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CAMPYLOBACTERIOSIS

DEFINITION

Enteritis and diarrhoea are the
clinical and morphological
manifestations of infections with
Campylobacter spp., which is a
minor pathogen in poultry species,

but is very important for food

safety and public health.




HISTORY AND SYNONYMS

A bacterium from the Vibrio genus
was first isolated from sheep
stilloirths in 1913, and the disease
was later found in pregnant animals
(Veron ef al., 1973). Vibrio was first
associated with enferitis in cattle
dysentery (Jones et al., 1931).

In 1957, the first cases of human
vibriosis were reported by Dr. E. King.
In 1973 Vibrio jejuni was classified
in the genus Campylobacter (in
Greek "curved rod") by Veron et al.
(1973) who described it for the first
fime.

CHARACTERISTICS AND CLASSIFICATION OF THE PATHOGEN

Campylobacter possesses a wavy
oufer membrane, complex cyfto-
plasmic memibranes and individual
flagellar basal granules (Veron ef
al., 1973). The microorganism is
oxidase-posifive, non-spore-forming,
Gram-negative, thin (0.5-8 um in
length and 0.2-0.8 pm in width)
with o curved, S-shaped or spiral
morphology. Moaotility is  achieved
by purposeful or spiral movements.
Campylobacteria belong to a
specialised group of Gram-negative
bacteria, known as rRNA superfamily
VI (Anon, 2000). In addifion fo the
Campylobacter genus, Arcobacter
and Helicobacter also belong fo
the group. Arcobacter are closely
relofed fo Campylobacter and
some of fhem cause infestinal
diseases in humans. Helicobacter

pyloriis an acknowledged agent of
gastritis and pepfic ulcer disease.
A common feafure of the group is
their ability to colonise the surface
of the mucous membrane of fhe
alimentary and reproductive fracts.
The spiral shape, fogether with
the long polar flagellum, allow for
the rapid movements and thus for
movement through the mucus in
Their preferred infection sites (Boxall,
20095).

The Campylobacter genus has
16 species and 6 subspecies.
Relationships defermined phylo-
genetically by DNA-rRNA  hybri-
disation leave us with three major
rRNA homology groups. The DNA of
Campylobacter contains between
29% and 36% guanine and cytosine
(GC) (Veron et al., 1973).
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Most species are microaerophilic.
Although the oxygen requirements
vary, they grow best in an en-
vironment with 5-10% oxygen (Doyle,
1986).

Aerobic Campylobacter species
were reclassified as Acrobacter
(Mandamme et al, 1991). If is
now known fthat the minimum
femperature required by C. jejuni
and C. coli to grow is about 30°C,
but this does not mean that their
metabolic activity stops below
this level. These organisms are
able to adapt to environmental
stressors even when growth is not
possible. Metabolic activity of
C. jejuni has been demonstfrated
at 4°C (O'Dell, 1998). At the same
femperature and microaerophilic
condifions, chemotactic and
aerotactic activities are also
present, evidencing the ability of
the microorganism to survive in such

EPIDEMIOLOGY AND PATHOGENESIS

conditions. This flexibility allows the
bacterium to metabolise in various
anaerobic conditions outside of
the host.

It is believed that C. jejuni perishes
rapidly without oxygen and humi-
dity., However, research has
shown fthat the organism survives
befter in vivothan in vifro-e.g. ithas
been isolated from dry beach sand
(Wysocki, 2002). This resisfance
could be linked to the ability of
Campylobacter to form viable but
non-culturable cells. The cells alter
their shape from spiral into coccoid
and may go undetected by
common culturing fechniques, buf
preserved the potential to regain
their infectious form (Boxall, 2005).
The prevailing isolates among
poultry are C. jejuni, followed by
C. coli and rarely C. lari (Zhang,
2008).

Campylobacteria are ubiquitous.
Animals and birds serve as reservairs,
confaminating the environment with
infected faeces. Humans, working
or living in such an environment are
most susceptible o campylo-
bacteriosis. Carriers of
Campylobacter are

significantly more numerous in
the domestfic bird population as
opposed to wild birds (Shane, 1992;
Tsai & Hsiang, 2009). This is prolbably
due 1o the higher stocking density in
poultry farms, which aids the spread
of Campylobacter among birds
(Zhong, 2008). Even mild diarrhoea



can moisten the lifter af high
population densifies.

Serial surveys on newly hafched
chicks originating from  different
breeder flocks resulfed in sporadic
isolafion of Campylobacter (Doyle,
1984; Neil ef al., 1984). The findings
suggest  that  the  tfransmission
tfhrough eggs is uncommon. The
weekly testing of samples from five
proiler chickens flocks af the age
of one week resulted in only one
Campylobacter positive  sample,
pbut at the age of 4 weeks the
spread in 3 of the test flocks was
100% (Pokamunski ef al., 1986). The
findings indicated a rapid horizontal
fransmission within the flock. The lack
of detfection of Campylobacter spp.
in chickens younger than 2 weeks of
age could be due to one or more
factors such as increased resistance
fo infection af that age due to
immunity, physiological = status  of
birds or even dietary factors. If is also
possible that Campylobacter strains
appear in poultry houses only affer
the age of 2 weeks (Neil ef al., 1984).
The arrival of Campylobacter on
farm premises may occur through o
number of routes, e.g. contaminated
watfer, feeds or via farm personnel.
Many wild avian species harbour
Campylobacter in their gufs and
represent a potfential source of
infection. Direct fransmission from
wild birds to broilers is rather unlikely,
as most broiler faffening facilities

are closed. Rotaviral or entero-
like viral entferites may occur as
co-infections  (McFerman ef  al.,
1983). Sources of infecfions may
include untreated water, old litter,
fleas, insects efc. Darking beetles
(Alphitobius  dicperinus) may act
as mechanical vector to spread
Campylobacter between  barns.
This theory has been confirmed
by isolafion of identical sero- and
genotypes of Campylobacter from
proilers and insects from the same
farm houses (Berndtson et al, 1996).
[t has been reported that, during the
summer months, about 10% of fleas
found around poultry houses are
contaminated with Campylobacter
(Hald et al., 2004). The seasonal
paftern of campylobacteriosis in
poultry flocks during the warm
months is relafed to the increased
flea populations at fthat fime.
Rodents also harbour the bacterium
in their intestinal fract and act as o
vector of fransmission from premise to
premise (Kapperud et al., 1993). The
presence of ofther animal species
on a farm (pigs, sheep, caffle efc.)
may also pose a risk for infection of
proiler chickens with Campylobacter
(Nesbitetal., 2001). The main route of
infection is horizontal spread. Vertical
fransmission  of Campylobacter s
not encountered, or only very rarely
(Zhong, 2008).

Infection of flocks is accompanied
by diarrhoea and wet litter in some
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cases (Neil ef al., 1984), but nof in
ofhers (Pokamunski ef al., 1986).
The poor litfter quality depends on
the extent of infecfion within the
flock (Neil ef al., 1984). Wet litter may
result in  considerable economic
losses to poulfry farmers due fo
confact dermatitis manifested  as
sfernal  bursitis or pododermaritis.
The most common conseguences
of diarrhoea are retarded growth
and homogeneity of size among
chickens.
The most common incidence, and
highest rate of infection, for broiler
flocks is detected at slaughterhouses
(Qosterom ef al., 1983; Pokamunski
et al, 1986). An examinatfion of
frozen broiler carcasses collected
from refail stores in Bulgaria found
Campylobacter spp. in 35.2% of
samples, of which 22.9% in the skin,
31.4% in breast muscle and 51.2%
in thighs, although storage at 20°C
fo -70°C is known to considerably
reduce microbe counts (Stoyanchev
et al, 2007). The organisms has
een detected in viscera of different
avian species (Oosterom et al., 1983;
Boukraa, 1991, Vashin & Stoyanchey,
2009).
Many serotypes may be isolated
within - the same broiler flock,
reflecting the complex epizootiology
of thisillness. Infection occurs
affer hatching, but not via
the eggs. Once it has

penetrated, the spread of infection
Through excreta is rapid until slaugh-
fering. Both the inter- and infro-flock
diversity of serotypes is high, with a
variable prevalence, differing from
serotypes defected af the same fime
in humans (Pokamunski ef al., 1986).
Broiler chickens are considered
an imporfant potential source  of
Campylobacter enteritis in humans,
as many birds carry C. jejuni in their
alimentary fract af  slaughtering
(Bloster et al., 1983).

The significance of campylobac-
feriosis as a foodborne infection
in humans has been confirmed
by numerous sfudies. At present,
campylobacteriosis is caused mainly
by C. jejuniand a smaller proportion
of pathogenic isolates are identified
as C.coli (Tauxe ef al., 1987).
C. jejuni-induced enteritis in hurmans
has different manifstations. Usually,
mild diarrhoea is observed (Bloser et
al, 1983). The infection may some-
fimes remain unrecognised or
undiagnosed. Detection of human
campylobacteriosis  depends  on
laboratory tests of samples and results
of analytical procedures. Although in
rural regions non-chlorinated water
and raw milk consumption were long
associated with C. jejuni infection
outbreaks, uncooked chicken s
the primary source of infection in
urban  communifies  (Skirrow, 1991;
Finch & Bloke, 1985). Cases of



Campylobacter gastroenteritis N
humans having consumed chicken
meat are frequently reported, some
of them as oufbreaks (Brower ef al.,
1979; Pearson et al, 1987). In all
instances, the manifestafions were
associated  with  consumption  of
undercooked chicken meat. The
close confact between chickens
and men is also a potential hazard
for campylobacteriosis (Marquis ef
al, 1990). In a survey in Peru, the
authors  established  that the  risk
from C. jejuni infection was 12 fimes
greater among children  whose
families raised backyard chickens
compared to families which did not.
Surveys among sfudent communities
in different universities have shown
that  barbecued chicken is an
important risk factor for infection
with Campylobacter (Murray, 1986;
Deming et al, 1987). Such a risk exisfs
for poulfry slaughterhouse workers.
In one sfudy, testing of the personnel
of a slaughterhouse revealed
27-68% seroposifivity rates (Jones &
Robinson, 1981).

Some criteria  for diagnosis  of
campylobacteriosis as a foodborne
infection have been ouflined (Butzler
& Skirrow, 1979): C.jejuni should e
predominantly isolated as a sole
pathogen from faeces of enferocolitis
patients; in cases of enferocolitis, the
detection of C. jejunilbacteriaemia is
a diagnostic criterion; confirmation

fhrough seroconversion of serum
samples; beneficial clinical  effect
fromn administrafion of erythromycin
in the acute phase of infection is also
indicative of campylobacteriosis.

Contamination of chicken
meat with C. jejuni

The high prevalence of C. jejuni
among commercial birds is reflected
in the contamination level of poultry
products. The presence of C. jejuni
in chilled or frozen carcasses or
cuts of chicken, turkey and duck
poses a risk to consumers’ health.
The investigations of cloacal swab
samples obtained from broilers in
the slaughterhouse revealed o
pbroad range of C. jejuniincidence,
up to 20% (Jones et al., 1991) or
even 32% for confaminated crafes
of fransporfed birds (Hoop &
Enrsam, 1987). In some instances,
sfrains have been isolated from
the caeca of broilers with negative
cloacal swabs in slaughternouses.
The water chilling of carcasses
encourages the spread of
infection to all carcasses during
meat processing. High levels of
C. Jjejuni were defected in fhe
scalding water, in feathers, waste
water ducts and at different areas
of the conveyor system (Wempe
et al, 1983; Baker et al., 1987).
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A reduction of surface confamination
at the slaughterhouse has been
observed after scalding. It is
frequently reporfed that levels of
C. jejuni are lower in turkey meat
products as compared fo chicken
products (Baker ef al., 1987).
There are, however, data that
suggest a relafively high level of
contamination of turkey meat,
which can be probably affributed
fo the efficiency of washing, water
chilling, the equipment of the
slaughterhouse, carcass size and
The extent of off-farm confamination
(Shane, 1993).

The presence of relatively high levels

CLINICAL SIGNS AND PATHOLOGY

of C. jejuni in poultry carcasses
and cuts poses a potfential risk
of foodborne campylobacteriosis.
The fransportafion and  sforage
of products after slaughterhouse
processing do not reduce
contamination levels. The residual
C. jejuni levels in broiler chicken
legs frozen at -20°C for 26 weeks
were at the limit of detection
(Shane, 1992). Epidemiological
data related fo human enterocolitis
after consumption of uncooked
meatf make it clear that chicken
meat is an imporfant source of
infection for humans.

In natural conditions, campylo-
bacteriosis is usually asymptomatic.
After experimental reproduction
in chickens and turkey poulfs,
fransient watery diarrhoea, weight
loss and refarded growth have
peen observed (Neil ef al 1984,
Lam et al., 1992). The gross lesions
following experimental infection
represent signs of catarrhal
enferitis. The corresponding
microscopic lesions consist of

moderate swelling of infestinal

mucosa and submucosa (Knudsen
et al., 2000).

The assumption that Campylolbacter
could induce vibrionic hepatitis,
which had prevailed among stock
laying hens in the middle of the
last century and is now seen only
sporadically, has not been formally
confirmed (Shane & Sterm, 2003).



DIAGNOSIS

Based wupon microbiological
examination of samples from
chickens, foodsfuffs and the
environment. As such samples
could be contaminated with
numerous microorganisms,
selective nutrient media and
special culturing condifions
- microaerophilic atmosphere -
are used. Selective nufrient media
contain a variety of antibiotics,
fo which campylobacteria are
naturally resistant. They suppress
the growth of accompanying
microflora in samples and allow
for the isolation of slowly growing
Campylobacter spp. Identifiable

colonies may appear after 48hn
incubation on solid media, buf for
slowly growing sfrains this may take
fwice as long. The identification
of organisms is based on the
morphology of colonies - spirals
or curved rods. Some biochemical
fests (catalose, oxidase, nifrate
reduction fesfs efc.) may also be of
use (Zhang, 2008).

Enzyme immunoassays developed
for direct detection of Campylo-
bacter spp. on the basis of antigen-
anfibody interaction in faeces or
foods are much more rapid than
routine culturing methods (Hindien
ef al., 2000).

MANAGEMENT, PREVENTION AND CONTROL

There are two major approaches
fo fthe challenge of eliminating
Campylobacter spp. from the food
chain. On one hand, efforfs may
be directed towards reduction of
the contamination of live animals
with Campylobacter spp. at the
farm, while the ofther method would
be to focus on decontamination of
the final product.

Biosecurity

A strict compliance fo biosecurity
standards is required to prevent
the penetrafion of C. jejuni in o
flock. A complete decontamination
of poultry houses is required,
pbeginning with full removal of the
litter in order to prevent the spread
of infection from the previous batch
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of birds. Before each repopulation
of fthe facility, o new litter is
recornmended. The reuse of the
old litfter during the next cycle, as is
the practice in some farms, requires
at least an intermediate 7-day
inferval for removal of existing moist
litter aggregates, where C. jejuni
could survive. Biosecurity measures
should be tfaken to prevent the
infroduction of infection through
confaminated shoes, rodents, wild
pirds or fleas.

The decontamination of drinking
Water, together with deconta-
minafion of water fanks and
froughs, may reduce the infection
level at the farm. Appropriate
measures can significantly reduce
isolation rates inindividual birds from
80% to 2%, but the discontinuation
of decontamination measures may
result in high recolonisatfion rates

(Shane, 1992).
More general biosecurity measures
include: compliance to the “all-
in all-out” principle, ufilisation of
poultry houses fit for cleansing
and disinfection, maintenance
of houses and surrounding
vegetation (grass, trees) in a good
condifion, appropriate drainage of
premises and laond; availability of
sites for disinfection of shoes, hands
efc. in poultry house anferooms;
compliance of drinking
water fo sanitary and

hygiene standards, restriction of the
number of visitors fo poulfry houses
fo a strict minimum and equipment
of visitors with protective clothing.
Swalbs should be regularly collec-
fed from houses with a history
of previous colonisation with
Campylobacter spp. Affer washing
and disinfection, poultry houses
should be completely dry before
the birds are brought in.

Vaccination

So far, there are no commercially
available  vaccines  for  control
of Campylobacter in industrial
poulfry farms. Positive resulfs
obfained affer vaccinatfion of some
mammalian species suggest that
successful - vaccination of  birds
may yet be possible. It appears
that birds are profected against
Campylobacter infection through
maternalimmunity. The rapid develop-
ment of genetically-engineered
vaccinology and fargeted modulatfion
of immune response are promising
steps fowards the development
of efficient vaccines(de Zoefe et
al.,2007).



Slaughterhouse control

The risk for confamination of meat
with- Campylobacter spp. originating
from the skin or alimentary fract
of carrier animals cannot be
prevented by current practices ot
slaughternouses. The introduction
of good manufacturing proctices
(GMP) and the idenfificafion of
hazards and potential points for
confrol may help minimise fthe
level of confamination. One of
the major concerns is to prevent
the confamination of carcasses
with faeces. Clinically infected
slaughternouse workers and food
chains should be also faken info
consideratfion as possible sources
of contamination.

Pre-slaughter management of
poulfry will defermine the extent of
confaminatfion of the skin, feathers
and colonisation density of poulfry
infestines.  These factors are
important for the confamination of
raw chicken meat.

Faecal confamination rafes af the
slaughternouse can be reduced by
withdrawing food at least 12 hours
before slaughter. Furthermore,
fransporfafion vehicles, crates
and modules should be de-
confaminatfed affer each batfch in
order to remove faecal matter.

A modified scalding fechnology
reducing the microbial conta-

mination has been proposed
(Veerkamp, 1991). The method
includes three phases of scalding
with  hot wafter. Increasing the
water femperature in tfanks and
maintaining a pH of 2.0 can
substantially reduce C. jejuni
counfs from 82 fo 1 microbial cell
per 100 ml, but has no effect on
carcass confamination (Humphrey
& Lanning, 1987). This fechnique
can also result in altered organo-
leptic properties, when the immersion
fime was more than 3 min.

The improvement of carcass
washing, the control on chillers and
avoiding manual  manipulafions
through introduction of automated
equipment and improved hygiene
of conveyor belfs confribute fo
reduction of C. jejunilevels and help
reduce the internal contamination
of the slaughterhouse.
Chlorination, organic acids at
various concentrafions and
gamma radiation have all been
fested in attempts to eliminate
Campylobacter spp. (Shane, 1992).
So far, the chemical freatment of
carcasses is prohibited except for
the use of chlorinafed water (within
the permitted concentrations for
commercial use), organic acids
and ionised radiafion (Steele, 2001,
Whyte et al., 2001).
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