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Abstract
Campylobacter spp., especially C. jejuni, is the most common zoonotic pathogen in humans worldwide. In Nordic 
countries, the prevalence of C. jejuni in broilers, which is an important reservoir of human infections, is generally 
low. Thus, other sources of domestically acquired infections besides chicken meat need to be considered. Game 
birds are known to carry a variety of zoonotic agents, including Campylobacter. The aim of this study was to 
investigate Campylobacter spp. carriage in a flock of reared pheasants at hunting in two successive samplings to 
better understand the dynamics of Campylobacter infections in pheasants. Overall, 72% of the intestinal samples 
were positive for Campylobacter spp. by direct culture on mCCDA. C. jejuni was the only species identified. The 
isolates were genotyped using whole genome sequencing (WGS), multilocus sequence typing (MLST), and ad 
hoc whole genome MLST (wgMLST). Two distinct C. jejuni clones were identified among the 18 isolates studied, 
representing MLST sequence types (STs) ST-45 and ST-699. The ST-45 isolates were closely related to previous 
human clinical isolates using core genome MLST (cgMLST). In contrast, the ST-699 isolates forming the dominant 
clone in the latter sampling were quite distinct from previously described cgMLST profiles from different hosts and 
sources worldwide. In conclusion, the intestine of reared pheasants is commonly colonized by C. jejuni and may 
carry genotypes relevant to infections in livestock and humans. Hygienic measures are needed to limit the spread 
of infection in reared flocks. Especially farmers and hunters having direct contact with pheasant offal need to be 
aware of the associated zoonosis risk to protect themselves and their working dogs alike. Biosecurity measures to 
improve the safety and reduce the zoonosis risk associated with pheasant farming should be further investigated.
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Findings
Campylobacter jejuni is the most common zoonotic 
pathogen worldwide, including Finland and other parts 
of Scandinavia [1], with broiler meat and milk being the 
most frequent causes of foodborne outbreaks. Compared 
to EU average, Campylobacter spp. prevalence in Finn-
ish broiler flocks is low, and the consumption of fresh 
chicken meat has been estimated to account only for 
18–24% of domestically acquired sporadic campylobacte-
riosis cases, based on whole genome multilocus sequence 
typing (wgMLST) [2, 3]. Thus, other sources and trans-
mission routes are likely to exist. A recent study from the 
Netherlands attributed campylobacteriosis cases based 
on high-resolution genomic data to chickens or turkeys 
(48.2%), dogs or cats (18.0%), cattle (12.1%), and surface 
water (8.5%) [4]. Further case exposure analysis revealed 
open water swimming, contact with dog faeces, and con-
sumption of non-chicken or turkey avian meat, such as 
game bird meat from ducks, geese, quails, and pheasants, 
as other environmental risk factors. Previously a cluster 
of campylobacteriosis cases has been linked to occupa-
tional exposure to pheasants [5]. The cohort study noted 
high attack rates among workers with direct contact to 
pheasant faeces and first-time workers highlighting the 
possible role of pheasants in Campylobacter infections.

In Finland, due to harsh winter conditions, the natural 
pheasant (Phasianus colchicus) population is restricted to 
southern parts of the country thriving only in the vicinity 
of bird sanctuaries and other feeding places. For hunting 
purposes pheasants are also hatched and grown on local 
farms. Pheasant meat is also sold to restaurants. Previous 
studies reported 9% prevalence of C. jejuni by culture [6] 
and 21.8% by polymerase chain reaction (PCR) [7] among 
reared wild hunted pheasants in Finland. Other countries 
report Campylobacter spp. prevalence ranging from 0 to 
73% [7–12]. However, only two previous studies geno-
typed the isolates to better understand their association 
with human infections [6, 11]. Sequence type ST-19, pre-
viously recovered also from humans, poultry, cattle, and 
sheep, being the most common C. jejuni MLST sequence 
type identified. The Finnish ST-19 clone was resistant to 
ciprofloxacin, although resistance in Finnish poultry pro-
duction is generally low [13] in line with the limited to 
non-existent use of antibiotics.

Our aim was to describe the Campylobacter popula-
tion in a flock of reared pheasants sampled twice at hunt-
ing, one month apart, using whole genome sequencing 
(WGS), MLST, and core genome MLST (cgMLST). We 
wanted to find out whether the flock was colonized by 
several different clones of Campylobacter, how persis-
tent the colonization was, and whether the ciprofloxa-
cin-resistant ST-19 clone continued to predominate in 
Finnish pheasants.

No animals were killed for the purpose of this study. 
From a flock of 500 pheasants reared for hunting pur-
poses on a game bird farm in South-West Finland, 20 to 
30 pheasants were released from their pen in the morn-
ing of each hunt. The birds were hunted with the help of 
pointing dogs and shot by licensed hunters first in Octo-
ber (n = 12) and later in November 2018 (n = 13) at the age 
of approximately 21 and 26 weeks, respectively. Preda-
tory animals (foxes, mustelids, goose, hawks etc.) are also 
common in the area, and thus the pheasants escaping the 
hunt will not survive to form a wild population.

After shooting, the birds were immediately eviscer-
ated at site by a veterinarian working carefully (wearing 
gloves) not to cross-contaminate the samples. No punc-
tures in the intestines were observed and the intestines 
were individually disposed into plastic bags for transport 
refrigerated to the laboratory. The samples were culti-
vated directly on mCCDA plates incubated under micro-
aerobic conditions at 41.5 ˚C for 48 h. One typical colony 
per sample was confirmed as Campylobacter spp. by the 
lack of aerobic growth on blood agar at 25 ˚C, Gram-
stain, genus- and species-specific PCR [14]. Pure cultures 
were grown on nutrient blood agar at 37 ˚C under micro-
aerobic conditions. Genomic DNA was extracted using 
PureLink™ Genomic DNA Mini Kit and stored at -20 ˚C 
prior to PCR and sequencing.

WGS was performed at the Institute for Molecular 
Medicine Finland (FIMM) using Illumina MiSeq.  Raw 
sequence data were assembled using INNUca pipeline 
[15] (https://github.com/B-UMMI/INNUca). Compari-
sons between the isolates were performed using ad hoc 
wgMLST [16]. Minimum Spanning Trees representing 
pairwise allele distances were visualized using Grape-
Tree [17]. Antimicrobial resistance determinants were 
screened for using ResFinder [18]. Finally, Campylobacter 
isolates sequenced in this study were compared against 
the PubMLST database [19] (last accessed 4th April 
2023) using the C. jejuni/C. coli cgMLST v1.0 scheme 
[20]. For a more detailed description of the materials and 
methods, see Additional file 1.

Campylobacter spp. were isolated from 75% (95% CI: 
43–95%) and 69% (95% CI: 39–91%) of samples in the 
first and second batch, respectively (Table  1). C. jejuni 
was the only species identified. In October ST-45 was the 
only sequence type detected. In November both ST-699 
(67%; 95% CI: 30–93%) and ST-45 were identified among 
the positive samples. In wgMLST analysis the strains 
formed two separate highly clonal clusters (Fig.  1). No 
antimicrobial resistance determinants, other than the 
blaOXA-184 Class D beta-lactamase, were found. Query 
of the PubMLST database with Fu7 (ST-45) draft genome 
revealed a single linkage Cjc_cgc_10 cluster with isolates 
from humans (n = 9; years 2012–2018) and chicken (n = 8; 
2014 and 2016) from the UK, and an urban rat from 
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Finland (2021). JB18 (ST-699) was un-associated with 
previously deposited isolates.

We found a relatively high prevalence (72%) of Campy-
lobacter spp. in reared game pheasants. Previously, 27% 
(4/15) of pheasants were found to be positive by culture 
methods in Russia [12], 44% (4/9) in north-western Italy 
[10], 43% (104/240) in southern Italy [9], and 26% (14/52) 
in Germany [8]. In Scotland, 37% (105/287) of the sam-
ples were found to be positive, ranging from 0 to 73% 
prevalence between different estates [11]. The age of the 
birds might partly explain the high prevalence observed 
in our study since previously the prevalence of Campy-
lobacter spp. has also been shown to be higher in adult 
(> 1 month, 83.3%) compared to younger pheasants (< 1 
month, 3.3%) [9].

The pheasants were grown and fed exclusively in their 
pen and released to the farm surroundings in the morn-
ing of the hunt. By contrast, in our previous study [6], 
pheasants were released already as 4-week-olds with 

continued supplementary feeding. The latter birds raised 
in less crowded conditions showed a significantly lower 
prevalence of C. jejuni (9%) [6] than the birds (72%) 
reared more intensively in this study. These results are 
in line with the previous finding that pheasants grown in 
intensive production up till the age of 5–8 months were 
more likely to carry Campylobacter spp. at the time of 
hunt than wild pheasants released from the reproductive 
farm at the age of 8 weeks (70.2% vs. 27.5%) [21], sug-
gesting that early release would be preferable. However, 
it is important to note that effective predator control is 
important for the survival of young pheasants in the wild 
in Finland.

In southern Italy C. coli was the dominant Campylo-
bacter species present in all positive samples, whereas C. 
jejuni was present only in 13.5% of the samples [9]. Also 
in Scotland, C. coli was more prevalent (62.6%) than C. 
jejuni (37.4% of positive samples), and the risk for C. coli 
infection from pheasants was considered to be much 

Table 1  Multilocus sequence typing results of C. jejuni isolates collected from a flock of farmed hunted pheasants from two successive 
samplings
Sample ID Date Campylobacter status 

(species identified)
MLST Sample ID Date Campylobacter status 

(species identified)
MLST

Fn1 7.10.2018 pos. (C. jejuni) ST-45 JB11 11.11.2018 neg.

Fn2 7.10.2018 pos. (C. jejuni) ST-45 JB12 11.11.2018 pos. (C. jejuni) ST-699

Fu1 7.10.2018 pos. (C. jejuni) ST-45 JB13 11.11.2018 pos. (C. jejuni) ST-45

Fu2 7.10.2018 neg. JB14 11.11.2018 pos. (C. jejuni) ST-699

Fu3 7.10.2018 pos. (C. jejuni) ST-45 JB15 11.11.2018 pos. (C. jejuni) ST-699

Fu4 7.10.2018 pos. (C. jejuni) ST-45 JB16 11.11.2018 pos. (C. jejuni) ST-699

Fu5 7.10.2018 neg. JB17 11.11.2018 neg.

Fu6 7.10.2018 pos. (C. jejuni) ST-45 JB18 11.11.2018 pos. (C. jejuni) ST-699

Fu7 7.10.2018 pos. (C. jejuni) ST-45 JB19 11.11.2018 pos. (C. jejuni) ST-45

Fu8 7.10.2018 pos. (C. jejuni) ST-45 JB20 11.11.2018 pos. (C. jejuni) ST-699

Fu9 7.10.2018 pos. (C. jejuni) ST-45 JB21 11.11.2018 neg.

Fu10 7.10.2018 neg. JB22 11.11.2018 neg.

JB23 11.11.2018 pos. (C. jejuni) ST-45

Fig. 1  Minimum spanning tree (MST) results of ad hoc wgMLST analysis of the pheasant C. jejuni isolates. Panels A and B show MSTs of ST-45 (1709 shared 
loci) and ST-699 (1733 shared loci), respectively. The numbers on the branches indicate pairwise allelic distances between each node of the tree
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higher [11]. In contrast, only C. jejuni was isolated from 
Finnish pheasants in this and our previous study [6]. Fur-
ther studies are needed to explain this finding.

C. jejuni ST-19, the previously most predominant 
genotype in pheasants [6, 11], was not identified in this 
study. However, another multi-host sequence type, 
ST-45, was found. ST-45 has previously been isolated 
from human cases of gastroenteritis and systemic disease 
as well as chicken, cattle, and sheep, but also e.g. envi-
ronmental waters, ducks, dogs, turkeys, and wild birds 
[19]. In Finland ST-45 has been the most common ST in 
chicken slaughter batches since 2004, prevalence ranging 
from 18.6 to 46.6% [22]. In humans and natural waters, 
ST-45 has accounted for 21–31% [23, 24] and 30–39% [2, 
25] of the isolates, respectively. Further analysis revealed 
that our ST-45 clone was clearly distinct from those 
previously described from various sources, however, 
most closely related to human clinical and chicken iso-
lates from the UK, with WGS in their active surveillance 
system for years. Since the ST-45 clone persisted in our 
pheasant flock for at least a month, further studies are 
needed to reveal if pheasants overwintering in Finland 
may present an important reservoir for pathogenic C. 
jejuni.

ST-699 has been reported from humans, chicken, 
goose, wild birds, and environmental waters worldwide, 
however infrequently [19]. In Finland, ST-699 has only 
been identified from natural surface waters [25]. cgMLST 
analysis showed no close hits for our ST-699 clone, yet 
interestingly, this new C. jejuni clone outnumbered the 
ST-45 clone in November and no other genotypes were 
observed. This could possibly be explained by the main 
migration season of wild birds occurring between sam-
plings. However, we cannot completely rule out the pos-
sibility of co-colonization of the pheasant with even more 
clones or species since only one pure culture from each 
intestine was studied.

In conclusion, pheasants in Finland are commonly col-
onized by C. jejuni and hygienic measures are needed to 
limit the spread of infection. Farmers, hunters, and veter-
inarians having direct contact with pheasant offal need to 
be aware of the associated zoonosis risk to protect them-
selves and others.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s13028-023-00698-7.

Additional file 1. Detailed description of materials and methods used in 
the study.

Acknowledgements
Urszula Hirvi is acknowledged for technical assistance. Rooka-the-gundog 
is thanked for finding and retrieving the pheasants included in this study 
and the hunting association Shotgun Pearls is thanked for the opportunity 

to collect the samples. The authors wish to acknowledge CSC – IT Center for 
Science, Finland, for computational resources.

Authors’ contributions
RK received funding, planned the study, supervised the laboratory work, 
analysed the WGS data and drafted the manuscript. JB visited the farm, 
organized the hunts and sample collection. MS, MFA and JB critically revised 
the manuscript and added final corrections. All authors participated in writing 
the manuscript. All authors have read and approved the final version of the 
manuscript.

Funding
Open access funded by Helsinki University Library. This work was supported 
by the Finnish Foundation of Veterinary Research (SELS/RK/2014).

Data Availability
The raw sequence data related to the current study have been deposited in 
the NCBI database under BioProject PRJNA430314 and BioSample accession 
numbers SAMN18746114 to SAMN18746131.

Declarations

Ethics approval
No animals were killed for the purpose of this study. This study did not require 
official or institutional ethical approval.

Competing interests
The authors declare that they have no competing interests.

Consent for publication
Not applicable.

Prior publication
Data have not been published previously.

Received: 4 May 2023 / Accepted: 10 July 2023

References
1.	 EFSA ECDC. The European Union One Health 2020 Zoonoses Report. EFSA J. 

2021;19(12):e06971. https://doi.org/10.2903/j.efsa.2021.6971.
2.	 Kovanen S, Kivistö R, Llarena AK, Zhang J, Kärkkäinen UM, Tuuminen T, et 

al. Tracing isolates from domestic human Campylobacter jejuni infections 
to chicken slaughter batches and swimming water using whole-genome 
multilocus sequence typing. Int J Food Microbiol. 2016;226:53–60. https://
doi.org/10.1016/j.ijfoodmicro.2016.03.009.

3.	 Llarena AK, Kivistö R. Human campylobacteriosis cases traceable to 
chicken meat - evidence for disseminated outbreaks in Finland. Pathogens. 
2020;9(11). https://doi.org/10.3390/pathogens9110868.

4.	 Mughini-Gras L, Pijnacker R, Coipan C, Mulder AC, Fernandes Veludo A, de Rijk 
S, et al. Sources and transmission routes of campylobacteriosis: a combined 
analysis of genome and exposure data. J Infect. 2021;82(2):216–26. https://
doi.org/10.1016/j.jinf.2020.09.039.

5.	 Heryford AG, Seys SA. Outbreak of occupational campylobacteriosis associ-
ated with a pheasant farm. J Agric Saf Health. 2004;10(2):127–32. https://doi.
org/10.13031/2013.16072.

6.	 Kovanen S, Rossi M, Pohja-Mykrä M, Nieminen T, Raunio-Saarnisto M, Sauvala 
M et al. Population genetics and characterization of Campylobacter jejuni 
isolates from western jackdaws and game birds in Finland. Appl Environ 
Microbiol. 2019;85(4):10.1128/AEM.02365-18. Print 2019 Feb 15; https://doi.
org/10.1128/AEM.02365-18.

7.	 Sauvala M, Woivalin E, Kivistö R, Laukkanen-Ninios R, Laaksonen S, Stephan R, 
et al. Hunted game birds - carriers of foodborne pathogens. Food Microbiol. 
2021;98:103768. https://doi.org/10.1016/j.fm.2021.103768.

8.	 Atanassova V, Ring C. Prevalence of Campylobacter spp. in poultry and 
poultry meat in Germany. Int J Food Microbiol. 1999;51(2–3):187-90. https://
doi.org/10.1016/S0168-1605(99)00120-8.

https://doi.org/10.1186/s13028-023-00698-7
https://doi.org/10.1186/s13028-023-00698-7
https://doi.org/10.2903/j.efsa.2021.6971
https://doi.org/10.1016/j.ijfoodmicro.2016.03.009
https://doi.org/10.1016/j.ijfoodmicro.2016.03.009
https://doi.org/10.3390/pathogens9110868
https://doi.org/10.1016/j.jinf.2020.09.039
https://doi.org/10.1016/j.jinf.2020.09.039
https://doi.org/10.13031/2013.16072
https://doi.org/10.13031/2013.16072
https://doi.org/10.1128/AEM.02365-18
https://doi.org/10.1128/AEM.02365-18
https://doi.org/10.1016/j.fm.2021.103768
https://doi.org/10.1016/S0168-1605(99)00120-8
https://doi.org/10.1016/S0168-1605(99)00120-8


Page 5 of 5Kivistö et al. Acta Veterinaria Scandinavica           (2023) 65:36 

9.	 Dipineto L, Gargiulo A, De Luca Bossa LM, Rinaldi L, Borrelli L, Menna 
LF, et al. Prevalence of thermotolerant Campylobacter in pheasants 
(Phasianus colchicus). Avian Pathol. 2008;37(5):507–8. https://doi.
org/10.1080/03079450802356987.

10.	 Robino P, Tomassone L, Tramuta C, Rodo M, Giammarino M, Vaschetti G, et al. 
Prevalence of Campylobacter jejuni, Campylobacter coli and enteric Helico-
bacter in domestic and free living birds in North-Western Italy. Schweiz Arch 
Tierheilkd. 2010;152(9):425–31. https://doi.org/10.1024/0036-7281/a000094.

11.	 Seguino A, Chintoan-Uta C, Smith SH, Shaw DJ. Public health significance of 
Campylobacter spp. colonisation of wild game pheasants (Phasianus colchi-
cus) in Scotland. Food Microbiol. 2018;74:163–70. https://doi.org/10.1016/j.
fm.2018.04.002.

12.	 Stern NJ, Bannov VA, Svetoch EA, Mitsevich EV, Mitsevich IP, Volozhant-
sev NV, et al. Distribution and characterization of Campylobacter 
spp. from russian poultry. J Food Prot. 2004;67(2):239–45. https://doi.
org/10.4315/0362-028x-67.2.239.

13.	 Finnish Food Authority, Finnish Medicines Agency Fimea, University of 
Helsinki: FINRES-Vet 2018. Finnish Veterinary Antimicrobial Resistance Moni-
toring and Consumption of Antimicrobial Agents. In: Finnish Food Authority 
publications 6/2019. 2019.

14.	 Denis M, Soumet C, Rivoal K, Ermel G, Blivet D, Salvat G, et al. Development of 
a m-PCR assay for simultaneous identification of Campylobacter jejuni and C. 
coli. Lett Appl Microbiol. 1999;29(6):406–10.

15.	 Machado MP, Halkilahti J, Jaakkonen A, Silva DN, Mendes I, Nalbantoglu Y, et 
al. INNUca. In.: GitHub; 2020.

16.	 Silva M, Machado MP, Silva DN, Rossi M, Moran-Gilad J, Santos S, et al. 
chewBBACA: a complete suite for gene-by-gene schema creation and strain 
identification. Microb Genom. 2018. https://doi.org/10.1099/mgen.0.000166.

17.	 Zhou Z, Alikhan NF, Sergeant MJ, Luhmann N, Vaz C, Francisco AP, et al. 
GrapeTree: visualization of core genomic relationships among 100,000 bacte-
rial pathogens. Genome Res. 2018;28(9):1395–404. https://doi.org/10.1101/
gr.232397.117.

18.	 Zankari E, Hasman H, Cosentino S, Vestergaard M, Rasmussen S, Lund O, et 
al. Identification of acquired antimicrobial resistance genes. J Antimicrob 
Chemother. 2012;67(11):2640–4. https://doi.org/10.1093/jac/dks261.

19.	 Jolley KA, Bray JE, Maiden MCJ. Open-access bacterial population genomics: 
BIGSdb software, the PubMLST.org website and their applications. Wellcome 
Open Res. 2018;3:124. https://doi.org/10.12688/wellcomeopenres.14826.1.

20.	 Cody AJ, Bray JE, Jolley KA, McCarthy ND, Maiden MCJ. Core genome 
multilocus sequence typing scheme for stable, comparative analyses of 
Campylobacter jejuni and C. coli human disease isolates. J Clin Microbiol. 
2017;55(7):2086–97. https://doi.org/10.1128/JCM.00080-17.

21.	 Nebola M, Borilova G, Steinhauserova I. Prevalence of Campylobacter 
subtypes in pheasants (Phasianus colchicus spp. torquatus) in the Czech 
Republic. Vet Med (Praha). 2007;52(11):496–501.

22.	 Llarena AK, Huneau A, Hakkinen M, Hänninen ML. Predominant Campylo-
bacter jejuni sequence types persist in finnish chicken production. PLoS ONE. 
2015;10(2):e0116585. https://doi.org/10.1371/journal.pone.0116585.

23.	 Kovanen SM, Kivistö RI, Rossi M, Schott T, Kärkkäinen UM, Tuuminen T, et al. 
Multilocus sequence typing (MLST) and whole-genome MLST of Campy-
lobacter jejuni isolates from human infections in three districts during a 
seasonal peak in Finland. J Clin Microbiol. 2014;52(12):4147–54. https://doi.
org/10.1128/JCM.01959-14.

24.	 Kärenlampi R, Rautelin H, Schönberg-Norio D, Paulin L, Hänninen ML. 
Longitudinal study of finnish Campylobacter jejuni and C. coli isolates from 
humans, using multilocus sequence typing, including comparison with 
epidemiological data and isolates from poultry and cattle. Appl Environ 
Microbiol. 2007;73(1):148–55. https://doi.org/10.1128/AEM.01488-06.

25.	 de Haan CP, Lampen K, Corander J, Hänninen ML. Multilocus sequence types 
of environmental Campylobacter jejuni isolates and their similarities to those 
of human, poultry and bovine C. jejuni isolates. Zoonoses Public Health. 
2013;60(2):125–33. https://doi.org/10.1111/j.1863-2378.2012.01525.x.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 

https://doi.org/10.1080/03079450802356987
https://doi.org/10.1080/03079450802356987
https://doi.org/10.1024/0036-7281/a000094
https://doi.org/10.1016/j.fm.2018.04.002
https://doi.org/10.1016/j.fm.2018.04.002
https://doi.org/10.4315/0362-028x-67.2.239
https://doi.org/10.4315/0362-028x-67.2.239
https://doi.org/10.1099/mgen.0.000166
https://doi.org/10.1101/gr.232397.117
https://doi.org/10.1101/gr.232397.117
https://doi.org/10.1093/jac/dks261
https://doi.org/10.12688/wellcomeopenres.14826.1
https://doi.org/10.1128/JCM.00080-17
https://doi.org/10.1371/journal.pone.0116585
https://doi.org/10.1128/JCM.01959-14
https://doi.org/10.1128/JCM.01959-14
https://doi.org/10.1128/AEM.01488-06
https://doi.org/10.1111/j.1863-2378.2012.01525.x

	﻿Prevalence and genotype diversity of ﻿Campylobacter jejuni﻿ in hunted reared pheasants (﻿Phasianus colchicus﻿) in Finland
	﻿Abstract
	﻿Findings
	﻿References


