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Abstract Campylobacter is among the most important
agents of enteritis in developed countries. We have de-
scribed the potential environmental determinants of the
seasonal pattern of infection with campylobacter in Eu-
rope, Canada, Australia and New Zealand. Specifically,
we investigated the role of climate variability on labora-
tory-confirmed cases of campylobacter infection from 15
populations. Regression analysis was used to quantify the
associations between timing of seasonal peaks in infection
in space and time. The short-term association between
weekly weather and cases was also investigated using
Poisson regression adapted for time series data. All
countries in our study showed a distinct seasonality in
campylobacter transmission, with many, but not all,
populations showing a peak in spring. Countries with
milder winters have peaks of infection earlier in the year.
The timing of the peak of infection is weakly associated
with high temperatures 3 months previously. Weekly
variation in campylobacter infection in one region of the
UK appeared to be little affected by short-term changes in
weather patterns. The geographical variation in the timing
of the seasonal peak suggests that climate may be a
contributing factor to campylobacter transmission. The
main driver of seasonality of campylobacter remains
elusive and underscores the need to identify the major
serotypes and routes of transmission for this disease.
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Introduction

Campylobacter is an important agent of enteritis. In
England and Wales, Canada, Australia and New Zealand,
campylobacter infection now accounts for more cases per
year than salmonella (Schmidt and Tirado 2001; Blummer
et al. 2003; Health Canada 2003). Species type is not
routinely ascertained in surveillance but Campylobacter
Jejuni is thought to be the most commonly isolated spe-
cies, accounting for around 80-90% of infections in
England (IID Study Team 2002).

Transmission occurs through consumption of contam-
inated food, water and milk products, as well as directly
from animals and the environment. Risk factors identified
for campylobacter infection include recent travel abroad
(Schorr et al. 1994), occupational exposure in abattoirs
and the consumption of chicken in restaurants (Eberhart-
Phillips et al. 1997; Rodrigues et al. 2000). Water is
thought to be an important route of transmission in New
Zealand (Duncanson et al. 2000; Skelly and Weinstein
2003) and Canada (Clark et al. 2003). Treated drinking
water can contain campylobacter but usually at levels
considered too low to cause disease (Savill et al. 2001). In
Norway, campylobacter levels in surface waters are
generally higher in the colder months (Brennhovd et al.
1992; Obiri-Danso et al. 2001; Kapperud and Aasen
1992).

Reservoirs of campylobacter include a wide range of
animals and birds. The spring peak of campylobacter may
be related to birds and mammals foraging for food as
activity in wild species generally increases after winter
(Lacey 1993; Southern et al. 1990). The serotype distri-
bution of Campylobacter in wildlife in Denmark was
significantly different from known serotype distributions
in broilers and humans, suggesting that the importance of
wildlife as a reservoir of infection is limited (Petersen et
al. 2001).

Poultry are considered to be the most important source
of campylobacter in food, although any raw meat may be
contaminated with the bacteria. The consumption of
chicken is estimated to account for between 40% and 70%
of the human infections. Case control studies, however,
have not consistently implicated particular food vehicles
(de Wit et al. 2000; IID Study Team 2002). Campylo-
bacter does not multiply in food and is seldom identified
as a cause of common-source outbreaks of food poison-
ing.

Despite the importance of poultry as a reservoir of
infection, it does not explain the seasonal pattern in hu-
man infection. No seasonal variation was observed either
in the prevalence of positive flocks, or in the percentage
of birds infected in one area of the UK (Humphrey et al.
1993). However, one study found a summer peak in the
prevalence of positive flocks and in the number of isolates
in Lancashire, UK (Wallace et al. 1997). In Denmark,

seasonal peaks in the prevalence of campylobacters in
broiler chickens coincided with the seasonal pattern of
human campylobacteriosis (Wedderkopp et al. 2000,
2001). The major peak in isolates in broiler chickens
corresponds to a lesser second peak in humans seen in
some countries, although this latter peak has also been
associated with travel-related infections. Seasonal peaks
in isolates in lambs, cattle and sewage generally appear 1—
2 months prior to the peak in human infections indicating
that this may be an important route of transmission
(Stanley et al. 1998a, b; Wallace et al. 1997, 1998).
However, it is possible that observed rates in animal
reservoirs are biased by differences in surveillance in-
tensity throughout the year. The seasonality of infection
in pets does not correspond to the observed seasonality in
humans (Lopez et al. 2002).

In this paper, we investigate the seasonal patterns of
campylobacter infection using surveillance data for 15
populations in FEurope, Australia, Canada and New
Zealand. We also investigate any relationship of cases
with meteorological factors in England and Wales, and
the role of temperature in the timing of seasonal peaks of
infection.

Materials and methods
Surveillance data

Surveillance data on laboratory-confirmed cases of campylobacte-
riosis were obtained from national surveillance centres in the fol-
lowing countries: the Czech Republic, Denmark, England and
Wales, Estonia, Greece, Ireland, Malta, the Netherlands, Scotland,
Spain, Switzerland (Schmidt and Tirado 2001), New Zealand, and
Australia. Health Canada kindly supplied figures and information
for comparison for Alberta. Data by species type or source/vehicle
were unavailable.

There is an unknown and variable delay between the onset of
illness and the date of report of confirmed infections to national
surveillance systems. The average time from infection to the ap-
pearance of symptoms is a matter of days. The average time from
becoming ill to a stool sample being sent to the laboratory varies
between countries and depends on the health system and surveil-
lance structures. In England and Wales, the mean delay between
onset date and the date a specimen was recorded was 4.72 days,
with over 90% of the specimen dates within 15 days of the onset
date. We assume that the reported date corresponds to the onset
date with an average delay, as reported by our partners in Table 1.

Meteorological data

For populations in Europe and New Zealand, a representative
temperature series was constructed using daily temperature data
from three to four weather climate stations in each country obtained
from the archives at the German meteorological office. The na-
tional series were validated against an independent national
(monthly) data series. We used the Central England temperature
series for England and Wales (Parker et al. 1992). Temperature data
for Canada were supplied by the Meteorological Service of Canada
(Environment Canada) and for Australia by the Queensland De-
partment of Natural Resources and Mines. We used 92 stations in
Alberta to ensure geographical representativeness for the region.
For all countries, we obtained baseline national monthly and sea-
sonal temperatures (averaged for years 1961-1990) from the Tyn-
dall Centre for Climate Change Research (dataset TYN_CY_1.1,
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Table 1 Surveillance data used and estimated delay between onset of symptoms and date used in the analysis (weekly series)

Country Years Annual Date used Estimated delay Peak week  Peak week
of data average from onset (data) (onset)
count of illness
Czech Republic 1993-2001 6,795 Onset date 0 Days 31 31
Denmark 1991-2000 1,664 Specimen arrived 8 Days 31 30
England/Wales 1989-1999 39,334 Specimen arrived 5 Days 22 21
Ireland 2000-2002 654 Specimen arrived 16-20 Days 32 29
Greece 1999-2002 286 Specimen arrived 10-15 Days 18 16
Malta 1997-2001 22 Alert date 0 Days - -
Netherlands 1995-2002 3,275 Laboratory test confirmed 12-16 Days 34 32
Scotland 1990-1999 2,844 Report date 16 Days 28 26
Spain 1989-2001 3,538 Laboratory test confirmed 30 Days 28 24
Switzerland 1990-2000 5,292 Report date 10 Days 32 30
Canada (Alberta) 1992-2000 1,074 Notification date 11 Days 34 31
New Zealand (North Island) 1991-2000 5,130  Notification date 2-3 Days® 21° 21°
New Zealand (South Island) 1991-2000 1,896 Notification date 2-3 Days 27° 27°
Australia (Melbourne) 1991-2001 2,173 Onset date 0 Days 18° 18°
Australia (Brisbane) 1991-2001 1,335 Onset date 0 Days 20° 20°

* After specimen arrival
® Estimated at number of weeks from 1 July (week 28)

Mitchell et al. 2002). For the analysis of the effects of weather in
the North East region of England we used the following daily
variables from the UK Meteorological Office for the Durham
weather station: temperature, relative humidity, and sunshine hours.
Area-averaged daily rainfall values for North East England coher-
ent precipitation region were obtained from the Climatic Research
Unit, University of East Anglia (Jones and Conway 1997). The
daily series were collapsed to weekly average values.

Study design

The surveillance data were converted to weekly series (i.e. total
number of cases per week). Each series was averaged by week for
all years of data available and the seasonal patterns were plotted. At
the first stage of the analysis, the relationship of campylobacter
with short-term weather effects was investigated for the North East
region of England. This region was chosen because rainfall patterns
were relatively homogenous and the public water supplies were
primarily from surface water sources within the region, thereby
increasing the likelihood of detecting a potential water-borne
transmission route. Weekly numbers of campylobacter cases were
plotted against various weather parameters in this region to deter-
mine any crude associations. The relationships were summarized by
smoothing the data using natural cubic splines of each weather
variable as part of the Poisson generalised linear models (Kovats et
al. 2004).

The next stage of the analysis concerned the more specific
question of whether the fiming of the peak of cases is affected by
seasonal temperature variability. The “peak” week for each year
was defined as the maximum total weekly count of cases each year.
Conditional logistic regression models were used for this purpose
with time to occurrence of the peak week each year as the de-
pendent variable. To control for confounding from seasonal factors
other than temperature, the analysis was matched on week. To
explore the possibility of long time delays between temperature
exposure and peak infection, the temperature series was lagged and
then averaged across various weeks before being simultaneously
entered into the model. Results are presented for the Czech Re-
public, Denmark, England and Wales, Scotland, Spain and
Switzerland combined because the data were of suitable length and
quality, although no allowance was made for possible clustering by
year or country.

To investigate the role of climate variability between countries
in determining the timing of infection, peak week was correlated
with average winter (December—February) and spring (March—

May) temperatures. For southern hemisphere populations, peak
weeks were estimated as number of weeks from 1 July (week 28).
Additional countries were included from a previous study that re-
ported the peak week for Austria, Germany, Sweden, France,
Finland and Norway (Nylen et al. 2002).

All analyses were undertaken in STATA version 8 (STATA
2003) or SPSS version 12 (SPSS 2003).

Results

Many countries showed an early spring peak (typically in
April or May); however, not all countries followed this
pattern (Fig. 1). The Czech Republic appeared to have
two peaks of infection in summer. Denmark, Switzerland
and the Netherlands had late summer peaks with the peak
of cases occurring after the peak of temperature, and these
may be associated with foreign travel. The seasonality
was less pronounced in Australian cities than in New
Zealand. There was also a difference in seasonality be-
tween North and South Island. In Alberta, Canada, in-
fections peaked in late June—early July, and were lowest
in February—March. The timing of the peak showed least
variation from year to year in England and Wales, Greece,
Denmark, and the Netherlands (SD <2 weeks). The timing
of the peak was most unstable in Spain (SD 8 weeks)
where the seasonal peak in spring was not clearly defined.
Most countries with >8 years of data showed a small
decline in seasonality over the last decade, but in no
country was this trend statistically significant (results not
shown).

Figure 2 shows the simple relationships between
weather parameters and numbers of cases of campylo-
bacter infection in the North East region of England. The
correlations are crude (i.e. not adjusted for potential
confounders) and have splines overlaid to help summarize
the basic relationship. The relationships shown are with
weather in the previous week (lag 1), although results
were also similar at longer lag periods. Similar patterns
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Fig. 1 Seasonal patterns of infection with campylobacter. Weekly total campylobacter cases (and weekly mean temperature, averaged

across all years)

were found with temperature in other regions in UK and
in other countries (not shown). Rainfall (averaged for
North East England) and humidity in the previous month
had little effect on the transmission of cases. However,
the effect of temperature (and the closely linked param-
eter of sunshine hours) is more complex, and may have
some influence on transmission during the beginning of
the campylobacter “season’.

Table 2 shows results of the analysis between tem-
perature and the timing of the peak in candidate countries.
Odds ratios are given for a 1°C increase in the tempera-
ture measure. The only association that reached statistical
significance at the 5% level was an increase in cases as-
sociated with exposure to temperature measured 10-14
weeks prior to infection. Temperature accounted for only
4% of the inter-annual variability of the timing of the
peaks. The estimates were similar when recalculated
without the Spanish data series, as this country showed a
different seasonal pattern.

Figure 3 illustrates the variation in climate and timing
of peak infection between countries. In Australia/New
Zealand, spring was defined as September—November and
winter as June—August. Countries with warmer climates

were shown to have earlier peaks. Table 3 shows that
there was a fairly strong degree of correlation between
both mean winter (r=—0.62) and spring temperature
(r=—0.67) and the timing of peak of reported cases.

Discussion

There is a wide and varying literature in relation to
campylobacter transmission mechanisms and seasonality,
both within humans and animal species. The transmission
of campylobacteriosis in humans is a complex ecological
process with multiple hosts and routes (Skelly and We-
instein 2003). The literature does not imply a single main
transmission route that would explain the seasonal pattern
in human cases. We found that climate factors explain
some differences in the seasonal variation between
countries. Milder winter temperatures may favour some
transmission routes, as well as enhance the survival and
multiplication of the bacteria in the environment.

We were unable to find a strong effect of temperature
variability on campylobacter transmission at either the
short time scales (weather) or at longer (seasonal) time



80
L

Weekly number of cases
40
1

Rl

80
1

— s s e
. m——
- e

|

Weekly number of cases
40

85 90 a5 100
Maximum weekly relative humidity (lag 1 week) - %

Fig. 2 Crude relationship of campylobacter cases with weather
variables in the North East region of England. The relationships are
summarised using natural cubic splines of each weather parameter.

Table 2 Logistic regression model results: association between
temperature and timing of peak-week. Pooled data from: Czech
Republic, Denmark, England and Wales, Scotland, Spain and
Switzerland

Temperature measure
(lag in weeks)

Odds ratio (95% CI)
per 1°C increase in temperature

Average lags 0—4 0.87 (0.74, 1.03)
Average lags 5-9 0.97 (0.79, 1.19)
Average lags 10-14 1.30 (1.08, 1.55)
Average lags 15-19 0.99 (0.84, 1.18)
Average lags 20-24 1.06 (0.91, 1.24)
Average lags 25-29 0.89 (0.79, 1.01)
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scales. We found no other published studies that had
addressed similar questions, although some time series
analyses of temperature effects have been investigated
(Christensen et al. 2003; Tam et al. 2004). Our results are
also consistent with the laboratory studies of the effects of
temperature on the biology of campylobacters which only
replicate in microaeorophilic environments (Altekruse et
al. 1999; Kapperud and Aasen 1992). We observed no
effect of rainfall. Although there is some evidence that
outbreaks of infection with pathogens such as crypto-
sporidium are linked to extreme rainfall in conjunction
with water treatment failures, the evidence for sporadic
cases is lacking. In part, this is due to the difficulty in

Table 3 Pearson correlation coefficients between mean winter and spring temperature and timing of peak

Spring temperature (March—May)

Winter temperature (December—February)

-0.66%*
~0.67+%%

All countries (peak week estimated from data)
All countries (estimate onset of illness)

-0.61%**
—0.62%%*

*#P<0.01
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characterising the “extreme weather” over a large area
and due to the complexity of the transmission pathway.
We have made several assumptions about the timing of
seasonal peaks. Only a proportion of cases in the com-
munity are reported in national surveillance data, and
those reported cases are not necessarily representative of
all cases (Tam et al. 2003). Given the lack of routine
direct surveillance of infectious disease morbidity, how-
ever, surveillance data are the best source of information
available. Where possible, we have validated our as-
sumptions by comparing reporting date with information
on the onset of illness. We excluded data series from the
regression analyses where the number of years was small,
or where the number of cases per year was small (Malta).
The data from most countries were case-based (i.e. repeat
isolates from the same patient were excluded from the
data series). Cases associated with travel were excluded
from data for England/Wales, Scotland, Denmark and the
Netherlands. Our analysis was limited by the lack of data
from countries in southern Europe and by the lack of long
time series (>10 years). Aggregation of national data will
obscure important local or sub-national effects. The rel-
ative important of transmission routes may vary within
countries, as has been shown in New Zealand (Hearnden
et al. 2003). Further studies are needed when data become
available that can identify the effect of climate on the
different campylobacter species and animal reservoirs.
The role of weather in triggering short-term increases
in infection has yet to be resolved. There are various
potential transmissions routes (water supplies, bird ac-
tivity, food borne and recreational contact) that could be
affected by weather. However, the effect of short-term

increases in temperature on campylobacter transmission
is, at most, weak, in contrast to that consistently observed
with salmonella transmission (Kovats et al. 2004,
D’Souza et al. 2004). There is limited person to person
transmission in infection with campylobacter and changes
in human host susceptibility are unlikely to be important
determinants of the seasonal pattern (Dowell 2001).
However, intra-annual changes in the animal host reser-
voirs may be an important explanation for the seasonal
patterns.

The timing of seasons is now shifting in the mid to
high latitudes due to climate change. The onset of spring
events moved forward by, on average, 6.3 days from 1959
to 1996 in Europe (Menzel 2000) and associated changes
have been observed in both animal and plant species
(Root et al. 2003). The lack of long-term health data from
routine sources, in addition to the imprecision of disease
onset or infection date, means that it is not possible to
detect such small effects in seasonality in infectious dis-
ease data at present (Wilkinson et al. 2003). If the climate
warms and the onset of spring becomes earlier, our study
indicates that climate change is unlikely to significantly
affect the seasonal pattern of campylobacteriosis in hu-
mans.

More specific questions relating to the role of climate
variability can be addressed once more detailed infor-
mation on vehicles or serotyping become available.
Campylobacters are so widely distributed in nature that
there is no prospect of reducing the reservoir of bacteria.
At present there is no routine surveillance of campylo-
bacter in animals, either food animals or wild species, but
selective monitoring of sentinel species may provide
useful information on the main transmission pathways.
We recommend that countries develop integrated sur-
veillance systems to monitor pathogens in animals as well
as humans (WHO 2004). Currently, there are insufficient
data to determine the seasonality or temperature-sensi-
tivity of pathogens in animals and other environmental
reservoirs. Complex systems analysis should be used to
describe the relationship between the many meteorologi-
cal, behavioural and other factors affecting the transmis-
sion of food-borne disease.
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