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Surveillance
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Background: Campylobacter  is one of the most 
frequent causes of bacterial gastroenteritis. Campylo
bacter  outbreaks are rarely reported, which could be 
a reflection of a surveillance without routine molecu-
lar typing. We have previously shown that numer-
ous small outbreak-like clusters can be detected 
when whole genome sequencing (WGS) data of clini-
cal Campylobacter  isolates was applied. Aim: Typing-
based surveillance of  Campylobacter  infections was 
initiated in 2019 to enable detection of large clusters 
of clinical isolates and to match them to concurrent 
retail chicken isolates in order to react on ongoing 
outbreaks. Methods: We performed WGS continuously 
on isolates from cases (n = 701) and chicken meat 
(n = 164) throughout 2019. Core genome multilocus 
sequence typing was used to detect clusters of clini-
cal isolates and match them to isolates from chicken 
meat. Results: Seventy-two clusters were detected, 58 
small clusters (2–4 cases) and 14 large clusters (5–91 
cases). One third of the clinical isolates matched iso-
lates from chicken meat. One large cluster persisted 
throughout the whole year and represented 12% of all 
studied  Campylobacter  cases. This cluster type was 
detected in several chicken samples and was traced 
back to one slaughterhouse, where interventions were 
implemented to control the outbreak. Conclusion: 
Our WGS-based surveillance has contributed to an 
improved understanding of the dynamics of the occur-
rence of  Campylobacter  strains in chicken meat and 
the correlation to clusters of human cases.

Introduction
Human campylobacteriosis is the most commonly 
reported zoonotic disease in Europe, with 246,571 
reported cases in the European Union (EU) in 2018 
[1].  Campylobacter  infections are predominantly food-
borne, with poultry as the primary source. However, 
other transmission routes are known, such as bathing, 
drinking contaminated water or direct contact with 
animals. In food samples, the highest occurrence 
of  Campylobacter  was detected in fresh chicken meat 
(37.5% of samples tested) [1]. In Denmark, we had 5,389 
registered human cases in 2019 (incidence: 93/100,000 
inhabitants) and 33% of conventional chicken meat 
samples were positive for  Campylobacter  at slaughter 
[2]. Of note, one third of the human infections diag-
nosed in Denmark are estimated to be travel-related 
[3].

Efforts to identify the specific source 
of Campylobacter  infection in humans are rarely made 
in Denmark or other countries. Therefore, relevant 
information for targeted public health actions to 
prevent  Campylobacter  infections often does not 
exist. For decades, surveillance of other food-borne 
pathogens, especially  Salmonella  and  Listeria,  with 
high-discriminatory typing methods has proved to be a 
powerful tool for outbreak detection and investigations 
as well as for following trends and emergence of 
epidemic strains. Similar typing-based surveillance 
for  Campylobacter  has not been widely used and 
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generally has not been very useful for the decision-
making process on mitigating efforts by the public 
health and food safety authorities. The high diversity 
of Campylobacter  isolates and the general assumption 
that most  Campylobacter  infections are sporadic are 
plausible explanations.

We have previously shown that, based on whole genome 
sequencing (WGS) data of  Campylobacter  isolates in 
2015–17, we could identify numerous small outbreak-
like clusters and, in many instances, genetically link 
them to concurrent animal and food isolates [4]. A 
large fraction of all 774 clinical isolates (27%) could be 
genetically linked to broilers or chicken meat, whereas 
only a few clinical isolates (2%) could be genetically 
linked to cattle isolates. A Danish case–control study 
conducted in the same period pointed at several food 
sources of campylobacteriosis among children and 
young adults, including consumption of chicken meat, 
minced beef, and fresh strawberries [5]. Therefore, 
in addition to sampling of chicken meat, the Danish 
Veterinary and Food Administration (DVFA) initiated 
sampling and analysis for  Campylobacter  in several 
other food sources that were identified by the case–
control study to obtain knowledge on the impact of 
these sources.

In our 2015–17 study, a comparison of human isolates to 
food and animal isolates was done retrospectively and 
therefore no specific public health actions were taken. 
To evaluate the value of a prospective and continuous 
WGS-based surveillance system for  Campylobacter  in 
Denmark, we initiated WGS of isolates from human 
cases and retail food samples as well as the concurrent 
analysis of these cross-sector data. Here, we report 
the first year of surveillance (2019) and show that 
integrated WGS-based surveillance of Campylobacter in 
humans and food sources can identify correlations 
between the occurrence of specific strains in chicken 
meat and in human infections. The surveillance 
was also able to detect prolonged or reappearing 
outbreaks, which allows for specific interventions to 
control  Campylobacter  in the food production chain 
and thereby prevent human infections.

Methods

Surveillance
The overall design of the WGS-based surveillance 
of  Campylobacter  in 2019 aimed at obtaining clinical 
isolates from 10 to 15% of all campylobacteriosis cases 
(laboratory-confirmed cases of Campylobacter spp.) in 
Denmark. Our primary focus was on one geographical 
area, northern Jutland (North Denmark Region) but we 
also included isolates from two other geographically 
distant areas, Funen and Zealand. Concurrently,  Ca
mpylobacter  isolates obtained as part of the official 
DVFA food control programmes were sequenced and 
compared with the clinical isolates. Fresh meats 
(chicken and beef) were sampled at retail stores in 
northern Jutland and at distribution centres covering 

the major retail chains in Denmark; organic and free 
range broilers were also sampled at slaughterhouses. 
Since a large outbreak was detected in the spring of 
2019, the planned collection of data for the surveil-
lance was supplemented with additional data to inves-
tigate this outbreak.

The surveillance data were kept in a BioNumerics data-
base (version 7.6, Applied Maths, Sint-Martens-Latem, 
Belgium). Case information on clinical isolates (date of 
diagnosis, age, sex, geographical region) was linked 
from the Register of Gastrointestinal Infections to this 
database. Information on isolates from food samples 
was added (sample ID, date of sampling and meat cat-
egory). Sequencing, cluster analysis and cross-sector 
comparison of isolates was performed continuously 
over the year.

Clinical isolates
Strains of  Campylobacter jejuni  and  Campylobacter 
coli  isolated from stools samples from Danish 
diarrhoeic cases by routine stool culture were collected 
and analysed from March through December 2019. The 
surveillance was designed in collaboration with three 
regional clinical microbiology laboratories, which cover 
three geographically widespread areas of Denmark. All 
isolates from patients diagnosed in the North Denmark 
Region covering northern Jutland (representing ca 10% 
of the national cases) were referred to the reference 
laboratory at Statens Serum Institut (SSI), as well as 
ca 10 isolates per month from the laboratories cover-
ing the areas of Funen and Region Zealand (the first 
10 diagnosed cases per month in each area). A few 
clinical  Campylobacter  isolates from other regions 
were received at the reference laboratory at SSI during 
the study period and these were also included in the 
surveillance. Furthermore, available clinical isolates 
from end-October 2018 to February 2019 were analysed 
retrospectively as part of the outbreak investigation.

Food samples
The DVFA sampled chilled chicken meat from retail 
stores in northern Jutland and at distribution centres 
covering the major retail chains in Denmark. Of note, 
while most chicken was of Danish origin, a few isolates 
were obtained from imported chicken meat. Samples 
of skin from leg quarters from organic and free range 
broilers were randomly sampled at slaughterhouses 
and samples of minced beef of Danish and non-Danish 
origin were sampled at retail level.

As part of the outbreak investigation, samples of dif-
ferent kinds of chilled chicken meat were obtained at 
one slaughterhouse. Batches containing meat from the 
identified farm were sampled.

Campylobacter  was detected in chicken meat and 
skin from leg quarters by direct plating on Abeyta–
Hunt–Bark agar (produced in-house) according to the 
standard method [6] with a detection limit of 10 colony-
forming units/g. Minced beef samples were analysed 
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using real-time PCR (BAX system real-time PCR assay 
for  Campylobacter, Hygiena, Camarillo, CA, USA) after 
selective enrichment in Bolton Broth without blood 
(Oxoid, Roskilde, Denmark).

Whole genome sequencing and cluster analysis
We performed WGS, quality control of WGS data, spe-
cies identification, and comparison of WGS data by 
core genome multilocus sequence typing (cgMLST) as 
described in Joensen et al. [4]. Briefly, sequencing was 
conducted with Illumina technology (MiSeq or NextSeq 
sequencing machines, Illumina, San Diego, CA, USA) 
and the analysis was carried out using a BioNumerics 
database in which cgMLST was assigned using assem-
bly-free and assembly-based allele calling, based on 
the 1,343 loci cgMLST scheme by Cody et al. [7]. In the 
present study, clusters of clinical isolates and matches 
to chicken isolates were defined on the basis of cgMLST 
allele differences using a cluster threshold of four with 
single-linkage clustering, instead of unweighted pair 
group method with arithmetic mean (UPGMA) cluster-
ing. Clusters ID were assigned as sequence type (ST) 
based on MLST followed by a number. Single nucleo-
tide polymorphism (SNP) analysis was performed as an 
additional evaluation of the ST122#1 outbreak, using 
NASP [8] with default parameters with subsequent 
removal of recombination using CleanRecomb [9].
The data for this study have been deposited in the 
European Nucleotide Archive (ENA) at the European 
Molecular Biology Laboratory-European Bioinformatics 
Institute (EMBL-EBI) under accession number 
PRJEB41421 (https://www.ebi.ac.uk/ena/browser/
view/PRJEB41421) and ERS4424632 (https://www.ebi.
ac.uk/ena/browser/view/ERS4424632).

Antimicrobial resistance
Genetic markers for acquired antimicrobial resist-
ance were extracted based on the ResFinder data-
base (https://cge.cbs.dtu.dk/services/ResFinder) [10] 
as part of our internal quality control pipeline. An 
in-house script was employed for detection of spe-
cific point mutations related to resistance to quinolo-
nes (nalidixic acid and ciprofloxacin):  gyrA  (A70T, 
D85Y, T86I, T86A, T86K, T86V, D90A, D90N, D90T, 
D90Y, P104S); erythromycin:  rplD  (G74D, G67V, A71D, 
R72I),  rplV  (G86E, A88E), and 23S (A2074G, A2074T, 

A2074C, A2075G); and streptomycin: rpsL (K43R, K88E, 
K88R, K88Q).

A random selection of six isolates of ST122#1 were 
subjected to antimicrobial susceptibility testing for 
six antimicrobial agents (ciprofloxacin, nalidixic acid, 
erythromycin, gentamicin, streptomycin, and tetra-
cycline) as previously described [11]. Briefly, testing 
was performed as a minimum inhibitory concentra-
tion (MIC) determination using broth microdilution 
and interpreted by the use of European Committee on 
Antimicrobial Susceptibility Testing (EUCAST) epide-
miological cut-off values [12].
 

Ethical statement
No ethical approval was required for this study, since 
the data employed was obtained as part of our routine 
surveillance.

Results

Clinical isolates
In 2019, 5,389 cases of campylobacteriosis were regis-
tered in Denmark (93/100,000 inhabitants). This was 
a marked increase compared with the 4,546 cases in 
2018 [2]. For the WGS-based surveillance, 626 clini-
cal  C. jejuni  and  C. coli  isolates were continuously 
collected. In addition, 75 clinical isolates collected from 
the end of October 2018 through February 2019, were 
retrospectively included in the study as a follow-up 
on a detected outbreak. A total of 701 human clinical 
isolates of C. jejuni (n = 652; 93%) and C. coli (n = 49; 
7%) were analysed. Of these, 453 isolates were from 
northern Jutland, 113 were from Funen, 111 were from 
Zealand, and 24 were from other laboratories in 
Denmark. This study represented 12.4% (668/5,389) of 
all reported cases in 2019 (Table).

Campylobacter in food samples
Campylobacter  was detected in 22% (196/909) of 
retail chicken meat samples. Of the total, 852 samples 
were Danish-produced (19% positive; 163/852) and 
57 samples were of non-Danish origin (58% positive; 
33/57).  Campylobacter  was detected in 68% (84/123) 
of skin samples from organic and free range broilers 

Table
Clusters of Campylobacter spp. among human isolates and clinical clusters matching Campylobacter spp. from chicken, 
Denmark, October 2018–December 2019

Cluster size

All clinical clusters Clinical clusters matching chicken isolates
Clusters 

 
(n)

Human isolates (n)
Clusters 

 
(n)

Human isolates (n)

Large clusters (≥ 5 human cases) 14 200 11 179
Small clusters (2–4 human cases) 58 139 14 37
Sporadic cases with match NA 3 3 3
Sporadic cases without match NA 359 NA NA

NA: Not applicable
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obtained at slaughterhouses.  Campylobacter  was not 
detected in any of the 402 samples of minced beef.

As part of the planned surveillance, 128 isolates of C. 
jejuni (n = 106; 83%) and C. coli (n = 22; 17%) from food 
samples were sequenced. Of the total, 52 isolates from 
chicken meat (45 from Danish-produced meat, seven of 
non-Danish origin), mainly from northern Jutland, and 
76 isolates from organic and free range broilers.

As part of the outbreak investigation, 36  C. 
jejuni  isolates from control samples obtained at the 
implicated slaughterhouse were sequenced and 
included in the analysis (see details below). These 
comprised 15 isolates from conventionally produced 
broilers, 11 isolates from samples of three batches 
containing meat from the implicated farm, and 10 
isolates from two environmental samples from the 
slaughterhouse.

Clusters of clinical isolates and matches to 
chicken isolates
Almost half of the clinical isolates (48%; 339/701) clus-
tered with other clinical isolates: 200 were part of 14 
large clusters (five to 91 cases) and 139 were part of 
58 small clusters (two to four cases) (Table). All large 
clusters and the majority of the small clusters were 
caused by  C. jejuni,  while four small clusters caused 
by C. coli were detected.
One third of all clinical isolates from humans (31%; 
219/701) matched chicken isolates. Most of these clini-
cal isolates were part of the large clusters. Specifically, 
179 clinical isolates represented the 11 large clusters 
with a detected source, while for three large clusters 
no source match was initially detected. Thirty-seven 
clinical isolates were associated with 14 of the 58 small 
clusters (24%), and only three sporadic human cases 

matched a chicken isolate. A single cluster (ST9882#1) 
of five clinical cases was matched to one of the seven 
isolates from imported chicken meat.

Of the 128 isolates obtained from the surveillance of 
chicken meat, 90 different cluster types (cgMLST) 
were detected and 35% (45/128) of the isolates could 
be genetically matched to clinical isolates. Isolates 
from conventional chicken meat (58%; 30/52) more 
often matched clinical isolates than those from organic 
chicken meat (20%; 15/76).

Of the three large clusters of clinical cases without a 
source match, one cluster (ST42#2) was confined to the 
island of Bornholm with milk as the suspected source. 
Another cluster (ST48#1) was a reappearance of a strain 
from a previous outbreak in 2016 with 17 cases that 
matched isolates from Danish-produced chicken from 
the same year. The third large cluster (ST257#5) with-
out a chicken match was atypical; all five cases were 
from the same geographical area (northern Jutland) 
and appeared within 2 weeks in September 2019.

Detection of a large prolonged outbreak
The largest cluster was the ST122#1 cluster with a total 
of 91 cases. This cluster type was first detected in the 
beginning of the surveillance period, March 2019, and 
continued to be present during the whole year, peak-
ing in the period May–August 2019. The retrospective 
analysis of isolates from the preceding months showed 
that this strain existed among human cases already 
in October 2018, and three isolates of ST122#1 were 
seen among the 33 sequenced isolates from late 2018. 
ST122#1 constituted 13% (88/668) of all clinical iso-
lates in 2019 (Figure 1).

The ST122#1 cluster included human cases with an 
age range of 2–91 years (median: 49 years) and a 
higher proportion of males (58%; 53/91) than females. 
Cases were from all geographical areas: 58 cases 
from northern Jutland, 19 cases from Funen, 12 cases 
from Zealand, with an additional two cases from other 
laboratories. Thus, the outbreak strain constituted an 
almost even proportion (11–17%) of the typed clinical 
isolates across the areas.

The ST122#1 cluster matched four chicken isolates 
obtained from the sampling of retail meat: two sam-
pled in May 2019 and two in August 2019. These iso-
lates were traced back to a single slaughterhouse. The 
slaughterhouse and the DVFA investigated the possible 
source, both at farm and slaughterhouse level, through 
extensive sampling and retrospective analysis of avail-
able isolates. Microbiological follow-up investigations 
revealed an additional 30 ST122#1 isolates: 20 isolates 
obtained from meat samples at the slaughterhouse 
between late February and the beginning of August 
2019 and 10 isolates collected from the slaughterhouse 
environment in late October 2019. Based on the slaugh-
ter dates, these results supported the connection of 
the outbreak strain to one specific farm. From August 

Figure 1
Number of sequenced clinical Campylobacter sequence 
type (ST)122#1 and isolates of all other types by month, 
Denmark, October 2018–December 2019 (n = 701)
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2019, the slaughterhouse decided that meat from this 
farm should be frozen to reduce the quantitative level 
of  Campylobacter. Furthermore, the slaughterhouse 
outlined an action plan for optimising procedures and 
equipment. It is probable that other farms harboured 
the same strain. However, at this point in time, no 
other matches were found among the limited number 
of analysed samples.

Although the ST122#1 cluster type persisted for more 
than a year, the genome seemed to be stable over 
time with 0–6 SNPs between any isolate (Figure 
2). All ST122#1 isolates were within 0–5 allelic dif-
ferences using cgMLST. Furthermore, the ST122#1 
isolates were 28–427 SNPs (minimum 25 allelic dif-
ferences) from other ST122 isolates in our database. 
The ST122#1 strain was found to be resistant to cip-
rofloxacin (MIC 8–16 µg/ml), nalidixic acid (MIC 64 
µg/ml) and tetracycline (MIC 64 µg/ml), phenotypic 
traits facilitated by the presence of the gyrA T86I point 
mutation and the presence of the tet(O/32/O) gene. The 
strain was sensitive to erythromycin, gentamicin and 
streptomycin. 

Discussion
We initiated a WGS-based surveillance 
of  Campylobacter  in Denmark in 2019, where 
we continuously compared a subset of 
clinical Campylobacter isolates from humans to isolates 
from the official sampling of chicken meat performed 
by DVFA. Our study has shown that roughly half of 
human cases belong to genetic clusters, that almost 
one third of all clinical isolates match a chicken source, 
and that most large clusters of human cases can be 
linked to chicken sources by WGS. These findings are 
in line with our previous study [4], but contrary to pre-
vious years, the surveillance in 2019 led to the detec-
tion of an unusually large genetic cluster that persisted 
throughout the year. While we do not have reliable 
travel information for all cases in the routine surveil-
lance data, 30–36% of interviewed campylobacteri-
osis cases reported foreign travel in the 14 days before 
symptom onset in the years 2008–2015 [3]. Therefore, 
we can postulate that both the large outbreak and 
other cases whose isolates match those obtained 
from fresh chicken from the Danish market, make up 
an even larger proportion of the domestically-acquired 
infections than we estimated here.

The 2019 surveillance detected 88 clinical isolates of 
the outbreak cluster strain ST122#1. Since only a sub-
set of the national isolates was typed, we estimate 
that the actual number of cases affected by this out-
break strain was ca 700 (13%) of all registered cases 
in 2019. Although the number of ST122#1 cases gen-
erally seemed to follow the typical seasonal variation 
for campylobacteriosis, there was a clear decline in the 
relative number of ST122#1 cases after August 2019. 
Potential explanations for the decline could be imple-
mentation of the general interventions at the impli-
cated slaughterhouse and/or the fact that meat from 

the suspected farm was only distributed frozen after 
August 2019, although the contribution of each measure 
is uncertain. Freezing reduces the Campylobacter count 
in contaminated chicken meat and it is estimated 
that a significant public health risk reduction can be 
achieved by freezing chicken carcasses [13]. A few 
human cases with the outbreak strain were also seen 
in the beginning of 2020 (data not shown) and it is pos-
sible that it had spread to multiple farms and/or other 
slaughterhouses.

The persistence of this outbreak strain might be due to 
specific strain traits or factors related to the chicken 
production or possibly a combination of these. Further 
examination of this could be relevant for prevention 
of similar outbreaks in the future. For example, some 
strains might have the ability to colonise the chicken 
gut at higher levels [14-16], thereby increasing the risk 
of meat contaminated with high concentrations of the 
pathogen. Also, Wilson et al. [15] suggested that growth 
in the chicken gut increases the genetic diversity of 
subpopulations of  C. jejuni,  which possibly drives 
adaption to colonisation in humans. Several examples 
of newly emerging strains spreading within chicken 
production lines have been described; antimicrobial 
resistance of the strains has been mentioned as a 
possible factor explaining their persistence and spread 
of the strains. In the UK, the recent emergence of the 
ST5136 strain was suggested to result from its gradual 
acquisition of AMR genes in parallel with the high use 
of antibiotics in the poultry production [17]. In New 
Zealand, the ST6964 strain that emerged and rapidly 
spread in the poultry production was tetracycline- and 
quinolone-resistant [18], which was also the case for 
our ST122#1 outbreak strain. In the Danish poultry 
production, the use of fluoroquinolones is negligible, 
whereas tetracycline is one of the antimicrobials used 
for treatment of disease outbreaks in poultry; gener-
ally, there is a low consumption of antimicrobials in 
the Danish broiler production [19]. Interestingly, over 
the past few years, we have seen a marked increase 
in tetracycline resistance in clinical C. jejuni as well as 
chicken isolates in Denmark. In 2018, 32% of isolates 
from broilers slaughtered in Denmark and 34% of 
isolates from domestically-acquired human infections 
were resistant to tetracycline [19].

At present, experience with WGS-based analysis and 
interpretation of prolonged  Campylobacter  outbreaks 
is limited. Despite this, we found that the ST122#1 
outbreak strain displayed little variation between 
isolates spanning the whole year, which argues for 
genomic stability and is in line with what is known for 
other food-borne pathogens [20,21]. Although ST122 is 
not one of the most prevalent STs in Denmark or abroad 
(ST122 constitutes 735 out of 98,830 of isolates in the 
PubMLST database at  https://pubmlst.org/campylo-
bacter; accessed: 9 November 2020), we have seen 
several examples of other ST122 strains in Denmark 
and find there is generally a large diversity within 
ST122 and outbreak strains can easily be defined.
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In our WGS-based surveillance setup, epidemiologi-
cal follow-up with either electronic questionnaires or 
interviews was performed only on cases from selected, 
large genetic clusters (data not shown). As isolates 
from most of these large clusters were already known 
to match chicken isolates, there was limited added 
value of this effort since we found that most cases had 
consumed chicken, which was also true for the con-
trol population in the Danish case–control study [6]. 
Instead, for future WGS-based surveillance, it would 
be more meaningful to follow up rapidly on cases who 
are part of large clusters lacking a source-match, as 
this could potentially aid in detection of non-poultry 
sources of infection. For instance, we found a seemingly 
local and possible point-source outbreak of five cases 
who were all infected with an ST257#5 strain within a 
2-week period without any food match. However, it is 
clearly a challenge to be able to timely detect and react 
to small and time-restricted outbreaks when only a 
subset of isolates from reported cases are typed.

Our surveillance setup highlighted the value of imple-
menting a WGS-based surveillance for detection of large 
prolonged outbreaks, as these types of outbreaks offer 

the possibility of intervention and potential prevention 
of human cases. Also, identification of reappearing clus-
ter types offers a potential to facilitate an earlier inter-
vention. However, with this type of WGS-based setup, 
follow-up on each genetic cluster of  Campylobacter  is 
not feasible because of the large number of clusters, 
which would require disproportionate resources, 
but also because of the time factor as most cluster 
types have already disappeared before it is possible 
to take action. The WGS-based surveillance in 2019 
has, combined with our previous study in 2015–17, 
allowed us to gain knowledge on the larger picture of 
the  Campylobacter  epidemiology in Denmark, and the 
dynamic of clusters throughout the year. It also shows 
that WGS-based surveillance of human infections 
without the comparison to concurrent food isolates is 
of limited public health value. WGS-based surveillance 
should be further strengthened by the inclusion of 
isolates from other food or environmental sources. 
For other countries to implement a WGS-based 
surveillance, it would be favourable to employ such a 
setup for a year or two in order to get an overview of 
the situation in their country. It may not be necessary 
to perform such an extensive surveillance each year, 

Figure 2
Phylogenetic (SNP) tree of sequence type (ST)122 isolates, including ST122#1 outbreak and non-related isolates, Denmark, 
October 2018–December 2019 (n = 105)

Oct–Nov 2018

Feb–Mar 2019 

Apr–May 2019

Jun–Jul 2019 

Aug–Sep 2019

Oct–Nov 2019

Dec 2019

Non-ST122#1 isolates
Retail chicken meat, May–Aug 2019

The maximum parsimony tree (logarithmic scaling) was constructed using an internal outbreak isolate as reference (ERS4424632). Colours 
indicate the retail chicken isolates and the month of sampling in 2018–19 for the human isolates of ST122#1.
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after knowledge of the status has been established. 
In Denmark, we continued WGS-based surveillance in 
2020 with some modifications. WGS was performed on 
isolates from retail food, representing all geographical 
regions. We have also attempted to have a more even 
representation of clinical isolates across the country; 
four clinical laboratories (located in four of the five 
regions in Denmark) submitted a subset of isolates 
proportional to the total number of cases.

Our study had several limitations. Only a fraction of 
all isolates from clinical cases and food samples in 
the official DVFA control programme underwent WGS. 
This is a clear limitation and is mainly a matter of 
resources. Access to  Campylobacter  isolates is also 
limited due to the increased use of non-culture-based 
diagnostics. To obtain more isolates, the reference 
laboratory might have to perform culturing of PCR-
positive samples, which requires additional resources 
and is often unsuccessful because of delayed culturing. 
Only isolates from chicken meat were available for this 
study, but other food sources, as well as direct animal 
contact and the environment are also likely sources of 
infection.

Conclusions
WGS-based surveillance of clinical cases and chicken 
samples improved our understanding of the occurrence 
and dynamics of  Campylobacter  strains in chicken 
meat and the correlation to clusters of human cases. 
Typically, some strains were only present in chicken 
meat and/or human cases in periods of a few weeks 
or months, whereas the occurrence of other strains 
fluctuated over time in a way that could be related 
to the production cycles in each chicken farm. The 
most remarkable example is the ST122#1 strain that 
was present in human cases and in chicken meat as 
well as the slaughterhouse for at least one year. The 
present surveillance was not designed to elucidate 
other major sources of infections and, although focus 
was on detection of large outbreaks, only chicken-
related outbreaks were solved since traditional 
epidemiological follow-up was found to have limited 
value. A main impact of the 2019 surveillance is that 
the clear association of a substantial proportion 
of the human  Campylobacter  cases to the Danish 
chicken production has increased the poultry 
industry’s awareness. Although the poultry industry 
has been fighting  Campylobacter  for years, this study 
– and specifically the large outbreak – has led to 
extensive initiatives and investments targeting  Cam
pylobacter  throughout the production chain. These 
interventions started shortly after the outbreak was 
apparent and are still in progress, which is essential 
for obtaining a pronounced decrease in the occurrence 
of  Campylobacter  in chicken meat. Furthermore, the 
follow-up investigations have led to new insights and 
raised several questions regarding the epidemiology 
of  Campylobacter  as well as on the characteristics 
of the specific outbreak strain, which should be 
addressed in future studies. Hopefully, this knowledge 

and awareness will lead to a decrease in the Danish 
chicken-associated human cases of campylobacteriosis 
in the coming years.
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