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Campylobacter species are one of  the leading causes of  foodborne disease. Poultry is 
a major reservoir and source of  its transmission to humans. The aim of  this study 
was to estimate the prevalence and antimicrobial resistance of  Campylobacter spp. 
isolated from chicken carcasses, the environment, and processing equipment of  a 
poultry slaughterhouse in Greece, to identify the dominant Campylobacter species and 
to determine if  there are clonal relationships among the isolates.  Fifty poultry samples 
and 25 environmental samples were examined using microbial cultures and PCR. Forty-
nine of  50 poultry samples (98%) were found to be positive for Campylobacter spp. The 
environment of  the slaughterhouse was also found to be signifi cantly contaminated with 
Campylobacter spp. Thirty-seven isolates were found to be susceptible to all antimicrobials 
tested (56.1%) and 29 isolates showed resistance to at least two of  the antimicrobials 
tested (43.9%). We observed 24 different PFGE-types among the 53 isolates with 14 of  
them isolated only once, while fi ve PFGE-types were represented by two isolates. The 
remaining 29 isolates were represented by fi ve PFGE-types each consisting of  three to 
12 isolates. Regarding the relationship of  the PFGE types and corresponding resistance 
profi les, all strains of  each PFGE-type shared the same antimicrobial resistance profi le. 
This study reports evidence for Campylobacter spp. cross-contamination among broiler 
carcasses in a Greek slaughterhouse.
Key words: Campylobacter, chicken, slaughterhouse, prevalence, antimicrobial resistance, 
molecular typing

INTRODUCTION

The presence of  Campylobacter species on chicken carcasses is an important risk factor 
for human food-borne campylobacteriosis. According to the last published report of  
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the European Food Safety Authority [1] campylobacteriosis is the most frequently 
reported zoonotic disease in humans in the European Union. The disease in humans 
caused by Campylobacter spp. is usually self  – limited, mild symptoms are seen and is only 
lasting a few days [2]. However, in rare cases the appearance of  non-gastrointestinal 
related complications may occur such as arthritis, neurological disorders and even 
the appearance of  Guillain-Barré syndrome, a form of  paralysis, which can lead to 
respiratory failure and severe neurological dysfunction, and even death [3]. Therefore, 
reducing the prevalence of  Campylobacter spp. on chicken carcasses and the prevention 
of  cross contamination with other food products is essential for the protection of  
public health.
Following the introduction of  Campylobacter into a poultry farm, there is rapid 
transmission within the fl ock, which may be exacerbated by factors including stocking 
density and litter conditions [4,5]. Up to 100% of  individual birds in a fl ock may be 
colonized by Campylobacter, with the highest prevalence found in the caecum. Since 
campylobacteriosis is not considered pathogenic in poultry and is not characterized 
by any symptoms, when the birds reach the desired weight they are loaded onto 
trucks to be transported to the processing plant [6]. Modern poultry slaughterhouses 
are particularly effi cient and present high productivity with the ability to process up 
to three chicken carcasses per second. Such an intensive slaughtering process can 
sometimes lead to contamination of  chicken carcasses with Campylobacter spp. due to 
the spillage of  intestinal contents and by contact of  a carcass to the other [7]. Slaughter 
of  chickens is a serial process, which means that cross-contamination can occur at 
different points in the process, where birds come into contact with each other and 
previously contaminated equipment [7]. Chicken carcasses that carry a high number of  
Campylobacter bacteria (more than 103 cfu/g) pose a signifi cant threat to public health 
[8] and therefore, an important intervention for the protection of  consumer health 
would be to reduce the number of  contaminated carcasses at retail level [9].
In recent years, the emergence of  antibiotic resistant strains of  Campylobacter spp., 
which has led to failures in the treatment of  campylobacteriosis in humans, has 
caused great concern worldwide [10]. The widespread use of  antibiotics in everyday 
medicine and veterinary practice has been implicated in the emergence of  resistant 
bacteria, including Campylobacter spp.  In livestock, especially chickens, antibiotics have 
been extensively used for various purposes, such as improving yields performance, 
and prevention and treatment of  diseases [11]. This resulted in the report of  a large 
number of  animals that were raised under subtherapeutic concentrations of  antibiotics 
[12] and caused the creation of  a pool of  resistant bacteria [13]. 
An important aspect of  the problem of  antimicrobial resistance is the appearance of  
large numbers of  Campylobacter spp. strains resistant to fl uoroquinolones and specifi cally 
to ciprofl oxacin. Ciprofl oxacin is one of  the most popular antibiotics currently used 
and it is considered as the antibiotic of  choice for respiratory, urological, skin, arthritic 
or gastrointestinal infections in adults [14]. However, in many countries such as 
Turkey, United Kingdom, Canada and Mexico, numerous strains of  Campylobacter spp. 
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have been isolated either from humans or from chicken carcasses with a resistance rate 
of  up to 90% to ciprofl oxacin [15-18]. There is therefore an urgent need to control 
the prevalence of  Campylobacter spp. in broiler carcasses and the level of  antimicrobial 
resistance of  its strains.
The aim of  this study was to estimate the prevalence and antimicrobial resistance of  
Campylobacter spp. isolated from chicken carcasses and the environment of  a poultry 
slaughterhouse in Greece. Furthermore, to identify the dominant Campylobacter 
species in the carcasses and the slaughterhouse and to determine if  there are clonal 
relationships among the isolates in order to identify the routes of  contamination and 
cross contamination of  the carcasses.

MATERIALS AND METHODS

Sample collection

The study was conducted in a single, relatively old, but licensed and HACCP certifi ed 
poultry slaughterhouse in Northern Greece, processing 6,000 birds per day. Pooled 
neck skins from poultry carcasses were collected in two consecutive weeks after the 
slaughtering process and storage in the refrigerator for two to three hours.
A sample of  approximately 10 g from the neck skin was obtained from each carcass. 
The neck skin samples from three carcasses were pooled before the examination 
to form a 25 g fi nal sample (ISO 17604:2003) [19]. A total of  fi fty poultry samples 
(coming from 150 carcasses) were examined for the presence or absence of  
Campylobacter spp. throughout the study (week 1: samples 1-25 and week 2: samples 
26-50). The birds were originated from different farms for weeks 1 and 2. Also, 25 
environmental samples, including fi ve from the work surfaces right after the chill tank 
(samples 51-55), fi ve from plastic containers fi lled with chicken carcasses (samples 56-
60), fi ve from the handles of  refrigerators (samples 61-65), fi ve from cutting boards 
for preparing chicken fi llets (samples 66-70) and fi ve from the palms and fi ngers of  
the employees of  the slaughterhouse (samples 71-75), were taken during the working 
day from the slaughterhouse. About 100 cm2 of  plain surfaces, the palms and fi ngers 
of  the employees and the handles of  refrigerators were swabbed using a sterile cotton-
tipped applicator moistened with Bolton broth. Then, the applicator was transferred 
to tubes containing 10 ml of  Bolton broth and the same area was swabbed again with a 
dry applicator. Three swabs were pooled as one sample. The samples were transported 
to the laboratory within an hour after collection in coolers with ice and were processed 
immediately.

Isolation and Identifi cation of Campylobacter spp.

Campylobacter spp. were isolated using the procedures detailed in ISO 10272-1:2006. 
Each poultry sample (25 g) was mixed with 225 ml Bolton broth in a stomacher bag, 
blended for 2 minutes in a Stomacher 400 laboratory blender (Seward Medical, London, 



Acta Veterinaria-Beograd 2019, 69 (3), 325-339

328

UK), and incubated under a microaerophilic environment (44 h at 420C). Swab samples 
were directly incubated into Bolton broth under the same conditions. A loopful (10 
μl) was streaked onto Karmali agar and modifi ed cefoperazone charcoal deoxycholate 
agar (mCCDA). The colonies were examined after 24 and 44 h incubation at 420C. 
One colony was selected from each Petri dish for further analysis and was streaked to 
purity on Columbia blood agar (CBA) (44 h at 420C). The isolates were then examined 
for morphology, motility, catalase and oxidase activity, hippurate and indoxyl acetate 
hydrolysis, sensitivity to nalidixic acid and cephalothin and were stored at  –800C until 
DNA extraction and molecular identifi cation. All media and chemicals were obtained 
from Merck KGaA (Darmstadt, Germany) unless otherwise stated.

Extraction of genomic DNA

Genomic DNA was isolated from bacterial cultures according to the protocol of  
DNA purifi cation from Gram Negative Bacteria by the PureLink Genomic DNA kit 
(Thermo Fisher Scientifi c) used for the molecular identifi cation of  the isolates.

PCR  

Campylobacter spp. were identifi ed by PCR amplifi cation of  16S rRNA. A fragment of  
1062bp was amplifi ed using the primer pairs as previously described [20]. C. jejuni were 
detected by the amplifi cation of  344bp DNA fragment of  hippuricase gene and C. 
coli by the amplifi cation of  500bp DNA fragment of  the aspartokinase gene using the 
primer pairs as previously described [20].
The PCR reactions were performed in 10μl fi nal volume. Each reaction consisted of  
1X PCR buffer (BioRon, SuperHotTaq DNA polymerase, Life Science), 3mM MgCl2, 
250μM of  each dNTP, 300nM of  each primer, 1U of  SuperHot polymerase (BioRon, 
Life Science) and 200ng genomic DNA from the bacterial strains. The PCR started 
with an initial denaturation step at 94°C for 2min, followed by 30 cycles of  denaturation 
at 94°C for 10s, annealing at 60°C for 25s and extension at 72oC for 1min and with a 
fi nal extension at 72°C for 7min. The PCR amplifi ed products were electrophorized in 
1.5% agarose gels and were visualized under UV illumination by the TEX-20M after 
staining with ethidium bromide (Life Technologies, GibcoBRL system).

Antimicrobial susceptibility testing

Susceptibility to a panel of  six antimicrobials (gentamicin, streptomycin, tetracycline, 
ciprofl oxacin, nalidixic acid and erythromycin) was determined by a breakpoint 
method in Mueller-Hinton agar (Merck, Damstand, Germany) supplemented with 5% 
defi brinated horse blood (Merck, Damstand, Germany) as described in a previous 
study [21] with incubation in an microaerobic environment at 41°C for 24h. The 
fi nal plate concentrations (mg/L) were: gentamicin (G) (2), streptomycin (S) (8 and 
128); tetracycline (T) (2 and 128); ciprofl oxacin (Cp) (1); nalidixic acid (Nx) (32); 
erythromycin (Er) (8). Multidrug resistance was defi ned as previously proposed in 
another study [22]. Staphylococcus aureus ATCC 25923 was used as the reference strain.



Sakaridis et al.: Prevalence, antimicrobial resistance, and molecular typing of  thermophilic Campylobacter spp. in a Greek poultry slaughterhouse

329

PFGE typing

Pulsed Field Gel Electrophoresis (PFGE) was performed using SmaI-digested 
(TaKaRa, Kyoto, Japan) fragments of  bacterial chromosomal DNA according to 
PulseNet protocol [23]. Restriction fragments of  DNA were separated by PFGE using 
1% Seakem Gold agarose gels (FMC BioProducts, Rockland, MD, USA) in 0.5X Tris-
borate-EDTA buffer with CHEF-DR III (Bio-Rad, Hercules, CA, USA). Salmonella 
serotype Branderup strain H9812 digested with 40 units XbaI (TaKaRa, Kyoto, 
Japan) was used as the size standard, as recommended by PulseNet. Electrophoresis 
conditions were 14°C for 19 h, with pulse time ranging from 6.8 to 35.4 s at an angle 
of  120°. Gels were stained with a solution of  ethidium bromide and photographed. A 
database containing all the PFGE patterns were created by using Bionumerics software 
(version 6.6 Applied Maths, Sint-Martens-Latem, Belgium), where band patterns over 
the multiple gels were normalized and compared. Clustering was performed by using 
the Dice similarity coeffi cient and the unweighted pair group method with arithmetic 
means (UPGMA), with 1.5% of  tolerance and optimization. Patterns that differed 
by more than one fragment were considered belonging to the distinct PFGE-type 
designated as CC.001, CC.002 etc.

RESULTS

Prevalence and identifi cation of Campylobacter spp. 

Forty-nine of  fi fty poultry pooled samples (98%) were positive for Campylobacter spp. 
The environment of  the slaughterhouse was also contaminated with Campylobacter 
spp. All samples taken from the inner side of  the hands of  the employees of  the 
slaughterhouse, the plastic containers, and the cutting boards were contaminated 
with Campylobacter spp. For the other two sampling points, only one sample taken 
from the work surfaces right after the chill tank and another one from the handles 
of  refrigerators were contaminated. The detailed results concerning the prevalence 
of  Campylobacter spp. on the carcasses and the environment of  the slaughterhouse are 
illustrated in Table 1.

Table 1. Presence of  Campylobacter spp. in the carcasses and the environment of  a slaughterhouse, 
Greece, 2016

Positive samples Total sampl es Contamination %

Carcasses 49 50 98
Work surfaces after chill tank 1 5 20
Containers with chickens 5 5 100
Refrigerator door handles 1 5 20
Cutting boards 5 5 100
Palms and fi ngers of  employees 5 5 100

Fifty-nine isolates were identifi ed as Campylobacter coli, four as Campylobacter jejuni and 
three were found to belong to another species and were characterized as Campylobacter 
spp. The analytical results are shown in Table 2.
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Table 2. Molecular identifi cation of  Campylobacter spp.

Isolates
Primers

Species
16s ASP HIP

1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 
19, 20, 21, 22, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 
34, 35, 36, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 
50, 56, 57, 58, 59, 60, 62, 66, 69, 70, 72, 73, 74, 75

+ + - C. coli (59)

23, 67, 68,71 + - + C. jejuni (4)

37, 38, 51 + - - Campylobacter spp. (3)

+: PCR amplifi cation, -: absence of  PCR amplifi cation

Antimicrobial susceptibility

The antimicrobial resistance of  the sixty-six isolates (C. coli, C. jejuni and Campylobacter 
spp.) and their antimicrobial resistance profi les are illustrated in Table 3 and 4, 
respectively. Thirty-seven isolates were sensitive to all antimicrobials tested (56.1%) 
and twenty-nine were resistant to at least two of  the antimicrobials (43.9%). Five 
distinct resistance profi les were observed among the twenty-nine resistant isolates 
(Table 4). Thirty-two of  fi fty-nine C. coli isolates, all four C. jejuni isolates (isolates 23, 
67, 68, 71) and one (isolate 51) of  the three unidentifi ed Campylobacter isolates were 
found sensitive to all antimicrobials tested (Table 1). As far as the origin of  the isolates 
is concerned, twenty-seven of  the forty-nine poultry isolates were found resistant to 
at least two of  the antimicrobials used, whereas only two (isolates 57 and 58) of  the 
sixteen environmental isolates have showed resistance (Table 3).

Table 3. Antimicrobial resistance of  the poultry and environmental Campylobacter spp. isolates 
against 6 antimicrobials

Antimicrobial resistance of  the poultry and environmental Campylobacter spp. isolates

Isolates CIPRO 1 ERY 8 GENT4 NAL 32 STR 8 TET 2

1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 
14, 15, 16, 17, 23, 24, 25, 26, 27, 51, 
56, 59, 60, 62, 66, 67, 68, 69, 70, 71, 

72, 73, 74, 75

S S S S S S

19, 33 R R R R R R

20, 21, 22, 28, 29, 30, 31, 34, 46, 47, 
48 R R S R R R

32, 35, 36, 43, 44, 45, 38, 39, 40, 41 R R S R R S

37, 42, 49, 57, 58 S R S R R R

50 S S S R R S

Resistant isolates 23 28 2 29 29 18

Total isolates 66 66 66 66 66 66

Resistance % 34.85 42.42 3.03 43.94 43.94 27.27
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      Table 4. Antimicrobial resistance profi les of  the Campylobacter spp. isolates

Resistance profi les
Campylobacter spp. isolates

Number %

Susceptible 37 56.06

Nx + S 1 1.51

Er + Nx + S + Te 5 7.57

Cip + Er + Nx + S 10 15.15

Cip + Er + Nx + S + Te 11 16.67

Cip + Er + Gm + Nx + S + Te 2 3.03

       Nalidixic acid (Nx), Streptomycin (S), Erythromycin (Er), Tetracycline (Te), Ciprofl oxacin (Cip), 
       Gentamicin (Gm)

PFGE typing

Among fi fty-nine C. coli isolates, fi fty-three were typeable by PFGE (typeability 90%), 
while six isolates were excluded because their PFGE patterns were not distinguishable 
after multiple attempts. We also excluded from our analysis the C. jejuni and the 
Campylobacter spp. isolates because of  their low numbers. Results from the PFGE 

Figure 1. Dendrogram of  the 24 SmaI PFGE types of  53 Campylobacter coli isolates and 
corresponding R-types examined in this study
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analysis of  the C. coli strains isolated from chicken carcasses and the environment of  
the slaughterhouse are depicted in the dendrogram of  Figure 1. Overall, twenty-four 
different PFGE types were observed among the fi fty-three isolates with fourteen of  
them being isolated once, while fi ve PFGE-types were represented by two isolates. 
The remaining twenty-nine isolates were represented by fi ve PFGE-types consisting 
of  three to twelve isolates. The predominant PFGE type was CC.0011 consisting of  
twelve (12) isolates, followed by CC.001 consisting of  six (6) isolates, CC.013 and 
CC.014 each one consisting of  four (4) isolates and CC.012 consisting of  three 
(3) isolates. The PFGE-type (CC.011) encompassed mostly isolates from chicken 
carcasses (N=8), from plastic containers (N=3) and door handles (N=1), while PFGE 
types CC.001, CC.012, CC.013 and CC.014 originated only from chicken isolates. 
Regarding the relationship of  the PFGE types and corresponding resistance profi les 
we observed that all the strains of  each PFGE-type shared the same antimicrobial 
resistance profi le.

DISCUSSION

This study reports the prevalence, the antimicrobial resistance and the genetic 
diversity of  Campylobacter strains isolated from poultry carcasses, the environment and 
processing equipment of  a slaughterhouse in Greece. The prevalence of  Campylobacter 
on chicken carcasses was found to be very high with 98% of  the carcasses being 
contaminated. These results, although higher, are in accordance with the recent EU 
summary report [1], which shows that the overall occurrence of  Campylobacter in 
fresh broiler meat in the EU in 2017 was 37.4%. In the same report, a signifi cant 
variation of  Campylobacter contamination prevalence is reported, since the prevalence 
of  Campylobacter contamination in chicken carcasses at the slaughterhouse level varies 
among Member States. Similar studies from other European countries demonstrate a 
variation in prevalence of  contamination between different countries like Italy (5.7% 
and 20.7%), France (64.7%), UK (65%), Belgium (51.9%), and Estonia (35%) [24-
29]. In a study reviewing seventy-three investigations of  retail poultry meat all over 
the world, the levels of  contamination by Campylobacter spp. were found high and 
extremely variable, with a total average of  58% [30]. As stated in a recent study [31], 
the variable prevalence of  Campylobacter on chicken carcasses can be attributed to the 
type and number of  samples, different methods of  collection of  samples, transport 
conditions, laboratory methods and different sanitary conditions on poultry farms and 
slaughterhouses.
Relating to previous investigations conducted in Greece, our fi ndings have shown a 
high overall prevalence of  Campylobacter contamination of  chicken carcasses. Petridou 
and Zdragas suggested a prevalence of  73.3% of  Campylobacter spp. in poultry meat 
in 2009 [32], while Marinou et al. (2012) reported the absence of  Campylobacter strains 
in caecal samples from chicken carcasses [33]. In the most recent study conducted in 
Greece [34], Campylobacter spp. were isolated in 29.4% of  the samples from free-range 
broilers and in 28.7% of  the samples from conventional broilers.
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As previously mentioned, the environment and processing equipment of  the 
slaughterhouse that was used for this study was found to be contaminated with 
Campylobacter spp. Some of  the surfaces that are regularly exposed to poultry carcasses 
like the plastic containers, the cutting boards and the inner side of  the hands of  the 
employees, were found contaminated and all the samples taken were positive. This 
fi nding can refl ect the high prevalence of  Campylobacter spp. on poultry carcasses and 
could explain the higher percentage of  contamination comparing this study with 
previous similar studies. A fl ock that is contaminated with Campylobacter spp. can lead 
to the contamination of  surfaces of  the slaughterhouse; this also means that poultry 
meat from broiler fl ocks negative for Campylobacter spp. could also be contaminated 
if  the previous slaughtered fl ock was positive and the bacteria remain on the surfaces 
of  the equipment in the slaughterhouse [35]. However, Campylobacter spp. cannot 
grow and survive well in the environment for long periods [36] and is sensitive to the 
disinfectants that are generally used in poultry slaughterhouses [37]. This means that 
either there was a failure in the cleaning procedures taking place at the slaughterhouse, 
or that some of  the fl ocks slaughtered within the day were contaminated and this 
resulted to a cross-contamination of  the carcasses of  the following fl ocks.
The distribution of  the bacteria isolated to the species level revealed that the most 
commonly isolated Campylobacter species was C. coli (89.4%), followed by C. jejuni (6%) 
and unidentifi ed Campylobacter spp. (4.6%). This observation comes in contradiction 
with the fi ndings of  many researchers who report that C. jejuni presents a higher 
prevalence in chicken carcasses in relation to C. coli. C. jejuni was found to be the 
predominant Campylobacter species in several studies in Greece [32, 34], France [24], 
Estonia [28], and Brazil [31, 38]. However, there are some other recent studies where 
C. coli and C. jejuni prevalence is similar [39] or even the isolation proportion of  C. 
coli is higher [40]. Other studies from Greece [33], and Italy [26, 27] also report high 
prevalence for C. coli, being as high as 87.5%, 42.9% and 63%, respectively. Suzuki and 
Yamamoto (2009) reported that in most countries, C. jejuni is the dominant species 
isolated, although the ratio of  C. coli to C. jejuni varied substantially between the 
countries.  A recent work in Italy [41] has pointed out that the isolation proportions 
of  C. coli and C. jejuni may vary, depending on the sampling point. In particular, they 
report that C. jejuni is signifi cantly higher than C. coli on the farm, during slaughter 
the percentages are balanced and C. coli levels are higher than those of  C. jejuni after 
immersion of  the carcasses into the chill tank. Considering that in the present study 
sampling was performed after the immersion of  the carcasses in the chill tank and 
their storage in the refrigerator, this can explain the higher proportion of  C. coli than 
C. jejuni isolates.
Regarding the antimicrobial resistance, there was a relatively lower resistance to the six 
antimicrobials used in this study compared with previous studies. A recent study from 
Greece [34] reported that less than 20% of  the Campylobacter isolates tested were found 
susceptible to all antimicrobials used in the study, while 56.1% of  the isolates of  this 
study were susceptible. Our resistance rates for ciprofl oxacin (34.8%), erythromycin 
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(42.4%) and tetracycline (27.3%) were signifi cantly lower than the previous study (51%, 
76% and 71%, respectively) and only for gentamicin the results were comparable (3% 
and 0%). Nalidixic acid and streptomycin resistance rates were found to be higher 
than the other antibiotics used in this study, with 43.94% of  the isolates being resistant 
to both antibiotics. These antibiotics were not tested in the previous study [34] and 
amikacin was used instead, representing aminoglycosides, showing a resistance rate 
of  15%. In a previous study from Greece [33], all Campylobacter isolates were found 
susceptible to ciprofl oxacin and amoxicillin-clavulanic acid, while the resistance rates 
were low for nalidixic acid (14.28%) and gentamicin (14.3%) and high for erythromycin 
(92.8%) and ampicillin (92.8%). The Campylobacter isolates of  this previous study 
originated from poultry feces at farm level, thus not providing the information of  the 
potential Campylobacter isolates from carcasses after slaughter. An important fi nding 
of  our study, which was confi rmed by this previous study, was that C. coli isolates 
tend to be more resistant than C. jejuni isolates. In our study, all C. jejuni isolates were 
susceptible to the antibiotics used. Although the number of  C. jejuni isolates in both 
studies (ours and Marinou et al., 2012) was relatively low and we cannot draw a certain 
conclusion, this fi nding has also been reported by other researchers in the past [42]. 
However, there are other researchers who supported that C. jejuni showed higher 
resistance compared to C. coli, which was statistically signifi cant for ciprofl oxacin, 
gentamycin and norfl oxacin [27]. 
In other Mediterranean countries like France and Italy, the resistance rates for 
Campylobacter isolates were similar or higher. A study from France [24] reports that 62% 
of  the isolates were resistant to at least one antimicrobial agent tested, with resistance 
to tetracycline being the most common (53.6%), followed by ciprofl oxacin (32.9%) 
and nalidixic acid (32.0%). In the same study, 22.7% of  the isolates demonstrated 
simultaneous resistance to ciprofl oxacin, nalidixic acid and tetracycline, a percentage 
that is similar to the one in our study for the same antibiotics (19.7%). A study from 
Italy [27] also reported resistance to tetracycline being the most common (90.7%) 
followed by nalidixic acid (79.1%), erythromycin (72.1%), ciprofl oxacin (48.5%) 
and gentamycin (27.9%). A quarter of  the isolates (25.6%) were found resistant to 
ciprofl oxacin and erythromycin, 13.9% were resistant to all the quinolones tested 
(ciprofl oxacin, norfl oxacin, pefl oxacin and nalidixic acid) and 9.3% were resistant to 
all quinolones and erythromycin. Another study, from Estonia [28], stated that 63.3% 
of  the isolates were resistant to at least one antibiotic, with the fl uoroquinolone 
resistance rate being 41.8% and 8.2% of  the isolates being resistant to ciprofl oxacin, 
nalidixic acid and tetracycline simultaneously. Finally, in Brazil, the highest resistance 
rates for fl uoroquinolones were reported, with 100% of  the isolates being resistant to 
ciprofl oxacin and enrofl oxacin [31].
A noteworthy genomic variability among the fi fty-three C. coli isolates was observed 
in this study; this was demonstrated by the large number (twenty-four) of  distinct 
PFGE patterns indicating multiple sources of  contamination. Diversity in unrelated 
epidemiological strains has also been observed by several authors [43,44] suggesting 
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that there is a diverse population of  C. coli circulating in the poultry meat industry. We 
observed that for twelve isolates sharing the same PFGE type, eight of  them were 
from chicken carcasses, three from the plastic container and one from door handles. 
This indicates cross contamination through the slaughter procedure. Other studies 
suggest that the source of  contamination is mainly the chicken fl ock, and that cross 
contamination in the slaughter house is also taking place [45]. Furthermore, Sasaki et 
al. suggest that cross contamination can also happen between birds slaughtered on 
different days [46]. This was confi rmed in our study since chicken and environmental 
isolates coming from different sampling dates were found to belong to the same PFGE 
type. Therefore, there was either a cross contamination between birds slaughtered on 
different days due to cleaning failure, or the sources of  contamination of  the different 
birds were the same, causing the infection of  the birds by the same Campylobacter strains.
We also  observed that all the isolates belonging to a certain PFGE type shared common 
antimicrobial resistance profi les, with no exceptions. Even isolates that were taken on 
different sampling days and belonged to the same PFGE type were found to have 
the same antimicrobial resistance profi le. This strengthens our observation for clonal 
circulation during the slaughter procedure.

CONCLUSION

This study performs evidence of  Campylobacter cross-contamination among broiler 
carcasses in a slaughterhouse. The prevalence of  Campylobacter in chicken carcasses was 
observed to be very high and that was the case for some surfaces of  the slaughterhouse 
that are regularly exposed to the chicken carcasses. An increased emphasis on cleaning 
combined with improved personal and general hygiene in the slaughterhouse could 
reduce the cross-contamination of  the birds and potentially lower the percentages 
of  contaminated poultry, improving the safety of  chicken products. With respect 
to the antibiotic resistance observed, there was a relatively lower resistance to the 
antimicrobials used in this study compared with previous studies; this could actually 
refl ect the outcomes of  the efforts of  the scientifi c community and industry over the 
last few years for a more prudent use of  antibiotics in the food-producing animals. 
However, antimicrobial resistance remains a wide spread threat emphasizing the need 
for continuous surveillance and monitoring of  the use of  antimicrobial agents in 
husbandry.
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PREVALENCIJA, ANTIMIKROBNA REZISTENCIJA I 
MOLEKULARNA TIPIZACIJA TERMOFILNIH Campylobacter spp 
U KLANICI ŽIVINE U GRČKOJ

SAKARIDIS Ioannis, PAPADOPOULOS Theofi los, BOUKOUVALA Evridiki, 
EKATERINIADOU Loukia, SAMOURIS Georgios, ZDRAGAS Antonios

Campylobacter spp. su jedan od vodećih uzroka alimentarnih infekcija. Živina predstav-
lja glavni rezervoar i izvor ovih mikroorganizama za ljude. Cilj ove studije je bio da se 
proceni prevalencija i antimikrobna rezistencija Campylobacter spp. izolovanih sa trupo-
va živine, okruženja, i klanične opreme u okviru jedne klanice u Grčkoj, odredi domi-
nantna Campylobacter spp. i ustanovi da li postoji klonska veza između izolata. Pedeset 
uzoraka živine i dodatnih 25 uzoraka iz okruženja su ispitana putem kulture mikro-
organizama i pomoću PCR. Četrdeset i pet od pedeset uzoraka živine (98%) je bilo 
pozitivno na Campylobacter spp. Uočena je i značajna kontaminacija okruženja. Trideset 
i sedam izolata je bilo osetljivo na sve testirane antimikrobne preparate (56,1%), a 29 
izolata je bilo rezistentzno na najmenje dva testirana antimikrobna preparata (43,9%). 
Među 53 ispitana izolata bilo je 24 različita PFGE tipa, od njih 14 je izolovano samo je-
dan put, dok je 5 PFGE –tipova bilo predstavljeno sa dva izolata. Preostalih 29 izolata 
je bilo predstavljeno putemn pet PFGE- tipova koji su se sastojali od tri do 12 izolata. 
Što se tiče odnosa PFGE-tipova i odgovarajućeg profi la rezistencije, svi sojevi svakog 
PFGE-tipa su delili isti profi l rezistencije. Ova studija predstavlja dokaz unakrsne Cam-
pylobacter spp.  kontaminacije unutar jedne klanice u Grčkoj.


