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ABSTRACT Since 2005 campylobacteriosis has been
the most commonly reported gastrointestinal infection in
humans in the European Union with more than 200,000
cases annually. Also Campylobacter is one of the most fre-
quent cause of food-borne outbreaks with 319 outbreaks
reported to EFSA, involving 1,254 cases of disease and
125 hospitalizations in EU in 2019. Importantly poultry
meat is one of the most common source for the sporadic
Campylobacter infections and for strong-evidence campy-
lobacteriosis food-borne outbreaks in EU.

In present study, 429 fresh broiler chicken meat sam-
ples of Estonian, Latvian, and Lithuanian origin were
collected from Estonian retail level and analyzed on a
monthly basis between September 2018 and October
2019. Campylobacter spp. were isolated in 141 (32.9%)
of 429 broiler chicken meat samples. Altogether 3
(1.8%), 49 (36.8%), and 89 (66.9%) of Estonian, Lat-
vian, and Lithuanian origin broiler chicken meat
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samples were positive for Campylobacter spp. Among
Campylobacter-positive samples, 62 (14.5%) contained
Campylobacter spp. below 100 CFU/g and in 28 (6.5%)
samples the count of Campylobacter spp. exceeded
1,000 CFU/g. A high prevalence of Campylobacter spp.
in fresh broiler chicken meat of Lithuanian and Latvian
origin in Estonian retail was observed. Additionally, 22
different multilocus sequence types were identified
among 55 genotyped isolates of broiler chicken meat and
human origin, of which 45 were Campylobacter jejuni
(C. jejuni) and 10 were Campylobacter coli (C. coli).
The most prevalent multilocus sequence types among C.
jejuni was ST2229 and among C. coli ST832, ST872. C.
jejuni genotypes found in both broiler chicken meat and
human origin samples were ST122, ST464, ST7355, and
ST9882, which indicates that imported fresh broiler
chicken meat is likely the cause of human campylobac-
teriosis in Estonia.
Key words: Campylobacter spp., prevalence, counts, MLST sequence types, fresh broiler chicken meat

2022 Poultry Science 101:101703
https://doi.org/10.1016/j.psj.2022.101703
INTRODUCTION

Campylobacter is the most common cause of human
bacterial gastroenteritis in the world and campylobac-
teriosis is commonly reported zoonosis in humans in
European Union (EU) since 2005 (World Health Orga-
nization, 2013; European Food Safety Authority EFSA
and European Centre for Disease Prevention and Con-
trol ECDC 2021). According to European Food Safety
Authority (EFSA), there were 220,682 confirmed
human cases in EU in 2019, with notification rate of 59.7
per 100,000 population on average. In Estonia, 348 con-
firmed cases of human campylobacteriosis were regis-
tered in 2019, with a notification rate of 26.4 per 100,000
inhabitant (Estonian Health, 2021). The human campy-
lobacteriosis notification rate in Estonia is 2.3 times
lower than the average in European Union. However,
the true numbers of human campylobacteriosis may be
higher than officially reported, because infectious dis-
eases are often underestimated, under-ascertained, or
underreported (Gibbons et al., 2014). Campylobacterio-
sis is a notifiable infectious disease and an important
problem for the public health and food industry (Tum-
barski, 2019). The two main Campylobacter species
causing a disease in humans are C. jejuni and C. coli
causing approximately 80% and 10% of campylobacter-
iosis cases (EFSA, 2018). Different studies have demon-
strated that C. jejuni is the predominant species in
poultry (Merem€ae et al, 2010; Korsak et al., 2015;
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Rossler et al., 2019; Yushina et al., 2020). According to
M€aesaar et al. (2020) poultry is the main source of C.
jejuni human infections in the Baltic States. The source
of human campylobacteriosis is primarily considered to
be poultry, especially broiler chicken meat, but also
other food sources such as raw milk, pork and untreated
water (M€aesaar et al., 2020; European Food Safety
Authority EFSA and European Centre for Disease Pre-
vention and Control ECDC 2021). Campylobacter infec-
tion occurs often due to consumption of undercooked
chicken meat, or other food cross-contaminated during
preparation process (Rosner et al., 2017). Entire process-
ing chain of broiler chicken meat has a major importance
of transmitting Campylobacter from farm to fork
(Skarp et al., 2016).

In many countries the seasonal peak in the number of
human campylobacteriosis cases and in Campylobacter
prevalence in poultry is in summer months (Bunevi�cien _e
et al., 2010; Merem€ae et al., 2010; Kovalenko et al.,
2013; M€aesaar et al., 2014; Jaakola et al., 2015;
Nastasijevic et al., 2020). However according to
EFSA (2018), there is also a small but distinct winter
peak that has been apparent in the human campylobac-
teriosis cases in the past few years.

The aim of this study was to determine the preva-
lence, counts and genetic relatedness of Campylobacter
spp. isolated from broiler chicken meat at retail level of
Estonia and from Estonian human patients.
MATERIALS AND METHODS

Sample Collection

Altogether 429 fresh broiler chicken meat samples
were collected on a monthly basis between September
2018 and October 2019 at Estonian retail level. The col-
lection included 163, 133, and 133 fresh broiler chicken
meat samples of Estonian, Latvian, and Lithuanian ori-
gin. Company packaged fresh broiler chicken meat prod-
ucts, mostly legs and half-legs, were obtained from the
biggest food retail outlets representing the biggest
broiler chicken meat sales turnover in Estonia. The sam-
ples were transported to the laboratory in a portable
cooler kept at +2° to +6°C. All the analyses were carried
out in the laboratory of the Chair of Food Hygiene and
Veterinary Public Health of the Estonian University of
Life Sciences.

Additionally, in collaboration with the Estonian hos-
pitals, 18 C. jejuni and 2 C. coli isolates related with
human Campylobacter infections in Estonia were
obtained during the study period in 2018−2019 for
sequence typing.
Campylobacter spp. Isolation and
Identification

Campylobacter spp. detection and enumeration from
broiler chicken meat samples was performed according
to the ISO 10272−1:2017 and ISO 10272-2:2017. For
Campylobacter spp. detection, 10 g of skin aseptically
taken from broiler chicken meat samples was transferred
into 90 mL Preston enrichment broth and incubated in
a microaerobic conditions at 41.5 § 0.5°C for 24 h.
Then, 10 mL loopful of Preston enrichment material was
inoculated onto mCCD agar medium (Oxoid; Basing-
stoke, Hampshire, UK). For Campylobacter spp. enu-
meration, 10 g of skin aseptically taken from broiler
chicken meat samples was placed into a sterile plastic
bag and 90 mL buffered Peptone water was added. The
samples were stomached for 60 s. Then, 0.1 mL of 10-
fold dilution material was taken and carried onto the
surface of 2 mCCD (Oxoid) agar plates. All plates were
incubated in microaerobic conditions at 41.5°C § 0.5°C
for 48 h. Typical Campylobacter colonies on mCCDA
plates were streaked on Columbia blood agar (Oxoid
Ltd; ), which were incubated for 24 h at 41.5°C § 0.5°C.
Additional confirmation tests included Gram staining,
motility analysis, oxidase, and catalase tests. Isolates
confirmed as Campylobacter spp. were stored at −80°C
in glycerol broth (20% [vol/vol] glycerol in 1% [wt/vol]
proteose peptone) for further studies.
Whole-Genome Sequencing and Genotyping

DNA was extracted using GeneJET Genomic DNA
Purification Kit (ThermoFisher Scientific, Waltham,
MA). The sequencing libraries were prepared with Illu-
mina Nextera XT library preparation kit, according to
manufacturer’s protocol (Illumina Inc., San Diego, CA).
Libraries were pooled in equimolar concentrations and
the sequencing was carried out on an Illumina Next-
Seq500 System using high output kit in paired end
2 £ 151 bp mode. The library preparation and sequenc-
ing were conducted as follows in the Institute of Geno-
mics Core Facility, University of Tartu, Estonia.
Quality of the raw reads was checked using FastQC

v0.11.9 (http://www.bioinformatics.babraham.ac.uk/
projects/fastqc). Reads were trimmed using Trimmo-
matic v0.39 with default parameters for paired-end
reads (Bolger et al., 2014). The reads were assembled
using SPAdes v3.14.1 with single-cell mode and k-mer
sizes 21, 33, 55, 77 (Bankevich et al., 2012). All assem-
bled Campylobacter spp. genomes (n = 55) obtained
from broiler chicken meat (n = 35) and human clinical
cases (n = 20) were deposited and STs and CCs were
assigned using the Campylobacter jejuni/coli multilocus
sequence typing (MLST) database (pubMLST) (Sup-
plementary Table 1; Jolley and Maiden, 2010).
Full minimum spanning tree (MST) of MLST allelic

differences of 55 C. jejuni and C. coli isolates was con-
structed using goeBURST algorithm (Francisco et al.,
2009) as implemented in PHYLOViZ v2.0 (Nascimento
et al., 2017).
Statistical Analysis

Binomial Probability Confidence Interval (CI) at 95%
confidence level in the prevalence and counts of the

http://www.bioinformatics.babraham.ac.uk/projects/fastqc
http://www.bioinformatics.babraham.ac.uk/projects/fastqc


CAMPYLOBACTER IN POULTRYMEAT 3
Campylobacter in the poultry meat products of different
origin was calculated using the Clopper-Pearson (exact)
method using R (R Core Team, 2021). Chi-square test
was used to test for statistically significant associations
between prevalence of Campylobacter spp. in fresh
broiler chicken meat and sample origin (https://www.
socscistatistics.com/tests/chisquare2/default2.aspx).
Results were considered statistically significant for
P values of ≤ 0.05.
RESULTS AND DISCUSSION

Prevalence and Counts of Campylobacter
spp

Campylobacter spp. was isolated in 141 (32.9%) of 429
broiler chicken meat samples in 2018-2019 (Table 1). In
total, 3 (1.8%, CI95 0−5.3%) of Estonian origin, 49
(36.8%, CI95 28.6−45.6%) of Latvian origin and 89
(66.9%, CI95 58.2%−74.8%) of Lithuanian origin fresh
broiler chicken meat samples were positive for Campylo-
bacter spp. The associations between prevalence of Cam-
pylobacter spp. in fresh broiler chicken meat and country
of origin was statistically significant (P < 0.00001).
Study conducted by M€aesaar et al. (2014) in 2012, found
that the prevalence of Campylobacter spp. in Estonian
origin fresh broiler chicken meat products was signifi-
cantly lower (P < 0.001) than in Latvian and Lithuanian
fresh broiler chicken meat products. Bunevi�cien _e
et al. (2010) determined a high Campylobacter preva-
lence (46.5% of positive samples) in the Lithuanian fresh
broiler chicken meat in 2009. Additionally, high propor-
tion of Campylobacter contamination of broiler chicken
meat at slaughterhouse and retail level was reported in
Latvia by Kovalenko et al. (2013). Our studies have
shown that the contamination of fresh chicken broiler
meat of Estonian origin with Campylobacter spp. has
decreased year by year. Contrary, fresh broiler chicken
meat of Latvian and Lithuanian origin is often contami-
nated with Campylobacter spp. at the Estonian retail
level (Table 2). In European countries the proportion of
Campylobacter-positive poultry meat at retail level has
been different, 73.3% in the UK (Jorgensen et al., 2015)
and much lower in Finland and Denmark, respectively
11 and 12% (Skarp et al., 2016). High proportion of
Campylobacter contaminated poultry meat at retail has
been also reported in Austria (71), France (76), Spain
(70), Slovenia (54), Poland (50), and Italy (34.1%)
Table 1. Prevalence of Campylobacter spp. in fresh broiler chicken m
at the Estonian retail level in 2018−2019.

Country of origin No. of samples

No.

Detectionmethod

Estonia 163 3 (1.8)
Latvia 133 49 (36.8)
Lithuania 133 89 (66.9)
Total 429 141 (32.9)

1Samples with both positive detection and positive enumeration result, the t
2Confidence interval is given for detection method results.
(Skarp et al., 2016; Stella et al., 2017). According to the
EU zoonoses report the average occurrence of Campylo-
bacter in the fresh broiler meat in EU was 38.6 and
29.6%, respectively in year 2018 and 2019
(European Food Safety Authority EFSA and European
Centre for Disease Prevention and Control ECDC
2021). This indicates that compared to many other
European countries the prevalence of Campylobacter in
Estonia is very low. Changes over time in the prevalence
and counts of Campylobacter spp. in fresh chicken meat
samples of Estonian retail is shown in the Table 2. A
comparison of our previous studies reveals the decrease
of Campylobacter spp. prevalence in fresh broiler chicken
meat samples of Estonian origin from 15.8 to 1.8%. Since
2012, the prevalence of Latvian and Lithuanian Cam-
pylobacter spp. in fresh broiler chicken meat has
increased, from 25.8 to 36.8% and from 10.6 to 66.9%,
respectively. One possible explanation to the decreasing
trend in Campylobacter prevalence of fresh broiler
chicken meat of Estonian origin is that strict biosecurity
and self-control measures at farm, slaughterhouse and
meat industry level are applied, also risk assessment
based control measures are implemented at all stages of
production. It is known that the spread of Campylobac-
ter at retail level could be related to the low effectiveness
of biosecurity measures applied on farm and slaughter-
house level. Campylobacter is widespread in nature and
there are many sources of infection through which Cam-
pylobacter is brought to the farm if biosecurity measures
are not effective enough. Different stages in the poultry
production for example, primary production at rearing
farms, transport, slaughtering process, processing of
chicken meat products, retailing, handling, and con-
sumption of chicken meat, play an important role in the
transmission of Campylobacter from farm to fork
(Skarp et al., 2016). The same authors point out that
the Campylobacter contamination and colonization at
farm level reflect the Campylobacter contamination of
carcasses and poultry meat. Several authors have
emphasized the critical importance of defeathering and
evisceration in poultry processing (Saleha et al., 1998;
Sasaki et al., 2013; Gruntar et al., 2015).
A C. jejuni survival study in poultry processing plant

environment revealed that some C. jejuni genotypes
might survive the cleaning and disinfection procedures
(García-S�anchez et al., 2017).
Present study was not aimed to seek for possible rea-

sons for the higher prevalence of Campylobacter spp.
eat samples of Estonian, Latvian, and Lithuanian origin collected

of positive samples (%)

CI 95% ofpositive %2Enumerationmethod1

0 (0) 0−5.3
11 (8.3) 28.6−45.6
70 (52.3) 58.2−74.8
81 (18.9) 28.4−37.5

hreshold of 100 CFU/g.

https://www.socscistatistics.com/tests/chisquare2/default2.aspx)
https://www.socscistatistics.com/tests/chisquare2/default2.aspx)


Table 2. Campylobacter prevalence and counts in retail broiler chicken meat from different studies performed in Estonia in period 2000
−2019.

Period Method

Country of origin

ReferenceEstonia Latvia Lithuania

2000−2002 Detection 44/279 (15.8) NS NS Roasto et al., 2005
2002−2007 Detection 163/1,320 (12.3) NS NS Merem€ae et al., 2010
2012 Detection 22/149 (14.8) 8/31 (25.8) 19/180 (10.6) M€aesaar et al., 2014

Enumeration 2.8 3.4 3.2
2018−2019 Detection 3/163 (1.8) 49/133 (36.8) 89/133 (66.9) Present study

Enumeration 2.3* 2.5 2.8

Detection: No. of positive broiler chicken meat samples/No. of samples (positive %).
Enumeration: samples with both positive detection and positive enumeration result, Mean log10CFU/g.
*Only one sample contained 2.3 log10CFU/g. NS, no samples.
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among Latvian and Lithuanian origin fresh poultry
meat at Estonian retail compare to Estonian products.
Differently to Lithuania and Latvia, the only broiler
chicken slaughterhouse and all broiler chicken farms in
Estonia are belonging to one international meat com-
pany which has integrated food safety management sys-
tems at all production stages from feed production to
final meat products.

According to Commission Regulation (EC) No 2073/
2005 on microbiological criteria for foodstuffs no food
safety criteria has been established for Campylobacter
spp. However, a very important change took place in
2017, when a process hygiene criterion was introduced
for Campylobacter spp. on broiler carcasses. According
to the regulation the limit of 1,000 CFU/g of Campylo-
bacter spp. applies with the priority to the whole poultry
carcases with the neck skin as sampling material. The
distribution of Campylobacter counts of 141 broiler
chicken meat samples is shown in Table 3. Among Cam-
pylobacter-positive samples, 62 (14.5%) contained
Campylobacter spp. below 100 CFU/g. More than
1,000 CFU/g were determined from one (0.8%) Latvian
and from 27 (20.3%) Lithuanian origin fresh broiler
chicken meat samples. The highest count of Campylo-
bacter (1,500 CFU/g) in Latvian origin samples was
detected in February 2019. Among Campylobacter-posi-
tive samples of Lithuanian origin, the high counts of
Campylobacter, ranging from 1,000 to 5,000 CFU/g,
occurred throughout the year from October 2018 to
August 2019. Several authors have reported the high
prevalence of Campylobacter spp. at retail and the pres-
ence of heavily contaminated (>104 CFU/g) broiler
meat and meat preparations (Humphrey et al., 2007;
Suzuki and Yamamoto, 2009). Campylobacter infections
Table 3. Campylobacter enumeration data from fresh broiler
chicken meat collected at Estonian retail level in 2018−2019.

Origin

Campylobacter counts (CFU/g)

0* <100** 100−499 500−1,000 >1,000

Estonia 160 (98.2) 2 (1.2) 1 (0.6) 0 (0) 0 (0)
Latvia 84 (63.2) 39 (29.3) 6 (4.5) 3 (2.3) 1 (0.8)
Lithuania 44 (33.1) 21 (15.8) 27 (20.3) 14 (10.5) 27 (20.3)
Total 288 (67.1) 62 (14.5) 34 (25.6) 17 (4.0) 28 (6.5)

Number of samples (percentage).
*Negative detection and negative enumeration.
**Negative enumeration and positive detection, the threshold.
are likely to occur when eating undercooked broiler
meat or cross-contaminated food (de Boer and Hahn�e,
1990).
Present study showed that Campylobacter counts in

Estonian origin fresh broiler chicken meat were signifi-
cantly (P < 0.00001) lower than in fresh broiler chicken
meat products from Latvian and Lithuanian origin. It
indicates that imported broiler chicken meat products
may pose higher risk for human Campylobacter infec-
tions than Estonian broiler chicken meat. Also our previ-
ous study in 2012 found that Campylobacter counts in
fresh broiler chicken meat was significantly lower (P <
0.001) in samples of Estonian origin compared to these
originating from Latvia and Lithuania, which could pose
the higher human campylobacteriosis risk
(M€aesaar et al., 2014). High prevalence together with
high counts of Campylobacter spp. in fresh chicken meat
sold at retail level carries the campylobacteriosis risk,
because it gives higher probability for Campylobacter
cross-contamination at home kitchen level
(Merem€ae et al., 2010; Roasto et al., 2010). According to
Keener et al. (2004) as few as 500 Campylobacter cells
can cause an infection in human.
Campylobacter studies performed in Estonia show the

decrease of Campylobacter spp. counts in fresh broiler
chicken meat samples of Estonian, Latvian, and Lithua-
nian origin. In present study only one Estonian origin
fresh chicken meat sample contained Campylobacter
spp. 2.3 log10CFU/g. Other 2 chicken meat samples of
Estonian origin that were Campylobacter-positive had
Campylobacter counts below the quantification limit
(100 CFU/g), and were not included in the calculation
of the concentration averages.
Many studies have reported a seasonal peak in the

number of human campylobacteriosis cases and higher
Campylobacter prevalence in poultry during the summer
months (Bunevi�cien _e et al., 2010; Merem€ae et al., 2010;
Kovalenko et al., 2013; M€aesaar et al., 2014;
Jaakola et al., 2015; Nastasijevic et al., 2020). According
to Djennad et al. (2019), it was found that 33.3% of
expected human campylobacteriosis cases are tempera-
ture dependent in England and Wales.
Kovanen et al. (2014) found that the seasonal peak for
Campylobacter human infections in summer months is
related to different summer activities such as barbecu-
ing, drinking well water, swimming in natural waters,
and being more contact with animals and soil. Also,



Figure 1. The proportion of Campylobacter spp. positive fresh broiler chicken meat samples of Estonian, Latvian, and Lithuanian origin in Sep-
tember 2018 to August 2019.
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differences in seasonality of Campylobacter colonization
in broilers can be affected by the farm management, the
presence of different vectors and the survival mecha-
nisms of Campylobacter spp. in the environment and in
the host (Newell and Fearnley, 2003).

An earlier Estonian study by M€aesaar et al. (2014)
found seasonal variation in the proportions of Campylo-
bacter-positive fresh broiler chicken meat samples with a
seasonal peak in the warm summer months. In present
study the only positive samples (n = 3) among Estonian
products were found in July. However, a distinct sea-
sonal difference in Campylobacter contamination of
broiler chicken meat samples at Estonian retail level was
not found in present study (Figure 1). The proportion of
Campylobacter spp. positive fresh broiler chicken meat
samples of Lithuanian origin was consistently high dur-
ing the whole study period. Similarly EFSA (2018) has
reported a small but distinct winter peak for human
campylobacteriosis in the past few years indicating the
presence of Campylobacter contamination of food also in
the cold months.
Sequencing Analyses

Altogether 55 Campylobacter isolates were sequenced
and genotyped using for MLST to determine the genetic
similarities of Estonian, Latvian, and Lithuanian broiler
chicken meat origin Campylobacter spp. with isolates
from Estonian human patients.
Table 4. Distribution of sequence types among the Campylobacter j
meat and Estonian human patients.

Source** Sequence type, S

EST 10,997(1)

LV 356(1) 832*(2) 2,229(7)

LT 19(4) 354(3) 614(2) 832*(2) 872*(4) 6,461(1) 122(2) 464(2

H 22(2) 50(2) 353(1) 429(1) 572(3) 824(1) 122(2) 464(2

Bold is indicating Campylobacter spp. sequence types of broiler chicken mea
or C. coli* strains.

*C. coliMLST genotypes.
**Source of isolates: EST; Estonia; LV, Latvia; LT, Lithuania; H, human.
The STs distribution among Campylobacter spp. iso-
lated from fresh broiler chicken meat and from humans
is shown in Table 4. Among 55 Campylobacter spp. iso-
lates, 22 sequence types were determined. Nine sequence
types were only found in human, 4 ST-s were found both
for human and broiler chicken meat isolates, and the
remaining ten ST-s were related only with broiler
chicken meat.
The most commonly isolated sequence types for C.

jejuni (n = 45) were ST2229 (n = 7; 16%), ST19 (n = 4;
9%), ST122 (n = 4; 9%), ST464 (n = 4; 9%), ST9882
(n = 4; 9%), ST354 (n = 3; 7%), ST572 (n = 3; 7%), and
ST7355 (n = 3; 7%). Most prevalent genotypes for C.
coli (n = 10) were ST832 (n = 4; 40%), ST872 (n = 4;
40%).
C. jejuni ST10997 was only present in one Estonian

origin of sample. ST356 and ST2229 were present in Lat-
vian origin of C. jejuni samples. ST19, ST354, ST614,
ST6461, ST122, ST464, ST7355, and ST9882 were pres-
ent in Lithuanian origin of C. jejuni and ST872 in C.
coli samples. ST832 was detected in samples of both Lat-
vian and Lithuanian origin C. coli isolates. In our study
genotypes ST122, ST464, ST7355, and ST9882 were
obtained from both fresh chicken meat and from human
Campylobacter isolates (Figure 2). However, no common
genotypes for isolates originating from all 3 countries
were found in present study.
M€aesaar et al. (2018) observed ST353 as the most

prevalent genotype from human clinical C. jejuni iso-
lates and ST5, ST45, and ST50 as the most prevalent
ejuni and Campylobacter coli isolates from Baltic broiler chicken

T Total No. of isolates

1
10

) 7,355(1) 9,882(3) 24
) 7,355(2) 9,882(1) 1,595*(1) 1,624*(1) 11,001(1) 20

t origin also found from Estonian human patients. (No)Number of C. jejuni



Figure 2. Full minimum spanning tree (MST) of 55 Campylobacter jejuni and Campylobacter coli MLST allelic profiles. Nodes are named after
STs and color-coded according to isolate sources: chicken (red) and human (blue). Links are labelled with number of allelic differences.
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STs from poultry chicken meat isolates. In current study
Campylobacter spp. isolates from human patients
(n = 20) were assigned to 2 species C. jejuni (n = 18)
and C. coli (n = 2). In combined 13 different STs were
detected, where the most prevalent STs were C. jejuni
ST572 (n = 3; 15%), ST22 (n = 2; 10%), ST50 (n = 2;
10%), ST122 (n = 2; 10%), ST464 (n = 2; 10%), and
ST7355 (n = 2; 10%). The isolates from broiler chicken
meat (n = 35) were similarly assigned to 2 species 27 C.
jejuni and 8 C. coli. Additionally, 13 different STs were
assigned and the most prevalent STs for C. jejuni were
ST2229 (n = 7; 26%), ST19 (n = 4; 15%) and for C. coli
ST832 (n = 4; 50%) and ST872 (n = 4; 50%). Very few
persistent Campylobacter genotypes were observed
between mentioned studies performed in Estonia.

Meistere et al. (2019) found genotype ST464 to be
present in one C. jejuni human isolate in their Campylo-
bacter species prevalence study conducted in Latvia.
According to Aksomaitiene et al. (2019) the majority of
C. jejuni strains from broiler products in Lithuania were
assigned to genotype ST464. Similarly in the Polish
study the ST464 was one of the most common genotype
detected both from chickens and humans
(Wieczorek et al., 2020). In present study the genotype
ST464 was also present both in human and chicken
meat Campylobacter isolates, which indicates poultry as
a potential reservoir and source of human Campylobac-
ter infections.

Further research is needed to study other possible
sources (pig, cattle, sheep, and pet animal) of Campylo-
bacter human infections in Estonia. Limited sample size
regarding genotyping analyses should be taken into
account while interpreting the results.
CONCLUSIONS

Present study found that Campylobacter prevalence
and counts in fresh broiler chicken meat was signifi-
cantly lower in samples of Estonian origin compared to
these originating from Latvia and Lithuania and sold at
Estonian retail level. Imported fresh broiler chicken
meat carries higher human campylobacteriosis risk in
Estonia compare to fresh broiler chicken meat produced
in Estonia. High genotype diversity among Campylobac-
ter isolates from fresh retail chicken meat in Estonia was
found. Only isolates originating from Lithuanian broiler
chicken meat products were overlapping with isolates
obtained from human patients of Estonia. Genotyping
indicated associations between imported fresh broiler
chicken products with campylobacteriosis cases in
Estonia. Campylobacter counts in Estonian and
imported products decreased compared with earlier
study periods. Over time significant decrease in the prev-
alence and concentration of Campylobacter in Estonian
broiler chicken meat indicates the possibility to reduce
Campylobacter contamination by application of effective
biosafety and other control measures within entire meat
production chain.
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