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ABSTRACT  Campylobacter jejuni is recognized as
the most common foodborne pathogen associated with
human gastroenteritis worldwide. Broilers are fre-
quently infected by the bacteria and are considered the
main source of exposure to humans. However, despite
its public health impact, no recent data are currently
available in Lebanon about Campylobacter spp. in poul-
try and human population. Therefore, this study aimed
to determine the prevalence and genetic diversity of
Campylobacter spp. in 227 ceca and on 227 carcasses of
broiler chickens collected in Lebanese slaughterhouses.
Overall, the prevalence of Campylobacter was shown to
reach 67.0% in ceca and 17.2% on carcasses of Lebanese
poultry. The only 2 Campylobacter species identified
were C. jejuni and C. coli, with a slightly higher preva-
lence of C. coli in ceca and of C. jejuni on carcasses. A
high level of genetic diversity was reported among the
51 C. jejuni isolates selected, since 25 distinct profiles
were identified according to the comparative genomic
fingerprinting typing method based on a subset of 40
genes using the 90% similarity threshold. Predominant

clusters observed in Lebanese poultry isolates were also
frequently found among French human clinical cases,
highlighting that broiler chickens represent a potential
reservoir for human campylobacteriosis. In addition, a
significantly higher prevalence of Campylobacter spp.
was found in slaughterhouse workers than in a cohort of
hospitalized patients with no contact with poultry, con-
firming that contaminated broiler chickens in slaughter-
house appeared to be a non-negligible source of Campy-
lobacter spp. transmission. Interestingly, a significant
association between Campylobacter spp. and Blastocys-
tis sp. has been observed. This correlation suggested
that the presence of Campylobacter spp. would be fa-
vored when Blastocystis sp. is present and, similarly, the
absence of one would favor the absence of the other.
This is the first large-scale investigation focusing on
the impact of Campylobacter spp. in broiler chickens in
Lebanon and confirmed the need to implement preven-
tion and control measures in the poultry production to
reduce the burden of campylobacteriosis in the human
population.
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INTRODUCTION

Campylobacter species are the most commonly re-
ported gastrointestinal bacterial pathogens in humans
worldwide (FAO/WHO, 2009) that cause an enteric
foodborne zoonotic disease called campylobacteriosis.
In the European Union (EU), this disease ranks first
in terms of prevalence, exceeding the total number
of human zoonoses caused respectively by Salmonella,
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Yersinia, and FEscherichia coli (EFSA and ECDC,
2017). Campylobacteriosis induces a self-limiting gas-
troenteritis that generally resolves within 2 to 3
wk, but may lead to severe post-infectious sequelae
such as Guillain-Barré syndrome and reactive arthritis
(Mortensen et al., 2009; Jackson et al., 2014). Campy-
lobacter spp. are regarded as common inhabitants of
the intestinal tract of many domestic and wild birds,
as well as warm-blooded animals such as cattle and
pigs, in which these bacteria seem to establish a com-
mensal relationship. Humans become infected either
directly by animal contact or indirectly through han-
dling and ingestion of contaminated food products de-
rived from these animals such as undercooked chicken
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and pork, improperly cooked beef, and raw milk or un-
treated drinking water (Lévesque et al., 2008; Mossong
et al., 2016). Several avian species are considered the
main reservoirs of Campylobacter spp., in particular
broiler chickens intended for human consumption. In-
deed, these bacteria can grow at the higher body tem-
perature of birds, i.e., 42°C. In addition, infected poul-
try are mostly asymptomatic and shed the bacteria
in high numbers, thereby facilitating transmission of
Campylobacter spp. (Skarp et al., 2016; Garcia-Sanchez
et al., 2017; Pergola et al., 2017).

Human campylobacteriosis is mainly caused by the
2 species, Campylobacter jejuni and C. coli, which are
responsible for around 90% of all cases diagnosed in
the EU. More than 200,000 confirmed cases of campy-
lobacteriosis were reported in 2016, with chickens be-
ing the main reservoir of transmission according to the
European Food Safety Authority (EFSA and ECDC,
2017). According to a baseline study conducted in Eu-
rope in 2008, the prevalence of Campylobacter spp. was
globally shown to reach 71.2% and 75.8% in live broiler
chickens and broiler carcasses, respectively (EFSA,
2010). Moreover, the prevalence within member states
ranged from 2.0 to 100% for cecal contents and from 4.9
to 100% for carcasses. In Middle Eastern countries, a
large-scale study reported that 57 and 100% of poultry
slaughterhouses were contaminated by Campylobacter
spp. in Bahrain and Saudi Arabia, respectively, with
C. jejuni being the major species identified in both
surveys (Senok and Botta, 2009). Moreover, 48% of
chickens supplied to supermarkets by Saudi (53%) and
Qatari (45.9%) producers were found to be contami-
nated with Campylobacter spp. (Abu-Madi et al., 2016).
In Lebanon, very little data are currently available re-
garding the burden of Campylobacter spp. in human
and broiler chicken populations. The few smaller-scale
studies conducted in this country showed low (0.7 and
2.5%) (Talhouk et al., 1998; Bechara et al., 2016) to
moderate (11.1%) (Dabboussi et al., 2012) prevalence
of Campylobacter spp. among diarrheic patients, with a
relative predominance of C. jejuni. Moreover, 100% of
fecal and cloacal swabs collected from a poultry farm
and 50% of breast swabs obtained from the correspond-
ing slaughterhouse were shown to be contaminated by
either C. jejunior C. coli or both species (Hajj Semaan
et al., 2014). In addition, 22.7% of ceca collected from
meat chicken breeder farms and 9.7% of raw chicken
carcasses obtained from shops in Lebanon were also
positive for the bacteria, with predominance of C. coli
(Talhouk et al., 1998).

In addition to Campylobacter spp. and other
pathogenic bacterial species, cosmopolitan enteric pro-
tozoans such as Blastocystis sp. also frequently colonize
humans (Clark et al., 2013; Stensvold and Clark, 2016)
and a wide range of animals, including birds (Cian
et al., 2017). In Lebanon, the infection rate exceeds
50% in various human cohorts (Osman et al., 2016;
Greige et al., 2018) and 30% of poultry samples col-
lected from slaughterhouses (Greige et al., 2018). The

zoonotic transmission of Blastocystis sp. was confirmed
through repeated and direct contact between chick-
ens and their handlers (Greige et al., 2018). Although
the pathogenicity of this parasite is still uncertain,
mainly because of its significant asymptomatic carriage
(Andersen and Stensvold, 2016), infection with Blasto-
cystis sp. in humans is associated with various digestive
disorders and urticaria (Tan et al., 2010; Lepczynska
et al., 2015). Interestingly, a direct association between
the presence of this parasite and variations in the com-
position of bacterial communities in the gut was re-
cently demonstrated (Andersen et al., 2015; Audebert
et al., 2016; Forsell et al., 2017; Nieves-Ramirez et al.,
2018), suggesting that Blastocystis sp. plays a major
role, at least within the human microbiome.

This study has been performed within a joint-
cooperation program (Partenariat Hubert Curien, pro-
gramme Cedre) between France and Lebanon. In
France, the National Reference Laboratory for Campy-
lobacter has access to a large and representative collec-
tion of isolates, representative of the diversity of poul-
try isolates. This collection is a valuable reference to
this first investigation conducted in Lebanon in order
to map the isolates collected according to their geno-
types. Therefore, the aims of this study were to esti-
mate the prevalence of Campylobacter spp. in the ceca
and on carcasses of farmed broiler chickens collected in
Lebanese slaughterhouses, to identify the main species
isolated from positive samples and analyze the genetic
diversity of C. jejuni isolates. The genetic profiles ob-
tained herein were compared to those of the French
poultry database. On another hand, because of the lack
of surveillance program for campylobacteriosis in the
Lebanese population, the genetic profiles of Lebanese
poultry isolates were compared to those of French hu-
man clinical isolates (Thépault et al., 2018a) in order to
predict the possible exposure of humans to the types of
isolates prevalent in Lebanon. Finally, the possible as-
sociation between Campylobacter spp. and Blastocystis
sp. in broiler chickens was evaluated, since this proto-
zoan was already reported with high prevalence in the
same collection of poultry ceca samples screened herein
(Greige et al., 2018).

MATERIALS AND METHODS

Ethics Statement

The study was approved by the research ethics com-
mittee “Comité Interne d’Ethique de la Recherche
Médicale (CIER) du Groupement des Hopitaux de
I'Institut Catholique de Lille (GHICL)” (France) with
reference number 2016-04-02. Oral and written in-
formed consents were obtained from all subjects in-
cluded in this study after a clear explanation of the
research objectives prior to enrolment. The subject
data was collected anonymously (with encryption of
the identity of individuals). This study was conducted
in accordance with the Code of Ethics of the World
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Medical Association (Declaration of Helsinki). All
chicken samples were collected after slaughter under the
supervision of slaughterhouses staff. No approval from
the Institutional Animal Care and Use Committee or
ethics committee was necessary, as no experiments in-
volving live chickens were performed.

Study Sites

The study was conducted throughout 2016 at 3 of the
biggest poultry slaughterhouses in Lebanon. The first
is located in the governorate of North Lebanon (7 mil-
lion birds per year), while the other 2 slaughterhouses
are in the governorate of Mount Lebanon (4,750,000
and 3,750,000 birds per year). All chickens included in
this study belonged to the subspecies Gallus gallus do-
mesticus and were aged from 29 to 47 D at the time
of slaughter. The animals were raised on a total of 74
farms located near the corresponding slaughterhouses.
The clinical epidemiological survey was conducted at
Hamidi Medical Centre in Tripoli.

Poultry Sample Collection

A total of 227 cecal and 227 neck skin samples were
collected from the 3 slaughterhouses supplied by the 74
farms, each of which corresponded to 1 batch. For each
farm, 5 ceca from 5 randomly selected chickens from the
same batch were collected separately by the slaughter-
house staff in the evisceration area. Fach cecum was
recovered in a sterile bag, respecting the conditions of
asepsis and hygiene. At the laboratory, the lower end of
each of the 5 ceca collected was cut using a pair of sterile
tweezers and its contents were recovered into a sterile
cup and pooled for further processing of what was con-
sidered a single sample. In parallel, 5 neck skins of evis-
cerated and chilled carcasses (chilled water bath for 1 h
40 min) were collected from 5 other randomly selected
chickens of the same batch under aseptic conditions af-
ter chemical treatment with either chlorine (25 ppm in
wash water after evisceration for 40 min and 50 ppm
in the cooling water used for chilling) or peracetic acid
(PAA: 25 ppm) depending on the slaughterhouse, then
recovered in a sterile bag. For each of the farms, 1 to 4
samples of ceca and neck skins were collected through-
out the year (1 pooled sample per season). All samples
were stored in isothermal containers with ice and trans-
ported as quickly as possible to the LMSE of the AZM
Centre in Tripoli.

Human Sample Collection

With the aim of evaluating the zoonotic potential of
Campylobacter spp. isolates identified in poultry, hu-
man stool samples were obtained during the same pe-
riod from 50 individuals in contact with broiler chick-
ens (workers in the slaughtering area, drivers for the
delivery service, and a veterinarian) and thus classi-

fied as “exposed” to the bacteria. In parallel, a second
cohort included 50 volunteering patients classified as
“non-exposed” because they reported no contact with
poultry and were followed up for different pathologies
at Hamidi Medical Centre in Tripoli.

Sample Microbiological Analysis

The detection of Campylobacter spp. in cecal and
neck skin samples was performed 1 D after speci-
men collection following an adapted version of the
ISO 10272-1 standard (ISO, 2006). Briefly, Campy-
lobacter species were isolated from cecal samples by
direct plating of pooled intestinal content onto the
solid modified Charcoal Cefoperazone Deoxycholate
Agar (mCCDA) selective medium (Scharlau Chemi-
cals, Barcelona, Spain). The agar plates were incubated
under microaerophilic conditions at 42°C for 48 h. All
neck skin samples from the same batch were swabbed
using the same sterile cotton-tipped swab stick and then
plated directly onto mCCDA agar plate. In parallel, 5
neck skin samples from the same batch were also minced
with sterile scissors, pooled, and added to 225 mL of
peptone water, homogenized for 1 min using a stom-
acher, then 5 mL was transferred to 45 mL of Bolton
broth (Scharlau Chemicals, Barcelona, Spain) in a ster-
ile container for pre-enrichment at 37°C for 4 to 6 h,
followed by enrichment at 42°C for 48 h (Hue et al.,
2011). After incubation, the broth was streaked on an
mCCDA agar plates which were then incubated under
microaerophilic conditions at 42°C for 48 h. All agar
plates were subsequently examined for the presence of
typical colonies of Campylobacter spp. For each positive
sample, 1 colony per plate was selected, subcultured
on blood agar (Bio-Rad, Marnes-la-Coquette, France),
and incubated for 48 h at 42°C. Following incubation,
1 colony per plate was used to perform standard Gram
staining and microscopic examination. Colonies consist-
ing of curved or spiral motile Gram-negative bacilli pre-
sumed to be Campylobacter spp. were finally subcul-
tured on blood agar.

Identification of Campylobacter spp. by
Multiplex-Polymerase Chain Reaction

Genomic DNA was isolated from 1-D colony subcul-
tured bacteria grown on blood agar using the boiling
method. Briefly, cell lysates were prepared by suspend-
ing 2 or 3 bacterial colonies from the same positive
sample in 300 uL of sterile distilled water in a micro-
centrifuge tube placed in boiling water for 5 min be-
fore being centrifuged at 13,000 rpm for 10 min. Then,
100 puL of the supernatant was transferred to a new
sterile tube and stored at —20°C for further analysis.
Genomic DNA was quantified using a NanoDrop ND-
1000 spectrophotometer (Thermo Scientific, Gometz le
Chatel, France). Multiplex PCR (m-PCR) amplifica-
tion of 20 to 100 ng genomic DNA with the 2 primer
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pairs MDmapA1/MDmapA2 and COL3/MDCOL2 was
performed for the simultaneous identification of C. je-
juniand C. coli, respectively. The sequence primers and
m-PCR conditions were previously described by Denis
et al. (1999). The first primer pair targets the mapA
gene of C. jejuni encoding an outer membrane lipopro-
tein, while the second allows the amplification of the
ceuE gene of C. coli encoding a protein involved in
siderophore transport. Positive (DNA obtained from C.
coli ATCC 33559 and C. jejuni ATCC BAA-1062) and
negative (DNA matrix replaced by water) m-PCR con-
trols were performed.

Comparative Genomic Fingerprinting
Typing of C. jejuni Isolates

Of the 79 C. jejuni isolates identified in this study,
51 (65%) were randomly selected for subtyping using
the comparative genomic fingerprinting typing method
based on a subset of 40 genes (CGF40) as developed by
Taboada et al. (2012). The selected isolates were almost
equally distributed between cecum (26) and neck skin
(25, obtained after detection by swabbing and direct
plating (22) and enrichment (3)) samples. To generate
a CGF40 fingerprint for each selected C. jejuni isolate,
eight 5-plex PCRs were performed using 40 primer sets
following PCR conditions detailed previously (Thépault
et al., 2018a). The CGF40 fingerprints were then visual-
ized using a standard gel electrophoresis containing 2%
of agarose stained with GelRed (Interchim, Montlugon,
France) according to the manufacturer’s recommended
procedures. The reference C. jejuni strain NCTC11168
was used as positive control in all assays, since it ex-
hibits the 40 targeted markers in its genome. The PCR
results were converted to binary values, with 0 rep-
resenting the absence of the marker gene and 1 indi-
cating its presence in the bacterial genome, resulting
in a 40-digit binary profile for each isolate. The iso-
late profiles were stored in BioNumerics software (v7.6,
Applied Maths, Sint Martens-Latem, Belgium). A den-
drogram was thus built using the simple matching dis-
tance and unweighted-pair group method using average
linkages (UPGMA) of clustering in BioNumerics, with
90% fingerprinting similarity to analyze the population
structure of isolates (Taboada et al., 2012). CGF40-
90% clusters including at least 4% of the isolates of the
broiler chickens population were defined as predomi-
nant in the population. For comparison purposes, a se-
lection of CGF40-90% profiles from 471 isolates of C.
jejuni (Thépault et al., 2018a) collected in France dur-
ing the EU baseline investigation and representative of
the national broiler production (Hue et al., 2011) were

used, as well as a collection of 514 C. jejuni clinical
isolates originating from human cases of campylobacte-
riosis reported in France (Thépault et al., 2018a,b).

Statistical Analysis

The seasonal variation of the prevalence of Campy-
lobacter spp., the comparison of human cohorts, and
the association between Campylobacter spp. and Blas-
tocystis sp. were assessed using the chi-square test. The
general significance level was set at a P value of below
0.05.

RESULTS

Prevalence and Identification of
Campylobacter spp. in Poultry Samples

Of the 227 samples of chicken ceca screened herein
from 74 farms, 152 were found to be positive for Campy-
lobacter spp., which corresponded to a prevalence of
67.0% (Table 1). Of the positive specimens, 67 (44.1%)
corresponded to single contaminations by C. coli and 60
(39.5%) by C. jejuni, while the remaining 25 (16.4%)
were identified as co-contaminations by both Campy-
lobacter species. Although bacterial contamination was
detected during the whole year, significant seasonal
variation in prevalence of Campylobacter spp. was ob-
served among ceca samples, since the bacteria were
more prevalent in autumn (31.6%) and summer (28.9%)
than in winter (23.7%) and spring (15.8%) (chi-square
test, P = 0.012). Of the 227 neck skin samples of
broiler carcasses collected after evisceration and treat-
ment with either chlorine or PAA, 17.2% (39/227) were
positive for Campylobacter spp. Of the positive spec-
imens, 19 (48.7%) corresponded to single contamina-
tion by C. jejuni, 17 (43.6%) by C. coli, and 3 (7.7%)
to co-contamination by both Campylobacter species
(Table 1). By merging all these data regarding single
contaminations, a total of 79 C. jejuni and 84 C. coli
isolates were identified among all the animal samples
screened in this study. Moreover, a farm or a batch
was considered positive for Campylobacter spp. if on
one of the sampling occasions, at least one broiler sam-
ple was positive either for cecum or neck skin speci-
mens. Therefore, about 92% (68/74) of the farms an-
alyzed herein were contaminated with Campylobacter
Spp., with slight predominance of single contaminations
by C. coli (51.5 vs. 48.5% for single contaminations by
C. jejuni) (Table 1).

Table 1. Prevalence and distribution of Campylobacter species in Lebanese broiler chicken

samples.

Broiler samples Positive/total % positive C. jejuni C. coli Mixed infections
Cecum 152/227 67.0% 60 (39.5%) 67 (44.1%) 25 (16.4%)
Neck skin 39/227 17.2% 19 (48.7%) 17 (43.6%) 3(7.7%)
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Prevalence of Campylobacter spp. in
Human Cohorts

Single stool specimens were collected from a total of
100 individuals divided into 2 groups. The first group of
50 individuals was considered to be exposed to poten-
tial contamination by Campylobacter spp. by including
only slaughterhouse staff members reporting direct and
repeated contact with broiler chickens. Six of these 50
individuals (12.0%) were shown to be colonized with
Campylobacter spp. Single colonization with C. coli
were identified in 4 out of the positive individuals, while
the 2 remaining positive staff members exhibited mixed
colonization with C. coli and C. jejuni. Interestingly, no
cases of Campylobacter spp. colonization were found in
the control group consisting of 50 individuals hospital-
ized at Hamidi Medical Centre in Tripoli for various
pathologies and reporting no contact with poultry. The
difference in Campylobacter spp. colonization between
the exposed and control groups was statistically signifi-
cant (chi-square test, P = 0.012), confirming that expo-
sure to poultry represents a source of human contami-
nation. Unfortunately, typing of human isolates was not
performed due to the absence of single infection with C.
jejuni.

CGF40 Typing of Lebanese C. jejuni Broiler
Isolates and Comparison with French
Poultry and Human Isolates

CGF40 fingerprints were generated for 51 selected C.
jejuni isolates among the 79 identified in this study and
obtained from cecum and neck skin samples of Lebanese
broiler chickens. These 51 isolates were clustered into 25
profiles revealed by the CGF40-90% analysis. The level
of genetic diversity observed through the CGF40-90%
was considered to have an acceptable balance allow-
ing both high discriminatory power and identification
of clades with genetically similar isolates (Thépault
et al., 2018a). According to this level, 5 C. jejuni iso-
lates belonged to cluster 13 (11.7%), 5 to clusters 1 and
30 (9.8% each), 4 to cluster 38 (7.7%), 3 to clusters 3
and 11 (5.8% each), and 2 to clusters 6, 9, 18, 19, 21,
and 22 (3.9% each) (Figure 1). Each of the remaining
thirteen C. jejuni isolates presented a unique profile
(2% each). Six of all these clusters (13, 1, 30, 38, 3,
and 11) included at least 4% of the C. jejuni isolates
and were thus defined as predominant in the Lebanese
broiler population. Together, these 6 clusters accounted
for 51.0% (26/51) of the isolates.

These profiles were first compared to those previously
obtained from 471 poultry isolates in France, leading
to the identification of 70 clusters considering a 90%
similarity threshold. Cluster 13 was predominant and
represented 11.8% of the Lebanese C. jejuni isolates,
but only 1.5% of the French isolates (Figure 2). Two
other clusters (30 and 38) represented 9.8 and 7.8%
of the Lebanese poultry isolates, respectively, and were
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Figure 1. Distribution of CGF40-90% profiles within the popula-
tion of 51 C. jejuni isolates from broiler chickens in Lebanon.
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Figure 2. Distribution of the main CGF40-90% profiles within the
2 groups of C. jejuni isolates from Lebanese (LP) and French (FP)
broiler chickens.

not found in the French broiler collection. Cluster 1,
which represented 5.9% of the Lebanese C. jejuni iso-
lates, was predominant among the French broiler iso-
lates (11%). To complete these data, cluster 3 included
5.9 and 0.6% of the Lebanese and French poultry iso-
lates, respectively.

Because of the absence of single infection with
C. jejuni among slaughterhouse staff members and,
more generally, the lack of surveillance programme for
campylobacteriosis in the Lebanese population, the pro-
files obtained from the 51 C. jejuni isolates of Lebanese
broiler chickens were compared to those identified from
a total of 514 C. jejuni clinical isolates originating from
human cases of campylobacteriosis in France. CGF40-
90% analysis revealed 110 distinct profiles among a to-
tal of 565 C. jejuni isolates, divided into 6 predominant
clusters (13, 30, 38, 72, 3, and 57) accounting for 47%
(24/51) of the Lebanese broiler isolates (Figure 3). Of
the Lebanese poultry isolates, cluster 13 was the pre-
dominant profile (11.8%) followed by the clusters 30
(9.8%), 38 (7.8%), 72, 3, and 57 (5.9% each). Inter-
estingly, the profile 72 that was found to be predom-
inant among French human isolates (12.8%) was also
identified in 5.9% of Lebanese poultry isolates. Sim-
ilarly, profiles 13, 38, and 57 were also shown to be
shared by various proportions of both Lebanese poultry
and French human isolates. In contrast, clusters 30 and
3 grouping a significant number of Lebanese poultry
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Figure 3. Distribution of the main CGF40-90% profiles within the
2 groups of C. jejuni isolates from Lebanese broiler chickens (LP) and
French humans (FH).

isolates were not identified among the French human
isolates.

Assessment of the Association Between
Campylobacter spp. and Blastocystis sp.
Infection in Lebanese Broiler Chickens

Previously, 223 of the 227 cecum samples from broiler
chickens screened herein for the presence of Campy-
lobacter spp. were analyzed to determine the infection
rate of the parasitic protozoan Blastocystis sp. (Greige
et al., 2018). The remaining 4 cecum specimens col-
lected in this study were rapidly tested for the pres-
ence of Blastocystis sp. by real-time quantitative PCR
(Poirier et al., 2011) and were found to be negative. The
potential association between the 2 microorganisms was
thus assessed through the results of the analysis of these
227 samples. Of these, 55 were co-infected by Campy-
lobacter spp. and Blastocystis sp., 59 were negative for
both microorganisms, 16 were positive only for Blasto-
cystis sp., and 97 were positive only for Campylobac-
ter spp. (Table 2). A statistically significant difference
(chi-square test, P = 0.023) was obtained between the
observed number of cases of infection by each of these
2 microorganisms and the theoretically expected num-
ber in the absence of association of Blastocystis sp. and
Campuylobacter spp. According to our data, the pres-
ence of Campylobacter spp. would be associated with
the presence of Blastocystis sp. and, similarly, the ab-
sence of Campylobacter spp. would be associated with
the absence of Blastocystis sp.

DISCUSSION

This study focused on broiler chickens because they
represent the largest poultry market sector in Lebanon
and are considered a major source of human campy-
lobacteriosis (Silva et al., 2011; EFSA and ECDC, 2016;
Thépault et al., 2017, 2018b). One of the main objec-
tives of this survey was to assess the rate of contam-
ination of Lebanese broiler chickens by Campylobac-
ter spp. at the farm and slaughterhouse levels. Strik-
ingly, these bacteria were detected in 94% of sam-
pled poultry farms and with higher prevalence in au-
tumn and summer than in winter and spring. This high
prevalence of Campylobacter spp. in broiler flocks has
already been described, for instance in France as in
other European countries (EFSA 2010; Hue et al., 2010;
Allain et al., 2014). Moreover, the seasonal variation in
prevalence of the bacteria observed here was probably
due to various factors, including temperature and en-
vironmental reservoirs of contamination, such as flies,
insects, rodents, and birds, in the summer and early au-
tumn period (Huneau-Salaiin et al., 2007; Ellis-Iversen
et al., 2009; Jorgensen et al., 2011; EFSA and ECDC,
2016). Within the farms, the prevalence of C. coli was
slightly higher than that of C. jejuni, while conversely
C. jejuni was slightly predominant in slaughterhouses.
Another smaller-scale survey conducted in Lebanon re-
ported predominance of C. coli in cecum and on carcass
samples (Talhouk et al., 1998), while, on the contrary,
a second study aiming to assess the infection rate of do-
mestic broiler chickens by Campylobacter spp. on farms
and throughout the slaughtering process in the same
geographical region reported predominance of C. jejuni
(Hajj Semaan et al., 2014). While C. jejuni is generally
predominant in poultry worldwide (EFSA 2010, Hue
et al., 2011; Allain et al., 2014; Garcia-Sanchez et al.,
2017), the predominance of C. coli in Lebanese poultry
farms was, however, in agreement with various surveys
conducted in European countries including Bulgaria,
Hungary, Italy, Luxembourg, Malta, Portugal, Ireland,
Spain, and Greece (EFSA 2010; Marinou et al., 2012;
Nobile et al., 2013; Sahin et al., 2015; Mezher et al.,
2016; Pergola et al., 2017). Since all except Luxem-
bourg and Ireland represent southern European coun-
tries, most of which surround the Mediterranean Sea,
the predominance of C. coli on poultry farms could
be associated with the geographical area. Regarding
Lebanese broiler carcasses contaminated with Campy-
lobacter spp., our results indicating lower prevalence on

Table 2. Comparison of the observed and expected number of cases of infection by Blasto-
cystis sp. and Campylobacter spp. in cecum samples from Lebanese broiler chickens.

Negative for Blastocystis sp. Positive for Blastocystis

No. of cases of infection (observed/expected) sp. (observed/expected)  Total
Negative for Campylobacter spp. 59 (51.5) 16 (23.5) 75
(observed /expected)

Positive for Campylobacter spp. 97 (104.5) 55 (47.5) 152
(observed /expected)

Total 156 71 227
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carcass than in cecum samples were roughly similar to
those observed in Cyprus and Sweden (EFSA, 2010).
Moreover, lower prevalence of Campylobacter spp. was
observed on skin samples in Lebanon in comparison to
those reported in studies conducted in German, Croa-
tian, and French slaughterhouses (EFSA, 2010; Hue et
al., 2010; Hue et al., 2011; EFSA and ECDC, 2015;
Alpigiani et al., 2017). This could be explained by the
absence of decontamination in these European coun-
tries associated with regulations prohibiting the use of
chemical decontaminants on broiler carcasses. However,
the decontamination process using chlorine or PAA per-
formed in Lebanese slaughterhouses was clearly not suf-
ficiently effective, since 17% of carcasses remained pos-
itive for the bacteria at the end of the slaughter chain
in this study. In a study conducted in commercial pro-
cessing plants in the USA where decontamination is al-
lowed, it was shown that the use of chlorine in the chill
tank was more efficient than chlorinated carcass wash.
However, the presence of Campylobacter on carcasses
was still possible even after decontamination (Berrang
et al., 2007). Similarly, Nagel et al., 2013 showed that
the use of peracetic acid in a post-chill immersion tank
is more effective than chlorine as an application for re-
ducing Campylobacter on carcasses (Nagel et al., 2013).
In another study aiming at evaluating the effect of chlo-
rine in immersion chillers on Campylobacter reduction
on broiler carcasses in New Zealand, it was found that
chlorine at a concentration of 50 ppm is optimal to re-
duce the level of Campylobacter counts on carcasses.
However, this intervention did not inhibit completely
the presence of Campylobacter and is not advocated to
replace hygienic practices (Van Der Logt et al., 2015).

A comprehensive molecular characterization of C.
jejuni isolated from Lebanese poultry on farms and dur-
ing the slaughtering process was performed. Briefly, the
majority of Lebanese broiler isolates were distributed
into 6 profiles, most of which were present in the French
broiler production, indicating a weak association be-
tween the genetic profile and the geographical origin of
the bacteria as previously suggested by Thépault et al.
(2017). Interestingly, most of these profiles were also
identified in French human cases of campylobacteriosis,
highlighting the potential zoonotic risk of transmission
to the Lebanese population. Thus, these results con-
firmed the high genetic diversity of C. jejuni and the
importance of poultry as a source of contamination for
humans (Strachan et al., 2012; Thépault et al., 2017,
2018a,b). Although only 51 C. jejuni isolates were sub-
typed, profile 30 was identified as potentially specific
to Lebanese broiler production, since it was reported
neither in French avian nor in French human isolates.
In addition to foodborne exposure, work-related expo-
sure to Campylobacter spp. may also represent a major
source of infection (Castillo Neyra et al., 2012). Inter-
estingly, 12% of Lebanese slaughterhouse workers were
contaminated by the bacteria, while all non-directly ex-
posed individuals were negative for Campylobacter spp.
Our findings provided evidence that humans working

with poultry may be at increased risk of exposure to
Campylobacter spp., as previously suggested (Vegosen
et al., 2015). Two studies conducted in Sweden and the
USA reinforced this statement, since 25% of Swedish
poultry abattoir workers (de Perio et al., 2013; Ellstrom
et al., 2014) and 83% of workers for less than a month
in American slaughterhouses were positive for Campy-
lobacter spp. (de Perio et al., 2013).

Finally, a relatively large proportion (24.2%) of ce-
cum samples from Lebanese poultry were co-infected by
the eukaryotic single-celled Blastocystis sp. and Campy-
lobacter spp. Interestingly, this protozoan was previ-
ously identified as a co-pathogen with Campylobac-
ter spp. in a patient hospitalized with gastroenteri-
tis (Jansen et al., 2008). Moreover, in the context of
2 described outbreaks of the apicomplexan protozoa
Cryptosporidium occurring in the United Kingdom, a
few individuals were also shown to be infected concur-
rently with Campylobacter spp. (Casemore et al., 1986;
Duke et al., 1996). Recent studies conducted in humans
have described bacterial microbiota changes associated
with Blastocystis sp. colonization, with mainly an in-
crease in bacterial alpha diversity (Scanlan et al., 2014;
Audebert et al., 2016; Nieves-Ramirez et al., 2018). It
was postulated that Blastocystis sp. may exert a preda-
tory effect on intestinal bacteria of highly abundant
taxa (Chabé et al., 2017; Nieves-Ramirez et al., 2018).
Consequently, this predation may decrease competition
for nutrients and space, thus leading to an increase
in bacterial richness. Although no data are currently
available regarding the impact of Blastocystis sp. on
the bacterial intestinal microbiota of chickens, the lat-
ter observation could therefore explain, at least partly,
the infection rate of Campylobacter spp. in Blastocystis
sp.-colonized animals by favoring the colonization of the
host by the bacteria. In addition, Blastocystis sp. is also
known to have immunomodulatory properties (Ajjam-
pur and Tan, 2016). In particular, the parasite produces
cysteine proteases which are able to degrade human se-
cretory immunoglobulin A (Puthia et al., 2005). Since
IgA plays a crucial role in regulation of host—bacteria
interactions in the gut, the supposed immunomodula-
tory effect of the parasite in infected chickens could
also facilitate colonization by other enteric pathogens
such as Campylobacter spp. Future studies focusing on
Blastocystis-colonized broiler chickens are necessary to
test all these hypotheses.

In conclusion, this study highlighted the high preva-
lence and genetic diversity of Campylobacter spp. in
Lebanese poultry production and strongly suggested
that broiler chickens represented a significant reservoir
for human campylobacteriosis. In particular, their in-
contact workers in poultry slaughterhouses exhibited a
higher risk of infection by the bacteria through zoonotic
transmission. Consequently, a surveillance programme
is needed in Lebanon, together with effective measures
in terms of hygiene practices, with the aim of control-
ling the burden of Campylobacter spp. in both animal
and human populations.
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