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ABSTRACT

Campylobacter spp has become one of the most important foodborne pathogens. 
Moreover, Campylobacter can cause an economic burden on the human population since 
it can cause about 8.4% of diarrheal cases worldwide. In addition, Campylobacteriosis 
outbreaks have been reported sporadically in association with untreated drinking water. 
Water that does not take from a licensed water supplier is considered the main cause of 
water contamination. The most common risk factor for Campylobacteriosis transmission 
to humans is raw undercooked chicken. Contamination among poultry may be the result 
of the environmental conditions inside the farms or chicken factories that could be 
spread very fast among others. This infection is usually self-limited with no signs or 
symptoms but it can also present with severe symptoms, including diarrhea that can last 
for more than one week and can ultimately lead to dehydration, fever, and abdominal pain. 
However, the main recognized sequelae are Guillain-Barré Syndrome (GBS), Reactive 
Arthritis (REA), Irritable Bowel Syndrome (IBS), and rarely Bacteremia. Recently, many 
cases of Campylobacter spp show important resistance to various antibiotics such as 
tetracyclines and fl uoroquinolones. Thus, the prevention and monitoring of this infection 
play an essential role. Campylobacteriosis is self-limiting, and most of the cases does 
not need to be treated. Some medical interventions such as electrolytes replacement, 
as well as hydration may be followed to treat immunocompromised patients, patients 
suffering from severe symptoms, pregnant women, and the elderly.  
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Introduction
Campylobacteraceae is the largest and the most diverse family composed 

of two genera, Campylobacter and arcobacter that are considered to be 
commensals on both humans and animals [1]. Campylobacter genus was 
described as small Gram-negative, bacteria of a spiral rod shape. When 
Campylobacter bacterial cells grouped together, they form an “S” or a “V” 
like shape so; it will appear as a gull-wing. The majority of Campylobacter 
species are motile via a single polar fl agellum that is unsheathed, which 
occurs on either one or both ends of the bacterial cell, creating a corkscrew-
like motion. There are some exceptions like Campylobacter gracilis that is 
non-motile, and Campylobacter showae, which has multiple fl agella [2]. 



259Al-Khreshieh RO, et al. (2023) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres1670

All Campylobacter species have an oxidase activity, 
except for Campylobacter gracilis. In addition, most 
Campylobacter species did not utilized carbohydrates; 
instead, they gain energy from amino acids, or 
tricarboxylic acid [3].

Theodore Escherich, who described a spiral-shaped 
bacterium that was non- cultivable [4], reported 
the fi rst report, which gave the primary description 
concerning Campylobacter, in 1886. By the year 1913, 
two scientist McFadyean and Stockman from aborted 
bovine fetuses isolated these microorganisms. In 
1927, Smith and Orcutt isolated a group of bacteria, 
from cattle with diarrhea, and named it Vibrio jejuni. 
After about Seventeen years later, in 1944, a diff erent 
vibrio was isolated by Doyle from pigs with diarrhea 
and classifi ed them as Vibrio coli [3].

In 1963 Campylobacter genus was fi rst distinguished 
from the true Vibrio app, by Sebald and Véron, 
and that's due to the diff erences in Campylobacter 
characteristic in comparison to the true Vibrio 

species, such as their low DNA base composition, 
non- fermentative features and their requirement of 
a microaerophilic conditions to live [3]. As a source 
of animal diseases, Campylobacters have been known 
since 1909, but as a disease source for humans they 
have been recognized only since about 1980 (Table 1) 
[4].

Campylobacter is small (0.2 to 0.9 μm in width and 
0.5 to 5 μm in length) and they move through a single 
polar fl agellum at one or both of the two ends of the 
bacterial cell [6]. Campylobacter species are considered 
as thermophilic since they are able to grow between 
37°C and 42°C, in which the optimum temperature 
is 41.5°C, whereas they cannot grow below 30°C. The 
optimum pH for Campylobacter survival is at about 
6.5-7.5; for that, Campylobacter will not service 
below a pH of 4.9 and above pH 9.0. The bacteria are 
microaerophilic, growing in a low oxygen tension 
atmosphere (5% oxygen, 10% carbon dioxide, 85% 
nitrogen) [4].

Table 1: Members of the family Campylobacteraceae [5].
Family Member Known Source(s) Disease Associations

C. coli Pigs, poultry, cattle, sheep, birds Gastroenteritis, septicemia
C. concisus Human Periodontal disease, gastroenteritis

C. curvus Human Periodontal disease, gastroenteritis

C. fetus subsp. Fetus Cattle, sheep
Abortion, gastroenteritis, meningitis,

septicemia
C. fetus subsp. Venerealis Cattle Septicemia

C. gracilis Human Periodontal disease, empyema, abscesses
C. helviticus Cats, dogs None at present

C. hyointestinalis subsp.
Hyointestinalis

Pigs, cattle, hamsters, deer Gastroenteritis

C. hyointestinalis
Subsp. Lawsonii

Pigs None at present

C. hyoilei Pigs None at present
C. jejuni subsp. Doylei Human Gastroenteritis, gastritis, septicemia

C. jejuni subsp. Jejuni
Poultrty, pigs, cattle, sheep, dogs, cats, water, 

birds, mink, rabbits,
insects

Gastroenteritis, septicemia (GBS) meningitis, abortion, 
proctitis

C. lari
Birds, poultry, water, dogs, cats, monkeys, 

horses
Gastroenteritis, septicemia

C. mucosalis Pigs None at present
C. rectus Human Periodontal disease

C. showae Human Periodontal disease
C. sputorum bv. Sportum Human, cattle, pigs Abscesses, gastroenteritis
C. sputorum bv. Faecalis Sheep, bulls None at present

C. upsaliensis Dogs, cats Gastroenteritis, septicemia, abscesses
C. insulaenigrae Seals, porpoises None at present

C. lanienae Cattle, pigs and humans None at present
C. hominis Humans Gastroenteritis in immunocompromised

C. corcagiensis captive lion-tailed macaques None at present
C. bilis chickens with spotty liver None at present

C.blaseri sp common seals None at present
C. geochelonis Hermann's tortoise None at present
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In 2000 Campylobacter jejuni genome sequence 
(NCTC 11168) was published and described to have a 
circular chromosome of 1,641,481 base pairs in length. 
The Campylobacter genome is unfamiliar in which 
there are no insertion or phage- associated sequences 
and only a few repeated sequences [7]. One of the most 
important fi ndings concerning the Campylobacter 
genome is the presence of hypervariable sequences. 
This high rate of variation may be involved in the 
survival strategy of C. jejuni [8].

For the isolation of Campylobacter species diff erent 
selective agars can be used such as, Butzler, Preston, 
and Charcoal Cefoperazone Deoxycholate (CCDA) 
agars. Campylobacter detection methods are not 
commonly used in the routine laboratory practices, 
because it is fastidious and diffi  cult to be cultivated 
[9]. To quickly fi nd and validate the presence of 
Campylobacter species, a number of techniques 
have been developed, including fi ltering, latex 
agglutination, and Fluorescence In Situ Hybridization 
(FISH). However, most eff ective confi rmation 
methods are based on Polymerase Chain Reaction 
(PCR) and most of the epidemiological studies 
got benefi ted from the use of diff erent molecular 
techniques such as, PCR and Pulse-Field Gel 
Electrophoresis (PFGE) [4].

C. jejuni lacks some classical mechanisms and 
virulence factors that enable the organism to adapt the 
diff erent growth challenges. Such as type III secretion 
system and RNA-polymerase sigma factor-mediated 
global stress response [10]. Instead, particular 
mechanism investigated recently in C. jujeni shows 
that poly-P molecular metabolism has a potential 
role on the survival of this bacterium as well as, its 
adaptation and control [11]. Poly-P act as a source 
of energy (ATP) for about 500 reaction, including 
the activation of the precursors of fatty acids, 
phospholipids, nucleic acids, and polypeptides. This 
poly-P is a linear polymer made up of orthophosphate 
residues is associated with the prebiotic evolution 
of the bacteria. Poly-P is also important for the 
fi delity of DNA replication and its entry through the 
membrane channels, biofi lm formation, quorum 
sensing, antibiotic resistance, invasion, and host 
colonization [11].

Virulence and Survival Factors of Campylobacter 
jejuni

Campylobacter jujeni has the ability to perform 
N-linked glycosylation of more than 30 proteins, that 
are responsible for various stages of Campylobacter 

pathogenesis, including colonization, adherence, 
and invasion. Twenty-four proteins produced by C. 
jujeni as heat shock response, but there is no data 
received from C. jujeni genome sequencing shows the 
ability of the genus to produce cold shock proteins 
at a temperature as low as 4°C. Therefore, C. jujeni 
cannot grow or multiply, but it still able to generate 
ATP and perform respiration in these cold conditions 
[12]. However, virulence factors produced by C. jejuni 
are associated with Campylobacter pathogenicity are 
summarized at the table 2.

Epidemiology of Campylobacter Infection
According to the WHO, Campylobacter was 

considered as the most common cause of bacterial 
gastroenteritis worldwide. The reservoir of 
Campylobacter is the farm animals, mainly the poultry. 
The major infection caused by Campylobacter is acute 
diarrhea, which can be triggered by an ingested dose 
of a few as 500-800 CFU from the bacterial cells [20]. 
However, the ingestion of 100 bacterial cells or less 
could also correlated with human infection [20]. The 
most common risk factor for Campylobacteriosis 
transmission to humans is the raw undercooked 
chicken. Contamination among poultry may be 
the result of the environmental conditions inside 
the farms or chicken factories that could be spread 
very fast among others. Campylobacter may also 
spread vertically from poultry to their off spring’s, 
or horizontally from contaminated water, contact 
with fecal materials, rodents and farm personnel. 
Campylobacter does not spread to poultry from their 
feed, as it is too dry for the survival of the bacteria [20]. 
Campylobacter can cause an economic burden on the 
human population since it can cause about 8.4% of the 
diarrheal cases worldwide. In addition, the emerging 
of Campylobacter foodborne outbreaks might infl uence 
the economic situation of the community, in which 
these outbreaks are most commonly triggered by the 
consumption of the poultry meat. Considering the age 
of the infected people, Campylobacteriosis is common 
in children below 4 years old and aged people above 
75 years old [21].

Moreover, some studies identifi ed domestic 
animals like cats and dogs as a host for Campylobacter 
infections. Therefore, these pets have the ability 
to transmit the bacteria to other animals or to 
humans when its fecal materials contaminate 
human foods. Indeed, Baker, et al. reported that, 
55% of the cats and 49% of the dogs were found 
positive for Campylobacter species [22]. In developing 
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Table 2:  Virulence factors associated with Campylobacter pathogenicity.

Virulence Factors Functions Remarks References

hipO gene
Cleaves hippuric acid into benzoic acid 

and glycine. Reporter of gene
expression

It is expressed only by C. jujeni [13]

asp gene
catalyzes the phosphorylation of the

amino acid aspartate
It is specifi c for C. coli [14]

CadF
binding and colonization
of human intestinal cell

It is a genus specifi c gene for all
Campylobacter spp

[14]

CiaB gene
CiaB protein has a role in both 

colonization and invasion of the 
intestinal cells

If a mutation occurs in this gene, this will result 
in a decrease in the number of bacterial cells, 

comparing to the
wild type isolate

[15]

PldA gene

It stands for phospholipase A, which 
is responsible for the synthesis of 
the bacterial cell outer membrane 

phospholipase

PldA gene is also related to host cell invasion [14]

dnaJ gene
This virulence gene is considered as a 

chaperon protein
Enable Campylobacter bacteria to cope up with 

various changes and physiological stress
[14]

Cdt genes

Cdt stands for the Cytolethal distending 
toxin, which is considered one of the 
main Campylobacter virulence genes 
that are encoded by three adjacent 

genes (CdtA, CdtB, and CdtC).

All the three genes are required for a complete 
toxic activity, in which CdtA and CdtC genes are 
responsible for binding and delivery of CdtB into 

the interior of the host cell. CdtB is correlated 
with the active toxic effect that blocks the cell 

cycle and breaks the double-strand DNA. It 
exhibits DNase-I like enzyme

[16]

Flagella Composed of: 
FlaA (Major fl agellin) 
FlaB(Minor fl agellin).

Main function: Motility Complex 
function: Non- fl agellar proteins 

secretion which modulate virulence.
Motility is rapid and darting. [17]

Chemotaxis
This mechanism is used by motile bacteria, 

which sense, and move towards more suitable 
conditions.

[18]

proteins:
Che A, B, R, W,

Y and Z.
methyl- accepting 

chemotaxis proteins 
(MCPs)

called (Tlps)

PEB1
CadF

Type VI secretion system
Binding, adhesion and colonization.

Is a major cell adherence molecule of 
Campylobacter An outer membrane protein 

Depends on the contact with competing bacteria 
or host cells to release toxins affecting them

to facilitate the colonization.

[14]

Iam
Serine protease HtrA

Invasion
Invasion associated marker.
Cell attachment and invasion

[18]

Resistance factor
Campylobacter 
polysaccharide
capsule (CPS)

Resistance to complement killing, 
invasion

It was noted that reduced invasion correlated 
with reduced capsule expression.

[19]

countries, a lower number of research and national 
surveillance programs were conducted compared 
to the developed countries. Recently, researches 
and control programs in developing countries are 
growing; because of the continuous increase in the 
cases of Campylobacteriosis that exceeded those of 
Shigella and Salmonella infections. In addition, a 

potential increase in mortality rate was reported 
in Human Immunodefi ciency Virus (HIV) patients 
associated with Campylobacter infection [23]. In 
Jordan, a four-year epidemiological study from 1997 
to 2000 on Jordanian population suff ering from 
diarrhea and gastroenteritis has been performed [24]. 
Pathogenic bacteria were identifi ed in 343 cases out of 
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1400 patients, in which most of them were children. 
The most frequent bacterial cause accounting for 
these cases was Salmonella (10.7%), followed by 
Entero Pathogenic Escherichia coli (EPEC) in 3.9%, 
Campylobacter spp. in 0.9%, and Shigella spp. in 0.8% 
of the study cases [24]. Further, In the United States 
an annual incidence of 14.3 per 100,000 population for 
Campylobacteriosis has been reported, through The 
U.S. Food-Borne Diseases Active Surveillance Network 
(FBDAS) [25]. In 2012, the incidence of Campylobacter 
infection increased 14% compared to the 2006-2008 
period. However, one of the important things to be 
considered is that the incidence of Cryptosporidium, 
Listeria, Salmonella, Shiga-Toxigenic Escherichia 
coli (STEC) O157:H1, Shigella and Yersinia infections, 
decreased over the same period. The FBDAS Network, 
also considered Campylobacter as the leading cause of 
travel-associated gastroenteritis; as it accounts for 
41.7% of the cases, followed by Salmonella 36.7%, then 
Shigella 13.0% [25]. In Mexico C. jujeni was reported 
as the most common cause of acute gastroenteritis 
[19]. In Europe most of the epidemiological studies 
reveal that the incidence of Campylobacteriosis in 
27 European Union (EU) states in 2009 were ranged 
from 13.5% to 29.9% However, the highest incidence 
was detected in Bulgaria, whereas the lowest was in 
Finland and Sweden [26]. This incidence equates to 
9.2 million cases compared to Salmonellosis cases 
that were 6.2 million over the same period [27].

Recently, the Czech Republic reported the highest 
incidence of Campylobacter infection worldwide (215 
per 100,000 in 2019) [28], followed by Australia (146.8 
per 100,000 in 2016) [28]. and New Zealand (126.1 per 
100,000 in 2019), Japan had a varied number of cases 
from (1,893 to 3,272 ) each year [29], Korea which has 
also a varied number of cases each year, for instance, 
Campylobacteriosis cases were the lowest in 2017 
(103 cases) and highest in 2016 (902 cases). However, 
reported low incidence of Campylobacteriosis, ranging 
from 4.7 per 100,000 in 2014 to 2.0 in 2020 [28]. In 
France, a continuous increase in Campylobacteriosis 
cases was observed from 2014 to 2020, with the 
reported incidence increasing from 45.2 per 100,000 
in 2014 to 58.8 in 2020 [28].

Campylobacteriosis outbreaks have been reported 
sporadically in association with untreated drinking 
water. Water that does not take from a licensed 
water supplier considered the main cause of water 
contamination [22]. Furthermore, an annual incidence 
of 35.2 cases per 100.000 people was reported in Quebec 
and Canada between the periods of 1996-2006, in 

which there were 28,521 cases of Campylobacterosis. 
A higher incidence in Ontario, Canada of 49.69 cases 
per 100.000 persons has been reported in the period 
from 1990 to 2004. The consumption of poultry, raw 
milk, and untreated water was considered the main 
rout of Campylobacteriosis [25]. For example, in 
2011, an outbreak of Guillain-Barre’ Syndrome (GBS) 
associated with C. jujeni infection in both Sonora 
in Mexico, and Arizona, USA was recorded [31]. In 
October 2012, Campylobacteriosis outbreak associated 
with a long- Distance Obstacle Adventure Race in 
Nevada has been reported by Nellis Public Health [32]. 
Also, from 2013 through 2014, Campylobacteriosis 
outbreak associated with the consumption of 
undercooked chicken liver pate has been reported in 
Ohio and Oregon [33]. And last but not least, in 2014, 
Campylobactereosis outbreak associated with the 
consumption of raw milk has been reported in Utah, 
by the Utah Public Health Laboratory (UPHL) [34].

Pathogenicity of Campylobacter jejuni 
Infection

Campylobacter pathogenesis must begin with 
the intestinal colonization of the host that depends 
mainly on the bacterial motility and chemotaxis 
Colonization process, requires the bacteria to move 
on into the intestinal cells mucus layer and penetrate 
its barriers using both its polar fl agella that create 
the "crock-screw" motility of Campylobacter, and 
chemotaxis that mediate the subsequent binding of 
bacterial subpopulation [35].

After binding and entry of the bacterial cells into 
the host cells, subsequent invasion will take place 
leading to mucosal damage and infl ammation. In 
addition to invasion, a lot of attention should be 
focused on the cytopathic eff ects and toxic activity 
of Campylobacter, which mostly carried out by the 
cytolethal distending toxins that block the G2 phase 
in cell cycle, and thus induce the progresses into 
cell death [35]. However, other factors contribute to 
Campylobacter pathogenesis such as Iron acquisition. 
Campylobacter acquire iron using system consist 
of an outer-membrane receptors that internalize 
the essential nutrient (iron) into the bacterial cells 
[36]. In addition, Surface polysaccharide structures. 
The diff erent polysaccharide structures that found 
on the bacterial cell surface considered to be as a 
very important virulence factors, which helps in 
adhesion, endotoxicity, and serum resistance [36]. 
Campylobacter must deal with the toxic Oxygen 
byproducts that produced normally through the 
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diff erent infection stages. Defense against this can 
be achieved via two oxidative stress defense systems; 
peroxide defense system, and superoxide defense 
system [36]. Moreover, Campylobacter species 
must cope up with the continuous changing in the 
temperature, as they can found in diff erent hosts with 
diff erent body temperature, for that Campylobacter 
should express type of proteins called heat shock 
proteins HSPs [20].

Biofi lm Formation
In order to protect itself from diff erent 

environmental stresses such as; UV radiation, 
desiccation, and many other physiological stresses, 
Campylobacter tends to form encased matrix around 
its surface known as (Biofi lm formation) [37]. 
Campylobacter that formed biofi lm exhibit a1000 folds 
resistant to disinfectants and antimicrobial activity 
[38]. Campylobacter biofi lm composition shown to be 
similar to that produced by other bacterial species, one 
of its defi ned components is a fi ber like matrix that 
appears as a net like matrix other crucial component 
is the extra-cellular DNA that maintain and support 
the Campylobacter biofi lm [39].

Well, Campylobacter species uses its fl agella, outer 
membrane proteins, and other adhesions proteins 
to initiate the fi rst stage of biofi lm formation, by 
which the planktonic cells will attach either by cell-
surface, or cell-cell interactions. In the second stage 
the attached cells produces substances extracellularly 
such as; Proteins, polysaccharides, and extracellular 
DNA. The third stage involve the formation of (3D) 
structure of biofi lm, which will ultimately protect the 
cells from antibiotics, and other disinfectants (Figure 
1) [40].

One of the most important components of the 
biofi lm is the Extracellular Polymeric Substance 
(EPS) supports the three-dimensional (3D) structure 
of the biofi lm, acts as an adhesive material between 
the bacterial cells, and aids in the maturation of the 
biofi lm. This crucial component protects the bacterial 
cells from toxic compounds such as antibiotics. Biofi lm 
detaches when bacterial cells undergo autolysis, thus 
the cells will be released in a process called dispersion 
into the environmental niche, this process is crucial 
for the bacterial cell survival propagation and self-
renewal of bacterial communities [41].

Clinical Manifestations of Campylobac-
teriosis and Related Complications

Campylobacteriosis typically occurs as a result 
of undercooked poultry and poultry product 
consumption. This infection is usually self-limited 
with no signs or symptoms but it can also present 
with severe symptoms, including diarrhea that 
can last for more than one week and can ultimately 
lead to dehydration, fever, and abdominal pain. 
Campylobacteriosis is usually resolved without 
dissemination to other parts of the body [42]. 
However, in individuals with immunodefi ciency 
disorders, it sometimes extends to extra-intestinal 
sites causing a wide spectrum of conditions including 
hepatitis, bacteremia, and other focal infections. 
On the fi fth day of infection, antibodies against 
Campylobacter start to appear in the blood to reach 
their peak in 2-4 weeks and then decline [43]. The 
main recognized complications are Reactive Arthritis 
(REA), Guillain-Barré Syndrome (GBS), Miller-Fisher 
Syndrome, irritable bowel syndrome, and Bacteremia 
[1].

Campylobacter Species and Guillain-
Barré Syndrome

Guillain-Barré Syndrome (GBS) is a self-limited 
immune-mediated disease that aff ects the Peripheral 
Nervous System (PNS). GBS now becomes the most 
common cause of acute fl accid paralysis after the 
eradication of polio cases worldwide [44]. Patients 
with GBS show heterogeneous presentation of the 
disorder, but they usually present with symmetrical 
weakness of the limbs and the respiratory tract [45]. 
GBS is thought to be caused by an aberrant molecular 
mimicry and a cross-reactive immune response to 
infections that result in damage to peripheral nerves. 
C. jujeni considered as the fi rmly established causative 
agent of GBS among various microbial infections. 
Antibodies produced in the response to this infection 
will cross- react with the host PNS gangliosides [45]. 
GBS occurs among all age groups with an incidence 
rate of 6 to 4 cases per 100,000 population every year 
[38]. Females are less frequently aff ected than males 
(1.25:1) and the incidence appears to increase with age 
[45].

GBS that associated with C. jujeni infection 
was noted to be more severe related to extensive 
axonal injury, respiratory inadequacy, the need 
for mechanical ventilation, and an increase in the 
risk of permanent neurological damage. There is a 
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Figure 1 Biofi lm development cycle. 
A). Mature biofi lms can return to free bacterial cells through the dispersion process and complete the cycle of biofi lm development through 
cell-cell interaction, or cell-surface interaction. 
B). Representative Scanning Electron Microscopy (SEM) images of C. jejuni biofi lm development stages [38].

relationship between the development of GBS and C. 
jujeni serotyping, in which the risk of its development 
is increased with certain C. jujeni serotypes. In South 
Africa, panner type 0:41 is the most commonly 
serotype associated with GBS, while in the United 
States, panner type of 0:19 is frequently reported with 
GBS [44]. Although Campylobacteriosis is a common 
infection in the general population, GBS development 
remains quite low (0.001%), suggesting that there is 
a role of host genetic factors in the pathogenesis and 
the development of this disorder [45].

Campylobacter and Reactive Arthritis
Reactive Arthritis (ReA) develops after the 

occurrence of an infection in another part of the 
body. It is mostly triggered by urogenital infection, 
and enteric Infections associated with Salmonella, 
Shigella, Yersinia, and Campylobacter. At present, the 
exact pathogenesis by which Campylobacter increase 
the risk of ReA still unknown, but there are some 

suggestions that an interaction of certain bacteria 
with Human Leukocyte Antigen (HLA) B27 has a 
crucial role in the development of ReA. People that 
are (HLA) B27 positive tend to develop ReA more than 
others that don't have this antigen [46]. Patients were 
suff ered from joint infl ammation, pain and swelling 
[47].

Campylobacter Bacteremia
Campylobacter bacteremia is a very rare 

consequence that occurs after Campylobacter reaching 
to the bloodstream, this disease occurs mainly 
in patients with serious conditions, for instance, 
hypogammaglobulinemia, liver diseases, Human 
Immunodefi ciency Virus (HIV) Infection. In addition, 
the rate of bacteremia relapsing increased in those 
who suff er from serious conditions [48]. One of the 
methods used to determine the place of acquisition of 
the Bloodstream Infection (BSI) is the conventional 
criteria, by which BSI was considered as community-
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acquired if the fi rst positive blood culture specimen 
was drawn within the fi rst 48 hours of admission. 
After this period the infection was considered 
hospital-acquired [48].

The initial treatment for Campylobacter bacteremia 
is decided after in vitro susceptibility testing to 
various antibiotics. Nowadays, and because of the 
increase in antibiotic resistance some cases show no 
susceptibility test result, at this stage Campylobacter 
fetus isolates were assumed to be susceptible to 
cefotaxime and ceftriaxone, whereas C jejuni and C 
coli isolates were assumed to be resistant to all third-
generation cephalosporins [49].

Miller Fisher Syndrome and Campylo-
bacter Infection

The Miller Fisher Syndrome (MFS) is a neuropathy 
that occurs because of immune response against host 
gangliosides, which has molecular mimicry between 
C. jejuni lipopolysaccharides (LPS) and gangliosides. 
MFS may be preceded by other infectious illnesses, 
but the most commonly identifi ed microorganism 
in association with MFS is the enteric pathogen 
Campylobacter jejuni [50].

Irritable Bowel Syndrome and Campylo-
bacter Infection

Irritable Bowel Syndrome (IBS) is a gastrointestinal 
disease characterized by abdominal discomfort, 
bloating and diarrhea. This disorder may occur 
following an exposure to Acute Gastroenteritis (GE) 
which may be caused by diff erent entero- pathogens 
like Shigella and Campylobacter Species [51].

Methods of Isolation and Identifi cation 
of Campylobacter Species

Campylobacter species are thermophilic bacteria 
that cannot grow below about 31°C, instead of that it 
can grow at 42°C-43°C. The media that designed to 
isolate Campylobacter are selective media containing 
mixture of antibiotics to neutralize the toxic eff ect of 
light and oxygen formed substance. It is it necessary 
to incubate culture plates under microaerophilic 
conditions containing (5-7% oxygen, 10% carbon 
dioxide and 80% nitrogen and/or hydrogen). These 
conditions can achieve by using gas- generating 
envelope and anaerobic jar, Candle jar, and burning 
ethanol [52]. The most commonly used isolation 
media for the thermophilic Campylobacters are 
Modifi ed Skirrow, Campy BAP, Preston agar, charcoal 

cefoperazone deoxycholate (mCCD) agar, Modifi ed 
Charcoal Cefoperazone Deoxycholate (mCCD) agar, 
Karmali agar, Abeyta- Hunt-Bark agar [52].

Identifi cation of Campylobacter is initially carried 
out by gram staining and microscopic examination of 
the bacterial shape. A unique corkscrew like motility 
observed by wet mount preparation is an important 
tool used for identifi cation. A group of biochemical 
tests, as well as diff erent molecular methods, which 
off er fast, sensitive, and specifi c diagnosis and can be 
used to confi rm the genus of the isolate, will follow 
this. Several methods can be used for Campylobacter 
typing, including Phage typing, serotyping, 16S rRNA 
sequencing. Multilocus Sequence Typing (MLST), 
and Pulsed- Field Gel Electrophoresis (PFGE) are 
frequently used to source track foodborne pathogens 
[20].

Antimicrobial Susceptibility of Campylo-
bacter Species

The levels of resistance of a large number 
of Campylobacter isolates to diff erent types of 
antibiotics have changed, especially their resistance 
to fl uoroquinolone. Before 1992 it was rare for a 
Campylobacter strain to be resistant to this antibiotic, 
however, afterward a marked increase in the resistance 
to fl uoroquinolone was noticed. The resistance rate of 
Campylobacter in many countries in Asia and Africa 
reached 80% for this antibiotic. However, the rate 
of resistance of Campylobacter isolates to diff erent 
types of antibiotics diff er between countries [53]. 
The mechanisms by which Campylobacter resist 
fl uoroquinolones is by a point mutation in the DNA 
gyrase, specifi cally in the quinolone resistance-
determining region. Unlike other intestinal bacteria 
such as Salmonella and Escherichia coli, Campylobacter 
needs a single point mutation to become resistant to 
fl uoroquinolones [53].

Furthermore, Campylobacter resists macrolide 
either by point mutation or via enzyme- mediated 
methylation that performs modifi cation of the 
ribosomal target. Resistance to tetracycline is 
achieved by means of a ribosomal protection 
protein produced from the tet (O) gene [20]. This 
gene is found widely in Campylobacter strains, and 
it is believed that the expressed protein identifi es a 
specifi c site on the bacterial ribosome and attaches 
to it, inducing conformational changes and causing 
tetracycline to separate from its site and leading to 
bacterial resistance. Another possible mechanism 
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for resistance is by the active effl  ux that is mediated 
by multidrug-effl  ux transporters, as well as the 
low permeability of the Campylobacter membrane. 
Among these drugs are streptogramin B, novobiocin, 
vancomycin, trimethoprim, and bacitracin [54].

Campylobacter Treatment
Campylobacteriosis is self-limiting, and in most 

of cases, it does not need to be treated. Some medical 
interventions such as electrolytes replacement, 
as well as hydration. We may turn to treatment 
with antibiotics in immunocompromised patients, 
patients suff ering from severe symptoms, pregnant 
women, and the elderly [20].

The treatment of choice for Campylobacter 
infection became macrolides after the increase in the 
resistance of Campylobacters to fl uoroquinolones. 
In pregnant women and children, Erythromycin is 
considered safe to some extent. The recommended 
dose of erythromycin in adults is 500 mg/day for fi ve 
days. For children, the recommended dose is 40 mg/
kg/day for fi ve days, but divided into two doses. For 
Azithromycin the recommended dose for adult is 500 
mg/day for 3 days. For children the recommended 
dose is 10 mg/kg for 3 days [54].
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