carried the 23S rRNA gene (macrolide resistance), and 7 carried the gyrA gene (fluoroquinolone resistance). The cdtC virulence gene was detected in 7 of the 12 isolates. . Phylogenetic analysis showed five major clusters, indicating genetic diversity and wide geographical distribution of the isolates. This study highlights the presence of multidrug-resistant and potentially virulent Campylobacter strains in chicken and environmental samples from slaughter slabs in Jos. The detection of resistance genes such as tetO, 23S rRNA, and gyrA underscores the threat posed by antimicrobial-resistant Campylobacter in poultry meat. The genetic similarity between local isolates and those from other countries suggests possible links via international poultry trade or shared environmental reservoirs. 
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CONCLUSIONS: This study highlights the presence of multidrug-resistant and potentially virulent Campylobacter strains in chicken and environmental samples from slaughter slabs in Jos. The detection of resistance genes such as tetO, 23S rRNA, and gyrA underscores the threat posed by antimicrobial-resistant Campylobacter in poultry meat These findings underscore the need for improved hygiene practices, rational antibiotic use in poultry production, and enhanced surveillance systems to prevent the spread of resistant and pathogenic Campylobacter strains to humans.
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		INTRODUCTION
Campylobacter as a zoonotic pathogen,  is recognized as one of the major causes of foodborne bacterial diseases, worldwide (Tang et al., 2020).  The main species responsible for acute gastroenteritis in humans. are Campylobacter jejuni and Campylobacter coli Akbar Shahid  
et al., 2024).These  species are responsible for most  of all human Campylobacter gastroenteritis cases worldwide (Akbar Shahid  et al., 2024). Though, other species such as Campylobacter lari and Campylobacter upsaliensis have also been involved in sporadic cases of gastroenteritis  (Kaakoush et al.,2015). These pathogens are capable of causing health infections such as urinary  tract infections, sepsis, or certain neuropathies and in  particular, reactive arthritis, Guillain-Barre´ syndrome (GBS), irritable bowel, and Miller Fisher syndrome (MFS)( Scallan et al.,2015). The poultry birds serves as reservoir for a lot of human cases.  Livestock, particularly chickens and poultry, are significant carriers of Campylobacter species (Amjad and Zia, 2023). These are commonly found in their fecal samples and exhibit resistance to various antibiotics like quinolones, macrolides, tetracyclines, aminoglycosides, and chloramphenicol (Gloanec et al., 2022).
 The multidrug resistance of Campylobacter species has become a worldwide issue, with particular concerns regarding resistance to important medications such as fluoroquinolones and macrolides  (Lekshmi et al., 2023; Qin et al., 2023). The resistance to fluoroquinolones and macrolides has substantially increased due to chromosomal mutations that lead to the development of drug resistance (Conesa et al.,  2022; Milton et al., 2020).While campylobacteriosis is often self-limiting, the growing problem of antimicrobial resistance poses a significant challenge in managing this illness (Lekshmi et al., 2023; Qin et al., 2023). Molecular studies have shown the main virulence factors involved in the pathogenesis of Campylobacter  causing various health issues like urinary tract infections, sepsis, reactive arthritis, Guillain-Barre´ syndrome, irritable bowel, and Miller Fisher syndrome. These includes adherence, invasion of intestinal epithelial cells, toxin production, and survival in host cells( Gharbi et al.,2022) Although, infections caused by Campylobacter are usually self-limiting and may not require antibiotic treatment, but therapy becomes necessary in some cases of prolonged enteritis and septicemia. Macrolides (erythromycin and azithromycin), fluoroquinolones (ciprofloxacin), and tetracyclines are commonly used drugs for treating human campylobacteriosis.treatment of human campylobacteriosis.( Gharbi et al., 2023) The overuse of antibiotics in human infections and the misuse of antimicrobial drugs in animal husbandry are the main reasons for the increased resistance rates in Campylobacter species(Liu et al., 2022).  
Antibiotic resistance in Campylobacter species involves various molecular mechanisms such as point mutations in specific genes like gyrA, tet(O), and 23S rRNA, as well as the activation of multidrug efflux pumps like CmeABC. Fluoroquinolone resistance in Campylobacter is primarily caused by mutations in the quinolone resistance-determining region (QRDR) of the DNA gyrase gene, gyrA.  High resistance to tetracycline in Campylobacter is often linked to the tet(O) gene, which encodes a protective ribosomal protein.(poudel et al.,2022).  Resistance to macrolides in Campylobacter is commonly associated with point mutations in the V domain of the 23S rRNA gene and the activation of the CmeABC multidrug efflux pump.(Gharbi et al.,2023)  Various genes such as erm(B), aadE, sat4, blaOXA-61, and aphA-3 are also been responsible for antimicrobial resistance in Campylobacter strains, leading to multidrug resistance.(Paravisi et al.,2020) 
Several studies have revealed a significant association between virulence genes and antimicrobial resistance (AMR)  in bacterial pathogens, suggesting a link between anti biotic resistance and potential colonization or invasion  capacities of these bacteria. Such association has been studied and some reports have shown that infection in humans with antimicrobial resistant strains of Campylobacter is associated with a longer period of diarrhea. (Liu et al., 2022)
 Campylobacter strains exhibit resistance to different types of antibiotics including erythromycin, streptomycin/streptothricin, β-lactams, and aminoglycosides due to the presence of specific resistance genes( Ramatla et al.,2022).
Extensive study has been carried out on the epidemiology of campylobacteriosis, indicating its prevalence worldwide(Wanja et al.,2021;Gharbi et al., 2023). Although the illness is frequently self-limiting, the rising incidence of AMR presents a significant challenge. Antimicrobial Resistance poses major challenges to treatment and disease management. This study investigates the AMR in Campylobacter as a global public health problem, with resistance rates increasing in both developed and developing countries(Ngulukun et al.,2017).Therefore, emergence of resistant Campylobacter strains has serious implications for food safety and public health. Subsequently, fluoroquinolone and macrolide resistance have doubled in the past 20 years, highlighting the urgency of addressing( Mohan et al.,2025) .  
Molecular techniques, such as PCR, are used to accurately identify Campylobacter species, including C. jejuni and C. coli, which are the most common culprits in human infections. Understanding the  genetic diversity of Campylobacter in slaughter slabs, this research can inform strategies for reducing contamination and preventing human infections.
Understanding the molecular mechanisms of antibiotic resistance, virulence potential and genetic diversity of Campylobacter in slaughter slabs is crucial for developing effective strategies to combat the growing issue of multidrug resistance. The knowledge about Campylobacter epidemiology in poultry slaughter slabs in Jos, plateau state is limited, including antibiotic resistance and virulence patterns.

Investigating the presence and prevalence of antimicrobial resistance genes and cdtC virulence gene in Campylobacter isolates from slaughter slabs can provide valuable insights into the mechanisms of resistance and the potential for their spread. By understanding the genetic diversity of Campylobacter in slaughterhouses and slabs, this study can inform strategies for reducing contamination and preventing human infections. The objectives of this study are to identify the specific Campylobacter species present, investigating the presence and prevalence of antimicrobial resistance genes and cdtC virulence gene in Campylobacter isolates from slaughter slabs and assess the diversity of Campylobacter strains using molecular techniques. 


MATERIALS AND METHODS
2.2.	Study Design
Purposive sampling based on convenience was used. Samples from selected processed chicken and environmental samples (swabs from handlers’ hands, work surfaces and cutting board surfaces) in slaughter slabs were collected. Chicken slaughter slabs, from two local Government Areas (Jos South, and Jos North) formed the sample sites.
2.2.1.	Sample Size Determination
A minimum sample size was calculated to be 384 considering 50% prevalence due to lack of previous studies on prevalence of Campylobacter in Chicken and environmental samples from slaughter slabs in Jos.
Utilizing the formula used by Naing et al., (2022).

Where:
n	=	desired sample size (when population is greater than 10,000)
Z 	=	Standard normal distribution of 95% confidence interval = 1.96.
P	=	Known prevalence of the infection.
d	=	allowable error which is taken at 5% = 0.05
q	=	1.0 –P
The sample size was increased to 690 to enhance precision to error margin and for potential non-response


2.3	Ethical Clearance Approval
Ethical Clearance was obtained from National Veterinary Research Institute, Vom, Animal Use and Care Ethical Committee REF.NO:AEC/02/182/25 and Health Research Ethics Committee, Plateau state specialist hospital. Jos, Plateau state, Reg. No:NHREC/09/23/2010b.
 2.4 Samples Collection and Transportation
About 25g of harvested Caecal (intestinal contents) from chicken was collected, labeled and suspended in 225ml of brain heart infusion broth (for enrichment) for bacteriological examination and homogenized. (ISO 17604; Gharst et al., 2013). Carcass swabs were taken from the meat surface, processing environment samples (Handler's hand swabs, Knives swabs and cutting board swabs) were aseptically taken with sterile cotton tipped swabs. Each cotton swab was moistened and rubbed on sites and transferred to a sterile screw bottle containing 10ml of brain heart infusion broth (Transport medium) to prevent drying (ISO 17604; Gharst et al., 2013). The samples were then transported immediately to Microbiology Laboratory, Diagnostic Services Department, National Veterinary Research Institute Vom, Plateau State, Nigeria using ice box. All samples were processed within 3hrs of collection.
2.5 Media Preparation
Enrichment Broth: Brain Heart Infusion (CM1135)
Brain heart infusion broth was prepared according to manufacturer's (Oxoid) description. Thirty-seven (37)g of brain heart infusion powder was weighed and added to one (1) liter of distilled water. It was mixed well and distributed into Macartney bottles and sterilized by autoclaving at 121°C for 15minutes.the prepared brain heart infusion broth was incubated at 37°C for 24 hours for sterility check.
Modified charcoal cefoperazone deoxycholate agar(Oxoid) (mCCDA)
The modified Charcoal ceforeperazone deoxycholate agar was prepared according to manufacturer's instructions by dissolving 22.75g media powder in500ml of distilled water and bring to boil to dissolve. It was then sterilized by autoclaving at 121°C for 15minutes. The sterilized media was allowed to cool to 50oc. One vial of CCDA selective supplement (Oxoid) reconstituted with 2ml of sterile distilled water was aseptically added to the cooled media. It was mixed thoroughly well and poured into sterile petri dishes.
2.6	Sample Processing
2.6.1	Isolation of Campylobacter species from intestinal contents of chicken
Intestine(caecum) from each sample was handled separately in sample containers to avoid cross contamination. The samples in brain heart infusion broth (Oxoid, Hampshire, UK) was incubated for enrichment at 42°C for 24 hours in a microaerophilic atmosphere (10% CO2, 5% O2 and 85% N2) with CampyGen sachets (Oxoid, Cambridge, UK) and anaerobic jar (Sigma-Aldrich, St. Louis, MI, USA) (Gharst et al., 2013; ISO, 10272-1 2017). A loop-full of the enriched sample was directly streaked onto mCCDA (Blood free Campylobacter specific media modified charcoal cefoperazone deoxycholate agar (Oxoid, UK) containing a selective supplement (SR155E, Oxoid, UK)). Plates were incubated in anaerobic jars under micro aerobic conditions of 5% oxygen, 10% carbon dioxide and 85% nitrogen using gas generating packs (Campy-Gen, Oxoid, UK) at 42°C for 2days. Presumptive colonies were sub-cultured and single colony re-plates made onto mCCDA. Campylobacter colony growth was identified as small, translucent to grayish, flat and moist, with a tendency to spread. Single colony re-plates, from presumptive positive colonies from each plate, were stored in cryovials containing nutrient broth with 20% (v/v) glycerol at -80 °C (Gharst et al., 2013; ISO, 10272-1 2017).
2.6.2	Isolation of Campylobacter spp. from Chicken Carcass Swabs, Handler's hand swabs, cutting board swabs and knives swabs
Carcass swabs, knife swabs, cutting board swabs and Handler's hand swabs in transport medium were incubated for enrichment at 42°C for 24 hours in a microaerophilic atmosphere (10% CO2, 5% O2 and 85% N2) with CampyGen sachets (Oxoid, Cambridge, UK) and anaerobic jar (Sigma-Aldrich, St. Louis, MI, USA) (Gharst et al., 2013; ISO, 10272-1 2017). A loop-full of the enriched sample was directly streaked onto mCCDA (Blood free Campylobacter specific media modified charcoal cefoperazone deoxycholate agar (Oxoid, UK) containing a selective supplement (SR155E, Oxoid, UK)). Plates were incubated in anaerobic jars under micro aerobic conditions of 5% oxygen, 10% carbon dioxide and 85% nitrogen using gas generating packs (Campy-Gen, Oxoid, UK) at 42°C for 2 days. Presumptive colonies were sub-cultured and single colony re-plates made onto mCCDA. Campylobacter colony growth was identified as small, translucent to grayish, flat and moist, with a tendency to spread. Single colony re-plates, from presumptive positive colonies from each plate, were stored in cryovials containing nutrient broth with 20% (v/v) glycerol at -80°C (Gharst et al., 2013; ISO, 10272-1 2017) for further study.
2.7	Morphological Identification of Campylobacter Isolates
Phenotypic identification was done on the presumed colonies for morphological and biochemical characteristics. The morphological characteristics include their colonial appearance on mCCDA as grayish, flat and moistened with a tendency to spread.
Gram's staining reaction: Small, curved spiral shaped Gram- negative bacilli were presumed Campylobacter species (Nachamkin, 1999).
Motility Test: Spiral or curved slender rods with a corkscrew-like motility were observed as campylobacter (Nachamkin, 1999).
2..8	Biochemical identification of presumptive Campylobacter isolates
2..8.1	Detection of catalase activity 
Catalase test was performed from presumed Campylobacter isolates. Loop full of the growth isolates was placed in a drop of 3% hydrogen peroxide (H2O2). Bubbles indicate catalase positive test (Elmer et al., 1998).
2.8.2	Detection of oxidase activity
The oxidase test was carried out using filter paper dampened with oxidase reagent, then a streak from suspected campylobacter isolate was made. Violet or deep blue colour within 10 seconds indicates a positive reaction (Elmer et al., 1998).
2.8.3	Reaction on Triple Sugar Iron agar (TSI)
Slant and stab butt of TSI were inoculated with suspected Campylobacter culture growth. It was then incubated under microaerobic atmosphere at 37°C for 5days. All Campylobacter species produce alkaline/ alkaline reactions. H2S production was observed (Elmer et al., 1998).
2.9. Characterization of Campylobacter Isolates
2.9.1	Antimicrobial susceptibility/ resistance profile of Campylobacter isolates
Antimicrobial susceptibility tests of the Campylobacter isolates were determined by the disc diffusion method of Kirby Bauer (1966) as described by the Clinical Laboratory Standard Institute (CLSI, 2021). This was done using the standard disc diffusion method on Muller-Hinton agar (MHA) (Oxoid, Cambridge, UK). Few colonies of similar morphology were inserted into a tube containing 5 mL normal saline (0.85%), and the turbidity of this suspension was adjusted to be equivalent to that of the 0.5 McFarland standard. The MHA plates were inoculated with the adjusted inoculum suspension and then they were incubated at 42oC for 48 h under microaerophilic conditions. Eight antimicrobials (Oxoid, Cambridge, UK) belonging to six different classes was used: nalidixic acid (NA, 30 µg), erythromycin (ERY, 15 µg), gentamicin (CN, 10 µg), tetracycline (TE, 30 µg), ampicillin (AMP, 10µg), chloramphenicol (CHL,30 µg), azithromycin (AZ, 15µg) and  pefloxacin(PEF, µ5g). The degree of sensitivity of each isolate was determined by measuring the diameter of the inhibition zone around each disc and the results were interpreted according to the clinical and laboratory standards institute (CLSI, 2021).
2.9.2	Determination of multiple antibiotic resistance (MAR) Index.
(MAR) indexes: the MAR index points to the level of antibiotic resistance exhibited by an organism. MARI= a/b where "a" is the total number of antibiotics to which an organism is resistant, and "b" is the total number of antibiotics against which the organisms was tested. This was calculated as described by Sandhu et al. 2016.
2.9.3	Determination of multidrug resistance (MDR) 
MDR was determined by ascertaining the drug class of each test antibiotic and registering those isolates with resistance to three or more classes (Sweeney et al., 2018; CLSI,2021).


2.10	Molecular Identification of Campylobacter isolates
Presumed isolates from chicken and environmental samples which gave phenotypic characteristics of Campylobacter species were tested using the polymerase chain reaction (PCR). A multiplex PCR was carried out using specific primers set for C. jejini, C. coli, C. lari, C. upsaliensis, C. fetus, and C. venerealis.
2.10.1	DNA Extraction
Presumed Campylobacter culture on (mCCDA) selective media plate was suspended in200ul sterile distilled water in 15ml Eppendorf tube. The suspension was further vortexed briefly for 10 seconds and immediately boiled at 100°C for 15minutes. To extract the DNA, the samples were cooled immediately on ice for 5 minutes and centrifuged at 13,000xg for 10 minutes (Raja et al., 2017). The supernatant was further used as the DNA templates for PCR.
PCR assay was carried out to confirm the isolates (Fermentas, Germany). PCR was carried out in a 2X master mix composition of Taq 2X Master Mix (New England Biolabs™) containing 10 mM Tris-HCl, 50 mM KCl, 1.5 mM MgCl2,0.2 mM of each dNTPs. The mix was carried out in a 25µl total volume of enzyme mix per sample.
2.10.2.	Amplification of Target DNA
Primers (InqabaBiotech South Africa) was used to amplify a 439-bp 16S fragment from the genus Campylobacter (Moreno et al., 2003). The isolates were confirmed using multiplex PCR as described by Wang et al. (2008). The primers used targets the 16S rRNA and the lpxA genes.
To differentiate the organism at the specie level, lpxA gene which codes for the enzyme lpxA were used (Klena et al., 2004) These set of primers are robust and stable, possess a high level of discrimination and have been used by many authors to differentiate Campylobacter species (Klena et al., 2004; Lv et al.,2020). Campylobacter genus and species-specific identification were performed by PCR on a Gene AMP PCR system 2700 (Applied Biosystems, USA) thermocycler.
Genus specific
The 25ul reaction mix comprised of 12.5ul Bioline Mytaq Red MixR, (0.11 units/ul Taq DNA polymerase,82.5mM Tris-HCL pH8.5, 22mM (NH4)2SO4, 1.65mM MgCl2, 0.22mM dNTPs), 1.0ul each of Cam 220 forward primer and Cam659 reverse primer gene, sterile distilled water to volume and 2ul of the genomic DNA. The cycle conditions used were as follows: an initial incubation at 94°C for 60 seconds, followed by 35 cycles of denaturation at 94°C for 60 seconds, annealing at 64°C for 30 seconds, and elongation at 72°C for 30 seconds, and finally 7 minutes of extension at 72°C(NCBI,2014). The primer product(amplicon) was separated by electrophoresis (Bio-Rad, USA) in 15% agarose gel at100 volts for 45minutes in Tris Boric EDTA(TBE). Then the gel was visualized by ethidium bromide staining, illuminated by ultraviolet transilluminator and documented by a gel documentation system Chemi Genius-SYNGENE). A 100bp DNA ladder was used as size reference for the PCR assay.
Species Specific
After genus confirmation, a multiplex PCR was performed for species identification using primers target the lipid A lpxA gene in two Campylobacter species namely C.jejuni and C. Coli (Klena et al., 2004). The 25ul reaction mix had 12.5ul of Bioline My Taq MixR, 1.0ul of forward primers complementary to the lpxA gene for C.jejuni and C.coli with the 3.0ul reverse primer ARKK2m, 25 sterile distilled water to volume and 3.0ul of the genomic DNA. The cycle conditions used were as follows: an initial incubation at 94°C for 60 seconds, followed by 35 cycles of denaturation at 94°C for 60 seconds, annealing at 64°C for 30 seconds, and elongation at 72°C for 30 seconds, and finally 7 minutes of extension at 72°C (NCBI, 2014). The primer product(amplicon) was separated by electrophoresis (Bio-Rad, USA) in 15% agarose gel at100 volts for 45minutes in Tris Boric EDTA(TBE). Then the gel was visualized by ethidium bromide staining, illuminated by ultraviolet transilluminator and documented by a gel documentation system Chemi Genius-SYNGENE). A 100bp DNA ladder was used as size reference for the PCR assay. Positive and negative control were used in all the PCR reactions.






Table 1:Sequence of the oligonucleotides (primers) used in the multiplex PCR and their expected amplicon sizes (bp)
	Target
	Primers
	Sequence (5' to3')
	Amplicon size (bp)

	16S rRNAa
	Cam220F
Cam659R
	GGTGTAGGATGAGACTATATA
TTCCATCTGCCTCTCCCY
	439
439

	lpxAb
	lpxA C. jejuni
lpxA C. coli
lpxA ARKK2m
	ACAACTTGGTGACGATGTTGTA
AGACAAATAAGAGAGAATCAG
CAATCATGDGCDATATGASAATAHGCCAT
	331
391



a.	Primers adapted from Moreno et al., (2003)
b.	Primers adapted from Klena et al., (2004)


2.10.3.	Detection of antimicrobial resistance genes in the Campylobacter isolates
Detection of the antimicrobial resistance genes in the Campylobacter isolates were done using specific primers. Following identification, 75% of chicken isolates and 25% of slaughter slab environment isolates were subjected to detection of three antimicrobial resistance genes as follows: gyrA (1083 bp), 23RRNA (852 bp) and tetO (559bp). PCR primers were synthesized and sourced from Inqaba Biotechnologies (Pretoria, South Africa). PCRs were carried out in the BIO-RAD, T100™ Thermal Cycler (Singapore) for a 25μL reaction. The amplification conditions for gyrA (1083 bp), and23RRNA (852 bp) consisted of an initial denaturalisation at 95°C for 5 min, 35 cycles at 95°C for 50s, specific Tm for each primer for 30 s and 72°C for 1 min, followed by a final extension at 72°C for 7 min. PCR conditions for the tetO gene, a 559 bp product, were as follows: an initial denaturalization of 95°C for 1 min, and then 95°C for 1 min, 49°C for 1 min and 72°C for 1 min, repeated for 35 cycles. PCR products were then electrophoresed on a 1.5% agarose gel run at 60 V for 60 min, stained with ethidium bromide and then visualized using the ChemiDoc™ MP Imaging System (BIO-RAD).
2.10.4	Detection of CdtC gene in the Campylobacter isolates
CdtC as one of the regulatory subunit gene responsible for expression of toxin production in campylobacter was screened in this study. The primer and PCR cycling condition was obtained from Inqaba Biotechnical industries (Pty) Ltd, Pretoria, south Africa. PCRs were carried out in the BIO-RAD, T100™ Thermal Cycler (Singapore) for a 25μl reaction using ThermoScientific DreamTaq Green PCR Master Mix (2X), A total of 12.5μl DreamTaq Green PCR Master Mix was used, with 1.5μl of each primer, 5μl template DNA and 4.5μl nuclease-free water making a total volume of 25μl. The cdtC gene was run using amplification conditions according to Rizal et al., (2010), the conditions consisted of an initial denaturalization at 94°C for 15 minutes, 45 cycles at 94°C for 1 minute, specific Tm for each cdt primer for 1 minute, and 72°C for 1 minute, followed by a final extension at 72°C for 7 minutes. PCR products were then electrophoresed on a 1.5% agarose gel run at 60V for 60 minutes, stained with ethidium bromide and then visualized using the BIO-RAD, ChemiDoc™ MP Imaging System. 


Table 2:	Details of Antibiotic resistance genes and cdtC Virulence gene primers and their Expected Amplicon Sizes of Target Genes Used
	Target gene
	Primer sequence (5'-3')
	Amplicon size (bp)
	Reference

	GYRA F:
GYRA R:
	CAACTGGTTCTAGCCTTTTG
AATTTCACTCATAGCCTCACG
	1083
	Sahin et al., 2017

	TET (O) F:
TET (O) R:
	GCGTTTTGTTTATGTGCG
ATGGACAACCCGACAGAAG
	559
	Pratt and Korolik, 2005

	23rRNA F:
23rRNA R:
	GCTCGAAGGTTAATTGATG
GCTCTTGGCAGAACAAC
	852
	Perez-Boto et al., 2014

	cdtC  F:
cdtC  R:
	CGATGAGTTAAAACAAAAAGATA
TTGGCATTATAGAAAATACAGTT
	182
	Ngobese et al., 2020





2.11. Sequencing of 16S rRNA Gene
The positive PCR products were subsequently sequenced through standard Sanger’s sequencing method with the BigDye terminator v3.1 sequencing kit and a 3730xl automated sequencer (Applied Biosystems, Foster City, CA, USA). A sequencing analysis was performed on six(6)of C. jejuni strains isolated. Primers and methods used for PCR amplification, purification of the PCR products, and sequencing were performed according to the method described by Kim et al. (2011). The amplified PCR products were sequenced by the Inqaba biotec Africa Genomics company. The nucleotide sequences acquired in this examination were analysed using the BIO-WEB online tool and Muscle (EMBL’s European Bioinformatics Institute, 2020) programs.
2.11.1	Identification of the isolates from their sequences:
The sequences for each of the isolates were first retrieved from Finch TV version 1.4 as reported previously (Sevindik et al., 2024). The sequences were then cleaned using the BIO-WEB online tool to remove non-nucleotides (non-AGTCs) from all the sequences. The cleaned sequences were then identified at NCBI using the BLAST (Basic Local Alignment Search Tool), which were the BLASTn (nucleotide) and BLASTx (protein) options, respectively. The sequences (n = 6) were identified to be the complete genome of Campylobacter jejuni with 99% similarity.
2.11.2	Phylogenetic tree:
Following BLAST, a similar complete genome of C. jejuni was retrieved from the NCBI nucleotide database in FASTA format for the construction of a neighbour-joining tree. The phylogenetic tree was constructed using the Molecular Evolutionary Genetics Analysis (MEGA) version x (Kumar et al., 2018). Previously deposited sequences (n=32) of the C. jejuni complete genome with a coverage of 800 to 1200 bases in length were retrieved and utilised in the construction of the neighbour-joining tree. In MEGA, alignment is done using MUSCLE (Edgar, 2004). Following alignment, a neighbour-joining tree was constructed as previously reported (Kaur et al., 2018) with bootstraps set at 1000.
2.12	Data Analysis
Data management and analysis were done using Statistical Package for social Sciences (SPSS) version 27, program excel (Microsoft office Excel 2010, Professional Edition) and SAS software (version 9.0). Descriptive statistics were used to describe the result of prevalence. Prevalence was estimated as the number of samples detected positive to Campylobacter from the total sample analyzed. Bivariate and multivariate regression analysis were used to analyze the risk factors. The sequenced 16S rRNA gene of the 6 isolates was compared to nucleotide sequences available in GenBank. Phylogenetic tree was constructed using the Molecular Evolutionary Genetics Analysis (MEGA) version X.
 
				







				 RESULTS

	Table 3: Distribution of Confirmed Campylobacter Species in Chicken and Environmental Samples from Slaughter Slabs in Jos Metropolis by Multiplex PCR Reaction
	Chicken Sources
	Number Tested
	Number (%) positive
	Number (%) Positive
	
	Df
	X²
	P value

	
	
	
	C. jejuni
	C. coli
	1
	10.714
	0.001

	Broiler caeca
	165
	18(10.9)
	18(10.9)
	-
	
	
	

	Layer caeca
	15
	0(0.0)
	-
	-
	
	
	

	Chicken swab
	6
	3(50)
	3(50)
	-
	
	
	

	Environmental samples
	
	
	
	
	
	
	

	Hand swab
	3
	3(100)
	
	3(100)
	
	
	

	Knives swab
	4
	2(50)
	
	2(50)
	
	
	

	Cutting board swab
	2
	2(100)
	
	2(100)
	
	
	

	Total
	195
	28(14.4)
	21(10.8)
	7(3.6)
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Plate 1:Repersentative gel image for multiplex PCR agarose Gel Electrophoresis of 16SrRNA Gene of the Isolates.
Line 1-10 positive for Campylobacter isolates  
Key:
ML:	Molecular Ladder(100bp)
439bp:	Campylobacter isolates expected band size
+VE:	Positive control
-VE:	Negative control
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Plate 2:	Representative gel picture of Campylobacter species Multiplex PCR agarose gel electrophoresis analysis
Line 3, 4, 5, 8 positive for Campylobacter species 
Key:
ML:	Molecular Ladder(100bp)
391bp:	Campylobacter coli expected band size
331:	Campylobacter jejuni expected band size
+VE:	Positive control
-VE:	Negative control

Table 4:	Detection of antimicrobial Resistance genes (ARGs) in Campylobacter isolates
	Antimicrobial Resistance Genes
	Resistance detected
	Processed Chicken samples
C. jejuni (75%) n=9 (%) 
	Environmental samples 
C. coli (25%)
n=3(%)
	Total %
N=12

	Tet(o)
	Tetracycline
	9(100)
	1(33)
	10(83)

	23SrRNA
	Mycrolide
	7(77)
	2(66)
	9(75)

	GyrA
	Fluoroquinolones
	6(66)
	1(33)
	7(58)














Table 5:	Frequency table showing distribution of cdtC Virulence Gene in Campylobacter isolates
	S/NO
	Gene detected

	
	Isolate ID No
	cdtC

	1
	197
	+

	2
	198
	+

	3
	208
	-

	4
	292
	-

	5
	542
	+

	6
	590
	+

	7
	205
	+

	8
	290
	-

	9
	623
	+

	10
	625
	-

	11
	664
	-

	12
	665
	+
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Plate 3:	Representative gel image of resistance genes investigated from Campylobacter spp.
Lanes 1&2:	positive for Tet (0) gene
Lane 3:	positive control for tet(O) gene
Lane 4:	negative control for tet(O) gene
lanes 5&6:	positive for Ery23rRNA gene
lane 7:	positive control for Ery23rRNA gene
Lane 8:	negative control for Ery23rRNA gene
Lanes 9&10:	positive for GYRA gene
Lane 11:	positive control for GYRA gene
Lane 12:	negative control for GYRA gene 
Key:
ML:	Molecular Ladder(100bp)
Tet(O):	559bp
ERY23rRNA:	852bp
GYRA:	1083bp

[image: C:\Users\victoria\Desktop\PhD\Picture EDIT.png]
Plate 4:	Representative gel image of CDTc virulence gene  from Campylobacter species.
Lanes 1,2 &3= positive for CDTc virulence gene at 182bp
Lane 4= positive control
Lane 5= negative control
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Figure 1: Sequences of Campylobacter 16rRNA gene and constructed Phylogenetic tree using the Molecular Evolutionary Genetic Analysis (MEGA) version X

Table 3 presents the distribution of multidrug Resistant Campylobacter Species in Chicken and Environmental Samples from Slaughter Slabs in Jos Metropolis by Multiplex PCR Reaction.  Campylobacter jejuni occurred more than Campylobacter coli. The overall isolation rate of multidrug Campylobacter species is 14.4%, Campylobacter jejuni (10.8%) while Campylobacter coli (3.6%) respectively. Chi-square tests indicate that occurrence of multiple drug-resistant Campylobacter is significantly associated with the species (χ² = 10.714, df = 1, p = 0.0001).

Plate 1:Repersentative gel image for multiplex PCR agarose Gel Electrophoresis of 16SrRNA Gene of the Isolates. Lanes 1 – 10 are 16SrRNA Gene bands at 439bp.   	
Plate 2: shows representative gel image for multiplex PCR agarose gel electrophoresis analysis for Campylobacter species.  On 331 base pair ladder and 391 base pair ladder (Lanes 3,4,5 and 8) showed molecular relatedness with the primers for Campylobacter jejuni and Campylobacter coli respectively. All the samples ran equal distance with the positive control at the positive(+VE) lane.

Table 4 Shows antimicrobial resistance genes detection in Campylobacter species from processed chicken samples and environmental samples of slaughter slabs. All the three (n=3 ) genes investigated 100% were positively amplified 75% (n=9) chicken and 25%(n=3) environmental samples. The gyrA gene 1083bp was detected at 66% and 33% chicken and environment isolates respectively. Tet (o) gene which confers tetracycline resistance was the most prevalent among the other resistance genes investigated with prevalence of 100% and 33% from processed chicken and environment isolates respectively. 23SrRNA which confers resistance to macrolide (erythromycin and Azithromycin) was the second most prevalent present at 77% and 66% from the isolates. From the isolates, tet (o) gene was observed to be higher in the isolates obtained from chicken samples than from the ones from environmental samples.
Plate 3 is representative gel image for multiplex PCR agarose gel electrophoresis analysis for campylobacter resistance genes. On 559 bas pair ladder, lane1 and lane2 shows positivity for tet(o) gene. Also 852 base pair ladder, lane5 and lane6 shows positivity for 23rRNAgene. Equally, on 1083 base pair ladder, lanes (9 and 10) show positivity for gyrA gene. Positive and negative controls were used and all the samples ran equal distance with the positive control at the positive(ve) lanes.
Table 5 is detection of cdtC Virulence Gene in Camptlobacter isolates many of the isolates 8/12(67%) harbored the cdtC gene based on PCR detection of 182bp. Campylobacter cytotoxin factor(cdtC) was detected in100%(n=8) of Campylobacter jejuni from chicken samples and 0% of Campylobacter coli from environment samples. 
 
Plate 4 is representative gel image for multiplex PCR agarose gel electrophoresis analysis for campylobacter cdtC virulence gene. On 182 base pair ladder, lanes (1, 2 and 3) shows positivity for cdtC gene. Both positive and negative control were used and all the samples ran equal distance with the positive control at the positive(+ve) lanes. 
Phylogenetic tree showing genetic relatedness of the Campylobacter isolates is presented in figure 2. This revealed five major clusters comprising sequences from diverse geographic locations and sources. The first cluster contained 12 sequences, including those from Canada (human), the USA (n = 1 from bovine), Finland (n = 1 from feces), India (n = 2 from human), China (n = 3 from human), the USA (unspecified source), China (n = 2 from Macaca), and Brazil (n = 1 from chicken). The second cluster included 5 sequences from the USA (n = 2 from chicken and human), Lithuania (n = 1 from Corvus), Finland (n = 1 from Corvus monedula), and one from an unspecified source.
The third cluster consisted of 5 sequences from the UK (n = 1 from human feces), China (n = 1 from chicken), and our samples from Nigeria (n = 3, with two from chicken and one from the environment). The fourth cluster contained 6 sequences, including two from the UK (environment), one from Finland (feces), and three from our samples from Nigeria (n = 3 from chicken). The final cluster had 10 sequences from Brazil (n = 2 from chicken), the Czech Republic (n =1 from human), China (n = 1 from Macaca), Slovakia (n =1 from an unspecified source), Thailand ( n =1 from chicken), Finland (n = 2 from Corvus monedula), the USA (n = 1 from chicken), and Canada (n =1 from feces). This clustering pattern highlights global diversity and sources contributing to the phylogenetic structure.
Sequences of Campylobacter 16rRNA gene and interpretation of the phylogenetic tree
The phylogenetic tree revealed five major clusters comprising sequences from diverse geographic locations and sources. The first cluster contained 12 sequences, including those from Canada (human), the USA (n = 1 from bovine), Finland (n = 1 from feces), India (n = 2 from human), China (n = 3 from human), the USA (unspecified source), China (n = 2 from Macaca), and Brazil (n = 1 from chicken). The second cluster included 5 sequences from the USA (n = 2 from chicken and human), Lithuania (n = 1 from Corvus), Finland (n = 1 from Corvus monedula), and one from an unspecified source. The third cluster consisted of 5 sequences from the UK (n = 1 from human feces), China (n = 1 from chicken), and our samples from Nigeria (n = 3, with two from chickens and one from the environment). The fourth cluster contained 6 sequences, including two from the UK (environment), one from Finland (feces), and three from our samples from Nigeria (n = 3 from chicken). The final cluster had 10 sequences from Brazil (n = 2 from chicken), the Czech Republic (n =1 from human), China (n = 1 from Macaca), Slovakia (n =1 from an unspecified source), Thailand ( n =1 from chicken), Finland (n = 2 from Corvus monedula), the USA (n = 1 from chicken), and Canada (n =1 from feces). This clustering pattern highlights global diversity and sources contributing to the phylogenetic structure. 











			

	DISCUSSION
Distribution of Campylobacter species confirmed by PCR in this present study showed that Campylobacter jejuni was the most prevalent species followed by Campylobacter coli. This result is consistent with the studies by Kabir et al. (2014) and Varga et al. (2019) which reported the predominance of Campylobacter jejuni and Campylobacter coli in poultry meat.  Other studies, such as those by Neogi et al. (2020) and Faris (2015), have also confirmed the predominance of C. jejuni in poultry meat.  The variation in the distribution of Campylobacter species as reported by the studies of Agbankpe et al. (2022) may be attributed to differences in animal species, geographical locations, and sampling sources.
High occurrence rate of resistance to tetracycline in the phenotypic analysis and the detection of tet (o) gene conferring resistance to tetracycline from all the chicken samples was present in all isolates tested. This may account for the extremely high resistance to tetracycline. Our result agrees to the reports by Poudel et al. (2022). While lower prevalence as observed by Reddy and Tashiri (2017) is not consistent with our findings.
There is a correlation between the phenotypic resistant profile and the genotypic result. From our study, majority of the Campylobacter strains that showed resistance to tetracycline carried the tet (o) resistant gene. This study showed higher prevalence rate of the tet (o) resistant gene from Campylobacter. jejuni from chicken samples than Campylobacter. coli from environmental samples. This finding agrees with the reports of Wozniak- Biel et al. (2018) which revealed all C. jejuni tetracycline-resistant strains obtained from broilers, possessed the tet(o) gene. In contrast, Gomes et al. (2022) reported both low prevalence of tetracycline-resistant strains in phenotypic and tet(o) gene resistance genotypic study of Campylobacter strains from healthy monkeys and their environmental samples. The difference in results obtained may be that the samples collected were probably not indiscriminately exposed to this antimicrobial class. This result correlates with other studies which revealed tet(o) gene associated with tetracycline resistance being specific for detection of tetracycline resistant campylobacter (Pratt and Korolik, 2005; Papadopoulos, 2021). It therefore suggests that tetracycline may not be a good choice for Campylobacter treatment (Gharbi et al., 2021).
The 23SrRNA gene that confers resistance to macrolides was found in high prevalence from our study. This result is consistent with the reports of Bolinger et al. (2017) who reported high prevalence of 23SrRNA resistant gene in Campylobacter isolates. Interestedly,23S rRNA gene mutation was more prevalent in C. jejuni from chicken samples than C. coli. From previous studies, Gharbi et al., (2021) reported that point mutations A2075G and/or A2074C in the 23S rRNA gene are associated with the resistance to erythromycin, these were found in all erythromycin-resistant Campylobacter isolates. Cantero et al. (2018) also found C. coli isolates having a mutation at position A2075G on the 23S rRNA, which are associated with high level erythromycin resistance. In addition to the 23S rRNA mutations, recent studies have shown that multidrug efflux pump system (CmeABC) plays an important role for resistance to macrolides. (Cantero et al., 2018; Obeng et al., 2012).
Two mechanisms are shown to be involved in ciprofloxacin resistance. The first is the presence of the operon cmeABC, which is the most common multidrug efflux pump in Campylobacter as one leading to resistance to fluoroquinolones by mechanism of decreasing the amount of the drug in the cell( Yan et al., 2006).The second resistance mechanism that relate to point mutation in the quinolone- resistance determining region (QRDR) or gyrA gene is the Thr-86-ILe mutation. These are commonly found in fluoroquinolone- Campylobacter resistant isolates (Liu et al., 2019). Our study revealed a moderate prevalence of gyrA gene mutation. This corroborate with other studies where moderate to high level prevalence of gyrA gene mutation was observed (Reddy and Tishiri (2017); Poudel et al., 2022). In this study, GyrA mutation associated with ciprofloxacin resistance was found in C. jejuni from chicken carcasses than in C. coli from environmental samples. This result agrees with the study of Can. (2023) that revealed more GyrA mutation associated with ciprofloxacin resistance in C. jejuni than in C. coli from Campylobacter isolates from poultry meat in Turkey. 
The presence of genes conferring resistance to tetracycline, macrolides and fluoroquinolone in this study suggests these antibiotics may have been abused either by overuse or under used in poultry farms where these poultry products are sourced. These are then spread to the environments thereby hampering treatment of infections caused by these pathogens.
In our study, cdtC gene, one of the regulatory subunit gene (binding protein) responsible for movement of cdtB gene into cells by endocytosis leading to toxin production was detected from the Campylobacter species examined.Campylobacter toxin factor (cdtC) was detected in Campylobacter jejuni from chicken samples.Our result confirm higher prevalence of cdtC gene in  C.jejuni as compared to C.coli. This is not consistent with the finding of Barakat et al. (2020) who reported high prevalence rate of cdtB gene from C.jejuni in their study. Our finding corroborates with other studies where detection of cdtC among other genes in Campylobacter isolates were examined (Gargiulo et al., 2010;  Ramatla et al., 2022). Prevalence of CDT complex varies from places and sources of samples from previous studies( Rozynek et al.,2005; Carvalho et al.,2010) Although from our study, only cdtC gene which is one of the CDT complex was examined, it is of public health importance. This agrees with the study of Ramatla et al. (2022) who reported cdtC gene as the most prevalent gene among other genes detected. The difference in the prevalence reported might be due to the type and sources of samples examined. The presence of CDT complex in food can lead to the severity of human campylobacteriosis. The gene complex encoded by three liked genes (cdtA, cdtA and cdtC) causing cytotoxin production is one of the most studied virulence factors in Campylobacter species( Bissong and Ateba, 2019). Cytotoxin production raises concerns about food safety. Detection of this gene in our study indicates pathogenic potential of the campylobacter species.
Our neighbour joining tree revealed five major clusters, underscoring the genetic diversity and geographic spread of the sequences analyzed. Each cluster represents a mix of sequences from different countries, species, and environmental sources, suggesting a complex web of transmission and evolutionary relationships. This clustering pattern may reflect the interconnectedness of microbial strains globally, potentially driven by factors such as human travel, animal trade, environmental contamination, and zoonotic transmission (Woolhouse et al., 2001; Karesh et al., 2012; Rahman et al., 2020). A closer examination of each cluster reveals key insights that can enhance our understanding of pathogen dynamics and evolutionary divergence.
The first cluster, containing sequences from Canada, the USA, Finland, India, China, and Brazil, highlights the wide geographic distribution of genetically related sequences.  The second cluster, with sequences from the USA, Lithuania, and Finland, is notable for including Corvus species, which are birds known to inhabit diverse environments and interact with both human and animal populations. The third and fourth clusters, which include sequences from Nigeria, the UK, China, and Finland, emphasize the role of environmental samples and poultry in pathogen dynamics. The final cluster, containing sequences from Brazil, the Czech Republic, China, Slovakia, Thailand, Finland, the USA, and Canada, further highlights the global distribution of related sequences.  The presence of sequences from diverse sources, including humans, chicken, Macaca (Monkey), and bovines, suggests potential cross-species transmission and environmental spillover (Daszak et al., 2000). This aligns with earlier reports where human isolates clustered with chicken more than pigeons in their study in Egypt (2019), and clustering of human with cattle and chicken isolates in the USA (Kelley et al., 2020).  
Furthermore, the diversity of sources, ranging from chicken and Macaca (Monkey) to human feces, reflects the multifaceted nature of pathogen evolution and transmission. Notably, the presence of sequences from different continents may indicate long-distance dissemination of pathogens, possibly facilitated by human travel, migratory birds, or global trade networks (Krauss & Webster, 2010). This underscores the importance of a “One Health” approach that integrates human, animal, and environmental health to better understand and mitigate the risks of emerging infectious diseases (Destoumieux-Garzón et al., 2018). The composition of the clusters hints as the potential role of birds as reservoirs or vectors for pathogen dissemination across regions (Abd El-Hamid et al., 2019). This raises concerns about zoonotic risks, particularly in regions where humans and animals interact closely. Moreover, the presence of human sequences alongside those from animal and environmental sources may indicate anthropogenic influences on microbial evolution, such as antimicrobial resistance driven by agricultural practices or environmental pollution (Robinson et al., 2016). The deposition of unspecified sequences highlights gaps in metadata that can limit the ability to draw firm conclusions about transmission pathways. Improved metadata reporting, such as detailed sample origins and collection conditions, is crucial for future studies aiming to trace pathogen evolution and movement (Dugan et al., 2014).
The presence of multiple sequences from Nigeria, particularly from chicken and the environment, suggests that local factors such as farming practices, sanitation, and wildlife interactions may contribute to the observed clustering( Rachman et al., 2024). The close genetic relationship between Nigerian sequences and those from other countries may reflect the impact of global poultry trade or shared ecological niches, underscoring the need for biosecurity measures and enhanced surveillance in agricultural settings (Jones et al., 2013). Overall, the phylogenetic clustering pattern points to a complex interplay of local and global factors influencing pathogen diversity and distribution.
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