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ABSTRACT

	Aims: This review aims to provide a comprehensive overview of the microbiological characteristics, reservoirs, and zoonotic potential of Campylobacter species. Additionally, it explores the mechanisms underlying antimicrobial resistance and the association of Campylobacter infections with Guillain–Barré Syndrome (GBS).
Key Highlights: Campylobacter species are major contributors to bacterial gastroenteritis globally and can cause infertility in animals. Their motility, microaerophilic nature, and amino acid metabolism support colonization in diverse environments. Poultry, ruminants, and companion animals serve as major reservoirs for zoonotic transmission. The rising prevalence of antibiotic-resistant Campylobacter strains, driven by misuse in food-producing animals, poses a global health risk. Molecular mimicry between bacterial lipooligosaccharides and host neural gangliosides contributes to post-infectious autoimmune complications such as GBS.
Conclusion: Given the zoonotic and public health significance of Campylobacter species there is an urgent need for a One Health approach integrating surveillance, improved farm biosecurity, regulated antibiotic use, and public education on safe food handling. .
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1. INTRODUCTION
 
Campylobacter has been implicated as a common cause of diarrhoeal illness world-wide (Fischer et al., 2025). The infectious diseases caused by bacteria of the genus Campylobacter are known as campylobacteriosis (Altekruse et al., 1999).  In developing countries like India, Campylobacter infections are especially frequent in children under the age of 2 years, sometimes resulting in death (World Health Organization, 2020). Highest risk of morbidity, mortality, and prolonged illness is among immunocompromised and elderly patients otherwise patients typically experience a self-limited diarrheal illness lasting 5 to 7 days. Animals, particularly livestock such as poultry, cattle, and swine, serve as asymptomatic reservoirs of Campylobacter species, contributing to environmental contamination and zoonotic transmission (Kaakoush et al., 2015). 

Beyond its role in foodborne illnesses, Campylobacter infection has been implicated in post-infectious autoimmune disorders, most notably Guillain-Barré Syndrome (GBS), a severe neurological condition characterized by acute flaccid paralysis (Epps et al., 2013). Given the zoonotic nature of campylobacteriosis, monitoring its prevalence in animals and implementing effective control measures are essential for mitigating human infection risks (Silva et al., 2011).

This review summarises the current knowledge on campylobacteriosis in both humans and animals, reservoirs, zoonotic potential, antimicrobial resistance in Campylobacter species and involvement of Campylobacter in Guillain–Barré syndrome. It also highlights preventive strategies and outlines future research directions aimed at controlling the disease and mitigating its public health impact. Understanding the microbiological characteristics of Campylobacter species is essential for elucidating its pathogenicity and broader implications for public health.

2. Microbiological characteristics of Campylobacter species

Campylobacter species are gram negative, spiral, non-spore forming bacilli which appear spherical in older cultures (Penner, 1998). They are motile having flagellum at one or both ends and are microaerobic while some grow aerobically or anaerobically (Nachamkin et al., 2003). Metabolically, C. jejuni lacks glycolytic pathways and relies on amino acids such as serine, aspartate, asparagine, and glutamate for growth, an adaptation that allows it to survive in the nutrient rich intestinal environment (Epps et al., 2013). Campylobacter jejuni and Campylobacter coli are currently regarded as the most important enteropathogens among the Campylobacter species (Nachamkin et al., 2008).

3. Historical perspective

Historically, the earliest account of Campylobacter dates back to 1886, when Theodore Escherich described a non-culturable, spiral-shaped bacterium in the colons of children suffering from an enteric illness known as “cholera infantum.” (Snelling et al., 2005; Silva et al., 2011; King & Adams, 2008; Vandamme et al., 2010). The first recognition of Campylobacter in animals occurred on February 2, 1906, when British veterinarians John McFadyean and Stewart Stockman observed “large numbers of a peculiar organism” in Loeffler’s blue-stained smears of uterine mucus from a pregnant ewe (Skirrow, 2006). In 1927, Theobold Smith and Marion Orcutt described a group of vibrio-like bacteria in the feces of cattle with diarrhea (Nachamkin et al., 2008). In 1931, Jones and colleagues established a link between microaerophilic vibrios and bovine dysentery, later identifying the organism as Vibrio jejuni (Butzler, 2004; Levy, 1946). In 1944, Doyle isolated a vibrio-like bacterium from the feces of pigs with diarrhea and identified it as Vibrio coli (Doyle, 1944; Doyle et al., 1982). Due to their low guanine-cytosine (GC) content, non-fermentative metabolism, and microaerophilic growth requirements, Seabald and Vernon proposed the genus Campylobacter in 1963, distinguishing these organisms from Vibrio species (Silva et al., 2011; On, 2001). The historical identification and classification of Campylobacter have laid the foundation for today's ongoing research into its public health impact and strategies for mitigation.

4. Campylobacteriosis in humans

Campylobacter is a commensal bacterium commonly found in the gastrointestinal tract of avian species, particularly chickens, which serve as natural hosts. Human consumption of contaminated poultry can lead to campylobacteriosis, characterized by acute inflammatory enteritis, cramping, profuse diarrhea, fever, headache, dizziness, or myalgia. While the majority of infections are self-limiting, Campylobacter infections can occasionally result in severe complications such as Guillain-Barré syndrome (Kaakoush et al., 2015).

4.1 Pathophysiology 

C. jejuni is the species most commonly associated with human infections, followed by C. coli and C. lari, though other Campylobacter species can also be pathogenic. These bacteria are major causes of gastroenteritis worldwide, with an infective dose as low as fewer than 100 viable cells (Silva et al., 2011). After ingestion, the pathogen survives the acidic conditions of the stomach using specialized acid tolerance mechanisms (Blaser, 1997). Subsequently, it overcomes bile salt stress in the small intestine to establish colonization within the mucus layer (Parkhill et al., 2000). Adhesion of the bacterium to intestinal epithelial cells is mediated by surface adhesins like CadF and FlpA, which binds to fibronectin. The bacterium uses flagella-driven motility to navigate mucus and secrete invasion antigens, facilitating epithelial cell entry (Zhu et al., 2006). It also produces cytolethal distending toxin (CDT), disrupting the host cell cycle and causing tissue damage (Blaser, 1997). This triggers an immune response, including pro-inflammatory cytokine release, which recruits neutrophils (Murphy et al., 2011). In some individuals, molecular mimicry between bacterial molecules and host gangliosides may lead to autoimmune conditions like Guillain–Barré syndrome (Skirrow, 1977; Zhu et al., 2006). These processes contribute to the pathophysiology of campylobacteriosis, involving both local inflammation and, in rare cases, systemic autoimmune responses.

5. CAMPYLOBACTERIOSIS IN ANIMALS

5.1 Campylobacter induced diseases in ruminants

The species Campylobacter fetus is classified into two subspecies—C. fetus subsp. fetus and C. fetus subsp. venerealis—both of which are recognized as significant contributors to reproductive failures in ruminants (van der Graaf-van Bloois et al., 2013). C. fetus subsp. fetus has a broad host range, colonizing the gastrointestinal tract and commonly causing abortion in sheep and cattle through horizontal transmission. In contrast, C. fetus subsp. venerealis is host-restricted to the bovine genital tract and is a leading cause of venereally transmitted infertility and embryonic loss in cattle (Skirrow, 1994). Additionally, C. jejuni subsp. jejuni is a major Campylobacter species associated with abortion outbreaks in sheep, and to a lesser extent, with sporadic abortions in cattle and goats (Sahin et al., 2012).

5.2 Campylobacter in poultry

Prevalence rates of Campylobacter in broiler flocks close to slaughter have been reported to reach up to 100%.(Asmai et al., 2020). Although Campylobacter commonly colonizes birds, it typically behaves as a commensal organism, causing no apparent harm. However, it is a significant contributor to foodborne gastroenteritis in humans, with poultry meat contamination serving as the principal route of transmission (Sahin et al., 2015).

6. RESERVOIRS OF CAMPYLOBACTER

Campylobacter species are commonly found inhabiting the gastrointestinal tracts of a wide range of animals, including wild species, livestock, and domesticated animals (Moore et al., 2005). Key animal reservoirs include cattle and sheep (Stanley & Jones, 2003), poultry (Bull et al., 2006), and pigs (Boes et al., 2005), all of which exhibit considerable genetic diversity among Campylobacter strains (Colles et al., 2003). Companion animals, including dogs and cats can also serve as carriers (Lee et al., 2004; Workman et al., 2005). Once excreted by these hosts, Campylobacter can disseminate into various environmental matrices, including soil (Santamaria & Toranzos, 2003), beach sand (Bolton et al., 1999), sewage and groundwater (Stanley et al., 1998), contributing to its persistence and potential for transmission. Given these widespread reservoirs, the risk of zoonotic transmission becomes significant, particularly in food handling and animal-contact scenarios.

7. ZOONOTIC TRANSMISSION

Poultry and related products are the most common sources of human Campylobacter infection, largely because C. jejuni thrives at the elevated body temperatures of birds (Horrocks et al., 2009). In addition to poultry, raw dairy items such as unpasteurized milk and cheese also contribute to transmission (Fischer et al., 2024). The pathogen’s ability to survive on uncooked meat and kitchen surfaces further increases the likelihood of cross contamination during meal preparation (St. Charles et al., 2022).

Though poultry is a major reservoir, Campylobacter spp. are also prevalent in cattle and beef, highlighting the potential role of non-poultry farms in human exposure (Khalifa et al., 2013). Individuals in close contact with animals such as farmers, veterinarians, and pet owners are at higher risk of infection via direct contact with contaminated animals or their feces. A case study from a Michigan dairy farm found C. jejuni in 13 of 25 calves, a family dog, and an asymptomatic household member. The latter’s frequent handling of sick calves strongly pointed to direct animal to human transmission (St. Charles et al., 2022).

8. ANTIMICROBIAL RESISTANCE (AMR)

As a foodborne pathogen frequently exposed to antimicrobials in food production, Campylobacter has developed multiple resistance mechanisms to survive these pressures (Shen et al., 2018). Campylobacter demonstrates considerable genomic plasticity, enabling it to acquire resistance genes via horizontal gene transfer mechanisms, including conjugation, transformation, and transduction (Jeon et al., 2010). Through these processes, the pathogen can exchange genetic material with other gut microbiota in both humans and animals, thereby substantially increasing its antimicrobial resistance potential (Iovine, 2013).

8.1 Mechanisms of Resistance

Resistance to fluoroquinolones, including ciprofloxacin and enrofloxacin, is primarily attributed to mutations in genes encoding the subunits of DNA gyrase (GyrA and GyrB) and topoisomerase IV (ParC and ParE) (Hooper, 1999; Hooper, 2001). Macrolide resistance in Campylobacter  primarily arises from mutations in the 23S rRNA gene, which hinder antibiotic binding to the bacterial ribosome, thereby reducing drug efficacy. Additionally, resistance can result from enzymatic inactivation of the antibiotic or increased efflux pump activity that lowers intracellular drug concentrations (Luangtongkum et al., 2009; Gibreel & Taylor, 2006). Tetracycline resistance in Campylobacter is primarily mediated by the ribosomal protection protein Tet(O), which disrupts antibiotic binding to the ribosome (Roberts, 2005). The tet(O) gene is commonly found in both C. jejuni and C. coli (Taylor, 1988), and can be located either in the chromosome or on plasmids such as pTet and pCC31 (Taylor, 1986). Increased use of ciprofloxacin in poultry farming has driven widespread resistance to fluoroquinolones. Macrolide resistance, while lower, is emerging in some regions. Tetracycline Resistance remains high due to extensive use in food animal production (Bukari et al., 2025). 

Additionally, some Campylobacter strains display multidrug resistance (MDR), defined as resistance to three or more classes of antibiotics. The CmeABC efflux pump is a major contributor to MDR and is encoded by a three-gene operon comprising cmeA, cmeB, and cmeC (Lin, Michel, & Zhang, 2002).

8.2 AMR Surveillance and Prevalence in Campylobacter

A recent study in India reported that C. jejuni and C. coli isolates from poultry exhibited varying levels of resistance to several commonly used antibiotics: azithromycin (21.43%), tetracycline (11.30–100%), chloramphenicol (4.76–100%), erythromycin (75–83.33%), ciprofloxacin (5.7–100%), gentamicin (17–100%), amikacin (4.76%), trimethoprim (89.4%), and ceftriaxone (80%) (Chakraborty et al., 2024). These findings underscore the urgent need for enhanced AMR surveillance systems and highlight the alarming prevalence of resistance in Campylobacter spp. from poultry. 

The overuse of antibiotics, poor biosecurity measures, and lack of regulatory oversight in veterinary practices are major contributing factors. Addressing this growing threat requires robust antimicrobial stewardship programs and the development of alternative therapeutic and preventive strategies to control resistant Campylobacter strains effectively.

9. GUILLAIN–BARRÉ SYNDROME (GBS) 

Guillain–Barré syndrome (GBS) is a rare immune-mediated acute polyradiculo-neuropathy that often develops after a previous gastrointestinal or respiratory infection, which is why it is also referred to as post-infectious polyneuropathy (Parry et al., 2007; Shahrizaila et al., 2021). The clinical manifestations of Guillain–Barré syndrome (GBS) vary according to its subtype. Typically, GBS is characterized by a progressive, ascending muscle weakness in the limbs, which may occur with or without sensory or autonomic nerve involvement. In some instances, the axial, facial, or respiratory muscles may also be affected. While tendon reflexes are generally diminished, cases of hyperreflexia have also been documented. (Versace et al., 2020).

9.1 Involvement of Campylobacter in GBS

Infections are recognized as the leading precipitating factors for Guillain–Barré syndrome (GBS), occurring prior to symptom onset in approximately 75% of cases (Shahrizaila et al., 2021). Among the various infectious agents linked to GBS, Campylobacter jejuni is the most frequently implicated, primarily due to its association with foodborne diseases (Parry et al., 2007). The pathogenesis of GBS following C. jejuni infection is attributed to a mechanism known as “molecular mimicry,” wherein the bacterial lipooligosaccharide (LOS) antigens structurally resemble ganglioside antigens (ceramides) found on the myelin sheath or axolemma, leading to an autoimmune response (Hameed et al., 2020). This underscores the far-reaching consequences of Campylobacter infection, extending beyond gastrointestinal illness.

10. CONCLUSION

Campylobacter continues to be one of the leading causes of foodborne illness globally, with poultry especially broiler chickens serving as the primary reservoir. Despite being commensal in avian intestines, Campylobacter presents a serious zoonotic threat through contamination during processing or improper handling. Poultry approaching slaughter often exhibit colonization rates as high as 100%, underscoring the critical need for robust control strategies across the entire food production chain. Beyond poultry, transmission also involves ruminants, pets, and environmental sources like water and soil, all of which play a role in the ongoing persistence and dissemination of the pathogen.

Moreover, C. jejuni is a well established trigger of Guillain–Barré Syndrome through molecular mimicry, demonstrating its potential to induce severe autoimmune complications beyond gastrointestinal illness. The emergence of antimicrobial-resistant strains, fueled by the extensive and often unregulated use of antibiotics in food-producing animals, poses a growing threat to effective treatment and public health.

Preventive strategies must prioritize a One Health approach, encompassing enhanced farm biosecurity, worker health monitoring, food safety education, and proper meat handling and cooking practices. Future research should focus on development of effective vaccines , alternative therapeutic strategies, improved diagnostic tools, and a better understanding of the molecular mechanisms linking Campylobacter to autoimmunity. By integrating animal, human, and environmental health efforts, we can more effectively manage the risks associated with Campylobacter, curb its zoonotic transmission, and reduce the burden of associated diseases.
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