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Listeriosis is a rare but severe food-borne disease 
that predominantly affects pregnant women, the 
unborn, newborns, the elderly and immunocompro-
mised people. Despite the high mortality rate of the 
disease, its socio-economic determinants have not 
been studied in detail, meaning that health inequali-
ties that might exist in relation to this disease are not 
apparent. Laboratory surveillance data on listeriosis 
cases reported in England between 2001 and 2007 
were linked to indices of deprivation and denomina-
tor data using patients’ postcodes. Incidence relative 
to increasing quintiles of deprivation was calculated 
by fitting generalised linear models while controlling 
for population size. Patient food purchasing and con-
sumption data were scrutinised and compared with 
commercial food purchasing denominator data to fur-
ther quantify the observed differences in disease inci-
dence. For all patient groups, listeriosis incidence was 
highest in the most deprived areas of England when 
compared with the most affluent, and cases were 
more likely to purchase foods from convenience stores 
or from local services (bakers, butchers, fishmon-
gers and greengrocers) than the general population 
were. Patients’ risk profile also changed with increas-
ing neighbourhood deprivation. With increased life 
expectancy and rising food prices, food poverty could 
become an increasingly important driver for food-
borne disease in the future. While United Kingdom 
Government policy should continue to focus on small 
food businesses to ensure sufficient levels of food 
hygiene expertise, tailored and targeted food safety 
advice on the avoidance of listeriosis is required for 
all vulnerable groups. Failure to do so may enhance 
health inequality across socio-economic groups.

Introduction
Listeriosis is a rare but severe food-borne disease 
caused by the opportunistic bacterium Listeria mono-
cytogenes. Pregnant women, the unborn, newborns, 
the elderly and immunocompromised people are most 
commonly affected, with high associated mortality 
reported. Symptoms range from mild influenza-like or 
gastrointestinal illness to miscarriage, stillbirth, sep-
ticaemia, meningitis or encephalitis. Throughout the 
1990s approximately 110 cases were reported annually 

in England and Wales, but from 2001 to 2008 an aver-
age of 188 annual cases were reported. The reasons for 
this increase – which has occurred almost exclusively in 
patients aged 60 years or older presenting with bacter-
aemia – are largely unknown [1]. Similar increases have 
been reported elsewhere in Europe [2,3].

The socio-economic determinants of human liste-
riosis have not been studied in detail before, despite 
numerous population-based studies of the disease 
[4-12]. Some studies have described the socio-eco-
nomic aspects of suspected (i.e. undiagnosed) [13-16] 
and confirmed [17-24] gastrointestinal infections, but 
health inequalities that might exist in relation to liste-
riosis have not been investigated. A longitudinal study 
of human listeriosis in Bristol in England between 1983 
and 1992 found that social classes I and II (higher 
social classes) were over-represented among cases 
when compared with the general population (45% 
versus 28%) [25]. Only 29 cases were included in this 
study, however, and social class data were only avail-
able for 20 of these, hence the estimates were subject 
to sampling variability (note the 95% confidence inter-
vals (CI) around the above proportions: 45% (95% CI: 
23.2 to 66.8) and 28% (95% CI: 27.8 to 28.2)). In order 
to systematically study the role of neighbourhood dep-
rivation in human listeriosis for a larger population and 
over a longer time period, English national laboratory 
surveillance data for the period 2001 to 2007 were 
interrogated.

National surveillance for listeriosis in England and 
Wales is coordinated by the Health Protection Agency 
Centre for Infections. Following the voluntary refer-
ral of L. monocytogenes isolates for confirmation and 
subtyping [26-28] and/or local electronic reporting of 
confirmed cases, standardised clinical and epidemio-
logical data are sought from hospital microbiologists 
and public health practitioners respectively [29]. The 
data are supplied through completion of question-
naires, which have been in use since 1990 (for hospital 
microbiologists) and 2005 (for public health practition-
ers) [29]. Epidemiological data are not routinely sought 
when the patient is deceased but are sometimes 
received. All data are stored in a bespoke database. 
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Methods 
Case definitions
For the purposes of surveillance, a case of listeriosis 
is defined as a person with a clinically compatible ill-
ness from whom L. monocytogenes was isolated from 
a normally sterile site. Cases are classified further as 
pregnancy-associated (all maternal–fetal patients and 
neonatal patients, with a mother–baby pair considered 
a single case) or non pregnancy-associated (when the 
illness occurs in patients more than one month of age). 
Patients’ ethnicity – classed as ‘ethnic’ if deemed to 
be from an ethnic minority, or ‘non-ethnic’ if not – was 
assigned to all cases using patients’ names (surname 
and first name as available). It is important to note that 
this classification, undertaken by two of the authors 
(IAG and PM), is distinct from patients’ own classi-
fication of their ethnicity, based on the 2001 United 
Kingdom (UK) census [30] and captured on the stand-
ardised epidemiological questionnaire. Due to restric-
tions in the availability of denominator data, our study 
was limited to cases reported from laboratories in 
England. 

Analysis 1. Listeriosis incidence calculations
On the basis of their home postcode, cases were 
assigned to the Office for National Statistics’ lower 
super output areas (LSOAs) – the smallest geographi-
cal area for which aggregated census data are routinely 
released, comprising 32,482 areas in England and con-
taining on average 1,500 residents per area. We then 
calculated the number of all non pregnancy-associated 

cases, non pregnancy-associated cases aged 60 years 
or older and pregnancy-associated cases resident in 
each LSOA in each year from 2001 to 2007. Respective 
population data (the number of all people, all people 
aged 60 years or older and all live births) for each LSOA 
in each year were obtained from the Office for National 
Statistics (the number of conceptions by LSOA were 
unavailable). These data were combined with 2007 
multiple and individual indices of deprivation [31], giv-
ing 227,374 observations.

Subsequent data manipulation and analyses were 
undertaken using Stata version 10 [32]. 

The 2007 indices of deprivation consist of seven dimen-
sions of deprivation (income; employment; health dep-
rivation and disability; education, skills and training; 
barriers to housing and services; crime and disorder; 
living environment) which are weighted and combined 
[33] to create the overall index of multiple deprivation. 
A rank is also provided for each dimension and the 
overall index, where one is the most deprived LSOA 
and 32,482 the least. Variables were created to repre-
sent quintiles of each dimension rank and the index of 
multiple deprivation, but coded to compare the least 
deprived LSOAs with the most. As there were instances 
where there were no live births in certain LSOAs in 
some years, data for pregnancy-associated cases were 
grouped further (sums of cases and population counts; 

Table 1
Characteristics of listeriosis cases included or excluded in the study on the basis of postcode availability, England,  
2001–2007 (N=1,242)

Factor

Postcode available
Yes 

(n=1,179) 

Number (%)a

No 
(n=63) 

Number (%)a

Study year
2001 112 (86)b 18 (14)b

2002 106 (81)b 25 (19)b

2003 202 (91)b 20 (9)b

2004 193 (100)b 0 (0) 
2005 179 (100)b 0 (0)
2006 176 (100)b 0 (0)
2007 211 (100)b 0 (0)
Case type
Non pregnancy-associated 1033 (88) 51 (81)
Pregnancy-associated 146 (12) 12 (19)
Age group
<60 years 385 (33) 31 (49)
≥60 years 783 (66) 27 (43)
Unknown 11 (1) 5 (8)
Ethnicity (based on name)
Ethnic 140 (12) 12 (19)
Non-ethnic 1033 (88) 44 (70)
Undetermined 6 (1) 7 (11)

a Column percentage, unless stated otherwise.
b Row percentage.
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Table 2
Incidence of listeriosis in relation to various markers for increasing deprivation, England, 2001–2007 (N=1,242)

Increasing 
deprivation 
quintile

Incidence relative to the least-deprived quintile (95% confidence interval)

All cases
Non-pregnancy-associated cases

Pregnancy-associated casesa

All ≥60 years
Indices of multiple deprivation 
1 (least) 1 1 1 1
2 1.02 (0.84–1.23) 0.98 (0.80–1.20) 0.94 (0.74–1.18) 1.16 (0.54–2.51)
3 0.93 (0.77–1.13) 0.98 (0.81–1.20) 0.96 (0.76–1.21) 0.94 (0.42–2.10)
4 1.16 (0.97–1.40) 1.09 (0.90–1.33) 1.21 (0.96–1.52) 2.34 (1.24–4.40)
5 (most) 1.38 (1.16–1.65) 1.27 (1.05–1.53) 1.36 (1.09–1.71) 2.20 (1.18–4.08)
Income
1 (least) 1 1 1 1
2 0.98 (0.82–1.19) 0.99 (0.82–1.21) 0.97 (0.77–1.22) 1.26 (0.58–2.74)
3 0.77 (0.63–0.94) 0.83 (0.67–1.02) 0.83 (0.66–1.06) 1.21 (0.56–2.62)
4 1.18 (0.98–1.41) 1.16 (0.96–1.40) 1.24 (1.00–1.55) 2.38 (1.24–4.60)
5 (most) 1.25 (1.05–1.49) 1.17 (0.97–1.42) 1.31 (1.04–1.64) 2.10 (1.10–4.00)
Employment
1 (least) 1 1 1 1
2 1.18 (0.97–1.43) 1.15 (0.94–1.41) 1.10 (0.87–1.39) 1.35 (0.62–2.95)
3 1.15 (0.95–1.40) 1.17 (0.95–1.43) 1.07 (0.84–1.36) 1.32 (0.63–2.76)
4 1.22 (1.01–1.48) 1.16 (0.95–1.43) 1.22 (0.96–1.55) 2.31 (1.18–4.52)
5 (most) 1.61 (1.34–1.93) 1.50 (1.24–1.82) 1.43 (1.14–1.80) 2.68 (1.41–5.08)
Health deprivation and disability
1 (least) 1 1 1 1
2 0.97 (0.80–1.18) 0.92 (0.75–1.13) 0.98 (0.77–1.24) 1.04 (0.47–2.33)
3 1.13 (0.93–1.36) 1.08 (0.89–1.32) 1.12 (0.89–1.42) 1.19 (0.55–2.59)
4 1.17 (0.97–1.41) 1.09 (0.90–1.33) 1.24 (0.98–1.56) 2.12 (1.09–4.12)
5 (most) 1.54 (1.29–1.84) 1.37 (1.14–1.66) 1.48 (1.18–1.85) 2.58 (1.36–4.89)
Education, skills and training
1 (least) 1 1 1 1
2 0.88 (0.73–1.06) 0.87 (0.72–1.06) 1.02 (0.82–1.28) 2.10 (1.10–4.03)
3 0.84 (0.69–1.01) 0.78 (0.64–0.95) 0.89 (0.70–1.12) 1.78 (0.91–3.46)
4 1.01 (0.84–1.20) 0.95 (0.78–1.14) 1.11 (0.89–1.39) 2.29 (1.23–4.27)
5 (most) 1.08 (0.90–1.28) 1.02 (0.85–1.23) 1.20 (0.96–1.50) 1.73 (0.92–3.26)
Barriers to housing and services
1 (least) 1 1 1 1
2 0.88 (0.74–1.06) 0.96 (0.79–1.16) 0.95 (0.76–1.19) 0.60 (0.35–1.02)
3 0.87 (0.72–1.04) 0.95 (0.78–1.15) 1.03 (0.83–1.29) 0.86 (0.52–1.40)
4 0.87 (0.73–1.04) 0.94 (0.77–1.14) 0.92 (0.73–1.15) 0.63 (0.36–1.11)
5 (most) 0.92 (0.77–1.09) 0.93 (0.77–1.13) 1.01 (0.80–1.26) 0.84 (0.54–1.31)
Crime and disorder
1 (least) 1 1 1 1
2 0.92 (0.76–1.12) 0.90 (0.74–1.10) 1.01 (0.80–1.28) 0.95 (0.36–2.50)
3 1.19 (0.99–1.43) 1.07 (0.88–1.30) 1.23 (0.98–1.54) 1.76 (0.75–4.17)
4 1.20 (1.001–1.44) 1.17 (0.96–1.41) 1.32 (1.05–1.65) 2.21 (0.99–4.93)
5 (most) 1.20 (1.003–1.44) 1.09 (0.90–1.33) 1.43 (1.14–1.79) 2.53 (1.16–5.51)
Living environment
1 (least) 1 1 1 1
2 1.02 (0.84–1.24) 1.00 (0.82–1.22) 0.96 (0.76–1.21) 1.73 (0.83–3.64)
3 1.11 (0.92–1.34) 1.09 (0.90–1.33) 1.05 (0.84–1.32) 1.22 (0.56–2.66)
4 1.28 (1.07–1.54) 1.24 (1.02–1.50) 1.32 (1.06–1.65) 1.90 (0.95–3.82)
5 (most) 1.21 (1.01–1.45) 1.04 (0.86–1.27) 1.12 (0.88–1.42) 2.71 (1.44–5.11)

a Calculated at the local authority rather than the lower super output area (LSOA) level.
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averages of deprivation measures) and quintiles recal-
culated to allow analysis at the larger local authority 
level.

Estimates of the incidence of listeriosis relative to 
increasing deprivation were obtained by fitting gen-
eralised linear models with a count of cases per LSOA 
or local authority per year as the outcome variable. 
Incidence in each quintile relative to the lowest quin-
tile of deprivation (least deprived) was calculated. Four 
sets of analyses were undertaken: all cases, all non 
pregnancy-associated cases, non pregnancy-associ-
ated cases aged 60 years or older and pregnancy-asso-
ciated cases. In each, a log-link function was included 
to control for the underlying population (all people, 
people aged 60 years or older and all live births as 
appropriate) in each LSOA or local authority in each 
year. Chi-square tests and chi-square tests for trend, 
performed in Epi Info version 6.04d [34], were used to 
assess simple comparisons of proportions or trend in 
proportions respectively.

Analysis 2. Food purchasing comparison
To inform further on the findings of the incidence calcu-
lations, patients’ food purchasing patterns were exam-
ined in relation to commercial denominator data. The 
standardised epidemiological questionnaire includes 
questions on various retail premises where cases 
had recently purchased food. These data, available 
from 2005 to 2007, were interrogated to obtain the 
number of cases reporting food shopping in different 
types of retailer. Commercial denominator data for the 
same time period and population were obtained from 
the Worldpanel Purchase database from the market 
research company Taylor Nelson Sofres (TNS, London). 
This database is the largest continuous consumer panel 
in Great Britain, capturing purchasing behaviour for 
48,000 individuals in 25,000 households, and is used 
extensively by major retailers and manufacturers in the 
UK to understand consumer behaviour. Participants, 
chosen to be representative of Great Britain as a whole 
in terms of age, social class and region, record retail 
purchases by various means (e.g. bar code scanners, 
online surveys, till receipt scanning, etc.) and report 
to TNS fortnightly. Crude data were obtained from the 
database for the total number of individuals and the 

Table 3
Characteristics of listeriosis cases, according to receipt of epidemiological questionnaires, England, 2005–2007 (n=566)

Parameter

Epidemiological questionnaire received
Yes

(n=231) 

Number (%)a

No
(n=335) 

Number (%)a

Patient type
Pregnancy-associated 39 (17) 38 (11)
Non pregnancy-associated 192 (83) 297 (89)
Year
2005 37 (21)b 142 (79)b

2006 50 (28)b 126 (72)b

2007 144 (68)b 67 (32)b

Gender
Male 121 (52) 165 (49)
Female 110 (48) 168 (50)
Unknown 0 (0) 2 (1)
Age
Median 65 years 68 years
Interquartile range 42–76 years 55–79 years
Quintile of increasing deprivationc

1 (least) 44 (19.0) 59 (18)
2 35 (15.2) 79 (24)
3 41 (17.7) 54 (16)
4 48 (20.8) 72 (21)
5 (most) 62 (26.8) 67 (20)
Unknown 1 (0.4) 4 (1)
Mortality
Died 62 (27) 111 (33)
Did not die 167 (72) 128 (38)
Unknown 2 (1) 96 (29)

a Column percentage, unless stated otherwise.
b Row percentage.
c Indices of multiple deprivation.
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total number of individuals aged 60 years or older, and 
the food purchasing habits of both groups from various 
supermarkets, discount supermarkets, convenience 
stores (typically small retail stores selling limited pro-
duce over extended periods) and local services (corner 
shops, local butchers, bakers, greengrocers and fish-
mongers). Reported places for food shopping among 
cases and the general population were compared in 
Microsoft Excel 2007. Odds ratios (OR) and 95% CIs 
were calculated.

Analysis 3. Food purchasing, storage 
and consumption in relation to 
quintiles of multiple deprivation
Finally, the quintiles of the index of multiple depriva-
tion calculated in analysis 1 above were combined with 
the standardised food purchasing, storage and con-
sumption data from analysis 2 and data were stratified 
by quintiles of increasing neighbourhood deprivation. 
Changes in the upwards or downwards trend in relation 
to increasing deprivation were assessed using the chi-
square test for trend.

Results 
Study population
Between 2001 and 2007, 1,242 cases of human liste-
riosis were reported; of these, 1,084 (87%) were non 
pregnancy-associated and 158 (13%) were pregnancy-
associated. Where patient age was available for non 
pregnancy-associated cases (n=1,072), 810 (76%) of 
cases were aged 60 years or older. Patients’ home 
postcodes were available for 1,179 (95%) cases and 
all matched to an LSOA (Table 1). Postcode availabil-
ity increased significantly over the surveillance period 
(chi-square test for trend P<0.001), but postcodes were 
more likely to be unavailable for patients aged under 
60 years (chi-square test p=0.001) or for those defined 
as ethnic on the basis of their names (chi-square test 
p=0.04) (Table 1).

Incidence by quintiles of deprivation
The incidence of listeriosis increased with increas-
ing relative neighbourhood deprivation (Table 2), with 
38% (95% CI: 16 to 65) higher incidence in the most 
deprived quintile compared with the least. Incidence 
was positively correlated with all of the dimensions of 
deprivation (reflecting their intracorrelation and their 

Table 4
Food purchase patterns for listeriosis cases (n=171) compared with those of the general population (n=60,415), England, 
2005–2007

Premises

Food shopping by premises

All cases 
n (%)

Populationa

n (%)
OR (95% CI)

Cases aged 
≥60 years

n (%)

Population aged 
≥60 yearsa

n (%)
OR (95% CI)

Supermarkets
Chain B 85 (49.7) 47,811   (79.1) 0.26 (0.19–0.35) 44 (42.3) 11,383 (75.2) 0.24 (0.16–0.36)
Chain G 63 (36.8) 37,238  (61.6) 0.36 (0.27–0.50] 35 (33.7)  8,063 (53.2) 0.45 (0.30–0.67)
Chain J 63 (36.8) 35,475  (58.7) 0.41 (0.30–0.56) 34 (32.7)  9,315  (61.5) 0.30 (0.20–0.46)
Chain A 55 (32.2) 30,596 (50.6) 0.46 (0.34–0.64) 35 (33.7)  8,000 (52.8) 0.45 (0.30–0.68)
Chain D 48 (28.1) 24,225 (40.1) 0.58 (0.42–0.81) 32 (30.8)  8,050 (53.2) 0.39 (0.26–0.59)
Chain K 27 (15.8) 19,935 (33.0) 0.38 (0.25–0.57) 13 (12.5)  5,259 (34.7) 0.27 (0.15–0.48)
Chain U 24 (14.0) 18,993 (31.4) 0.36 (0.23–0.55) 15 (14.4)  5,579 (36.8) 0.29 (0.17–0.50)
Chain P   15 (8.8) 10,025 (16.6) 0.48 (0.28–0.82)   7   (6.7)  3,372 (22.3) 0.25 (0.12–0.54)
Discount supermarkets
Chain X 15 (8.8) 15,568  (25.8) 0.28 (0.16–0.47)   7 (6.7) 5,032 (33.2) 0.15 (0.07–0.31)
Chain Q 16 (9.4) 14,500  (24.0) 0.33 (0.20–0.55)   8 (7.7) 4,279 (28.3) 0.21 (0.10–0.44)
Chain C   7 (4.1)    7,605  (12.6) 0.30 (0.14–0.63)   4 (3.8) 2,004 (13.2) 0.26 (0.10–0.71)
Chain E   9 (5.3)   5,594     (9.3) 0.54 (0.28–1.07)   7 (6.7) 1,715 (11.3) 0.57 (0.26–1.22)
Convenience stores
Chain H   4   (2.3) 3,534   (5.8) 0.39 (0.14–1.04)   1  (1.0) 1,184  (7.8) 0.11 (0.02–0.82)
Chain L 10   (5.8) 3,846  (6.4) 0.91 (0.48–1.73)   5  (4.8) 1,013  (6.7) 0.70 (0.29–1.73)
Chain M 26 (15.2) 1,952   (3.2) 5.37 (3.53–8.17) 17 (16.3)   668  (4.4) 4.23 (2.50–7.16)
Local services
Corner shops 44  (25.7) 13,864 (22.9) 1.16 (0.83–1.64) 15 (14.4) 4,241  (28.0) 0.43 (0.25–0.75)
Butchers 35  (20.5) 8,300   (13.7) 1.62 (1.11–2.34) 17 (16.3) 3,510  (23.2) 0.65 (0.38–1.09)
Green grocers 35  (20.5) 7,155    (11.8) 1.92 (1.32–2.78) 16 (15.4) 3,148  (20.8) 0.69 (0.41–1.18)
Bakers 40 (23.4) 4,973   (8.2) 3.40 (2.39–4.86) 23 (22.1) 2,140  (14.1) 1.73 (1.08–2.75)
Fishmongers 21  (12.3) 1,631    (2.7) 5.05 (3.19–7.99) 11 (10.6)    938    (6.2) 1.79 (0.96–3.36)

CI: confidence interval; OR: odds ratio.
a Source: commercial market research data.
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contribution to the overall index of multiple depriva-
tion) except ‘education, skills and training’ and ‘bar-
riers to housing and services’ domains. Incidence in 
non pregnancy-associated cases generally followed 
that for all cases and was more marked for those cases 
aged 60 years or older. The incidence of pregnancy-
associated listeriosis showed a more marked associa-
tion with increasing neighbourhood deprivation, with 
the strongest associations observed with the ‘income’, 
‘employment’ and ‘health deprivation and disability’ 
domains. 

Standardised patient exposure 
data (2005–2007)
Between 1 January 2005 and 31 December 2007, 231 
epidemiological questionnaires were received for the 
566 reported cases in England (response rate 41%), 
with the response rate increasing significantly over the 
surveillance period (chi-square test for trend p<0.001) 
(Table 3). Surveillance questionnaire receipt was inde-
pendent of case type (chi-square test p=0.06), age 
(chi-square test p=0.09), sex (chi-square test p=0.5) 
and level of deprivation (chi-square test p=0.09), but 
not mortality (chi-square test p<0.001) (Table 3). A total 
of 20 non-standard and 40 partially completed ques-
tionnaires were excluded, leaving 171 for analysis. 

Of the 32 cases classed as ethnic on the basis of their 
name, 29 described their ethnicity as something other 
than ‘white British’, compared with 16 of 138 cases 
classed as non-ethnic (positive predictive value: 90.6% 
(95% CI: 86.2 to 95.0); negative predictive value: 
88.4% (95% CI: 83.6 to 93.2). One case classed as 
non-ethnic on the basis of their name did not describe 
their own ethnicity.

Food purchasing patterns in relation to 
the general population (2005–2007)
The use of supermarkets and discount supermarkets 
was underrepresented among cases of listeriosis when 
compared with the general population, while the use 
of national convenience store chain M, and most local 
services, was overrepresented (Table 4). This relation-
ship was observed to a lesser extent for cases aged 60 
years or older, but could not be determined for preg-
nancy-associated cases due to a lack of denominator 
data. Cases who reported food shopping at national 
convenience store chain M were equally distributed 
across all quintiles of deprivation (chi-square for trend 
test p=0.38), were infected with nine different L. mono-
cytogenes subtypes and food shopping at this store 
was overrepresented in each study year: OR: 6.00 
(95% CI: 1.75 to 20.56) in 2005; OR: 6.16 (95% CI: 2.72 
to 13.91) in 2006; OR: 4.67 (95% CI: 2.7 to 7.97) in 2007, 
suggesting that this association did not represent a 
single outbreak due to a single or restricted range of 
L. monocytogenes strains.

Food purchasing, storage and consumption 
in relation to quintiles of multiple 
deprivation (2005–2007; data not shown)
As quintiles of neighbourhood deprivation increased, 
cases (n=171) were more likely to describe their ethnic-
ity as something other than white British (chi-square 
test for trend p=0.01) and were more likely to report:

•	  avoiding soft blue cheese (chi-square test for trend 
p=0.04) 

•	  avoiding pâté (chi-square test for trend p=0.01). 

They were more likely to report eating: 

•	  liver sausage (chi-square test for trend p=0.04)
•	  cold roast turkey (chi-square test for trend p=0.045)
•	  pre-packed cold turkey (chi-square test for 

trend p=0.048).

They were less likely to report eating:

•	  food from hotels (chi-square test for trend p=0.01) 
•	  food from restaurants serving British cuisine (chi-

square test for trend p=0.04) 
•	  duck liver pâté (chi-square test for trend p=0.049) 
•	  oysters (chi-square test for trend p=0.03) 
•	 watercress (chi-square test for trend p=0.03). 

They were more likely to report recent food shopping 
in:

•	  national supermarket chain G (chi-square test for 
trend p=0.001) 

•	  national supermarket chain K (chi-square test for 
trend p=0.006) 

•	  national discount supermarket chain X (chi-square 
test for trend p=0.004) 

•	  local bakers (chi-square test for trend p=0.02) 
•	  fishmongers (chi-square test for trend p=0.03) 
•	  greengrocers (chi-square test for trend p<0.001). 

They were no more likely to have acute or long-standing 
medical conditions (chi-square test for trend p=0.22). 

Discussion and conclusion
Laboratory-based surveillance of human L. mono-
cytogenes infection in England between 2001 and 
2007 revealed that incidence was highest in the most 
deprived areas of the country. Additional analyses 
demonstrated that cases of listeriosis were more likely 
than the general population to purchase foods from 
convenience stores or from local services, and that 
among cases, food purchasing and consumption pat-
terns changed with increasing deprivation. While cases 
of listeriosis form the numerator in each of the three 
analyses presented, the denominators are either differ-
ent or are absent, and therefore the findings of each 
are not necessarily comparable. 

Cases in this study comprise laboratory-confirmed 
cases reported to national surveillance. Reporting 
will be affected by disease severity, health-seeking 
behaviour and reporting artefacts, all of which will 
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have a bearing on incidence estimates. Infection with 
L. monocytogenes results in a range of symptoms, 
and laboratory surveillance will undoubtedly underas-
certain milder forms of the disease. Disease severity 
relates largely to the degree of exposure and suscep-
tibility of the host, and both might be driven by socio-
economic factors (income-related food consumption 
leading to a greater or lesser exposure; known associa-
tions between certain underlying conditions (e.g. can-
cer [35], general poor health [36,37], diabetes [38]) and 
socio-economic status). By using laboratory-confirmed 
cases we might therefore be biasing our estimates 
for certain socio-economic groups. Community-based 
studies would be prohibitively expensive for a disease 
as rare as listeriosis, however, and without undertak-
ing such studies it is impossible to measure the extent 
or direction of this bias in our study.

Healthcare usage also differs by socio-economic sta-
tus for patients in England with infectious intestinal 
disease. Tam et al. demonstrated that individuals in 
lower socio-economic groups (as defined by age at 
leaving full-time education and housing) were more 
likely to present with infectious intestinal disease to 
a general practice than community controls were [39]. 
This might explain some of the observed difference in 
incidence by socio-economic status in our study. Tam’s 
study included all causes of infectious intestinal dis-
ease, however, and it is not possible to determine how 
this differential presentation might relate to listerio-
sis, which differs markedly from most gastrointestinal 
infections in terms of severity, symptoms and popula-
tion at risk.

National surveillance of listeriosis in England and 
Wales is passive, hence our estimates might be 
affected if clinicians’ reporting practices differ depend-
ing on their patients’ socio-economic status. In their 
study of listeriosis in Bristol, Jones et al. noted that 
the incidence in 1988 (1.2 cases per 100,000 popula-
tion) was higher than the national average (0.58 cases 
per 100,000 population), suggesting that not all cases 
were reported to national surveillance and thus creat-
ing the opportunity for this form of selection bias [25]. 
The confidence intervals surrounding the above esti-
mates overlap (0.58 to 2.24 per 100,000 population 
for Bristol; 0.5799 to 0.5801 per 100,000 population 
for England and Wales), however, suggesting no actual 
difference between incidence at the local and national 
level, and that the majority of cases confirmed at the 
local level are reported nationally. 

We applied 2007 indices of deprivation to surveil-
lance data from 2001 to 2007, meaning that areas that 
hypothetically experienced extreme social change dur-
ing this time might not be adequately represented by 
these indices for part of the surveillance period. Such 
changes will be exceptional over such a short period, 
so most of the data will be unaffected by this gener-
alisation, and any effect will be minimised further by 
arranging the data in quintiles.

By assigning cases to socio-economic groups on the 
basis of their home postcode, the effect of socio-eco-
nomic status at the individual level is masked and indi-
viduals take on the socio-economic characteristics of 
their local environment [13]. While the merits of assign-
ing social class to individuals by postcode is debat-
able [40,41] and the potential for ecological fallacy is 
increased, this method is advantageous in that it does 
not rely on high response rates to questionnaires (a 
particular problem for a severe disease such as liste-
riosis) or to potentially sensitive questions required for 
establishing socio-economic status (e.g. on income). 
Furthermore, the opportunity for misclassification 
through the direct derivation of socioeconomic status, 
based on occupation, for example [23], is minimised.

With these caveats in mind, the association between 
listeriosis and increasing deprivation reported in this 
study differs from other studies on the socio-eco-
nomic determinants of gastrointestinal infections, 
where incidence was often positively associated with 
increased socio-economic status [17-24]. With pâté 
and soft mould-ripened cheese historically considered 
high-risk foods for listeriosis in the UK, our a priori 
hypothesis was that listeriosis would be a disease of 
affluence. The breakdowns in food safety that give rise 
to listeriosis differ from other food-borne pathogens, 
however, and these could impact on the demograph-
ics of the population at risk. While inadequate cooking 
of and/or cross-contamination from contaminated raw 
poultry meat increases the risk of campylobacteriosis, 
and inappropriate storage of uncooked or undercooked 
egg-based products over short time periods can lead 
to salmonellosis, the risk of listeriosis increases with 
the growth of L. monocytogenes to hazardous levels 
in refrigerated long shelf-life products [42]. It is pos-
sible that such conditions arise more frequently with 
increased deprivation where refrigeration may be inad-
equate or unavailable. Additionally, financial pressures 
may encourage individuals to store food for longer than 
the food product’s safe shelf-life. Alternatively, as gen-
eral poor health and certain chronic conditions such as 
cancers and diabetes are associated with lower socio-
economic status [35-38] it is therefore intuitive that 
Listeria incidence would be higher in poorer areas.

Home postcodes were available less often for ethnic 
patients, hence the observed association with increas-
ing neighbourhood deprivation might be underesti-
mated, as ethnic groups reside more frequently in 
more deprived areas of England [43]. As neighbour-
hood deprivation increased, cases were also more 
likely to report their ethnicity as something other 
than white British, suggesting that at least part of the 
overall association may be due to an increased risk of 
infection in ethnic minorities. Currently, specific UK 
Government food safety advice on minimising the risk 
of listeriosis is delivered passively (via a website [44]) 
and is targeted preferentially at pregnant women. Our 
study suggests that advice should be communicated 
proactively and effectively to all patient groups at risk 
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of listeriosis, especially where language barriers exist, 
or where access to the Internet is limited [45]. Advice 
should be extended to include information on safe use 
and storage of foods in the home to avoid listeriosis 
(e.g. refrigerate once opened, consume within the shelf 
life of the product, etc.).

Several factors should be considered while interpret-
ing our comparisons of cases’ exposures in relation to 
increasing neighbourhood deprivation, and their food 
purchasing patterns with that observed in the general 
population. Firstly, routine surveillance of listeriosis is 
problematic due to the severity of the disease and the 
population at risk. For this reason, the response rate 
to our epidemiological questionnaire, while improv-
ing, is lower than for other active surveillance systems 
for gastrointestinal infections in England, e.g. 77% for 
verocytotoxin-producing Escherichia coli infection in 
England (Health Protection Agency, unpublished data) 
and is better for patients who survive their infection. It 
is possible that certain exposures will be underrepre-
sented in our surveillance dataset if those exposures 
are linked to increased mortality, e.g. foods contain-
ing higher concentrations of L. monocytogenes or cer-
tain subtypes, or those consumed more often by the 
most vulnerable. To date, studies of L. monocytogenes 
mortality [6,7,11] have focussed on host factors, mak-
ing quantification of this potential bias impossible. 

Secondly, the population at risk of listeriosis in England 
is not the same as the population of England, as lis-
teriosis patients are often individuals predisposed to 
opportunistic infections due to suppression of their 
T-cell-mediated immunity [46], and the conditions 
that give rise to this immunological state might alter 
their behaviour, including food purchasing patterns. 
People tend to keep the same shopping habits though, 
and while they might avoid some foods due to certain 
underlying conditions (or their treatments), they are 
less likely to change their favoured supermarkets or 
shops. Finally, individuals participating in surveys of 
any kind will differ systematically from the general pop-
ulation by virtue of their willingness to participate, and 
this bias might be more profound for market research 
surveys where participation is often rewarded finan-
cially. Market research data are used extensively by 
many business sectors, however, and therefore there 
is an economic pressure on market research compa-
nies for their study participants to be as representative 
as possible, and the denominator data used matched 
closely to the British population with regard to age 
and social class. This could be detrimental to our food 
purchasing comparison, as the numerator (listeriosis 
cases in England, skewed towards increased depriva-
tion) differs from the denominator (commercial data, 
representative in terms of social class), and this might 
explain some or all of the observed differences in food 

Figure
Non-seasonally adjusted product price index for food products (excluding beverages), United Kingdom, 
January 1991 – July 2009a 

a Index set at 100 for 2005.
Source: [52].
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purchasing. Further work could address this shortcom-
ing by examining the food purchasing patterns of cases 
in relation to deprivation-matched population groups, 
but the provision of such detailed denominator data 
was prohibitively expensive for this unfunded study. 
Discussions of the findings from this study are still 
warranted, however, as shopping for food at several of 
the ‘over-indexed’ types of premises (those reported 
more often by cases than by the general population) 
also increased among listeriosis cases as neighbour-
hood deprivation increased. 

The apparent overuse of national convenience store 
chain M by listeriosis cases may represent differen-
tial misclassification, as this chain is colloquially syn-
onymous with small convenience stores in the UK, and 
therefore patients may report shopping there when 
they are in fact referring to any convenience store. 
Commercial data, on the other hand, will be ascribed 
correctly to the appropriate premises type, based on 
the comprehensive collection methods described pre-
viously. Similarly, the associations with local serv-
ices might reflect the fact that, on average, a shopper 
would visit several shop types among their local serv-
ices to purchase the variety of items that would be 
available in a single supermarket and therefore the 
numerator is inflated. Alternatively, residents in poorer 
areas may be limited to shopping locally due to poorer 
access to transportation. Convenience stores and local 
services generally represent the smaller end of the 
market in terms of business size, and this feature has 
been frequently linked to lower microbiological quality 
of foods in a number of surveys undertaken in England 
and Wales since 1994 [47]. Small businesses do not 
have access to the same level of food safety expertise 
[48] as larger retail companies do, and these food con-
trol deficiencies might increase the food safety risk 
for consumers. The 2006 ‘Safer food better business’ 
initiative by the UK Government [49], designed to help 
small food businesses implement hazard-based con-
trol systems and to comply with food hygiene regula-
tions, was therefore timely. Food safety management 
systems employed to satisfy legislation will only fully 
meet legal obligations, however, when they account 
for all relevant hazards and risks. Clearly L. monocy-
togenes and its associated food safety storage issues, 
which are different from those of other food-poisoning 
bacteria, must be considered carefully in food manu-
facturing and retail operations, particularly for foods 
sold to vulnerable individuals [50].

In conclusion, our study demonstrates that L. mono-
cytogenes incidence was highest in the most deprived 
areas of England when compared with the most afflu-
ent, that cases were more likely to purchase foods 
from convenience stores or from local services than the 
general population were, and that patients’ risk profile 
changed with increasing neighbourhood deprivation. 
Increasing ‘healthy life expectancy’ in the UK does 
not follow increasing life expectancy, meaning that in 
future, individuals may spend a greater part of their 

retirement in poor health [51]. With poor health in later 
life allied to increasing deprivation and recent rises in 
food prices (Figure [52]) predicted to continue, food 
poverty could become an increasingly important driver 
for listeriosis. While UK Government policy should 
continue to focus on small food businesses to ensure 
sufficient levels of food hygiene expertise, tailored 
and targeted food safety advice on the avoidance of 
listeriosis is required for all vulnerable groups within 
the community. Failure to do so will enhance health 
inequality across socio-economic groups.
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