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Background: Campylobacteriosis is the most com-
monly reported food-borne infection in the European
Union, with an annual number of cases estimated at
around 9 million. In many countries, campylobac-
teriosis has a striking seasonal peak during early/
mid-summer. In the early 2000s, several publications
reported on campylobacteriosis seasonality across
Europe and associations with temperature and pre-
cipitation. Subsequently, many European countries
have introduced new measures against this food-
borne disease. Aim: To examine how the seasonal-
ity of campylobacteriosis varied across Europe from
2008-16, to explore associations with temperature
and precipitation, and to compare these results with
previous studies. We also sought to assess the utility
of the European Surveillance System TESSy for cross-
European seasonal analysis of campylobacteriosis.
Methods: Ward’s Minimum Variance Clustering was
used to group countries with similar seasonal pat-
terns of campylobacteriosis. A two-stage multivariate
meta-analysis methodology was used to explore asso-
ciations with temperature and precipitation. Results:
Nordic countries had a pronounced seasonal campy-
lobacteriosis peak in mid- to late summer (weeks
29-32), while most other European countries had a
less pronounced peak earlier in the year. The United
Kingdom, Ireland, Hungary and Slovakia had a slightly
earlier peak (week 24). Campylobacteriosis cases were
positively associated with temperature and, to a lesser
degree, precipitation. Conclusion: Across Europe, the
strength and timing of campylobacteriosis peaks
have remained similar to those observed previously.
In addition, TESSy is a useful resource for cross-Euro-
pean seasonal analysis of infectious diseases such as
campylobacteriosis, but its utility depends upon each
country’s reporting infrastructure.

www.eurosurveillance.org

Introduction

Campylobacteriosis, infection with Campylobacter,
is the most commonly reported food-borne illness in
the European Union (EU). It is reported to cause over
200,000 human cases annually, but—due to under-
reporting—the actual number of infections may be
closer to 9 million [1]. While most infections are self-
limiting, campylobacteriosis has also been associated
with Guillain-Barré syndrome (a temporary, rapid-onset
paralysis that can result in permanent weakness and
death), irritable and inflammatory bowel syndrome
and, occasionally, reactive arthritis [2]. In the EU, the
associated annual cost in terms of public health and
lost productivity is estimated at EUR 2.4 billion [3].

A striking characteristic of campylobacteriosis epide-
miology is the strong seasonal peak of cases observed
in many temperate countries during early to mid-
summer [4,5]. However, the underlying determinants
of this seasonality are largely unknown. A number of
studies have been conducted to identify factors that
may contribute to this seasonal peak. These include
changing bacterial colonisation patterns in broiler
flocks, changes to food preparation practices (e.g. the
increased use of barbeques in summer), transmission
through flies and seasonal changes in recreational
activities [6,7]. Epidemiological studies have dem-
onstrated associations between campylobacteriosis
cases and both temperature and precipitation [8,9],
although the mechanisms for these remain elusive.
Exposure through food-borne routes are associated
with around 50% of Campylobacter cases [10].

In the early 2000s, two publications exam-
ined Campylobacter seasonality focusing on cross-
national differences in seasonal patterns, as well as
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associations with weather variables [5,11]. One of these
studies also explored associations with weather (tem-
perature and precipitation) [11]. Both studies included
data from several European and non-European coun-
tries that differ in their reporting systems. Since then,
a number of new interventions have been implemented
in several European countries to control food-borne
illness, including campylobacteriosis [1]. It is there-
fore warranted to re-examine the seasonal patterns
of campylobacteriosis, as well as associations with
weather variables, by using data from across Europe
that was obtained through more consistent report-
ing systems. One challenge in previous cross-national
campylobacteriosis studies was obtaining compara-
ble incidence data. Previous work [5,11] overcame this
issue by contacting numerous individual experts at
national surveillance centres.

Within Europe, a potential new solution to obtain com-
parable incidence data between countries emerged
when the European Centre for Disease Prevention
and Control (ECDC) was established in 2005, with a
mandate to collect, examine and disseminate surveil-
lance data on over 50 infectious diseases from EU and
European Economic Area (EEA) countries. Data collec-
tion for campylobacteriosis started in 2008 for 2007
data, and continues to occur annually. The submis-
sion and validation of data are the responsibility of the
European networks of national disease surveillance
experts, which are coordinated by ECDC. The platform
for the submission, validation, storage and dissemina-
tion of these data is the European Surveillance System
(TESSy) [12]. The validated data are published in the
Surveillance Atlas of Infectious Diseases on the ECDC
website [13]. While the Surveillance Atlas provides a
good epidemiological overview of infectious diseases
in the EU/EEA, it only allows analyses by year. However,
the collected data in TESSy allows for more detailed
analyses by shorter time periods, thereby enabling
connections to environmental parameters. To access
the aggregated TESSy data, such as that presented in
this paper, researchers must submit a CV, an outline
of proposed research and its likely outputs to ECDC for
approval [12].

The aims of this work are: (i) to examine how the sea-
sonality of campylobacteriosis infections varies across
Europe and to explore associations between incidence,
temperature and precipitation and (ii) to compare these
results to previous studies. We also sought to assess
the utility of data from TESSy for cross-European sea-
sonal analysis of campylobacteriosis.

Methods

Campylobacteriosis data

For all EU/EEA countries reporting campylobacteriosis
cases (27 of the 30 EU/EEA countries), a country-level
weekly number of confirmed campylobacteriosis cases
occurring between January 2008-December 2016 was
obtained from TESSy. Data before 2008 were excluded,

as they have not been validated. In TESSy, campylo-
bacteriosis cases are reported according to the EU
case definition at the time of reporting [14,15]; how-
ever, there were no changes in the definition during the
study period [13].

Within TESSy, countries can report six types of dates:
date of symptom onset, date of diagnosis, date of
receipt of the sample at the source laboratory, date of
receipt of the sample at the reference laboratory, date
of notification and date used for statistics. The latter
is mandatory and countries may decide which date to
use for statistical purposes; most countries report the
date of notification for statistics, which is what was
used in this study to determine the week for analy-
ses. For January 2008—-December 2016, annual country
populations were obtained from the World Bank [16]
and were interpolated to a weekly level; campylobac-
teriosis case counts were then divided by the popu-
lation size to provide a weekly crude incidence rate
(cases/100,000 population) for each week. For the pur-
pose of this study, our interest is in indigenous (autoch-
thonous) cases, hence cases reporting foreign travel
(n = 135,178; 6.83%) were removed from the dataset
and analysis. Table 1 presents the total, mean annual
and mean weekly number of confirmed campylobac-
teriosis cases and the reported incidence by country.
There were over 1.8 million confirmed campylobacteri-
osis cases reported from the 27 EU/EEA countries.

The time series of the weekly crude campylobacteriosis
incidence is presented in Figure 1. This indicates large
differences in reported incidence between countries
(e.g. Lithuania vs Luxembourg), as well as variability in
the seasonal patterns between different countries (e.g.
Norway vs Germany).

Meteorological data

Average country-wide meteorological data (January
2008-December 2016) were linked to the weekly coun-
try-specific epidemiological data. These were sourced
from high-resolution gridded datasets of daily mean
air temperature (°C) and total precipitation (mm/day~?)
for the whole of Europe, obtained from the E-OBS
dataset from the EU-Framework Programme 6 project
ENSEMBLES [17]. Temperature data were retrieved at
a 0.25 x 0.25 degree resolution and precipitation at a
0.5 x 0.5 degree resolution for land cells only. Weekly
mean temperature and weekly total precipitation were
computed using standard methods in the Climate Data
Operators software (Max Planck Institute, Hamburg,
Germany) [18], and country-wide mean weekly temper-
ature and mean weekly precipitation were calculated
using standard routines within the ‘raster’ package for
R Version 2.4-15 (R Development Core Team) [19,20].

Strength and timing of seasonal peak

The first stage of the analysis was to estimate the
strength and timing of the seasonal campylobacteriosis
peak by country. To perform this analysis, we excluded
countries with more than 10% of weeks missing
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FIGURE 1

Weekly confirmed reported campylobacteriosis cases by country, EU/EEA?, 2008-2016 (n = 1,844,004)
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EU/EEA: European Union/European Economic Area.
2 Cases per 100,000 population.

® Twenty-seven of 31 countries reporting.

campylobacteriosis data or a mean weekly count of
less than 10 campylobacteriosis cases, since below
this threshold it would be difficult to identify a robust
seasonality. This exclusion criteria removed Belgium,
Cyprus, Estonia, Iceland, Latvia, Malta, Poland,
Portugal and Romania. The analysis progressed with
data for 1,784,996 campylobacteriosis cases from 18
countries.

We smoothed the time series of the 18 countries using
methods adopted in Nylen et al. (kernel smoothing) [5]
to control for some of the random fluctuations in inci-
dence and to allow for a direct comparison between
studies. From this smoothed series, the average weekly
cycle was calculated, pooling individual year’s data.
The week of maximum incidence was subsequently
extracted.

www.eurosurveillance.org
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TABLE 2

Week of maximum number of reported campylobacteriosis cases and proportion of cases occurring within a specified series
of weeks during the estimated peak, EU/EEA countries?, 2008-2016 (n = 1,784,996)

Results from
Kovats study

Results from Nylen study

Nylen methodology [5] with this data Kzt neioe el

[5] [11] with this data sl
Country - Proportion of cases within a number of ean Proportion of
peak weeks from peak peak cases +/-4 Mean peak week IEEN) pfak
+/-2 #f=3 /-4 week® weeks from week
week week week peak
Austria 27 0.09 0.14 0.19 0.25 NA 0.26 27 NA
Czech Republic 31 0.09 0.14 0.19 0.46 NA NA 32 33
Germany 28 0.09 0.15 0.20 0.26 NA NA 28 NA
Cluster 1%total 31 0.09 0.14 0.20 0.26 NA NA 32 NA
Denmark 32 0.13 0.21 0.28 0.34 32 0.30 32 32
Sweden 31 0.11 0.18 0.24 0.29 33 0.28 31 NA
Cluster 2¢total 32 0.13 0.20 0.27 0.34 NA NA 31 NA
Finland 29 0.16 0.25 0.33 0.40 31 0.34 29 NA
Norway 30 0.16 0.26 0.35 0.42 NA NA 30 NA
Cluster 3¢total 29 0.16 0.25 0.33 0.40 NA NA 30 NA
France 34 0.09 0.15 0.20 0.25 NA NA 29 NA
Italy 32 0.10 0.15 0.20 0.25 NA NA 31 NA
Lithuania 31 0.09 0.15 0.21 0.26 NA NA 31 NA
Luxembourg 25 0.09 0.14 0.19 0.24 NA NA 24 NA
Netherlands 24 0.09 0.14 0.19 0.24 NA NA 23 34
Slovenia 30 0.09 0.14 0.20 0.26 NA NA 33 NA
Cluster 4total 26 0.09 0.14 0.20 0.25 NA NA 31 NA
Hungary 23 0.08 0.13 0.17 0.22 NA NA 24 NA
Ireland 21 0.09 0.14 0.18 0.23 NA NA 20 31
Slovakia 24 0.10 0.16 0.22 0.27 NA NA 23 NA
UKe 25 0.08 0.14 0.19 0.24 25 0.24 24 23
Cluster 54total 24 0.07 0.12 0.16 0.21 NA NA 23 NA
Spain 22 0.07 0.12 0.16 0.21 NA NA 23 26
Cluster 6%total 22 0.07 0.12 0.16 0.21 NA NA 23 26

EU/EEA: European Union/European Economic Area; NA: not applicable; UK: United Kingdom.

2 Eighteen countries.

® Comparative data from [5]. Date is laboratory report date.

¢ Comparative data from [11]. Date is calculated as two weeks post estimated date of onset.

4 Based upon all data within the cluster; hence, not the mean of the countries within each cluster.

eUK data from [5] are for Wales and Scotland only and do not include England or Northern Ireland; UK data from [11] are for England and Wales
and do not include Scotland and Northern Ireland.

To estimate the size of the seasonal peak, the propor-
tions of the annual cases occurring during the peak
week and for one week on either side were calculated
(i.e. a 3-week period). The proportion of cases occur-
ring during the peak week and 2, 3 and 4 weeks on
either side were also calculated, in line with the study
by Nylen et al [5]. In addition, so that the timing of
the peak week count could be compared with results
from another publication by Kovats et al. [11], the peak
week was calculated using the raw data and averaged
between years.

Seasonal clustering

In order to explore the clustering of seasonal pat-
terns for campylobacteriosis cases across Europe,

www.eurosurveillance.org

we analysed weekly campylobacteriosis incidence for
the 18 countries for which a robust seasonality could
be identified. The kernel-smoothed, country-specific
campylobacteriosis annual cycles were normalised
(with zero mean and unit variance) to adjust for the dif-
ferent absolute levels of incidence between countries.
These data were also detrended using a linear function
of time to remove long-term trends in reported inci-
dence, because it is impossible to ascertain whether
these represent actual changes in incidence or merely
changes in reporting [21].

Using these data, the analysis clustered countries into
groups in order to identify those with similar seasonal
patterns using Ward’s Minimum Variance Clustering
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FIGURE 2

Dendrogram showing clusters of countries with seasonal trends in reported campylobacteriosis cases’ weekly incidence, 18

EU/EEA countries, 2008-2016
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EU/EEA: European Union/European Economic Area.

(WMVC) method. This method is based on the lin-
ear model sum of squares criteria to produce groups
that minimise the within-group sum of squares. We
selected WMVC because it is less susceptible to noise
and outliers than other methods, such as k-means [22].
The output of the clustering algorithm is a dendrogram,
indicating the similarity of mean weekly seasonal
trends between countries. This dendrogram is cut to
produce clusters. Membership to a cluster was binary
and exclusive, such that a country could only belong
to one cluster after the partition. Cluster analysis such
as this is a data exploration technique and there is no
set value defining where the dendrogram should be
cut. We emphasise that the clustering algorithm iden-
tifies similarities in the mean weekly seasonal trends
of Campylobacter incidence and not in the absolute
number of cases. The analysis was repeated using
the raw unsmoothed data, but the same clusters were
produced. WMVC was performed using the R ‘stats’
package.

Indigenous campylobacteriosis incidence and

associations with temperature and precipitation
To explore the relationships between indigenous
campylobacteriosis incidence and meteorological vari-
ables, the second stage of the analysis investigated
the short-term effects of temperature and precipitation
upon weekly campylobacteriosis incidence. As these
relationships may be lagged and nonlinear, they were
estimated using a two-stage multivariate meta-analy-
sis methodology [23]. In the first stage, generalised lin-
ear models with a quasi-maximum likelihood Poisson
specification were used to account for possible over-
dispersion in the campylobacteriosis incidence data

[24]. Regression models were fitted for each country to
derive country-specific estimates of the nonlinear and
delayed association between campylobacteriosis and
each predictor. In this stage, the estimated relations
were entirely defined by the predictors. In the second
stage, regression coefficients and confidence intervals
(CI) were used in a multivariate, meta-analytical model
to determine the mean relations across countries.

All statistical analyses were conducted in R Version
2.4-15.

Results

The analysis included a total of 1,784,996 cases from
18 countries for the period 2008-16. Table 2 provides
the estimated week of peak campylobacteriosis cases
for each country and the proportion of cases occurring
near this estimated peak. It also indicates the cluster
to which each country was assigned using hierarchical
cluster analysis. The cluster dendrogram is provided
in Figure 2, and was cut to produce six well-defined
clusters.

Here we present the results produced using the Nylen
methodology; however, Table 2 indicates that the
Kovats methodology produces similar results. Table
2 and Figure 3 indicate the campylobacteriosis sea-
sonality and week of peak incidence for the 18 EU/
EEA countries. Austria, Czech Republic and Germany
are grouped within cluster 1, with a diffuse seasonal
peak that occurs in week 31, but also a smaller peak
around week 25 (Figure 3). The Nordic countries of
Denmark and Sweden (Cluster 2), and Norway and
Finland (Cluster 3), demonstrate a peak in weeks 32

www.eurosurveillance.org
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FIGURE 3

Seasonal trends in reported campylobacteriosis weekly incidence for the six clusters, 18 EU/EEA countries, 2008-2016 (n =

1,784,996)

Standard deviation
o

29 33 37 41 45 49 53

Week
= Cluster1 == Cluster 3 = Clusters
== Cluster 2 == Cluster 4 == Cluster 6

EU/EEA: European Union/European Economic Area.

Cluster 1: Austria, Czech Republic and Germany. Cluster 2: Denmark and Sweden. Cluster 3: Finland and Norway. Cluster 4: France, Italy,
Lithuania, Luxembourg, the Netherlands and Slovenia. Cluster 5: Hungary, Ireland, Slovakia and United Kingdom. Cluster 6: Spain.

and 29, respectively (Table 2). However, in these coun-
tries the peak is noticeably more pronounced than in
cluster 1, with 34% (Cluster 2) and 40% (Cluster 3) of
cases occurring within 4 weeks of the peak, vs 26%
(Cluster 1); Norway has the highest number of cases
occurring within 4 weeks of the peak, at 42%. Most
other European countries are in cluster 4 (France, Italy,
Lithuania, Luxembourg, the Netherlands, Slovenia),
with a seasonal peak earlierin the year around week 26.
Cluster 5 groups the United Kingdom (UK) and Ireland
with the geographically separate countries of Hungary
and Slovakia; peak incidence occurs in week 24, earlier
than in clusters 1to 4. This peak is more diffuse than in
most other clusters, with only 21% of cases occurring
within 4 weeks of the peak, and it is relatively asym-
metric, with a higher rate of increase during early sum-
mer. Cluster 6 (Spain) is most dissimilar from the other
clusters, with campylobacteriosis cases’ incidence
more constant throughout the year and peak incidence
less distinct than for most other clusters.

Table 2 also includes the peak week and the proportion
of cases occurring within 4 weeks of this peak from two
previous studies [5,11] using identical methodologies.

Figure 4 depicts the estimated mean relationships

between weekly campylobacteriosis incidence,

www.eurosurveillance.org

temperature and precipitation across all 18 EU/EEA
countries. These are interpreted as the accumulated
effect of temperature or precipitation on incidence in
the current week and up to 2 weeks later. The data
show that as temperature increases so does incidence,
although this effect is quadratic. Stratification by indi-
vidual clusters indicates that, with the exception of
cluster 6 (Spain), the 95% Cl indicate a statistically
significant positive association with temperature in
all clusters. However, there is much variation between
clusters and this positive association with temperature
is greatest in clusters 2 and 3 (Nordic countries).

Precipitation shows a quadratic-like effect on inci-
dence, with the relative risk (RR) gradually increasing
to 1.3 (95% Cl: 1.1—-1.5) until a precipitation of around
60 mm. The range of RR is lower for precipitation than
for temperature, indicating that precipitation has less
influence on campylobacteriosis incidence than tem-
perature. Within the individual clusters, there are few
associations with precipitation that are statistically
significant (i.e. the 95% Cl for the RR always includes
1). However, clusters 2 and 3 (Nordic countries) are an
exception, as in this region there is a positive signifi-
cant association with precipitation.
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Discussion

This article updates the results from two historical
studies on campylobacteriosis seasonality and asso-
ciations with temperature and precipitation. Using up-
to-date data, cluster analysis was performed to group
countries with similar seasonal patterns together.
Furthermore, a contemporary two-stage multivariate
meta-analysis methodology was used to explore asso-
ciations with temperature and precipitation and to
identify how these vary between clusters. We also took
advantage of ECDC’s TESSy data on weekly national
campylobacteriosis incidence. This permitted the inclu-
sion of more European countries (18) than the previous
research and allowed for an analysis of nearly 1.8 mil-
lion indigenous campylobacteriosis cases, as per case
definition.

Through this analysis, six clusters of countries were
produced, indicating that within these clusters season-
ality is comparable and, therefore, factors contributing
to overall campylobacteriosis seasonality may also be
similar. The countries in each cluster are geographi-
cally close to each other, with the exception of cluster
5. Within cluster 5, the UK and Ireland share land bor-
ders, as do Hungary and Slovakia, but these two pairs
of countries are geographically separate. The reason
for their clustering is unclear.

All the country clusters have a seasonal peak in inci-
dence in early to mid-summer, corroborating past
research [5,11]. The strongest seasonal peak of inci-
dence was in Nordic countries (Clusters 2 and 3), con-
firming previous research [5]. In cluster 5 (Hungary,
Ireland, Slovakia and the UK), incidence peaked
around 6 weeks earlier than in more northern European
countries (e.g. the Nordic countries in clusters 2 and
3). Past research has indicated that peak incidence
in the UK occurs earlier than in other parts of Europe
[11], but similar seasonality for Hungary and Slovakia
has not been reported thus far. Ireland is also in this
cluster, which contradicts past research suggesting
a later peak in this country [11]. However, the earlier
analysis was based on a low number of cases, poten-
tially explaining this difference. In our analysis, Spain
(cluster 6) had a more diffuse seasonal peak than other
countries, which is in line with previous research [11]
and could be a consequence of its southern location,
low level of reported cases or small numbers of cases.
The peak week within each cluster provides evidence
of positive associations between the peak week and
latitude, which may be related to the onset of spring
and summer, as these seasons tend to occur progres-
sively later with increasing latitude [25].

One observation in previous publications [5] is the con-
sistency of the campylobacteriosis peak from year to
year. Here we compare the peak dates and the campy-
lobacteriosis incidence to data reported 15 years ago.
Our estimate of the peak weeks and the proportion of
cases occurring within 4 weeks of them were produced
using identical methodologies to those in the two

previous studies [5,11]. In terms of comparing the peak
weeks between previous studies and this study, uncer-
tainties in the data reported to TESSy and interannual
variability indicate that small changes in peak weeks
are unlikely to be notable.

A comparison of the peak weeks of campylobacteri-
osis incidence for those countries where a comparison
is possible indicates little change in the peak week.
Ireland is an exception, and we have already suggested
that this may be due to small numbers of cases in the
previous studies. The other exception where the peak
week is different between this and other studies is the
Netherlands, where the peak appears to have shifted
earlier by several weeks; reported campylobacteriosis
incidence in the country appears high in this and the
previous paper [11], making the reason for this appar-
ent change unclear. Our results indicate a peak week
for the Netherlands that is similar to that for other
neighbouring countries. For those countries where the
shape of the campylobacteriosis curve is compared, we
also show that the proportion of cases falling within 4
weeks of the peak appears to have remained similar.
These two findings indicate that, in spite of numerous
interventions to control campylobacteriosis [1], the
shape and peak week of campylobacteriosis incidence
has remained broadly similar. This similarity to previ-
ous years may also support the important role of the
environment and weather conditions, which are mini-
mally affected by food-based interventions. Indeed, a
recent Danish study looking at IgG, IgA and IgM anti-
bodies in the population suggested that exposure
to Campylobacter has remained stable over a decade
in spite of an increase in the reported number of cases
[26].

A common feature of many ecological studies is the
positive association between the incidence of campy-
lobacteriosis cases and temperature [8,11]. It is there-
fore unsurprising that five of the six country clusters
demonstrate significant associations with temperature.
This 2-week lag fits with our understanding of the likely
time between exposure, symptoms and the reporting
of cases [11]. The seasonal patterns of campylobacte-
riosis and positive associations with temperature are
poorly understood. Campylobacter survives better at
low temperatures [27] and rarely replicates outside
the mammalian gut. This complexity is observed in our
data, as in clusters 2 and 3 campylobacteriosis inci-
dence peaks before ambient temperature. In clusters
5 and 6, campylobacteriosis cases peak after peak
ambient temperature. Therefore, associations with
temperature are likely to be indirect, and proposed
hypotheses have included changes in food preparation
(e.g. using barbecues) [21], changes in visits to out-
door environments in which Campylobacter might be
present (including outdoor swimming) [7,28], elevated
consumption of fruit and salad (increasing the risk
of cross-contamination) [21] or interactions between
several of these factors [29]. Further studies have
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FIGURE 4
Influence of (A) temperature and (B) precipitation on the relative risk of Campylobacter, 18 EU/EEA countries, 2008-2016
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suggested the importance of environmental protozoa
acting as an environmental reservoir [30].

In our analysis there was also an overall sta-
tistically  significant  association with  precipi-
tation.  Campylobacter  survival is  enhanced
in wet conditions [31] and the transmission
of Campylobacter from the environment to humans
may be greater during wetter conditions [7,32]. Some
studies have also reported associations between
campylobacteriosis and precipitation [9,33]. However,
in our analysis the RR is small, and for most clusters
the effect estimate is close to one. This may help to
explain why the limited number of ecological stud-
ies examining the influence of precipitation found
that it had no significant effect on campylobacteri-
osis incidence [4]. One interesting finding is that the
associations between temperature, precipitation
and Campylobacter infections are stronger in Nordic
countries than in other European countries.

This research has a number of public health implica-
tions. The first is that knowledge about associations
between disease and weather, in this case temperature
and precipitation, can help in the development of early
warning systems. It can also contribute to our under-
standing of the possible impact of climate change on
incidence. However, because the relationships uncov-
ered in studies such as this are associations, and the
reasons behind these are not fully understood, they
do not pinpoint specific interventions that should be
taken during times when weather conditions are likely
to elevate risk. For instance, during periods of elevated
temperature cases of campylobacteriosis rise, but it
is unclear whether this is due to, for example, chang-
ing food preparation methods (e.g. barbecues [22]) or
visits to outdoor environments [7]. Given that there is
uncertainty, it is difficult to ascertain the appropriate
interventions.

The other public health benefit of this research is its
highlighting of TESSy data as an important resource
for the investigation of infectious disease occurrence
in general across the EU/EEA. In this study, it was pos-
sible to obtain weekly time-series health data from
across Europe from one comprehensive and standard-
ised dataset available at EU/EEA level. Furthermore,
standard EU case definitions aim to harmonise the
categorisation of cases for reporting purposes, based
on the available data at the national level [14]. As data
collection is similar for other infectious disease, we
suggest that these points are relevant to infectious
disease in general.

However, TESSy has its limitations and relies—to a cer-
tain degree—upon each country’s reporting infrastruc-
ture and the timeliness of such reporting. For example,
data may be collected from compulsory or voluntary
collection systems, which may also be comprehen-
sive or sentinel. Countries may also operate different
detection methodologies (e.g. PCR vs culture). Further
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details on data collection systems and their differences
are provided elsewhere (http://atlas.ecdc.europa.eu/
public/index.aspx). Data quality may also vary, for
example, in the recording of cases associated with for-
eign travel [34]. Within this study, 6.8% of cases were
excluded due to foreign travel, yet travel status was
unknown for 36.9% of cases. Data from enhanced sur-
veillance studies suggest that the proportion of cases
related to travel abroad may be as high as 20% [4].
Furthermore, a major limitation of TESSy data is that
reported campylobacteriosis cases are only a small
proportion of the overall symptomatic infections [35].
Under-ascertainment and under-reporting are likely
to vary between countries, implying that small differ-
ences in incidence between countries may not be true
differences [36].

However, reporting, data quality and infrastructure
biases are unlikely to vary dramatically by season
(i.e. it is unlikely that reporting is more complete in
one month in comparison to another) [21]. Therefore,
TESSy data are useful for studies exploring seasonal-
ity and the factors influencing this, as illustrated here.
Of more interest from a time-series perspective is that
the reporting date within TESSy is not standardised
between countries. Although most countries use date
of notification, others may use date of onset or date
of diagnosis as the date used for statistics. Previous
research indicates that the time lag between the date
of notification and date of onset may be around 2
weeks for campylobacteriosis cases [11].

In this study, TESSy data were used at the national
level, meaning that variations in seasonality over
very large countries such as France (>550,000 km?) or
Sweden (>13 degrees of latitude) were not considered.
For example, across different regions of England varia-
tions in campylobacteriosis seasonality [4] and asso-
ciations with weather variables have been found. Some
TESSy data are available at NUTS3 level (country subdi-
visions into regions of 150,000-800,000 populations),
but reporting at this level is incomplete for many coun-
tries. Previous studies have also explored differential
impacts, such as the age of affected persons. Further
studies are needed to asses these finding at the sub-
national level and by age group.

In spite of several European countries’ interventions
to control food-borne illness, the strength and timing
of campylobacteriosis peaks have remained broadly
similar over the past 10 years. Nordic countries have
a pronounced seasonal peak of campylobacteriosis
in mid- to late summer, while most other European
countries have a less pronounced peak earlier in the
year. Furthermore, TESSy is a useful dataset for cross-
European seasonal analysis of campylobacteriosis and
other infectious diseases, but the data it contains have
their limitations and rely—to a certain degree—upon
each country’s reporting infrastructure and timeliness
of reporting.
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