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Abstract:
A cross-sectional study was done during the period from December 2021 to July 2022 to
determine the prevalence of Campylobacter species and their infection rates in humans and
slaughtered broiler-chickens at Kerbala province. A total of 260 samples were collected as follows:
40 cecal swabs were collected from different local markets distributed in Kerbala, 80 samples
swabs from de-feathering machines and carcass rinse water, and 40 samples from local and
imported frozen chickens, in addition to, 100 samples from people with diarrhea from Al-Hussain
Medical City and General Children's Hospital at Kerbala (Iraq). All samples were subjected to the
initial bacterial isolation processes on the special and distinctive culture media for Campylobacter
Spp. Results showed that contamination rates of Campylobacter species were 26% in broiler
intestines, 12.5% in carcass rinse water, 10% from de-feathering machines and 7.5% of frozen
chickens. The rate of infection in humans was 6% and results show that there is a significant (pvalue ≤0.05) correlation between age and infection with Campylobacter spp., as the results show
high infections in children under five years of age, and the incidence rate decreases with increasing
age. Eleven isolates (25%) from 44 suspected samples were subjected to
molecular identification single PCR for confirmation of Campylobacter as genus. All examined
isolates showed to be Campylobacter and were amplified 816 bp PCR products and five isolates
(9%) from 44 suspected samples were subjected to multiplexed PCR for detection of three species
of Campylobacter (C. jejuni, C. coli & C. lari.). Four of these sample shows C. coli.
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Introduction
Campylobacter species appear under a microscope as gram-negative, spiral, and coma-shaped
bacteria. Campylobacter spp. need microaerophilic conditions (10% CO2, 5% O2 and 85% N2) as
well as temperature 42 degrees Celsius to grow. Campylobacter genomes range in size from 1.6 to
7.1 (MBp). Campylobacter pathogenicity and host cell necrosis are aided by virulence factors
including as motility, adhesion, invasion, and toxin synthesis(Ahmadi et al., 2020).
The genus is found all over the world and has been isolated from a wide range of mammals and
birds. In industrialized nations, the most common pathway for sporadic Campylobacter infection
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is by eating or handling chickens, however the source of 30–50 percent of infections is
unknown(Meldrum et al., 2005).
The bacterium has grown in prominence in recent years, since it has been identified as a major
cause of human disorders ranging from gastroenteritis to Guillain-Barre Syndrome(Rizal et al.,
2010). Campylobacter infection has grown in Europe since 2008, and it is nowadays three times
more common than salmonellosis(Authority et al., 2018).
Campylobacteriosis is a zoonotic food-borne disease that causes mild to severe symptoms and,
in extreme cases, death. Campylobacteriosis is a disease that affects over 550 million people
globally and kills about 33 million people each year(Kreling et al., 2020). Human
Campylobacteriosis develops as 1–5 days after exposure, causing watery and often bloody
diarrhea, fever, stomach pains, and vomiting lasting 5–7 days. Campylobacteriosis is the most
prevalent illness that leads to post-infectious Guillain–Barré syndrome, a severe demyelinating
neuropathy that affects about 3/10 000 patients(Skarp et al., 2016).
Chickens are known to be natural hosts of Campylobacter, and infected birds have a high
pathogen load in their gastrointestinal system, particularly in the cecum, leading to contaminated
carcasses(Hermans et al., 2012).
The major source of infection is chicken meat, especially fresh broiler meat. Controlling carcass
contamination at the slaughterhouse has also been recognized as a way to cut down on human
Campylobacter infections. However, the efficiency, legality, and consumer acceptability of viable
Campylobacter control measures on poultry meat at slaughterhouses remain limited (Hue et al.,
2010).
Infections with Campylobacter can also occur as a result of cross-contamination of ready-to-eat
meals. During meal preparation, pathogens can also be transferred from hand to mouth due to a
lack of cleanliness. Because the infectious dosage is as little as 500 to 800 cfu, human infection is
rather common(Kreling et al., 2020).
The polymerase chain reaction (PCR) technology enables the identification of species-specific
DNA sequences in a quick and sensitive way. PCR increases the number of copies of a DNA
fragment by several orders of magnitude. The approach is based on thermal cycling, which
involves repeated heating and cooling of the process for DNA melting and enzymatic DNA
replication(Dieffenbach and Dveksler, 2003). PCR is a simple to use, rapid, and reliable
technology for identifying Campylobacter at the species level. Another benefit is the possibility
for usage in screening programs(Lubeck et al., 2003). To detect and identify Campylobacter, a
number of PCR tests have been developed. The aim of this study was to isolation and molecular
identification of Campylobacter spp. in humans and slaughtered broiler-chickens at Kerbala
retail points.
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Materials and Methods
Study design and Sample collection
A cross-sectional study was performed to collect a total of 260 samples, from broiler chickens
and humans. These samples were gathered from different locations in Karbala province and
cultured inappropriate media according to internationally known protocols for bacterial cultivation
and identification (MacFaddin 2000). Then it followed by the initial bacterial isolation process on
the special and distinctive culture media of Campylobacter such as campylobacter agar and the
followed propagation
Campylobacter Isolation and identification
Collected sample inoculated immediately onto C&S modified Carry Blair transport media then
cultured on selective agar (campylobacter agar enriched with 5-10% blood), adding supplements
and incubate in anaerobic jar for 48 hrs. at 42°C under microaerophilic condition. Suspected
colony was identified confirmed by Gram staining and examined under microscope, Biochemical
testing (oxidase, catalase, Indoxyl hydrolysis), finally by Molecular Methods PCR.
Biochemical Identification tests.
1. Catalase test.
By placing a few drops of H₂O₂ (3%), on a sufficient amount of well isolated culture, mixed to
facilitate the reaction, immediate appearance of bubbles was an indicator of positive result(Mahdi
et al., 2022).
2. Oxidase test.
By moisten a part of the oxidase test strip with a drop of water in petri dish. Then loopful of
pure suspected colonies was spread over the strip with the aid of wooden stick, colonies should be
from 48 hours old, the color should be change to purple within 30 seconds to be recorded as
positive(Mahdi et al., 2022).
3. Indoxyl test.
Manufacturer’s instructions were followed to accomplish the Indoxyl acetate disk hydrolysis.
The disks were equilibrated to room temperature prior to use. one drop of sterile water was added
to the disk and placed in a petri dish or glass slide. The disk should not be saturated. then, it
inoculated with a heavy inoculum (a few colonies) harvested from a pure culture of the testing
organism grown for 24-48 hours. For at least 30 minutes, incubate discs aerobically at room
temperature, and evaluate for color development. If the color changed blue or blue-green within
20 minutes it was interpreted as positive result. While weak positive result was considered when
pale color developed within 10-30 minutes. However, negative recorded when no color change
happened within 30 minutes(Mahdi et al., 2022).
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Molecular methods
DNA extraction
All phenotypically identified bacterial isolates were subjected for DNA extraction by using GspinTM Genomic DNA extraction kit (Intron/Korea).
Preparing the primers
According to instruction of the primer synthesiser company, the primers (originally
lyophilized), were dissolved in the free ddH2O to obtain a final concentration of 100 μM/µl which
served as a stock solution that stored at -20 ᵒC. A concentration of 10 μM/µl was prepared from
the stock primers to be used as a work primer.
Table (1): Primers for general detection of Campylobacter
Organism
Target
Sequence (5’-3’)
Ta Product Reference
gene
(ᵒC) size
Campylobacter 16S
spp.
rRNA

F

GGATGACACTTTTCGGAGC 56

812 bp

(Wang,
2002)

R CATTGTAGCACGTGTGTC
Table (2): Primers for species specific detection of Campylobacter spp.
Organism

Targe
t gene

Campylobacte
r jejuni

hipO

Campylobacte
r coli

glyA

Campylobacte
r lari

glyA

Sequence (5’-3’)

F

ACTTCTTTATTGCTTGCTGC

R GCCACAACAAGTAAAGAAG
C
F GTAAAACCAAAGCTTATCGT
G
R TCCAGCAATGTGTGCAATG
F TAGAGAGATAGCAAAAGAG
A
R TACACATAATAATCCCACCC

Tm
(ᵒC
)
56

Produc
t size

Referenc
e

323 bp

Wang et
al., 2002

56

126 bp

Wang et
al., 2002

56

251 bp

Wang et
al., 2002

Results
1. Cultural Characteristics
Campylobacter spp. colony isolated on Campylobacter agar base selective media appears as
small, mucoid colony, usually grayish in coloration, and some colonies have to be creamy grey in
color, slightly raised, moist and often produce discrete colonies, flat with irregular edges, and nonhemolytic at 24-48 hours (Figure 1).
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Figure(1): morphology of Campylobacter Colony on Campylobacter base agar with human blood.
2.Biochemical Test Results.
Forty - four isolates out of 260 samples were confirmed to be Campylobacter species with
positive oxidase, catalase and indoxyl (figure 2). These bacteria are oxidase-positive due to the
presence of cytochrome C, a substance that aids in the transmission of electrons to the cytochrome
oxidase complex and manufacture catalase to minimize the hazardous product hydrogen peroxide
(H2O2) formed in their environment.

Figure (2): biochemical tests of Campylobacter. a) catalase test; b) oxidase; c) indoxyl
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3. Molecular identification
Molecular identification by 16S rRNA gene by PCR:
Eleven isolates (25%) from 44 suspected samples were subjected to
molecular identification single PCR for confirmation of Campylobacter as genus. All examined
isolates showed to be Campylobacter and were amplified 816 bp PCR products (Figure3).
Figure (3): Red-Safe stained agarose gel (90 volts per 42 minutes) of PCR results for detection

of Campylobacter genus-specific 16S rRNA gene. Lane M: safe-green™ 100bp Opti-DNA
Marker (ABM, Canada); Lanes numbered according to strain designation code. Lanes:
TQ02, TQ03, TQ05, TQ06, TQ09, TQ20, TQ21, TQ22, TQ23, TQ26, TQ30 shows positive
results with 16S rRNA gene (816 bp).
Multiplexed PCR for detection of three species of Campylobacter: C. jejuni, C. coli & C. lari.
Five isolates (9%) from 44 suspected samples were subjected to multiplexed PCR for detection
of three species of Campylobacter (C. jejuni, C. coli & C. lari.). Four of these samples of this genus
were coli. One of the examined isolates couldn’t be identified as C. jejuni, C. coli or C. lari (Figure
4).
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Figure (4): Red-Safe stained agarose gel (90 volts per 45 minutes) of PCR results for detection
of three species of Campylobacter: C. jejuni, C. coli & C. lari.The size of the PCR products
would be: 323 bp for C. jejuni; 126 bp for C. coli & 251 bp for C. lari.
Discussion
Identification of Campylobacter spp. (Phenotypic and Biochemical Test).
The samples used in this investigation were cultured on enriched and selective medium
(Campylobacter agar base), which also contained 5% blood and a Campylobacter selective
supplement made up of sodium pyruvate, cefoperazone, vancomycin, and cycloheximide The
plates were incubated at 42°C for 48 h under micro aerobic conditions (about 80%-90% N2, 5%10% CO2, 5%-10% O2) in a sealed jar using gas packs (Shams et al., 2017).
Preliminary culture diagnosis of Campylobacter spp. bacterial isolates on special agar showed
that all isolates are characterized by small, mucoid colonies, usually grayish in coloration and some
have to be creamy grey in color, slightly raised, moist and often produce discrete colonies, flat
with irregular edges, and non-hemolytic as shown in Figure (4-2). The findings were similar to the
results of (Merino et al.,1986; Shakir et al.,2021; Al-Juboori, 2012., Hasso, 2018 and Mahdi et al.,
2022).
Microscope examination showed that the Campylobacter bacteria appeared as gram negative
bacilli after staining with Gram stain because Campylobacter spp contain a layer of
Lipopolysaccharides (LPS) that prevent absorption of crystal violet stain and accept safranin red
color stain after removing the Lipopolysaccharides layer with Acholi (Kandasamy et al., 2017 and
Isabel, 2019). Also Campylobacter appeared as curved or sea-gull shaped, as shown in Figure (4© ICAS 2022
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2) and this result is with agreement with (PÉREZ-PÉREZ & Blaser., 1996; Mushi, et al., 2014 and
Vandamme et al., 2015).
While the biochemical tests showed that the Campylobacter were catalase positive, this is due
to the presence of the enzyme catalase inside bacteria in order to protect them from the oxidative
stress resulting from the consumption of oxygen as showed in Figure (4-3) (Mukhopadhya et al.,
2011; Fitzgerald, 2015)
It was also found that Campylobacter was Oxidase-positive due to the presence of cytochrome
C a function in the bacteria as a key participant in the life-supporting function of ATP synthesis as
showed in Figure (4-3) (Weingarten et al.,2008 and Aryal,2018)
Also, a large proportion of the bacteria were positive for Indoxyl acetate test, the presence of
esterase enzyme present in Campylobacter spp. organisms can be conﬁrmed in vitro by the
bacterial hydrolysis of indoxyl acetate to release indoxyl. Indoxyl then combines with oxygen to
spontaneously form indigo and Indoxyl Acetate Disk test becomes blue as showed in Figure (4-3)
(Popovic-Uroic et al.,1990; Mahdi et al., 2022).
Molecular identification of Campylobacter
The current study shows that all the eleven isolates samples of Campylobacter showed positive
result when tested by use PCR technique when examining the gene specific 16S rRNA gene as
shown in figure (4) and this result is in agreement with (Marshall et al., 1999 and Delpiazzo et al.,
2021).
The 16S rRNA gene encodes the small subunit ribosomal RNA molecules of ribosomes,
responsible for the essential process of converting genetic messages to functional cell components
via the translation of mRNA to proteins.
Bacterial 16S rRNA is a common target for taxonomic purposes, largely due to the mosaic
composition of phylogenetically conserved and variable regions within the gene (Jo et al.,2016).
Also, 16S rRNA is a specific gen for detection of Campylobacter,Arcobacter, and Helicobacter,
Where it was confirmed that the previous samples (Campylobacter)were of a type when
biochemistry tests were carried out on bacteria and then was extracted for PCR examination and
this result is in agreement with (Marshall et al., 1999 and Matsumoto et al.,2022).
Our study shows that agarose gel (90 volts per 45 minutes) of PCR results for detection of
three species of Campylobacter (C. jejuni, C. coli & C. lari.) The size of the PCR products would
be: 323 bp for C. jejuni; 126 bp for C. coli & 251 bp for C. lari.as showed in figure (5). And this
is in agreement with (Wang et al., 2002 and Nwankwo et al., 2017 and KHALIL et al., 2020)
In identifying these closely related genera and species most public health laboratories and
hospitals would identify these organisms as Campylobacter spp. With this method genus
differentiation and a good level of species differentiation involves one set of primers and one
restriction enzyme. This genotypic identification would aid in the treatment of disease as the
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antibiotic sensitivities of these genera and the species within them vary (Eberle et al., 2012 and
Kurmanov et al.,2022).
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