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Abstract

This study, which ran from October 2022 to the end of March 2023, examined the
frequency of Campylobacter species in samples of human, milk, and milk products in the
province of Karbala. as well as the detection of the antibiotic sensitivity of these isolates.
A total of one hundred (100) samples were collected systematically, including 100 samples
from children at the General Children's Hospital in Kerbala (Iraq) who were experiencing
diarrhoea, fever, and abdominal pain, as well as 50 samples of raw milk and 50 samples of
milk products from various local shops and farms distributed throughout the province of
Karbala. In order to identify the pathogen, samples were promptly inoculated into enriched
and subcultured on selective media. On Campylobacter agar base selective medium,
Campylobacter spp. Colonies showed up as tiny; mucoid colonies frequently generate
separate colonies that are flat with uneven borders and non-hemolytic at 24 to 48 hours.
These colonies are typically greyish in appearance, while some must be creamy grey. The
polymerase chain reaction method identified ten isolates out of 150 samples (6.6%) as
Campylobacter species.

The ten isolates were subjected to sequencing to detect Campylobacter species, which
found two species (C. coli _ C. lari). Results showed that Campylobacter spp. Out of eight
positive isolates, campylobacter coli recorded 8 (80%), while campylobacter lari recorded
(20%) positive results. Campylobacter ssp displayed 100% sensitivity to azithromycin,
tetracycline, ampicillin, gentamycin, and imipenem in an antibiotic susceptibility test using
the disk diffusion assay. Due to Campylobacter's vulnerability to the aforementioned
antibiotics, frequently employed as the preferred treatment for campylobacteriosis, the
resistance pattern of this bacteria shown in this study is highly concerning. These levels of

35
Aca. Intl. J. Vet. Med. 2023; 1(1) 35-51


mailto:mayarsara2014@gmail.com
http://www.aipublishers.org/aijvm

incidence and resistance call for more investigation and effective defences because they
could pose health dangers to the public.

Key words: Campylobacter coli & campylobacter lari, infection rate, Milk& milk product,
Antimicrobial susceptibility, Kerbala, retail points

Introduction

Campylobacter is a zoonotic tiny curved or S-shaped gram-negative bacterial
disease. It is widely acknowledged as the most common source of bacterial milk-borne
ilinesses worldwide. Since its first taxonomic validation, the genus Campylobacter has
grown to include a number of important human and animal diseases. Throughout the
previous decades, it has been the most often isolated pathogen in outbreaks in both
developed and developing countries. [1]
Campylobacter spp. can infect humans when consumed or handled in foods, including raw
or undercooked meat or poultry, raw milk, and dairy products. [2]. Dairy products are
thought to be the primary source of Campylobacter infection in people as they are the top
item connected to outbreaks of the disease.[3]
The epidemiology of Campylobacter infection varies greatly across industrialized and
underdeveloped nations. In undeveloped countries, campylobacter enteritis has no
preference for seasonality, but campylobacteriosis epidemics occur in industrialized
countries in the summer and fall [1], [4].
The primary outcome of exposure to Campylobacter species through food intake, which is
typically diagnosed as gastroenteritis, is campylobacteriosis, a zoonotic infection. [5]
According to reports, certain Campylobacter species have the ability to attach to and attack
human intestinal epithelial cells using their flagellum, which reduces the capacity of the
intestinal barrier, produces toxins, and purposefully inhibits immunological responses. [6]
Abdominal pains, diarrhea (usually bloody), vomiting, headache, nausea, dizziness,
lethargy, and fever are only a few of the many symptoms. [7] Along with the burden of
illnesses brought on by these bacterial pathogens, the emergence of antibiotic-resistant
Campylobacter strains is another cost to public health, which may be worse in developing
nations where the use of antimicrobials is generally unregulated.[8-9].
This study aimed to determine the prevalence of infection and the molecular identification
of Campylobacter coli and Campylobacter lari in human, milk, and milk products in
Kerbala retail locations.
Material and method

1. Study design and Sample collection

In order to gather a total of 150 samples from human, milk and milk products, a
cross-sectional study was conducted. These samples were collected from various locations
throughout the province of Karbala, and they were then grown in appropriate conditions in
accordance with industry-accepted guidelines for the growth and identification of bacteria
[10]. The initial bacterial isolation procedure was then carried out using campylobacter
agar, one of this organism's unique and particular culture media, and propagation was then
carried out.
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2.Campylobacter Isolation and identification

Collected samples were promptly inoculated onto C&S modified Carry Blair
transfer media, then cultivated on selective agar (campylobacter agar enhanced with 5-10%
blood), supplements added, and incubated in an anaerobic jar for 48 hours at 42°C under
microaerophilic conditions. Gram staining was used to confirm the suspected colony,
which was then studied under a microscope. Biochemical testing (oxidase, catalase, and
indoxyl hydrolysis) was also performed [11].
Finally, the positive results were confirmed using molecular methods (PCR), and 1 ml of
new 24-hour culture broth (Genaid/Korea) was made and utilized directly for DNA
extraction in accordance with the manufacturer's instructions. Infection with
Campylobacter jejuni and Campylobacter upselienes was verified using the polymerase
chain reaction test. Campylobacter ssp sodA gene primer was detected using
oligonucleotide primers, forward primer GGATGACACTTTTCGGAGC and reverse
primer CATTGTAGCACGTGTGTC, which resulted in amplified 812 bp PCR products.
Which were employed to determine whether these bacteria had infected the samples, and
the steps with these species-specific primers were carried out as stated by [12] Initial
denaturation at 94°C for 5 minutes, followed by 35 cycles of denaturation at 94°C for 30
seconds, annealing at 50°C for 30 seconds, extension 72°C for 1 minute, and final
extension 72°C for 5 minutes [11]. All positive isolates were transferred to Macrogen for
Sanger sequencing. SnapGene version 5.2.5 (www.ncbi pgene.com) was used to manually
examine and trim the invA gene's nucleotide sequences for quality.

3.Antibiotics susceptibility testing

In accordance with CLSI recommendations, Campylobacter isolates’ susceptibility to
twelve antibiotics was evaluated using the modified Kirby-Bauer disk diffusion method.
[13]. The widths of the inhibition zones surrounding antibiotic disks were interpreted using
the CLSI-published Enterobacteriaceae breakpoints. The 12 antibiotics that were tested and
applied to the agar surface were azithromycin (15 mg), ciprofloxacin (5 mg), ceftriaxone
(30 mg), nalidixic acid (30 mg), gentamicin (10 mg), penicillin (10 mg), erythromycin (10
mg), tetracyclin (30 mg), imipenem (10 mg), ampiciline (10 mg), amoxicillin (25 mg), and
streptomycin (10 mg). A zone of clearing following the incubation period indicated the
presence of resistance to ciprofloxacin, gentamycin, and impipenem[1].

4.Statistical Analysis

SPSS (version 21) was employed as the statistical program for this study. Chi-square scores
were analyzed to identify disparities within the same group. Five percentage points were
deemed to be a significant change (P 0.05) [14].

Results:
1.Culture and biochemical test

A Campylobacter spp. Colony that has been It appears as a tiny, mucoid colony that
is usually greyish in appearance, yet some colonies must be creamy grey when successfully
isolated on Campylobacter agar base selective medium. Additionally, moist and slightly
elevated, these colonies usually develop distinct, flat, non-hemolytic colonies after 24 to
48 hours and have uneven borders.
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Figure (1): campylobacter colony morphology on campylobacter base agar with blood.

2. Campylobacter spp. prevalence based on sample sources

2.1 Campylobacter species prevalence in milk and milk products

Campylobacter spp. was found in 12% of the 50 milk and milk product test samples. (Table
1); using statistical reasoning, it is predicted that 2% of raw milk and 5% of milk products
in the holy city of Karbala are contaminated with Campylobacter species. Regarding the
prevalence of Campylobacter, there is a significant difference between milk and milk
products (2=0.971, p=0.808).

Table (1): prevalence of campylobacter spp. of milk and milk product

TYPE NO .sample | Positive | percentage
Raw milk 50 4 8%

Cheese 20 1 5%

Cream 10 0 0%
Yogurt 20 1 5%

Total 100 6 6%

L .| Chi square=1.046
Statistical analysis P=0003

The current results show a relationship between the presence of bacteria and the kind of
sample, where the findings indicated that milk did significantly differ from milk-derived
products. (p-value <0.05).
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Figure (2) infection rates of Campylobacter spp. In milk and milk product.

2.1.1 Prevalence of Campylobacter spp. According to the Months:
The months from which Campylobacter spp. illnesses were more common in our analysis
were those from October 2022 to March 2023, as indicated in figure (2).
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Figure (2): distribution of campylobacter spp. according to month

The distribution of campylobacter spp. by study month revealed significant
differences (p0.05), with the lowest incidence of isolation occurring on February 2 (4%)
and the maximum percentage of positive results occurring on October 6 (12%).

2.2 prevalence of Campylobacter spp.in Human Stool Samples.

The prevalence of Campylobacter spp. Infection in humans was (4%), based on a total of
(50) stool samples collected from infected children who had diarrhea. Some also had other
symptoms like fever, colic, and vomiting at educational children's hospitals in Karbala
City, was (4%).
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Figure (3): prevalence of Campylobacter spp. in Human Stool Samples

2.2.1: Distribution of Campylobacter isolates according to age:

In the current study, out of 2 (4%) positive results, given the prevalence rate of
Campylobacter spp. Infections are highest in children under the age of five and decline
with increasing age; there is a significant (p<0.05) association between age and infection.
There was a significant difference between the percentage of age groups.

Table (2): prevalence of Campylobacter spp. in stool samples from patients, based on age.

Age rang (years) | Number of samples | Number of positive culture | Percentage%o
2 month-lyear 23 3 13%

1-5 year 19 1 5.2%
5-10 year 8 0 0%
Total 50 4 8%

Chi square =1.765

Statistical analysis p<0.05

3. Molecular identification
3.1. 16S rRNA gene PCR-based molecular identification
The molecular test used for identifying and confirming Campylobacter as a genus by PCR

technique, the culture appeared in 15 suspected samples. However, the PCR gave 10(6.6%)
positive isolates showed to be Campylobacter.
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Figure (4): PCR findings for the detection of the 16S rRNA gene unique to the Campylobacter genus
on an agarose gel stained with Red-Safe (90 volts/42 minutes). Ladder in Lane M.1500 bp of safe-
green Selective DNA Marker; Lanes are labeled with strain identifier codes. Lanes 1, 2, 3, 4, 5, 6, and
8 demonstrate successful results using the 16S rRNA gene (812 bp).

3.2 Typing by Sequence Method
3.2.1 Sequence Typing of Partial 16S rRNA Gene from Campylobacter spp

The molecular characterization of Campylobacter involved the 16S rRNA gene.
For Sanger sequencer sequencing, the amplicons from the separated samples were sent to
MACROGEN®. When compared to the National Center for Biotechnology Information
(NCBI) archives, high-quality nucleotide sequences (forward or reverse) were discovered,
and they were categorized using bioinformatics tools and algorithms created specifically
for this kind of research.

The isolates were considered the first to be recorded in the Genome Bank and were
given special numbers, as indicated in Table, as a result of the results, which showed a
100% match rate with the world's isolates [3].

Table (2): The recorded isolates were considered in the Genome Bank

No. | Analysis | Accession number | Code | Source
1 C. Lari 0Q318442.1 Q1 | Milk

2 C. Coli 0Q318444.1 1Q2 Milk

3 C. Coli 0Q423040.1 1013 | Milk

4 C. coli 00Q330748.1 1015 | Human
5 C. coli 00Q338161.1 1019 | Human

The analysis of the 10 isolates, showed matching 8 (80%) sequences as a C. and 2 (20%)
of strains as a C. lari among the sequenced isolates in table (4).

The 10 Campylobacter strain isolates used in this study's bioinformatics analysis displayed
very high similarity (approximately 99%). It is common practice to identify between
different Campylobacter spp. Using 16S rRNA gene sequences [15]. Our findings
supported the strategy stated and suggested by [16]. The findings did concur with [17]
Campylobacter spp. Isolates previously found in Europe and America [18].

Type by Sequence Technique This method of high-resolution bacterial genotyping
has been helpful in molecular research. [19] The discovery of two strains that produce
gastroenteritis with remarkable efficiency Due to the varied phenotypic, polymorphism,
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and other contextual factors, it was discovered and recorded in the Global Gene Bank that
traditional methods are frequently insufficient. It was diagnosed using the polymerase
chain reaction (PCR) method and primers created for molecular diagnosis [17].
According to the registration information and the analysis of the affinity and
similarity between the registered bacteria, the results indicated that this bacterium had been
registered in the global gene bank. Traditional diagnostics and genetic analysis are crucial
for classifying microorganisms. Due to the SSU region's ease of amplification and wide
range of variability, even in closely related species, it has been frequently employed in
categorization and molecular diagnosis [17].
DNA sequencing was done using genetic analysis software and the NCBI-BLAST program
to guarantee the nucleotide sequence before being compared to other worldwide strains.
This comparison produced accurate results. An analysis tool called Molecular Evolutionary
(BLAST) compares similar gene sequences, evolutionary relationships, and the trajectory
of DNA and protein evolution [20].

Due to the potential for transmission through the import and export of different foods and
goods and the potential for transmission through infected individuals, this bacterium has
expanded widely in various parts of the world [21].

Determination of the sequence of nitrogenous bases, bioinformatics analysis, and the
genetic tree Phylogen

The results of the nucleotide sequence analysis of the doubled DNA bundles were shown
by the National Center for Biotechnology Information (NCBI) initiative and compared to
the available data. The ten transmitted isolates belong to each of them.

The isolate bearing the number 0Q318444.1 and registered in the Genome Bank belongs
to the bacterium Campylobacter coli from milk, where the matching percentage with
international isolates was 100%, as shown in Figure No (5).
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Figure (5) The genetic tree of campylobacter coli (marked in yellow), which was built based on the
sequences of its nitrogenous bases in the ITS-rDNA region, in addition to the sequences of known
global strains of the same pathogenic fungus obtained from the GenBank data warehouse. The
genetic distances were calculated using the neighbor-joining method.
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The isolate bearing the number OQ318442.1 and registered in the Genome Bank belongs
to the bacterium campylobacter lari, from milk, where the matching percentage with

international isolates was 100%, as shown in Figure No (6)
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Figure (6) The genetic tree of campylobacter lari(marked in yellow), which was built based on the

sequences of its nitrogenous bases in the ITS-rDNA region, in addition to the sequences of known

global strains of the same pathogenic fungus obtained from the GenBank data warehouse. The
genetic distances were calculated using the neighbor-joining method

4. Evaluation of antibiotic susceptibility test.

All ten isolates were subjected to 12 antimicrobial drug tests to determine which were
sensitive and which were resistant., as in Figure (7), Which showed significant differences
(p<0.01). The current result shows high resistance to imipenem is 10(100%) and
gentamicin 9(90%), as in Figure 7.
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Figure (7): effect of antibiotic with campylobacter coli& campylobacter lari

Numerous nations' isolates of Campylobacter exhibit a wide range of antibiotic resistance
patterns, which have been recorded in published research. Strains that thrive in various
ecological niches, geographic regions, the usage of antibiotics, and The horizontal gene
transfer of resistance determinants is the common factor influencing all of these variations
in resistance phenotypes[1].
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Discussion

1. Cultural Characteristics:

The samples utilized in this study were cultivated on Campylobacter agar base, an enriched
and selective medium that also contained 5% blood and a Campylobacter selective
supplement made up of sodium pyruvate, cefoperazone, vancomycin, and cycloheximide.
In a sealed jar employing gas packs, the plates were incubated at 42°C for 48 hours under
microaerobic conditions (about 80%-90% N2, 5%-10% CO2, 5%-10% O2). [11]

All Campylobacter spp. Colonies are small, mucous, typically greyish to creamy grey,
slightly elevated, moist, and frequently create distinct colonies, flat with uneven borders,
and non-hemolytic, as illustrated in Figure (1) from the culture of Campylobacter spp.
Isolates on selective media. The findings concurred with those of [22-24]; [6] and [1].

2.Prevalence of Campylobacter spp. in milk and milk product

According to the European Centers for Disease Control and Prevention (ECDC) and the
Global Enteric Multicenter Study (GEMS), Campylobacter is a significant gastrointestinal
pathogen responsible for outbreaks worldwide. Six (6%) positive findings were dispersed
among milk and milk products in the current investigation. These results align with a
previous investigation in Pakistan, which found that butter and raw milk had the highest
levels of Campylobacter.[25]. Additionally, Italy found similar prevalence rates ranging
from [26], Tanzania [27], and Erbil, Iraq [1]. However, other Iranian research also revealed
lower rates. [28], Hatay _Turkey [29]Egypt (4.44%) [30], and India (2.9%) [16].

These variances can be related to, among other things, regional differences, the sensitivity
of the detection method, levels of hygiene, eating habits, and the presence of natural
Campylobacter reservoirs. [31]. Regarding Campylobacter spp. Isolated in this study.

3.Prevalence of Campylobacter spp. According to the Months:

The current investigation aimed to find out how common campylobacter SPP infections
were. According to the study's months, and the results are shown in (figure 2), there was a
significant difference, p0.05, with February 2 having the lowest prevalence rate of isolation
(1%) and October 11 having the greatest (5%). Early spring and early summer had the
highest recorded occurrence of Campylobacter Winter has the lowest rate as far as time-
dependent prevailing. These results are in accordance with a study from Nigeria that
discovered that the incidence of campylobacteriosis increases in the summer and decreases
throughout the winter [32] .

Numerous research had linked warm seasons to increased Campylobacter prevalence.
[33]Germany [34][35], Egypt [36], Lebanon [37]and Iraq [11]. Although the fundamental
cause of this seasonality is yet unknown, it may suggest a potential relationship between
temperature and Campylobacter survival and infection transmission [1].

The prevalence of Peak risk for campylobacteriosis occurs in the summer in temperate
locations, whereas there is a far less pronounced seasonal pattern in tropical areas [38].

4.prevalence of Campylobacter spp. in Human Stool Samples.

This study appeared that Four (8%) of the 50 stool samples produced Campylobacter

species when cultured. Given that the incidence rate of Campylobacter spp. Infections are
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highest in children under the age of five and decline with age; table (2) demonstrates a
significant (p <0.05) relationship between age and infection; this result agrees with
[39], who identified Campylobacter spp. from stool samples by PCR assay, while much
higher than that found by [40], who demonstrated that PCR was more sensitive (100%)
than the direct bacterial culture (49%) and who discovered Campylobacter spp. in patients
with diarrhoea (16.6%) by direct Real-Time PCR by hipo gene primers. The difference in
detection rate between this study and other research may be influenced by a variety of
variables, including age, season, region, and human immune status. [41]

The study by AL-Hamadani and Saleh (2011) in the Al Diwanyiah governorate indicated
that the percentage of C.coli and C.lari was 8% in children with positive Campylobacter
spp. Culture, which was consistent with the general recovery rate of campylobacter
ssp.5.4% of children with  diarrhoea were reported to have an
isolated Campylobacter species in Turkey [42], Seven per cent in India [43] and 11.1% in
Lebanon [44]. According to WHO and FAO reports from 2012, Europe and North America
had a 9.3 per cent incidence of campylobacteriosis. One of the four main global causes of
diarrheal illnesses is campylobacter. It is thought to be the most typical bacterial cause of
gastroenteritis in people worldwide [45].

Campylobacter's self-limitation and the fastidious nature of the bacteria may be to blame
for the low recovery rate by culture method. Other factors that make it difficult to culture
the organism include contamination, intestinal flora, loss of viability during transportation,
and consumption of proton pump inhibitors (PPI), which have an indirect antibacterial
effect [46]. All these may be responsible for a negative predictive value associated with
culture of campylobacter[11, 46-48].

5. Distribution of Campylobacter isolates according to age

Due to their immature immune systems and the fact that campylobacter infection is
regarded as a self-limited disease dependent on the immune system, the results of this study
and others like it demonstrated that the most effective age with Campylobacter is under
five years[49,50]..

These findings agree with that found by other researchers in some points in Brazil, [51]
demonstrating a strong correlation between the presence of Campylobacter spp. in infants
and young children (0—12 months). In Québec /Canada, the incidence rate in children under
four years was significantly higher [52]. Furthermore, [53] revealed that campylobacter
infections are particularly common and can occasionally be fatal in children under two. In
impoverished countries where Campylobacter is common, infection is typically limited to
children, and the illness/infection ratios decline with age, suggesting that early exposure
may result in establishing a protective immunity. [54-56].

Molecular identification

Molecular identification by PCR using the 16S rRNA gene:

The availability of a trustworthy species isolation strategy gives All strains data that can
be compared across laboratories and over time [48].

Typing by Sequence Method
Sequence Typing of Partial 16S rRNA Gene from Campylobacter spp.
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The 10 Campylobacter strain isolates used in this study's bioinformatics analysis displayed
very high similarity (approximately 99%) with Campylobacter spp. isolates previously
found in Europe and America [18].

It is common practice to identify between different Campylobacter spp. Using 16S rRNA
gene sequences [15]. Our findings provided significant evidence favoring the approach
mentioned and recommended by [16]. The findings concur with [17] Typing by Sequence
Method; It is a high-resolution bacterial genotyping technique that has been useful in
molecular studies [19].

The identification of two isolates with high efficiency in the production of
gasteroenitierites was recorded in the Global Gene Bank, and it was found that the use of
traditional methods is insufficient in most cases due to the heterogeneous phenotype and
polymorphism as well as the different environmental conditions. By using primers created
for molecular diagnostics, it was determined using the polymerase chain reaction (PCR)
technique. [17].

The results showed that the registration of this bacteria was recorded in the global gene
bank, as shown in the registration information and the study of the affinity and similarity
between the registered bacteria. Traditional diagnosis and genotype determination are
essential in the classification of bacteria. The SSU region has been widely used in
classification and molecular diagnosis due to its ease of amplification and wide range of
variability, even in highly related species [57].

DNA sequencing was to ensure the sequence of nucleotides and then compare it with other
international strains. The NCBI-BLAST program was used and gave accurate results by
comparing it with international strains, and the genetic analysis program was used.
Molecular Evolutionary (BLAST) is an analysis application designed to compare similar
gene sequences, evolutionary relationships, and the pattern of DNA and protein evolution
[20].

The wide spread of this bacteria in different places around the world is due to the possibility
of its transmission through the import and export of various foodstuffs and goods, as well
as the possibility of its transmission through people who carry it [21].

Evaluation of antibiotic susceptibility test.

Campylobacter Coli & Campylobacter Lariin our study showed high sensitivity to
Imipenem 20(83%), gentamycin 12(50%) and ciprofloxacin 13(54%) While 100%
resistance to tetracycline, ampicillin, and streptomycin was noted (Figure 8). In published
research from various nations throughout the world, the pattern of antibiotic resistance of
Campylobacter isolates varies greatly [58].

The current study's finding of ciprofloxacin sensitivity agreed with levels previously
reported in Iran (30.77% and 34.4%) [59] [60]; [61]. As well as higher than that reported
in India [16]. The high sensitivity to ampicillin, erythromycin, and gentamicin found in
this investigation also agrees with the high sensitivity to gentamicin and streptomycin
revealed in a recent Tanzanian study of cattle corpses and raw milk samples [27].

Strains prospering in various ecological niches, geographic regions, the usage of
antibiotics, and These variations in resistance phenotypes are all influenced by horizontal
gene transfer of resistance determinants. [62-63].

46
Aca. Intl. J. Vet. Med. 2023; 1(1) 35-51



Conclusions:

This study is the first to report prevalence and estimate the effects of some risk factors
for Campylobacter infection in humans, milk, and milk products. Molecular testing was
used to confirm the diagnosis, and it showed that PCR was the fastest, most accurate way
to identify the pathogen. Two Campylobacter species (C. et al. lari) were identified based
on the sequence registration of local isolates. The current statistics indicate that the
prevalence rate increased in October and November. The infection rates increased with age
and were higher when people were younger. To reduce the risks to public health posed by
the spread of infections with multiple drug resistance, random antibiotic use should be
regulated according to the results of the antibiotic susceptibility test performed to
examine campylobacter resistance to antibiotics.

Reference:

1. Almashhadany DA. Isolation, biotyping and antimicrobial susceptibility of
Campylobacter isolates from raw milk in Erbil city, Irag. Ital J Food Saf. 2021 Mar
11;10(1):8589.

2. Coker AO, Isokpehi RD, Thomas BN, Amisu KO, Obi CL. Human
campylobacteriosis in developing countries. Emerg Infect Dis. 2002 Mar;8(3):237-
44,

3. Asmat TM, Khan A. Campylobacter- Review on its Significance as a Foodborne
Pathogen. Pak-Euro Journal of Medical and Life Sciences. 2020;3(3):131-7.

4. Khademi F, Seyed Ashrafi S, Neyestani Z, Vaez H, Sahebkar A. Prevalence of class
[, 11 and 111 integrons in multidrug-resistant and carbapenem-resistant Pseudomonas
aeruginosa clinical isolates. Gene Reports. 2021;25:101407.

5. Platts-Mills JA, Kosek M. Update on the burden of Campylobacter in developing
countries. Curr Opin Infect Dis. 2014 Oct;27(5):444-50.

6. Rousham EK, Unicomb L, Islam MA. Human, animal and environmental
contributors to antibiotic resistance in low-resource settings: integrating
behavioural, epidemiological and One Health approaches. Proc R Soc B Biol Sci.
2018;285(1876):20180332.

7. Omulo S, Thumbi SM, Lockwood S, Verani JR, Bigogo G, et al. Evidence of
superficial knowledge regarding antibiotics and their use: Results of two cross-
sectional surveys in an urban informal settlement in Kenya. PLoS One.
2017;12(10):e0185827.

8. Abdulazeez TT. Prevalence and Molecular Identification of Campylobacter in
Human and Slaughtered Broiler in Kerbala Province [dissertation]. University of
Kerbala; 2022.

9. Wang G, Clark CG, Taylor TM, Pucknell C, Barton C, Price L, et al. Colony
multiplex PCR assay for identification and differentiation of Campylobacter jejuni,
C. coli, C. lari, C. upsaliensis, and C. fetus subsp. fetus. J Clin Microbiol. 2002
Dec;40(12):4744-7.

10. CLSI. Performance Standards for Antimicrobial Susceptibility Testing, 30th
Edition. CLSI M100-ED29:2021. Wayne, PA: Clinical and Laboratory Standards
Institute; 2020.

11. Abdulazeez TT. Prevalence and Molecular Identification of Campylobacter in
Human and Slaughtered Broiler in Kerbala Province [dissertation]. University of

47
Aca. Intl. J. Vet. Med. 2023; 1(1) 35-51



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26

Kerbala; 2022.

Mahmood MS, Rafique A, Ali M, Khan FA, Ahmed |. Seasonal prevalence of
Campylobacter species in milk and milk products in Pakistan. Pak J Zool Suppl
Ser. 2009;9:227-31.

Bianchini V, Luini M, Parisi A, Rabbi J, Kthiri F, Langhor M, et al. Prevalence in
bulk tank milk and epidemiology of Campylobacter jejuni in dairy herds in
Northern Italy. Appl Environ Microbiol. 2014 Mar;80(6):1832-7.

Kashoma IP, Kassem II, John J, Kessy BM, Gebreyes W, Kazwala RR, et al.
Prevalence and Antimicrobial Resistance of Campylobacter Isolated from Dressed
Beef Carcasses and Raw Milk in Tanzania. Microbial Drug Resistance. 2016
Jan;22(1):40-52.

Rahimi E, Ameri M, Alimoradi M, Kazemeini HR. Prevalence and antimicrobial
resistance of Campylobacter jejuni and Campylobacter coli isolated from raw
camel, beef, and water buffalo meat in Iran. Comp Clin Pathol. 2013;22(3):467-73.
Elmali M, Can HY. Antimicrobial susceptibility and virulence-associated genes in
Campylobacter isolates from milk and wastewater in Hatay, Turkey. Ciéncia Rural.
2019;49(9):e20180781.

Barakat AMA, Mosaad AA, Saber MS, Abdel Hafez SU, El Baz SAA. Zoonotic
Hazards of Campylobacteriosis in some areas in Egypt. Life Sci J. 2015;12(7):9-
14.

Modi S, Brahmbhatt MN, Chatur YA, Nayak JB. Prevalence of Campylobacter
species in milk and milk products, their virulence gene profile and anti-bio gram.
Vet World. 2015 Jan;8(1):1-8.

El-Naenaeey EE, Abd El-Hamid MIMK, Khalifa E. Prevalence and antibiotic
resistanc patterns of Campylobacter species isolated from different sources in
Eygpt. J Microbiol Biotechnol Food Sci. 2021;10(6):e3723.

Hlashwayo DF, Sigauque B, Bila CG. Epidemiology and antimicrobial resistance
of Campylobacter spp. in animals in Sub-Saharan Africa: A systematic review.
Heliyon. 2020 Mar;6(3):e03537.

Zelendkova L, Ahmed H, Siskova P, Fasiangova J, Cabanova K, Dudrikova E.
Campylobacteriosis: importance of strengthening surveillance and reported
foodborne disease control within European Union. J Microbiol Biotechnol Food
Sci. 2021;2021:855-67.

Golz G, Rosner B, Hofreuter D, Josenhans C, Kreienbrock L, Léwenstein A, et al.
Relevance of Campylobacter to public health—the need for a One Health approach.
Int J Med Microbiol. 2014 Oct;304(7):817-23.

Rosner BM, Schielke A, Didelot X, Kamps B, Breidenbach J, Josenhans C, et al.
A combined case-control and molecular source attribution study of human
Campylobacter infections in Germany, 2011-2014. Sci Rep. 2017 May 24;7:5139.
Ahmed HA, El Hofy FI, Ammar AM, Abd El Tawab AA, Hefny AA. ERIC-PCR
Genotyping of Some Campylobacter jejuni Isolates of Chicken and Human Origin
in Egypt. Vector Borne Zoonotic Dis. 2015 Dec;15(12):713-7.

Ibrahim JN, Eghnatios E, EI Roz A, Fardoun T, Ghssein G. Prevalence,
antimicrobial resistance and risk factors for campylobacteriosis in Lebanon. J Infect
Dev Ctries. 2019;13(1):11-20.

. Rehman SU. Campylobacter: A Brief Review of Its Causes, Diagnostic Approaches

48

Aca. Intl. J. Vet. Med. 2023; 1(1) 35-51



27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

and Prevention. Natl J Biol Sci. 2022;3(2):38-66.

Reddy S, Zishiri OT. Detection and prevalence of antimicrobial resistance genes in
Campylobacter spp. isolated from chickens and humans. Onderstepoort J Vet Res.
2018 Jan 29;84(1):13009.

Alemka A, Nothaft H, Zheng J, Szymanski CM. N-glycosylation of Campylobacter
jejuni surface proteins promotes bacterial fitness. Infect Immun. 2013
May;81(5):1674-82.

Teske L, Ryll M, Rubbenstroth D, Hénel I, Hartmann M, Kreienbrock L, et al.
Epidemiological investigations on the possible risk of distribution of zoonotic
bacteria through apparently healthy homing pigeons. Avian Pathol.
2013;42(5):397-407.

Eryilldiz C, Sakru N, Tabakcioglu K, Ugur MC, Bukavaz S. Molecular
Identification of Campylobacter Species Isolated from Patients with Gastroenteritis
in Edirne, Turkey. 2022.

Mukherjee P, Ramamurthy T, Bhattacharya MK, Rajendran K, Mukhopadhyay
AK. Campylobacter jejuni in hospitalized patients with diarrhea, Kolkata, India.
Emerg Infect Dis. 2013 Jul;19(7):1155-6.

Rafei R, Al Kassaa I, Osman M, Dabboussi F, Hamze M. Molecular epidemiology
of Campylobacter isolates from broiler slaughterhouses in Tripoli, North of
Lebanon. Br Poult Sci. 2019 Nov;60(6):675-82.

Barati M, Taghipour A, Bakhshi B, Shams S, Pirestani M. Prevalence of intestinal
parasitic infections and Campylobacter spp. among children with gastrointestinal
disorders in Tehran, Iran. Parasite Epidemiol Control. 2021 Feb;13:e00207.
Kadhim TA. Genotypic Characterization of Campylobacter jejuni and Detection of
IFN-y+ 874 Associated with Infection by ARMS-PCR [dissertation]. University of
Babylon; 2018.

Besséde E, Delcamp A, Sifré E, Buissonniére A, Mégraud F. Evaluation of the
diagnostic accuracy of two immunochromatographic tests detecting Campylobacter
in stools and their role in Campylobacter infection diagnosis. J Clin Microbiol.
2018 Apr;56(4):e01567-17.

Brehony C, Lanigan D, Carroll A, McNamara E. Establishment of sentinel
surveillance of human clinical campylobacteriosis in Ireland. Zoonoses Public
Health. 2021 Feb;68(2):121-30.

Nachamkin I, Allos BM, Ho T. Campylobacter species and Guillain-Barre
syndrome. Clin Microbiol Rev. 1998 Jul;11(3):555-67.

Singh A, Khan A, Ghosh T, Mondal S, Mallick Al. Gut Microbe-Derived Outer
Membrane Vesicles: A Potential Platform to Control Cecal Load of Campylobacter
jejuni. ACS Infect Dis. 2021 May 14,;7(5):1186-99.

Upadhyay A, Arsi K, Upadhyaya I, Donoghue AM, Donoghue DJ. Natural and
Environmentally Friendly Strategies for Controlling Campylobacter jejuni
Colonization in Poultry, Survival in Poultry Products and Infection in Humans. In:
Singh OP, editor. Food Safety in Poultry Meat Production. Springer; 2019. p. 67-
93.

Levesque S, Fournier E, Carrier N, Frost E, Arbeit RD, Michaud S.
Campylobacteriosis in urban versus rural areas: a case-case study integrated with
molecular typing to validate risk factors and to attribute sources of infection. PL0S

49

Aca. Intl. J. Vet. Med. 2023; 1(1) 35-51



41.

42.

43.

44,

45.

46.

471.

48.

49.

50.

51.

52.

53.

54,

One. 2013 Dec 31;8(12):e83731.

World Health Organization. One Health [Internet]. 2017 [cited 2023 May 12].
Available from: https://doi.org/10.3390/tropicalmed2020005

Kaakoush NO, Castafio-Rodriguez N, Mitchell HM, Man SM. Global
epidemiology of Campylobacter infection. Clin Microbiol Rev. 2015
Jul;28(3):687-720.

Ebrahimnezhad H, Barzegar L, Esmaeili D. Antibacterial Effects of Compound
Bifilact on E. coli and Campylobacter jejuni. Med Lab J. 2020;14(1):15-9.

Amin SQ, Mahmood HJ, Zorab HK. Campylobacteriosis. In: Raza MA, Zahoor
MA, Niazi U, editors. One Health Triad. Unique Scientific Publishers; 2023. p. 87-
93.

Oakeson KF, Wagner JM, Rohrwasser A, Atkinson-Dunn R. Whole-Genome
Sequencing and Bioinformatic Analysis of Isolates from Foodborne IlIness
Outbreaks of Campylobacter jejuni and Salmonella enterica. J Clin Microbiol. 2018
Nov;56(11):e00161-18.

Lawton SJ, Dooley J, Ross T, Petzer IM, Fegan N. Comparative analysis of
Campylobacter isolates from wild birds and chickens using MALDI-TOF MS,
biochemical testing, and DNA sequencing. J Vet Diagn Invest. 2018
May;30(3):354-61.

Mahdi DM, Alhatami AO, Muhsen H. Phenotypic and genotypic in identification
of genus Campylobacter from broilers. AIP Conference Proceedings. 2022 Jan
10;2386(1):0200009.

Dingle KE, Colles FM, Ure R, Wagenaar JA, Duim B, Bolton FJ, et al. Molecular
characterization of Campylobacter jejuni clones: a basis for epidemiologic
investigation. Emerg Infect Dis. 2002 Sep;8(9):949-55.

Thiéry O, Vasar M, Jairus T, Davison J, Roux C, Kivistik PA, et al. Sequence
variation in nuclear ribosomal small subunit, internal transcribed spacer and large
subunit regions of Rhizophagus irregularis and Gigaspora margarita is high and
isolate-dependent. Mol Ecol. 2016 Jun;25(12):2816-32.

Kashoma IP, Kassem II, John B, Kessy BM, Gebreyes W, Kazwala RR, et al.
Antimicrobial resistance and genotypic diversity of Campylobacter isolated from
pigs, dairy, and beef cattle in Tanzania. Front Microbiol. 2015 Nov 20;6:1240.
Kaakoush NO, Castafio-Rodriguez N, Mitchell HM, Man SM. Global
epidemiology of Campylobacter infection. Clin Microbiol Rev. 2015
Jul;28(3):687-720.

Beyene AM, Gezachew M, Mengesha D, Yousef A, Gelaw B. Prevalence and drug
resistance patterns of Gram-negative enteric bacterial pathogens from diarrheic
patients in Ethiopia: A systematic review and meta-analysis. PLoS One. 2022 Mar
17;17(3):e0265271.

Wysok B, Wiszniewska-Laszczych A, Uradzinski J, Szteyn J. Prevalence and
antimicrobial resistance of Campylobacter in raw milk in the selected areas of
Poland. Pol J Vet Sci. 2011;14(3):473-7.

Maktabi H, Etissa A, Rakhshani F, Halvaee F, Dehghani M, Moslemi N, et al.
Underperforming light curing procedures trigger detrimental irradiance-dependent
biofilm response on incrementally placed dental composites. J Dent. 2019
Sep;88:103110.

50

Aca. Intl. J. Vet. Med. 2023; 1(1) 35-51



55. Rahimi E, Ameri M, Alimoradi M, Chakeri A, Bahrami AR. Prevalence and
antimicrobial resistance of Campylobacter jejuni and Campylobacter coli isolated
from raw camel, beef, and water buffalo meat in Iran. Comp Clin Pathol. 2013
May;22(3):467-73.

56. Aksomaitiene J, Ramonaite S, Tamuleviciene E, Novoslavskij A, Alter T,
Malakauskas M. Overlap of antibiotic resistant Campylobacter jejuni MLST
genotypes isolated from humans, broiler products, dairy cattle and wild birds in
Lithuania. Front Microbiol. 2019 Jun 19;10:1377.

57. Zhang P, Zhang X, Liu'Y, Jiang J, Shen Z, Chen Q, et al. Multilocus sequence types
and antimicrobial resistance of Campylobacter jejuni and C. coli isolates of human
patients from Beijing, China, 2017-2018. Front Microbiol. 2020 Oct 22;11:554784.

58. Wysok B, Wiszniewska-Laszczych A, Uradzinski J, Szteyn J. Prevalence and
antimicrobial resistance of Campylobacter in raw milk in the selected areas of
Poland. Pol J Vet Sci. 2011;14(3):473-7.

59. Maktabi H, Etissa A, Rakhshani F, Halvaee F, Dehghani M, Moslemi N, et al.
Underperforming light curing procedures trigger detrimental irradiance-dependent
biofilm response on incrementally placed dental composites. J Dent. 2019
Sep;88:103110.

60. Rahimi E, Ameri M, Alimoradi M, Kazemeini HR. Prevalence and antimicrobial
resistance of Campylobacter jejuni and Campylobacter coli isolated from raw
camel, beef, and water buffalo meat in Iran. Comp Clin Pathol. 2013
May;22(3):467-73.

61. Aksomaitiene J, Ramonaite S, Tamuleviciene E, Novoslavskij A, Alter T,
Malakauskas M. Overlap of antibiotic resistant Campylobacter jejuni MLST
genotypes isolated from humans, broiler products, dairy cattle and wild birds in
Lithuania. Front Microbiol. 2019 Jun 19;10:1377.

62. Zhang P, Zhang X, Liu Y, Jiang J, Shen Z, Chen Q, et al. Multilocus sequence types
and antimicrobial resistance of Campylobacter jejuni and C. coli isolates of human
patients from Beijing, China, 2017-2018. Front Microbiol. 2020 Oct 22;11:554784.

51
Aca. Intl. J. Vet. Med. 2023; 1(1) 35-51



	Isolation And Identification of Campylobacter Coli _Campylobacter Lari from Humans, Local Milk, and Milk Products Using Classical And Molecular Techniques In Karbala Province.
	Abstract
	Introduction
	1. Study design and Sample collection
	2.Campylobacter Isolation and identification
	3.Antibiotics susceptibility testing
	4.Statistical Analysis

	Results:
	1.Culture and biochemical test
	2. Campylobacter spp. prevalence based on sample sources
	2.1 Campylobacter species prevalence in milk and milk products
	2.1.1 Prevalence of Campylobacter spp. According to the Months:

	2.2 prevalence of Campylobacter spp.in Human Stool Samples.
	2.2.1: Distribution of Campylobacter isolates according to age:

	3. Molecular identification
	3.1. 16S rRNA gene PCR-based molecular identification


	3.2 Typing by Sequence Method
	3.2.1 Sequence Typing of Partial 16S rRNA Gene from Campylobacter spp

	Discussion
	1. Cultural Characteristics:
	2.Prevalence of Campylobacter spp. in milk and milk product
	3.Prevalence of Campylobacter spp. According to the Months:
	4.prevalence of Campylobacter spp. in Human Stool Samples.
	5. Distribution of Campylobacter isolates according to age
	Molecular identification
	Molecular identification by PCR using the 16S rRNA gene:
	Typing by Sequence Method
	Sequence Typing of Partial 16S rRNA Gene from Campylobacter spp.
	Evaluation of antibiotic susceptibility test.


	Conclusions:
	Reference:


