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Objective: To investigate the potential risk factors for variant Creutzfeldt-Jakob disease (VCJD) in the United Kingdom.
Methods: Definite and probable vCJD cases (n � 136) were residing in Great Britain at disease onset, and were referred
between May 1995 and November 2003. Control subjects (n � 922) were recruited between 2002 and 2003, from 100
randomly selected geographical clusters sampled to represent the geographical distribution of vCJD. Results: Reported
frequent consumption of beef and beef products thought likely to contain mechanically recovered or head meat, or both,
including burgers and meat pies, was associated with increased risk for vCJD, as was reported frequent chicken con-
sumption. Surgical operations were generally similarly reported for cases and control subjects, with the exception of a
small group of minor operations, possibly attributable to underreporting in control subjects. Cases and control subjects
had similar reported occupational histories and exposure to animals. Interpretation: These findings are consistent with
dietary exposure to contaminated beef products being the main route of infection of vCJD, but recall bias cannot be
excluded. There was no convincing evidence of increased risk through medical, surgical, or occupational exposure or
exposure to animals.
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A new variant of Creutzfeldt–Jakob disease (vCJD) was
first reported in the United Kingdom in 1996.1 The
causal infectious agent is indistinguishable from that
which causes bovine spongiform encephalopathy
(BSE).2–5 Several million BSE-infected cattle probably
entered the human food supply, and consumption of
BSE-contaminated products is the most likely route by
which humans were infected.6,7 However, direct evi-
dence for dietary human infection is lacking. Probable
human-to-human transmission of the vCJD agent via
blood transfusion emphasizes that other transmission
routes need to be considered.8,9 Beef mechanically re-
covered meat (MRM) and head meat might have been
the major vehicles for human dietary exposure through
inclusion in low-cost meat products, including burgers,
sausages, and pies.10–15 MRM is obtained by using a
high-pressure process to remove the residual raw meat
from bones. Before the UK ban in 1995, vertebral col-
umns were the major source of beef MRM, with con-
sequent possible contamination with spinal cord and
dorsal root ganglia.12,14 Head meat might have been
contaminated with bovine brain.15

We report the results of a case–control study of

vCJD examining a wide range of potential risk factors,
including dietary, medical, and occupational exposures.

Subjects and Methods
Since 1990, the UK National CJD Surveillance Unit
(NCJDSU) has attempted to identify all cases of CJD in the
United Kingdom, first describing vCJD in 1996.16 CJD
cases are classified as “definite” or “probable” according to
defined diagnostic criteria.17,18 In this study, we included all
vCJD cases identified in Great Britain between May 1995
and November 2003.

Patients notified to the NCJDSU were, whenever possible,
visited by a NCJDSU neurologist and a research nurse. The
nature of vCJD precluded direct interviews of cases; there-
fore, after informed consent was provided, the research nurse
interviewed a close relative, using a structured questionnaire
that took about an hour to complete. Information was col-
lected on a wide range of possible risk factors, including di-
etary, medical, surgical, occupational, and residential histo-
ries and exposure to animals and animal products. With
respect to diet, relatives were asked to estimate how fre-
quently, on average, the case had eaten each of 20 generic
food items, for example, chicken or beef. Traditional foods
such as haggis (typically containing sheep offal), black pud-
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ding (containing pigs’ blood), and faggots (containing
minced pigs’ liver and offal) were also included. One of eight
responses was selected from a card: never, less than once per
year, about once per year, several times per year, about once
per month, about once per week, several times per week, and
several times per day. We constructed a composite measure
of MRM/head meat consumption using the combined fre-
quencies of reported consumption of burgers, meat pies, and
sausages.12–15

The initial method of selecting matched control subjects
from the same general practice as each case proved complex
and slow, with a poor response rate.19 Instead, we commis-
sioned the National Centre for Social Research20 (NatCen)
to recruit a random sample of individuals from the general
population. The primary sampling units were postcode sec-
tors, each containing, on average, about 2,700 residential
addresses. The Scottish Isles were excluded from the sam-
pling frame for logistical reasons together with one case of
vCJD resident in the Scottish Isles at disease onset. A strat-
ified random sample of 100 postcode sectors was drawn
from the Postcode Address File.21 Within each standard re-
gion of Great Britain, postcode sectors were sorted by ur-
ban/rural status, and then within this by a measure of so-
cioeconomic status (proportion of heads of household of
non-manual occupational status). From a random starting
point, a fixed number of postcode sectors were selected sys-
tematically from the ordered list within each region, with
the number of sectors sampled fixed to ensure that the re-
gional distribution of the control subjects was similar to
that of the cases. Thus, 49% of the selected postcode sec-
tors, and 47% of vCJD cases were in the “north” (Scotland,
North, North West and Yorkshire and Humberside re-
gions).22 Within each sampled postcode sector, 44 ran-
domly selected addresses yielded a total sample of 4,400
addresses.

An age-weighted sampling procedure was used to ensure
an adequate number of control subjects in those age groups
with highest vCJD incidence (10 –39 years), and to allow
separate use of the control group for analysis with older
sporadic CJD cases. A total of 4,400 addresses were se-
lected, and to achieve the required age structure, eligibility
for inclusion was taken to be those aged 10 years or older
at 27% of addresses, those aged 10 to 39 years at 25% of
addresses, and those aged 20 to 29 years at 48%. House-
holds with no individuals in the preselected age range were
excluded.

NatCen-employed interviewers visited each sampled ad-
dress up to four times to identify all eligible household res-
idents, who had lived in Great Britain for at least 5 years
between 1980 and 1996 and who had a living relative in the
United Kingdom; only one individual was selected, at ran-
dom, as a control subject in each household. Control sub-
jects who consented were asked to nominate a relative resid-
ing in the United Kingdom for interview. For control
subjects younger than 39 years, a parent was sought; failing
that, a partner or sibling was requested. For control subjects
older than 40 years, a partner was sought; failing that, a par-
ent, sibling, or child was requested. Consenting relatives were
interviewed by a NatCen interviewer using a questionnaire
similar to that used for vCJD cases, but adapted for
computer-assisted interviewing.

Because the control sample was to be suitable for separate
comparison with sporadic CJD cases, the median age of con-
trol subjects (33 years) was greater than that of cases (26
years). We took full account of this age difference in the
analyses. Proportions of control subjects exposed to putative
risk factors were standardized directly to the birth cohort dis-
tribution of cases for presentation purposes. Logistic regres-
sion was used, adjusting for sex, birth cohort, north/south
residency at onset for cases (at interview for control subjects),
and consumption of certain food items (see footnote to Ta-
ble 2). Magnitude of associations were assessed by odds ratios
(ORs) with 95% confidence intervals (95% CIs) using a “ro-
bust” variance estimate, taking account of cluster sampling of
control subjects.23–25 For the place of residence at onset for
cases (at interview for controls), we identified an Index of
Multiple Deprivation (IMD) score26 by linking the postcode
to the databases of IMD for England and Wales (2000) and
Scotland (2003). Cases and control subjects were assigned to
quintiles according to their IMD score within England, Scot-
land, or Wales.

The study had 70% power to detect factors associated
with a doubling of risk if their prevalence was between 10
and 90%, and 80% power to detect factors associated with a
2.2-fold increase in risk.

The Lothian Multi-centre Research Ethics Committee ap-
proved this study.

Results
Between May 1995 and November 2003, 136 cases
(100 definite, 36 probable) of vCJD were identified in
Great Britain, with risk factor questionnaires com-
pleted for 133 (98%); 132 cases (97 definite, 35 prob-
able) were included in the analyses (1 Scottish Isles case
was excluded). The blood transfusion–associated vCJD
case8 was identified after November 2003 and was not
included. Of the 4,400 addresses selected by NatCen,
385 (9%) were excluded because they were non-
residential and 2,148 because no residents met age or
residency criteria. A control subject was recruited from
1,065 (57%) of the remaining 1,867 eligible addresses.
No control subject was recruited from 802 addresses.
The selected control individual refused to participate in
561 addresses, the interviewer was unable to contact
the selected control individual in 147, and there were
other reasons in 94, including failure to make contact
with anyone at the address. Between 2002 and 2003,
922 relatives were interviewed (87% of consenting con-
trol subjects; 49% of eligible addresses).

Median age at interview was 26 (range, 13–75) years
for cases and 33 (range, 10–91) years for control sub-
jects. Sixty female cases (45%) and 478 female control
subjects (52%) were included in the study. Table 1
shows the distribution of cases and control subjects by
year of birth. Ninety-two percent of cases and 90% of
control subjects were lifetime UK residents. Respon-
dents for those born before 1970 were predominantly
partners (63% for cases and 60% for control subjects),
followed by parents for cases (29%) and a mixture of
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parents (14%) and children (16%) for control subjects.
For those born since 1970, parents were the main re-
spondents (85% cases, 77% control subjects), followed
by partners (10% cases, 16% control subjects).

Diet
Table 2 shows reported consumption of different food
items by cases and control subjects. Cases were re-
ported to have consumed beef, burgers, meat pies, and
chicken more frequently than control subjects (p �
0.03), and liver consumption was also higher among
cases (p � 0.06). There was little evidence that con-
sumption of sausages, faggots, haggis, pork, lamb, or
venison was associated with risk for vCJD (p � 0.1).
Frequent consumption of kidney, black pudding, and
veal was less common in cases than control subjects.
Cases were reported to have consumed products most
likely to have contained MRM/head meat more often
than control subjects. This pattern of associations ap-
peared to be broadly similar in both the 1940 to 1969
and 1970 to 1989 birth cohorts (data not shown).
Brain consumption was reported for 3 cases (2.3%; 1
porcine, 2 unknown) and 24 control subjects (2.6%).

Six (4.5%) cases and 65 (8.1%) control subjects
were reported to have been vegetarians for at least 1
year. For part of the likely greatest BSE exposure pe-
riod (1980–1996), 5 cases (3.7%) and 50 (6.7%) con-
trol subjects (p � 0.2) were reported to be vegetarians
(Table 3), with a mean of 6 years of vegetarianism for
both cases (range, 2–10 years) and control subjects
(range, 1–16 years). Three of the five cases were re-
ported to have sometimes eaten fish or white meats
when vegetarian. Five control subjects (two of whom
were reported to have eaten no meat or fish), but no
cases, were reported to be vegetarians for the whole pe-
riod. There was no evidence that the histories of eating
school meals, pet food, or chopping raw meat were dif-
ferent for cases and control subjects. Approximately the
same proportions of cases and control subjects were re-

ported to have ever had any dietary restrictions (see
Table 3).

Occupation
There was no evidence that any of the occupations that
we identified, a priori, as potential high-risk occupa-
tions for vCJD were associated with an increased risk
for vCJD (Table 4). Thirteen cases (10.0%) had
worked on a cattle farm, as a butcher, in an abattoir, or
in the meat preparation industry, some working in
more than one category, compared with 58 (6.2%)
control subjects (p � 0.1). Two cases had lived all
their lives on cattle farms, neither of which had ever
reported BSE (J. Wilesmith, personal communication).
A further three cases had worked on cattle farms for 1
year (year of onset), 6 years (0–5 years before onset),
and 12 years (1–13 years before onset). Three cases had
worked as butchers for between 6 months and 4 years,
either within 4 years of onset (one case) or greater than
15 years before onset. Two cases had worked in abat-
toirs for up to 1 year, one within 10 years of onset and
the other 15 to 16 years before onset. Seven cases were
reported to have worked in meat preparation, five
within 5 to 10 years of onset (burger [n � 1] and
white pudding [n � 1] preparation, meat packing
[n � 4], cooked meat preparation [n � 1]), and one of
seven which was reported as only working with poul-
try. These histories were unexceptional when compared
with those of the control subjects.

Medical History
Relatives were asked to report any surgical procedures
that cases and control subjects had experienced, ex-
cluding those since clinical onset of vCJD (Table 5).
Fifty-eight percent of cases and 59% of control sub-
jects were reported to have had a surgical operation
since 1980. There was no evidence that surgery on
specific organ systems was associated with increased
risk for vCJD, but there was evidence of an associa-
tion with “other operations” (defined in Table 5)
( p � 0.01). Many of these were stitching of skin
wounds (27% of cases and 11% of control subjects),
removal of growths, cysts and moles (8% of cases and
4% of control subjects), and nose and throat opera-
tions (5% of cases and 2% of control subjects). When
“other” operations were divided into stitching of skin
wounds only and the remainder, only the remaining
procedures were significantly more common among
cases ( p � 0.03).

The reported frequencies of other potential medical
and related risk factors for cases and control subjects
are shown in Table 6, with no evidence that any, in
particular blood transfusion, were more common
among cases.

Table 1. Year of Birth of Variant Creutzfeldt–Jakob Disease
Cases and General Population Control Subjects

Year of
Birth

vCJD Cases
(n � 132)

(%)

General Population
Control Subjects
(n � 922) (%)

�1929 1 (0.8) 54 (5.9)
1930–1939 0 73 (7.9)
1940–1949 7 (5.3) 84 (9.1)
1950–1959 9 (6.8) 81 (8.8)
1960–1969 35 (26.5) 162 (17.6)
1970–1979 55 (41.7) 229 (24.8)
1980–1989 25 (18.9) 188 (20.4)
1990–1999 0 51 (5.5)

vCJD � variant Creutzfeldt–Jakob disease.
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Table 2. Dietary Risk Factors: Reported Average Frequency of Consumption since 1980 of Selected Food Items

Food Item Eaten
since 1980

Frequency of
Reported

Consumption
% of vCJD Cases

(n � 132a)

% of General
Population Control

Subjectsb

(n � 922a) ORc (95% CI)
p for
Trend

Beef �1 per week 22.8 33.5 1.0 0.03
1 per week 35.9 45.4 1.0 (0.6–1.8)
�1 per week 41.3 21.1 1.9 (1.1–3.5)

Burgers �1 per week 42.2 67.1 1.0 �0.0001
1 per week 24.7 26.3 1.4 (0.8–2.4)
�1 per week 32.3 6.6 5.0 (2.7–9.1)

Sausages �1 per week 38.6 47.1 1.0 0.8
1 per week 39.4 43.6 0.8 (0.5–1.2)
�1 per week 22.0 9.3 1.0 (0.5–2.1)

Meat pies �1 per week 52.3 70.3 1.0 0.009
1 per week 31.4 23.9 1.5 (0.9–2.5)
�1 per week 16.2 5.8 2.7 (1.3–5.6)

MRM/head
meatd

�3 per month 15.4 36.0 1.0 �0.0001

�3 and �8
per month

17.6 24.0 1.7 (0.9–3.2)

�8 per month 66.2 40.0 3.3 (1.8–5.9)
Faggotse Never 64.7 78.8 1.0 0.2

�1 per year 18.0 10.6 2.0 (1.1–3.7)
�1 per year 17.2 10.6 1.3 (0.7–2.7)

Haggisf Never 75.8 73.6 1.0 0.1
�1 per year 15.2 10.2 1.5 (0.8–2.8)
�1 per year 9.1 16.2 0.4 (0.2–1.0)

Black puddingg Never 65.6 62.2 1.0 0.02
�1 per year 16.1 11.0 1.2 (0.7–2.3)
�1 per year 18.3 26.8 0.5 (0.3–0.8)

Liver Never 38.6 49.6 1.0 0.06
�1 per year 20.5 20.7 1.4 (0.8–2.6)
�1 per year 40.9 29.7 1.7 (1.0–2.8)

Kidney Never 69.7 67.2 1.0 0.005
�1 per year 18.2 15.3 0.9 (0.5–1.6)
�1 per year 12.1 17.5 0.3 (0.2–0.7)

Chicken �1 per week 4.5 15.6 1.0 0.01
1 per week 42.4 45.0 3.3 (1.3–8.4)
�1 per week 53.0 39.4 3.5 (1.4–8.9)

Pork �1 per week 22.0 31.8 1.0 0.2
1 per week 37.1 41.9 1.3 (0.7–2.3)
�1 per week 40.9 26.3 1.5 (0.8–2.8)

Lamb �1 per month 44.7 43.9 1.0 0.1
1 per month 25.0 27.8 0.8 (0.5–1.4)
�1 per week 30.3 28.3 0.7 (0.4–1.1)

Venison Never 81.1 80.1 1.0 0.2
�1 per year 14.4 11.6 0.9 (0.4–1.7)
�1 per year 4.5 8.3 0.6 (0.2–1.3)

Veal Never 87.1 80.6 1.0 0.06
�1 per year 6.8 11.0 0.5 (0.2–1.1)
�1 per year 6.1 8.4 0.5 (0.2–1.2)

aNumber of responses for cases varied between 123 and 132; responses for control subjects varied between 880 and 922.
bProportions standardized to the birth cohort distribution of cases.
cAdjusted for frequency of consumption of beef, sausages, meat pies, and burgers; sex; north/south residence; and birth cohort, except when
adjusting the OR for specific items included in the list of confounding factors, that specific item was excluded. The ORs associated with
MRM/head meatd consumption were adjusted for frequency of consumption of beef, sex, north/south residence, and birth cohort.
dMRM/head meat: grouped measure that includes those items thought likely to contain MRM and/or head meat, that is, burgers, meat pies,
and sausages.12–15

eFaggots traditionally contained minced pigs’ liver and offal. Beef MRM was likely to have been included in its early production.13

fHaggis traditionally contained sheep offal (lung, liver, heart, stomach).
gBlack pudding traditionally contained pigs’ blood.

vCJD � variant Creutzfeldt–Jakob disease; OR � odds ratio; CI � confidence interval; MRM � mechanically recovered meat.

114 Annals of Neurology Vol 59 No 1 January 2006



Contact with Animals, Pesticides, and Fertilizers
There was no evidence that the following were more
common among cases: contact or living with any of the
animal species listed in Table 7; living/staying on a
farm since 1980; participation in cattle warble fly treat-
ment (one case), sheep dipping (three cases), or crop
spraying (one case); using bone meal, hoof and horn,
dried blood, or manure in gardening. Cases were no
more likely than control subjects to have dissected an-
imal eyes at school (29% of cases, 26% of control sub-
jects; OR, 1.1; 95% CI, 0.7–1.9).

Socioeconomic Status and Years of Education
The distribution of cases and control subjects was sim-
ilar across IMD quintiles (p � 0.3). Cases and control
subjects older than 21 years had similar durations of
education (median, 12 years for both cases [range,
0–21 years] and control subjects [range, 1–25 years]; p
� 0.6).

Discussion
We observed differences between the reported dietary
histories of cases and control subjects, consistent with
the hypothesis that dietary exposure has been the major
route of infection through which humans have been
infected with the BSE agent. We found no socioeco-
nomic or educational differences between cases and
control subjects to explain these findings. Our findings
also suggest that it is unlikely that a high proportion of
vCJD cases included in this study were infected
through occupational or medical/surgical exposure, in
particular through blood transfusion.

The major sources of BSE infectivity in UK human
food may have been those products containing beef
MRM or head meat, or both; MRM reportedly used in
the production of burgers, sausages, and other meat
products, and head meat reportedly mainly used in
burgers.12–15 Another study reported that mince, espe-
cially frozen mince, contained a higher proportion of

Table 4. Reported Lifetime Occupational Histories

Occupation

Ever Employed in Occupational Category

ORb (95% CI)
% of vCJD Cases

(n � 130)

% of General Population
Control Subjectsa

(n � 920)

Animal farming/veterinary medicine 6.2 4.4 1.4 (0.6–3.2)
Meat industry 7.7 5.2 1.5 (0.7–3.1)
Catering industry, likely contact with raw meat 7.8c 5.5d 1.5 (0.7–3.1)
Medical/paramedical/nursing/dentistry 5.4 11.1 0.5 (0.2–1.1)
Laboratories: animal, pharmaceutical, and other 0.8 3.5 0.2 (0.0–1.8)
Other occupations involving animal products 4.6 2.7 1.8 (0.7–4.6)
Occupations involving contact with animalse 16.1 10.8 1.6 (0.9–2.7)

aProportions standardized to the birth cohort distribution of cases.
bAdjusted for sex, north/south residence, and birth cohort.
cn � 127 and dn � 886: there were less cases and control subjects in this category because it was not possible to determine whether there had
been likely contact with raw meat from all case and control occupational histories.
eA combined measure including those ever employed in animal farming, veterinary medicine, meat industry, animal laboratories, and other
occupations involving animal products.
vCJD � variant Creutzfeldt–Jakob disease; OR � odds ratio; CI � confidence interval.

Table 3. Reported Eating Habits

Dietary Risk Factor
% of vCJD Cases

(n � 132a)

% of General Population
Control Subjectsb

(n � 922c) ORd (95% CI)

Ever been vegetarian for �1 yr 4.5 8.1 0.6 (0.2–1.3)
School dinners: ever 76.1 86.4 0.6 (0.3–1.1)
Pet food: ever eaten since 1980 3.9 5.0 0.7 (0.2–2.1)
Chopped raw meat: ever 55.7 58.9 0.9 (0.6–1.4)
Dietary restrictions: ever 14.4 12.3 1.2 (0.7–2.1)

aNumber of responses for cases varied between 101 and 132, except for school dinners ever eaten (n � 80).
bProportions standardized to the birth cohort distribution of cases.
cNumber of responses for control subjects varied between 909 and 922, except for school dinners ever eaten (n � 799).
dAdjusted for sex, north/south residence, and birth cohort.
vCJD � variant Creutzfeldt–Jakob disease; OR � odds ratio; CI � confidence interval.
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MRM than other products, and that offal and MRM
(for a limited period) were included in faggots.13 We
did not ask a specific question about mince.

There was evidence from this study of increased risk
for vCJD associated with the frequency of consuming
beef and some items likely to have contained MRM/
head meat, namely, burgers and meat pies (see Table
2). However, reported consumption of chicken was

also more frequent in cases than control subjects. Our
ability to control confounding is likely to have been
hampered by measurement error in relatives’ recall of
cases’ and control subjects’ food consumption patterns
10 years or more previously. Although there is some
circumstantial evidence that some chicken and pork
products contained “beef” MRM, we have no explana-
tion for the apparent association with chicken con-

Table 6. Reported Lifetime Histories of Other Medical and Related Risk Factors

Medical Risk Factor
% of vCJD Cases

(n � 132a)

% of General Population
Control Subjectsb

(n � 922c) ORd (95% CI)

Blood transfusion 6.8 6.1 1.2 (0.6–2.7)
Invasive dental treatment (since 1980) 49.4 51.9 0.9 (0.6–1.4)
Contact lenses 20.0 15.5 1.6 (0.8–3.0)
Admission to hospital 38.6 34.0 1.3 (0.9–1.9)
Attendance at family doctor/hospital outpatient 32.6 27.6 1.3 (0.8–1.9)
Seen by a psychiatrist 9.1 8.5 1.2 (0.6–2.3)
Regular medication 52.3 47.3 1.3 (0.9–2.0)
Relative diagnosed with dementia 18.9 19.6 0.9 (0.6–1.5)
Allergy testing using needles 2.8 4.8 0.6 (0.2–1.9)
Course of injections 7.8 8.5 0.9 (0.4–2.0)
Lumbar puncture 2.1 5.2 0.4 (0.1–1.8)
Acupuncture 4.5 4.0 1.1 (0.5–2.6)
Tattoo 15.9 20.8 0.7 (0.4–1.2)
Body piercing 61.2 65.9 1.1 (0.7–2.0)
Intravenous recreational drugs 1.1 0.7 1.1 (0.1–10.3)

aNumber of responses for cases varied between 100 and 132.
bProportions standardized to the birth cohort distribution of cases.
cNumber of responses for control subjects varied between 920 and 922.
dAdjusted for sex, north/south residence, and birth cohort.
vCJD � variant Creutzfeldt–Jakob disease; OR � odds ratio; CI � confidence interval.

Table 5. Reported History of Surgical Procedures since 1980

Surgical History since 1980
% of vCJD Cases

(n � 132a)

% of General Population
Control Subjectsb

(n � 922c) ORd (95% CI)

Any operation 57.6 58.8 1.0 (0.6–1.4)
Neurological 0.8 2.4 0.4 (0.0–3.0)
Eye 3.0 2.8 1.0 (0.3–3.1)
Ear 3.0 4.5 0.7 (0.2–1.9)
Orthopedic 10.0 11.5 0.8 (0.4–1.5)
Abdominal 9.1 10.4 0.9 (0.5–1.7)
Gynecological 31.0 32.3 1.0 (0.5–1.8)
Tonsillectomy 3.0 7.2 0.4 (0.1–1.2)
Appendicectomy 3.0 3.0 1.0 (0.3–2.9)
Any other operation: 35.6 24.1 1.7 (1.1–2.5)

Stitches to skin wounds only 12.9 9.4 1.4 (0.8–2.4)
All others 22.7 14.5 1.7 (1.1–2.6)

Data exclude those surgical procedures relating to vCJD illness for cases.
aNumber of responses for cases varied between 131 and 132, except gynecological surgery (n � 60; female cases only).
bProportions standardized to the birth cohort distribution of cases.
cNumber of responses for control subjects varied between 903 and 922, except gynecological surgery (n � 470; female subjects only).
dAdjusted for sex, north/south residence, and birth cohort.

vCJD � variant Creutzfeldt–Jakob disease; OR � odds ratio; CI � confidence interval.
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sumption (see Table 2). This may be due to biased
recall or may be chance finding. An excess of male
cases has been predicted by consumption stud-
ies.12,14,15 There is a small, non-statistically significant
excess of male cases in this case series (OR, 1.3; 95%
CI, 0.9–1.8), which is reduced (OR, 0.9; 95% CI,
0.6–1.4) when dietary items are adjusted for, an obser-
vation compatible with the excess of male cases being
explained by sex differences in diet.

The only medical/surgical factor associated with in-
creased risk for vCJD was a history of “other surgery.”
This surgery was usually relatively minor, such as skin
stitches, and if case relatives were more likely to recall
minor surgery than control subjects, then recall bias
could explain this observation. A comparison of rela-
tives’ responses with those from control subjects them-
selves (16% random sample of control subjects)
showed that relatives underreported “other” operations
compared with control subjects themselves: 39% of
control subjects reported an “other” operation com-
pared with 29% of their relatives (p � 0.01), and 13%
of control subjects reported stitches compared with
10% of relatives (p � 0.3). We could not obtain data
directly from vCJD cases. There was no difference in
the lifetime number of operations reported for cases
and control subjects (p � 0.9; 18.2% of cases and
17.4% of control subjects were reported to have un-
dergone three or more operations).

Restricting the analysis to surgery after 1985 or
1990 (data not shown) did not indicate any statisti-
cally significant associations. Recall by cases’ relatives
of minor operations further in the past may explain
the association with “other” operations (after 1980).
If secondary transmission through surgery results in a
relatively short incubation period (5–10 years), sur-
gery since 1985 is more relevant than earlier. Thus,
our data do not suggest that surgery is an important
cause of vCJD in this case series. There was weak
evidence of an association between tonsillectomy
since 1980 and reduced risk for vCJD, which was
strengthened when lifetime history of tonsillectomy
was examined (OR, 0.5; 95% CI, 0.3–1.0; p � 0.05).
A possible explanation is that an intact lymphoreticu-
lar system may be important in the pathogenesis of
CJD.27

This study had a number of constraints that limit
the strength of conclusions drawn from it. For logis-
tical reasons, we were unable to recruit a satisfactory
control group drawn from general practice lists,19 us-
ing instead a general population control group. Case
relatives were interviewed by one of two NCJDSU
research nurses (B.S.-B., M.L.) using paper question-
naires. Control relatives were interviewed by 1 of 114
NatCen interviewers using a computerized question-
naire. NatCen interviewers were trained specifically
for this study, but they were not medical or vCJD

Table 7. Reported Animal, Pesticide, and Fertilizer Exposure since 1980

Exposure
% of vCJD Cases

(n � 132a)

% of General Population
Control Subjectsb

(n � 922c) ORd (95% CI)

Cattle 7.6 5.5 1.4 (0.7–2.8)
Sheep 5.4 4.0 1.3 (0.5–2.9)
Goats 2.1 1.3 1.4 (0.3–6.1)
Pigs 3.1 2.6 1.1 (0.4–3.3)
Chickens 7.0 4.7 1.3 (0.5–2.9)
Mink 0.8 0.3 2.0 (0.2–18.9)
Cats 59.2 52.0 1.3 (0.9–1.9)
Dogs 67.3 68.8 1.0 (0.6–1.4)
Ferrets 5.5 5.9 0.9 (0.4–2.0)
Lived/stayed on farm

since 1980
17.4 14.9 1.2 (0.7–2.0)

Warble fly treatment 1.1 0.3 3.0 (0.3–29.0)
Sheep dipping 3.0 1.7 1.5 (0.4–5.7)
Crop spraying 1.1 1.0 0.9 (0.1–8.0)
Bone meal 9.1 14.4 0.6 (0.3–1.1)
Hoof and horn 2.3 2.9 0.8 (0.2–2.6)
Dried blood 2.3 4.5 0.4 (0.1–1.5)
Manure 10.6 16.9 0.5 (0.3–1.0)

aNumber of responses for cases varied between 103 and 132.
bProportions standardized to the birth cohort distribution of cases.
cNumber of responses for control subjects varied between 825 and 922.
dAdjusted for sex, north/south residence, and birth cohort.
vCJD � variant Creutzfeldt–Jakob disease; OR � odds ratio; CI � confidence interval.
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specialists. Thus, we cannot exclude the possibility
that some of the observed differences related to the
manner in which the interviews were performed. The
most likely place for the introduction of such bias was
in relation to medical histories, with more detail and
accuracy obtained by NCJDSU nurses compared with
control subject interviewers. Differences in the re-
spondent type between case and control subjects
might introduce bias, because of differences in how
well the respondent knew the case/control during the
relevant time period. However, analyses restricted to
only those respondents who knew the case/control for
the whole period since 1980 did not alter the results
importantly.

Although the response rate from case relatives was

high (98%), that from control subjects was 57%, with
87% of their relatives being interviewed. Although this
response rate represents an improvement over our at-
tempts to recruit control subjects through general prac-
tices,19 it is still lower than usually achieved by Nat-
Cen,20,28 perhaps because of the need to interview
relatives of control subjects. A low response rate can
introduce selection bias because it is possible that con-
trol subjects who agreed to take part were not repre-
sentative of the general population in relation to some
of the questions asked. That a higher proportion of
control subjects than cases had been health-care work-
ers (11.1 vs 5.4%, see Table 4) may reflect such selec-
tion bias.

Of necessity, information on possible risk factors was

Table 8. Average Reported Consumption since 1980 of Selected Food Items by Variant Creutzfeldt–Jakob Disease Cases
and Suspect Cases

Food Item Eaten
since 1980

Frequency of Reported
Consumption

% of vCJD Cases
(n � 132a)

% of Suspect Casesb

(n � 33c) ORd (95% CI)

Beef �1 per week 22.8 22.9 1.0
1 per week 35.9 38.4 1.0 (0.3–2.9)
�1 per week 41.3 38.0 1.3 (0.5–3.9)

Burgers �1 per week 42.2 49.7 1.0
1 per week 24.7 22.4 1.0 (0.3–2.9)
�1 per week 32.3 27.2 1.0 (0.4–2.8)

Sausages �1 per week 38.6 30.5 1.0
1 per week 39.4 47.7 0.6 (0.2–1.6)
�1 per week 22.0 21.0 0.8 (0.3–2.5)

Meat pies �1 per week 52.3 63.8 1.0
1 per week 31.4 24.3 1.2 (0.4–3.2)
�1 per week 16.2 11.1 1.2 (0.3–4.2)

MRM/head
meate

�3 per month 15.4 20.7 1.0

�3 and �8 per
month

17.6 12.2 1.4 (0.3–6.6)

�8 per month 66.2 66.3 0.9 (0.3–3.2)
Veal Never 87.1 81.8 1.0

Ever 12.9 17.5 0.5 (0.2–1.5)
Liver Never 38.6 41.6 1.0

�1 per year 20.5 21.2 0.9 (0.3–2.5)
�1 per year 40.9 36.4 1.5 (0.6–4.0)

Faggots Never 64.7 68.7 1.0
�1 per year 18.0 8.7 0.9 (0.3–2.8)
�1 per year 17.2 21.8 0.6 (0.2–1.8)

Chicken �1 per week 4.5 13.6 1.0
1 per week 42.4 36.3 3.6 (0.8–16.9)
�1 per week 53.0 49.3 3.7 (0.8–17.0)

Pork �1 per week 22.0 16.2 1.0
1 per week 37.1 27.2 1.3 (0.4–4.1)
�1 per week 40.9 55.9 0.8 (0.3–2.3)

aNumber of responses for cases varied between 123 and 132.
bProportions standardized to the birth cohort distribution of cases.
cNumber of responses for suspect cases varied between 28 and 33.
dAdjusted for sex, north/south residence, and birth cohort.
eMRM/head meat: grouped measure that includes those items thought likely to contain MRM and/or head meat, that is, burgers, meat pies,
and sausage.12–15

vCJD � variant Creutzfeldt–Jakob disease; OR � odds ratio; CI � confidence interval; MRM � mechanically recovered meat.
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sought through relatives’ recall of exposures and habits
covering a period of 10 or more years before interview.
This will have introduced errors into the classification
of potential risk factors examined. If such misclassifica-
tion was the same for cases and control subjects, it will
have tended to obscure associations.

Perhaps most importantly, there has been extensive
media coverage of the vCJD epidemic and much
speculation on its causes. This might have affected
responses, particularly from relatives of cases, who
may have overreported, for example, the consumption
of beef-related products compared with control rela-
tives. To try to determine if such bias was present, we
compared dietary data from vCJD cases with those
from patients referred to NCJDSU with suspect
vCJD, but who were subsequently diagnosed with an-
other disorder. Responses from the relatives of this
group of suspect cases (n � 33) would be prone to
the same recall bias as those from relatives of vCJD
cases, because at the time of interview their relative
thought the likely diagnosis was vCJD. The small
number of suspect cases available for this analysis pre-
cludes firm conclusions, but the results (Table 8) sug-
gest an attenuation of the dietary ORs when compar-
ing cases with suspect cases, an observation
compatible with recall bias being responsible for some
of the associations in Table 2. The results in Table 8
were not materially altered by adjustment for the re-
ported consumption of food items likely to contain
MRM or head meat.

Overall, the results of this study do not provide any
evidence for medical or occupational exposure as im-
portant mechanisms of acquiring the BSE agent. Our
results are consistent with diet having been the major
route of transmission of the vCJD agent, through con-
taminated beef and products containing MRM/head
meat. The unexpected association with chicken con-
sumption may be a chance finding. However, the
scope for recall and selection bias must temper our in-
terpretation of these observations.

Previously, the BSE agent was likely to have been
widespread in food items that most people in the UK
consumed, but with an uneven distribution over time
and from one item of food to the next. The investi-
gation of risks associated with diet a decade or more
previously is fraught with potential biases. It is there-
fore difficult to obtain convincing evidence of a
causal link between diet and vCJD through case–con-
trol studies. The probable transmission of vCJD by
blood serves as a reminder of the possibility of
human-to-human transmission of the vCJD agent
and that risk factors may change as the vCJD epi-
demic evolves.8,9 It will be important to continue to
monitor cases to investigate the routes by which they
may have been infected and to verify reported medi-
cal histories from records.
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