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Abstract

Campylobacter spp. are major foodborne pathogens, with C. jejuni and C. coli being the most common
species associated with human disease. Poultry and livestock serve as important reservoirs, and
secretion system-related genes such as flaA and virB11 play critical roles in pathogenicity. In this
cross-sectional study, 392 samples from chickens, cattle, sheep/goats, and water sources in Behbahan,
Iran, were analyzed. Isolation and identification of Campylobacter were performed using standard
microaerophilic culture methods, phenotypic tests, and PCR targeting the 16S rRNA gene. The
virulence genes flaA and virB11 were detected by specific PCR assays. Statistical analyses were
performed using the chi-square and Fisher’s exact tests. Campylobacter spp. was detected in 12.8%
(50/392) of samples. Chickens showed the highest prevalence (20.3%), followed by water (10.7%),
cattle (5.7%), and sheep/goats (4.9%). Molecular identification revealed 72% C. jejuni and 28% C.
coli. The flaA gene was present in 66% of isolates and was significantly associated with species (P <
0.05), being more common in C. jejuni. No isolate carried the virB11 gene. Poultry represents the
main reservoir for potentially virulent Campylobacter strains in the region. The high prevalence of
flaA highlights the virulence potential of circulating isolates. Enhanced hygiene and surveillance
measures are recommended.
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Introduction

Campylobacter spp. is among the most important bacterial agents of foodborne gastroenteritis worldwide and
remain a major public health concern because of their high incidence, broad host range, and association with severe
post-infectious sequelae. These organisms are responsible for a substantial burden of diarrheal disease globally and
have been linked to Guillain—Barré syndrome, reactive arthritis, and other neurological and immunological
complications. Among the more than 30 species currently recognized within the genus Campylobacter, C. jejuni
and C. coli are the predominant causes of human campylobacteriosis. Transmission to humans occurs mainly
through the consumption of contaminated food of animal origin, particularly poultry meat, but also through direct
contact with colonized animals and exposure to contaminated water or environmental sources. Domestic poultry are
considered the principal reservoirs of Campylobacter, and colonization rates in chickens are frequently high across
different geographic regions. In addition to poultry, ruminants such as cattle, sheep, and goats may act as secondary
reservoirs and contribute to environmental contamination through fecal shedding. The persistence of Campylobacter
in farm settings, especially under favorable microaerophilic and humid conditions, facilitates persistence and
zoonotic transmission. In Iran, multiple studies have reported the presence of Campylobacter in poultry farms and
retail meat products; however, data on indigenous livestock raised in traditional and semi-industrial production
systems, particularly in warm and humid regions of southwestern Iran, remain limited.

The pathogenicity of Campylobacter is multifactorial and involves a variety of virulence-associated genes related
to motility, adhesion, invasion, toxin production, and immune evasion. Among these, flagellum-associated genes
are particularly importance because they contribute not only to bacterial motility but also to host cell interaction and
colonization. The flaA gene, encoding flagellin A, plays a central role in intestinal colonization and is often regarded
as a key determinant of virulence. In contrast, virB11, a gene associated with the type 1V secretion system (T4SS),
is less frequently detected in Campylobacter spp. but may be involved in plasmid transfer, horizontal gene transfer,
and dissemination of virulence and antimicrobial resistance determinants.

Given the public health importance of Campylobacter and the scarcity of data regarding virulence-associated genes
in indigenous animal reservoirs in southwestern Iran, the present study was designed to determine the prevalence of
C. jejuni and C. coli in poultry, cattle, sheep, goats, and water sources in Behbahan County, Iran, and to investigate
the distribution of the secretion system-associated genes flaA and virB11 in relation to host type and bacterial
species.

Materials & Methods

This cross-sectional experimental study was conducted in 2024 in Behbahan County, southwestern Iran. A total of
400 samples were initially collected using multistage cluster random sampling from poultry farms, cattle farms,
sheep and goat herds, and environmental water sources. After exclusion of contaminated or improperly transported
samples, 392 specimens were included in the final analysis. Samples consisted of fresh fecal specimens from
chickens, cattle, sheep, and goats, as well as water and wastewater samples associated with animal husbandry
environments.

All samples were transported under cold-chain conditions at 4 °C and processed within four hours after collection
to minimize loss of viability and reduce contamination. Isolation of Campylobacter spp. was performed using a
microaerophilic enrichment procedure followed by cultivation on blood agar and Mueller-Hinton agar under
microaerophilic conditions (5% O, 10% CO-, and 85% Ny) at 37 °C for 72 h. Presumptive isolates were identified
using standard microbiological techniques, including colony morphology, Gram staining, and biochemical tests
such as oxidase, catalase, hippurate hydrolysis, nitrate reduction, and assessment of growth at different temperatures
and salt concentrations. Genomic DNA was extracted from confirmed isolates using a commercial silica column-
based kit according to the manufacturer’s instructions. DNA purity and concentration were evaluated by
spectrophotometry and agarose gel electrophoresis. Molecular confirmation of the genus Campylobacter was
performed by polymerase chain reaction (PCR) targeting the 16S rRNA gene. The amplified products were
sequenced and compared with reference sequences in the NCBI GenBank database to identify the isolates at the
species level.

To assess the virulence-related genetic profile of the isolates, specific PCR assays were conducted to detect two
secretion system-associated genes: flaA (associated with motility and T3SS-like function; 1077 bp) and virB11
(associated with T4SS; 470 bp). PCR amplification products were visualized by 2% agarose gel electrophoresis.
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Statistical analysis was performed using SPSS version 22. The associations between categorical variables, including
host type, Campylobacter species, and presence of virulence genes, were evaluated using Pearson’s chi-square test
or Fisher’s exact test when appropriate. Statistical significance was defined as a p-value < 0.05.

Discussion of Results and Conclusions

Among the 392 samples analyzed, 50 (12.8%) were positive for Campylobacter spp. The highest isolation rate was
observed in chickens, with 37 positive samples out of 182 (20.3%). In contrast, Campylobacter was detected in 8
of 141 cattle samples (5.7%), 2 of 41 sheep and goat samples (4.9%), and 3 of 28 water samples (10.7%). These
findings indicate that poultry represents the main reservoir of Campylobacter in the studied area, while livestock
and environmental water sources may also contribute to bacterial circulation and transmission.

Sequence analysis of the 16S rRNA gene revealed that 36 isolates (72%) were identified as C. jejuni and 14 isolates
(28%) as C. coli. C. jejuni predominated in all sample types, particularly in chickens, whereas C. coli was distributed
across both poultry and livestock sources. Although C. jejuni was more common overall, statistical analysis showed
no significant association between host type and species distribution (p > 0.05). This suggests that both species are
capable of colonizing multiple animal hosts and environmental reservoirs, supporting the possibility of overlapping
ecological niches and cross-species transmission. The virulence gene analysis showed that flaA was present in 33
of 50 isolates (66%). The frequency of flaA was significantly higher in C. jejuni isolates than in C. coli isolates,
with 75% versus 42.9%, respectively (p < 0.05). Most flaA-positive isolates were obtained from chicken samples,
emphasizing the central role of poultry in maintaining virulent Campylobacter populations. Because flaA contributes
to motility, colonization, and host interaction, its high prevalence indicates a substantial pathogenic potential among
the isolates detected in this region. The stronger association between flaA and C. jejuni may also help explain the
global epidemiological dominance of this species in human campylobacteriosis.

In contrast, the virB11 gene was not detected in any of the isolates regardless of host source or species. This finding
suggests that T4SS-associated virulence and plasmid-mediated genetic exchange may not be major mechanisms in
the Campylobacter populations circulating in Behbahan County. However, the absence of virB11 should be
interpreted with caution, as virulence gene distribution can vary substantially by geography, host species, and time.
Continued monitoring is therefore necessary to determine whether this pattern is stable across seasons and
production systems.

The overall prevalence of Campylobacter observed in this study is consistent with prior reports from Iran and other
countries with similar climatic conditions and animal husbandry practices. The relatively high prevalence in poultry
is indicative of the known susceptibility of chickens to asymptomatic intestinal colonization and the role of poultry
production systems as major reservoirs for zoonotic transmission. The presence of Campylobacter in cattle, sheep,
goats, and water samples further indicates environmental dissemination and potential contamination pathways that
may contribute to human exposure.

From a public health perspective, the detection of potentially virulent Campylobacter strains in indigenous animals
and environmental water sources highlights the need for improved surveillance and control strategies. Strengthening
biosecurity in poultry farms, improving sanitation in traditional animal production systems, and preventing fecal
contamination of water sources are essential measures for reducing the burden of campylobacteriosis. Furthermore,
molecular monitoring of virulence determinants, such as flaA, may facilitate the identification of high-risk isolates
and inform targeted interventions.

In conclusion, this study demonstrates that indigenous poultry and livestock in southwestern Iran harbor
Campylobacter spp., with chickens serving as the principal reservoir. C. jejuni was the dominant species, and the
high prevalence of the flaA gene, especially among C. jejuni isolates, suggests substantial zoonotic potential. The
absence of virB11 indicates that T4SS-related virulence may not be widespread in the studied population. Overall,
these findings emphasize the importance of integrating microbiological, molecular, and epidemiological
surveillance to better understand the ecology of Campylobacter in animal reservoirs and to reduce the risk of
transmission to humans.
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Figure 1. Microscopic view of curved, Gram-negative Campylobacter bacilli (Gram staining, x1000)
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Figure 2. Gel electrophoresis for visualization of the 16S rRNA gene in Campylobacter isolates from the samples. Lane C:
100 bp molecular weight marker (DNA ladder); lane C—: negative control; lanes 1-50: isolated samples.
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Table 1. Confirmation of Campylobacter isolates from chicken, cattle, sheep, goat feces and water samples based on
16S rRNA gene sequencing.
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Table 2. Association between Campylobacter isolates and host type

e &5 955 bﬂw’ &I "M A bsbeas” Jf
(Mo y3) Sl (Mo yd) dlass (Mo yd) dloss
¢ A¥/¥) ¥ ((A7APR! (VA) ¥4
ls OV ¢ (*v/0) 0 (GAPAN
Js (e ore (CEEDAR (eo)oe

O 3368 05T ool Objn £ 55 5 S LslirnS Slassller o LLIOLY Jotr
Table 3. Association between Campylobacter isolates and host type based on Pearson’s chi-square test
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Figure 3. Agarose gel electrophoresis for detection of the flaA gene in Campylobacter isolates. Lane C: 100 bp DNA ladder
(molecular weight marker); Lane C—: negative control; Lanes 1-50: Campylobacter isolates.
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Figure 4. Agarose gel electrophoresis of the virB11 gene in Campylobacter isolates. Lane C: 100 bp DNA ladder (molecular
weight marker); Lane C—: negative control; Lanes 1-50: Campylobacter isolates.
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Table 4. Prevalence of four secretion system-associated genes in Campylobacter jejuni and Campylobacter coli isolates
recovered from all samples
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Table 5. Prevalence of secretion system-associated genes in Campylobacter jejuni and Campylobacter coli isolates according
to sample type
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Table 6. Contingency table showing the association between Campylobacter isolates and the flaA gene
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