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REVIEW ARTICLE

Re-thinking the chicken–Campylobacter jejuni interaction: a review
Wageha A. Awada,b, Claudia Hessa and Michael Hessa

aClinic for Poultry and Fish Medicine, Department for Farm Animals and Veterinary Public Health, University of Veterinary Medicine, Vienna,
Austria; bDepartment of Animal Hygiene, Poultry and Environment, Faculty of Veterinary Medicine, South Valley University, Qena, Egypt

ABSTRACT
Chickens are recognized as an imperative source of thermophilic Campylobacter spp., carrying
this microorganism in high numbers in their intestinal tract. For a long time, Campylobacter
jejuni has been considered as a commensal microorganism which colonizes its primary host
rather than infecting it, in the absence of any obvious clinical signs. However, recent studies
question this and argue for a deeper understanding of the host–bacteria interaction.
Following oral uptake, it was demonstrated that C. jejuni interacts intimately with the gut
epithelium and influences cellular functions of the host, with consequences on nutrient
absorption. The immune reaction of the host which was revealed in some studies confirmed
the infectious nature of C. jejuni. In agreement with this, an increased expression of pro-
inflammatory cytokine genes was noticed. The ability to induce intestinal damage and to
modulate the barrier function of the intestinal epithelia has further consequences on gut
integrity, as it facilitates the paracellular passage of C. jejuni into the underlying tissues and it
supports the translocation of luminal bacteria such as Escherichia coli to internal organs. This
is associated with an alteration of the gut microbiota as infected birds have a significantly
lower abundance of E. coli in different parts of the intestine. Some studies found that the gut
microbiota influences the infection and translocation of C. jejuni in chickens in various ways.
The effects of C. jejuni on the intestinal function of chickens already indicate a possible
interference with bird performance and welfare, which was confirmed in some experimental
studies. Furthermore, it could be demonstrated that a Campylobacter infection has an
influence on the movement pattern of broiler flocks, supporting experimental studies. The
intense interaction of C. jejuni with the chicken supports its role as an infectious agent
instead of simply colonizing the gut. Most of the findings about the impact of Campylobacter
on chickens are derived from studies using different Campylobacter isolates, a specific type of
bird and varying experimental design. However, experimental studies demonstrate an
influence of the aforementioned parameters on the outcome of a certain trial, arguing for
improved standardization. This review summarizes the actual knowledge of the host–
pathogen interaction of C. jejuni in chickens, emphasizing that there are still major gaps
despite recently gained knowledge. Resolving the cascade from oral uptake to dissemination
in the organism is crucial to fully elucidating the interaction of C. jejuni with the chicken host
and to assess the clinical and economic implications with possible consequences on
preventive interventions.
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Introduction

The gastrointestinal tract contributes to health in many
ways, with multiple studies indicating that the function
of the gut is by no means restricted to food processing
and subsequent nutrient and fluid uptake. It also con-
stitutes an essential barrier against harmful substances
and pathogens between the host and the luminal
environment (Awad et al., 2012, 2013). According to
Bischoff et al. (2014), the intestinal barrier consists of
a physical defence (mucus) and a chemical barrier
(digestive secretions, immune molecules (secretory
immunoglobulin (sIgA)), cytokines, inflammatory
mediators and antimicrobial peptides (AMPs)). Fur-
thermore, the intestinal microbiota and motility con-
tribute to the barrier as the invasion of pathogens or
their toxins should be prevented by this first line of
defence. Intestinal microbiota contributes to the host

defence in multiple ways. In this context, changes of
the intestinal pH by short chain fatty acids (SCFAs)
as fermentative products or modulation of the oxygen
level to generate an acidic or unfavourable environ-
ment to pathogens, as well as the competition with
pathogens on attachment sites and utilization of nutri-
ents, are of high importance (Sekirov et al., 2010).
Different experiments in vitro and in vivo revealed
that the gut regulates major epithelial and immune
functions. The gut also communicates with the micro-
biota which supports digestion by the enzymatic
capacity of microorganisms, which is altogether of
high importance for gut health and bird health (Bis-
choff, 2011). Furthermore, the gut conveys signals to
the brain via the vagus nerve and regulates hormones
which might affect well-being (Tsurugizawa et al.,
2009; Chung & Kasper, 2010; Vrieze et al., 2010).
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Thus, a well-functioning and healthy gut is the corner-
stone to optimize the performance of birds.

Recently, “gut health” became even more important
considering efficiency and sustainability of bird pro-
duction. From a scientific point of view, however, a
robust definition for gut health is still missing, indicat-
ing a lack of well-defined and measurable parameters.
The intestinal epithelium and the attached microbiota
appear to be the key to understand the complex mech-
anisms that maintain gut health (Kogut & Arsenault,
2016). Any impairment of the gut barrier can increase
the risk of disease development. Consequently, a com-
prehensive understanding of the structure and func-
tionality of the gut is important to sustain health of
the whole organism.

Campylobacter is the most important food-borne
pathogen, primarily associated with poultry (EFSA,
2017). Various reviews were published addressing
different aspects of the bacterium itself (Hermans
et al., 2011; Hoepers et al., 2016), transmission (Sahin
et al., 2002; Conlan et al., 2007) or ecology and poten-
tial interventions (Williams, et al., 2014; Sahin et al.,
2015; Williams, et al., 2016). The spread and high inci-
dence of C. jejuni counteracts efforts of eradication
with significant consequences for the poultry industry
and human health. In addition, C. jejuni is likely to
be influenced by a large number of host and microbial
factors which complicates its assignment as pathogen
or commensal (Wigley, 2015). Based upon recent
achievements, this review aims to link the impact of
C. jejuni on the chicken gut with consequences on
nutrition and clinical implications.

Campylobacter colonization of the gut

C. jejuni is highly prevalent in chicken flocks but the
organism is rarely detected in commercial flocks less
than two weeks of age independent of the production
system (Newell & Fearnley, 2003; Conlan et al.,
2007). This implies that a biologic mechanism to resist
colonization may be present in young birds. It was
thought that maternal antibodies which are widely pre-
sent in broiler chicks are partly responsible for the
absence of Campylobacter in young chickens (Caw-
thraw & Newell, 2010). Recent studies indicate that
the gut microbiota might also contribute to coloniza-
tion, as outlined below. However, more research on
this aspect is required.

Birds are naturally infected with Campylobacter via
the fecal–oral route, after which the organism estab-
lishes itself in the intestinal tract with a high bacterial
load in the caeca (up to 109 colony-forming units
[CFU]/g caecal contents; Sahin et al., 2015). It was
found that once Campylobacter is established within
an individual bird, transmission occurs rapidly through
the flock, resulting in a complete infection of the whole
flock within a few days. The main sites of colonization

are the caeca and the small intestines and, to a lesser
extent, liver, spleen, deep muscle, thymus and bursa
of Fabricius (Cox et al., 2005; Chaloner et al., 2014;
Humphrey et al., 2015; Awad et al., 2015a). Campylo-
bacter could also be isolated from the bloodstream,
indicating the potential for a rapid dissemination to
other tissues and organs (Richardson et al., 2011). It
was suggested that Campylobacter spp. can establish
its colonization by many strategies involving rapid
replication in the intestinal mucus and the transient
invasion of the intestinal epithelium in order to avoid
mucosal clearance (Van Deun, et al., 2008). Molnár
et al. (2015) found that a Campylobacter infection
induces excess mucus production in the intestine indi-
cated by higher viscosity of the intestinal content of
infected birds. The influence of diet composition on
gut microbiota can also have consequences on
C. jejuni colonization (Collins et al., 2009; Molnár
et al., 2015). Colonization of the gut can be affected
by many factors such as the age of birds, bacterial strain
and genotype of birds (Humphrey et al., 2014; Han
et al., 2016a). Different C. jejuni isolates do not only
vary with regard to the colonization pattern of the gas-
trointestinal tract but also in the ability of extra-intes-
tinal spread (Sanyal et al., 1984; Chaloner et al., 2014;
Pielsticker et al., 2016). Moreover, the host immune
response is an imperative factor affecting C. jejuni colo-
nization. Pielsticker et al. (2012) reported that trigger-
ing an innate and acquired immune response especially
in the very early phase of colonization contributes these
differences. However, in most experimental studies,
contradictory data on the immune response in chick-
ens following Campylobacter colonization were
revealed. Some studies have shown that the chicken
immune system is inefficiently activated, which con-
tributes to the persistent high-level of Campylobacter
colonization in the chicken gut (Meade et al., 2009;
Hermans et al., 2012). Nonetheless, other studies
have shown that there is an inflammatory response fol-
lowing Campylobacter infection in chickens (Li et al.,
2010; Humphrey et al., 2014).

Once a broiler flock is infected with Campylobacter,
the majority of birds become colonized within a few
days, and the overall prevalence within the flock
reaches highest levels at slaughter (Newell & Fearnley,
2003). The interaction with the gut and intestinal
environment of C. jejuni following colonization will
be addressed in the following sections.

Interaction of C. jejuni with the gut
epithelium

Impaired intestinal integrity

Throughout the intestine, maintenance of an intact
epithelium is crucial for the integrity of the gut barrier.
In this context, the dimension of the epithelial surface
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area is an important criterion for the efficiency of nutri-
ent absorption (Pluske et al., 1996; Rehman et al.,
2007). The intestinal surface area is characterized by
the presence of villi and crypts. Numerous studies
have demonstrated that toxins and microorganisms
are able to induce histomorphological changes in the
intestine. For C. jejuni, villus atrophy in the jejunum
has been reported in experimentally infected chicks
at 14 days post infection (dpi) (Lamb-Rosteski et al.,
2008). Similarly, mucosal damage, notably thickening,
shortening and fusion of villi in the ileum of Campylo-
bacter-infected birds at 12 dpi, was found in fast- and
slow-growing breeds (Humphrey et al., 2014). Consist-
ent with the latter findings, Awad et al. (2015a) showed
that a C. jejuni infection induced a decrease in the jeju-
nal villus height and crypt depth, as well as a reduction
of the villus absorptive area at 7 dpi. Based on this, it
was postulated that these changes in the intestinal his-
tomorphology point to (i) a decreased life span of
enterocytes, (ii) a compromised enterocyte renewal or
(iii) a production of cytolethal distending toxin by
C. jejuni, altogether hypothesized to suppress immune
responses (Young et al., 2007). Interestingly, in the
study by Awad et al. (2015a), the histomorphometrical
examination of the jejunum revealed wider villi and a
tendency towards greater villus surface area in Campy-
lobacter-infected birds at 21 dpi, indicating an earlier
onset of epithelial repair mechanisms in comparison
to the caeca. In another study, however, villus height
was still smaller in the duodenum and jejunum at
four weeks post C. jejuni infection (Gharib-Naseri
et al., 2012).

In general, a decrease in villus surface area can alter
the absorptive function with negative consequences on
production efficiency as outlined below. The reason
behind this is a compromised expression of nutrient
transporter genes in the small and large intestine
which was demonstrated in Campylobacter-infected
birds (Awad et al., 2014). In agreement with this, a sub-
stantial decrease of glucose uptake in the jejunum was
found following experimental infection with C. jejuni
(Awad et al., 2015b). Additionally, a reduced avail-
ability of amino acids (serine, proline, valine, leucine,
phenylalanine, arginine, histidine and lysine) in ileal
digesta of Campylobacter-infected birds was noticed,
which promotes favourable conditions for the bacter-
ium to colonize the gut (Awad et al., 2016a).

Increased intestinal permeability

Intestinal permeability is critical for maintaining the
physical barrier between intestinal lumen and inner
organs. However, it has been shown that some enteric
pathogens can impair the intestinal permeability of the
gut epithelium mediated by their toxins (Awad et al.,
2017). Increased intestinal permeability supports the
passage of microbes and their toxins into the mucosa

and dissemination into inner organs, leading to an acti-
vation of the immune system and secretion of inflam-
matory mediators (Márquez et al., 2016). Recently, an
increased intestinal permeability or “leaky gut” follow-
ing Campylobacter infection has been demonstrated in
different studies with consequences on the transloca-
tion of luminal bacteria to the underlying tissues
(Lamb-Rosteski et al., 2008; Kalischuk et al., 2009,
2010). In this context, some studies showed that
C. jejuni promotes not only the translocation of
C. jejuni itself but also the spread of other commensal
bacteria (E. coli) in mammals and chickens (Kalischuk
et al., 2009, 2010; Awad et al., 2016a).

Applying the Ussing chamber technique by analys-
ing flux rates or uptake of defined molecules (e.g. elec-
trolytes or sugars) across the intestinal epithelium
reveals quantitative indicators for intestinal per-
meability at given sites (Figure 1). In such studies, it
was found that C. jejuni induced a higher intestinal
permeability which might have contributed to the
translocation of the bacteria itself, either paracellular
or transcellular (Awad et al. 2015a). Although both
pathways can be involved in bacterial translocation,
the paracellular pathway appears to be of particular
importance for the bacteria to disseminate towards
inner organs as this way of transfer is unmediated
(no transporters) and passive (no energy expenditure)
(Schwartz et al., 1995). Furthermore, Dodson (2010)
demonstrated in an in vitro study with Caco-2 cells
that a co-infection of C. jejuni and E. coli caused a sig-
nificant decrease in transepithelial electrical resistance
(TEER) within 6 hours of incubation. Likewise,
Lamb-Rosteski et al. (2008) reported that Campylobac-
ter increased the transepithelial permeability and pro-
moted the translocation of non-invasive E. coli in
SCBN (non-tumorigenic canine intestinal epithelial
cells) intestinal epithelial monolayers.

Altered tight junctions

Permeation of ions and nutrients via the paracellular
pathway is restricted by tight junctions (TJ). It is a
known fact that the damage of the intestinal tight junc-
tion barrier increases the passage of pathogens to the
underlying lamina propria, which can indirectly lead
to an activation of the host’s immune system (Troeger
et al., 2009; Awad et al., 2017). An earlier study
suggested that Ca2+ signalling of enterocytes alters
the permeability of the paracellular space (Pappenhei-
mer & Madara, 1993). Recently, it was demonstrated
that a Campylobacter infection strongly interferes
with Ca2+ signalling in chicken enterocytes, which
can support microvillar cytoskeleton rearrangement
(Awad et al., 2015b).

Different studies demonstrated that C. jejuni can
disrupt tight junction proteins, in order to facilitate
their paracellular passage into the underlying tissues
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in mammals (MacCallum et al., 2005; Chen et al., 2006;
Wine et al., 2008). MacCallum et al. (2005) demon-
strated in Caco-2 cell monolayers that Campylobacter
can affect the intestinal integrity by disrupting occlu-
din, an integral tight junction protein, enhancing the
paracellular passage of Campylobacter. Similarly,
O’Hara & Buret (2008) reported the ability of
C. jejuni to disrupt epithelial tight junctions and to
increase paracellular permeability. Chen et al. (2006)
showed that the elevation levels of pro-inflammatory
cytokines, such as TNF-α and IFN-γ, affects the struc-
ture of tight junctions with consequences on the dis-
ruption of the barrier function and the passage of
luminal antigens into the underlying tissues. Some
studies indicated that IL-6 increases TJ permeability
by increasing expression of claudin-2, a pore-forming
claudin (Suzuki et al., 2011). Furthermore, TNF-α is
known to cause TJ disruption by decreasing the
expression of TJ proteins occludin and ZO-1 (He
et al., 2012). Thus, an inflammation associated with
C. jejuni infection could coincide with barrier
disruption. Likewise, Dodson (2010) demonstrated
that C. jejuni is able to enter Caco-2 cells in vitro via
endocytosis. He also revealed that the C. jejuni strain
81116, in the presence of IFN-γ alone or together

with TNF-α, induced a focal redistribution of occludin
and an increased cellular damage within 24 hours. In
agreement with this, Rees et al. (2008) found that the
presence of the pro-inflammatory cytokine IFN-γ in
combination with C. jejuni resulted in a rapid loss of
epithelial barrier function and, in consequence, an
increased bacterial translocation across the epithelial
barrier. Similarly, other studies showed that a
C. jejuni-induced barrier dysfunction was associated
with alteration of claudin-4 expression and distribution
(Lamb-Rosteski et al., 2008; Konkel et al., 2005). Thus,
it can be hypothesized that TJ disruption is an impor-
tant factor contributing to the pathogenicity of C. jejuni
infection. However, more detailed investigations of the
tight junctions in the course of infection are needed, in
order to functionally characterize the impact of
C. jejuni on the intestinal epithelial lining.

Induction of an immune response

Campylobacter requires numerous factors to success-
fully colonize the host, to translocate to inner organs
and to avoid clearance by the host immune system
(Ketley, 1997). The digestive tract is a large immune
organ with broad capability of innate and acquired

Figure 1. Ussing chamber technology. (a) Ussing chamber equipment; (b) schematic view of an Ussing chamber setting; (c)
measurement of jejunum permeability in control and C. jejuni-infected birds; (d) measurement of caecum permeability in control
and C. jejuni-infected birds.
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immune reactions (Kogut & Arsenault, 2016). As in
mammals, pattern recognition of pathogens through
receptors, such as Toll-like receptors (TLRs), is impor-
tant for the activation of the innate immune system in
chickens. Thus, the intestinal mucosa induces mechan-
isms which reduce the ability of pathogens to invade
the mucosa, such as mucus production, activation of
TLRs and, finally, the stimulation of plasma cells in
the lamina propria to secrete IgA in order to limit
and restrict bacterial penetration. Accordingly,
mucus, antimicrobial proteins and secretory IgA inter-
act together to protect the intestinal epithelial barrier
from bacterial contact and, in case of a high pathogen
load, with morphological changes and stimulation of a
T-cell-mediated response (Maynard et al., 2012).
Therefore, the mucosal surface in the intestine is the
crucial site for innate and adaptive immune regulation
with consequences on the control of bacterial
infections.

In general, bacteria are recognized in chickens by
TLR-2 via peptidoglycans, TLR-4 binds endotoxin,
TLR-5 recognizes flagellin, a major component of bac-
terial flagella, and TLR-21 (equivalent to mammalian
TLR-9) recognizes unmethylated Cytosine-phos-
phate-Guanine nucleotide (CpG) of bacterial DNA
(Keestra et al., 2010). Consequently, the level of recog-
nition by the innate immune system of the host plays a
critical role in determining whether or not pathogens
are capable of inducing a certain pathology. It was
reported that the endotoxin of enteric pathogens is
directly recognized by the TLR-4 signalling pathway
and that it triggers the production of several pro- and
anti-inflammatory cytokines which regulate different
host responses (Gardiner et al., 1995). Likewise, pre-
vious studies have shown that C. jejuni is recognized
by TLR-4 and TLR21 (de Zoete et al., 2010; Humphrey
et al., 2014).

The role of TLR21 during a Campylobacter infection
of chickens remains tentative. It was indicated that acti-
vation of this receptor may induce an effective local
immune response which helps retain the host–bacter-
ium balance (de Zoete et al., 2010). In the same study,
it was speculated that the differential TLR activation

by Campylobacter DNA may influence the host anti-
body response during infection. Meade et al. (2009)
found that a Campylobacter infection induced an
increase of TLR21 expression but significantly reduced
expression of seven AMP genes, namely avian β-defen-
sin (AvBD) 3, AvBD4, AvBD8, AvBD13, AvBD14,
cathelicidin (CTHL) 2 and CTHL3.

Despite the lack of an obvious pathology during
Campylobacter infection of chickens, several studies
have shown an induction of immune-associated
genes and protein expression (Table 1). A study
using two genetic chicken lines indicated that differ-
ences in innate immunity, particularly β-defensins
secreted in the gut, impacts on the degree of
C. jejuni infection (Li et al., 2010). In the same
study, it was noted that selected immune-related
genes were upregulated in broilers which were less sus-
ceptible to C. jejuni. Additionally, C. jejuni could
increase the expression of various pro-inflammatory
cytokines such as IL-1β, IL-6, IL-8 and TNF-α in
human epithelial cells (Hickey et al., 1999; Friis
et al., 2009; Humphrey et al., 2014). It was also
found that Campylobacter can induce a prolonged
inflammatory response in the intestine characterized
by cytokine expression (Smith et al., 2008; Meade
et al., 2009; Shaughnessy et al., 2009; Humphrey
et al., 2014; Vaezirad et al., 2017). However, gene
expression levels induced by C. jejuni obviously vary
between chicken lines and depend on the composition
of the gut microbiota (Vaezirad et al., 2017). In agree-
ment with this, Han et al. (2017) demonstrated a more
vigorous immune response in birds with limited gut
microbiota compared to conventional birds. Vaezirad
et al. (2017) also reported that C. jejuni has the intrin-
sic property to spread within chickens but that an
effective innate immune response may limit its inva-
sive behaviour and dissemination to internal organs.
Furthermore, Pielsticker et al. (2016) demonstrated
that the immune response plays a crucial role in the
outcome of a C. jejuni infection in chickens, which is
influenced mainly by the genotype and partially by
the C. jejuni isolate. Nevertheless, the inflammatory
response in the gut following infection with C. jejuni

Table 1. Campylobacter-associated immune response in chickens.
Reference Infection Effects

Smith et al.
(2008)

Specific pathogen-free (SPF) chickens infected
at one-day or two-week-old

A significant induction of pro-inflammatory chemokine transcripts was observed in
both day-old and two-week-old chickens

Meade et al.
(2009)

Broiler chickens, infected with C. jejuni at four
weeks, for 6, 20, 48 h post infection

Induced an increase in TLR21 gene expression but significantly reduced expression of
seven AMP genes: avian β-defensin (AvBD)3, AvBD4, AvBD8, AvBD13, AvBD14,
CTHL2 and CTHL3

de Zoete et al.
(2010)

Chicken HD11 macrophage cell layer, infected
with C. jejuni

Increased IL-1β and IL-8 mRNA levels at 2 h post infection

Humphrey et al.
(2014)

Broilers, infected orally with C. jejuni M1 at
three-week-old

Induced diarrhoea and prolonged inflammatory response (increase in interleukin-1β)
in faster growing breed at two days post infection

Pielsticker et al.
(2016)

Three-week-old SPF layers or broilers, infected
orally with different isolates of C. jejuni

The local immune cell response was different in broilers compared to the SPF birds,
indicating an influence of genotype on C. jejuni colonization pattern
In addition, some C. jejuni strains downregulated the mRNA expression of IL-6
and IFN-gamma, suggesting a possible stain-specific immunomodulatory effect in
the gut
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strongly promotes the fact that Campylobacter is not
simply colonizing the gut, but is infecting it instead.

Changes in gut microbiota

Gut microbiota plays an essential role in nutrition, pro-
tection against pathogenic bacteria and detoxification
of certain compounds. Furthermore, the microbiota is
also crucial to strengthening the immune system,
thereby affecting health, growth and performance of
chickens. Gut microbiota modulates host responses
to limit the colonization of pathogens (Rehman et al.,
2007; Kamada et al., 2013). At the mucosa, the micro-
biota interact directly with pathogenic bacteria via
competitive exclusion. Indirect effects are characterized
by stimulating the immune system via production of
antimicrobial substances and the changes of environ-
mental conditions (Sekirov et al., 2010; Han et al.,
2017).

The role of gut microbiota in suppressing pathogen
colonization is most likely multifactorial, such as pro-
duction of a wide variety of SCFA which are bacterio-
static for some bacterial species, either directly or by
reducing the pH of the intestinal environment. Like-
wise, some members of the microbiota generate bacter-
iocins – small peptide molecules with microbicidal or
microbiostatic properties (Corr et al., 2007). In
addition, intestinal microbes do not only apply a deli-
cate microbe-to-microbe signalling network against
pathogenic invaders; they also use it to optimize the
composition and number of selected members of the
microbial ecosystem. This coordinated bacterial com-
munication, termed quorum sensing, can occur within
a single bacterial species or between diverse species and
enables the regulation of different processes, especially
when environmental conditions are appropriate
(Kaper & Sperandio, 2005). Thus, the microbiota is
of high importance for the gut barrier function as it
affects the development of the gut epithelium and
host physiology (Sommer & Bäckhed, 2013). It was
reported that disturbances in the intestinal microbiota
lead to a delay in growth, weaken the host resistance
and increase the susceptibility to various infectious dis-
eases (Lan et al., 2004).

Interestingly, in different recent studies, it could be
demonstrated that strong shifts in the bacterial micro-
biome are the leading cause for an age-dependent
infection of chickens with Campylobacter (O’Loughlin
et al., 2015; Han et al., 2016a). However, experimental
studies indicate that one-day-old chickens and older
birds are highly susceptible to colonization, which is
different from findings in the field (Cawthraw et al.,
1996; Conlan et al., 2007). For C. jejuni, it is still
unknown how the substantial colonization influences
the ecology of the chicken gut, a feature of high impor-
tance considering a possible detrimental effect on the
health of birds associated with C. jejuni infection.

Haag et al. (2012) demonstrated that C. jejuni coloniza-
tion in mice depends on the microbiota of the host and
vice versa, and Campylobacter colonization induces a
shift of the intestinal microbiota. Similarly, Johansen
et al. (2006) found by denaturant gradient gel electro-
phoresis that C. jejuni colonization in chickens affected
the development and complexity of the microbial com-
munities of the caeca until 17 days of age. Furthermore,
Qu et al. (2008) noted that the community structure of
the caecal microbiome from C.-jejuni-inoculated
chickens has a greater diversity and evenness with a
higher abundance of Firmicutes at the expense of Bac-
teroidetes and other taxa. Sofka et al. (2015) also
reported that Campylobacter colonization, assessed in
samples from slaughterhouses, was associated with
moderate modulations of the caecal microbiome as
revealed by an increase in relative abundance of Strep-
tococcus and Blautia in 56-day-old birds originating
from different farms and production types. Recently,
Thibodeau et al. (2015) found that C. jejuni coloniza-
tion modified the chicken caecal microbiome diversity
at 35 days of age. Similarly, Awad et al. (2016b) demon-
strated that a C. jejuni infection in chickens was associ-
ated with significant changes in the composition of the
intestinal ecosystem, leading to intestinal dysfunction.
Furthermore, numerous significant differences in
microbial profiles of the mucosa and luminal content
of the small and large intestine in infected birds were
detected. In the same study, it was also found that
the relative abundance of Clostridium spp. was higher
in infected birds compared with negative controls,
indicating a link between C. jejuni and Clostridium.
This confirms data from earlier studies in which a posi-
tive correlation between high levels of Clostridium per-
fringens and C. jejuni colonization were found
(Skanseng et al., 2006; Thibodeau et al., 2015). This
might be due to the fact that C. jejuni acts as a hydro-
gen sink leading to improved growth conditions for
some Clostridia through increased fermentation (Kaa-
koush et al., 2014) and organic acid production which
can be used by C. jejuni as an energy source. As a con-
sequence, C. jejuni infection affects metabolic end pro-
ducts derived from the intestinal microbiota in
chickens. Awad et al. (2016a) also showed that Campy-
lobacter has the ability to reduce the concentration of
some SCFAs, suggesting that Campylobacter infection
was associated with changes in bacterial metabolic
activity and, consequently, Campylobacter infection
markedly increased the luminal pH of the jejunum
and caecum of infected birds by approximately
0.5 pH units to ∼6.7 (jejunum) and ∼7.0 (caecum),
which is the optimum for growth of Campylobacter
(Keener et al., 2004). Furthermore, Han et al. (2016a,
b) highlighted the importance of the gut microbiota
in connection with age, feed composition, as well as
breed on C. jejuni infection. In another study, Han
et al. (2017) addressed the role of the microbiota on
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the outcome of C. jejuni colonization. These authors
found that germ-free chickens were more susceptible
to C. jejuni colonization compared to chickens posses-
sing conventional intestinal microbiota.

It can be concluded that a detailed knowledge about
the microbial ecology is crucial in order to elucidate the
role in C. jejuni infection. Consequently, a quantitative
taxonomic understanding of the shifts noted in
microbial ecology of the chicken gut microbiota con-
tributes to understanding Campylobacter colonization.

Consequences on bird performance

It is obvious that gut health and bird performance are
tightly linked. In chickens, the clinical signs due to
enteric pathogens are not always that obvious, but,
even in those cases, negative effects on feed consump-
tion and growth performance may occur. There is now
an increasing body of evidence from field and exper-
imental studies indicating that Campylobacter is affect-
ing health and welfare of chickens.

Ruiz-Palacios et al. (1981) were the first to observe
weight losses in chickens orally infected at 3 days of
age with about 108 CFU of a C. jejuni strain isolated
from a human case with severe diarrhoea. Later, Dhillon
et al. (2006) noticed lower body weights at 19 dpi in
male broiler chickens inoculated with 104 CFU of a
field isolate of C. jejuni; and Gharib-Naseri et al.
(2012) demonstrated that the C. jejuni strain ATCC
33291 led to a reduced body weight gain of broiler chick-
ens from the fourth to the seventh weeks post infection.
Oral infection of broilers with C. jejuni (NCTC 12744)
resulted in a reduction in weight gain, thereby underlin-
ing the deleterious effect of C. jejuni on chicken growth
(Awad et al., 2014). This observation was confirmed in
another study with a significant reduction in body
weight by 21 dpi using the same Campylobacter strain
(Awad et al. (2015a).

Altogether, such studies verify that a decrease in
body weight gain can be expected with, at least, several
strains of C. jejuni, as summarized in Table 2. The fact
that “fast-growing broilers are more affected by
C. jejuni than slow-growing ones” substantiates the
hypothesis about possible consequences in the field
(Williams et al., 2013). The impaired growth of Cam-
pylobacter-infected birds appears to be a consequence
of both compromised nutrient absorption from the
small intestine and amino acids competition by the
multiplying bacteria (Gharib-Naseri et al., 2012:
Awad et al., 2015b).

Diarrhoea in chickens was noticed in several exper-
imental studies applying different strains of C. jejuni
(Ruiz-Palacious et al., 1981; Sanyal et al., 1984; Dhillon
et al., 2006; Humphrey et al., 2014). In agreement with
this, Colles et al. (2008) demonstrated a link between
Campylobacter infection and hock marks in free-
range broiler flocks, indicating an impact on broiler

welfare. A field study also showed a high prevalence
of severe footpad lesions and arthritis in Campylobac-
ter-positive flocks (Alpigiani et al., 2017). Consistent
with this, an association between wet litter and the
presence of C. jejuni was observed in birds older than
two weeks of age (Neill et al., 1984; Rushton et al.,
2009). This would indicate that a Campylobacter infec-
tion induces subclinical effects on the intestinal transit
time or water exchange (Williams, et al., 2016).

Likewise, in the UK, the Advisory Committee on the
Microbiological Safety of Food (ACMSF) reported that
Campylobacter-positive flocks can have poorer health
and welfare with implications on the behaviour of
birds (ACMSF, 2004; Bull et al., 2008). Remarkably,
Colles et al. (2016) demonstrated that a Campylobacter
infection has an influence on the behaviour of broiler
flocks characterized by a lower movement activity of
Campylobacter-infected birds. On the contrary, irregu-
lar movement increased in infected birds.

Thus, it is obvious that certain Campylobacter
strains can cause various adverse effects in different
types of chickens. However, despite such experimental
findings, the impact of C. jejuni on chicken health and
production in the field are not yet defined due to a lack
of data.

Conclusions and outlook

The intestine is the key organ linking enteric pathogens
and detrimental effects on bird health. In chickens, it
was shown that the biology of a Campylobacter infec-
tion in commercial broilers is influenced by the bacter-
ium itself and the host. There is substantial variation
between C. jejuni isolates in terms of gut responses,
colonization of the gastrointestinal tract and extra-
intestinal spread. Effects on the intestinal barrier or

Table 2. Campylobacter-associated influence on performance.
Reference Infection Effects

Ruiz-Palacios
et al. (1981)

Three-day-old chicks, orally
challenged with C. jejuni
(INN-1-79)

Weight loss was observed
through the 15 days post
infection

Lam et al.
(1992)

Four-day-old poults,
challenged orally with
C. jejuni (C101)

Reduction in the body
weight gain of the
infected turkey poults at
three weeks post
infection

Dhillon et al.
(2006)

Nine-day-old broiler chicks,
orally inoculated with a
different field isolate of
C. jejuni

Lower body weights at 19
days post infection

Gharib-Naseri
et al. (2012)

21-day-old broiler chicks,
orally challenged with
C. jejuni (ATCC 33291)

Reduction in the body
weight gain of broiler
chickens at four weeks
post infection

Awad et al.
(2014)

14-day-old SPF layer chicks,
infected orally with
C. jejuni (NCTC 12744)

Reduction in the body
weight gain of broiler
chickens at two weeks
post infection

Awad et al.
(2015a)

14-day-old broiler chicks,
infected orally with
C. jejuni (NCTC 12744)

Reduction in the body
weight gain of broiler
chickens at three weeks
post infection
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microbiota were noted in different studies with various
Campylobacter isolates. Most of the effects are negative
in terms of the gut barrier (e.g. increased permeability
with bacterial translocation, decreased nutrient absorp-
tion, reduction in SCFA concentrations and alteration
of microbiota composition and an increased expression
of genes involved in inflammation) (Figure 2). It can be
concluded that such negative effects are also of clinical
significance. Thus, C. jejuni can be an important factor
contributing to an impaired gut barrier function with
consequences on the well-being of chickens and pro-
ductivity of production. However, to date, the whole
cascade from Campylobacter infection to translocation
towards inner organs, either transcellular, paracellular
or both, is still not known. As a consequence, numer-
ous questions remain to be deciphered in the future
in order to resolve the underlying mechanisms. New
approaches combined with different molecular tech-
niques have to be applied to resolve the translocation
of C. jejuni on the ultrastructural level. Proteomic
analysis of intestinal epithelial cells might add to eluci-
date such molecular mechanisms and should help to
unravel the differences between a pathological or com-
mensal behaviour of Campylobacter in different hosts.
Additionally, the role of gut microbiota in C. jejuni
infection in chickens needs to be further elucidated to

identify which bacteria are the key-players in this scen-
ario. A novel approach to explain the restoration of the
bird’s natural gut barrier during infection may evolve
from detailed studies of cellular processes involved in
enteric infections by C. jejuni. It may, in the long
run, help develop control strategies in order to mini-
mize the consequences for the chicken host and the
risk of bacterial spread to humans.

Overall, the changes in the gut highlighted within
this article suggest that C. jejuni is not solely a com-
mensal, but is instead a bacterial pathogen in the
chicken gut. Despite the fact that numerous factors
like the bacterial pathotype, host, gut barrier, immune
status, diet and co-infection are of high importance, the
role of C. jejuni in chickens needs to be re-thought.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

Substantial funding to support the research on Campylobac-
ter jejuni at the Clinic for Poultry and Fish Medicine was
obtained by establishing the Centre of Excellence for Poultry
[CEPO, grant number L00112], and Centre of Excellence for
Poultry Innovation [CEPI, grant number ATHU19],

Figure 2. Cascade of Campylobacter pathogenesis in chickens. (a) Increase of mucous production, activation of macrophages and
dendritic cells (innate immune cells), recognition of pathogenic bacteria through molecular pattern-recognition receptors (TLRs)
and, finally, stimulation of plasma cells secreting IgA in the lamina propria; (b) disruption of tight junctions accompanied by higher
permeability of the intestinal epithelium and an increased uptake of luminal antigens (e.g. microbes, toxins); (c) translocation of
Campylobacter via paracellular and transcellular pathways; (d) alteration of the intestinal absorptive function; (e) changes of gut
microbiota.

AVIAN PATHOLOGY 359



European Cross-border Cooperation Programme Interreg
V-A Austria-Hungary 2007–2013, and 2014–2020.

References

Advisory Committee for the Microbiological Safety of Foods
(ACMSF) (2004). Second report on Campylobacter.
London: HMSO.

Alpigiani, I., Abrahantes, J.C., Michel, V., Huneau-Salaün,
A., Chemaly, M., Keeling, L.J., Gervelmeyer, A., Bacci,
C., Brindani, F., Bonardi, S. & Berthe F. (2017).
Associations between animal welfare indicators and
Campylobacter spp. in broiler chickens under commercial
settings: a case study. Preventive Veterinary Medicine, 147,
186–193.

Awad, W., Ghareeb, K., Böhm J. & Zentek, J. (2013). The
toxicological impacts of the Fusarium mycotoxin, deoxy-
nivalenol, in poultry flocks with special reference to
immunotoxicity. Toxins (Basel), 5, 912–925.

Awad, W.A., Aschenbach, J.R., Ghareeb, K., Khayal, B., Hess,
C. & Hess, M. (2014). Campylobacter jejuni influences the
expression of nutrient transporter genes in the intestine of
chickens. Veterinary Microbiology, 172, 195–201.

Awad, W.A., Aschenbach, J.R. & Zentek, J. (2012).
Cytotoxicity and metabolic stress induced by deoxynivale-
nol in the porcine intestinal IPEC-J2 cell line. Journal of
Animal Physiology and Animal Nutrition, 96, 709–716.

Awad, W.A., Dublecz, F., Hess, C., Dublecz, K., Khayal, B.,
Aschenbach, J.R. & Hess, M. (2016a). Campylobacter
jejuni colonization promotes the translocation of
Escherichia coli to extra-intestinal organs and disturbs
the short-chain fatty acids profiles in the chicken gut.
Poultry Science, 95, 2259–2265.

Awad, W.A., Hess, C., & Hess, M. (2017). Enteric pathogens
and their toxin-induced disruption of the intestinal
barrier through alteration of tight junctions in chickens.
Toxins, 9, 60.

Awad, W.A., Mann, E., Dzieciol, M., Hess, C., Schmitz-Esser,
S., Wagner, M. & Hess, M. (2016b). Age-related differ-
ences in the luminal and mucosa-associated gut micro-
biome of broiler chickens and shifts associated with
Campylobacter jejuni infection. Frontiers in Cellular and
Infection Microbiology, 6, 154.

Awad, W.A., Molnár, A., Aschenbach, J.R., Ghareeb, K.,
Khayal, B., Hess, C., Liebhart, D., Dublecz, K. & Hess,
M. (2015a). Campylobacter infection in chickens modu-
lates the intestinal epithelial barrier function. Innate
Immunity, 21, 151–160.

Awad, W.A., Smorodchenko, A., Hess, C., Aschenbach, J.R.,
Molnár, A., Dublecz, K., Khayal, B., Pohl, E.E. & Hess, M.
(2015b). Increased intracellular calcium level and
impaired nutrient absorption are important pathogenicity
traits in the chicken intestinal epithelium during
Campylobacter jejuni colonization. Applied Microbiology
and Biotechnology, 99, 6431–6441.

Bischoff, S.C. (2011). “Gut health”: a new objective in medi-
cine? BMC Medicine, 9, 24.

Bischoff, S.C., Barbara, G., Buurman, W., Ockhuizen, T.,
Schulzke, J.D., Serino, M., Tilg, H., Watson, A. & Wells,
J.M. (2014). Intestinal permeability--a new target for
disease prevention and therapy. BMC Gastroenterology,
14, 189.

Bull, S.A., Thomas, A., Humphrey, T., Ellis-Iversen, J., Cook,
A.J., Lovell, R. & Jorgensen, F. (2008). Flock health indi-
cators and Campylobacter spp. in commercial housed

broilers reared in Great Britain. Applied and
Environmental Microbiology, 74, 5408–5413.

Cawthraw, S., Wassenaar, T., Ayling, R. & Newell, D. (1996).
Increased colonization potential of Campylobacter jejuni
strain 81116 after passage through chickens and its impli-
cation on the rate of transmission within flocks.
Epidemiology and Infection, 117, 213–215.

Cawthraw, S.A. & Newell, D.G. (2010). Investigation of the
presence and protectiveeffects of maternal antibodies
against Campylobacter jejuni in chickens. Avian
Diseases, 54, 86–93.

Chaloner, G., Wigley, P., Humphrey, S., Kemmett, K.,
Lacharme-Lora, L., Humphrey, T. & Williams, N.
(2014). Dynamics of dual infection with Campylobacter
jejuni strains in chickens reveals distinct strain-to strain
variation in infection ecology. Applied and
Environmental Microbiology, 80, 6366–6372.

Chen, M.L., Ge, Z., Fox, J.G. & Schauer, D.B. (2006).
Disruption of tight junctions and induction of proinflam-
matory cytokine responses in colonic epithelial cells by
Campylobacter jejuni. Infection and Immunity, 74, 6581–
6589.

Chung, H. & Kasper, D.L. (2010). Microbiota-stimulated
immune mechanisms to maintain gut homeostasis.
Current Opinion in Immunology, 22, 455–460.

Colles, F.M., Cain, R.J., Nickson, T., Smith, A.L., Roberts, S.J.,
Maiden, M.C.J., Lunn, D. & Dawkins, M.S. (2016).
Monitoring chicken flock behaviour provides early warn-
ing of infection by human pathogen Campylobacter.
Proceedings of the Royal Society of London B, 283,
20152323.

Colles, F.M., Jones, T.A., McCarthy, N.D., Sheppard, S.K.,
Cody, A.J., Dingle, K.E., Dawkins, M.S., Maiden, M.C.
(2008). Campylobacter infection of broiler chickens in a
free-range environment. Environmental Microbiology,
10, 2042–2050.

Collins, S., Verdu, E., Denou, E. & Bercik, P. (2009). The role
of pathogenic microbes and commensal bacteria in irrita-
ble bowel syndrome. Digestive Diseases, 27, 85–89.

Conlan, A.J., Coward, C., Grant, A.J., Maskell, D.J. & Gog,
J.R. (2007). Campylobacter jejuni colonization and trans-
mission in broiler chickens: a modelling perspective.
Journal of the Royal Society Interface, 4, 819–829.

Corr, S.C., Li, Y., Riedel, C.U., O’Toole, P.W., Hill, C. &
Gahan, C.G. (2007). Bacteriocin production as a mechan-
ism for the anti-infective activity of Lactobacillus salivar-
ius UCC118. Proceedings of the National Academy of
Sciences USA, 104, 7617–7621.

Cox, N.A., Hofacre, C.L., Bailey, J.S., Buhr, R.J., Wilson,
J.L., Hiett, K.L., Richardson, L.J., Musgrove, M.T.,
Cosby, D.E., Tankson, J.D., Vizzier, Y.L., Cray, P.F.,
Vaughn, L.E., Holt, P.S. & Bourassa, D.V. (2005).
Presence of Campylobacter jejuni in various organs
one hour, one day, and one week following oral or
intracloacal inoculations of broiler chicks. Avian
Diseases, 49, 155–158.

de Zoete, M.R., Keestra, A.M., Roszczenko, P. & van Putten,
J.P. (2010). Activation of human and chicken toll-like
receptors by Campylobacter spp. Infection and
Immunity, 78, 1229–1238.

Dhillon, A.S., Shivaprasad, H.L., Schaberg, D., Wier, F.,
Weber, S. & Bandli, D. (2006). Campylobacter jejuni infec-
tion in broiler chickens. Avian Diseases, 50, 55–58.

Dodson, A. (2010). Host factors affecting the virulence of
campylobacter. Ph.D. Thesis, University of Bristol,
Bristol, UK.

360 W. A. AWAD ET AL.



European Food Safety Authority (EFSA). (2017). The
European Union summary report on trends and sources
of zoonoses, zoonotic agents and food-borne outbreaks
in 2016. EFSA Journal, 15, 5077.

Friis, L.M., Keelan, M. & Taylor, D.E. (2009). Campylobacter
jejuni drives MyD88 independent interleukin-6 secretion
via toll-like receptor 2. Infection and Immunity, 77,
1553–1560.

Gardiner, K.R., Halliday, M.I., Barclay, G.R., Milne, L.,
Brown, D., Stephens, S., Maxwell, R.J. & Rowlands, B.J.
(1995). Significance of systemic endotoxaemia in inflam-
matory bowel disease. Gut, 36, 897–901.

Gharib-Naseri, K., Rahimi, S. & Khaki, P. (2012).
Comparison of the effects of probiotic, organic acid and
medicinal plant on Campylobacter jejuni challenged broi-
ler chickens. Journal of Agricultural Science and
Technology, 14, 1485–1496.

Haag, L.M., Fischer, A., Otto, B., Plickert, R., Kühl, A.A.,
Göbel, U.B., Bereswill, S., Heimesaat, M.M. & Hold, G.L.
(2012). Intestinal microbiota shifts towards elevated com-
mensal Escherichia coli loads abrogate colonization resist-
ance against Campylobacter jejuni in mice. PLoS ONE, 7,
e35988.

Han, Z., Pielsticker, C., Gerzova, L., Rychlik, I. &
Rautenschlein, S. (2016a). The influence of age on
Campylobacter jejuni infection in chicken.
Developmental & Comparative Immunology, 62, 58–71.

Han, Z., Willer, T., Pielsticker, C., Gerzova, L., Rychlik, I. &
Rautenschlein, S. (2016b). Differences in host breed and
diet influence colonization by Campylobacter jejuni and
induction of local immune responses in chicken. Gut
Pathogens, 8, 56.

Han, Z., Willer, T., Li, L., Pielsticker, C., Rychlik, I., Velge, P.,
Kaspers, B. & Rautenschlein, S. (2017). The influence of
the gut microbiota composition on Campylobacter jejuni
colonization in chickens. Infection and Immunity, 85,
e00380-17.

He, F., Peng, J., Deng, X.L., Yang, L.F., Camara, A.D.,
Omran, A., Wang, G.L., Wu, L.W., Zhang, C.L. & Yin,
F. (2012). Mechanisms of tumor necrosis factor-alpha-
induced leaks in intestine epithelial barrier. Cytokine, 59,
264–272.

Hermans, D., Pasmans, F., Heyndrickx, M., Van Immerseel,
F., Martel, A., Van Deun, K. & Haesebrouck, F. (2012). A
tolerogenic mucosal immune response leads to persistent
Campylobacter jejuni colonization in the chicken gut.
Critical Reviews in Microbiology, 38, 17–29.

Hermans, D., Van Deun, K., Martel, A., Van Immerseel, F.,
Messens, W., Heyndrickx, M., Haesebrouck, F. &
Pasmans, F. (2011). Colonization factors of Campylobacter
jejuni in the chicken gut. Veterinary Research, 42, 82–96.

Hickey, T.E., Baqar, S., Bourgeois, A.L., Ewing, C.P. &
Guerry, P. (1999). Campylobacter jejuni-stimulated
secretion of interleukin-8 by INT407 cells. Infection and
Immunity, 67, 88–93.

Hoepers, P.G., Medina, G., Rossi, D.A. & Fernandez, H.
(2016). About Campylobacter spp. In Sheppard, S.K.
(Ed.). Campylobacter ecology and evolution (pp. 1–18).
Norfolk, UK: Caister Academic Press.

Humphrey, S., Chaloner, G., Kemmett, K., Davidson, N.,
Williams, N., Kipar, A., Humphrey, T. & Wigley, P.
(2014). Campylobacter jejuni is not merely a commensal
in commercial broiler chickens and affects bird welfare.
mBio 5, e01364.

Humphrey, S., Lacharme-Lora, L., Chaloner, G., Gibbs, K.,
Humphrey, T., Williams, N., Wigley, P. & Jacobsen, I.D.
(2015). Heterogeneity in the infection biology of

Campylobacter jejuni isolates in three infection models
reveals an invasive and virulent phenotype in a ST21 iso-
late from poultry. PLoS ONE, 10, e0141182

Johansen, C.H., Bjerrum, L., Finster, K. & Pedersen, K.
(2006). Effects of a Campylobacter jejuni infection on
the development of the intestinal microflora of broiler
chickens. Poultry Science, 85, 579–587.

Kaakoush, N.O., Sodhi, N., Chenu, J.W., Cox, J.M., Riordan,
S.M. & Mitchell, H.M. (2014). The interplay between
Campylobacter and Helicobacter species and other gastro-
intestinal microbiota of commercial broiler chickens. Gut
Pathogens, 6, 18.

Kalischuk, L.D., Inglis, G.D. & Buret, A.G. (2009).
Campylobacter jejuni induces transcellular translocation
of commensal bacteria via lipid rafts. Gut Pathogens, 1, 2.

Kalischuk, L.D., Leggett, F. & Inglis, G.D. (2010).
Campylobacter jejuni induces transcytosis of commensal
bacteria across the intestinal epithelium through M-like
cells. Gut Pathogens, 2, 14.

Kamada, N., Chen, G.Y., Inohara, N. & Núñez, G. (2013).
Control of pathogens and pathobionts by the gut micro-
biota. Nature Immunology, 14, 685–690.

Kaper, J.B. & Sperandio, V. (2005). Bacterial cell-to-cell sig-
naling in the gastrointestinal tract Infection and
Immunity, 73, 3197–3209.

Keener, K.M., Bashor, M.P., Curtis, P.A., Sheldon, B.W. &
Kathariou, S. (2004). Comprehensive review of
Campylobacter and poultry processing. Comprehensive
Reviews in Food Science and Food Safety, 3, 105–116.

Keestra, A.M., de Zoete, M.R., Bouwman, L.I. & van Putten,
J.P.M. (2010). Chicken TLR21 is an innate CpG DNA
receptor distinct from mammalian TLR9. The Journal of
Immunology, 185, 460–467.

Ketley J. M. (1997). Pathogenesis of enteric infection by
Campylobacter. Microbiology, 143, 5–21.

Kogut, M.H. & Arsenault, R.J. (2016). Editorial: Gut health:
the new paradigm in food animal production. Frontiers in
Veterinary Science, 3, 71.

Konkel, M.E., Christensen, J.E., Keech, A.M., Monteville,
M.R., Klena, J.D. & Garvis, S.G. (2005). Identification of
a fibronectin-binding domain within the Campylobacter
jejuni CadF protein. Molecular Microbiology, 57, 1022–
1035.

Lam, K.M., DaMassa, A.J., Morishita, T.Y., Shivaprasad, H.L.
& Bickford, A.A. (1992). Pathogenicity of Campylobacter
jejuni for turkeys and chickens. Avian Diseases, 36,
359–363.

Lamb-Rosteski, J., Kalischuk, L., Douglas Inglis, G. & Buret,
G. (2008). Epidermal growth factor inhibits
Campylobacter jejuni-induced claudin-4 disruption, loss
of epithelial barrier function, and Escherichia coli translo-
cation. Infection and Immunity, 76, 3390–3398.

Lan, P.T.N., Sakamoto, M. & Benno, Y. (2004). Effects of two
probiotic Lactobacillus strains on jejunal and cecal micro-
biota of broiler chicken under acute heat stress condition
as revealed by molecular analysis of 16S rRNA genes.
Microbiology and Immunology, 48, 917–929.

Li, X., Swaggerty, C.L., Kogut, M.H., Chiang, H.I., Wang, Y.,
Genovese, K.J., He, H., Zhou, H. & Aramayo, R.
(2010). Gene expression profiling of the local cecal
response of genetic chicken lines that differ in their sus-
ceptibility to Campylobacter jejuni colonization. PLoS
One, 5, e11827.

MacCallum, A., Hardy, S.P. & Everest, P.H. (2005).
Campylobacter jejuni inhibits the absorptive transport
functions of Caco-2 cells and disrupts cellular tight junc-
tions. Microbiology, 151, 2451–2458.

AVIAN PATHOLOGY 361



Márquez, M., Fernández Gutiérrez Del Álamo, C. & Girón-
González, J.A. (2016). Gut epithelial barrier dysfunction
in human immunodeficiency virus-hepatitis C virus coin-
fected patients: influence on innate and acquired immu-
nity. World Journal of Gastroenterology, 22, 1433–1448.

Maynard, C.L., Elson, C.O., Hatton, R.D. & Weaver, C.T.
(2012). Reciprocal interactions of the intestinal micro-
biota and immune system. Nature Reviews, 498, 231–241.

Meade, K.G., Narciandi, F., Cahalane, S., Reiman, C., Allan,
B. & O’Farrelly, C. (2009). Comparative in vivo infection
models yield insights on early host immune response to
Campylobacter in chickens. Immunogenetics, 61, 101–110.

Molnár, A., Hess, C., Pál, L., Wágner, L., Awad, W.A.,
Husvéth, F., Hess, M. & Dublecz, K. (2015).
Composition of diet modifies colonization dynamics of
Campylobacter jejuni in broiler chickens. Journal of
Applied Microbiology, 118, 245–254.

Neill, S.D., Campbell, J.N. & Greene, J.A. (1984).
Campylobacter species in broiler chickens. Avian
Pathology, 13, 777–785.

Newell, D.G. & Fearnley, C. (2003). Sources of
Campylobacter colonization in broiler chickens. Applied
and Environmental Microbiology, 69, 4343–4351.

O’Hara, J. & Buret, A.G. (2008). Mechanisms of intestinal
tight junctional disruption during infection. Frontiers in
Bioscience, 1, 7008–7021.

O’Loughlin, J.L., Samuelson, D.R., Braundmeier-Fleming,
A.G., White, B.A., Haldorson, G.J., Stone, J.B.,
Lessmann, J.J., Eucker, T.P. & Konkel, M.E. (2015). The
intestinal microbiota influences Campylobacter jejuni
colonization and extraintestinal dissemination in mice.
Applied and Environmental Microbiology, 81, 4642–4650.

Pappenheimer, J.R. & Madara J.L. (1993). Role of active
transport in the regulation of junctional permeability
and paracellular absorption of nutrients by intestinal
epithelia. In Ussing, H.H., Fischbarg, J., Sten-Knudsen,
O., Larsen, E.H., & Willumsen, N.J. (Eds.). Isotonic
Transport in Leaky Epithelia. Proceedings of the Alfred
Benzon Symposium 34. (pp. 221–230). Munksgaard,
Copenhagen.

Pielsticker, C., Glünder, G., Aung, Y.H. & Rautenschlein, S.
(2016). Colonization pattern of C. jejuni isolates of
human and avian origin and differences in the induction
of immune responses in chicken. Veterinary
Immunology and Immunopathology, 169, 1–9.

Pielsticker, C., Glünder, G. & Rautenschlein, S. (2012)
Colonization properties of Campylobacter jejuni in chick-
ens. European Journal of Microbiology and Immunology,
2, 61–65.

Pluske, J.R., Thompson, M.J., Atwood, C S., Bird, P.H.,
Williams, I.H. & Hartmann, P.E. (1996). Maintenance of
villus height and crypt depth, and enhancement of disac-
charide digestion and monosaccharide absorption, in pig-
lets fed on cow’s whole milk after weaning. British Journal
of Nutrition, 76, 409–422.

Qu, A., Brulc, J.M., Wilson, M.K., Law, B.F., Theoret, J.R.,
Joens, L.A., Konkel, M.E., Angly, F., Dinsdale, E.A.,
Edwards, R.A., Nelson, K.E., White, B.A. & Ahmed, N.
(2008). Comparative metagenomics reveals host specific
metavirulomes and horizontal gene transfer elements in
the chicken cecum microbiome. PLoS One, 3, e2945.

Rees, L.E., Cogan, T.A., Dodson, A.L., Birchall, M.A., Bailey,
M. & Humphrey, T.J. (2008). Campylobacter and
IFNgamma interact to cause a rapid loss of epithelial barrier
integrity. Inflammatory Bowel Diseases. 14, 303–309.

Rehman, H., Vahjen, W., Awad W.A. & Zentek, J. (2007).
Indigenous bacteria and bacterial metabolic products in

the gastrointestinal tract of broiler chickens. Archives of
Animal Nutrition, 61, 319–335.

Richardson, L.J., Cox, N.A., Buhr, R.J. & Harrison, M.A.
(2011). Isolation of Campylobacter from circulating
blood of commercial broilers. Avian Diseases, 55, 375–378

Ruiz-Palacios, G.M., Escamilla, E. & Torres, M. (1981).
Experimental Campylobacter diarrhea in chickens.
Infection and Immunity, 34, 250–255.

Rushton, S.P., Humphrey, T.J., Shirley, M.D., Bull, S. &
Jørgensen, F. (2009). Campylobacter in housed broiler
chickens: a longitudinal study of risk factors.
Epidemiology and Infection, 137, 1099–1110

Sahin, O., Kassem, I.I., Shen, Z., Lin, J., Rajashekara, G. &
Zhang, Q. (2015) Campylobacter in poultry: ecology and
potential interventions. Avian Diseases, 59, 185–200.

Sahin, O., Morishita, T.Y. & Zhang, Q. (2002).
Campylobacter colonization in poultry: sources of infec-
tion and modes of transmission. Animal Health
Research Reviews, 3, 95–105.

Sanyal, S.C., Islam, K.M., Neogy, P.K., Islam, M., Speelman,
P. & Huq, M.I. (1984). Campylobacter jejuni diarrhea
model in infant chickens. Infection and Immunity, 43,
931–936

Schwartz, R.M., Furne, J.K. & Levitt, M.D. (1995).
Paracellular intestinal transport of six-carbon sugars is
negligible in the rat. Gastroenterology, 109, 1206–1213.

Sekirov, I., Russell, S.L., Antunes, L.C. & Finlay, B.B. (2010).
Gut microbiota in health and disease. Physiological
Reviews, 90, 859–904.

Shaughnessy, R.G., Meade, K.G., Cahalane, S., Allan, B.,
Reiman, C., Callanan, J.J. & O’Farrelly, C. (2009). Innate
immune gene expression differentiates the early avian
intestinal response between Salmonella and
Campylobacter. Veterinary Immunology and
Immunopathology, 132, 191–198.

Skanseng, B., Kaldhusdal, M. & Rudi, K. (2006). Comparison
of chicken gut colonisation by the pathogens
Campylobacter jejuni and Clostridium perfringens by
real-time quantitative PCR. Molecular and Cellular
Probes, 20, 269–279.

Smith, C.K., Abuoun, M., Cawthraw, S.A., Humphrey, T.J.,
Rothwell, L., Kaiser, P., Barrow, P.A. & Jones, M.A.
(2008). Campylobacter colonization of the chicken induces
a proinflammatory response in mucosal tissues. FEMS
Immunology and Medical Microbiology, 54, 114–121.

Sofka, D., Pfeifer, A., Gleiß, B., Paulsen, P. & Hilbert, F.
(2015). Changes within the intestinal flora of broilers by
colonisation with Campylobacter jejuni. Berliner und
Münchener Tierärztliche Wochenschrift, 128, 104–110.

Sommer, F. & Bäckhed, F. (2013). The gut microbiota mas-
ters of host development and physiology. Nature Reviews
Microbiology, 11, 227–238.

Suzuki, T., Yoshinaga, N. & Tanabe, S. (2011). Interleukin-6
(IL-6) regulates claudin-2 expression and tight junctions
permeability in intestinal epithelium. Journal of
Biological Chemistry, 286, 31263–31271.

Thibodeau, A., Fravalo, P., Yergeau, É., Arsenault, J., Lahaye,
L., Letellier, A. & Heimesaat, M.M. (2015). Chicken caecal
microbiome modifications induced by Campylobacter
jejuni colonization and by a non-antibiotic feed additive.
PLoS One, 10, e0131978.

Troeger, H., Loddenkemper, C., Schneider, T., Schreier, E.,
Epple, H.J., Zeitz, M., Fromm, M. & Schulzke, J.D.
(2009). Structural and functional changes of the duode-
num in human norovirus infection. Gut, 58, 1070–1077.

Tsurugizawa, T., Uematsu, A., Nakamura, E., Hasumura, M.,
Hirota, M., Kondoh, T., Uneyama, H. & Torii, K. (2009).

362 W. A. AWAD ET AL.



Mechanisms of neural response to gastrointestinal nutri-
tive stimuli: the gut-brain axis. Gastroenterology, 137,
262–273.

Vaezirad, M.M., Keestra-Gounder, A.M., de Zoete, M.R.,
Koene, M.G., Wagenaar, J.A. & van Putten, J.P.M.
(2017). Invasive behavior of Campylobacter jejuni in
immunosuppressed chicken. Virulence, 8, 248–260.

Van Deun, K., Pasmans, F., Ducatelle, R., Flahou, B.,
Vissenberg, K., Martel, A., Van Den Broeck, W., Van
Immerseel F. & Haesebrouck, F. (2008). Colonization strat-
egy of Campylobacter jejuni results in persistent infection of
the chicken gut. Veterinary Microbiology, 130, 285–297.

Vrieze, A., Holleman, F., Zoetendal, E.G., de Vos, W.M.,
Hoekstra, J.B. & Nieuwdorp, M. (2010). The environment
within: how gut microbiota may influence metabolism
and body composition. Diabetologia, 53, 606–613.

Wigley, P. (2015). Blurred lines: pathogens, commensals,
and the healthy gut. Frontiers in Veterinary Science, 2, 40.

Williams, L.K., Fonseca, B.B. & Humphrey, T.J. (2016).
Campylobacter jejuni in poultry: a commensal or a

pathogen? In Fonseca, B.B., Fernandez, H., & Rossi,
D.A. (Eds.). Campylobacter spp. and related organisms in
poultry (pp. 75–87). Switzerland: Springer Nature.

Williams, L.K., Sait, L.C., Trantham, E.K., Cogan, T.A. &
Humphrey, T.J. (2013). Campylobacter infection has
different outcomes in fast- and slow-growing broiler
chickens. Avian Diseases, 57, 238–241.

Williams, L.K., Trantham, E.K. & Cogan, T.A. (2014).
Conditional commensalism of Campylobacter in chickens.
In Sheppard, S.K. (Ed.). Campylobacter ecology and evol-
ution (pp. 313–319). Norfolk, UK: Caister Academic
Press.

Wine, E., Chan, V.L. & Sherman, P.M. (2008).
Campylobacter jejuni mediated disruption of polarized
epithelial monolayers is cell-type specific, time dependent,
and correlates with bacterial invasion. Pediatric Research,
64, 599–604.

Young, K.T., Davis, L.M. & Dirita, V.J. (2007).
Campylobacter jejuni: molecular biology and pathogen-
esis. Nature Reviews Microbiology, 5, 665–679.

AVIAN PATHOLOGY 363


	Abstract
	Introduction
	Campylobacter colonization of the gut
	Interaction of C. jejuni with the gut epithelium
	Impaired intestinal integrity
	Increased intestinal permeability
	Altered tight junctions

	Induction of an immune response
	Changes in gut microbiota
	Consequences on bird performance
	Conclusions and outlook
	Disclosure statement
	References

