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Abstract:

This study aimed to evaluate the prevalence of Campylobacter isolates based on the presence of
certain invasive genes. The experimental study tested 392 samples from Behbahan city. After
culturing the samples, microbial identification was performed using Gram staining. Molecular
identification of Campylobacter isolates was then conducted using PCR and suitable primers for
invasive genes cdtA, B, C, cadF, pldA, ciaB, and 16S rRNA. According to the Gram staining results,
50 samples were infected with Campylobacter. Of these, 37 (74%) were chicken samples, 8 (16%)
were cow samples, 2 (4%) were sheep and goat samples, and 3 (6%) were water samples. Analysis
of the 16S rRNA gene sequence showed that 72% of the contamination was related to
Campylabacter jejuni and 28% was related to Campylobacter coli. Overall, the prevalence of
Campylobacter jejuni in isolated samples was significantly higher than that of general
Campylobacter (p=0.012). Among the Campylobacter jejuni isolates, the highest prevalence was
related to the CdtC toxin production gene (76.2%), and among the Campylobacter coli isolates, it
was related to the CdtB toxin production gene (30.2%). Although chickens are considered the main
sources of Campylobacter species, it is necessary to investigate the significance of other
contamination sources, especially cattle and sheep, to assess their role in human infections.
Therefore, necessary precautions must be taken for human consumption, and hygiene standards must
be maintained in storage areas, along the slaughter line, and in stores.
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Introduction:

So far, a comprehensive and extensive study on the pathogenicity of Campylobacter from a
molecular genetic point of view has not been conducted. On the other hand, the use of
antimicrobial agents in animals whose meat is consumed has led to the emergence and spread of
bacteria resistant to antimicrobial agents, especially Campylobacter resistant to antimicrobials,
which potentially has serious effects on food safety, both in terms of animal health and human
health. It seems that this situation has expanded more rapidly in developing countries because in
these countries, there is widespread and uncontrolled use of antibiotics. Given that
Campylobacter can be transmitted from animals and food to humans, it is necessary to develop a
strategy for controlling and preventing infection with Campylobacter. In addition, it is essential
to describe the sources of contamination and the appropriate diagnosis of Campylobacter
obtained from animal sources that are more dangerous. Due to the importance and role of
Campylobacter in causing diseases common between humans and livestock, and also the
increase in the number of cases in Asia and the Middle East, this study examined the prevalence
of Campylobacter isolates based on invasive genes in chicken, cow, sheep, and water samples in
Behbahan city.

Material & Methods:

This experimental study was conducted in Behbahan city on 4875 cows and sheep and
505000 chickens in 2022-2023. The statistical sample was randomly selected using a cluster
sampling method from four sections in Behbahan city, with a volume of 400 samples. In the
initial examination, 8 samples were set aside due to contamination and lack of sterile transfer
conditions, which after their removal, ultimately 392 samples were tested. The macroscopic and
microscopic characteristics of the isolates were identified. After completing the phenotypic
diagnosis, 50 samples were suspected to be Campylobacter, which after purification and re-
cultivation, their DNA was extracted and PCR was performed for final confirmation on the
samples. To perform PCR, suitable primers for invasive genes cdtA,B,C, cadF, pldA, and ciaB,
as well as the general gene (16S rRNA) of gram-negative bacteria (primers 27F and 1492R)
were used as the reference gene (Macrogen Company, South Korea). The sequence analysis of
the 16S rRNA gene in the gene bank was performed with the highest similarity to the isolated
bacteria using NCBI software. In the end, the analyses were performed using SPSS statistical
software version 22. The data were analyzed using the Chi-square and Mann-Whitney tests. In
the tests performed, a 95% confidence coefficient was considered.

Discussion of Results & Conclusions:

In total, of the 392 samples examined, 182 (46.4%) were related to chicken, 141 (36%) were
related to cows, 41 (10.5%) were related to sheep and goats, and 28 (7.1%) were related to
water. The highest number of samples taken were related to chicken (182) and the lowest
number of samples taken were related to water. The results of Gram staining of the samples
showed that 50 samples were contaminated with the genus Campylobacter. The highest
prevalence of Campylobacter was in chicken (20.3%) and the lowest prevalence was in sheep
and goats (4.9%). Also, the results of PCR related to the 16S rRNA gene confirmed that all 50
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samples had a 1490 nucleotide band and were therefore contaminated with Campylobacter
isolates. Of the total 50 Campylobacter isolates, 72% were related to Campylobacter jejuni and
28% were related to Campylobacter coli. Of the total 36 samples containing Campylobacter
jejuni, 29 samples (80.55%) were related to poultry and 5 cases (13.88%) were related to cattle.
Also, among the 14 samples containing Campylobacter coli, 8 cases (57.14%) were related to
poultry and 5 cases (35.71%) were related to livestock. In general, the prevalence of
Campylobacter jejuni in the separated samples was significantly higher than Campylobacter
coli (p = 0.012). While no significant correlation was observed between Campylobacter isolates
and the type of host (p = 0.252).

Although chickens are considered as the main sources of Campylobacter species, it is
necessary to investigate the importance of other sources of contamination, especially cows and
sheep, for assessing their role in human infections. Direct contact of individuals with infected
animals and consumption of food products obtained from these infected animals can be the
cause of diarrhea caused by Campylobacter. The presence of Campylobacter in animal food
products can be explained to some extent by livestock production systems. Several factors
support this hypothesis about the adverse effects of modern animal production systems on food
safety, including the higher reported prevalence of Campylobacter in concentrate-fed cows
compared to forage-fed cows, which is probably due to increased density of stocks, common
access of cows to community food and water wells, and constant physical contact with the feces
of other animals. The present study clearly showed the importance of domestic animals (cows
and sheep) and chickens in Behbahan city as sources of Campylobacter. However, the
prevalence of Campylobacter in animal sources and food products was less than the reported
values in Japan, Korea, and the United States. This diversity can be attributed to the fact that
campylobacteriosis in these countries is like hyperendemic and due to poor hygiene, proximity
of humans and domestic animals, different sample sizes, use of different laboratory techniques,
and the effect of geographical features in different studies

In the present study, the cadF gene was observed in 25 (73.5%) cases, the ciaB gene in 27
(73%) cases, the cdtA gene in 24 (70.6%) cases, the cdtB gene in 30 (69.8%) cases, the cdtC
gene in 32 (76.2%) cases, and the pldA gene in 28 (70%) cases of samples. In Campylobacter
jejuni isolate, the highest prevalence was related to the CdtC toxin-producing gene (76.2%), in
Campylobacter coli isolate it was related to the CdtB toxin-producing gene (30.2%). There was
no significant correlation between the prevalence of invasion-related genes and the type of
Campylobacter (p > 0.05). The highest prevalence of invasion gene was related to the cdtB gene
at a rate of 74.4% in Campylobacter isolates separated from chicken. While the cadF and cdtA
genes were not observed in Campylobacter isolates separated from sheep and goats. There was
no significant correlation between the prevalence of invasion-related genes and the type of
sample (p > 0.05).

The analysis of the prevalence of the cdtC gene showed that regardless of the species and
their origin, 68 percent of Campylobacter species isolated from chicken, cow, and sheep feces
possess this marker. The prevalence of disease-causing genes responsible for adhesion in
Campylobacter is very high, regardless of the source and geographical region. It has also been
proven that species lacking cdtC cannot colonize in the poultry gut. Therefore, the cdtC gene,
which is essential for colonization in the gut, can play a significant role in the pathogenesis of
human infection. The high prevalence of cdtA and flhA genes among isolates obtained from
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different points in the supply chain of broiler meat indicates the important role of these genetic
products in the pathogenesis of Campylobacter and at the same time reveals the regulation of
motility and virulence coordinates. The high prevalence of the cadf gene for isolates obtained
from broiler chicken samples confirms the importance of this gene product for the colonization
of the broiler chicken gut. Toxins produced by Campylobacter may be another factor potentially
involved in causing disease. In the present study, in more than half of the Campylobacter
isolates, one of the three subunit toxin genes necessary for the expression of cytotoxin was
observed, regardless of the origin and species of isolation. The prevalence of some disease-
causing genes among Campylobacter jejuni and Campylobacter coli was different, which may
be due to heterogeneity in the genetic reservoir of Campylobacter strains. Our results may
indicate that the pathogenic potential of Campylobacter jejuni isolates is higher than
Campylobacter coli strains, especially those responsible for toxin production (cdt genes), or
responsible for invasion of epithelial cells (ciaB marker). In addition, it is important to note that
the rate of disease-causing genes can vary among different sources, which can indicate genetic
differences including various mechanisms for colonization, adhesion, and pathogenicity among
Campylobacter species. Therefore, the presence of virulence genes determines the ability of
Campylobacter isolates to adhere to and attack cells. It should be noted that the presence of
specific genetic factors is not direct evidence of the pathogenicity of these strain species for
humans. However, it strongly suggests that they may potentially be capable of causing disease.
In general, chickens and cows are reservoirs of Campylobacter jejuni and Campylobacter coli,
and sheep are secondary reservoirs of these two Campylobacter species. Therefore, for human
consumption, necessary precautions must be taken and hygiene points must be observed in the
place of storage, along the slaughter line, and in stores.
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Figure 1. A view of curved gram-negative bacilli of Campylobacter obtained by gram staining (X 1000)
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Table 2: Confirming the identification of Campylobacter isolated from samples based on 16S rRNA gene
sequencing (n=50)
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Table 3: Prevalence of genes related to invasion according to the type of Campylobacter isolates
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Table 4: Prevalence of invasion-related genes according to sample type
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