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SUMMARY

Despite a significant public health burden the epidemiology of human Campylobacter infection

remains blurred. The identification of demographic determinants for Campylobacter infection is

therefore essential for identifying potential areas for intervention. Demographic data from an

active, population-based sentinel surveillance system for Campylobacter infection (from 2000 until

2003, n=15 907) were compared with appropriate denominator data from the 2001 United

Kingdom Census. Incidence was higher in males from birth until the late teens and in females

from 20 to 36 years. Age- and gender-specific differences in Campylobacter incidence were

observed in different ethnic and socioeconomic groups and hence are all major drivers for

Campylobacter infection. Epidemiological studies on Campylobacter infection need to take these

factors into consideration during design and analysis. The collation of detailed epidemiological

data and its comparison with appropriate denominator data provides a valuable epidemiological

tool for studying infection.

INTRODUCTION

Campylobacter spp. are a commonly reported cause

of infectious gastroenteritis in developed countries.

Whilst the incidence of Campylobacter infection in

England and Wales has declined in recent years

since peaking in 2000, the disease still represents

a significant source of morbidity, with over 46 000

laboratory-confirmed cases reported annually [1].

Infection with Campylobacter spp. can manifest

across a wide clinical spectrum, from asymptomatic

carriage to symptoms indicative of appendicitis [2].

This, coupled with the fastidious nature of the micro-

organisms [3], results in laboratory-confirmed cases

representing the tip of the infection iceberg [4].

Our understanding of the epidemiology of human

Campylobacter infection in developed countries is

derived mainly from the investigation of outbreaks

and from case-control studies of sporadic cases [5].

However, the infective dose for Campylobacter infec-

tion is low [6, 7] and the incubation period long and

variable [6], meaning that accurately establishing

* Author for correspondence : I. A. Gillespie, M.Sc., Senior
Scientist, Environmental and Enteric Diseases Department, Health
Protection Agency Centre for Infections, 61 Colindale Avenue,
London NW9 5EQ, UK.
(Email : Iain.Gillespie@hpa.org.uk)
# Members of the The Campylobacter Sentinel Surveillance
Scheme Collaborators are given in the Appendix.

Epidemiol. Infect. (2008), 136, 1717–1725. f 2008 Cambridge University Press

doi:10.1017/S0950268808000319 Printed in the United Kingdom



exposure in cases and comparing this with exposure in

others is problematic. This, exacerbated by the rela-

tively poor routine follow-up of sporadic cases of

human Campylobacter infection at the local level [8]

and the lack of suitable laboratory subtyping methods

applicable to all isolates, means that outbreaks of

Campylobacter infection are rarely identified [9, 10].

The biases associated with case-control studies are

numerous and described elsewhere [11]. They include

selection bias when the probability of including cases

(and/or controls) is associated with the exposure

under investigation; and information bias (both recall

and observer bias). It is perhaps for these reasons that

risk factors for Campylobacter infection identified

through case-control studies consistently fail to ac-

count for the majority of cases exposed in those

studies [12–18]. An additional factor which might

have reduced the usefulness of case-control studies on

Campylobacter infection is that numerous variables,

from different transmission routes and various points

on the causal pathway, are often considered together.

In doing so, bias will often be introduced by in-

appropriately adjusting for factors that are on

the causal pathway. The development of conceptual

frameworks for analysis has been suggested as a

method of overcoming this [19]. Similarly, studies can

be restricted to distinct population groups that might

be at particular risk. Both methods, however, require

prior knowledge of the social and biological determi-

nants of disease.

The Campylobacter Sentinel Surveillance Scheme

was a population-based surveillance scheme for Cam-

pylobacter infection in England and Wales which

aimed to generate new hypotheses for infection [20]. It

ran from May 2000 to April 2003 inclusively – a per-

iod which coincided with the 10-year Census in the

United Kingdom in 2001. This provided a valuable

opportunity to compare the demographic character-

istics of cases of Campylobacter infection with that

of the population from which they arose, with an

aim of identifying those demographic subgroups in

England and Wales at greatest risk of Campylobacter

infection.

METHODS

The Campylobacter Sentinel Surveillance Scheme

comprised 22 health authorities from all National

Health Service regions across England and Wales.

Participating laboratories within the health authority

catchment areas referred Campylobacter isolates from

all laboratory-confirmed cases to the Public Health

Laboratory Service (PHLS) Campylobacter Refer-

ence Unit (CRU) for further characterization. A

standard, structured clinical, demographic and ex-

posure questionnaire was administered by post or by

telephone concurrently to all cases by local public

health and environmental health practitioners as

part of their routine investigations. Completed ques-

tionnaires were forwarded to the Public Health Lab-

oratory Service Communicable Disease Surveillance

Centre (now the Health Protection Agency Centre for

Infections). Electronic microbiological and epidemi-

ological data were reconciled using patients’ surnames

and dates of birth.

Data classification was undertaken using Epi-Info

version 6.04d [21] and Microsoft Access (Microsoft

Corporation, Redmond, WA, USA). Patients’ de-

scriptions of their ethnic origin were coded according

to the United Kingdom 2001 Census [22]. The occu-

pation descriptions provided by patients of working

age (16–74 years) were coded by two contributors

(I.A.G., C.P.) according to Standard Occupational

Classification [23]. National Statistics Socioeconomic

Classification (NS-SEC) was then derived using the

self-coded simplified method [24], which was subse-

quently grouped into analytical class.

In early 2001, health authorities in England and

Wales were replaced by Primary Care Trusts (PCTs)

and Strategic Health Authorities. Accordingly, age,

gender, ethnicity and socioeconomic denominator

data for the PCTs which constituted the sentinel

health authorities were obtained from Office for

National Statistics Standard Tables for health areas.

Denominator data for 2001 were used as an approxi-

mation of the sentinel population over the entire

study period.

Statistical analysis was undertaken using Microsoft

Excel (Microsoft Corporation) and Stata version 8.2

[25]. Analysis was restricted to cases that had not

travelled abroad in the 2 weeks before illness.

Estimates of incidence (cases/100 000 population per

year unless stated otherwise) and relative risk (RR),

with accompanying 95% confidence intervals (CI)

and significance tests were calculated. Changes in

proportion for categorical variables were assessed

using the x2 test for trend.

RESULTS

Between 1 May 2000 and 30 April 2003, ques-

tionnaires were received for 20 387 of the 28 510
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human Campylobacter isolates referred to the PHLS

CRU (response rate 72%). Of these, 4109 cases

(20%) reported recent foreign travel and a further 371

cases (2%) did not report their travel status. These

cases were excluded, leaving 15 907 United Kingdom-

acquired cases of Campylobacter infection from

a population of 11 281 065 – an indigenous annual

incidence of 47.0 cases/100 000 per year (95% CI

46.3–47.7).

Gender and age

The gender of all cases was known and cases were

distributed equally across both genders (7965/15 907

male cases ; 50%). However, the incidence in males

was slightly higher than in females (risk ratio 1.06,

95% CI 1.03–1.10, P=0.0001). Patients’ ages were

available for 15 855/15 907 cases (99.7%). Overall,

incidence was highest in infants (f1 year 120.1, 95%

CI 112.6–128.0). It decreased for ages 2 to 13 years

(from 74.8 to 15.8, x2 for trend 263.1, P<0.001). The

incidence then increased for ages 14 to 22 years (from

16.9 to 56.3, x2 for trend 223.3, P<0.001) and re-

mained relatively stable for ages 22 to 69 years (52.7,

95% CI 51.7–53.7), before declining for ages o70

years (from 48.1 to 29.0, x2 for trend 85.7, P<0.001).

The incidence in male and females, and the male to

female relative risk of infection for all ages is shown in

Figure 1. Overall, incidence in males was higher than

in females from birth until the late teens (0–17 years,

RR 1.54, 95% CI 1.43–1.66, P<0.001). This effect

was observed consistently throughout this age group

and was especially marked from 13 to 15 years (RR

2.48, 95% CI 1.85–3.30, P<0.001). Incidence in

females was lowest at 14 years but increased rapidly

from this age to 22 years (from 7.3 to 63.4, x2 for trend

219.0, P<0.001), exceeding that in males at 18 years.

Although not significant on a year-on-year basis, in-

cidence in females was higher than in males from 20

to 36 years (RR 1.21, 95% CI 1.14–1.29, P<0.001).

Incidence varied from 50 years onwards, but was

overall higher in males than in females in this age

group (RR 1.12, 95% CI 1.06–1.18, P<0.0001).

Ethnicity

Accurate descriptions of ethnic origin were provided

by 12970/15 907 cases (80.4%). The incidence in the

resident Pakistani population was higher than in

the resident white population (RR 1.14, 95% CI

1.03–1.26, P=0.01), which in turn was higher than

that of the resident Indian (RR 2.74, 95% CI

2.30–3.27, P<0.001), Bangladeshi (RR 2.58, 95%

CI 1.80–3.69, P<0.001), Black (RR 2.49, 95% CI

2.07–3.01, P<0.001) and Chinese (RR 1.85, 95% CI

1.31–2.60, P<0.01) communities.

Patient age and gender was available for 12 309 of

12 327 cases (99.9%) in the ethic groups (White,

Pakistani, Indian and Black) where numbers were

sufficient for further analysis (Table 1). The incidence

in male Pakistanis aged 0–4 years was higher than in

female Pakistanis in this age group and than any of

the other age/gender groups in the studied ethnic

groups. In white males, the incidence was greater than

in females at 0–4 years, 5–9 years and 10–19 years, but

not at 20–29 years. In the resident Indian and Black

populations no significant differences by age and

gender were observed.
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Fig. 1. The incidence by age of Campylobacter infection in males and females, and the male to female relative risk, in the
Campylobacter Sentinel Surveillance Scheme population (n=15 855), England and Wales, May 2000 to April 2003.
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Table 1. The incidence by age and gender of indigenous Campylobacter infection in the main ethnic groups resident in the Campylobacter

Sentinel Surveillance Scheme population (n=12 309), England and Wales, May 2000 to April 2003

Age group
(years)

Incidence/100 000 per year (95% confidence intervals)

White Pakistani Indian Black

Male Female Male Female Male Female Male Female

0–4 143.5 98.1 957.5 661.8 248.6 175.5 125.5 149.3

(130.0–158.1) (86.6–110.6) (825.3–1104.6) (551.2–788.0) (162.5–364.0) (102.3–280.8) (62.7–224.5) (79.5–255.1)
5–9 59.7 43 98.9 36.0 9.1 28.5 43.4 43.8

(51.4–68.8) (35.9–51.1) (57.6–158.4) (13.2–78.4) (0.2–50.5) (5.9–83.3) (11.8–111.1) (12.0–112.2)

10–19 67.5 53.1 43.4 19.2 63.2 23.8 27 31.9
(61.3–74.2) (47.5–59.1) (23.7–72.8) (7.0–41.7) (36.2–102.7) (8.8–51.9) (8.8–63.1) (11.7–69.4)

20–29 121.8 150 24 32.3 45.5 41 46 67.9
(113.3–130.8) (140.7–159.9) (9.6–49.4) (15.5–59.4) (22.7–81.4) (20.5–73.4) (18.5–94.7) (35.1–118.6)

30–39 120.9 134.8 19.4 24.6 35.1 24.3 46.1 30
(113.1–129.0) (126.7–143.2) (5.3–49.6) (8–57.4) (15.2–69.2) (8.9–52.8) (23.0–82.4) (13.7–57.0)

40–64 141.9 138.8 24.6 24.4 19.6 12.0 38.4 16.2

(136.0–147.9) (133.0–144.7) (9.0–53.6) (9.0–53.1) (8.5–38.6) (3.9–27.9) (18.4–70.5) (5.3–37.7)
o65 122.5 98.9 14.4 0 31.8 20.1 100 32.4

(114.5–130.9) (92.9–105.2) (0.4–80.2) (6.6–93.0) (2.4–72.4) (48.0–183.9) (6.7–94.5)

Total 39.5 38.0 52.4 35.5 17.1 11.2 17.3 13.9

(38.5–40.5) (37.1–39.0) (46.0–59.6) (30.1–41.4) (13.5–21.5) (8.3–14.8) (13.2–22.4) (10.4–18.2)
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Socioeconomic classification

A total of 3906 different occupational descriptions

were provided by the 12 388 cases aged between 16

and 74 years, and these were classified into NS-SEC

Analytical Class (‘AC’, Table 2). Overall incidence in

white-collar workers (‘of or relating to work done in

an office or other professional environment’ [26]) was

marginally higher than in blue-collar workers (‘of or

relating to manual work or workers ’ [26] ; RR 1.06,

95% CI 1.01–1.11, P=0.01), although incidence was

highest in people working in semi-routine occupations

(RR 1.73, 95% CI 1.64–1.81, P<0.001).

Age and gender were available for all 8261 cases in

the main ACs (Fig. 2a, b) and incidence differed

greatly within and between genders. Although based

on small numbers, the incidence in Small Employers

and Own Account workers in both gender groups was

higher than other ACs in the <20 years age group

(RR 2.54, 95% CI 1.34–4.80, P=0.004), declined

rapidly to 30–34 years (x2 for trend 14.1, P<0.001)

and more gradually further up the age spectrum

(x2 for trend 2.9, P=0.09). In Managerial and Pro-

fessional (RR 1.17, 95% CI 1.05–1.31, P=0.01),

Small Employers and Own Account (RR 1.79, 95%

CI 1.16–2.76, P=0.02), Semi-Routine (RR 1.14,

95% CI 1.02–1.28, P=0.04) and Routine (RR 1.37,

95% CI 1.12–1.67, P=0.007) workers, the risk in

females aged 20–24 years was significantly higher than

for males in the same occupational groups. In Inter-

mediate workers the risk of infection increased with

increasing age up to 34 years (x2 for trend 28.2,

P<0.001) with no difference in risk between males

and females (RR 0.98, 95% CI 0.87–1.11, P=0.72).

The risk in male Intermediate workers then increased

(x2 for trend 5.08, P=0.02) to a peak in the 50–54

years age group, exceeding the risk in female Inter-

mediate workers (RR 1.44, 95% CI 1.30–1.60,

P<0.001) and other male workers in the 35–54

years age group (RR 2.13, 95% CI 1.88–2.40,

P<0.001).

DISCUSSION

The comparison of comprehensive population-based

surveillance data with detailed denominator data for

the population from which the cases arose has

enabled us to gain a valuable insight into the demo-

graphic characteristics of Campylobacter infection in

England and Wales. The population covered by the

Campylobacter Sentinel Surveillance Scheme has

Table 2. The incidence by National Statistics – Socioeconomic Class (NS-SEC) of indigenous Campylobacter

infection in the Campylobacter Sentinel Surveillance Scheme population (n=12 309), England and Wales,

May 2000 to April 2003

NS-SEC analytical class Common occupation descriptions Cases Population
Incidence/100 000
per year (95% CI)

Managerial and professional* Teacher, engineer, nurse, accountant,

company director, sales manager

3010 2 052 696 48.9 (47.2–50.7)

Intermediate occupations Civil servant, secretary, administrator,
police officer, clerk

1429 760 039 62.7 (59.5–66.0)

Small employers and own

account workers

Joiner, builder, taxi driver, carpenter,

bricklayer, child minder

456 558 713 27.2 (24.8–29.8)

Lower supervisory and
technical

Electrician, printer, plumber,
supervisor, gardener, mechanic

433 566 197 25.5 (23.2–28.0)

Semi-routine Housewife, chef, shop/sales
assistant, receptionist, postman

2133 945 359 75.2 (72.1–78.5)

Routine Cleaner, factory worker, driver,

hairdresser, butcher, bus driver

800 750 475 35.5 (33.1–38.1)

Never worked and long-term
unemployed

Unemployed, disabled,
medically retired, not working

352 351 844 33.3 (30.0–37.0)

Not classified Retired, not recorded, student,

unknown, self-employed

3775 2 116 276 59.5 (57.6–61.4)

Total 12 388 8 101 599 51.0 (50.1–51.9)

CI, Confidence interval.
* Higher managerial and professional occupations and lower managerial and professional occupations combined.
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meant that the dataset generated is large and more

geographically representative of the population of

England and Wales. The coincidental timing of the

study in terms of the United Kingdom 2001 Census

has resulted in the availability of highly specific,

accurate and relevant denominator data. Our study

has re-emphasized that age and gender are major de-

terminants for Campylobacter infection in England

and Wales and has demonstrated that ethnicity,

occupation and socioeconomic status are also im-

portant.

Where significant differences within and between

demographic groups were identified, additional

analyses of accompanying exposure data were under-

taken to try to explain the increased risk. The preva-

lence of exposure was investigated, both between

genders within age groups and between age groups

within genders. Few differences were identified. This

might relate to the fact that our exposure question-

naire is not exhaustive and covers a broad (14-day)

exposure period, making differences difficult to detect,

or that incidence differences relate to factors not

connected with exposure. Our data did not allow us to

disentangle these, since suitable control populations

were unavailable.

The relationship between age and gender and the

incidence of Campylobacter infection described in this

study has not been described previously in such detail

[27]. Infants and young children with infectious in-

testinal disease are more likely to present to primary-

care physicians than older children and adults

[28], therefore the observed increased incidence in

<2-year-olds is not unusual. It is surprising, however,

that within this age group the incidence in males was

significantly higher than that in females and that this

effect was noted each year from birth to 17 years. Few

differences in exposure were noted between males

and females in this age group, suggesting that other

factors might have a role. The high male to female

relative risk between 13 and 15 years is particularly

intriguing. This period corresponds to the peak in

puberty in males and it is possible that hormonal

changes occurring at this time might affect the growth

of Campylobacter present in the human gut.

Hormones have been shown to have a positive effect

on the growth of Campylobacter spp. in vitro, by

enhancing their aerotolerance [29]. Recent research

suggests that their presence might also increase

pathogenicity [30].

The increase in incidence in females from 14 years

and the ‘switch’ in relative risk from males to

females from 18 years to 36 years is also remarkable.

This period corresponds to the main childbear-

ing age in women, and accompanying hormonal

(endogenous or exogenous) changes could affect

women’s susceptibility to infection. Both oestrogen

and progesterone have been shown to positively affect

the growth of C. rectus in vitro and this is thought to

be an important factor in periodontal disease pro-

gression in pregnant women [31]. Oral contraceptives

will increase the concentrations of one or both of

these hormones in the gut. Furthermore, the pattern

of oral contraceptive use in the United Kingdom by

age correlates well with the incidence of campylo-

bacteriosis in women described in this study [32].

Alternatively, female cases in this age group could

represent co-primary or secondary infections if they

are exposed at the same time as their children or

subsequently infected by them. Furthermore, the age-

and gender-specific effects described above may

also relate to behavioural differences which exist be-

tween males and females in certain age groups (e.g.
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greater exposure to the outside environment in males

due to football, rugby, etc.) not covered by our ques-

tionnaire. Additional work is required to explain the

distinct risk profiles in men and women at different

ages of life.

The increased incidence in the indigenous Pakistani

community in England and Wales has already been

described [33]. Previously we were unable to quantify

the risk further, as age- and gender-specific denomi-

nator data were unavailable. Here we are able to

confirm that infants and young children in all the

main ethnic groups resident in England and Wales

are at increased risk of infection compared with

older people in these groups. However, the incidence

in Pakistani infants and young children, and in males

in particular, far exceeded that in the other main

ethnic groups. Further study of this subset of the

population is required to identify the causes of this

increase.

The pattern of infection in the indigenous adult

white population in England and Wales is in contrast

to that observed in developed countries [34], where

incidence is very high and low in childhood and

adulthood respectively. Repeated exposure to mul-

tiple Campylobacter spp. at an early age in hyperen-

demic regions probably provides a high level of

general immunity, whereas episodes of infection in

developed countries arise mainly from single strains,

providing little cross-immunity against other subtypes

[35]. This does not, however, explain the lack of dis-

ease in indigenous adult Indians and Pakistanis in

England and Wales in this study, unless immigration

or previous travel to endemic regions has played a

role.

Consideration of a number of methodological

issues is required to contextualize the findings from

this study and to inform on future studies of this kind.

First, including all cases ofCampylobacter infection in

our study might have masked species-specific demo-

graphic factors, as previous research has demon-

strated different risk exposures in cases of C. jejuni

and C. coli infection [20]. However, typing data were

available for only 63% of cases and therefore the

specificity gained would have been at the expense of

statistical power. An analysis of the C. jejuni subset,

which gave similar findings to the ones described in

this study and are available on request, confirm this.

Furthermore, as 92% of laboratory-confirmed cam-

pylobacters in England and Wales are C. jejuni our

findings are likely to relate more to this species than to

others.

Second, providing patients with free text fields to

describe their ethnic origin or occupation led to

missing or unclassifiable responses, and increased

the possibility of misclassification during coding, all

of which might have affected our incidence estimates

for some ethnic or socioeconomic groups, although

this would be difficult to measure. Future studies of

this kind should overcome this shortfall by providing

categorical responses to the demographic questions

posed. Similarly, the two-stage process of deriving

socioeconomic status from patients’ occupation de-

scriptions could have led to errors in misclassification

or transcription, and some occupational descriptions

might have been wrongly assigned to NS-SEC by

using the simplified derivation method. Classification

and transcription was carried out by two con-

tributors, however, and results were compared to

minimize error, and the simplified technique for de-

riving NS-SEC still provides a high level (>83%) of

agreement with the full method [24].

Finally, we were unable to control for all the factors

under investigation in a single analysis, increasing the

possibility of uncontrolled confounding. For ex-

ample, it is possible (although unlikely, given the age

distribution) that part of the observed risk in certain

ethnic groups is mediated by their socioeconomic

status and/or occupation. This potential drawback

could have been overcome by applying multivariate

regression techniques to the data, which would also

have allowed for the effect of season to be examined.

Such techniques require denominator data stratified

by all factors under investigation, and these were un-

available. Given the developments in information

technology over the last 20 years, national population

data should be able available in a more dynamic form

in the future.

In conclusion, age, gender, ethnicity and socio-

economic class are all important determinants of

Campylobacter infection and epidemiological studies

which fail to account for these effect modifiers, in

design and/or analysis, might mask important risk

factors for infection, if factors positively associated

with disease in one demographic subset are protec-

tive in another. Future epidemiological studies on

Campylobacter infection need to be of sufficient size

to allow subgroup analyses within conceptual frame-

works, or are focused on specific high-risk groups.

With regard to the latter, there is a clear need

to elucidate further the high observed disease inci-

dence in Pakistani children resident in the United

Kingdom.
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