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Abstract
Study objective—To describe the epidemi-
ology of Epstein-Barr virus (EBV) among
primary school children by testing saliva
with a new EBV capsid antigen “G”
antibody capture radioimmunoassay
(GACRIA).
Design—A population based sample of 7
year old schoolchildren were followed up
at age 11.
Setting—30 randomly chosen primary
schools in Edinburgh, Scotland.
Participants—552 schoolchildren.
Measurements—Data on risk factors for
infection were collected by questionnaire
at ages 7 and 11. Saliva samples collected
at age 11 were examined by GACRIA for
evidence of previous infection with EBV.
For 102 subjects, a second salivary speci-
men collected approximately one month
after the first sample was available for
testing as a measure of the repeatability of
the method.
Main results—Unequivocal results were
found in 91% of samples and the repeat-
ability of the test was good (ê=0.71). Fifty
six per cent of children had antibodies to
EBV. In a logistic regression analysis,
independent risk factors for infection
were sharing a room (odds ratio 1.78, 1.14,
2.79), head of household’s social class IV/V
compared with I (odds ratio 2.87, 1.08,
7.34), and schools serving predominantly
rented housing estates (odds ratio 2.3,
1.09, 4.84).
Conclusion—This study is the first appli-
cation of EBV viral capsid GACRIA to
salivary samples. The method was suc-
cessfully used to describe the epidemiol-
ogy of EBV. In this study, characteristics
of the home seemed to be more important
than those of the school in determining
the likelihood of infection with EBV.

(J Epidemiol Community Health 1998;52:101–104)

Epstein-Barr virus (EBV) is an important
human pathogen with a worldwide
distribution— one of the most common viral
infection in humans.1 Most of the population in
developed countries acquire immunity to EBV
during childhood and adolescence.2 EBV is
transmitted oro-orally but there have been
conflicting findings about the most important
reservoirs for infection. DiVerent studies have
found that same sex siblings,3 schools or
colleges,4 or adults in the household5 are more

important sources of virus, whereas susceptible
contacts of cases of infectious mononucleosis
are at low risk.5

Acquisition of EBV in childhood is associ-
ated with Burkitt’s lymphoma, undifferentiated
naso-pharyngeal carcinoma, and possibly other
malignancies.1 It is also a candidate for an
infectious cause of childhood leukaemia.6 The
epidemiology of EBV in children is therefore
an important area for investigation.
A new EBV capsid antigen “G” antibody

capture radioimmunoassay (GACRIA) has
been developed in the Virus Reference Divi-
sion at the Central Public Health Laboratory,
Colindale, which allows salivary samples to be
assayed for antibodies to EBV.7 This method
has been applied in a study of Edinburgh
schoolchildren to evaluate the relative impor-
tance of home and school on the risk of acquir-
ing immunity to EBV.

Subjects and methods
In the initial study in 1987, all children aged
6.5 to 7.5 years attending a random sample of
30 primary schools in Edinburgh were invited
to take part in a survey of respiratory disease.8

Parental questionnaire responses were ob-
tained for 1012 of 1095 children (95%
response rate). The questionnaire enquired
about living conditions and social background.
Fifty two questionnaire items were chosen for
this analysis. A total of 720 (71%) of the
children were re-examined in 1991 at age 11
years as part of a longitudinal study of lung
function. At the second examination, each
child provided a saliva sample by spitting into a
clean plastic container. The specimens were
stored at −20°C within eight hours of collec-
tion and were thawed once for cotinine estima-
tion (the original purpose of saliva collection)
and once for measurement of antibodies to
Helicobacter pylori.9 The children’s schools were
categorised into one of four groups. These
relate to the proportion of rented to owned
accommodation in each school catchment area
and can be described as aZuent suburb,
central tenements, mixed housing, and local
authority housing.

EBV VIRAL CAPSID ANTIGEN (VCA) “G” ANTIBODY
CAPTURE RADIOIMMUNOASSAY (GACRIA)
Saliva samples were added to polystyrene
beads coated with antihuman IgG. After incu-
bation, EBV VCA derived from P3HR1 cells,
mouse monoclonal antibody to VCA and
125I-antimouse were added sequentially and
bound radioactivity measured in a gamma-
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counter. For this study, samples were consid-
ered positive if the bound radioactivity was
more than 2.1 times that of the control (t/N
ratio) and there was no reactivity with a control
bead to which no antigen had been added.
Samples were considered equivocal if the t/N
ratio was 1.8 to 2.1, and non-specific results
were reported in samples that reacted with the
control bead. A more detailed technical
description and validation of the assay is
reported separately.7

STATISTICAL ANALYSIS.
Univariate analysis was performed using SAS
software.10 Repeatability was assessed using the
ê test, including positive, negative, and equivo-
cal results.11 The eVects of potential explana-
tory variables were tested in a logistic regres-
sion model using GLIM.12

Results
PREVALENCE OF EBV AND ASSOCIATED RISK

FACTORS

SuYcient saliva remained for 552 of the 1095
children recruited at the age of 7 years
(50.4%), which is 552 of 720 (76.7%) of the
children followed up at the age of 11 years. The
characteristics of these 552 children compared
with the original sample are described

elsewhere.8 Eight samples (1.2%) gave non-
specific results and in 49 (8.6%) the test:con-
trol ratio was equivocal. Among 500 samples
(91%) with unequivocal GACRIA results, the
prevalence of antibodies to EBV was 56% (282
of 500). Table 1 compares the GACRIA results
for paired samples from 102 children collected
approximately one month apart. Repeatability
was measured by Cohen’s ê=0.71.
In univariate analysis, associations were

found between increased prevalence of EBV
and single parents (only one adult in the
household), sharing a bedroom, crowding,
damp, number of smokers, manual social class,
unemployed head of household, and the school
attended (table 2).
There was considerable variation in the

prevalence between schools, ranging from 27%
to 100%, but the numbers of children from
many of the schools were small, reducing the
power to study clustering within individual
schools or school classes. Schools were there-
fore classified according to the percentage
living in rented accommodation in the catch-
ment area (9, table 3). Both school and home
have an influence on the prevalence of EBV,
but in schools with mixed catchment areas
(10–75% rented), the child’s own housing
appears to have a larger influence on the preva-
lence of EBV than the characteristics of the
catchment area. Similarly, both social class and
sharing a room have an influence on the preva-
lence of EBV (table 4) but the risk associated
with sharing was significantly greater in
children where the social class of the head of
household was a manual worker (÷2 test for
interaction 4.387, p<0.05). The odds ratio for
sharing a room in children from a manual
social class was 3.4 (1.7 to 6.9) while for chil-

Table 1 Repeatability of the salivary EBV viral capsid
Antigen “G” antibody capture radioimmunoassay
(GACRIA)

Test 2

Test 1

Positive Negative Equivocal Total

Positive 47 1 2 50
Negative 7 38 4 49
Equivocal 1 1 1 3
Total 55 40 7 102

Table 2 Prevalence of EBV and associated risk factors

Indicator Category
% Prevalence of
EBV

Number
positive/total ÷2 test

Overall prevalence All children 56 282/500 —
Boys 59 152/259
Girls 54 130/241

Number of adults in the home at age 7 1 75 39/52
2 53 211/395 p=0.01
3+ 54 20/37

Children in the home at age 7 1 44 28/63
2 59 167/282 p=0.08
3 61 63/104
4+ 48 21/44

Persons per room at age 7 <0.5 45 78/174
0.5 - 1.0 61 158/258 p<0.0001
>1.0 73 30/41

Damp None 53 231/433
Other room 73 27/37 p<0.003
Child’s room 83 20/24

Child shares a bedroom Yes 66 166/251 p<0.0001
No 46 113/245

Number of smokers None 50 137/272
1 62 94/152 p=0.008
2 68 47/69

Social class I and II 45 84/187
IIINM 50 51/103 p<0.0001
IIIM 63 61/97
IV/V 80 56/70
Unclassified 70 30/43

Head of household unemployed Unemployed 75 39/52 p=0.004
Employed 54 243/447

Housing tenure age 7 Owned 50 180/358 p<0.0001
Rented 72 99/138

% rented housing in school catchment area, age 7 <10 48 99/207
10–24 52 58/112 p<0.0001
25–74 59 51/86
75–100 78 70/90
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dren from a non-manual class this was 1.4
(0.9 to 2.23).

MULTIVARIATE ANALYSIS

Explanatory variables that made a significant
independent contribution to the prevalence of
EBV infection in a logistic regression model
were sharing a room, social class, and school
catchment area. Table 5 shows the odds ratios
with confidence intervals and significance
levels for the final model including only these
variables. The prevalence of EBV antibodies
was substantially raised only among the
children of manual workers or with unem-
ployed parents; those from schools in areas
with predominantly rented housing estates;
and those sharing a bedroom. These eVects
were multiplicative. There was a trend for
increasing prevalence of EBV moving from
social class I to IV and V, which remained after
adjusting for school catchment area and
sharing a room (÷2 test for trend=4.591,
p<0.05, excluding social class unclassified).

Discussion
The application of salivary GACRIA for
antibodies to EBV has been well demonstrated
in this study. We obtained unequivocal results
in 90% of samples despite three years storage
and two subsequent thaw cycles. The repeat-
ability of the test was good. The number of
children contributing paired samples and the
interval between the two collections were too

small to assess the incidence of infection, but
had there been any seroconversions in the
interval, the true ê value would be better than
estimated. Past infection with EBV was com-
mon, indicated by the prevalence of immunity
of 56%. This is consistent with other studies in
developed countries, which have reported
prevalences in pre-adolescent children from 40
to 80%.3 13 14

The falling prevalence of infectious diseases
such as scarlet fever, hepatitis A, and tubercu-
losis during most of the 20th century has been
attributed at least in part to changing living
conditions.15–17 As there is a well described
influence of social class and overcrowding on
the prevalence of EBV,4 these changes in
society might have been expected to have
reduced the prevalence of EBV. However, this
infection remains common, although its acqui-
sition is delayed in more aZuent social classes.2

This is intriguing from an epidemiological per-
spective as it illustrates the diVerential eVect of
changes in environment on diVerent organisms
despite superficial similarities in their relation
with socioeconomic factors such as poverty
and overcrowding. Socioeconomic change oc-
curs in a complex manner in which the diVer-
ent components, such as level of crowding in
the home and quality of nutrition, are both dif-
ficult to examine independently and likely to
have diVerent eVects. Socioeconomic factors
are typically poorly defined and poorly meas-
ured and their influence on infectious disease is
not well understood; it clearly varies with
diVerent agents. In this analysis, the character-
istics of the home seem to be more important
than those of the school in determining the risk
of EBV acquisition by age 11, although charac-
teristics of the school were only assessed by the
percentage of children at the school living in
rented accommodation. Both sharing a bed-
room and social class of the head of household
significantly influenced the likelihood of infec-
tion. However, sharing a room seems to be
more important in children from families
where the head of household has a manual
occupation. Further work is required to
elucidate what these findings imply about pat-
terns of interpersonal contact in families with
young children.
Age is a critical determinant of susceptibility

to infectious agents. Social change may change
the frequency of exposure or may delay the age
at which it occurs. Exposure to EBV at a later
age reduces the chance of a subclinical
infection and increases the likelihood of infec-
tious mononucleosis, perhaps related to the
ontogeny of the immune system.18 There is
thus a need for continuing surveillance of
immunity to common infections. The availabil-
ity of salivary testing for antibodies to EBV
should facilitate this and, as this study has
illustrated, opens up new opportunities for epi-
demiological studies of this infection among
children of all ages, including investigation of
possible cancer risks.6

The authors would like to acknowledge the support given by the
Leukaemia Research Fund to the Virus Reference Division,
Central Public Health Laboratory, for assay development.

Table 3 Comparing the influence of school and home on
the prevalence of antibodies to EBV

% Rented
in school
catchment area

Child’s home owned:
% prevalence EBV
(proportion)

Child’s home rented:
% prevalence EBV
(proportion)

<10 47 (93/196) 50 (4/8)
10–24 49 (46/94) 67 (12/18)
25–75 53 (28/53) 69 (22/32)
>75 82 (9/11) 77 (61/79)

Table 4 Sharing a room, social class, and the prevalence
of antibodies to EBV

Social class Shares a room Does not share a room

I 48 (11/23) 42 (14/33)
II 51 (27/53) 40 (31/77)
IIINM 53 (27/51) 46 (24/52)
IIIM 73 (43/59) 47 (18/38)
IV/V 89 (40/45) 64 (16/25)

Table 5 Adjusted odds ratios from the logistic regression
analysis

Odds ratio (95%
confidence intervals) Significance

Child shares bedroom: p<0.01
No 1.00 (reference)
Yes 1.78 (1.14, 2.79)

School eVect: % rented in catchment area of
school
<10 1.00 (reference)
10–24 1.13 (0.64, 2.00) p<0.2
25–75 1.16 (0.62, 2.16)
>75 2.30 (1.09, 4.84)

Social class:
I 1.00 (reference) p<0.01
II 0.79 (0.38, 1.63)
IIINM 0.76 (0.35, 1.56)
IIIM 1.40 (0.64, 3.05)
IV/V 2.82 (1.08, 7.34)
Unclassified 2.92 (0.89, 7.59)
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