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ABSTRACT

Campylobacters spp. are mainly responsible for gastrointestinal infections. The main source of infection is
the consumption of contaminated or undercooked meat (especially poultry products), unpasteurized dairy
products and untreated water. It is a type of zoonotic disease where it spreads through feces and mouth.
Campylobacter species are widespread among warm-blooded animals, so they are found in food animals
such as poultry, cattle, pigs, sheep and ostriches. Therefore, animal samples were used in this study. The
most common causes of this infection are Campylobacter jejuni (C.jejuni), Campylobacter coli (C.coli) and
Campylobacter fetus (C. fetus). Molecular techniques such as multiplex polymerase chain reaction (mPCR)
have been optimized to detect these species. Campylobacter fetus was initially divided into two subspecies
to reconcile significant epidemiological, clinical, and biochemical differences between the two similar taxa,
which were later shown to be highly related at the genomic level. Campylobacter fetus occurs mainly in the
intestines of cattle and sheep and can cause spontaneous abortion in both animals.
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INTRODUCTION

Campylobacteriosis is the most commonly reported zoonosis in the European Union (EU) in the last decade,
with more than 90% of infections caused by Campylobacter jejuni[1,2]. In tropical developing countries
where Campylobacter infection was hyperendemic among young children [3]. The disease was initially
identified by Theodor Escherich in 1886. He described the symptoms of intestinal Campylobacter infections
in children as “cholera infantum” or “summer complaint” [4]. After this, Campylobacter was identified for
the first time in 1906 when two British veterinarians reported the presence of “large numbers of a peculiar
organism” in the uterine mucus of a pregnant sheep. Following that, the role of Campylobacter in sheep
abortion was initially recognized when McFadyean and Stockman reported their isolation (named Vibrio at
the time) from an aborted sheep Fetus in Britain in 1913 [5].

For many years, Campylobacters were commonly known as “Vibrio-like organisms” until 1963 when
Sebald and Veron assigned the name “Campylobacter” to the genus. They made this decision based on the
organisms’ shape and their need for microaerophilic growth [6]. Stern et al. measured seasonal changes in
Campylobacter prevalence over the course of 1 year[7]. In 2006, New Zealand had one of the highest rates
of campylobacteriosis among developed nations, recording 383.5 cases per 100,000 individuals [8].

The genus Campylobacter currently includes at least 28 validly described species and subspecies, based on
DNA-DNA hybridization and 16S rRNA gene sequence analysis [9]. Campylobacter was not identified as a
source of human enteritis until the mid-1970s, when specialized media for isolating the bacterium from
human stool were developed[10].Most cases of Campylobacter-related illnesses in humans had symptoms
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like diarrhea, cramps, and possibly fever. Some severe cases required antibiotics, especially for
immunocompromised patients[9]. Humans were typically infected through the consumption of undercooked
or contaminated food, especially poultry meat, water, or milk, or through contact with animals or animal
feces.[4]. However, the exact source remaining unclear in many cases[11].Person-to-person transmission is
very rare[12].Recent studies suggested that C. jejuni infections were linked to the development of
inflammatory bowel diseases such as Crohn’s Disease[7]. Also, severe neuropathological disorders Guillain—
Barré syndrome (GBS) and Miller Fisher syndrome (MFS), along with reactive arthritis were associated with
Campylobacter [4].

In these cases, macrolides, primarily erythromycin, clarithromycinor azithromycin, and Fluoroguinolones,
such as ciprofloxacin, are the drugs of choice for treatment of diarrheal illness. Tetracycline or doxycycline
and select p-lactams also have been used for treating intestinal infections [13]. Detecting and identifying
Campylobacter spp. was somewhat challenging due to its long incubation period and specific culture needs,
including microaerobic conditions. However, various rapid and sensitive detection methods, such as
immunological detection and PCR assays, were developed to address these challenges [14]. Conventional
detection methods are difficult to perform and time consuming, causing disadvantages while handling large-
scale samples or attempting to make a rapid diagnosis[15].

The PCR assay was used to detect Campylobacter infections in cattle and poultry products, including milk,
water, and meat samples, as well as herd environments[16,2]. After enrichment and subculture on selective
medium[16].Conventional cultural methods for diagnosing campylobacteriosis were laborious and time-
consuming[17]. The global significance of Campylobacter as gastrointestinal human pathogens motivated
numerous studies to characterize their population biology and evolution[4].The predominant Campylobacter
species is Campylobacter jejuni, responsible for over 90% of infections, with Campylobacter coli causing
the majority of the remaining cases[12].

Some studies report an association between dental disease or tooth extraction in combination with raw meat
consumption leading to C. fetus infection[18].Campylobacter fetus subsp. fetus is transmitted orally and
colonises the intestines of cattle and sheep inducing septic abortion, infertility, and diarrhea in cattle and
sheep, C. jejuni and C. coli are also recognized as causal agents of abortions[19,10]. Ovineabortion held
significant importance in the economies of nations where lamb was the primary source of animal
protein[20].Abortions could occur at any point, but were typically identified most frequently during the 4 to
6 months of gestation period. The condition generally resolved on its own in females, with most cows
recovering and conceiving again within 3 to 6 months after being infected. Immunity lasted for several
years, although some individuals might remain infected for extended periods. In contrast, bulls typically
didn’t show any symptoms of the infection, and neither lesions nor protective immunity developed in them.
The bacteria could inhabit the crypts of the preputial epithelium in bulls, and as they aged, the size and
number of these crypts increased, allowing the infection to persist, leading to what was termed chronic
carrier status. This made diagnosis and treatment more challenging [19]. The infection was often
asymptomatic in males and was silently transmitted for long periods, allowing the pathogen to circulate
within cattle herds [2].Detection of this important pathogen has frequently proven to be difficult under
laboratory conditions[21]. The challenges associated with identifying campylobacters through phenotypic
and genotypic tests were recently examined, with most issues related with their complextaxonomy,
demanding growth conditions, and biochemical inactivity[22].

Campylobacter vaccination was globally employed to manage reproductive losses in sheep, yet this
pathogen continued to be a primary cause of sheep abortions. The significant genetic and antigenic diversity
among Campylobacter strains, along with inadequate cross-protection between the vaccine and wild-type
bacteria, likely played a role in vaccine ineffectiveness[20].A recent Canadian study found about 145,000
cases of C. jejuni infection among 32.5 million people in 2006. This ranked C. jejuni as the third most
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common foodborne pathogen, following norovirus and Clostridium perfringens[23].

There is strong evidence that C. jejuni survives well in farm animal feces, in water, and in sand from the
runs of chicken farms[21]. Poultry and ruminants were both major sources of human campylobacteriosis.
From 2010 to 2015, the CDC reported 209 Campylobacter outbreaks in the US, with 72 linked to dairy and
33 to poultry. Infected cattle on farms could spread Campylobacter, raising infection risks through
environmental contamination[24].1t is also possible that manure-contaminated soil acts as a reservoir for C.
jejuni in the field3.The disease can be economically important when present in cattle herds[19]. Generally
poultry meats are known to be a primary cause of campylobacteriosis[3]. Other foods like ground beef,
water, oysters, eggs, vegetables, and milk were also linked to Campylobacter illness[14]. Campylobacter,
shed in the feces of dairy cattle, could have been easily transmitted to humans through dairy products like
unpasteurized milk[24].Unpasteurized raw milk, in particular, was well-known for causing Campylobacter
outbreaks[14].

Recent reports indicated that multistress-tolerant strains of C. jejuni found in raw milk were capable of
surviving high-temperature, short-time (HTST) pasteurization procedures. Consequently, understanding the
prevalence of C. jejuni on dairy cattle farms was deemed crucial for disease management and prevention.C.
jejuni strains had the ability to recombine and readily incorporate DNA from their surroundings, leading to
significant genetic variability. Due to this genetic diversity, C. jejuni could express a broad range of toxins
and pathogenic traits[24].The organism is cytochrome oxidase positive, microaerophilic, gram- negative,
non- spore forming bacteria and possess a single or bipolar flagella at one or both ends[25].1t is a curved
shaped rods, ranging from0.2-0.8e and 0.5-6.0 long. When two or more bacterial cells are grouped together,
they form an “S” or a “V” shape of gull wing. Themajority of Campylobacter species had a characteristic of
corkscrew-like motion and is carried in the intestine of many wild and domestic animals. campylobacter is
sensitive to high temperarture, low PH and osmoticstress.[14,26,27,28,25].The ideal environment for
optimal growth of Campylobacter spp. requires an atmosphere containing approximately 5% 02, 10% CO2,
and 85% N2[29].

MATERIALS AND METHODS

Our goal with this study was to create a polymerase chain reaction (PCR) assay for detecting and identifying
Campylobacter spp. (particularly C. fetal) in dairy animals and poultry products. This technique used DNA
templates extracted from cultured samples after enrichment on a selective medium.

2.1 Sample collection

These samples were collected from both organized and unorganized sheep and poultry farms in the Kashmir
Valley. And samples were collected in sterile vials and transported to the laboratory with an ice pack in
Cary Blair transport media. Isolated on Sterile cellulose acetate membranes of 0.45u pore size placed on
Muller Hinton Agar supplemented with 5% sheep blood and culture is incubated for 1-2 days at 37°-42°C in
microaerophilic condition [30].

2.2. Sterilization and Incubation:

The Campylobacter broth base was weighed and added to distilled water in a sterile container. Agar was
added into the medium, and the components were thoroughly mixed to dissolve completely. The media was
sterilized by autoclaving at a temperature of 121°C for 20 minutes. After autoclaving, the medium was
brought to room temperature, and Campylobacter supplement 111 was aseptically added into the media. The
medium was poured into sterile Petri dishes, and the medium was allowed to solidify. After solidification, a
loop full of culture was taken, and the plates were streaked. The plates were positioned in an anaerobic jar
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and were incubated at 42 °C for 48 hours.

Figure 1. Cultures plates growing in anaerobic conditions
2.3. Gram’s staining

Gram staining is a differential staining technique that divides bacteria into two groups: Gram-positive and
Gram-negative, depending on cell wall composition. The method begins with the staining of bacterial cells
with crystal violet, followed by the addition of iodine, which forms a compound with the crystal violet
within the cell. This is then washed with alcohol or acetone, which serves as a decolorizer and removes the
stain from some bacterial cell walls. Gram-positive bacteria maintain the crystal violet-iodine complex due
to their thicker peptidoglycan layer, making them seem purple, but Gram-negative bacteria lose the stain and
are counterstained with safranin, making them appear pink under the microscope.

2.4. DNA Extraction

The bacterial culture was dispensed into individual 1.5 mL Eppendorf tubes using a sterile micropipette and
tips at 1 mL per tube. The tubes were then centrifuged at 15,000 rpm for 2 min to pellet the bacterial cells,
after which the supernatant was carefully removed with a micropipette. 200 pL of lysis buffer was added to
each pellet and carefully resuspended. R Nase (2 ul) and ProteinaseK (10 pl) were then added to the tubes,
followed by vigorous vortexing to ensure complete dissolution of the cellular components. The tubes were
then placed in a dry bath incubator at 56°C for 15 minutes to facilitate enzymatic reactions. After the
incubation period, 350 ul of binding buffer and 50 pl of magnetic beads were added to each test tube. A full
vortex was performed and the tubes were allowed to incubate for 5 minutes at room temperature. The next
steps were automated with ROBAC (Robotic Biomolecule and Cell Separator), a semi-automated machine
capable of processing 16 samples simultaneously. The machine’s nickel-plated sensors were sterilized with
UV light for 10 minutes and placed in a holder attached to the ROBAC. An Eppendorf grid containing
prepared tubes was then placed into the machine, beginning an automated process that took approximately
10 minutes. After automated extraction, the elution tubes containing the collected samples were mixed and
further incubated in a dry bath to ensure. . efficient DNA elution. After another vigorous vortex, the tubes
were centrifuged at 15,000 rpm for 2 minutes. The elution was then transferred to new Eppendorf tubes and
stored at -20 °C until further steps in the procedure.

2.5. Primers

Nucleotide sequence data for all three was species taken from (accession; OV754562.1 (C.jejuni),
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CP038868.1 (C.coli) andC. fetus (CP042162.1) ). Two sets of specific primers were designed using
software, primers were selected based on the brightest band appearance. Multiplex PCR (mPCR) was
carried out with the combination of two specific pairs of primers in one reaction.

2.6. PCR amplification

The species were amplified using monoplex PCR with genes MapA, ceuE and CarbSpC.fetus specific to
Campylobacter jejuni, Campylobacter coli and Campylobacter fetus respectively. The monoplex PCR
assay was optimized to function in a final reaction volume of 25 pl with these primers and under these
conditions: 10X PCR buffer with MgCI2(2.5ul); dNTPs(2ul)(; Forward and reverse primers (0.5ul each);
DNA template(1 pl); Tag DNA polymerase (0.15 pl) and remaining adjusted with Nuclease free water. The
assay was performed using Applied Biosystems(Thermal cycler) under the following cycling conditions:
initialization denaturation at 94°C for 5 min, followed by 35 cycles of 94°C for 1 min, 52°C for 60 s, 72°C
for 60 s, followed by a final extension at 72°C for 10 min[31].

2.7. Multiplex PCR

A multiplex PCR test was performed with conservative genes: Campylobacter spp. with a typical 1AC
(16SrRNA) gene. The membrane lipoprotein gene (MapA) for C. jejuni, the lipoprotein component of the
enterochelin gene (CeuE) for C. coli, and the carbon starvation protein gene for C. fetus . The sequence used
for the primers is shown in Table 1. The multiplex PCR assay was optimized to run in a final reaction
volume of 25 ul with these primers and conditions Tag DNA Polymerase Master Mix RED 2x and 1.5 mM
MgCI2 ( 10 ul); Forward and reverse primers (3 pl each) ;DNA template (1.5 ul) and the rest adjusted with
nuclease-free water. Analysis was performed using Applied Biosystems (Thermocycler) under the following
cycling conditions: denaturation at 94 °C for 5 min followed by 35 cycles of 94 °C for 1 min, 52 °C for 60 s,
72 °C: 60 s followed by final extension at 72°C for 10 min[31].

Table 1. The primers were used for the assay.

PCR primers used for Campylobacter speciation

Target gene Product size(bp)
16S rRNA (genus specific) (201
MapA (C. jejuni) 340
CeuE (C. coli) 582
CarbSP (C. fetus subsp. fetus)|749

2.8. Sensitivity and Specificity of the multiplex PCR assay

The sensitivity of the multiplex PCR assay was tested by changing DNA concentration, Where the DNA of
each species in multiplex PCR was tested and 0.5ul DNA was the limit of detection of all three species.

The specificity of the multiplex PCR assay was tested by using primers of one species cross-reacted with all

three species’ genomic DNA. Where DNA was extracted from an overnight culture with the SN Bacterial
DNA isolation kit (Bengaluru, India).

RESULTS AND DISCUSSION

Campylobacter spp. stands out as a major contributor to food borne illness, mainly through
campylobacteriosis. The consequences of this bacterial infection can range from mild diarrhea to serious
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complications such as fever, miscarriage, and even Guillain-Barre syndrome. These symptoms highlight the
importance of early detection and intervention. One of the main routes of infection is the consumption of
undercooked meat, especially poultry such as chicken, lamb and beef. Recognizing the importance of this
threat, researchers have developed a multiplex PCR assay designed to rapidly detect three prominent
species: C. jejuni, C. coli, and C. fetus.

The design of the multiplex PCR assay is carefully tailored for specificity . and efficiency. Specific primers
targeting specific genes were designed for each Campylobacter species: the membrane lipoprotein gene
(MapA) for C . jejuni, the lipoprotein component of the enterochelin gene (CeuE) for C. coli and the carbon
starvation protein gene for C. fetus.

The different sizes of these primers — 340 bp, 582 bp and 749 bp — help to accurately identify each species.
In addition, the addition of an internal positive control of 16S rRNA ensures the reliability of the results by
validating the PCR conditions. This internal control serves as an important reference point that minimizes
the risk of false negative results, especially in cases where the copy number difference between the control
locus and the diagnostic loci is not critical.

The simplicity and sensitivity of the multiplex PCR method make it very good value for the detection of
Campylobacter. The smooth process, together with the fact that the stock does not require further processing
apart from the spin method, emphasizes its practicality and efficiency. The potential impact of the analysis
on clinical diagnosis is profound, providing a fast and accurate way to detect Campylobacter spp. infections
in their nascent stage.

Early detection is key to controlling the spread of these pathogens and reducing associated health risks,
making the mPCR test a valuable tool in public health initiatives aimed at combating food borne illnesses. In
addition, the versatility of the multiplex PCR method extends beyond the clinical settings Its usefulness
extends to many fields, including food safety and epidemiological surveillance. Rapidly identifying
Campylobacter spp. preventive measures can be taken in animal populations and foodstuffs to prevent
diseases and protect public health.

In addition, the adaptability of the assay facilitates its integration into routine screening protocols, which
improves overall surveillance capability and enables rapid response to new threats. Continuous improvement
and optimization of molecular diagnostic techniques such as multiplex PCR emphasizes a proactive
approach to the assay. audience health problems As microbial threats evolve, so must our diagnostic
capabilities.

The multiplex PCR analysis is a significant advance in this regard and is an effective tool for the early
detection and control of Campylobacter infections. Its continued development and deployment promises to
strengthen our defenses against food borne illness and promote a safer, healthier future for all.
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Fig. 3.1. monoplex PCR: Lane 1. C. coli(Cl); 2. C. coli(C2); 3. C. jejuni(J1); 4. C. jejuni(J2); 5. C.
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jejuni(J3); 6. C. jejuni(J4); 7. C. jejuni(J5); 8. C. jejuni(J6); 9. C. jejuni(J7); 10. C. jejuni(J8); 11. C. fetus
subsp. fetus(F1)

Fig. 3.2 Multiplex PCR: lane 1: C. jejuni; C. coli, and C. fetus. Lane 2: C.jejuni; C.coli, and C.fetus. Lane
3:100bp

CONCLUSION

In our study, we developed and validated a new multiplex PCR-based assay for the rapid detection of three
prominent Campylobacter species that cause campylobacteriosis, a common foodborne illness. This
innovation holds significant promise for clinical diagnostics, providing healthcare professionals with a rapid
and reliable means to rapidly diagnose Campylobacter infections. Unlike traditional methods, which often
require time-consuming culture techniques, our PCR-based multiplex assay streamlines the diagnostic
process and provides results with greater speed and accuracy. In addition, the simplicity of the method
facilitates its application in a variety of clinical settings, which can reduce diagnostic delays and improve
patient outcomes. coli, this innovative approach can improve early detection and facilitate rapid intervention
strategies in epidemic situations. Its efficiency in detecting multiple species simultaneously saves time and
resources, as well as reduces the risk of false negative results, improving the overall reliability of
Campylobacter surveillance systems. Overall, our study highlights the transformative potential of multiplex
PCR-based analysis to advance clinical and public health initiatives to combat Campylobacter infections and
reduce their burden on global health systems.
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