



ISOLATION AND ANTIMICROBIAL RESISTANT PATTERN OF CAMPYLOBACTER SPECIES ISOLATED FROM CHICKENS AND ENVIRONMENTAL SAMPLES FROM SLAUGHTER SLABS IN JOS, PLATEAU STATE, NIGERIA.

[bookmark: _GoBack]ABSTRACT
This study determine the isolation  and antimicrobial resistance patterns of Campylobacter species isolated from processed chicken and associated environmental samples collected from slaughter slabs in Jos, Plateau State, Nigeria. A total of 690 samples were collected biweekly over five months, comprising chicken caecal contents, carcass swabs, and environmental samples (cutting boards, knives, and workers’ hands). Structured questionnaires were used to assess KAP among slaughterhouse workers. Isolates were identified using culture methods and confirmed using biochemical test and antimicrobial resistance pattern of isolates were determined. Of the 690 samples, 28.4% (195/690) were presumptively positive for Campylobacter on modified Charcoal Cefoperazone Deoxycholate Agar (mCCDA), while 4.1% (28/690) were confirmed Campylobacter jejuni (10.7%) was more prevalent than Campylobacter coli (3.6%). High levels of antimicrobial resistance were observed, with 100% of isolates resistant to tetracycline, erythromycin, and azithromycin. Resistance to chloramphenicol and gentamicin was 64% and 29%, respectively. All isolates exhibited multiple antibiotic resistance (MAR) indices above 0.2, with four isolates reaching a MAR index of 1.00, indicating exposure to multiple antibiotics. 
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1.0 INTRODUCTION
Campylobacter species are one of the leading causes of food-borne infections causing human gastroenteritis in both developing and developed countries. (Llarena et al., 2017). They are fastidious, mostly microaerophilic Gram negative, non-spore forming, with variable dimension varying between 0.5 and 5 μm and a width comprising between 0.2 to 0.9 μm (Vandamme et al., 2005). All species, except C. gracilis, synthesize the oxidase enzyme. They do not ferment nor oxidize carbohydrates but get their energy from amino acids or tricarboxylic acid (Debruyne et al., 2008). The genus is usually found in the intestinal tract of warm-blooded animals which includes poultry, ruminants and swine, and can be transmitted to humans through the consumption of contaminated food, water or through close contact with infected animals (Chlebicz et al., 2018).
Slaughterhouses are key sources of Campylobacter contamination in poultry meat and products, which is a major health and economic concern for several public authorities. Poultry meat is considered a potential vehicle for foodborne pathogens making it a major public health concern worldwide (Gonc¸alves-Teno´ rio et al., 2018). This has a high global impact on human health and socioeconomic burden (WHO, 2015). Campylobacter contamination has been demonstrated to occur along the production chain from farm to fork including primary production at farm level along with live-poultry transportation, slaughtering processes, slaughterhouse environment, and in storage until it reaches consumer (Ananchaipattana et al., 2012). Slaughtering processes in slaughterhouses play an important role in foodborne microbial transmission. Campylobacter Contamination has been revealed to occur mostly during the slaughtering processes (Rasschaert et al., 2015), with plucking, evisceration, and chilling being the most crucial processing steps (Perez-Arnedo et al., 2020).
 Antibiotic resistance and virulence mostly occur at the same time, but the association between the two at the genetic level has been largely overlooked and increased in antimicrobial resistance can either lead to an increase or decrease in virulence potentials of the organism (Geisinger et al., 2017). The association between antibiotic resistance and virulence in bacterial pathogens depends on the species of bacteria, the specific mechanisms of virulence and resistance, the host and the ecological niche (Schroeder et al., 2017). 
Jos metropolitant informal slaughter slabs are a significant source of chicken meat for the city's population, highlighting the need for research to assess the potential public health risk posed by Campylobacter in these settings. Therefore, this study aims to address the public health concern of Campylobacter contamination in Jos, Plateau State, Nigeria, with a focus on chicken carcasses obtained from slaughter slabs. Slaughter slabs, often informal and unsanitary environments, are a critical point in the food chain where contamination can readily occur
2.0 MATERIALS AND METHODS
2.1	STUDY AREA
Jos is a city in the Middle Belt of Nigeria with an area of 26,899 square kilometers. The city has a population of about 900,000 residents. The main occupation is agriculture with most of the Populace involved in poultry farming. Plateau is located between Latitude 8°21' and Longitude8°32' and 010°38' East. The weather is characterized by a near temperate climate on the upper parts of Plateau and a humid climate on its lower parts. The mean annual temperature in the State ranges between 20°C and 25°C, while the mean annual rainfall figures range from131.75cm in the southern part to 146cm on the northern part (Olabode et al., 2019) (figure 1).


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.
2.3.	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


2.4 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.
2.5	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.
2.6.	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).
2.7	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.
2.8	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 and biochemical test were used as a confirmatory (Nachamkin, 1999).
2.7 Antimicrobial susceptibility 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).


3.0 RESULTS
3.1 Frequency table showing Presumptive Campylobacter Cultured Samples growth on Modified Charcoal Cefoperazone Deoxycholate Agar (mCCDA)
Table 1 shows the presumptive Campylobacter cultured samples growth on Modified Charcoal Cefoperazone Deoxycholate Agar (mCCDA) in the study area. Out of 690 samples, 28.4% (195/690) were presumptively positive on mCCDA for Campylobacter.
3.2 Percentage (%) occurrence of Campylobacter isolates detected by culture / conventional method in different sample sources
The percentage occurrence of Campylobacter Isolates detected by culture / conventional method in different sources of sample in the Slaughter Slabs. The highest isolation rate occurred in broiler caecal contents, followed by layer caecal contents. The lowest Isolation rate is found in Chicken carcass swab and in cutting board swabs. About 47.4% (166/350) of broiler caecal contents examined had the organism while 15.0 % (15/100) were found in layer caecal content. Only 7.5% (3/40) of all workers’ hands were contaminated with the organism. The results indicated both chicken carcass swabs 5.0% (6/120) and cutting board swabs 5% (2/40) were the least contaminated with Campylobacter species, whereas samples from broilers caecal contents were the most highly contaminated as showed in table 2.  Chi-square test result indicates that occurrence of Campylobacter is significantly associated with type of samples (χ² = 129.474, df = 5, p = 0.000).
3.3 Distribution of Campylobacter isolates detected by culture / conventional method from samples in Local Government Area
Furthermore, the distribution of Campylobacter isolates detected by culture/ conventional method from samples in the Local Government Areas shows Campylobacter was isolated more from Jos North LGA than from Jos South LGA, 30% of Campylobacter species were isolated from the samples from Jos North LGA whereas 25% was isolated from Jos South LGA. Jos North LGA harbored more Campylobacter than Jos South LGA. Chi-square tests indicate that occurrence of Campylobacter from samples is significantly associated with Locations (χ² = 128, df = 5, p = 0.000) (Table 3 and Table 4).S
3.4 Antibiotic Sensitivity Profile of Campylobacter isolates
Antimicrobial resistance profile of Campylobacter species isolates, antimicrobial susceptibility test as shown in table 5 indicates high percentage of multidrug resistance Campylobacter species. Resistance to tetracycline, Erythromycin and Azithromycin was the highest (100%), followed by pefloxacin (93%) then Nalidixic acid (79%) and Ampicillin (71%). The least resistant isolates were to Chloromphenicol (64%) and gentamicin (29%) respectively.


Table 1: Frequency table showing Presumptive Campylobacter Cultured Samples growth on Modified Charcoal Cefoperazone Deoxycholate Agar (mCCDA)
	Sample Type
	Number Cultured
(n)
	Positive Growth on mCCDA (%)
	Negative Growth on mCCDA (%)

	Broiler caeca
	350
	165(47.1)
	185 (52.9)

	Layer caeca
	100
	15 (15.0)
	85  (85.0)

	Chicken swab
	120
	6  (5.0)
	114 (95.0)

	Knife swab
	40
	4  (10.0)
	36  (90.0)

	Cutting board swab
	40
	2  (5.0)
	38  (95.0)

	Hand swab
	40
	3 (7.5)
	37  (92.5)

	Total 
	690
	195 (28.3)
	495(71.7)




Table 2: Percentage (%) occurrence of Campylobacter isolates detected by culture / conventional method in different sample sources
	Type of samples
	Campylobacter

	
	Absent
	Present
	Total

	
	Count
	%
	Count
	%
	Count
	%

	Cutting Board Swab
	38a, b
	95.0%
	2a, b
	5.0%
	40
	100.0%

	Broiler Caecal Content
	184c
	52.6%
	166c
	47.4%
	350
	100.0%

	Chicken Carcass Swab
	114b
	95.0%
	6b
	5.0%
	120
	100.0%

	Knives Swab
	36a, b
	90.0%
	4a, b
	10.0%
	40
	100.0%

	Layers Caecal Content
	85a
	85.0%
	15a
	15.0%
	100
	100.0%

	Worker's Hand Swab
	37a, b
	92.5%
	3a, b
	7.5%
	40
	100.0%

	Total
	494
	71.6%
	196
	28.4%
	690
	100.0%




Table 3:	Distribution of Campylobacter isolates detected by culture / conventional method from samples in Local Government Area
	Samples
	Jos North
	Jos South

	
	Positive
n (%)
	Negative
n (%)
	Positive
n (%)
	Negative
n (%)

	Broiler (Swabs)
	110(52.4)
	100(47.6)
	55(39.3)
	85(60.7)

	Layer (Swabs)
	10(16.7)
	50(83.3)
	5(12.5)
	35(87.5)

	Chicken carcass (Swabs)
	4(5.0)
	76(95.0)
	2(5.0)
	38(95.0)

	Knife (Swabs)
	2(8.3)
	22(91.7)
	2(12.5)
	14(87.5)

	Cutting board (Swabs)
	1(4.2)
	23(95.8)
	1(6.3)
	15(93.7)

	Worker’s hand (Swab)
	1(4.2)
	23(95.8)
	2(12.5)
	14(87.5)

	Total
	128(30.3)
	294(69.7)
	67(25)
	201(75)







Table 4: Antibiotic Sensitivity Profile of Campylobacter isolates

	Antibiotics
	Concentration(Mcg/disc
	Campylobacter isolates (n=28)
Sensitive No.(%)
	Campylobacter isolates (n=28)
Resistance No.(%)

	
	
	
	

	Gentamycin (CN)
	10
	20 (71.0)
	8 (29.0)

	Chloramphenicol (C)
	30
	10 (36.0)
	18 (64.0)

	Tetracycline(TE)

	30
	0 (0.00)
	28 (100)

	Erythromycin (E)
	15
	0 (0.00)
	28 (100)

	Azithromycin (AZM)

	15
	0 (0.00)
	28 (100)

	Ampicillin (AMP)

	10
	8 (29.0)
	20 (71.0)

	Nalidixic acid (NA)


	30
	6 (21.0)
	22 (79.0)






3.1 DISCUSSION
Campylobacter, one of the leading causes of foodborne diseases in humans significantly contributes to enteric illnesses worldwide.  As a major zoonotic pathogen, it is often transmitted through ingestion of contaminated animals and their carcasses (Gharbi et al., 2023).
Poultry slaughterhouses can serve as a transmission point for various foodborne pathogens including Campylobacter species.  Lack of proper biosecurity practices in slaughter houses can facilitate and can be risk factors associated with the spread of infections to both birds and humans (Assefa et al.,2023).
This study attempted to assess the prevalence and identify Campylobacter species isolated from processed chicken and environmental samples collected from slaughter slabs in Jos metropolis. 
The results of the study showed 28.4% were presumptively positive on mCCDA  The result showed that processed Chicken and slaughter slab environment samples were highly contaminated with different species of Campylobacter. The presence of Campylobacter strains in processed chicken and environment samples poses risk to consumers. These finding agrees with previous study (El-wadawe et al., 2019) where Campylobacter strains were identified. However, this finding is not consistent with studies in different parts of Nigeria (Olatoye et al., 2016; Salihu et al., 2009) where high identification rate of raw poultry meat contaminated with Campylobacter jejuni. was revealed. These discrepancies in identification  rates of the organism may be attributed to variations in several factors such as sampling design, sample size analyzed, sources of samples, geographical locations, and isolation or detection protocols used in the studies.   Differences in poultry processing practices, hygiene standards, and environmental conditions in different regions could also account for the observed variations.
The relatively low prevalence observed in this study compared to the high identification rates reported in some studies suggests that regional practices and interventions might play a role in limiting contamination.  Nevertheless, the detected occurrence still poses a significant public health threat, as the contamination of poultry products can easily lead to outbreaks of campylobacteriosis among consumers.
The findings from this study also reveal notable variation in the occurrence rates of Campylobacter species across different sample types. High occurrence rate was observed in processed broiler chicken caecal contents, compared to other sample types examined. This indicates that broiler birds are more likely to harbor Campylobacter species compared to layers. The high contamination rate in broiler caecal samples suggests that the contamination is not only as a result of cross-contamination during processing but rather also originates from the poultry farms. This finding highlights the need to address Campylobacter contamination at the farm level, as the caecum serves as a favorable site for Campylobacter multiplication, as noted by Karikari et al. (2017). The presence of Campylobacter in caecal contents raises a significant public health concern, particularly for consumers of chicken guts in Jos metropolis, as it increases the risk of foodborne infections.
Slaughter slab environment samples in this study were the least contaminated with Campylobacter isolates.  Worker hands, cutting board swabs, and knives swabs were also observed contaminated, although the contamination rates were lower than the high contamination rates reported by Agbankpe et al. (2022) and Zhang et al. (2018).  The low isolation rate in the slaughter slab environment may be due to the poor viability of Campylobacter outside its favorable colonizing site, such as the chicken gut. The stark difference between the high isolation rate from broiler caecal contents and the much lower rates in the slaughter slab environment emphasizes the importance of targeted interventions at both the farm and processing levels. Despite the lower contamination rates in the slaughter slab environment, the presence of Campylobacter on cutting boards and knives poses a significant risk of cross-contamination among chicken carcasses. In many live bird markets in developing countries, poultry slaughter and processing practices often lack adequate hygiene, thereby increasing the risk of Campylobacter contamination and subsequent transmission to consumers.
The occurrence of Campylobacter in positive samples across the study areas demonstrated notable variation of high isolation rate observed in Jos North LGA when compared to the once observed in Jos South LGA.  The results of this study highlight a substantial level of contamination with Campylobacter strains in sampled locations. These results are particularly concerning, given the critical role of the Jos Main Abattoir, located in Jos North LGA, in meat production and supply.   This abattoir supplies approximately 50% of the meat consumed in the northern part of the capital city (Dunka et al., 2022).  The high contamination rate in Jos North could pose significant health risks as contaminated meat from this location may serve as a major source of Campylobacter infections among the population. Furthermore, the occurrence of Campylobacter strains from the samples was found to be significantly associated with locations sampled.  This geographic variation may be attributed to differences in hygiene practices, abattoir infrastructure, water quality, and handling processes within these LGAs. The higher contamination rates in Jos North may reflect the larger scale of operations and increased potential for cross-contamination in its abattoir, as well as the broader distribution network for meat from this locality.

4.0 Conclusion
This study showed the occurence Campylobacter pathogen from different sample type indicating caecal contents highly contaminated whereas, Chicken carcass swabs, workers hand  were least contaminated, swabs and cutting board swabs. Samples from Jos North Local Government Area were found more contaminated with the organism. Campylobacter jejuni were more predominant than campylobacter coli. The findings of this study emphasize the critical need for improved hygiene practices at both poultry farms and slaughter slabs. Targeted interventions are essential to reduce Campylobacter contamination along the poultry supply chain and mitigate the risks of foodborne infections among consumers. 
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