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Campylobacter incidence in England and Wales between 1990 and 1999 was examined in conjunction with
weather conditions. Over the 10-year interval, the average annual rate was determined to be 78.4 � 15.0 cases
per 100,000, with an upward trend. Rates were higher in males than in females, regardless of age, and highest
in children less than 5 years old. Major regional differences were detected, with the highest rates in Wales and
the southwest and the lowest in the southeast. The disease displayed a seasonal pattern, and increased
campylobacter rates were found to be correlated with temperature. The most marked seasonal effect was
observed for children under the age of 5. The seasonal pattern of campylobacter infections indicated a linkage
with environmental factors rather than food sources. Therefore, public health interventions should not be
restricted to food-borne approaches, and the epidemiology of the seasonal peak in human campylobacter
infections may best be understood through studies in young children.

Nearly 30 years ago, campylobacter infection emerged as a
leading bacterial cause of gastroenteritis in developed coun-
tries (47). Two species, Campylobacter jejuni and Campy-
lobacter coli, are responsible for over 99% of human campy-
lobacter infections (6, 23). Major infection sources include
undercooked poultry, contaminated milk, untreated water, and
animal contact (24). The public health consequences of human
campylobacter infection are large, in part because of its high
incidence (61). In developed countries, campylobacter causes
more illnesses than Shigella spp. and Salmonella spp. combined
(55). Only a fraction of cases are reported (25), and some
estimates suggest as much as 1% of the population in the
United States and Europe is affected by campylobacter each
year (57). The annual cost in the United States in 1996 alone
was estimated at US$4.3 billion (5), and £69.6 million was the
estimated cost in the United Kingdom in 1994 (43). In addition
to acute gastroenteritis, campylobacter infections may be com-
plicated by neurological (35, 53), rheumatological (26, 34), and
renal (10) problems. Effective prevention and control strate-
gies to reduce the population burden of campylobacter infec-
tions require a robust understanding of the epidemiology of
this disease. Case-control studies to investigate the origins of
human infection showed that the majority of cases of campy-
lobacter infection were not explained by the commonly recog-
nized risk factors (1, 13, 14, 30, 37, 44). For example, despite
public health interventions focused on reducing food-borne
transmission (16, 17), campylobacter incidence remains high
(15). A striking phenomenon is the remarkably pronounced
and consistent seasonal pattern, for which the explanation is
unclear (29, 38, 41). This study investigated the relationship
between seasonal variation in human campylobacter infection

in England and Wales and environmental conditions to obtain
new insights with respect to disease transmission.

MATERIALS AND METHODS

Epidemiological data. Campylobacter data were obtained from the Health
Protection Agency, London, United Kingdom, and included all laboratory-con-
firmed cases reported in England and Wales between 1990 and 1999 (n �
440,012). Cases associated with foreign travel or known to be part of community
or family outbreaks were excluded (22) on the basis of their clinical history,
leaving 401,270 cases for analysis. Records included the date when stool speci-
mens were received for analysis at the primary laboratory, as well as gender and
age of each patient (with 97.7 and 95.0% completeness, respectively).

Demographic data. Demographic data for England and Wales, obtained from
the Office for National Statistics, London, United Kingdom, provided denomi-
nators for calculation of incidence rates. Mid-year populations categorized by
age, gender, and Health Authority (HA) were obtained from 1990 to 1999, using
revised figures generated by the 2001 national census (40).

Regional partitioning. Epidemiological data were obtained for 104 HAs. Two
types of spatial partitioning were performed (Fig. 1A) to facilitate analysis and
avoid small-scale spatial artifacts. Data were aggregated into 20 districts chosen
to ensure relative homogeneity within each district. The data were also aggre-
gated into six regions (Wales, Northwest, Southwest, North, Central, and South-
east, including 16 HAs in London), to further summarize the data. Demographic
data were reported over the corresponding areas.

Meteorological data. Daily meteorological data were obtained from the British
Atmospheric Data Centre, which provided access to the Met Office Land Surface
Observation Stations data (http://badc.nerc.ac.uk/data/surface/). Daily values for
minimum and maximum temperature (degrees Celsius), rainfall (in millimeters),
and hours of sunshine were retrieved from 66 meteorological stations throughout
England and Wales. Meteorological stations were selected for data completeness
over the study period and for an even geographical distribution over the study
area. Climatic data were averaged per week and per study region (or district).
The number of meteorological stations per study region was as follows: Wales, 9;
Northwest, 10; Southwest, 11; North, 13; Central, 12; and Southeast, 11.

Other data. For England, agricultural data were obtained from the Depart-
ment for Environment, Food and Rural Affairs (11), and rural information was
from the Countryside Agency (http://www.countryside.gov.uk/). For Wales, the
Statistical Directorate (56) provided a limited agricultural data set. Information
about water companies in the United Kingdom was obtained from the Drinking
Water Inspectorate (12).

Analysis. The statistical software package SAS (version 8.2; SAS Institute Inc.,
Cary, N.C.) was used to carry out statistical analysis. PROC AUTOREG was
used for regression analysis with time series. The rates were transformed with the
Freeman-Tukey square root to improve the model assumptions (9), as follows:
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FTi � (100,000)1/2 {[Ci/Ni]1/2 � [(Ci � 1)/Ni]1/2}, where FTi is the Freeman-
Tukey transformed rate in region i, Ci is the corresponding number of campy-
lobacter cases, and Ni is the corresponding population. A spline-fitting procedure
(PROC GPLOT) was used to determine peak maxima graphically. This smooth-
ing procedure, suitable for noisy data, corresponds to a cubic spline interpolation
in which plotted points do not necessarily fall on the line (46). Throughout the
study, a significant statistical difference was declared when P was �0.05.

RESULTS

Epidemiology. The overall annual campylobacter incidence
rate in England and Wales between 1990 and 1999 was 78.4 �
15.0 (mean � standard deviation) cases per 100,000, ranging

from 29,633 to 52,840 reported cases per year with an average
of 40,127 cases per year (Table 1). There were significant
statistical differences between regions, with the highest inci-
dence rates observed in the West and the North and the lowest
in the Southeast of England and Wales (Table 1; Fig. 1B). An
upward trend was observed throughout the decade (Table 1;
Fig. 2), with relative increase averaging 53.2% and ranging
from 16.9% in the Southeast to 82.1% in the Southwest. Most
regions experienced their lowest annual rate of the decade in
1991 and their highest in 1998. The Southeast region, which
included London, experienced significantly lower rates and
lower relative increases compared to other regions.

FIG. 1. (A) Map of England and Wales showing 104 HAs (thin outlines), 20 numbered districts (thick outline), and 6 regions (gray shading),
with corresponding populations in millions for 2000 (40), surface area (in square kilometers), and the number of HAs. Districts: 1, North London;
2, South London; 3, Kent; 4, Surrey and Sussex; 5, Berkshire, Hampshire, and Isle of Wight; 6, Avon, Somerset, Dorset, and Wiltshire; 7, Devon
and Cornwall; 8, Essex and East Anglia; 9, central counties; 10, South Humber and Lincolnshire; 11, central Midlands; 12, southwest Midlands and
Gloucestershire; 13, northwest Midlands; 14, Greater Liverpool and Manchester; 15, East Midlands; 16, West and South Yorkshire, North
Yorkshire, and Lincolnshire; 17, Cumbria and Lancashire; 19, Northeast; 20, Wales. (B) Map of annual campylobacter incidence (annual cases per
100,000) by district, shown with district numbers and, in parentheses, corresponding campylobacter rates.

TABLE 1. Mean annual campylobacter incidence (cases per 100,000) by region, overall, by gender, and by age (1990 to 1999)

Region Mean � SD
incidenceb

�%a 1990–
1999

Incidenceb by
gender Incidenceb by age (yrs)

Male Female �1 1–4 5–19 20–34 35–49 50–69 �70

Central 84.4 � 20.6 80.8 89.1 70.9 144.6 130.1 46.5 110.2 80.2 66.6 42.2
North 86.6 � 12.5 36.5 93.4 76.9 210.4 156.1 49.4 109.4 91.9 72.4 46.6
Northwest 77.1 � 19.7 76.4 83.4 68.5 199.5 138.6 43.0 96.3 75.3 62.7 44.5
Southeast 56.7 � 6.6 16.9 61.8 50.2 112.4 97.9 33.5 70.4 54.3 48.2 35.8
Southwest 100.2 � 27.5 82.1 109.5 90.4 203.9 208.8 64.7 130.7 100.1 86.0 60.2
Wales 97.9 � 19.0 50.1 106.9 86.8 226.3 195.8 62.8 129.8 99.3 76.5 48.6
All 78.4 � 15.0 53.2 84.7 69.0 172.4 139.4 45.6 98.7 77.8 65.0 44.3

a Percentage increase in campylobacter incidence between 1990 and 1999.
b Cases per 100,000.
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Males represented 53.7% of campylobacter cases in the
study and consistently experienced higher rates (Table 1; Fig.
3A). This difference was observed in all regions throughout the
time period and in all age groups. Campylobacter incidence
rates were highest in children under 5 years of age, and espe-
cially in those under 1 year of age (Table 1; Fig. 3B). A second
peak was observed in the 20-to-34-year age group, and inci-
dence slowly tapered off with older groups. Overall, the time
series showed that patterns by age and gender were observed
consistently throughout annual variations.

Age group and gender pattern. When age-specific analyses
were undertaken, the most marked seasonal variations in
campylobacter rates were observed for children under 5 years
of age (Fig. 3B). Campylobacter incidence in infants (those less
than 1 year old) exhibited multiple peaks, with the highest in
spring, while children aged 1 to 4 years experienced a single
sharp peak in the spring. The annual peak in the children
under 5 preceded the peak in adult groups by an average of 2
weeks (P � 0.01) (Fig. 3B). The annual peak in the male

population usually preceded the peak in the female population
by 1 or 2 weeks, but the difference between the two groups was
not significant (Fig. 3A).

Seasonality. A marked seasonal pattern was observed (Fig.
2), with the seasonal rise starting at the beginning of May and
the peak typically occurring between mid-June and mid-July
(Fig. 4). The date and shape of the peak varied with geograph-
ical location. In Wales a uniquely consistent pattern was ob-
served, with a sharp well-defined spring peak occurring earlier
(in early June) than in other areas. By contrast, in the south-
east of England the seasonal increase was less pronounced,
and the peak incidence was in late June.

Environmental factors. Average weekly temperature, pre-
cipitation, and hours of sunshine were included in the analysis.
Time series by region showed the relationship of campy-
lobacter incidence to the environmental parameters (Fig. 2).

Multiple regression analysis showed that daily average tem-
perature, precipitation, and sunshine were significantly associ-
ated with campylobacter rates (R2 � 0.2342; P � 0.001). Sim-

FIG. 2. Time series of weekly campylobacter incidence (weekly cases per 100,000) and environmental factors, by region. Thick solid line,
campylobacter rates per 100,000; thin solid line, temperature; dashed line, precipitation; dotted line, sunshine. Color figures are available at
http://www.panix.com/�vlouis/campy/.
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ilar results were obtained when a correction for the long-term
trend of campylobacter increase was included by adding time
into the model (R2 � 0.3329; P � 0.001). Because time series
were used, correction for autocorrelated errors was investi-
gated, as it was expected that a value for a given week would be
correlated to that of the preceding week. When such correction
was included, temperature was found to be the single variable
that contributed most to the model and was significant. None-
theless, the model with all three variables (temperature, pre-
cipitation, and hours of sunshine), remained the best-perform-
ing model. Even though temperature and sunshine data were
expectedly correlated (R2 � 0.5264; P � 0.001), the variable of
temperature (whether minimum or maximum daily tempera-
ture) performed better in regression models than using the
variable of hours of sunshine alone. The effect of different lag
periods (i.e., 1, 2, or 3 weeks) was examined, but this had no
effect on the findings. Data were also analyzed by region, and
similar results were obtained.

To further investigate the role of rainfall, we examined re-
gression analyses for each region under conditions defined as
no rain, when rainfall for the week was �1 mm, or rain, when

rainfall was �1 mm (Fig. 5). We considered two models, one
with temperature alone and one with temperature, rain (as a
dichotomous variable), and a term of the interaction between
temperature and rain. In all six regions temperature was a
highly significant term (P � 0.0001). In four regions, terms
involving rain failed to be significant (P � 0.05), and in two
regions they were significant but only improved the adjusted R2

by 1%. The R2 values ranged from 0.1919 to 0.4171 when only
temperature was in the model.

Agriculture and surface water. At the district level, campy-
lobacter rates significantly correlated with the agricultural data
analyzed, namely, total agricultural area, agricultural labor
force, cattle, pigs, sheep, and poultry (Table 2). Campylobacter
rates were positively correlated with the percentage of rural
wards in a district and inversely correlated with population
density. When looking at water company supply, it was noted
that districts with high campylobacter incidence in the west and
north of England and Wales were supplied with over 80%
surface water, whereas districts in the southeast with low inci-
dence were supplied with less than 30% surface water. How-

FIG. 3. Time series of campylobacter incidence (weekly cases per 100,000) by gender (A) or by age category (in years) (B). The smooth lines
represent spline interpolations. For clarity, original data points (�, E) are shown only in panel A.
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ever, a quantitative analysis did not yield a significant correla-
tion (Table 2).

DISCUSSION

Epidemiology. The epidemiological results of this study are
in general agreement with current knowledge. That is, inci-
dence rates, trends, and patterns for age and gender distribu-
tion match observations of campylobacter infections in devel-
oped countries (21). The higher male incidence, though
typical, has not been fully explained (2, 21). It was observed in
all age groups, suggesting a higher susceptibility in males
rather than distinctive at-risk behaviors. Higher incidences in
children under 5 and, to a lesser extent, young adults, have
been reported previously (21). Here we further show the 1-to-
4-years age group especially exhibits the seasonal peak of
campylobacteriosis. Children under 1 year also showed high
campylobacter incidence during the spring peak, but other
peaks were also present throughout the year. Protective ma-
ternal immunity transferred to infants (42) and weaning at

different ages may contribute to the less-clear picture in in-
fants.

Since 1999, a decline in incidence has been observed in the
United Kingdom (18). In the United States, the Centers for
Disease Control and Prevention observed a slow decrease
since 1996 (19, 20). Neither the increase in the 1990s in Europe
(21) nor the decline since the end of the decade has been fully
explained (19). Advances in food safety and stricter food reg-
ulations have probably contributed to the slight decrease in
campylobacter incidence over the last few years (20).

Source of bias. In seeking to explain our observations, it was
important to identify potential sources of bias which might
have affected our findings. For any emerging pathogen, such as
campylobacter, early changes in trend may simply reflect
changing laboratory practice rather than real changes in dis-
ease incidence. By 1990, however, laboratory methods for
campylobacter isolation and reporting of positive results to
national surveillance were well established. Clinical practice
might also have affected our results. Infants and young children

FIG. 4. Campylobacter incidence annual pattern by area. Solid line, average campylobacter rate (weekly cases per 100,000); dotted line, 95%
confidence interval around the 10-year mean; vertical line, onset of the annual peak around 1 May.
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are more likely to be presented to their primary care physician,
compared with older age groups, and stool specimens are more
likely to be obtained from them, so that age-related estimates
of risk might be affected (52). However, there is no evidence to

suggest that these effects would vary with season; therefore, the
observed seasonal pattern is judged to be real.

Temperature effects will precede measured disease inci-
dence since there are in-built delays, not only those in report-

FIG. 5. Linear regression of weekly campylobacter rates versus average temperature by geographical area. Circle, no rain (�1 mm in the week);
�, rain (�1 mm in the week). The linear regression line is shown for each case (solid and dotted lines, respectively).

TABLE 2. Correlation between agricultural data and Freeman-Tukey-transformed campylobacter rates at the district levela

Variable Correlationb P n Yr(s) of data
availability

Total labor employed in agriculture 0.396 0.003 55 1990,c 1995,c 1999
Total agricultural land 0.390 0.004 55 1990,c 1995,c 1999
Total cattle 0.464 <0.001 55 1990,c 1995,c 1999
Total pigs 0.454 0.006 55 1990,c 1995,c 1999
Total sheep 0.322 0.018 55 1990,c 1995,c 1999
Total poultry 0.595 0.007 19 1999
Population density �0.570 0.011 19 1991
% Rural wards in district 0.544 0.020 18 1991c

% of surface water supplied by water co. 0.348 0.325 10 2001

a With a 19-district partition that merges North and South London, as required for agricultural data reporting. Statistically significant values are in bold.
b Spearman’s r value (nonparametric measure of association [45]), ranging from �1 to �1.
c Data are missing for Wales.
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ing to national surveillance but also those related to ecological
response. The former comprise incubation period, time from
disease onset to presentation to a primary care physician, time
from stool sample submission to diagnosis, and time taken to
report a positive result to national surveillance and, for the
latter, ecological factors. We have tried to overcome, at least in
part, this lag period by using the date when the stool specimen
was received at the primary laboratory in the time series anal-
yses. It should be noted that although the ideal dates would
have been case onset dates, these are not consistently recorded
in the national surveillance data set.

Regional partitioning produced spatial smoothing and per-
mitted identification of trends and effective presentation of
results. We took care to confirm that we were capturing trends
and not overlooking important local phenomena. Analysis with
data aggregated over both districts and regions yielded con-
gruent results.

Seasonality and environmental factors. Seasonality was ob-
served throughout England and Wales. The peak observed in
the spring was consistent with results of other studies (38), in
which different seasonal patterns were observed among coun-
tries. However, we show here that the increase in campy-
lobacter incidence is associated with increased temperature.
The results also indicate that campylobacter incidence is cor-
related to agricultural activities. This suggests that environ-
mental factors play a role, at least in part, in the epidemiology
of campylobacteriosis. The fact that rural and less populated
areas were correlated with higher campylobacter rates is in
logical agreement with the links to agricultural activities. In the
examination of the link with surface water, the spatial areas of
the water company did not overlap well with the epidemiolog-
ical data. This represented a severe limitation in that the data
available allowed only for a crude and limited analysis. A
proper analysis would require water data at a finer scale. At
this point, a possible link with surface water is intriguing but
unproven.

Campylobacter spp. can be readily isolated from surface wa-
ters and can survive for weeks in the aquatic environment (28).
In surface waters, Campylobacter spp. can be isolated more
often at lower temperatures and during the winter (28). This
may be explained by the fact that UV light reduces campy-
lobacter survival (39), and warmer temperatures may favor
other bacteria out-competing Campylobacter spp. Despite the
commonly held belief that Campylobacter spp. cannot grow at
temperatures below 30°C (33), it is well established that this
organism survives in the environment (4, 33), with the ability to
overwinter. Campylobacter spp. are transmitted via a wide ar-
ray of ecological pathways, such as farm animals, wild birds,
and surface water (28). Because of the multiplicity of pathways,
prevention of campylobacter infections must be undertaken
with considerations other than food safety alone.

Public health implications. Public health interventions
aimed at controlling campylobacter incidence have focused
primarily on reducing food-borne infections, in particular
those caused by contaminated poultry (16–19). Such interven-
tions are useful and may have contributed to the reduction of
campylobacter incidence observed in recent years (20). How-
ever, the food-borne route of infection does not fully explain
the seasonal peak of campylobacteriosis, as evidenced by the
reduced seasonality we observed in the Southeast. Studies have

shown that contamination of retail chicken can vary from 0 to
100% (59). It is not unusual to observe a high level of contam-
ination (�40%) year round (8, 17, 62), and with a large pro-
portion of contaminated chicken seasonal variation may be
observed but is not always significant (17, 60, 62). Even when
campylobacter seasonality is clearly marked in chicken, as
studies have shown in the United States (59), Scandinavia (3,
31, 32, 58), The Netherlands (27), and Wales (36), it is difficult
to establish a direct correlation between human and chicken
campylobacter isolates. Genotypic analyses generally point to a
common pool of isolates and multiple reservoirs (7, 32). These
results suggest that a common route of infection may be driv-
ing both chicken colonization and human campylobacter infec-
tions (3, 32, 60). Friedman et al. (21) suggested that water may
be that route. Larger farm animals such as cattle and sheep
have been shown to shed campylobacter intermittently in their
feces (49, 50). The timing of such events usually coincides with
stress for the animal, such as change of pasture or birthing,
often occurs in the spring, and may contribute to environmen-
tal contamination (48). Though campylobacter detection in
surface water does not correlate with human cases of campy-
lobacteriosis (28), water plays a complex role in the ecology of
campylobacter and its transmission between the environment,
wild birds, cattle, sheep, poultry, and humans (28, 33, 48, 54).
Campylobacter strains isolated from natural waters may also
have different ecological or pathological characteristics than
those isolated from clinical sources (51). The interplay be-
tween water, which may serve as the reservoir for campy-
lobacter, and the seasonal peak in human campylobacteriosis
needs to be refined.

Based on our results, we conclude that the incidence of
campylobacter infection is temperature related and that chil-
dren under 5 years of age are at greatest risk during the
seasonal increase, compared with other age groups. Thus, the
epidemiology of the seasonal peak in human campylobacter
infections may best be understood through studies in infants
and young children. Most importantly, however, investigating
the role of the waterborne route will shed light on the larger
ecological picture involved in seasonal campylobacter trans-
mission.
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