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Summary In order to further define the factors associated with the observed variations in the Epstein-Barr virus-positive rate in childhood
Hodgkin’s disease, we have studied the effect of material deprivation (measured by the Townsend score) and ethnic origin on the frequency
of Epstein-Barr virus-positivity in 55 cases of childhood Hodgkin’s disease, diagnosed between 1981 and 1999, from a multi-ethnic region of
the United Kingdom. Epstein-Barr virus status was determined by immunohistochemistry for the Epstein-Barr virus-encoded latent membrane
protein-1. 62% of cases were Epstein-Barr virus-positive. Ethnic group was the strongest predictor of Epstein-Barr virus-positivity, with South
Asians having a more than 20-fold risk of being Epstein-Barr virus-positive compared with non-South Asians. An increased risk was still
present after adjusting for deprivation. Townsend scores were significantly higher (indicating more deprivation) in the Epstein-Barr virus-
positive group, particularly in males. The relative risk of Epstein-Barr virus-positivity showed a gradient with increasing Townsend score; the
risk being 7-times higher in the most deprived quartile compared with the least deprived group. Although the association between Townsend
score and Epstein-Barr virus-positivity was reduced after adjusting for ethnic group, the risk of Epstein-Barr virus-positivity was still 3-times
higher in the most deprived compared with the least deprived quartile. In addition, cases having 2 or more siblings were 5-times as likely to
be Epstein-Barr virus-positive as those from smaller families. These results provide the first evidence of a strong association between
Epstein-Barr virus-positive Hodgkin’s disease and South Asian children from the United Kingdom. In addition, deprivation may increase the
likelihood of Epstein-Barr virus-positive disease independently of ethnicity. © 2001 Cancer Research Campaign http://www.bjcancer.com
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The age incidence of Hodgkin’s disease (HD) is bimodaland country of residence (Glaser et al, 1997). For country of resi-
Developed countries are characterized by an initial peak in earlgence, the EBV-positive rate appears to vary with the level of
adulthood, whereas in developing countries this peak occurs isocioeconomic development of the country, being lower in devel-
childhood. This has led some to suggest a possible infectious aetiped countries compared with developing countries. In childhood
ology for those cases of HD that account for the first peak in théiD, variation of the EBV-positive rate is also apparent (Glaser
incidence, with infection occurring earlier in individuals from lesset al, 1997). However, international differences in EBV-positivity
privileged communities (Gutensohn and Cole, 1980; Alexandemay not be attributable solely to environmental factors such as
et al, 1991). deprivation, since substantial genetic variation also exists between
Substantial evidence has now accumulated to link the Epsteithe populations studied. Therefore, studies based within a smaller
Barr virus (EBV) with the pathogenesis of HD. Evidence for thisregion of a single country may be more informative with regard to
association at the cellular level includes the localization of EBMhe specific factors responsible for variation in the EBV-positive
DNA (Weiss et al, 1989) and the latent gene products, whichate within HD.
include the EBV-encoded early RNAs (Wu et al, 1990), Epstein- In an earlier study of predominantly adult cases within a
Barr nuclear antigen-1 (Grasser et al, 1994), latent membranmaulti-ethnic region of the United Kingdom (Flavell et al, 1999),
protein-1 (LMP1) (Pallesen et al, 1991) and LMP2 (Niedobitekwe were able to show that EBV-positive HD was associated with a
et al, 1997), to the malignant Hodgkin and Reed-Sternberg (HRS)igher level of relative deprivation compared with EBV-negative
cells of HD. HD cases, although we were unable to adjust for an individual's
The frequency of EBV-associated HD (EBV-positive rate)ethnic origin. The aim of the present study therefore, was to
has been found to vary with age, sex, cellular subtype, ethnicitgxamine the effect of material deprivation and ethnic group on the
EBV-positive rate in childhood HD from a single area of the

Received 25 October 2000 United Kingdom. Material deprivation was measured in terms of
Revised 21 March 2001 Townsend score and the individual components of the Townsend
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enable further definition of the factors within such populations thalNHS Region between 1981 and 1999, we compared the patient
could be responsible for the variation in the EBV-positive rate incharacteristics of the case series with those of the cases for whor
childhood HD. no pathological material was available. Within the West Midlands
NHS Region, the residence of the patients was categorized as Wes
Midlands county or surrounding shires. The West Midlands county
residents being nearer to the Region’s paediatric oncology centre
and the base of the WMRCTR.

MATERIALS AND METHODS

Study area

The study area was the West Midlands National Health ServicBetection of latent EBV infection

(NHS) Region, which according to the Office of National

Statistics at the 1991 census contained 1 003 754 children undépm paraffin sections were prepared, deparaffinized and washed
15 years, 98 177 (9.8%) of whom were ‘South Asian’ (i.e. ethnidn phosphate-buffered saline pH 7.6. Immunohistochemistry for
groups ‘Indian’, ‘Pakistani’ or ‘Bangladeshi’). South Asians LMP1 was performed to detect the presence of EBV infection in

comprise the largest single ethnic minority group in the Unitedhe malignant HRS cells of HD. The Biogenex StrAviGen

Kingdom. Multilink kit (Biogenex Ltd. Cat no. LPO00-U-L) was employed
using the primary monoclonal antibody reagent, CS1-4, diluted
Patient characteristics 1:25 in phosphate-buffered saline (Murray et al, 1996). Prior to

) . . _immunostaining, sections were pre-treated by pressure cooking for
All cases of HD in children under 15 years of age at diagnosis, i tes in 0.01 M citrate buffer pH 6.0. Positive controls for

residing in the study area between 1981 and 1999, were e"giblfMPl consisted of known LMP1-expressing tumours, including

for inclu'sion |n the study. The case series con;isted of.eligiblig|D tissues, processed in the same way as test samples. Negativ
cases, identified by the West Midlands Regional Children's;oqois consisted of consecutive test sections in which primary

Tumogr Registr_y (WMRCTR), for yvhom archival pathological antibody was replaced with buffer. Tumour specimens were
material (paraffin wax-embedded tissue blocks) were aVa'l""bk'lr'ecorded as either EBV-positive (LMP1 present within HRS cells)

The WMRCTR is a population-based registry that routinelyor EBV-negative (LMP1 not detectable in HRS cells).
reviews the pathology of HD and other tumours. Patient data (date

of birth, date of diagnosis, sex, ethnic group, histological subtype,
disease stage, social class, birth order, number of siblings and reStatistical methods

dential postcode at diagnosis) were extracted from medical notgg, o Mann-Whitney U test was used to detect differences between
by _the. WMRCTR Ethnlc_ grloup was recordfed as ,Or"e Of_ 3 C‘_”}teEBV-positive and EBV-negative groups for Townsend score. Chi-
gories; ‘White’, ‘South Asian’ (ethnic groups ‘Indian’, ‘Pakistant’ g areq test with Yates' continuity correction (1 df) (or 2-sided

or ‘Bangladeshi’) and ‘Other’ (including ‘Black’, “Oriental’ and  ighers exact test where numbers were small) was used to evaluats

‘mixed race’). Histological subtype was classified according o theyitterences in the distribution of patient and disease characteristics
Rye system (Lukes ?t al, 1966) and based upon CONSeNnSHatween the EBV-positive and EBV-negative groups. Logistic
morpholog_y as determined by the WMRC_TR' _ regression analysis was used to determine which factors were inde-
The so<_:|a_l class of the patient Was_derlved from the OCCupatIOﬁendently associated with EBV-positive status. Analyses were
of the main income earner of the family, coded using the Standayd o516 excluding unclassifiable cases and those of the lympho-
Occupational Classification (OPCS, 1991). The effect of the, o hredominant (LP) subtype as LP disease is believed to be an
patient’s birth order and the number of siblings at diagnosis WerEhtity distinct from classic HD (Harris et al, 1994). All analyses

also investigated, as these factors, along with overcrowding aleed SPSS Version 9 (SPSS Inc., Chicago, USA) and differences
thought to affect patterns of childhood infection (Gutensohn angjvere deemed significant if trRevaIué was Iess’ than 0.05
Cole, 1981). R

For quantifying material deprivation, a 1991 census-based
deprivation measure, the Townsend score, was employed. This
score is derived from the Enumeration District (the smallest unit JRESULTS

population for which data were available) in which the patientgetyeen 1981 and 1999, 113 cases of HD were diagnosed in chil-
resided at diagnosis, as determined from the patient's postcoUgren under 15 years old who were resident in the West Midlands

The Townsend score is a widely accepted indicator of materigis Region. Of these eligible cases, pathological material from
deprivation (Morris and Carstairs, 1991) and is calculated from thgg ¢ases were available from the WMRCTR.

following 4 variables (Townsend et al, 1988).

1. Percentage of economically active residents (aged 16-64 for Representativeness of the case series

men, 16-59 for women) who are unemployed; o . .
2. Percentage of households without a car: The distribution of patient characteristics for cases that were and

3. Percentage of households not owner-occupied: were not included ?n our case sgries is shown in Table 1. The case
4. Percentage of households that are overcrowded (more than offe/ies was more likely to contain recently diagnosed céses (
person per room). 0.00§) a_nd those who were dlagnosed_and_tre_ated at the Rt_aglon’s
paediatric oncology centré® (= 0.002) in Birmingham. Ethnic
The individual components of the Townsend score were alsminority groups, most of whom reside in the West Midlands
obtained for each Enumeration District. county rather than in the surrounding shires, were also over-repre-
To determine whether the case series was a representatigented P = 0.001). However, no significant differences were
sample of all childhood HD cases diagnosed in the West Midland®und in age, sex, disease stage or histological subtype.
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Table 1 Characteristics of 113 cases of childhood HD from the West Midlands NHS Region, 1981-1999

Number (%)

Material available Material not available p?

Total cases 58 55

Age 0.326

0-9 years 23 (40) 16 (29)

10-14 years 35 (60) 39 (71)

Sex 0.689
Male 40 (69) 35 (64)
Female 18 (31) 20 (36)

Ethnic group 0.001
White 36 (62) 43 (78)
South Asian 20 (35) 5(9)
Other 2(3) 7 (13)

Stage at diagnosis 0.993
1&11 40 (69) 37 (67)
&1V 18 (31) 18 (33)

Disease subtype® 0.558
LP 14 (24) 17 (31)
MC 9 (16) 11 (20)
NS 32 (55) 26 (47)
U 3(5) 1(2)

Year of diagnosis 0.006
1981-90 21 (36) 35 (64)
1991-99 37 (64) 20 (36)

Diagnosed at 0.002
Local hospital 4(7) 17 (31)
Regional centre 54 (93) 38 (69)

Residence 0.110
West Midlands County 34 (59) 23 (42)
Surrounding Shires 24 (41) 32 (58)

aChi-squared test (with Yates’ correction in 2x2 table) Fisher’s exact test was used where cell counts were small.
LP = lymphocyte predominant; MC = mixed cellularity; NS = nodular sclerosis; U = unclassifiable.

EBV status and patient characteristics +0.4, P = 0.657), though the difference was significant only for
he males. Similarly, when the series was grouped by age-band, the

samples examined (3 cases were excluded where contradict gwnsend scores were higher in the EBV-positive than in the
- . V-n i ients in h ri — rs +3.5,
initial results could not be resolved due to a lack of pathologica egative patients in both age categories (0-9 years +3.5

. o . —1.8,P = 0.052: 10-14 years +3.2, -0 = 0.167) and was of
- 0,
material). EBV-positivity was found in 62% (34/55) of Cases ) | darline significance for the 0-9 year olds.

(Table 2). EBV-positive status was strongly associated with ethnic . ) ) . , i
group (95%; 18/19 of South Asians were positive compared with. Alter grouping the sample into 4 quartiles (using SPSS’s catego

. rization routine) based on increasing Townsend score, a significant
(7 -
449%; 16/36 of non-South AsianB, < 0.001). Males were also 4o~ 5 025) was observed (Table 2), with EBV-positive cases

more likely than females to be EBV-positive, though this did norbeing more common in the more deprived quartiles. However, no

reach significance (70%; 26/37 compared with 44%; 8/18 respec- .. o .
. - Significant association was found between EBV status and social
tively, P = 0.081). EBV status was unaffected by age and dlseascﬁass EBV-positivity was not associated with birth order, but chil-
stage. Of the classifiable subtypes mixed cellularity (MC) had the o>, —— ' P y '

. . dren having 2 or more siblings were significantly more likely to be
highest percentage of EBV-positive tumours at 75% (6/8) i o ‘ o
compared with 66% (21/32) of nodular sclerosis (NS) and 38% BV-positive (74%; 23/31 compared with 37%; 7/B9; 0.016).

. o Logistic regression was then used to derive odds ratio estimates
(5/13) of LP, but these differences were not significerit 0.186). of the relative risk of EBV-positivity for each individual factor

(Table 4). Ethnic group was the single factor most strongly associ-
ated with EBV-positivity, with South Asians having a more than
20-fold risk of being EBV-positive compared with non-South
The Townsend scores for the case series ranged from —4.9 to +A8ians. While the relative risk of EBV-positivity showed a
(median +1.1, interquartile range —1.8 to +3.9). The EBV-positivegradient with increasing Townsend score, there was a notable rise
group was associated with higher relative deprivation scorefor the most deprived quartile, where the risk was 7-times as high
(median score of +3.2) compared with the EBV-negative grougs in the least deprived group. Cases having 2 or more siblings
(median score of —0.4) and this difference between groups wagere 5-times as likely to be EBV-positive as those from smaller
significant @ = 0.015, Table 3). The same pattern was observefamilies.

when the sexes were examined separately (males EBV-positive However, after adjusting for the effects of ethnic group, the only
median score +3.0, EBV-negative —0BB= 0.009; females +4.0, factor independently associated with EBV-positivity was sex, with

EBV status was unequivocally determined for 55 of the 58 (95%

EBV status, ethnicity and material deprivation
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Table 2 EBYV status of 552 cases of childhood HD from the West Midlands

No. No. (%) EBV-positive Association with
EBV-positivity ( P)®

Total cases 55 34 (62)
Age 0.779
0-9 years 20 13 (65)
10-14 years 35 21 (60)
Sex 0.081
Male 37 26 (70)
Female 18 8 (44)
Ethnic group <0.001
South Asian 19 18 (95)
White and Other 36 16 (44)
Stage at diagnosis 0.386
1&11 38 25 (66)
&IV 17 9 (53)
Disease subtype 0.186
LP 13 5 (38)
MC 8 6 (75)
NS 32 21 (66)
U 2 2 (100)
Townsend score 0.025¢
Quartile 1 (least deprived) 13 6 (46)
Quatrtile 2 14 7 (50)
Quartile 3 14 9 (64)
Quartile 4 (most deprived) 14 12 (86)
Social class? 0.363
Non-manual occupations 16 8 (50)
Manual occupations 38 25 (66)
Birth order® 1.000
First born child 20 12 (60)
Not first born 30 18 (60)
No. siblings® 0.016
1 or fewer 19 7 (37)
2 or more 31 23 (74)

agxcluding 3 cases where EBV test was not informative; °Fisher’s exact test; ‘test for trend; %excluding 1 case where
social class was not known; eexcluding 5 cases where birth details were not known.

males having more than 4-times the risk of EBV-positivity asthat irrespective of the level of deprivation, ethnicity is still a risk
females. A high Townsend score was no longer significantly assdactor for EBV-positivity. The number of siblings was also a risk
ciated with EBV-positivity, though the odds ratio was 3.1 (95% Clfactor independent of deprivation, although not when ethnicity
0.4-24.2) for the most deprived quartile. The magnitude of thevas controlled for.
ethnic effect was similar in all models, the point estimate of the A logistic regression analysis was performed using the indi-
odds ratio ranging from 17.1 to 30.8 and the lower 95% confividual components of the Townsend score, as continuous vari-
dence limit of the odds ratio never falling below 2.0, indicating atables. Ethnic group was still the strongest predictor of EBV status,
least a doubled risk of EBV-positivity in South Asians. followed by sex. When odds ratios for the 4 individual compo-
The analysis also adjusted for Townsend score (as a continuonsnts of the Townsend score were calculated, the only significant
variable). Ethnic group was independently associated with EBVFisk factor was unemployment (Table 4) but this was no longer
positivity with an odds ratio of 17.1 (95% CI 2.0-146.7) indicatingsignificant when ethnicity was controlled for.

Table 3 Townsend scores for 552 cases by age and sex

EBV-positive EBV-negative

No. of No. (%)  25th Median 75th No. 25th Median  75th Mann-Whitney

patients Centile Centile Centile Centile test( P)
All patients 55 34 (62) -0.59 +3.24 +5.00 21 -3.02 -0.42 +1.67 0.015
All male patients 37 26 (70) -0.36 +2.97 +5.34 11 -3.61 -0.81 +1.11 0.009
All female patients 18 8 (44) -3.04 +4.04 +4.85 10 -2.36 +0.38 +3.78 0.657
All patients 0-9 years 20 13 (65) —-0.46 +3.48 +5.31 7 -3.81 -1.85 +1.11 0.052
All patients 10-14 years 35 21 (60) -0.59 +3.23 +4.97 14 -2.04 -0.40 +3.47 0.167

agxcluding 3 cases where EBV test was not informative.

© 2001 Cancer Research Campaign British Journal of Cancer (2001) 85(3), 350-356
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Table 4 Association between EBV-positivity and patient characteristics: logistic regression analysis

‘Relative risk’ of EBV-positive status

Odds ratio (OR) adjusted for

Crude Ethnic
OR 95% ClI group 95% CI TS 95% ClI

Ethnic group

Non-South Asian 1.00 - - - 1.00 -

South Asian 22.47 2.71-187 - - 17.13 2.00-147
Age

Per year of age increase 0.91 0.76-1.08 0.83 0.68-1.02 0.89 0.73-1.07

0-9 years 1.00 - 1.00 - 1.00 -

10-14 years 0.81 0.26-2.53 0.50 0.14-1.85 0.69 0.20-2.37
Sex

Female 1.00 - 1.00 - 1.00 -

Male 2.95 0.92-9.49 4.42 1.003-19.5 3.25 0.92-11.5
Disease stage

1 &Il 1.00 - 1.00 - 1.00 -

& 1v 0.59 0.18-1.87 0.61 0.16-2.34 0.53 0.15-1.85
Subtype

LP 1.00 - 1.00 - 1.00 -

NS + MC 3.32 0.91-12.2 3.28 0.70-15.3 2.49 0.63-9.81
Townsend score (TS)

per unit increase 1.25 1.04-1.49 1.16 0.95-1.41 - -

Quartile 1 (least deprived) 1.00 - 1.00 - - -

Quartile 2 1.17 0.26-5.29 1.03 0.20-5.42 - -

Quartile 3 2.10 0.45-9.84 1.50 0.27-8.29 - -

Quartile 4 (most deprived) 7.00 1.10-44.6 3.09 0.40-24.2 - -
TS components

per unit increase

Unemployment 1.11 1.03-1.20 1.08 0.99-1.17 - -

Overcrowding 1.16 0.99-1.36 1.01 0.85-1.21 — -

Car ownership 1.04 1.00-1.07 1.03 0.99-1.06 - -

Owner occupied 1.02 0.99-1.04 1.02 1.00-1.05 - -
Social class

Non-manual occupations 1.00 - 1.00 - 1.00 -

Manual occupations 1.92 0.59-6.30 1.69 0.44-6.54 0.83 0.20-3.44
Birth order

First born child 1.00 - 1.00 1.00 -

Not first born 1.00 0.32-3.17 1.65 0.39-6.89 1.07 0.31-3.65
No. siblings

1 or fewer 1.00 - 1.00 - 1.00 -

2 or more 4.93 1.44-16.9 3.13 0.77-12.6 3.73 1.02-13.6

After exclusion of LP and unclassifiable subtypes, 40 caseEBV-positive childhood HD (Glaser et al, 1997). However,
remained. Higher relative deprivation scores were observed farumerous other factors vary between countries and adjustment for
EBV-positive compared with EBV-negative patients from thissome of these variables reduces the apparent impact of geograph-
subgroup (median scores of +3.3 and +0.3 respectively) but thisal differences (Armstrong et al, 1993; Razzouk et al, 1997).
difference was not significanP(= 0.091). On univariate analysis Through the use of a population-based study of a region within a
of these patients the only factors significantly associated witlsingle country, we have been able to control for many of these
EBV-positivity were ethnic group (odds ratio 12.9; 95% CI variables. Since some ethnic minority groups in the United
1.5-113.7) and the unemployment measure (odds ratio 1.1; 95%ingdom are known to be more materially disadvantaged than
Cl 1.0-1.2). After adjusting for ethnic group, age (in years) wasther ethnic groups, adjustment for ethnic group is necessary when
the only factor independently associated with EBV-positivity studying deprivation.

(odds ratio 0.8; 95% CI 0.6-1.0). After adjusting for Townsend The most important factor found to affect EBV status in our
score, ethnic group was the only factor independently associatehalysis was ethnic group, even after adjusting for material depri-
with EBV-positivity (odds ratio 10.9; 95% CI 1.2-98.6). vation. Ethnic differences were reported in a Malaysian study
where Indians were found to have the highest percentage of EBV-
positive cases compared with Chinese and Malay patients (Peh
et al, 1997). Ethnic or racial variation in EBV-positive rates in HD
International differences in the EBV-positive rate in childhood HDhave also been demonstrated in the USA, where EBV-positive
may suggest a role for socioeconomic factors in the aetiology afases were found to be more common in Hispanic American chil-

DISCUSSION
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dren than in black or white American children with HD (Ambinder 1997) and may account for these discrepancies. LP usually has ar

et al, 1993). While several earlier studies in the United Kingdomimmunophenotype distinct from the other classic subtypes of HD

have indicated that South Asian children, particularly those age(Harris et al, 1994). Due to the lack of availability of tissue

0-9 years, have a higher risk of developing HD than their whitesections, we were not able to produce complete immunopheno-

counterparts (Stiller et al, 1991; Powell et al, 1994), EBV-positivetypic profiles from all LP cases and we therefore performed statis-

rates were not examined. tical analyses with and without the LP and unclassifiable cases.
Only one study has examined the effects of both ethnic grouphe overall trends were the same for both groups and ethnicity

and deprivation (indicated by the per capita gross nationalemained the most significant predictor of EBV status before and

product) on the frequency of EBV-positivity in childhood HD after controlling for deprivation.

(Glaser et al, 1997) and this international comparison found that In conclusion, the results of this population-based study provide

the 2 factors were independent predictors of the risk of EBV-posithe first evidence of a strong association between EBV-positive

tive Hodgkin’s disease. We have shown significantly higher level$iD and South Asian children from the United Kingdom. This was

of relative deprivation (higher Townsend scores) in the EBV-posistill significant after adjusting for deprivation. We have also

tive childhood HD cases compared with EBV-negative cases. Thidemonstrated an association between material deprivation and

was similar to our previous results on a series of predominantliZBV-positivity and this trend was still evident after adjusting for

adult patients (Flavell et al, 1999) from which only 7 children wereethnicity, since the likelihood of EBV-positive disease was still

included in the present study. While this association was no longéncreased in the most deprived patients.

significant after adjusting for ethnic group, the most deprived

quartile (Townsend score greater than +3.7) still showed a 3-fol
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