


[bookmark: _GoBack]Evaluation of Antimicrobial Resistance Profiles of Campylobacters isolated from wild animals and birds

ABSTRACT

Objective: Campylobacter is a group of emerging zoonotic bacteria that cause diseases in animals and humans. Present study is conducted to evaluate the antimicrobial resistance patterns of Campylobacters isolated from faecal samples of wild mammals and birds.
Method: A comprehensive collection of 521 samples was acquired from various zoos, sanctuaries, and national parks across Uttarakhand (n=194), Uttar Pradesh (n=45), and Chhattisgarh (n=282) states in India. These samples comprised 468 mammals, including 302 ruminants and 166 non-ruminants, along with 53 birds. Campylobacter isolates were identified based on growth characteristics, colony features on specific media, biochemical tests, and molecular multiplex PCR techniques. 
Results: Multiplex PCR confirmed Campylobacter spps. in 11.71% (61/521) of samples, comprising 58.06% C. jejuni (36/61) and 40.32% C. coli (25/61). Ruminants exhibited the highest incidence (59.68%), followed by non-ruminants at 29.03%, and birds at 9.68%. Antibiotic susceptibility analysis of all 61 isolates (36 C. jejuni and 25 C. coli) revealed over 83% resistance to Penicillin G, followed by Ciprofloxacin and Ampicillin/Cloxacillin (68% each), while Sulphamethizole (64%), Oxytetracycline (56%), Gentamicin (39.00%), and others displayed resistance levels below 36%. Among Campylobacter jejuni isolates, the highest resistance was observed with Penicillin G (83.33%), whereas the lowest was noted with Nalidixic acid (13.88%). In Campylobacter coli isolates, the highest resistance was against Penicillin G (84%), while the lowest was against Gentamicin (16.00%). 
Conclusions: The study showed a grave concern for resistance more than 50 percent against commonly used antimicrobials (Penicillin G, Ciprofloxacin, Ampicillin/Cloxacillin, Sulphamethizole and Oxytetracycline). Given their sensitivity exceeding 60%, Gentamicin (60.00%), Amikacin (64.00%), and Cefotaxime (69.45%) may be considered drugs of choice for treating Campylobacteriosis in wild animals.
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INTRODUCTION
	The rise in human population, increase in per capita income, globalization, urbanization and shifting of consumer preferences towards proteinaceous diet have all contributed to an increase in the use of animal origin food products (Dhama et al., 2013). According to predictions, consumption of these products will reach 376 million tonnes from present 340 million tonnes by 2030 (Dhama et al.,2013; Ritchie and Roser, 2017). This high demand for animal products drives intensive animal production and product processing, resulting in greater food mobility globally. This circumstance may lead to poor processing procedures and an increase in the potential of foodborne pathogen contamination at any point along the farm-to-fork chain. Contamination of animals and animal products is a severe concern because it is difficult to manage. Many elements may be involved in contamination, including those from the environment (associated fauna, water from various sources and animal dung disposal, among others), and human-related animal handling such as slaughtering and processing processes, storage procedures, among others (Sofos, 2008). Since wild animals are kept in zoos and rescue centers in a protective environment where visitors, caretakers, animal feed, water and affluent water may be the source of contamination while sanctuaries are open environment where there is no boundaries for wild and domestic animals hence pathogens transmission may occur in both direction and ultimately human may suffer from affected domestic animals.
Campylobacter is a fastidious organism that generally requires specific atmospheres and temperatures to grow. It uses menaquinones as its respiratory quinones, does not ferment or oxidize carbohydrates, and requires a microaerophilic environment (5 percent O2, 10% CO2, and 85% N2) for growth. Isolates causing human gastroenteritis are primarily of the thermotolerant variety, which can also grow at 42°C–43°C (Vandamme and De Ley, 1991). 
Campylobacter species can be isolated from clinical specimen using charcoal-based selective media, modified charcoal cefoperazone deoxycholate agar (mCCDA) and Skirrow's medium (Endtz, 2020). Though culture-based diagnosis (CBD) is considered the gold standard for Campylobacter detection, but it is a time-consuming process. Enrichment broth [Ham's F-12, brucella-FBP (having a combination of ferrous sulphate, sodium metabisulfite, and sodium pyruvate), Preston, Doyle and Roman, modified charcoal cefoperazone deoxycholate, Park and Sanders, Bolton, Hunt and Radle and Hunt broths] is required for CBD growth (Kim et al., 2009), followed by selective Agar media-Skirrow, Butzler, Blas (Venkata et al., 2007). The requirement of a microaerophilic condition, i.e., 5–10% O2, as well as selective media prevents many microbiology diagnostic laboratories in resource-limited settings from screening for Campylobacter species from clinical samples on a regular basis. However, using blood agar media in a candle jar or a CO2 incubator to create microaerophilic conditions yielded cost-effective culture and isolation comparable to that of selective media (Salim et al., 2014). 
Among all, Campylobacter jejuni is most commonly isolated from diarrheic and healthy captive and wild non-human primates (Koga et al., 2015). Epidemiological data on Campylobacters in wild animals in India is very limited. Milton et al. (2017) reported that the overall occurrence rate of Campylobacter jejuni to be 4.77% (15/315), being 1.58% (2/126) for captive wild ruminants, 5.81% (5/86) for non-ruminants and 7.84% (8/102) for birds. Positive cases in human range from 3.7 to 16.7 percent due to differences in the sensitivity of detection methodologies and hygiene level, weather and multicultural population in cities, as well as differences in the standard and stringency of bio-control protocols, surveillance bias, food practices and availability of natural reservoirs for Campylobacter species in these regions (Mohakud et al., 2019; Borkakoty et al., 2020; Sindhi et al., 2020). The observation of Conesa et al. (2022) that the prevalence of Campylobacter spp. in wild animal population is higher than that of domestic animals and human beings. They also draw the conclusion from their result that antibiotics released in animal production environments can interfere with the development of resistance profiles.
The genus Campylobacter is a group of emerging zoonotic bacteria that cause diseases in animals and humans, though some are commensal in the intestinal tracts of birds and ruminants (Sahin et al., 2017). The most common foodborne Campylobacter species are C. jejuni and C. coli, both of which are linked to diarrhoeal disease in humans and animals (Garcia-Sanchez et al., 2018). According to the Global Burden of Disease report 2016, Campylobacter species are responsible for more than 172 million episodes of diarrhoea annually worldwide and account for more than 75000 deaths due to diarrhoea indication its importance as a public health concerned disease (GBD, 2016). Campylobacter infection presents symptoms like watery or bloody diarrhoea, abdominal pain, fever, nausea, and vomiting with a 2–5day incubation period. It's often contracted through contaminated or undercooked poultry, unpasteurized dairy, contaminated water, or contact with pet faeces, with rare person-to-person transmission. Campylobacteriosis, caused mainly by Campylobacter spp., is a significant foodborne illness affecting both young animals and humans. Alongside Salmonella, Rotavirus, and Escherichia coli, it's among the top four global causes of diarrheal disease (WHO, 2020). Campylobacter spp. is commonly found in the gastrointestinal tracts of various animals and can be transmitted through the faecal-oral route via contaminated food and water. 
The emergence of fluoroquinolone and macrolide-resistant Campylobacters is linked to over-the-counter antimicrobial availability and their indiscriminate use in food animals. In the United States, fluoroquinolone-resistant C. jejuni rose from 0% in 1990 to 18% in 1999 due to their approval for poultry farming. Conversely, Australia, where fluoroquinolones aren't used in poultry, maintains susceptibility. High resistance rates, especially in low- and middle-income countries, pose significant public health threats. Multidrug-resistant patterns are common, with tetracycline, ampicillin, ciprofloxacin, and norfloxacin are frequently resisted. Antimicrobial resistance genes like blaOXA-61, aph-3-1, tet(O), and cmeB contribute, along with gyrA mutations for fluoroquinolones. Macrolide resistance involves target modification and active efflux mechanisms (Gebreyes et al., 2005). While tetracycline is rarely used in human campylobacteriosis treatment, resistance is mediated by the tet(O) gene. Aminoglycosides resistance involves drug modification proteins. Limited research exists on antibiotic-resistant Campylobacter from wild mammals and birds, prompting investigations into their antimicrobial resistance patterns (Iovine, 2013).
MATERIALS AND METHODS-
A total of 521 fecal samples were gathered from eight zoos/sanctuaries/national parks across Uttarakhand (194), Uttar Pradesh (45), and Chhattisgarh (282) states in India, comprising 468 mammals (302 ruminants, 166 non-ruminants) and 53 birds. Collection and processing followed standard protocol at the Veterinary Public Health and Epidemiology Department, C.V.A.Sc., GBPUA&T, Pantnagar, Uttarakhand. For detection of thermophilic Campylobacter species bacteriological culture was performed in accordance with ISO 10272-1:2017(E) guidelines (ISO, 2017) with slight modifications (Singh et al., 2022). Isolation of Campylobacter samples were based on growth performances and colonies characteristics in selected media, biochemical tests and molecular test (multiplex PCR).
Antimicrobial resistance (AMR) profile of Campylobacter isolates was determined using standard Kirby-Bauer disc diffusion method. A total of 61 isolates were selected for antimicrobial sensitivity testing. A set of ten commonly used antibiotics of six classes were selected for antimicrobial sensitivity testing. The details of antimicrobials tested were mentioned in Table 1.
Table 1: List of Antibiotics used for studies on antimicrobial resistance
	S.N.
	Antibiotics
	Abbreviation
	Concentration
	Class

	1. 
	Sulphamethizole
	SM
	300 mcg
	Sulphonamide

	2. 
	Nalidixic acid
	NA
	30 mcg
	Quinolone

	3. 
	Oxytetracycline
	O
	30 mcg
	Tetracyclines

	4. 
	PenicillinG
	PZ
	10 unit/disc
	Penicillin

	5. 
	Ampicillin/ cloxacillin
	AX
	10 mcg
	Penicillin

	6. 
	Ciprofloxacillin
	CIP
	10 mcg
	Fluoroquinolones

	7. 
	Enrofloxacine
	EX
	05 mcg
	Fluoroquinolones

	8. 
	Cefotaxim
	CTX
	30 mcg
	Cephalosporins

	9. 
	Amikacin
	AK
	10 mcg
	Aminoglycosides

	10. 
	Gentamicin
	GEN
	10 mcg
	Aminoglycoside


	
The assay was conducted on Mueller-Hinton agar plates supplemented with Campylobacter growth supplement (FD009). Campylobacter cultures stored in a -80ºC freezer were revived on modified charcoal cefoperazone deoxycholate agar (mCCDA) plates following isolation conditions. For each Campylobacter isolate included in antimicrobial susceptibility testing (ABST), a McFarland standard (0.5) was prepared. In brief, a loopful of fresh culture was inoculated in 3 ml of phosphate-buffered saline (PBS) and thoroughly mixed. The turbidity of the suspension was matched with 0.5 McFarland standard solutions. Subsequently, a sterile swab was dipped in the culture suspension and swabbed over the entire surface of Mueller-Hinton agar supplemented with Campylobacter growth supplement (FD009). Antibiotic disks were placed on the agar plates using sterile forceps, and the plates were then incubated under microaerophilic conditions at 42°C for 48 hours in a CO2 incubator.
Following incubation, the zone of inhibition (ZOI) around each antibiotic disk was measured in millimeters, and breakpoints were interpreted based on the recommendations of the Clinical and Laboratory Standards Institute (CLSI) for disk diffusion assays. Isolates showing resistance to three or more classes of antimicrobials were categorized as multidrug-resistant (MDR). Isolates with an intermediate level of resistance were classified as susceptible to prevent the overestimation of resistance.
The prevalence data of Campylobacter spp. recovered from each culture media was statistically compared by one way analysis of variance followed by least significance difference through Duncan’s Merit Range Teat (DMRT). The analyses were carried out using SPSS version 26 statistical programme. Data were analyzed with Pearson’s chi-square test (χ2) to known the significant differences among groups and Campylobacter species detection by using R software version 3.6.1.
RESULTS AND DISCUSSION
Out of 521 samples processed only 61samples [11.70 Percent positivity (n=36-Campylobacter jejuni and n=25 Campylobacter coli)] were isolated on the basis of growth performances and colonies characteristics in selected media, biochemical tests and molecular test (multiplex PCR).
Since there is an absence of performance standards for Antimicrobial Disk susceptibility tests of Campylobacter species in CLSI (Clinical and Laboratory Standard Institute, USA) and EUCAST (The European Committee on Antimicrobial Susceptibility Testing, UK) the standard for Enterobacterales (E. coli, ATCC 25922) were used for Campylobacter species. The details of antibiotics such as concentration of disc, class of antibiotics and their zone size interpretative value (in mm) are mentioned in Table-02. 
Table 02: Details of Antibiotics used in the present study
	S.N.
	Antibiotics
	Conc./ disc
	Class
	Sensitive (mm or more)
	Intermediate (mm)
	Resistant (mm or less)
	E. coli ATCC 25922

	1.
	Sulphamethizole (SM)
	300 mcg
	Sulphonamide
	26
	19-25
	18
	18-26

	2.
	Nalidixic acid (NA)
	30 mcg
	Quinolone
	28
	23-27
	22
	22-28

	3.
	Ciprofloxacin (CIP)
	10 mcg
	Fluoroquinolones
	26
	22-25
	21
	21-26

	4.
	Enrofloxacin (EX)
	5 mcg
	Fluoroquinolones
	40
	29-39
	30
	30-40

	5.
	Oxytetracycline (O)
	30 mcg
	Tetracyclines
	25
	19-24
	18
	18-25

	6.
	PenicillinG (Pz)
	10 unit
	Penicillin
	30
	25-29
	24
	24-30

	7.
	Ampicillin/ cloxacillin (AX)
	10 mcg
	Penicillin
	22
	17-21
	16
	16-22

	8.
	Cefotaxime (CTX)
	30 mcg
	Cephalosporins
	26
	23-25
	22
	22-26

	9.
	Amikacin (AK)
	10 mcg

	Aminoglycosides
	23
	17-22
	16
	16-23

	10.
	Gentamicin (GEN)
	10 mcg
	Aminoglycosides
	26
	20-25
	19
	19-26



Table 03: 	Antimicrobial susceptibility/resistance Pattern of Campylobacter jejuni (n=36) 
	Antibiotics
	Concentration per disc
	Class
	Sensitive (%)
	Intermediate (%)
	Resistant (%)

	Sulphamethizole (SM)
	300 mcg
	Sulphonamide
	04 (11.11)
	9 (25.00)
	23 (64.00)

	Nalidixic acid (NA)
	30 mcg
	Quinolone
	25 (69.45)
	6 (16.67)
	05 (13.88)

	Ciprofloxacin (CIP)
	10 mcg
	Fluoroquinolones
	06 (16.67)
	11 (30.56)
	19 (52.78)

	Enrofloxacin (EX)
	5 mcg
	Fluoroquinolones
	24 (66.67)
	7 (19.45)
	05 (13.89)

	Oxytetracycline (O)
	30 mcg
	Tetracyclines
	16 (44.45)
	03 (8.33)
	17 (47.22)

	PenicillinG (Pz)
	10 unit
	Penicillin
	02 (05.56)
	04 (11.11)
	30 (83.33)

	Ampicillin/ cloxacillin (AX)
	10 mcg
	Penicillin
	08 (22.23)
	07 (19.45)
	21 (58.33)

	Cefotaxime (CTX)
	30 mcg
	Cephalosporins
	25 (69.45)
	03 (08.34)
	08 (22.23)

	Amikacin (AK)
	10 mcg
	Aminoglycosides
	23 (63.89)
	06 (16.67)
	07 (19.45)

	Gentamicin (GEN)
	10 mcg
	Aminoglycosides
	13 (36.11)
	09 (25.00)
	14 (38.89)




Table-04: Antimicrobial susceptibility/resistance Pattern of Campylobacter coli (n=25)
	Antibiotics
	Concentration per disc
	Class
	Sensitive
(%)
	Intermediate (%)
	Resistant
(%)

	Sulphamethizole (SM)
	300 mcg
	Sulphonamide
	5 (20.00)
	4 (16.00)
	16 (64.00)

	Nalidixic acid (NA)
	30 mcg
	Quinolone
	11 (44.00)
	5 (20.00)
	09 (36.00)

	Ciprofloxacin (CIP)
	10 mcg
	Fluoroquinolones
	07 (28.00)
	01 (04.00)
	17 (68.00)

	Enrofloxacin (EX)
	5 mcg
	Fluoroquinolones
	13 (52.00)
	2 (08.00)
	10 (40.00)

	Oxytetracycline (O)
	30 mcg
	Tetracyclines
	8 (32.00)
	03 (12.00)
	14 (56.00)

	PenicillinG (Pz)
	10 unit
	Penicillin
	00 (00.00)
	04 (16.00)
	21 (84.00)

	Ampicillin/ cloxacillin (AX)
	10 mcg
	Penicillin
	05 (20.00)
	03 (12.00)
	17 (68.00)

	Cefotaxime (CTX)
	30 mcg
	Cephalosporins
	13 (52.00)
	5 (20.00)
	7 (28.00)

	Amikacin (AK)
	10 mcg
	Aminoglycosides
	16 (64.00)
	3 (12.00)
	6 (24.00)

	Gentamicin (GEN)
	10 mcg
	Aminoglycosides
	15 (60.00)
	5 (20.00)
	4 (16.00)


Table 05: Comparative details of Resistant Campylobacter isolates 
	Antibiotics
	Resistant Percentage of C. jejuni (n=36)
	Resistant Percentage of C. coli (n=25)

	Sulphamethizole 
	64.00
	64.00

	Nalidixic acid 
	13.88
	36.00

	Ciprofloxacin 
	52.78
	68.00

	Enrofloxacin
	13.89
	40.00

	Oxytetracycline 
	47.22
	56.00

	PenicillinG 
	83.33
	84.00

	Ampicillin/ cloxacillin 
	58.33
	68.00

	Cefotaxime 
	22.23
	28.00

	Amikacin 
	19.45
	24.00

	Gentamicin 
	38.89
	16.00
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Fig. 1: Percentage of Campylobacter isolates resistant to the antibiotics
Antibiotic susceptibility profile of all the 61 isolates (36 C. jejuni and 25 C. coli) revealed more than 83% resistance to Penicillin G which was followed by Ciprofloxacin and Ampicillin/cloxacillin (68% each) while Sulphamethizole (64%), Oxytetracycline (56%), Gentamicin (39.00%) and others are less than 36%. Among Campylobacter jejuni isolates, highest resistance (83.33%) were recorded in Penicillin G, while lowest (13.88%) in Nalidixic acid (Table-03 & Fig. 1) and in Campylobacter coli isolates, highest resistance (84%) were in Penicillin G, while lowest (16.00% in Gentamicin. Rajagunalan (2010) also observed 93.75% resistance towards Penicillin G. Except for Gentamicin, C. coli isolates showed equal or higher resistance compared to C. jejuni to most of the antibiotics which is in conformity with the findings of Upadhyay and Ipshita (2017); Adzitey et al. (2012). It reveals that use of Penicillin G either in domestic or wild animals for treatment of Campylobacteriosis has no therapeutic effect. The antibiotic sensitivity pattern of Amikacin (64.00%) and Cefotaxim (69.45%) against Campylobacters in this study may be the drug of choice for treatment of Campylobacteriosis. Generally, captive wild animals receive antibiotics through feed and water as growth promoters, for prophylaxis and therapeutic purposes while non-captive wild animals did not receive antibiotics. The misuse/overuse of antibiotics in captive wild animals may lead to the development of resistant strains of Campylobacters. Campylobacters contaminated feed and water might be the source of transmission (either horizontal or vertical) from animal to animal, animal to human and human to human. Although gastroenteritis due to Campylobacter species is mostly mild and self-limiting, severe dehydration can occasionally become life-threatening and requires antibacterial treatment. Sippy et al. (2012) stated that wild birds may serve as vehicles and/or reservoirs for the transmission of pathogenic and antibiotic-resistant Campylobacter to domestic livestock. The presence of antibiotic-resistant Campylobacter in wild life populations could have important implications for public health. This study also indicates that except Gentamicin (16%) other antibiotics had comparatively higher percentage (>24%) of resistance to C. coli isolates. The isolates of C. coli showed higher percentage of antimicrobials resistance than isolates of C. jejuni. Variability in resistance rates and multi resistant patterns were also observed in poultry carcasses and slaughter houses by Schreyer et al. (2022) in which C. coli exhibited significantly greater prevalence of antibiotic resistant than C. jejuni to clindamycin, gentamicin and kanamycin but less resistance to florfenicol. Hence, identification of the specific species epithet is important for treatment success. Presence of antibiotic resistant Campylobacters in wild mammals and domestic grazing animals were also reported by Lee et al. (2022), rather more abundance of Antibiotic-resistant microorganisms (ARMs) and antibiotic resistance genes (ARGs) compared to grazing cattle and the transmission of microorganisms occurs at the wildlife- livestock interface. 
Among the 61 positive Campylobacter isolates in our study, 60% originated from ruminants, 30% from non-ruminants, and 10% from birds. Campylobacter jejuni was predominantly found in ruminants, with non-captive deer accounting for 80% of cases, while C. coli was more prevalent in captive non-ruminants and birds. This suggests that ruminants' guts harbor more Campylobacter than non-ruminants'. Ruminants possess a more diverse microbiota due to the metabolic potential and nutritional diversity of bacteria compared to monogastric animals. Lee et al. (2022) additionally noted a higher prevalence of Cefotaxim-resistant bacteria in wildlife and environmental samples than in grazing cattle. The cohabitation of cattle and wildlife may influence antibiotic resistance prevalence and shape microbiota structure at the wildlife-livestock interface.
CONCLUSIONS
The antibiotic susceptibility profiles of all 61 isolates (36 C. jejuni and 25 C. coli) revealed over 84% resistance to Penicillin G, followed by Ciprofloxacin and Ampicillin/Cloxacillin (68% each), while Sulphamethizole (64%), Oxytetracycline (56%), and Gentamicin (39.00%) showed resistance levels below 36%. Among Campylobacter jejuni isolates, the highest resistance (83.33%) was recorded against Penicillin G, while the lowest (13.88%) was against Nalidixic acid. For Campylobacter coli isolates, the highest resistance (84%) was to Penicillin G, with the lowest (16.00%) against Gentamicin. Amikacin (64.00%) and Cefotaxim (69.45%) demonstrated favorable sensitivity against Campylobacters, suggesting they may be as preferred treatment options for Campylobacteriosis. Therefore, Gentamicin (60.00%), Amikacin (64.00%), and Cefotaxim (69.45%) may be considered as drugs of choice for treating Campylobacteriosis in wild animals based on the study's findings. More research need to be done for continuous Sero monitoring, prevalence and antimicrobial sensitivity patterns of campylobacters in wild/captive animals.
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