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Summary
In order to detect thermotolerant Campylobacter spp., 241 samples of fresh chicken
meat, at retail in Croatia, were analysed according to a standard method, followed by biochemical test and molecular polymerase chain reaction/restriction enzyme analysis for
exact species determination. Campylobacter spp. prevalence was 73.86 %. Campylobacter
jejuni and Campylobacter coli were isolated from 53.53 and 15.35 % of the samples, respectively. In 4.98 % of isolates thermotolerant Campylobacter spp. were not determined. The
multilocus sequence typing method was used to evaluate genetic diversity of eight Campylobacter jejuni and four Campylobacter coli isolates. To our knowledge, these results of genotyping provided the first data on the presence of sequence types (STs) and clonal complexes (CCs) of Campylobacter jejuni and C. coli isolates in Croatia. By applying the multilocus
sequence typing, a new allele of tkt gene locus was discovered and marked tkt508. The C.
jejuni ST 6182 and C. coli ST 6183 genotypes were described for the first time, and all other
identified genotypes were clustered in the previously described sequence types and clonal
complexes. These findings provide useful information on the prevalence and epidemiology
of Campylobacter jejuni and C. coli in Croatia.
Key words: thermotolerant Campylobacter, chicken meat in Croatia, prevalence, multilocus
sequence typing (MLST) method

Introduction
Thermotolerant species of the genus Campylobacter,
namely Campylobacter jejuni, Campylobacter coli, Campylobacter lari and Campylobacter upsaliensis cause campylobacteriosis, a zoonosis transmitted by food in most cases and
the most common zoonosis in the majority of industrialized countries (1,2). In humans, the disease is caused by
C. jejuni in approx. 90 % of cases, making this species
most relevant from the public health viewpoint, while
5–10 % of the cases are caused by C. coli, a small percentage by C. lari, and even smaller by C. upsaliensis. In the
Republic of Croatia, campylobacteriosis has been a notifi-

able disease since 2007, with 1642 cases reported in 2014,
ranking it the leading zoonosis in the country (3). Campylobacter is a genus of ubiquitous bacteria that have been
isolated from a great variety of sources including water,
soil, insects, domestic and wild mammals, domestic poultry, and wild birds (4). Meat from intensive poultry production, primarily broilers, is the main source of campylobacteriosis in humans. During specific slaughterhouse
processing of chicken carcasses, the surface parts of the
carcasses are frequently contaminated with Campylobacter
from the intestine, which survive the production line and
pose a risk for human health. According to the data from
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the oﬃcial laboratories for food control in Croatia, the
presence of Campylobacter spp. was found in 5 % of total
samples (5).
The main problem encountered in the classical method of phenotypic characterization of the C. jejuni and C.
coli bacteria using the hippurate hydrolysis test are the
hippurate-negative C. jejuni strains (6–8), as well as the
false-positive hippurate hydrolysis results recorded for
strains that do not belong to C. jejuni (9,10). In such cases,
species can only be diﬀerentiated by use of molecular
methods.
A considerable number of polymerase chain reaction
(PCR) protocols have been developed to date for identification of the Campylobacter genus, species and subspecies
in samples of food, faeces or environment; however, a
gold standard in the PCR diagnosis of Campylobacter is
still lacking. One of the methods to identify thermotolerant Campylobacter spp., named polymerase chain reaction/
restriction enzyme analysis (PCR/REA) and based on enzymatic digestion of PCR product with AluI and Tsp509I
restriction enzymes, has been described by Fermér and
Engvall (11).
Development of the molecular genotyping methods
revealed a great genomic diversity of the bacteria of the
genus Campylobacter. Due to their genomic variability,
Campylobacter display characteristics of a weakly clonal
population where lineages of related bacterial isolates can
be distinguished. Genotyping by the multilocus sequence
typing (MLST) method is currently preferred, because it
oﬀers a possibility of simple and unambiguous comparison of the results among laboratories all over the world.
The method is based on single nucleotide diﬀerences in
nucleotide sequences of the seven housekeeping genes
encoding the enzymes responsible for diﬀerent types of
the bacterial intermediary metabolism. In Croatia, there
are no data on genetic diversity of the most frequently
isolated causative agents of campylobacteriosis, i.e. C. jejuni and C. coli characterized by the MLST method.
The aims of the study are as follows: (i) to test samples of fresh chicken meat originating from Croatian
poultry productions using a standardized method for isolation of bacterial cultures of thermotolerant Campylobacter spp., (ii) to identify the C. jejuni, C. coli, C. lari and C.
upsaliensis species by a commercial biochemical assay and
by the PCR/REA molecular method, and (iii) to perform
genotyping of the selected C. jejuni and C. coli isolates by
the MLST method for the first time in Croatia, and to
compare the obtained results with the pubMLST C.
jejuni/C. coli database of world isolates, as well as with the
respective literature reports.

Materials and Methods
Sampling and isolation of thermotolerant
Campylobacter spp.
The study included 241 samples of fresh chicken
meat for laboratory routine analysis, i.e. clean carcasses
free from oﬀal, head and lower legs from various Croatian retailers. Each test sample contained parts of the skin,
neck and trunk, total mass of 25 g. Isolation of Campylo-

bacter species colonies was performed according to the
EN ISO 10272-1:2006 method (12). Test sample was diluted in 225 mL of buﬀered peptone water (Merck, Darmstadt, Germany), representing initial dilution from which
10 mL were taken and added to 90 mL of selective Bolton
broth (Merck) for bacterial growth. Upon completion of
4- to 6-hour incubation at 37 °C and (44±4) h at 41.5 °C,
samples were inoculated on one modified charcoal cefoperazone deoxycolate agar plate (Merck) and one CampyFood ID® agar plate (bioMérieux, Marcy l’Etoile, France).
Both agars were incubated for (44±4) h at 41.5 °C. The
growth of pure colony cultures on Columbia agar (Merck) with 5 % sheep blood for confirmation of the bacteria
of the genus Campylobacter was followed by microscopic
verification of the respective morphology (spirilla, curved
rod-shaped bacteria) and motility (spiral corkscrew-like
motility), microaerophilic incubation without growth at
25 °C for (44±4) h, aerobic incubation without growth at
41.5 °C, and positive oxidase test (Bactident® Oxidase,
Merck) to demonstrate the cytochrome oxidase enzyme.
Pure cultures of detected bacteria were taken by inoculation loop and stored in plastic microtubes in 200 μL of UltraPure™ DNase/RNase-free distilled water (Invitrogen,
Hilden, Germany) at –20 °C until PCR/REA and MLST
testing. Bacterial isolates were permanently stored in
plastic microtubes with 1 mL of Tryptic Soy Broth (Merck)
with the addition of 15 % glycerol at –80 °C. The CampyGen (Oxoid, Basingstoke, UK), Anaerocult® C set and Anaerocult® C mini set (Merck), and Anoxomat™ Mark II
device (Mart Microbiology B.V., Drachten, The Netherlands) were used to ensure microaerophilic conditions
necessary for bacterial culture growth. The next procedure of biochemical verification of isolated bacteria was
performed on a VITEK2 device (bioMérieux) with the use
of specific Neisseria-Haemophilus (NH) colorimetric cards,
according to the manufacturer’s instructions. The following reference strains were used as positive controls on
bacterial isolation, biochemical and molecular identification: C. jejuni ATCC 33560, C. coli CCUG 11283, C. lari
CCUG 23947 and C. upsaliensis CCUG 14913.

PCR/REA
Thermotolerant Campylobacter spp. isolates were tested by the PCR method based on the amplification of 23S
rRNA gene variable region and digestion with two restriction enzymes, AluI and Tsp509I (11,13) on QIAxcel
(Qiagen, Hilden, Germany) device. The highly polymorphic part of 23S rRNA gene, which is specific for the thermotolerant species C. jejuni, C. coli, C. lari and C. upsaliensis,
was amplified first. Then, for further species diﬀerentiation, the PCR product was submitted to cleavage with the
AluI and Tsp5091 restriction enzymes (Fermentas, St. Leon-Rot, Germany) in separate reactions.

MLST genotyping
Multilocus sequence typing according to Dingle et al.
(14,15) was carried out on 12 randomly selected isolates
including eight C. jejuni and four C. coli species. The PCR
products thus prepared were sent for sequencing to Macrogen (Amsterdam, The Netherlands). Using the pubMLST
C. jejuni/C. coli database (16), each identified allele was assigned allelic number and one type of nucleotide sequence
marked sequence type (ST) was recognized on the basis

M. MIKULIĆ et al.: Thermotolerant Campylobacter spp. Prevalence and Genotyping, Food Technol. Biotechnol. 54 (4) 475–481 (2016)

477

of a combination of seven allelic numbers. Each ST was
classified in the respective clonal complex (CC), which
represents a group of two or more independent isolates
sharing identical alleles at five or more gene loci.

Statistical analysis
Statistical analysis was performed using an online
program EpiTools epidemiological calculator (17). All obtained results were calculated by Wilson score interval
and expressed as prevalence estimate plus upper and
lower limits of specified 95 % confidence interval (95 %
CI).

Results
Thermotolerant bacteria of the genus Campylobacter
were isolated from 178 of 241 samples, whereas the presence of these bacteria was not found in 63 samples. The
prevalence of thermotolerant Campylobacter spp. was
73.86 % (95 % CI=67.97–79.00 %).
Three of 178 positive isolates were biochemically
identified as Neisseria spp., which did not correspond to
phenotypic indicators determined by light microscopy
(morphology and motility characteristic of Campylobacter).
Another 25 isolates were biochemically characterized as
C. coli/C. jejuni ssp. jejuni and two isolates as C. coli/C. fetus
ssp. fetus. The rest of 148 isolates were biochemically confirmed as C. jejuni ssp. jejuni and C. coli. Reference cultures were used as positive controls in the VITEK2 system, showing that it diﬀerentiated correctly C. jejuni and
C. coli. The results of biochemical identification of C. lari
and C. upsaliensis strains from culture collections were
positive, although expressed as C. coli/C. jejuni ssp. jejuni,
which confirmed the test sensitivity for the four thermotolerant Campylobacter species investigated in the study.
The isolates characterized as Neisseria spp. were identified by the PCR/REA procedure as follows: one as C. jejuni and another one as C. coli, whereas the third one was
confirmed by PCR method to belong to thermotolerant
Campylobacter; however, the species could not be identified by REA (positive PCR, negative REA). Twenty-five
isolates that could not be species-characterized biochemically due to dubious C. coli/C. jejuni ssp. jejuni reading
were also submitted to the PCR/REA procedure. Of these
25 samples, 14 (seven C. jejuni and seven C. coli) isolates
were identified successfully, whereas species could not be
determined for the rest of 11 isolates (positive PCR, negative REA). Two strains biochemically recognized as C.
coli/C. fetus ssp. fetus were identified as C. coli. Two of the
148 isolates that were biochemically confirmed beyond
doubt as C. jejuni and C. coli could not be identified even
after multiple PCR/REA repeat procedures because the
reading indicated unreadable pattern of the REA procedure (positive PCR, negative REA). Bacterial species C.
lari and C. upsaliensis were not identified by the PCR/REA
molecular testing.
In total, results of testing confirmed 129 C. jejuni isolates (53.53 %; 95 % CI=47.22–59.72 %), 37 C. coli isolates
(15.35 %; 95 % CI=11.35–20.44 %) and 12 isolates of unverified species (4.98 %; 95 % CI=2.87–8.50 %). The C. lari
and C. upsaliensis species were not confirmed (Figs. 1 and
2).

Fig. 1. Results of thermotolerant Campylobacter spp. identification by the restriction enzyme analysis procedure: digestion
with Tsp509I enzyme (gel obtained by capillary electrophoresis). NC=negative control, lanes 1 to 6=C. jejuni or C. coli isolates, J=C. jejuni ATCC 33560, C=C. coli CCUG 11283, U=C. upsaliensis CCUG 14913, L=C. lari CCUG 23947, and M=100 bp
molecular size marker

Fig. 2. Results of thermotolerant Campylobacter spp. identification by the restriction enzyme analysis procedure: digestion
with AluI enzyme (gel obtained by capillary electrophoresis).
NC=negative control, lanes 1, 2, 4 and 6=C. jejuni isolates, lanes
3 and 5=C. coli isolates, J=C. jejuni ATCC 33560, C=C. coli CCUG
11283, U=C. upsaliensis CCUG 14913, L=C. lari CCUG 23947, and
M=100 bp molecular size marker

Sequencing was performed on seven gene loci of 12
diﬀerent isolates (Table 1). Ten diﬀerent sequence types
(STs) were identified, with two STs confirmed twice in different isolates. Forty-five diﬀerent alleles, i.e. allelic numbers, were identified in the study. One novel allele (tkt508)
previously unknown in the database was described,
while a novel C. jejuni ST (ST 6182) and novel C. coli ST
(ST 6183) were determined on the basis of a new combination of the known alleles. Isolate testing by the MLST
method revealed the following STs: C. jejuni isolates: ST
25, ST 51, ST 918, ST 2036, ST 4878 and novel ST 6182; and
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Table 1. Results of seven gene locus sequencing by multilocus sequence typing method, the obtained sequence type (ST) and clonal
complex (CC) of all Campylobacter isolates
aspA

glnA

gltA

glyA

pgm

tkt

uncA

C. jejuni

Tested isolate

14

30

2

2

42

59

6

C. jejuni

7

17

2

15

23

3

12

51

C. jejuni

4

7

10

1

1

7

1

25

45

C. jejuni

2

4

1

4

19

1

5

918

48

C. jejuni

7

17

52

10

11

3

6

2036

353

C. jejuni

4

7

10

1

1

7

1

25

45

C. jejuni

7

2

2

2

10

3

1

4878

464

C. jejuni

ST

CC

6182*

460
443

7

17

52

10

11

3

6

2036

353

C. coli

33

39

30

115

113

43

17

1750

828

C. coli

33

38

30

82

104

43

17

854

828

C. coli

33

429

30

82

113

508**

17

6183*

828

C. coli

33

176

30

115

113

43

17

1769

828

aspA=aspartase A, glnA=glutamine synthetase, gltA=citrate synthase, glyA=serine hydroxymethyltransferase,
pgm=phosphoglucomutase, tkt=transketolase, uncA=ATP synthase α subunit
*novel ST, **novel allelic number

C. coli isolates: ST 1750, ST 1769, ST 854 and novel ST
6183. Identified ST of the isolates were located within seven clonal complexes (CCs) as follows: C. jejuni isolates:
CC 460, CC 443, CC 45, CC 48, CC 353 and CC 464; and C.
coli isolates where all ST belonged to CC 828.

Discussion
Results of the study showed a high prevalence of
thermotolerant Campylobacter (73.86 %) in fresh chicken
meat in Croatia, with C. jejuni as the predominant species
(53.53 %), followed by C. coli (15.35 %). These findings are
consistent with the results of studies conducted in European Union (EU) member countries and worldwide.
Bardoň et al. (18) report on the Campylobacter prevalence
of 75 % in fresh broiler meat in Czech Republic, with C.
jejuni isolated in 70 %, C. coli in 18 % and mixed contamination with both bacterial species in 12 % of cases. Prencipe et al. (19) found the prevalence of thermotolerant
Campylobacter at 40.8 % in their study of retail chicken
meat in the Abruzzi e Molise region in Italy, confirming
the presence of C. jejuni in 68.3 %, C. coli in 21.5 %, C. upsaliensis and C. mucosalis in 10.2 %, and of more than one
Campylobacter species in 23.1 % of samples. Using data
from the available literature on the prevalence of Campylobacter spp. in retail poultry meat, Suzuki and Yamamoto
(20) provided a review of Campylobacter spp. prevalence
in fresh poultry meat across the world (in %): North
America 63.8, Central and South America 82.3, Europe
53.3, Africa 73.1, Asia 60.3, Oceania 90.4 and overall mean
prevalence 58.0. Results of our study are also consistent
with the study carried out in 2008 at the EU level, including 26 member countries, along with Switzerland and
Norway, where the mean all-countries Campylobacter
prevalence of 75.8 % was determined in fresh broiler carcasses taken from slaughterhouses. C. jejuni was isolated
in two-thirds and C. coli in the majority of the rest of isolates, C. lari was identified in 0.4 % of cases, C. upsaliensis
was not isolated at all, whereas 4.1 % of isolates were not
identified (21).

In contrast to the prevalence of Campylobacter spp. recorded in the present study, Finland (5.5 %), Sweden (14.6 %)
and Norway (5.1 %) have low prevalence rates of these
bacteria in the samples of fresh broiler carcasses (21), possibly attributable to climatic conditions (22), along with
implementation of the Scandinavian biosafety measure
approach (23) and strict slaughterhouse hygienic measures (24).
Uzunović-Kamberović (25) determined a higher prevalence of C. coli than C. jejuni in fresh poultry meat in Bosnia and Herzegovina, which is in contrast to our findings.
Also, the results of this study diﬀer from the results of
other studies conducted in Croatia, in which the prevalence of Campylobacter in fresh chicken meat was 13.3 (26)
and 14.6 % (27), i.e. considerably lower than in our study.
This variation can be explained by diﬀerent sampling and
testing methods used in particular studies.
In our study, 98.31 % of Campylobacter spp. were confirmed by the VITEK2 identification system (bioMérieux).
Valenza et al. (28) reported the 100 % Campylobacter spp.
identification by the same system, with 100 % accuracy
for C. coli and 88.8 % accuracy for C. jejuni, whereas other
C. jejuni strains could not be diﬀerentiated from C. coli.
We can speculate that in our study, inaccurate culture
identification by VITEK2 procedure may have been due
to absorbance of the testing culture suspension that was
at the lower limit of acceptability, or the culture vital
properties had been lost beyond microaerophilic conditions prior to testing. Namely, these cultures are recommended to be readily submitted to biochemical testing
upon exposure to aerobic atmosphere. During clinical
strain testing by the VITEK2 system, Rennie et al. (29) reported the 96.5 % rate of correct identification, including
10.2 % of low discrimination of strains of undeterminable
species diﬀerence, 2.7 % of incorrect identification and 0.8 %
of the results classified as unidentified, which is consistent with our study.
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Thermotolerant bacteria of the genus Campylobacter
were identified in 100 % of cases by the PCR/REA method, whereby identification at the species level failed in 14
(7.87 %) isolates (positive PCR, negative REA). These were
presumably mixed bacterial cultures, which is in agreement with other literature reports (30,31). Out of the remaining 148 isolates confirmed by the VITEK2 system,
two (1.4 %) samples confirmed as C. jejuni and C. coli
could not be identified by the PCR/REA method because
they yielded unreadable REA pattern (negative REA).
To our knowledge, this study results are the first report of the presence of C. jejuni and C. coli isolate STs and
CCs in fresh retail chicken meat from domestic production in Croatia. The newly characterized ST 6182 and ST
6183 were identified for the first time and included in the
pubMLST C. jejuni/C. coli database. Searching the entire
pubMLST C. jejuni/C. coli database revealed data on the
total number of entered isolates, country of origin, year,
disease, source and epidemiology of STs obtained in the
study. It should be noted that all identified STs, with the
exception of ST 4878 and ST 6183, are proven causes of
gastroenteritis caused by Campylobacter that were isolated
from patients’ faeces in diﬀerent parts of the world. The
ST 4878 genotype was isolated only from environmental
waters in The Netherlands and from chicken in Slovenia,
and the ST 6183 from environmental waters in Luxemburg; yet the CC 464 and CC 828 isolates, which include
these strains, have been demonstrated to cause campylobacteriosis. Isolates belonging to CC 464 were isolated
from chicken meat samples (32), and CC 464 and CC 353
from patients’ faeces and chicken in China (33). ST 51 was
confirmed as the cause of campylobacteriosis in Scotland,
which involved 165 individuals attending a party and
was caused by inadequate thermal processing of chicken
liver (34). Kärenlampi et al. (35) investigated isolates of
human, cattle and poultry origin in Finland and found
the CC 45 isolates to predominate in the overall number
of them and to be mostly related to poultry and contact
with cats and dogs. They also confirmed the association
of CC 828 isolates and patients aged ≥60, whereas CC 48
isolates were associated with consuming raw minced
meat. CC 353 was isolated from humans, CC 45 from humans, cattle and poultry, CC 48 from humans and cattle,
and CC 828 from humans and poultry. In the present
study, C. coli ST 854, member of CC 828, was isolated from
retail chicken meat, supporting the findings reported by
Kärenlampi et al. (35) and Dingle et al. (15), who also isolated ST 854 from live chickens and fresh chicken meat.
However, they did not find association with other potential sources such as humans or, for instance, pigs kept at
the same farm; thus, they presumed this genotype to probably have tendency for a particular source type, in that
case chicken, as the host. In the studies of isolates originating from diﬀerent sources (humans and animals) in
Switzerland, CC 21 and CC 45 were most frequently identified, with the exception of samples originating from pigs
(36). Also, CC 21, CC 45 and CC 48 were the most common CCs identified in isolates originating from broilers in
Sweden (37). Results of this study are consistent with
those reported by other authors (38,39), where CC 828
was most prevalent with diﬀerent C. coli STs.

479

Conclusions
The results obtained in the present study pointed to a
high prevalence of thermotolerant bacteria of the genus
Campylobacter in fresh chicken meat from domestic production on the Croatian market. C. jejuni was most prevalent, followed by C. coli, whereas C. lari and C. upsaliensis
were not confirmed. Using the MLST method, a novel allele for the tkt gene locus, named tkt508, was detected and
a novel C. coli ST characterized. Based on the new allele
combination, a novel C. jejuni ST (ST 6182) and novel C.
coli ST (ST 6183) were determined. At the moment, ST
6182 is a unique ST that has been identified for the first
time and exclusively in the Republic of Croatia. The STs
of analyzed isolates, except for ST 4878, ST 6182 and ST
6183, as well as each of the seven CCs have been demonstrated to cause gastroenteritis. However, these genotypes
have been isolated from patients’ faeces in diﬀerent parts
of the world, suggesting that they are potentially infective
and can cause campylobacteriosis in humans.
The present study provides foundation for further investigation of a greater number of isolates originating
from diﬀerent sources in Croatia in order to assess their
epidemiological association originating from the environment, animals and food with isolates obtained from humans suﬀering from campylobacteriosis.
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