Zagazig Veterinary Journal, ©Faculty of Veterinary Medicine,
Zagazig University, 44511, Egypt.
Volume 50, Number 1, p. 1-18, March 2022
DOI: 10.21608/zvjz.2022.112640.1169

REVIEW ARTICLE
Campylobacter Species in Poultry: Virulence Attributes, Pathogenesis, Epidemiological
Typing and Zoonotic Importance
El-sayed Y. El-Naenaeey, Norhan K. Abd El-Aziz, Alaa H. Sewid and Asmaa Hashem*
Department of Microbiology, Faculty of Veterinary Medicine, Zagazig University,
Zagazig 44511, Sharkia, Egypt
*Corresponding author: asmaa.hashem2020@gmail.com
Article History: Received:

28/12/2022

Received in revised form: 04/01/2022

Accepted: 05/01/2022

Abstract
Campylobacter species (spp.) are Gram-negative, curved, S-shaped, non-spore forming and
motile rods with a single polar flagellum. They represent the most common causes of human
foodborne gastroenteritis. Campylobacter colonizes the gastrointestinal tract (GIT) of a wide
variety of domestic and wild animals, particularly chickens, turkeys and pigs, which are
considered the main reservoirs of this bacterium. Campylobacter is transmitted to human,
mainly through ingestion of contaminated poultry meat, unpasteurized milk and polluted
water, causing severe abdominal pain, fever, fatigue and diarrhea. Nevertheless, little
knowledge about the biology and pathogenicity of Campylobacter spp. is known rather than
other predominant pathogens. Therefore, we reviewed the biology of the bacterium, its
survival, growth characters and the factors related to its pathogenicity and the mechanisms by
which the diseases are happened in the view of the available literatures. Furthermore, we
illustrated several techniques used for Campylobacter spp. epidemiological classification.
Keywords: B. cereus; biofilm; dairy products; Nigella sativa; olive oil’s nanoemulsions.

Introduction
Thermotolerant Campylobacter spp.,
particularly Campylobacter jejuni (C. jejuni)
and Campylobacter coli (C. coli) ranked the
second most emergent bacteria after
Salmonella infection in its zoonotic
importance [1, 2]. Campylobacteriosis is a
self-limiting
disease
with
typical
gastroenteritis symptoms that only last few
days. However, some drawbacks like reactive
arthritis or Guillain-barre syndrome (GBS)
have been
rarely associated with
campylobacteriosis [3].
Campylobacter
colonizes
the
gastrointestinal tract (GIT) of a wide host
range including chickens, turkeys and pigs,
which are the microorganism's principal
reservoirs [4]. Human gut infected by
handling and/or consumption of improbably
prepared chicken meals, unpasteurized milk
and contaminated water [5, 6].

Campylobacter
established
infection
because of numerous virulence characteristics
such as motility, intestinal adherence,
colonization, toxin syntheses and invasion.
Mobility of the bacterial cells, involving the
coordination of several genes (i.e., flaA and
flhA), is essential for passage through the
stomach and gut environment [7], where
Campylobacter produces several cell-surface
proteins (encoded by cadF, docA, racR,
virB11, ciaB, and iam genes) that promote
adhesion to and invasion of intestinal
epithelial cells [8, 9]. The bacteria can also
produce cytotoxins that contribute to the
development of the disease [10, 11].The
cytolethal distending toxin (CDT) is one of
the most well-studied toxin that causes death
in the host epithelial cells [10, 12]. The CDT
gene cluster consists mainly of three
subunits; cdtA, cdtB and cdtC [13].
Campylobacter populations comprise
several genotypes with a significant surface
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antigen
modification;
capsule,
lipooligosaccharides (LOS) [14] and ﬂagella
[15]. This great difference in Campylobacter
populations doesn’t enable us to understand
the disease's epidemiology even to identify
the genus or species levels of Campylobacter
[16]. Molecular techniques are applied for
typing of foodborne bacterial pathogens,
characterizing the intra-species variability of
an organism and tracking the strains with
similar or identical ﬁngerprinting patterns in
epidemiological studies [17].
Owing to the important role of molecular
typing techniques in understanding the
epidemiology and the global dramatic
increasing
in
the
drug
resistant
Campylobacter spp., there are urgent needs
to investigate the continuous variation and
survey outbreaks and to track the source of
these microorganisms [18-20]. Herein, we
reviewed the survivability, growth characters,
pathogenicity factors and epidemiological
typing for Campylobacter spp.
General
species

characters

of

Campylobacter

Campylobacter spp. are Gram-negative
bacteria that do not produce spores [21].
They are S-shaped or spiral rods with a width
of 0.2-0.9 µm and a length of 0.5-5 µm.
Changes from spiral to coccoid form
occurred in prolonged exposure to air and/or
old cultures [22]. Most Campylobacter spp.
are motile with the bacteria rotating around
their longitudinal axis by a single unsheathed
polar flagellum with monotrichate or
amphitrichate arrangements [23]. The only
exceptions are C. showae, which has up to
five unipolar flagella and C. gracilis, which is
none motile [21]. Campylobacter spp. are
easily pass through bacterial filters (0.45 to
0.65 μm) due to their characteristic mobility
and tiny size; this property is utilized to
isolate Campylobacter spp. from clinical
samples [24].
Campylobacters show obvious growth
after 24 - 48 hours at 37 °C under perfect
conditions; nevertheless, some slow-growing
strains may take up to 72-96 hours to be
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detected [25]. Depending on the media
employed, the morphology of Campylobacter
colonies may change. When the media is
moist, the colonies may seem grey, flat,
uneven and thinly spreading; while when the
media is dry, the colonies may appear round,
convex or shiny [23]. The optimal growth
temperature of thermophilic Campylobacter
spp. is 41.5 °C; however, because they do not
grow at 55°C or higher, the term
"thermotolerant" is more appropriate than
thermophilic [26]. Campylobacters are unable
to adapt or grow at a temperature below 30°C
due to a lack of cold shock genes [2].
These fastidious non-spore forming
bacteria acquire power from the breakdown
of amino acids or tricarboxylic acid cycle
byproducts and they neither oxidize nor
ferment carbohydrates [27, 28].The most
suitable for Campylobacter’s incubation is
microaerophilic conditions with a little
oxygen pressure [29].
Campylobacter spp. are very sensitive to
numerous environmental changes; for
instance temperature and moisture, oxygen
level, pH changes, ultra violet irradiation and
disinfectants [30]. They inactivated by
heating with a D-value (decimal reduction
time) of less than one minute [2]. Despite the
fact that freezing and thawing reduce viable
populations by 1-2 log10, the bacteria can
survive for months at -20 °C [23]. The ideal
growth of Campylobacter spp. occurs at pH
6.5-7.5 [2]. Viable but non-cultivable
(VBNC) cells state of C. jejuni and C. lari is
occurred due to exposure to unfavorable
conditions [31], indicating that they can't
grow during the subculture [31, 32].
Cytolethal
distending
Campylobacter species

toxins

in

Campylobacter spp. established the
infection because of numerous virulence
characters including motility, intestinal
adherence, colonization, toxin syntheses and
invasion. Adherence of the microorganism to
epithelium cells of the intestine is vital for
colonization and toxins production [33, 34].
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CadF is a vital preserved cell surface
protein in C. jejuni and C. coli that binds to
intestinal fibronectin aiding in adherence and
invasion [33, 34].This bacterium is motile by
flagella to reach the adherence receptors in
the intestine [35]. Heat shock proteins
including DnaJ have been related to the
thermal stress response and they have a
significant
role
in
Campylobacter
pathogenesis [36].
Bacterial toxins play a significant role in
the pathogenesis of Campylobacter infection.
The cytolethal distending toxin (CDT), the
most important toxin of Campylobacter spp.
is not restricted to these bacterial species, but
it was detected in many other bacteria
including Escherichia coli (E. coli), Shigella
spp., Helicobacter hepaticus, Haemophilus
ducreyi, and Actinobacillus actinomycete
mcomitans [37]. CDT is a bacterial protein
toxin that affects the epithelial cell layer and
interrupts the cell division process with
resulting cell cycle arrest and cell death [38,
39]. It is composed of three subunits"AB2",
in which CdtB is the active part (A unit),
while CdtA and CdtC make up the "B2"
units, which are essential for CdtB
attachment and transportation to target cells
[40]. C. jejuni cdtA, cdtB, and cdtC genes in
cdt operon encoded proteins of 27, 29, and 20
kDa molecular weights, respectively [38].
Campylobacter spp. and some of
enteropathogenic E. coli produced CDT in
culture
supernatants
causing
gradual
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eukaryotic cells distension and cell death
within 2-5 days [39] (Figure1). The virulence
properties of CDT+ and CDT− strains on
HeLa cells revealed that CDT+ C.
jejuni strains adhere to and invade epithelial
cells more efficiently than CDT− strains. The
DNase activity of CdtB subunit causes
termination of cell division and arrests the
eukaryotic cell cycle at the G2/M stage (i.e. a
period of rapid cell growth and protein
synthesis during which the cell prepares itself
for mitosis) [40-42]. The existence of the
cdtB gene in C. jejuni is associated with
enhanced adhesion, invasion and cytotoxicity
in HeLa cells [41].
The prevalence of cdt genes was detected
by PCR in all campylobacters except one C.
jejuni isolate obtained from Danish broilers
[43], while more than 80% of the tested C.
jejuni strains encoded cdt genes in Bahrain
[44]. Moreover, cdt genes were present in all
Campylobacter strains including C. jejuni
and C. coli, those were recovered from
chicken feces in Southern Iran [45]. However
in Egypt, the prevalence of cdt genes in C.
jejuni isolated from avian and human
sources, were estimated in a recent study and
the
results
indicate
that cdtA, cdtB,
and cdtC were detected in the analyzed
strains by the same percentage (80.49%), and
more than half (58.54%) of the strains
possessed the three cdt toxin genes together
[46].
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Figure 1: An overview of CDT toxin impairing host defense. CDT toxin have three ways to impair the host defense
mechanism; (1) Disrupt epithelial barriers and facilitate pathogen infection by induction of apoptosis, (2) Promote
lymphocyte cytotoxicity, disrupt acquired immunity and promote persistent infection and (3) Increase cytokine
synthesis resulting in a pro-inflammatory response that alternates the macrophage functions; retrieved from Scuron

and coauthors [47].
Pathogenesis of enteric Campylobacter
infection
Until
now,
the
pathogenesis
of
Campylobacter infection is not fully
understood; however, it is thought that motility,
colonization, invasion and toxin production
have a vital role in the establishment of
infection [9, 48]. The mucus layer of the
gastrointestinal tract (GIT) epithelium acts as
the first line of defense, but numerous traits due
to the ability of C. jejuni to penetrate and evade
the mechanical and immunological barriers of
the GIT are responsible for establishment of an
infection. The motility encoded by several
genes; i.e., flaA and flhA [7], corkscrew
morphology and the relatively short Osidechain of C. jejuni LOS are thought to
decrease the non-specific binding to the mucin
glycoproteins [49]. Furthermore, numerous
cell-surface
proteins
synthesized
by
campylobacters help in early colonization,
adhesion and invasion of intestinal epithelial
cells [8, 9, 50]. Various cytotoxins encoded by
the cdt gene locus and wlaN gene are
contributed to established
diseases [10].
Moreover, one of the most important bacteria's
key defenses against oxidative harm is its
ability to get rid of the effect of superoxide
radicals via the production of superoxide

dismutase enzyme [51]. While bacterial
virulence factors make allowance for survival
of the bacteria within host cells, the resultant
immune response is responsible for the clinical
manifestations of infection [9, 52]. For
example, CDT production promotes immune
system evasion, and simultaneously activates
the inflammatory response through interleukin
8 (IL-8 ) stimulation [53] and toll-like receptors
activation on GIT epithelial cells and dendritic
cells. This stimulates both the innate and
adaptive immune pathways, allowing the
mobilization of inflammatory cells that are
responsible for the resultant diarrhea, as well as
the ultimate clearance of the organism [54, 55].
C. jejuni’s interaction with the intestinal
epithelial cells leads to an arrest in the
proliferation of cells at the crypts with a
consequence of villous atrophy [33] (Figure 2).
Campylobacter infection may cause various
persistent diseases including GBS, irritable
bowel syndrome, Miller Fisher syndrome and
Reiter's arthritis in humans. The structural
similarity
between
human
neuronal
gangliosides and Campylobacter LOS leads to
cross-reactivity or non-specific binding of
anti-LOS antibodies with human neuronal
gangliosides causing GBS [56, 57].
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Figure 2: Campylobacters disordered GIT physiological processes in the host. Translocation occurs through
transcellular (a) and paracellular pathways (b). Toll like receptors of pathogenic microorganisms are recognized
by macrophages and dendritic cells (c) causing change in their functional status to an activated form. The
activation of nuclear factor‐kB (NF‐kB) pathway stimulates gene transcription, resulting in increased production
of pro‐inflammatory cytokines (TNF‐α, interleukins 1β, IL 6 and IL8) (d). Moreover, campylobacters induce a
disruption of tight junctions and the mucus film (e) leading to passage of luminal antigens (e.g., microorganisms
and toxins) as a result of increased intestinal epithelial permeability (f). Furthermore, campylobacters utilize short
chain fatty acids (SCFAs) as a source of energy leading to changes of gut colonization dynamics and may also
influence physiological processes due to altered microbial metabolite profiles (g); retrieved from Awad and
coauthors [58].

Natural habitat of Campylobacter species
Campylobacter infection in poultry
The
most
common
habitat
for
Campylobacter spp. are poultry and other
avian species, owing to an elevated body
temperature, representing the chief source of
infection for humans [2]. While C. jejuni, C.
coli and C. lari are related to the poultry
digestive system and also to foodborne
infections, C. jejuni is considered the most
dominant species in relation to its impact on
human health [59, 60].
The predominant site for C. jejuni
colonization is avian ceca with 106 to 108
colony forming unit (CFU)/g [61]. Successful
Campylobacter spp. colonization of chickens
requires only ingestion of 35 CFU [62],
followed by an established infection within
24 hours after the bacterial entry [63]. The
susceptible age is between two to four weeks
with no evidence of young chicks infection
that may be due to the existence of maternally
generated antibodies [64-66]. The successful

and
persistent
Campylobacter
spp.
colonization of the chicken GIT occurred
within several days after ingestion [67] and
stayed until slaughter [63, 68] is a multifactorial process due to the regulatory effect
of several genes that converse protection
against the surrounding environment [69].
Factors involved in colonization of
Campylobacter species in chickens
1. Resistance to multiple drugs and bile
Resistance to a wide range of antimicrobial
agents, heavy metals and bile salts is encoded
by multidrug efflux pump mediating a
successful intestinal colonization of chickens
[70, 71].
2. Chemotaxis
The motility of C. jejuni towards favorable
circumstances is caused by several
chemotaxis that works for its survival and
colonization at the intestinal mucosa [72].
3. Flagella and motility
Type III secretion system plays a role in
construction of Campylobacter invasion
5

Zag Vet J, Volume 50, Number 1, p. 1-18, March 2022

antigens (Cia proteins) and flagellar apparatus
[35, 73] helping in reaching the mucus layer
of the cecal crypts [74] and overcoming the
gut peristalsis that are vital for colonization
and cell invasion [75].
4. Immune evasion and carbohydrate
structures on Campylobacter surface
Lipooligosaccharides are significant for
immune evasion, epithelial cell adherence,
penetration and invasion. C. jejuni is the only
prokaryote known to have unique N-linked
glycosylation modification pathway that is
conserved among this bacterium and it is
encoded by the pgl multigene locus. The Nlinked glycosylation pathway is responsible
for post-translational modification of multiple
proteins, including flagellin, unique N-linked
glycans, contribute to successful colonization
in chicks by creating a huge antigenic
diversity in C. jejuni isolates resulting in
persistent high-level gut colonization of
certain strains [76-78].
5. Two-component regulatory system
Response regulators (R) and histidine
kinases sensor(s) are two-component
regulatory systems (TCRSs) that enable C.
jejuni adaptation to changed environmental
condition via regulating their genes
expression [79, 80]. A histidine kinase detects
certain environmental stimuli through
autophosphorylation of the histidine residue.
The phosphate group is then transferred to the
corresponding
response
regulator,
transforming it into an active transcription
factor that can stimulate differential
expression of target genes, allowing C. jejuni
to respond quickly to changes in the chicken
gut environment, such as stress, nutrients, and
temperature [80].
6. Temperature regulation and heat shock
response
Many different proteins are specially
transcribed
via
RacR/RacS
signal
transduction pathway in response to higher
body temperature of chicken GIT (42°C)
compared to humans that play a significant
role in C. jejuni colonization of chickens [81].
7. Adhesion
The remarkable effect of flagella,
adhesins and surface-attached proteins in
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colonization has been showed previously
[82]. Moreover, an autotransporter lipoprotein
encoded by Campylobacter adhesion protein
A is thought to be crucial in attachment to
human and chicken intestinal epithelial cells
resulting in initial colonization and invasion
[83, 84].
8. Invasion
Methyl-accepting chemotaxis proteins
(MCP) encoding tlp1, tlp4, and tlp10, and
ciaB genes are essential for invasion through
mammalian and chicken cells, respectively
and they significantly influence cecal
colonization [73, 85].
9. Iron transport and regulation
Iron is required for electron transfer; it acts
as a catalyzer for different enzymes and
produces hydroxyl radicals. Furthermore, iron
availability is regulated by intracellular iron
concentration
and
it
modulated
Campylobacter gene transcription helping in
the success of colonization [86].
10. Oxidative and nitrosative stress defense
C. jejuni is a microaerophilic microbe that
requires low oxygen levels for its growth. It
has a broad range of enzymes that overcome
the
oxidative
stress
resulted
from
Campylobacter inadequate oxygen reduction
and surrounding the host environment such as
cytochrome c peroxidases that converts
hydrogen peroxide to water [87]. However,
Hermans and coauthors [82] previously
recognized numbers of these regulators, but
the exact gene regulation mechanism remains
a mystery.
11. Central intermediary and energy
metabolism
C. jejuni contains essential enzymes
required for a tricarboxylic acid cycle. The
conversion of succinate to fumarate is an
important step in this cycle and that is
catalyzed by fumarate reductase and a
succinate
dehydrogenase,
which
are
considerably increased in the chick cecum
[79, 88].
Campylobacter infection in human
Campylobacter spp. are considered one of
the most common causes of foodborne related
gastroenteritis around the world [89, 90] with
the majority of infection caused by C. jejuni,
6
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followed by C. coli and rarely C. lari [91].
Infection is occurred by direct or indirect
contact with contaminated food or drinks,
mainly undercooked poultry meat, untreated
water and unpasteurized milk [92-94].
Campylobacteriosis is also caused by direct
and indirect contact with infected poultry,
animals and their wastes. The symptoms of
the disease are clinically indistinguishable
between species and are in the form of watery
or bloody diarrhea, fatigue, fever, abdominal
pain and cramps that mimic appendicitis
appeared 24 to 72 hours after ingestion [95].
Campylobacter spp. cause a variety of
symptoms in various regions of the body in
addition to gastroenteritis. These include
GBS, a neurologic disorder that causes
gradual symmetrical weakness in the limbs
with or without hyporeflexia and impairs
respiratory and cranial nerve-innervated
muscles. Miller Fisher syndrome, a similar
form of GBS, is characterized by acute onset
ophthalmospasms, areflexia, and ataxia [96].
Other clinical symptoms were also reported
including meningitis, brain abscesses,
bacteremia, sepsis, endocarditis, myocarditis
and reactive arthritis [97].
Campylobacteriosis is a self-limiting
disease and the symptoms ended within one
week [98]. Death is rare occurred; however,
sporadic death cases have been reported in
young
children,
elderly
and
immunocompromised individuals [99].While
campylobacteriosis can occur in all ages,
infections are most commonly happened in
young ages up to 24 years than in other age
groups [100] due to acquiring a level of
protective immunity in this older ages [101].
Furthermore, the infection with C. coli is
commonly occurred in older patients over 30
years and traveler people overseas [102].
Generally,
increased
Campylobacter
infections are occurred during the summer
months [100].
Epidemiological
analysis
of
Campylobacter species
Bacterial typing or subtyping is the way
for categorizing bacterial strains to species or
subspecies levels. Taxonomy assessment,
phylogenetic
relationships
evaluation,
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evolution reporting and performance of rapid,
precise and effective epidemiological
surveillance and prevention measures are the
chief goals of bacteriological typing [103].
The capability to differentiate campylobacters
below the species level has been effectively
used to enhance the epidemiologic research of
campylobacteriosis epidemics, compare cases
with possible carriers of infection, and
distinguish them from unrelated strains [104106].
Campylobacter spp. typing is a rapidly
evolving field, as old methods being updated
and new methodologies being developed all
the time. There hasn't been a single technique
considered generally suitable and appropriate
[107], since each one has both advantages and
disadvantages [108]. Efficacy and efficiency
are two essential features that every type
system should exhibit in order to be modified
for further use [109] while evaluating
subtyping approaches. Any typing method's
efficacy can be measured in terms of
reproducibility, typeability, consistency, and
discrimination power; whereas efficiency
indicates the required knowledge, time spent
or rapidity of the technique, adaptability, and
applicability for a certain investigation [110].
Campylobacter spp. typing is a dynamic
field with older methods continually being
advanced and new methodologies constantly
being developed [107]. A multitude of typing
systems have been developed over the last
few years, however, no single technique has
been declared as universally acceptable and
applicable since each one has both advantages
and disadvantages [108]. A number of criteria
are used to evaluate subtyping methods to
define their efficacy and efficiency: two
major properties that any typing system
should possess in order to be adapted for
further use [109]. The efficacy of any typing
technique can be assessed in terms of
typability, reproducibility, consistency, and
power of discrimination; while, the efficiency
reflects the expertise required, time consumed
or rapidity of the technique, flexibility, and
suitability to carry out a certain investigation
[110].
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Typing systems are based on sharing
common characteristics between clonally
related isolates that differentiate them from
unrelated isolates [111]. They are grouped
into two categories: phenotyping and
genotyping. Phenotyping uses phenotypic
approaches to identify the presence or
absence of biological or metabolic activities
expressed by the bacteria, while genotyping
uses genotypic approaches to analyze genetic
materials based on the bacteria's DNA and
RNA [112].
Phenotypic techniques used for typing of
Campylobacter species
Biotyping, phage typing, serotyping and
multilocus enzyme electrophoresis (MLEE)
are the most frequently used phenotypic
methods to differentiate Campylobacter
isolates. Although most of these techniques
lack a discriminatory power, poor
reproducibility and stability, they are
remaining used and are fairly effective in
classifying foodborne pathogens [113].
Biotyping can classify C. jejuni, C. coli and
C. lari; it is helpful, as a first step, for
epidemiological
studies
based
on
distinguishing the bacterial isolates via
colonial morphology and biochemical
reactions [111, 114]. Combining biotyping
with serotyping makes this approach more
effective, because it is simple to be achieved,
moderately cheap and can immediately detect
the bacteria for additional testing [66].
Serotyping is a method of differentiating
strains based on antigens carried on their
surface structure using specific antisera [112].
In the 1980s, two complementary and quite
well serotyping systems were designed; both
give good epidemiological discrimination of
Campylobacter isolates when used together.
The first system is based on heat stable O
antigens [Lipopolysaccharide (LPS), LOS,
and capsular polysaccharide (CPS)], which
are used in a passive hemagglutination
method [115] . The other one is based on heat
labile antigens using a bacterial agglutination
method [116].
Phage typing was frequently used as an
assistant to serotyping to characterize C.
jejuni [117] with limited usefulness due to the
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presence of non-typeable isolates and
difficulties of cross reactivity [66]. Concisely,
this method uses a collection of pathogenic
phages infecting a bacterial host that lacks
attachment receptors. If the phages are
successful in attaching to and infecting their
hosts, they lyse the bacteria leaving a
distinctive lytic shape on the cultivated Petri
dishes known as 'plaques' [117].
By electrophoresis under non-denaturing
circumstances,
bacterial
isolates
are
differentiated using a MLEE technique by
differences in the electrophoretic mobility of
distinct component enzymes [113] . This
technique has been used to study the
congruence between other typing schemes
used for C. jejuni, such as multilocus
sequence typing (MLST) and pulse field gel
electrophoresis (PFGE) [105].
Due to its limitations, MLEE was
considered unsuitable for routine typing and
was replaced by MLST, a nucleotide-based
approach that essentially mirrors the MLEE's
multi loci principle [110] .
Genotyping methods used for identification
of Campylobacter species
Due to the constraints of phenotypic
subtyping methods, a variety of molecular
subtyping approaches have been developed
[118]. Molecular techniques have become
extensively used for subtyping C. jejuni,
because they provide more sensitive strain
distinction, greater degree of standardization,
reproducibility and discriminatory efficiency
when compared with phenotypic typing
approaches [104, 111]. Molecular subtyping
methods are divided into two primary types;
macro-restriction mediated studies those are
based on separation of restriction enzyme
digested target sequences and polymerase
chain reaction (PCR) based assays [110].
Pulse field gel electrophoresis (PGFE) has
emerged as one of the most effective
molecular
methods
for
studying
Campylobacter infections [111, 119].
Because of its excellent discriminating power,
the PFGE is regarded the "golden standard"
for epidemiological studies [105]. Although
PFGE data is difficult to interpret making it
inappropriate for routine usage during
8
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epidemic investigations [105], it has been
extensively employed in genomic and
epidemiological studies of C. jejuni and C.
coli [110, 119].
PCR has completely revolutionized
molecular epidemiological studies because of
its ability to detect an unique single gene in
each organism as a result confirm its presence
in any sample [110]. Several changes on the
basic PCR method have developed including
reverse-transcriptase PCR, multiplex PCR
and quantitative real-time (qRT)-PCR, those
are used for Campylobacter spp. detection
[111]. Multiplex PCR assays are employed to
differentiate Campylobacter spp. and they are
remarkably replaced monoplex PCR assays
for Campylobacter spp. detection and
differential diagnosis [120, 121]. Although
these techniques may be expensive, they are
easy to replicate, discriminatory, already
available and remain one of the most widely
used genotypic methods for Campylobacter
spp. typing [111].
The simplicity and rapidity make PCR
techniques as the frequently used genotyping
and diagnostic tools [120]. The PCR-based
approaches for Campylobacter genotyping
include random amplified polymorphic DNA
and amplified length polymorphism have
high discriminatory power, but they are not
widely employed due to certain limitations
[110]. Ribotyping is a rRNA-based approach
for identifying bacterial isolates; although
having a high level of typeability for
Campylobacter spp., they have a poor
discriminating power due to the small amount
of ribosomal genes it contains.[111]. Flagellin
typing is another rapid method for identifying
Campylobacter
spp.
with
excellent
discriminatory power while using the
restriction fragment length polymorphism
(RFLP) technique [69, 104].
DNA sequencing is a practical alternative
method for genotyping of bacterial isolates
due to its automation improvement [104]. The
MLST, a genotypic technique developed in
1991 [122], directly assigns DNA sequencing
of 7 to 11 housekeeping genes and it provides
different alleles in databases that can be
compared [111]. This technique is the most
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frequently molecular typing approach used
for campylobacters [108] and it is
increasingly being utilized in epidemiological
researches to characterize C. jejuni [123], C.
coli, C. lari and C. upsaliensis [124].
However, the seven MLST loci may not be
enough to give an accurate picture of the gene
contents across the entire C. jejuni genome
[125]. Moreover, there is a difficulty in
distinguishing the closely related strains in
short-term
epidemic
investigations.
Therefore, additional technique such as fla
typing may be essential in order to obtain
sufficient resolution [105].
Comparative genomics, which involve
analyzing and comparing two or more
genomes have also served to underscore some
of the new challenges in bacterial genotyping
and phylogenetic analysis [108]. Another
method for analyzing and comparing two or
more genomes is comparative genomic
fingerprinting (CGF) that is used to generate
unique genomic fingerprints based on the
differential carriage of accessory genes that
can overcome some of the challenges in
bacterial genotyping and phylogenetic
analysis for genotyping purposes [108]. CFG40 is a 40-gene comparative genomic
fingerprinting approach for C. jejuni that has
been
confirmed
to
have
stronger
discriminatory power than MLST at both the
clonal complex and sequence type levels for
regular epidemiologic surveillance and
epidemic investigations [126, 127].
Conclusion
Campylobacter is a foodborne pathogen
associated with human gastroenteritis all over
the world. Consequently, a better insight
about its biology, virulence factor and sources
of infection as well as early diagnosis using a
variation of direct and indirect detection
approaches are urgently needed to control the
disease. Whereas applying the advanced
typing and subtyping techniques in
epidemiological
investigations
of
campylobacteriosis,
epidemics
provide
information to identify the possible sources of
infection. Because no sole technique is
efficient, evolving a novel typing method that
incorporates efficiency and efficacy is vital to
9
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avoid the defects of currently utilized
methods.
Conflict of interest:
The authors declare no conflict of interest.
References
[1] Epps, S.V.; Harvey, R.B.; Hume, M.E.;
Phillips, T.D.; Anderson, R.C. and
Nisbet,
D.J.
(2013):
Foodborne
Campylobacter: infections, metabolism,
pathogenesis and reservoirs. Int
J Environ Res, 10(12): 6292-6304.
[2] Silva, J.; Leite, D.; Fernandes, M.;
Mena, C.; Gibbs, P.A. and Teixeira, P.
(2011): Campylobacter spp. as a
foodborne pathogen: a review. Front
Microbiol, 2: 200.
[3] Wang, Y.; Sun, S.; Zhu, J.; Cui, L. and
Zhang, H.L. (2015): Biomarkers of
Guillain-Barré syndrome: some recent
progress, more still to be explored.
Mediators Inflamm, 2015.
[4] Kramer, J.M.; Frost, J.A.; Bolton, F.J.
and
Wareing,
D.R.
(2000):
Campylobacter contamination of raw
meat and poultry at retail sale:
identification of multiple types and
comparison with isolates from human
infection. J Food Prot, 63(12): 16541659.
[5] Butzler, J.P. (2004): Campylobacter,
from obscurity to celebrity. Clin
Microbiol Infect, 10(10): 868-876.
[6] Kurinčič, M.; Berce, I.; Zorman, T. and
Smole Možina, S. (2005): The
prevalence of multiple antibiotic
resistance in Campylobacter spp. from
retail
poultry
meat.
Food
Technol Biotechnol, 43(2): 157-163.
[7] Park, S.F. (2002): The physiology of
Campylobacter species and its relevance
to their role as foodborne pathogens.
Int J Food Microbiol, 74(3): 177-188.
[8] Carvalho, A.C.; Ruiz-Palacios, G.M.;
Ramos-Cervantes, P.; Cervantes, L.-E.;
Jiang, X. and Pickering, L.K. (2001):
Molecular characterization of invasive
and noninvasive Campylobacter jejuni

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

El-Naenaeey et al., (2022)

and Campylobacter coli isolates.
J Clin Microbiol, 39(4): 1353-1359.
Dasti, J.I.; Tareen, A.M.; Lugert, R.;
Zautner, A.E. and Groß, U. (2010):
Campylobacter jejuni: a brief overview
on pathogenicity-associated factors and
disease-mediating
mechanisms
Int J Med Microbiol, 300(4): 205-211.
Hickey, T.E.; McVeigh, A.L.; Scott,
D.A.; Michielutti, R.E.; Bixby, A.;
Carroll, S.A.; Bourgeois, A.L. and
Guerry, P. (2000): Campylobacter jejuni
cytolethal distending toxin mediates
release of interleukin-8 from intestinal
epithelial cells. Infect Immun, 68(12):
6535-6541.
Tresse, O.; Alvarez-Ordóñez, A. and
Connerton, I.F. (2017): About the
foodborne pathogen Campylobacter.
Front Microbiol, 8: 1908.
Heywood, W.; Henderson, B. and Nair,
S.P. (2005): Cytolethal distending toxin:
creating a gap in the cell cycle.
J Med Microbiol, 54(3): 207-216.
Lee, R.B.; Hassane, D.C.; Cottle, D.L.
and Pickett, C.L. (2003): Interactions of
Campylobacter
jejuni
cytolethal
distending toxin subunits CdtA and CdtC
with HeLa cells. Infect Immun, 71(9):
4883-4890.
Acheson, D. and Allos, B.M. (2001):
Campylobacter jejuni infections: update
on emerging issues and trends. Clin
Infect Dis, 32(8): 1201-1206.
Hendrixson,
D.R.
(2006):
A
phase‐variable mechanism controlling
the Campylobacter jejuni FlgR response
regulator influences commensalism. Mol
Microbiol, 61(6): 1646-1659.
Nachamkin, I.; Bohachick, K. and
Patton, C. (1993): Flagellin gene typing
of Campylobacter jejuni by restriction
fragment
length
polymorphism
analysis. J Clin. Microbiol, 31(6): 15311536.
Behringer, M.; Miller, W.G. and
Oyarzabal, O.A. (2011): Typing of
Campylobacter
jejuni
and
10

Zag Vet J, Volume 50, Number 1, p. 1-18, March 2022

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Campylobacter coli isolated from live
broilers and retail broiler meat by flaARFLP, MLST, PFGE and REP-PCR.
J Microbiol Methods, 84(2): 194-201.
Elhadidy, M.; Arguello, H.; ÁlvarezOrdóñez, A.; Miller, W.G.; Duarte, A.;
Martiny, D.; Hallin, M.; Vandenberg, O.;
Dierick, K. and Botteldoorn, N. (2018):
Orthogonal typing methods identify
genetic diversity among Belgian
Campylobacter jejuni strains isolated
over a decade from poultry and cases of
sporadic human illness. Int J Food
Microbiol, 275: 66-75.
O'Mahony, E.; Buckley, J.F.; Bolton, D.;
Whyte, P. and Fanning, S. (2011):
Molecular
epidemiology
of
Campylobacter isolates from poultry
production units in southern Ireland.
PLoS One, 6(12): e28490.
Schweitzer, N.; Dan, A.; Kaszanyitzky,
E.; Samu, P.; Toth, A.G.; Varga, J. and
Damjanova, I. (2011): Molecular
epidemiology
and
antimicrobial
susceptibility of Campylobacter jejuni
and Campylobacter coli isolates of
poultry, swine, and cattle origin collected
from slaughterhouses in Hungary. J Food
Prot, 74(6): 905-911.
Debruyne, L.; Gevers, D. and
Vandamme, P. (2008): Taxonomy of the
family
Campylobacteraceae.:Nachamkin, I.;.
Szymanski, C.M; Blaser M. J; editors
Campylobacter Third Edition : 1-25.
Griffiths, P. (1993): Morphological
changes of Campylobacter jejuni
growing
in
liquid
culture.
Lett Appl Microbiol, 17(4): 152-155.
Vandenberg, O.; Skirrow,M. and
Butzler,
J.
Campylobacter
and
Acrobacter In: Topley & Wilson’s
Microbiology and Microbial Infections:
Bacteriology, Vol. 2. Hodder Arnold,
London; 2005. 1541-1562.
Bolton, F. (2000): Methods for isolation
of campylobacters from humans,
animals, food and water. Report and
Procedings of a WHO Consultation of

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

El-Naenaeey et al., (2022)

Experts“The increasing incidence of
human
Campylobacteriosis.
Copenhagen, Denmark, 21-5.
Corry, J.E.; Post, D.E.; Colin, P. and
Laisney, M.J. (1995): Culture media for
the isolation of campylobacters. J Ind
Microbiol, 34: 129-62.
Levin, R.E. (2007): Campylobacter
jejuni: a review of its characteristics,
pathogenicity, ecology, distribution,
subspecies
characterization
and
molecular methods of detection. Food
Biotechnol, 21(4): 271-347.
Vandamme, P. (2000): Taxonomy of the
family Campylobacteriaceae. In M.
Blaser (ed.), Campylobacter. American
Society for Microbiology, Washington,
D.C., 2: 3-26.
Kelly, D. (2001): The physiology and
metabolism of Campylobacter jejuni and
Helicobacter pylori. J Appl Microbiol,
90(S6): 16S-24S.
Garénaux, A.; Jugiau, F.; Rama, F.; De
Jonge,R.; Denis, M.; Federighi, M. and
Ritz,
M.
(2008):
Survival
of
Campylobacter jejuni strains from
different origins under oxidative stress
conditions: effect of temperature.
Curr Microbiol, 56(4): 293-297.
Isohanni, P. (2013): Survival and
reduction of strains of Campylobacter
species in broiler meat. PhD thesis,
Faculty of Agriculture and Forestry,
University of Helsinki, Ruralia Institute
Kassem, I.I.; Chandrashekhar, K. and
Rajashekara, G. (2013): Of energy and
survival incognito: a relationship
between viable but non-culturable cells
formation and inorganic polyphosphate
and
formate
metabolism
in
Campylobacter jejuni. Front Microbiol,
4: 183.
Oliver, J.D. (2010): Recent findings on
the viable but nonculturable state in
pathogenic bacteria. FEMS Microbiol
Rev, 34(4): 415-425.
Konkel, M.E.; Monteville, M.R.; RiveraAmill, V. and Joens, L.A. (2001): The
11

Zag Vet J, Volume 50, Number 1, p. 1-18, March 2022

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

pathogenesis of Campylobacter jejunimediated enteritis. Curr Issues Intest
Microbiol, 2(2): 55-71.
Müller, J.; Schulze, F.; Müller, W. and
Hänel, I. (2006): PCR detection of
virulence-associated
genes
in
Campylobacter jejuni strains with
differential ability to invade Caco-2 cells
and
to
colonize
the
chick
gut.Vet Microbiol, 113(1-2): 123-129.
Konkel, M.E.; Klena, J.D.; RiveraAmill, V.; Monteville, M.R.; Biswas, D.;
Raphael, B. and Mickelson, J. (2004):
Secretion of virulence proteins from
Campylobacter jejuni is dependent on a
functional flagellar export apparatus.
J Bacteriol Res, 186(11): 3296-3303.
Snelling, W.; Moore, J. and Dooley, J.
(2005): The colonization of broilers with
Campylobacter. Poult Sci J, 61(4): 655662.
Thelestam, M. (2004): Cytolethal
distending toxins.Rev Physiol Biochem
Pharmacol, : 111-33.
Pickett, C.L.; Pesci, E.C.; Cottle, D.L.;
Russell, G.; Erdem, A.N. and Zeytin, H.
(1996): Prevalence of cytolethal
distending
toxin
production
in
Campylobacter jejuni and relatedness of
Campylobacter sp. cdtB gene. Infect
Immun, 64(6): 2070-2078.
Johnson, W.á. and Lior, H. (1988): A
new heat-labile cytolethal distending
toxin
(CLDT)
produced
by
Campylobacter spp. Microb Pathog,
4(2): 115-126.
Lara-Tejero, M.a. and Galán, J.E.
(2002): Cytolethal distending toxin:
limited damage as a strategy to modulate
cellular functions.Trends Microbiol,
10(3): 147-152.
Jain, D.; Prasad, K.N.; Sinha, S. and
Husain, N. (2008): Differences in
virulence attributes between cytolethal
distending toxin positive and negative
Campylobacter
jejuni
strains.
J
Med Microbiol, 57(3): 267-272.

El-Naenaeey et al., (2022)

[42] Lara-Tejero, M. and Galán, J.E. (2000):
A bacterial toxin that controls cell cycle
progression as a deoxyribonuclease I-like
protein. Science, 290(5490): 354-357.
[43] Bang, D.D.; Borck, B.; Nielsen, E.M.;
Scheutz, F.; Pedersen, K. and Madsen,
M. (2004): Detection of seven virulence
and toxin genes of Campylobacter jejuni
isolates from Danish turkeys by PCR and
cytolethal distending toxin production of
the isolates. J Food Prot,67(10): 21712177.
[44] Al-Mahmeed, A.; Senok, A.C.; Ismaeel,
A.Y.; Bindayna, K.M.; Tabbara, K.S.
and
Botta, G.A. (2006): Clinical
prelevance of virulence genes in
Campylobacter jejuni isolates in
Bahrain. J Med Microbiol, 55(7): 839843.
[45] Khoshbakht, R.; Tabatabaei, M.;
Hosseinzadeh, S.; Shekarforoush, S.S.
and Aski, H.S. (2013): Distribution of
nine virulence-associated genes in
Campylobacter jejuni and C. coli
isolated from broiler feces in Shiraz,
Southern Iran. Foodborne Pathog
Dis,10(9): 764-770.
[46] El-Hamid, A.; Marwa, I.; El-Aziz, A.;
Norhan, K.; Samir, M.; El-Naenaeey, E.s.Y.; Abo Remela, E.M.; Mosbah, R.A.
and Bendary, M.M. (2019): Genetic
diversity of Campylobacter jejuni
isolated from avian and human sources
in Egypt. Front Microbiol, 10: 2353.
[47] Scuron, M.D.; Boesze-Battaglia, K.;
Dlakić, M. and Shenker, B.J. (2016):
The
cytolethal
distending
toxin
contributes to microbial virulence and
disease pathogenesis by acting as a triperditious toxin. Front Cell Infect
Microbiol, 6: 168.
[48] Humphrey, T.; O'Brien, S. and Madsen,
M. (2007): Campylobacters as zoonotic
pathogens:
a
food
production
perspective. Int J Food Microbiol,117(3):
237-257.
[49] McSWEEGAN, E. and Walker, R.I.
(1986):
Identification
and
characterization of two Campylobacter
12

Zag Vet J, Volume 50, Number 1, p. 1-18, March 2022

[50]

[51]

[52]

[53]

[54]

[55]

[56]

jejuni adhesins for cellular and mucous
substrates.Infect Immun, 53(1): 141-148.
Konkel, M.E.; Garvis, S.G.; Tipton, S.L.;
Anderson, J., Donald E and Cieplak, J.,
Witold. (1997): Identification and
molecular cloning of a gene encoding a
fibronectin‐binding protein (CadF) from
Campylobacter jejuni. Mol Microbiol,
24(5): 953-963.
Pesci, E.C.; Cottle, D.L. and Pickett,
C.L. (1994): Genetic, enzymatic, and
pathogenic studies of the iron superoxide
dismutase of Campylobacter jejuni.
Infect Immun, 62(7): 2687-2694.
Hickey, T.E.; Majam, G. and Guerry, P.
(2005):
Intracellular
survival
of
Campylobacter jejuni in human
monocytic cells and induction of
apoptotic death by cytholethal distending
toxin. Infect Immun, 73(8): 5194-5197.
Faïs, T.; Delmas, J.; Serres, A.; Bonnet,
R. and Dalmasso, G. (2016): Impact of
CDT toxin on human diseases. Toxins,
8(7): 220.
Rathinam, V.A.; Appledorn, D.M.;
Hoag, K.A.; Amalfitano, A. and
Mansfield, L.S. (2009): Campylobacter
jejuni-induced activation of dendritic
cells involves cooperative signaling
through Toll-like receptor 4 (TLR4)MyD88 and TLR4-TRIF axes. Infect
Immun, 77(6): 2499-2507.
Masanta, W.O.; Heimesaat, M.M.;
Bereswill, S.; Tareen, A.M.; Lugert, R.;
Groß, U. and Zautner, A.E. (2013):
Modification of intestinal microbiota and
its consequences for innate immune
response in the pathogenesis of
campylobacteriosis. ClinDev Immunol,
2013.
Godschalk, P.C.; Kuijf, M.L.; Li, J.; St.
Michael, F.; Ang, C.W.; Jacobs, B.C.;
Karwaski,
M.-F.;
Brochu,
D.;
Moterassed, A. and Endtz, H.P. (2007):
Structural
characterization
of
Campylobacter
jejuni
lipooligosaccharide
outer
cores
associated with Guillain-Barré and

[57]

[58]

[59]

[60]

[61]

[62]

[63]

El-Naenaeey et al., (2022)

Miller Fisher syndromes. Infect Immun,
75(3): 1245-1254.
Houliston, R.S.; Vinogradov, E.;
Dzieciatkowska, M.; Li, J.; Michael,
F.S.; Karwaski, M.-F.; Brochu, D.;
Jarrell, H.C.; Parker, C.T. and Yuki, N.
(2011):
Lipooligosaccharide
of
Campylobacter jejuni: similarity with
multiple types of mammalian glycans
beyond gangliosides. J Biol Chem,
286(14): 12361-12370.
Awad, W.A.; Hess, C. and Hess, M.
(2017): Enteric pathogens and their
toxin-induced disruption of the intestinal
barrier through alteration of tight
junctions in chickens. Toxins, 9(2): 60.
Cean, A.; Stef, L.; Simiz, E.; Julean, C.;
Dumitrescu, G.; Vasile, A.; Pet, E.;
Drinceanu, D. and Corcionivoschi, N.
(2015): Effect of human isolated
probiotic bacteria on preventing
Campylobacter jejuni colonization of
poultry. Foodborne Pathog Dis, 12(2):
122-130.
Ugarte-Ruiz, M.; Domínguez, L.;
Corcionivoschi, N.; Wren, B.W.; Dorrell,
N. and Gundogdu, O. (2018): Exploring
the oxidative, antimicrobial and genomic
properties of Campylobacter jejuni
strains isolated from poultry. Res Vet
Sci, 119: 170-175.
Meade, K.G.; Narciandi, F.; Cahalane,
S.; Reiman, C.; Allan, B. and
O’Farrelly, C. (2009): Comparative in
vivo infection models yield insights on
early host immune response to
Campylobacter in chickens. Immuno
genetics, 61(2): 101-110.
Stern, N.J.; Bailey, J.S.; Blankenship, L.;
Cox, N. and
McHan, F. (1988):
Colonization
characteristics
of
Campylobacter jejuni in chick ceca.
Avian Dis, 330-334.
Coward, C.; van Diemen, P.M.; Conlan,
A.J.; Gog, J.R.; Stevens, M.P.; Jones,
M.A. and
Maskell, D.J. (2008):
Competing isogenic Campylobacter
strains exhibit variable population
structures
in
13

Zag Vet J, Volume 50, Number 1, p. 1-18, March 2022

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

vivo. Appl Environ Microbiol, 74(12):
3857-3867.
Jacobs-Reitsma, W.; Van de Giessen,
A.; Bolder, N. and Mulder, R. (1995):
Epidemiology of Campylobacter spp. at
two Dutch broiler farms. Epidemiol
Infect, 114(3): 413-421.
van Gerwe, T.; Miflin, J.K.; Templeton,
J.M.; Bouma, A.; Wagenaar, J.A.;
Jacobs-Reitsma, W.F.; Stegeman, A. and
Klinkenberg, D. (2009): Quantifying
transmission of Campylobacter jejuni in
commercial
broiler
flocks.
Appl Environ Microbiol, 75(3): 625-628.
Sahin, O.; Luo, N.; Huang, S. and
Zhang,
Q.
(2003):
Effect
of
Campylobacter-specific
maternal
antibodieson Campylobacter jejuni
colonization in young chickens. Appl
Environ Microbiol, 69(9): 5372-5379.
Stern, N.J.; Cox, N.A.; Musgrove, M.T.
and Park, C. (2001): Incidence and
levels of Campylobacter in broilers after
exposure to an inoculated seeder bird. J
Appl Poult Res, 10(4): 315-318.
Stern, N. (2008): Salmonella species and
Campylobacter jejuni cecal colonization
model in broilers. Poult Sci, 87(11):
2399-2403.
Newell, D.G. (2002): The ecology of
Campylobacter jejuni in avian and
human hosts and in the environment. Int
J Infect Dis, 6: S16-S21.
Lin, J.; Michel, L.O. and Zhang, Q.
(2002): CmeABC functions as a
multidrug
efflux
system
in
Campylobacter
jejuni.
Antimicrob
Agents Chemother, 46(7): 2124-2131.
Lin, J.; Sahin, O.; Michel, L.O. and
Zhang, Q. (2003): Critical role of
multidrug efflux pump CmeABC in bile
resistance and in vivo colonization of
Campylobacter jejuni. Infect Immun,
71(8): 4250-4259.
Stephens, B.B.; Loar, S.N. and
Alexandre, G. (2006): Role of CheB and
CheR in the complex chemotactic and
aerotactic pathway of Azospirillum

El-Naenaeey et al., (2022)

brasilense. J Bacteriol Res, 188(13):
4759-4768.
[73] Ziprin, R.L.; Young, C.R.; Byrd, J.A.;
Stanker, L.H.; Hume, M.E.; Gray, S.A.;
Kim, B.J. and Konkel, M.E. (2001):
Role of Campylobacter jejuni potential
virulence genes in cecal colonization.
Avian Dis, 549-557.
[74] Beery, J.; Hugdahl, M. and Doyle, M.
(1988): Colonization of gastrointestinal
tracts of chicks by Campylobacter jejuni.
Appl Environ Microbiol, 54(10): 23652370.
[75] Hendrixson, D.R. and DiRita, V.J.
(2004): Identification of Campylobacter
jejuni genes involved in commensal
colonization of the chick gastrointestinal
tract. Mol Microbiol, 52(2): 471-484.
[76] Kakuda, T. and DiRita, V.J. (2006):
Cj1496c encodes a Campylobacter jejuni
glycoprotein that influences invasion of
human epithelial cells and colonization
of the chick gastrointestinal tract. Infect
Immun, 74(8): 4715-4723.
[77] Young, K.T.; Davis, L.M. and DiRita,
V.J. (2007): Campylobacter jejuni:
molecular biology and pathogenesis. Nat
Rev Microbiol, 5(9): 665-679.
[78] Karlyshev, A.V.; Ketley, J.M. and
Wren, B.W. (2005): The Campylobacter
jejuni glycome. FEMS Microbiol Rev,
29(2): 377-390.
[79] Woodall, C.; Jones, M.; Barrow, P.;
Hinds, J.; Marsden, G.; Kelly, D.;
Dorrell, N.; Wren, B. and Maskell, D.
(2005): Campylobacter jejuni gene
expression in the chick cecum: evidence
for adaptation to a low-oxygen
environment. Infect immun, 73(8): 52785285.
[80] Mikkelsen, H.; Sivaneson, M. and
Filloux, A. (2011): Key two‐component
regulatory systems that control biofilm
formation in Pseudomonas aeruginosa.
Environ Microbiol, 13(7): 1666-1681.
[81] Brás, A.M.; Chatterjee, S.; Wren, B.W.;
Newell, D.G. and Ketley, J.M. (1999):
A novel Campylobacter jejuni two14

Zag Vet J, Volume 50, Number 1, p. 1-18, March 2022

[82]

[83]

[84]

[85]

[86]

[87]

[88]

component regulatory system important
for temperature-dependent growth and
colonization. J Bacteriol, 181(10): 32983302.
Hermans, D.; Van Deun, K.; Martel, A.;
Van Immerseel, F.; Messens, W.;
Heyndrickx, M.; Haesebrouck, F. and
Pasmans, F. (2011): Colonization factors
of Campylobacter jejuni in the chicken
gut. Vet Res, 42(1): 1-14.
Ashgar, S.S.; Oldfield, N.J.; Wooldridge,
K.G.; Jones,M.A.; Irving, G.J.; Turner,
D.P. and Ala'Aldeen, D.A. (2007):
CapA, an autotransporter protein of
Campylobacter
jejuni,
mediates
association with human epithelial cells
and colonization of the chicken gut. J
Bacteriol, 189(5): 1856-1865.
Flanagan, R.C.; Neal-McKinney, J.M.;
Dhillon, A.S.; Miller, W.G. and Konkel,
M.E.
(2009):
Examination
of
Campylobacter jejuni putative adhesins
leads to the identification of a new
protein, designated FlpA, required for
chicken colonization. Infect immun,
77(6): 2399-2407.
Vegge, C.S.; Brøndsted, L.; Li, Y.-P.;
Bang, D.D. and Ingmer, H. (2009):
Energy taxis drives Campylobacter
jejuni toward the most favorable
conditions for growth. Appl Environ
Microbiol, 75(16): 5308-5314.
Palyada, K.; Threadgill, D. and Stintzi,
A. (2004): Iron acquisition and
regulation in Campylobacter jejuni. J
Bacteriol, 186(14): 4714-4729.
Atack, J.M. and Kelly, D.J. (2009):
Oxidative stress in Campylobacter
jejuni: responses, resistance and
regulation. Future Microbiol, 4(6): 677690.
Weingarten, R.A.; Taveirne, M.E. and
Olson, J.W. (2009): The dualfunctioning fumarate reductase is the
sole succinate: quinone reductase in
Campylobacter jejuni and is required for
full host colonization. J Bacteriol,
191(16): 5293-5300.

El-Naenaeey et al., (2022)

[89] Altekruse, S.F.; Stern, N.J.; Fields, P.I.
and
Swerdlow, D.L. (1999):
Campylobacter jejuni—an emerging
foodborne pathogen. Emerg Infect Dis,
5(1): 28.
[90] Moore, J.E.; Corcoran, D.; Dooley, J.S.;
Fanning, S.; Lucey, B.; Matsuda, M.;
McDowell, D.A.; Mégraud, F.; Millar,
B.C. and
O’Mahony, R. (2005):
Campylobacter. Vet Res, 36(3): 351-382.
[91] Xia, Q.; Muraoka, W.T.; Shen, Z.;
Sahin, O.; Wang, H.; Wu, Z.; Liu, P. and
Zhang, Q. (2013): Adaptive mechanisms
of Campylobacter jejuni to erythromycin
treatment. BMC microbiol, 13(1): 1-16.
[92] Gürtler, M.; Alter, T.; Kasimir, S. and
Fehlhaber, K. (2005): The importance of
Campylobacter
coli
in
human
campylobacteriosis: prevalence and
genetic characterization. Epidemiol
Infect, 133(6): 1081-1087.
[93] Hamidian, M.; Sanaei, M.; Bolfion, M.;
Dabiri, H.; Zali, M.-R. and WaltherRasmussen, J. (2011): Prevalence of
putative
virulence
markers
in
Campylobacter
jejuni
and
Campylobacter coli isolated from
hospitalized children, raw chicken, and
raw
beef
in
Tehran,
Iran.
Can J Microbiol, 57(2): 143-148.
[94] Inglis, G.D.; Boras, V.F. and Houde, A.
(2011): Enteric campylobacteria and
RNA viruses associated with healthy and
diarrheic humans in the Chinook health
region of southwestern Alberta. J
Clin Microbiol, 49(1): 209-219.
[95] Man, S.M. (2011): The clinical
importance of emerging Campylobacter
species. Nat Rev Gastroenterol H, 8(12):
669-685.
[96] Mane, S.S.; Nagesh, U.; Sathe, V.T. and
Janadhanan, J. (2020): Miller Fisher
variant of Guillain–Barré syndrome in a
child. J Pediatr Neurosci, 15(1): 60.
[97] Kaakoush, N.O.; Castaño-Rodríguez, N.;
Mitchell, H.M. and Man, S.M. (2015):
Global epidemiology of Campylobacter

15

Zag Vet J, Volume 50, Number 1, p. 1-18, March 2022

infection. Clin Microbiol Rev , 28(3):
687-720.
[98] Wassenaar, T.M. and Blaser, M.J.
(1999):
Pathophysiology
of
Campylobacter jejuni infections of
humans. Microbes Infect , 1(12): 10231033.
[99] Mead, P.S.; Slutsker, L.; Dietz, V.;
McCaig, L.F.; Bresee, J.S.; Shapiro, C.;
Griffin, P.M. and Tauxe, R.V. (1999):
Food-related illness and death in the
United States. Emerg Infect Dis, 5(5):
607.
[100] Nielsen, H.L.; Ejlertsen, T.; Engberg, J.
and Nielsen, H. (2013): High incidence
of
Campylobacter
concisus
in
gastroenteritis in North Jutland,
Denmark: a population-based study. Clin
Microbiol Infect , 19(5): 445-450.
[101]Adak, G.K.; Meakins, S.M.; Yip, H.;
Lopman, B.A. and O'Brien, S.J. (2005):
Disease risks from foods, England and
Wales, 1996–2000. Emerg Infect Dis,
11(3): 365.
[102]Bessède, E.; Lehours, P.; Labadi, L.;
Bakiri, S. and Mégraud, F. (2014):
Comparison of characteristics of patients
infected by Campylobacter jejuni,
Campylobacter coli, and Campylobacter
fetus. J Clin Microbiol, 52(1): 328-330.
[103]Van Belkum, A.; Struelens, M.; de
Visser, A.; Verbrugh, H. and Tibayrenc,
M. (2001): Role of genomic typing in
taxonomy, evolutionary genetics, and
microbial epidemiology. Clin Microbiol
Rev, 14(3): 547-560.
[104]Wassenaar, T.M. and Newell, D.G.
(2000): Genotyping of Campylobacter
spp. Appl Environ Microbiol, 66(1): 1-9.
[105] Sails, A.D.; Swaminathan, B. and
Fields, P.I. (2003): Utility of multilocus
sequence typing as an epidemiological
tool for investigation of outbreaks of
gastroenteritis caused by Campylobacter
jejuni. J Clin Microbiol, 41(10): 47334739.
[106] French, N.; Marshall, J. and Mōhan,
V(2011.): New and emerging data on

El-Naenaeey et al., (2022)

typing of Campylobacter spp. strains in
animals, environmental matrices and
humans: Ministry of Agriculture and
Forestry.
[107] Sails, A.D.; Fox, A.J.; Bolton, F.J.;
Wareing, D.R. and Greenway, D.L.
(2003): A real-time PCR assay for the
detection of Campylobacter jejuni in
foods
after
enrichment
culture.
Appl Environ Microbiol, 69(3): 13831390.
[108]Ross, S. (2010.): Development of
comparative genomic fingerprinting for
molecular epidemiological studies of
Campylobacter jejuni: Lethbridge, Alta.:
University of Lethbridge, Dept. of
Biological Sciences, c2010.
[109] Prevention,
E.C.f.D.
Annual
epidemiological report on communicable
diseases in Europe: ECDC, European
Centre for Disease Prevention and
Control; 2008.
[110] Mohan,V.
(2011):
Molecular
epidemiology of campylobacteriosis and
evolution of Campylobacter jejuni ST474 in New Zealand. PhD Thesis.
[111] Eberle, K.N. and Kiess, A.S. (2012):
Phenotypic and genotypic methods for
typing Campylobacter jejuni and
Campylobacter coli in poultry. Poult Sci,
91(1): 255-264.
[112]Arbeit, R. (1995): Laboratory procedures
for the epidemiologic analysis of
microorganisms. In: Murray P, Jo Baron
E, Pfaller M etal, eds. Manual of clinical
microbiology. 6th edition, Washington,
DC: ASM Press.
[113] Wiedmann, M. (2002): Molecular
subtyping
methods
for
Listeria
monocytogenes. J AOAC Int, 85(2): 524532.
[114] Vandenberg, O.; Houf, K.; Douat, N.;
Vlaes, L.; Retore, P.; Butzler, J.-P. and
Dediste, A. (2006): Antimicrobial
susceptibility of clinical isolates of nonjejuni/coli
campylobacters
and
arcobacters from Belgium. J Antimicrob
Chemother, 57(5): 908-913.
16

Zag Vet J, Volume 50, Number 1, p. 1-18, March 2022

[115] Penner, J. and Hennessy, J. (1980):
Passive hemagglutination technique for
serotyping Campylobacter fetus subsp.
jejuni on the basis of soluble heat-stable
antigens. J Clin. Microbiol, 12(6): 732737.
[116] Lior, H.; Woodward, D.; Edgar, J.;
Laroche, L. and
Gill, P. (1982):
Serotyping of Campylobacter jejuni by
slide agglutination based on heat-labile
antigenic factors J Clin Microbiol, 15(5):
761-768.
[117] Grajewski, B.A.; Kusek, J.W. and
Gelfand, H.M. (1985): Development of a
bacteriophage typing system for
Campylobacter
jejuni
and
Campylobacter coli. J Clin Microbiol,
22(1): 13-18.
[118] Fitzgerald, C. and Nachamkin, I. (2015):
Campylobacter and Arcobacter. Manual
of clinical microbiology: 998-1012.
[119] Ahmed, M.U.; Dunn, L. and Ivanova,
E.P. (2012): Evaluation of current
molecular approaches for genotyping of
Campylobacter jejuni strains. Foodborne
Pathog Dis, 9(5): 375-385.
[120] Asakura, M.; Samosornsuk, W.;
Hinenoya, A.; Misawa, N.; Nishimura,
K.; Matsuhisa, A. and Yamasaki, S.
(2008): Development of a cytolethal
distending toxin (cdt) gene-based
species-specific multiplex PCR assay for
the detection and identification of
Campylobacter jejuni, Campylobacter
coli
and
Campylobacter
fetus. FEMS Immunol Med Microbiol,
52(2): 260-266.
[121] Yamazaki-Matsune, W.; Taguchi, M.;
Seto, K.; Kawahara, R.; Kawatsu, K.;
Kumeda, Y.; Kitazato, M.; Nukina, M.;
Misawa, N. and Tsukamoto, T. (2007):
Development of a multiplex PCR assay
for identification of Campylobacter coli,
Campylobacter fetus, Campylobacter
hyointestinalis subsp. hyointestinalis,
Campylobacter jejuni, Campylobacter
lari and Campylobacter upsaliensis. J
Med Microbiol, 56(11): 1467-1473.

El-Naenaeey et al., (2022)

[122] Maiden, M.C.; Bygraves, J.A.; Feil, E.;
Morelli, G.; Russell, J.E.; Urwin, R.;
Zhang, Q.; Zhou, J.; Zurth, K. and
Caugant, D.A. (1998): Multilocus
sequence typing: a portable approach to
the identification of clones within
populations
of
pathogenic
microorganisms. ProcNatl Acad Sci,
95(6): 3140-3145.
[123] Dingle, K.; Colles, F.; Wareing, D.; Ure,
R.; Fox, A.; Bolton, F.; Bootsma, H.;
Willems, R.; Urwin, R. and Maiden, M.
(2001): Multilocus sequence typing
system for Campylobacter jejuni. J Clin
Microbiol, 39(1): 14-23.
[124] Miller, W.G.; On, S.L.; Wang, G.;
Fontanoz, S.; Lastovica, A.J. and
Mandrell, R.E. (2005): Extended
multilocus sequence typing system for
Campylobacter coli, C. lari, C.
upsaliensis, and C. helveticus. J Clin
Microbiol, 43(5): 2315-2329.
[125] Taboada, E.N.; MacKinnon, J.M.;
Luebbert, C.C.; Gannon, V.P.; Nash,
J.H. and Rahn, K. (2008): Comparative
genomic assessment of Multi-Locus
Sequence Typing: rapid accumulation of
genomic heterogeneity among clonal
isolates of Campylobacter jejuni. BMC
Evol Biol, 8(1): 1-12.
[126] Taboada, E.N.; Ross, S.L.; Mutschall,
S.K.; MacKinnon, J.M.; Roberts, M.J.;
Buchanan, C.J.; Kruczkiewicz, P.;
Jokinen, C.C.; Thomas, J.E. and Nash,
J.H. (2012): Development and validation
of a comparative genomic fingerprinting
method for high-resolution genotyping
of Campylobacter jejuni. J Clin
Microbiol, 50(3): 788-797.
[127] Clark, C.G.; Taboada, E.; Grant, C.C.;
Blakeston, C.; Pollari, F.; Marshall, B.;
Rahn, K.; MacKinnon, J.; Daignault, D.
and Pillai, D. (2012): Comparison of
molecular typing methods useful for
detecting clusters of Campylobacter
jejuni and C. coli isolates through routine
surveillance. J Clin Microbiol, 50(3):
798-809.

17

)El-Naenaeey et al., (2022

Zag Vet J, Volume 50, Number 1, p. 1-18, March 2022

الملخص العربي
أنواع الكامبيلوباكتر فى الدواجن :سمات الضراوة  ،األية حدوث المرض  ،التصنيف الوبائى وأهميته كمرض مشترك
*
السيد يوسف النعناعى  ،نورهان خيرى عبدالعزيز ،آالء حسن سويد وأسماء أحمد أبوهاشم
قسم الميكروبيولوجيا  ،كلية الطب البيطرى  ،جامعة الزقازيق
الكامبيلوباكتر هى بكتريا سالبة الجرام ،منحنية على شكل حرف  ،Sال تستطيع تكوين حويصلة كما أنها متحركة
بسوط قطبى واحد ،و تعتبر الكامبيلوباكتر واحدة من أهم مسببات إلتهاب المعدة واألمعاء لإلنسان والتى تنتقل عن طريق
الغذاء .تستعمر الكامبيلوباكتر الجهاز الهضمى لمجموعة متنوعة من الحيوانات األليفة والبرية وخاصة الدجاج و الرومى
و الخنازير والذين يعتبرون العائل الرئيسى للكامبيلوباكتر .تنتقل العدوى إلى اإلنسان ،بشكل رئيسي من خالل تناول لحوم
الدواجن الملوثة والحليب غير المبستر والمياه الملوثة  ،مما يتسبب في آالم شديدة في البطن وحمى وإرهاق وإسهال .على
الرغم من أهمية جنس الكامبيلوباكتر،هناك القليل من المعلومات المتوفرة حول خصائص تلك البكتريا ولذلك فإن هذه
الدراسة المرجعية تتناول دراسة بيولوجيا البكتيريا وبقائها وخصائص نموها والعوامل المتعلقة بإمراضها وآليات حدوث
المرضفى ضوء نتائج الدراسات السابقة  .عالوة على ذلك  ،قمنا بتوضيح العديد من التقنيات المستخدمة في التصنيف
الوبائي لجنس الكامبيلوباكتر.
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