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ABSTRACT The thermotolerant species Campy-
lobacter jejuni, Campylobacter coli, Campylobacter lari
and Campylobacter upsaliensis are the causative agents
of the human illness called campylobacteriosis. This in-
fection represents a threat for the health of consumers
in Europe. It is well known that poultry meat is an
important food vehicle of Campylobacter infection. As
emerged from the reported scientific literature pub-
lished between 2006 and 2016, poultry meat sold at
retail level in Europe represents an important source
of the pathogen. The contamination level of poultry

meat sold at retail can vary depending on pre- and
post-harvest factors. Among the pre-harvest measures,
strict biosecurity practices must be guaranteed; more-
over, among post-harvest control measures scalding,
chilling and removal of faecal residues can reduce the
contamination level of Campylobacter. An additional is-
sue is represented by increasing proportion of Campy-
lobacter isolates resistant to tetracyclines, ciprofloxacin,
and nalidixic acid, thus feeding a serious concern on the
effectiveness of antibiotic treatment for human campy-
lobacteriosis in a near future.
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CAMPYLOBACTER AND
CAMPYLOBACTERIOSIS

The species today ascribed to the genus Campylobac-
ter, once classified as Vibrio spp., consist of Gram-
negative spirally curved rods with a polar flagellum lo-
cated at one or both ends of the cell (Jay et al., 2005).
All the species belonging to the genus are oxidase and
catalase positive, non-spore forming and unable to grow
in the presence of 3.5% NaCl. Due to its microaerophily,
Campylobacter requires small amounts of oxygen (3–
6%) for growth, whereas its multiplication is inhibited
at 21% oxygen. The growth temperature of Campy-
lobacter cells is comprised between 37◦C and 45◦C, with
an optimum at 42◦C (Forsythe, 2010). Indeed, most
species are typical thermotrophics, while they are gen-
erally recognised as sensitive to heat treatments (pas-
teurization and proper cooking). However, as reported
by Park (2002), it has been found that cells exposed to
temperature values above the optimal for growth may
respond through the synthesis of heat shock proteins.
This latter phenomenon is a well known homeostatic
mechanism leading to bacterial thermotolerance, which
is referred to bacteria surviving at 60+/−0.1◦C for one
hour (Singh, 2009).
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The thermotolerant species Campylobacter jejuni
(the most frequent), Campylobacter coli, Campylobacter
lari and Campylobacter upsaliensis, are the causative
agents of the human illness called campylobacteriosis,
although non-thermotolerant species such as Campy-
lobacter fetus may occasionally cause the infection
(Forsythe, 2010). The symptoms of the disease gener-
ally include diarrhoea, fever, and abdominal cramping,
septic arthritis can be sometimes observed, although
with low frequency (Altekruse et al., 1999). Acute neu-
romuscular paralysis, due to the demyelating disorder
called Guillain-Barré syndrome, and reactive arthropa-
thy called Reiter syndrome may represent rare com-
plications of campylobacteriosis (Allos, 1997). Except
for the above cited cases, the infection is usually self
limiting and rehydration, together with electrolytes re-
placement, are the therapies most commonly prescribed
(Allos, 1997); notwithstanding, in some patients (i.e.
with high fever, and/or with deficiencies in the immune
response) the use of antibiotics as macrolides (e.g. ery-
thromycin), and fluoroquinolones (e.g. ciprofloxacin)
is recommended (WHO, 2011; Wieczorek and Osek,
2013). On the other hand, as reported by European
Food Safety Authority (EFSA) and European Cen-
tre for Disease Prevention and Control (ECDC), a
high proportion of Campylobacter isolates from hu-
mans are resistant to ciprofloxacin and tetracyclines,
as well as to macrolides, aminoglycosides, and betalac-
tams (Wieczorek and Osek, 2013; EFSA and ECDC,
2015a). This of course leads to decreasing options for
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treatment and control of infections and also arises fur-
ther concern linked to the possibility that the genes
responsible for these resistances are harboured by mo-
bile (transferable) genetic elements and can therefore
be widespread among (pathogenic) bacteria (Clementi
and Aquilanti, 2011). Accordingly, Crespo et al. (2016)
have recently discovered a novel plasmid conferring
kanamycin (aphA-3) and tetracyclin (tetO) resistance
in a C. jejuni strain. This finding suggests the possibil-
ity of a horizontal transfer of the resistance genes be-
tween different C. jejuni and C. coli strains and ecosys-
tems. Given the severe implications linked to the risk
of horizontal diffusion of antibiotic resistance genes, the
presence of these determinants has been considered in
many studies concerning Campylobacter isolated from
poultry meat.

THE EUROPEAN REGULATORY
FRAMEWORK

Diseases caused by foodborne pathogens constitute
a major burden to consumers, food business operators
and governments (Codex Alimentarius Commission,
1997). In particular, human zoonoses represent a pri-
ority problem in Europe since 1992 when the Council
Directive 92/117/EEC issued specific monitoring and
protection measures concerning these diseases. Subse-
quently, in 1998, the Decision 2119/98/EC provided
for the establishment of the Community network for
the surveillance of transmissible diseases in humans,
included zoonoses. Finally, Directive 2003/99/EC, that
repealed and replaced Council Directive 92/117/EEC,
reiterated the need of a careful monitoring of zoonoses
and zoonotic agents, and underlined the deficiency of
proper epidemiological investigation concerning food-
borne outbreaks. A list of the zoonoses and zoonotic
agents to be monitored was published in Annex I of the
Directive, including: tuberculosis in cattle, brucellosis
in cattle, sheep and goats, and certain zoonotic agents
in food (in particular Salmonella, Campylobacter,
and verotoxinogenic Escherichia coli). The year after
(2004), the European Parliament and the Council
issued the so-called “Hygiene Package” that reaffirmed
the relevance of risk assessment on the side of the food
business operator, while appointing the public author-
ities with new responsibilities. Thereafter, Regulation
(EC) No 2073/2005 (as amended by the Regulation
(EC) No 1441/2007) provided microbiological criteria
for some food-borne bacteria, microbial toxins and
metabolites in food products and processes. Moreover,
in order to improve the efficiency of monitoring of
the major biological risks in Europe, the Commission
created a network of National Reference Laboratories
(NRLs) co-ordinated by Community Reference Labo-
ratories (CRLs), responsible for setting up European
Union (EU) wide standards for testing, routine pro-
cedures and reliable testing methods, thanks to the
presence of scientific and technical expertise of excel-

lence especially focussed within the areas of animal
health, public health and zoonoses. Originally, Annex
VII of Regulation (EC) No 882/2004 listed twelve CRLs
for feed and food, responsible for the following sub-
jects: milk and milk products; zoonoses (Salmonella);
marine biotoxins; viral and bacteriological contamina-
tion of bivalve molluscs; residues (four laboratories);
transmissible spongiform encephalopathies (TSEs);
additives for use in animal nutrition; Genetically
Modified Organisms; material intended to come into
contact with foodstuffs. Today, the list of CRLs, now
called European Reference Laboratories (EURLs),
includes laboratories working in the area of animal
welfare and other policy areas, such as cosmetics,
industrial chemicals and pharmaceuticals. As well as
Campylobacter is concerned, the National Veterinary
Institute (SVA) in Uppsala was the appointed EURL
for Campylobacter by the European Commission, DG
Health and Consumer Protection, on the 1st of July
2006. Its activities include: i) organization of profi-
ciency tests to be carried out at the NRLs to detect
and quantify Campylobacter spp. in different types of
matrices, as faeces, food and environmental samples; ii)
organization of annual workshops to inform the NRLs
about ongoing activities that include Campylobacter at
EU and national levels; iii) evaluation and development
of analytical methods for the detection, identification
and characterization of Campylobacter as well as other
issues that are important for increasing the knowledge
about Campylobacter in the food chain; iv) providing
scientific and technical assistance to the European
Commission and to the NRLs; v) communication and
cooperation with public health laboratories.

Currently, European data on zoonoses, both in the
veterinary and human fields, are published in the an-
nual reports, edited by the EFSA, which provide the
general framework of the European situation.

The collection of data is essential to identify which
animals and foodstuffs are the main sources of infec-
tion and to monitor the prevalence of zoonoses. The
data analysis is also pivotal to support the actions un-
dertaken to prevent and reduce the impact of zoonoses
in the food chain. To this end, all EU Member States
(MSs) collect and analyze information about food-
borne zoonoses in order to protect human health. As re-
ported by the EFSA Panel on Biological Hazards the es-
timated cost in the EU of the foodborne disease caused
by thermotolerant species of Campylobacter is around
€ 2.4 billion a year, in terms of loss of productivity
and public health expense (EFSA Panel on Biological
Hazards, 2011).

OCCURRENCE OF CAMPYLOBACTER IN
POULTRY MEAT AT RETAIL

Poultry meat still represents the most important
source of food-borne Campylobacter (EFSA and ECDC,
2015b). Indeed, in accordance with Article 5 of the
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already cited Directive 2003/99/EC on the monitor-
ing of zoonoses and zoonotic agents, a baseline survey
to estimate the prevalence of Campylobacter in broiler
batches and of Campylobacter and Salmonella on broiler
carcasses at slaughterhouse level was carried out in the
EU (EFSA, 2011). Following a request from the Euro-
pean Commission, the EFSA Panel on Biological Haz-
ards was asked to deliver a scientific opinion on Campy-
lobacter in broiler meat production. This opinion was
published in 2011 and included control options and per-
formance objectives and/or targets at different stages
of the food chain. Regarding the costs of campylobacte-
riosis, the above cited opinion stated that broiler meat
may account for 20 to 30% of the total, while 50 to 80%
may be attributed to the chicken reservoir as a whole
(broilers as well as laying hens) (EFSA Panel on Bio-
logical Hazards, 2011). In the last report jointly pub-
lished by EFSA and ECDC (EFSA and ECDC, 2015b),
30.7% of fresh broiler meat subjected to microbiologi-
cal analyses in the year 2014 were positive for the pres-
ence of Campylobacter, with important differences be-
tween the involved EU MSs. As well as the presence
of Campylobacter in animals is concerned, the above
cited EFSA and ECDC report stated that the microor-
ganism was found in 31.8% of slaughter batches and
30.3% of flocks. The EFSA and ECDC (2015b), high-
lighted 29 strong-evidence food-borne outbreaks among
the 422 Campylobacter outbreaks recorded; the cater-
ing services were recognised as the most relevant source
of these outbreaks, as also reported by Osimani and
Clementi (2016), but handling at home was also proved
to play an important role.

The food retail sector is the point of contact be-
tween producers and consumers, where food retailers
may have a non marginal role, after that played by
breeders and food business operators, to ensure the sup-
ply of safe food. Indeed the risk of microbial pathogens
contamination at retail greatly varies depending on the
scale and the scope of the business: on the one hand,
at the large retailers, the risk of contamination is prob-
ably lower than at small scale butcheries, however its
possible effects can reach a much higher number of con-
sumers (De Boeck et al., 2016).

As the meat sector is concerned, poultry meat sold at
retail represents one of the most important vehicles for
the diffusion of Campylobacter infection (Bardoň et al.,
2011; Lynch et al., 2011; Petruzzelli et al., 2014). This
infection still represents a threat for the health con-
sumers in Europe, given that in 2014 the number of
reported confirmed cases of human campylobacterio-
sis in EU was 236,851 with an increase of 22,067 cases
compared with 2013. Notwithstanding, epidemiological
studies on the prevalence of Campylobacter in poultry
meat are still limited (Andrzejewska et al., 2015).

The present survey ideally follows the review pub-
lished by Suzuki and Yamamoto (2009) on Campy-
lobacter contamination in retail poultry meat and by-
products in the world. The present paper is focussed
on the occurrence of Campylobacter in retail poultry
meat in Europe taking into account the available litera-

ture published between 2006 and mid 2016. Afterwards,
starting again from the available literature, the authors
analyze and discuss the main factors that may affect
the spread of Campylobcter in retail poultry meat, and
the risks related to the presence of this pathogen in the
same food matrix.

Case Studies

The literature review that follows was performed
based on the PubMed (http://www.ncbi.nlm.nih.gov/
pubmed) and ScienceDirect (http://www.sciencedirect.
com/) databases using the terms “Campylobacter AND
retail”, “Campylobacter AND Europe”, “Campylobac-
ter AND European Union”, “Campylobacter AND
chicken”, “Campylobacter AND meat”, “Campylobacter
AND poultry”. Restrictions were imposed in order to
select only the papers published during the last decade
(2006–2016). The reviewed papers were reported based
on the year of the studies and not on the year of their
publication.

In accordance with the national Campylobacter
surveillance programme foreseen by the Danish Veteri-
nary and Food Administration, Andersen et al. (2006)
carried out a 7-year monitoring (1996–2003) on the
occurrence of antimicrobial resistance among C. je-
juni isolated from raw poultry meat at retail level in
Denmark. The poultry meat was brought from na-
tional farmers or from other European countries (as im-
ported meat). The samples included raw chicken, duck
and turkey meat collected as either whole carcasses or
single parts, such as breasts and legs, for a total of
767 samples. Isolates of C. jejuni showed resistance to
chloramphenicol, ciprofloxacin, erythromycin, nalidixic
acid, streptomycin, and tetracycline, with various fre-
quencies. None of the isolate was resistant to gentam-
icin. The analyses carried out by Andersen et al. (2006)
found significant differences among isolates from poul-
try meat sources regarding their resistance to tetracy-
clines; in more detail, isolates from duck and turkey
meat showed 32% resistance to this class of antibi-
otics, whereas chicken meat showed 7.6% resistance.
Most isolates (80%) were fully sensitive to the tested
antimicrobials, whereas just two isolates showed multi-
resistance.

With the aim to investigate the genetic diversity of
C. coli and C. jejuni isolates and the possible link be-
tween the different genotypes found and the source of
isolation, Zorman et al. (2006), between 2001 and 2002,
carried out the genotyping of Campylobacter isolates
from retail chicken meat and from clinical specimens
in Slovenia and Bosnia-Herzegovina. A high number of
C. coli strains occurred in poultry samples. Moreover,
pulsed-field gel electrophoresis (PFGE) suggested that,
due to cross-contamination, transmission of C. jejuni
and C. coli occurred between the chickens on the farm
and the retail chicken meat, as well as from the retail
meat to humans.

Between 2001 and 2007, Boysen et al. (2011) carried
out a retrospective survey analysis on the prevalence of
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thermotolerant Campylobacter species in conventional
broiler flocks at slaughter, and broiler meat at retail
in Denmark. The authors found a significant effect of
season on the prevalence of Campylobacter in meat at
retail. In more detail, a high prevalence of Campylobac-
ter was observed during summer and autumn, whereas a
low prevalence was observed during winter and spring.
Moreover, the occurrence of Campylobacter in broiler
flocks, was found to be a good predictor for the pres-
ence of Campylobacter in fresh and chilled broiler meat.

Between January 2002 and December 2003, Praakle-
Amin et al. (2007) studied broiler chicken and turkey
Campylobacter isolates in samples of meat from Den-
mark, Estonia, Finland, United States and Hungary,
all sold in Estonian retail stores. The majority of the
isolates belonged to C. jejuni. While isolates showed
single and/or multiple resistances to antimicrobial as
ciprofloxacin, nalidixic acid, tetracycline, ampicillin,
erythromycin (this latter only in isolates from chicken
samples), none of the isolates from chicken were resis-
tant to gentamicin, moreover, no isolates from turkey
were resistant to erythromycin or gentamicin.

In the year 2006, Soonthornchaikul et al. (2006) pub-
lished a paper that compared the diffusion of antibiotic
resistance in Campylobacter isolated from organically-
versus intensively-reared chickens purchased from re-
tail outlets in the United Kingdom. Isolates obtained
from the different typologies of meat showed differ-
ent resistance rates to ciprofloxacin, erythromycin and
nalidixic acid. In more detail, 100% of chickens har-
boured Campylobacter isolates that were resistant to
erythromycin and nalidixic acid, independently from
the rearing regime. All of the isolates belonging to
the organically-reared group showed to be suscepti-
ble to ciprofloxacin, whereas the isolates from inten-
sively reared chickens showed different resistances to
this antibiotic. Interestingly, 8.7% of the intensively-
reared chickens, sheltered resistant isolates on the skin,
thus suggesting a possible post-slaughtering contami-
nation, whereas the highest percentage of resistant iso-
lates (26.7%) was discovered inside the carcasses, thus
suggesting a possible link to antimicrobial treatments
carried out during rearing.

Between 2006 and 2008, Strachan et al. (2012) car-
ried out a study on the source, prevalence and load of
Campylobacter spp. in specimens of retail livers (from
chicken, cattle, pig and sheep). Among the samples,
81.0% (21 out of 26) of chicken livers revealed the pres-
ence of the pathogen. The comparison of the multilocus
sequence typing (MLST) genotypes of Campylobacter
isolated from chicken livers with those of the isolates
of human origin showed a great overlap, thus provid-
ing further evidence that chicken livers may represent
a vehicle of pathogenic Campylobacter to humans.

Prencipe et al. (2007) carried out a survey on the con-
tamination levels of Campylobacter in marketed poultry
meat samples collected in Central Italy. On a total of
392 samples of whole and sectioned chickens, 160 re-
vealed low levels (0.3–9.3) of the pathogen expressed

as most probable number (MPN) g−1, whereas 17 and
1 samples revealed levels of Campylobacter > 9.3 and
of 110 MPN g−1, respectively. The most commonly iso-
lated species belonged to C. jejuni (81.9% of the iso-
lates) followed by C. coli (32.5%). Moreover, Prencipe
et al. (2007) reported a high prevalence of the pathogen
in small- and large-scale retail stores, without signifi-
cant differences in contamination levels depending on
product type (loose or packaged) or distribution chan-
nels. The authors highlighted the need to implement na-
tional surveillance systems and registration procedures
for campylobacteriosis.

In 2009, Bardoň et al. (2011) determined the preva-
lence of thermotolerant Campylobacter spp. on broiler
chickens (Gallus gallus) directly collected in retail
stores (supermarkets) in the eight largest cities in the
Czech Republic. The study was carried out in accor-
dance with the State Veterinary Administration of the
Czech Republic and involved 240 samples (120 chilled
and 120 frozen) of poultry meat. A high prevalence
(56.0%) of Campylobacter spp. in broiler chickens at
retail was discovered, moreover, high resistance rates
to ampicillin, oxolinic acid and ciprofloxacin were de-
tected for both C. jejuni and C. coli isolates. None of
the isolates were resistant to chloramphenicol or gen-
tamicin.

Following a monitoring plan on chicken meat prod-
ucts in retail outlets carried out from April to December
2009 in France, Guyard-Nicodème et al. (2015) found
76.0% of positive samples for the presence of Campy-
lobacter among the 361 chicken products analyzed. As
expected, the authors found a significantly heavier con-
tamination on products with skin in respect to those
without skin. Among the analyzed chicken meat prod-
ucts on sale, C. jejuni was more prevalent than C. coli.
All the tested isolates were susceptible to chlorampheni-
col, erythromycin and gentamicin, while they were re-
sistant to ciprofloxacin, nalidixic acid and tetracycline.

C. jejuni and C. coli were identified in 51.4% and
37.7% of 312 broiler meat products analyzed in Lithua-
nia from 2009 to 2010 by Kudirkiene et al. (2013). The
occurrence and counts of Campylobacter spp. varied sig-
nificantly between the producers examined.

A recent survey carried out in retail poultry meat in
the year 2012 in Estonia by Mäesaar et al. (2014) dis-
covered a significant variation due to season effect in
the presence of Campylobacter, with peaks in the counts
during the summer period. Samples included Estonian,
Lithuanian and Latvian products, all sold in the Esto-
nian retail market. The mean viable count of Campy-
lobacter in the positive samples analyzed was 3.2 Log
cfu/g, with a prevalence of C. jejuni (89.0%) among the
isolates. Samples originating from Latvian and Lithua-
nian producers showed the highest counts of Campy-
lobacter.

To assess the prevalence of Campylobacter in poultry
meat, Andrzejewska et al. (2015) analyzed a total of 742
poultry meat samples over a five year period (2009–
2013). The meat, including chicken and turkey filets,
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chicken wings, leg quarters, drumsticks, and giblets, was
collected in Northern Poland from supermarkets and
butcher shops. The results indicated that among the
poultry meat samples, 309 (41.6%) were positive for
Campylobacter spp.; C. jejuni was the prevalent species
(62.8% of positive samples), whereas C. coli was found
in 37.2% of the tested products. The assessment of an-
timicrobial susceptibility of the isolates highlighted dif-
ferent levels of resistance. In more detail, 66.3% of the
strains were resistant to ciprofloxacin, 42.3% to tetracy-
cline, 2.6% to erythromycin, and 0.6% to azithromycin.
The study of Andrzejewska et al. (2015) confirmed the
high level of fluoroquinolone resistance among Campy-
lobacter species. These authors also highlighted the
need for additional data on the prevalence of Campy-
lobacter in poultry meat to determine the more appro-
priate hygienic measures on farms and control measures
during carcass slaughtering, to be used to reduce the
occurrence of Campylobacter in retail poultry meat.

In 2009, Suzuky and Yamamoto published a liter-
ature survey, supported by the Ministry of Health,
Labour, and Welfare of Japan, on Campylobacter
contamination in retail poultry meats and by-products
in the world, covering a period of about 6 years
(2002–2007). The results showed that retail poultry
meat and by-products were mostly contaminated by C.
jejuni in the majority of the countries, with detection
frequencies between 28.1% (South Africa) and 100%
(Argentina, Belarus and Russia), whereas C. coli was
less frequently isolated.

As emerged from the reviewed literature summa-
rized in Table 1, the findings of Suzuky and Yamamoto
(2009) on the prevalence of Campylobacter species seem
to be confirmed, though it is worth noting that the data
on the prevalence of Campylobacter spp. available in
literature are sometimes difficult to compare, for dif-
ferences in the sampling design or diagnostic methods
followed.

In more detail, the majority of the reviewed studies
reported that, among positive samples, detection fre-
quencies for C. jejuni were comprised between 46.5 and
91.4%, thus clearly confirming this species as the most
relevant in the contamination of retail poultry meat. C.
coli was found at a clearly lesser extent. Campylobac-
ter species naturally occur in the intestine of warm-
blooded animals, and in particular, birds. Accordingly,
the main sources of Campylobacter infection are poul-
try and meat products (Pitkänen, 2013) while wild
mammals and birds have been recognized as possible
reservoirs for Campylobacter transmission to livestock
(Sippy et al., 2012). Currently there is no EU legisla-
tion regulating the presence of Campylobacter in meat.
Faeces, foodstuffs, litter and also aerosol are the main
sources of Campylobacter contamination of poultry.

With regards to the contribution of the retail system
in the loads of Campylobacter reported in the reviewed
literature, it is worth noting that the storage temper-
ature of meat could affect the final counts since it is
known that Campylobacter is able to replicate at 4◦C

and at room temperature (Lee et al., 1998). Indeed, as
reported by Wei et al. (2016), the initial contamina-
tion level of poultry meat can vary depending on post
slaughter treatments, temperature control and hygiene
management during the processing or storage. As an
example, Lundén et al. (2014) reported failures in tem-
perature control efficacy of refrigeration equipment in
retail stores in Finland, with temperature abuses ob-
served in 50% of the products. Moreover, Lundén et al.
(2014) found that poor practices regarding temperature
settings were carried out and that temperature limit
was exceeded by over 3◦C for more than 30 min in 17.9%
of the products.

As reported by Wegener (2010) the requests of the
market can also influence the quality of fresh poul-
try meat sold at retail. Indeed, Wegener (2010) re-
ported that among the controls of Campylobacter in
broiler chicken meat carried out in Denmark, the
Campylobacter-positive flocks were usually used for
the production of frozen poultry products, whereas
fresh poultry products were usually prepared using
Campylobacter-negative flocks. Notwithstanding, ow-
ing to logistical problems, in summer the request for
fresh poultry can sometimes exceed the supply of
Campylobacter-negative flocks.

ORIGIN OF CAMPYLOBACTER IN
POULTRY MEAT

Farming

The colonization of the intestinal tract in broiler
chicks is usually undetectable before the age of 7 days,
whereas the overall occurrence of Campylobacter within
the flock can reach the highest level at the slaughter
age. As reported in a recent review on the ecology of
Campylobacter in poultry, in some chicken flocks the
presence of the pathogen can attest up to a frequency
of 100% (Sahin et al., 2015). Though the epidemiol-
ogy of Campylobacter in broiler production is still not
fully understood, at the present time, the horizontal
transmission seems to be responsible for flock coloniza-
tion since the contribution of vertical transmission from
parents to their offspring remains still uncertain (Henry
et al., 2011). Indeed, as reported by Sahin et al. (2015)
it is well established that the pathogen is rarely de-
tected in flocks of 2–3 weeks of age, whether chickens
or turkeys are considered.

Although information on the colonization and ecol-
ogy of Campylobacter in respect of chickens is already
available in the scientific literature, there a paucity of
reports on possible actions of intervention in order to
limit the presence of the pathogen in both farms and
meat.

Giombelli and Gloria (2014) have recently reported
the presence of C. jejuni and C. coli in samples of lit-
ter, with a prevalence of 100% and 58.8% of the two
species, respectively. Sommer et al. (2013) have recently
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summarized the factors that can be significantly associ-
ated with the Campylobacter status of the flocks, among
these: age of broiler house, rodent control, age of broiler
at slaughter, number of broiler houses on the farm,
etc. Sahin et al. (2015) also summarized the main con-
trol measures (pre- and post-harvest) useful in poultry
farming. Among the pre-harvest measures, it emerged
that the careful application of good hygiene practices
(staff training, rodent control, drinking water decon-
tamination, etc.) are important tools to avoid, or limit,
Campylobacter entrance in the broiler farm, although
their implementation undoubtedly involves additional
costs. Among the above cited measures, drinking wa-
ter acidification (e.g. with organic acids as lactic acid)
proved to be able to reduce the risk of colonization of
the flocks (Allain et al., 2014). Acidification of the lit-
ter carried out with aluminium sulphate and sodium
bisulphate was also able to reduce the contamination
of the flocks (Line, 2002), whereas the acidification of
the feed was successfully used as a further control mea-
sure against Campylobacter eventually present in the
gut of chickens. On the contrary, the use of bacterio-
phages and immune interventions proved to be ineffec-
tive (Sahin et al., 2015).

Very recently, Torralbo et al. (2014) carried out a
large epidemiological study to determine the occurrence
of Campylobacter infection in broiler farms in Spain, in
relation to different risk factors. The authors identified
a series of factors that may affect the contamination
level of Campylobacter in a negative way, among which:
the presence of pets on the farm, the age and the appli-
cation of thinning of broiler flock, the presence of canvas
blinds at the windows, and the occurrence of rodents in
the poultry house.

Slaughtering

The presence of Campylobacter in the intestinal tract
can lead to carcass contamination during slaughtering,
moreover, it is known that defeathering can increase
contamination. Among post-harvest control measures,
scalding and chilling of the carcasses proved to be able
to reduce the contamination level of Campylobacter.
The removal of faecal residues followed by the use of
chlorine-based antimicrobial were also useful. In regards
to this issue, it is worth noting that the chemical decon-
tamination of carcasses, allowed in the United States, is
prohibited in Europe. The analysis of the data reviewed
by Sahin et al. (2015) also found that the systematic
analysis of critical control points along the slaughter
process helps to identify the most appropriate measures
to control contamination of carcasses.

Melo et al. (2013) have evaluated the virulence char-
acteristics of 55 C. jejuni strains isolated from chicken
carcasses, highlighting the potential role of these strains
in the pathogenesis of human disease. Melo et al. (2013)
have also recommended the enhancement of vigilance
and strict controls during production as measures to
protect the health of consumers.

Many studies reported the influence of slaughtering
on the contamination of carcasses (Stern and Robach,
2003; Reich et al., 2008). Indeed, some authors ar-
gued that the effectiveness of the controls carried out
in slaughterhouse to reduce the incidence of human
campylobacteriosis is higher by about 30 times com-
pared to the biosecurity measures in the herd (Rosen-
quist et al., 2003). In some countries, such as Denmark,
interventions for the control of campylobacteriosis have
been directed to the reduction of Campylobacter spp. in
broiler flocks, as well as to the activities carried out at
the slaughterhouse (Wagenaar et al., 2006).

In order to prevent potentially contaminated meat
from entering the market, Josefsen et al. (2015) pro-
posed a cost-effective approach based on on-site or at-
line monitoring at slaughterhouses by using the same
detection platform available for Salmonella or other
food-borne pathogens. Josefsen et al. (2015) also pro-
posed the use of culture-independet metagenomic-based
techniques that allow a single-step detection and iden-
tification of Campylobacter.

ANTIBIOTIC RESISTANCE

Last but not least, as the issue of (transferable) an-
tibiotic resistance(s) in Campylobacter is concerned, the
resistance to certain antibiotics developed by Campy-
lobacter is of particular importance in the food chain
because such phenomenon inevitably has an impact on
the treatment of human infections. It is worth noting
that the incidence of resistance to several important
antibiotics used in the treatment of this disease is in-
creasing. Moreover, the presence of multiple resistances
due to the (mis)use of antibiotics in veterinary medicine
and breeding, with the consequent diffusion of trans-
missible antibiotic resistance genes in the food chain,
mediated by pro-technological microorganisms (e.g. lac-
tic acid bacteria) (Aquilanti et al., 2007; Clementi and
Aquilanti, 2011), must be considered. This alarming
emergence is a further factor of risk for the health of
consumers that should deserve to be carefully moni-
tored.

As recently reported by Wieczorek and Osek (2013),
Campylobacter showed to be resistant to fluoro-
quinolones, macrolides, aminoglycosides, and betalac-
tams. In addition, intrinsic resistance of C. jejuni and
C. coli to penicillins and most cephalosporins, as well
as to rifampicin, sulfamethoxazole, trimethoprim, and
vancomycin was described.

As emerged from the reviewed literature, the most
reported antibiotic resistances in Campylobacter iso-
lates from poultry meat at retail were to tetracycline,
ciprofloxacin, and nalidixic acid whereas resistance to
gentamicin was never observed.

The analysis of the reviewed literature is basically
in line with the results reported in the EU summary
report on antimicrobial resistance in zoonotic and indi-
cator bacteria from humans, animals and food in 2014
(EFSA and ECDC, 2015a). In more detail, the EU
summary reported that a high to very high proportion
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of isolates of Campylobacter from humans were found to
be resistant to ciprofloxacin and tetracyclines, whereas
resistance to erythromycin was from low to moder-
ate. Moreover, resistance to fluoroquinolones in some
MSs was extremely high. Regarding C. jejuni iso-
lates from broilers and broiler meat, high resistance to
ciprofloxacin (69.8%), nalidixic acid (65.1%) and tetra-
cycline (54.4%) was reported, whereas much lower lev-
els of resistance were recorded for erythromycin (5.9%)
and gentamicin (0.9%). A similar pattern of resistance
to these substances occurred in C. coli from broilers.
Over the 2008–2014 period, resistance to ciprofloxacin,
erythromycin and nalidixic acid in broilers greatly var-
ied in the different MSs under review; in several cases
statistically significant increasing trends were observed
in the resistance to the above cited antimicrobials, for
both C. jejuni and C. coli (EFSA and ECDC, 2015a).

The above findings shed increasing concern on the ef-
fectiveness of antibiotic treatments for human Campy-
lobacter infections in a near future.

CONCLUSIONS

Currently, the European legislation does not include
any law foreseeing specific criteria related to the pres-
ence of Campylobacter in food. Therefore, pending the
filling of this gap, some voluntary preventive mea-
sures are desirable in order to limit the occurrence of
the pathogen especially in the poultry meat industry.
Though the fundamental risk factors involved in the
contamination and growth of Campylobacter in poultry
meat are known, more structured information is needed
on the preventive actions that could be implemented at
breeding, slaughtering, processing and retail. Indeed,
each of these steps have a not negligible role in the dis-
semination of Campylobacter and should therefore be
addressed through properly implemented good hygiene
practices.

The further issue linked to Campylobacter dissemi-
nation, that is the increasing human exposure to an-
tibiotic resistant bacteria, must be urgently addressed
through adequate measures. Prevention of the diffusion
of antibiotic resistant Campylobacter should begin dur-
ing rearing and should involve an use as restricted as
possible of all the antibiotics, with particular attention
to those critically important to human medicine.
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