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Summary

Background Whether exogenous exposure to varicella-
zoster-virus protects individuals with latent varicella-zoster
virus infection against herpes zoster by boosting immunity
is not known. To test the hypothesis that contacts with
children increase exposure to varicella-zoster virus and
protect latently infected adults against zoster, we did a
case-control study in south London, UK.

Methods From 22 general practices, we identified patients
with recently diagnosed zoster, and control individuals with
no history of zoster, matched to patients by age, sex, and
practice. Participants were asked about contacts with
people with varicella or zoster in the past 10 years, and
social and occupational contacts with children as proxies
for varicella contacts. Odds ratios were estimated with
conditional logistic regression.

Findings Data from 244 patients and 485 controls were
analysed. On multivariable analysis, protection associated
with contacts with a few children in the household or via
childcare seemed to be largely mediated by increased
access to children outside the household. Social contacts
with many children outside the household and occupational
contacts with ill children were associated with graded
protection against zoster, with less than a fifth the risk in
the most heavily exposed groups compared with the least
exposed. The strength of protection diminished after
controlling for known varicella contacts; the latter remained
significantly protective (odds ratio 0·29 [95% CI
0·10–0·84] for those with five contacts or more).

Interpretation Re-exposure to varicella-zoster virus via
contact with children seems to protect latently infected
individuals against zoster. Reduction of childhood varicella
by vaccination might lead to increased incidence of adult
zoster. Vaccination of the elderly (if effective) should be
considered in countries with childhood varicella vaccination
programmes.
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Introduction
Primary infection with varicella-zoster virus causes
varicella, after which the virus establishes latency in
dorsal root ganglia.1–3 Reactivation of latent infection is
thought to result from declining specific cell-mediated
immunity, and leads to herpes zoster.4–6 Zoster occurs
frequently in ageing populations and causes substantial
acute and chronic morbidity, the commonest long-term
complication being persistent pain (post-herpetic
neuralgia).7

Hope-Simpson postulated that exogenous exposure to
people with varicella or zoster might boost specific
immunity and therefore decrease the risk of zoster 
in latently infected individuals.8 Mothers of children 
with varicella have cell-mediated immune boosting, 
and children with leukaemia seem to be protected
against zoster by household exposure to varicella.9,10

However, whether exogenous exposure protects 
against zoster in immunocompetent adults is unclear. In
one study, paediatricians had more contacts with
patients infected with varicella-zoster virus than
dermatologists or psychiatrists, and were significantly
less likely to have developed zoster, but the results could
have been influenced by very low response rates to the
survey.11

The role of immune boosting is an important issue for
varicella vaccination programmes, since a reduction in
childhood varicella will result in fewer exogenous
exposures to varicella-zoster virus, which could lead to
increased incidence of zoster among unvaccinated
adults.12 Varicella vaccination has already been
introduced in countries such as the USA and Japan, and
is being considered by many European countries. We
therefore set up a study to test the hypothesis that
exogenous exposure to varicella-zoster virus protects
against zoster.

Methods
Patients and controls
This investigation was one objective of a community-
based case-control study of risk factors for zoster in
immunocompetent adults in south London, UK,
between September, 1997, and December, 1998. A
reporting system was set up among 22 general practices
to identify individuals who had recently been diagnosed
with zoster by their family physician. For each patient
with zoster, two controls with no history of zoster were
sought by searching practice registers for individuals
who were nearest in age to the patient, and matched for
sex and practice. Patients and potential controls were
approached and invited to take part in the study. Those
who agreed and were eligible were interviewed at home.
Ethics approval was obtained from the London School
of Hygiene and Tropical Medicine Ethics Committee,
and from four local research ethics committees. All
participants gave written informed consent.
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per case.16 Taking an odds ratio of 2·0, a minimum 10%
prevalence of exposure in controls, 90% power at 5%
significance (two-sided), and a 20% increase to
accommodate multivariable analyses, we needed to
assess 244 confirmed and probable cases, and 
488 controls.

We set out to test the hypothesis that contacts with
children protected latently infected adults against zoster,
and that this protection resulted from increased
exposure to varicella-zoster virus. Analyses were done
with Stata statistical software, version 6.0 (StataCorp,
College Station, TX, USA). Odds ratios were estimated
by conditional logistic regression, with zoster as the
outcome variable. The significance of associations
between exposure variables and risk of zoster was
calculated with likelihood ratio tests of heterogeneity
and of linear trend; 95% CIs were calculated with Wald-
based SEs. Univariable analyses identified variables
associated with zoster to the significance level of p�0·2
for initial inclusion in multivariable models.

Variables were classified as distal, intermediate, or
proximal, according to their position in the proposed
chain of causation as outlined in the figure.17 In this
conceptual framework, varicella or zoster exposures had
a direct effect on the risk of zoster, and were categorised
as proximal variables. Social or occupational contacts
with many children that were likely to result in varicella
exposures were categorised as intermediate variables.
Contacts with a few children living in the household or
via childcare work were categorised as distal variables
because some of their effect might be mediated through
contacts with a wider range of children outside the
household (the intermediate variables). Distal variables
were added first to the multivariable model, and
retained as long as they remained significantly
associated with zoster (p�0·1). Intermediate variables
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Cases of zoster were confirmed where possible by use
of PCR to detect varicella-zoster virus DNA in vesicular
fluid or crust samples obtained at interview.13

Unconfirmed cases were divided into “probable” and
“other” groups with standardised diagnostic criteria
applied at interview. Probable cases had a unilateral
vesicular or maculopapular rash with a dermatomal
distribution where either rash or pain covered at least
half the dermatome, or rash and pain were less
extensive, but pain lasted at least 1 month after rash
onset. Patients with a history of a similar dermatomal
rash at any site within the past 10 years were excluded
from the probable group. In this study, only data from
confirmed and probable cases and their matched
controls were analysed.

Patients and controls were excluded if they were
younger than 16 years; had a cell-mediated
immunosuppressive disorder or therapy in the past 
6 months or a history of active cancer in the past 5 years;
were of African ethnic origin (a group at higher risk of
undiagnosed HIV infection in this population);14 were
temporarily registered with the practice; or were
incapable of answering questions. Patients were also
excluded if they were identified more than 8 weeks after
rash onset. Controls were excluded if they had a history
of zoster.

Data collection
Participants were asked about contacts with people with
varicella or zoster in the past 10 years. Because varicella
is mostly acquired before the age of 10 years in the
UK,15 additional data were sought on contacts with
children aged 1–10 years as surrogates for exogenous
varicella exposures. We asked questions about social
contacts with children in the past 10 years, including (1)
specific children living in the household, (2) specific
children not living in the household (such as
grandchildren and neighbours), or (3) a range of
different children in groups with changing membership
(such as at school playgrounds or parties). For each
child, we sought information on the average frequency
(per week or per month) and duration (in years) of
contact. We also asked about the duration of
occupational exposure to children, either with (4) a few
specific children through childcare (eg, through
childminding, full-time parenting), (5) with many well
children (eg, through teaching), or (6) with many ill
children (eg, through being a doctor). These data were
used to create three types of exposure: exposure to
people with varicella or zoster, exposure to a few
children (1 and 4, above), or exposure to many children
(2, 3, 5, and 6). Information on potential confounders
included ethnic origin, lifetime country of residence,
and socioeconomic factors (household tenure and car
ownership).

We calculated the total number of social contacts with
children in the past 10 years by multiplying the average
frequency of contact by duration of contact for each
child, and summing the results. Social contacts were
then grouped into “none” and into two, three, or five
“exposed” groups, each of which contained an equal
number of controls (quantiles of exposure). Duration of
occupational exposure was divided into “none”, “up to 
5 years”, and “more than 5 years” of exposure.

Statistical analysis
Sample-size calculations for the entire study were
derived from standard equations for matched case-
control studies, adjusted for our choice of two controls

Type of variable

Distal
(few children)

Contacts with cases of varicella or zoster

Social contacts
with children
living in the
household*

Occupational
contacts with
few children
via childcare*

Intermediate
(many
children)

Proximal
(varicella-zoster
virus contacts)

Occupational
contacts with:
•many well children
•many ill children

Social contacts
with children not
living in the
household:
•specific children 
•groups of children

Risk of zoster

Conceptual framework for modelling effect of contacts with
children or with patients with varicella or zoster on risk of
zoster
*Parents who stayed at home to look after children full-time appear in
both distal groups.



For personal use. Only reproduce with permission from The Lancet Publishing Group.

ARTICLES

680 THE LANCET • Vol 360 • August 31, 2002 • www.thelancet.com

were added second, to demonstrate the extent to which
they explained the effect of distal variables, then
proximal variables were added to determine whether
they explained distal and intermediate factors. Variables
excluded at the univariable or distal stages of analysis
were added again at the proximal stage to assess whether
they became significantly associated with zoster in the
presence of other variables. Confounding variables were
added to the model if they changed any of the effect
estimates of interest by 10% or more.18 Interactions
between contact variables and age were investigated in
the final model.

Role of the funding source
Neither funder of this study was involved in the study
design; the collection, analysis, and interpretation of
data; the writing of the report; or the decision to submit
the paper for publication.

Results
During the study period, 436 patients were identified, 
of whom 139 were ineligible (46 were younger than 
16 years, 37 had recent immunosuppression, 18 were
African, 11 were temporarily registered, four were
incapable of answering questions, and 23 were identified
more than 8 weeks after rash onset). Of the remaining
297 patients, 16 (5·4%) were not enrolled: 12 refused
and four were away from London or repeatedly
unavailable for more than 8 weeks. The eligibility of
these patients was not ascertained. The remaining 281
patients were categorised as confirmed (92), probable
(152), or other (37) cases. Of the confirmed and
probable cases, 107 (43·9%) were men, and the median
age was 57·2 years (range 16·5–91·2).

488 controls were needed for the 244 confirmed and
probable cases. Letters were sent to 895 individuals, of
whom 162 were ineligible (118 had a history of zoster,
22 had recent immunosuppression, 11 were African, one
was temporarily registered, and 10 were incapable of
answering questions). A further 145 were unsuitable
(106 no longer lived in London, 22 were living away for
extended periods, 11 were dead, and six had an
incorrect date of birth on practice records). Of the
remaining 588 potentially eligible individuals, 103
(17·5%) were not included in the study (75 refused,
nine twice cancelled interviews, three were in hospital,
one had a non-existent address, and 15 could not be
contacted after more than four attempts). The
remaining 485 controls were enrolled; for three of the
enrolled patients only one matched control was
obtained. The mean difference in age between patients
and their matched controls was 4·7 days. Controls were
interviewed a median of 35 days after patients.

Contact with a few children living in the household or
via childcare work in the past 10 years was strongly
associated with protection against zoster on univariable
analysis, with evidence of a dose-response effect.
However, neither distal variable remained significantly
associated with risk of zoster after adjusting for the
effects of social contacts with specific children not living
in the household and children in groups (table 1).
Childcare and household contact variables were
therefore dropped from the model.

Table 2 lists univariable effect estimates for the
intermediate child contact variables, in the 10 years
before interview, that were associated with zoster.
Protection increased with longer duration of
occupational exposure to many ill children, and with
greater numbers of social contacts with specific children
not living in the household or children in groups. There
was no significant association between duration of
occupational exposure to many well children in the past
10 years and risk of zoster, even after analyses were
restricted to individuals working in primary-school or
nursery settings (odds ratio 0·94 [95% CI 0·47–1·87]).
Intermediate child contact variables remained
significantly associated with protection against zoster
after adjusting for each other and for ethnic origin, with
little change to the effect estimates (data not shown).
However, the strength of associations between
intermediate child contacts and zoster decreased 
after adjusting for contact with known cases of varicella
(table 2), remaining most strongly significant for
contacts with children in groups.

Contact with people with varicella in the past 10 years
was strongly associated with protection against zoster on
univariable analysis (table 2), and this association
remained after adjusting for occupational and social
child contacts. Contact with people with zoster was
weakly associated with protection against zoster on
univariable analysis, but not significantly associated with
zoster in the final model (table 2). Ethnic origin slightly
confounded the effect of occupational exposure to ill
children, and was added to all models. After adding
ethnic origin, childhood residence in the tropics and
socioeconomic variables made little difference to effect
estimates for the variables of interest. The effect of the
contact variables did not vary with participants’ age (p
for interaction >0·3 for all).

We could not test study participants for HIV
infection, and so could not confirm that all cases and
controls were HIV-negative. The effect of child contacts
might be confounded by undiagnosed HIV infection in
patients. Homosexual men in London are a group at
high risk of HIV infection (which increases their chance
of developing zoster), and could have relatively few child

Distal variables Patients (n=244) Controls (n=485) Univariable odds p Adjusted for intermediate p
ratio (95% CI) social child contacts

Childcare work with a few specific children
None 233 (95·5%) 436 (89·9%) 1·00 1·00
�5 years’ duration 10 (4·1%) 28 (5·8%) 0·37 (0·13–1·06) 0·94 (0·27–2·99)
>5 years’ duration 1 (0·4%) 21 (4·3%) 0·06 (0·01–0·50) 0·0004 0·19 (0·02–1·79) 0·214

0·169 (trend)

Number of child-day contacts with children living in household
None 202 (82·8%) 355 (73·2%) 1·00 1·00
7–2550* 27 (11·1%) 65 (13·4%) 0·62 (0·37–1·05) 0·96 (0·54–1·69)
2551–14 901 15 (6·1%) 65 (13·4%) 0·34 (0·18–0·64) 0·001 0·71 (0·34–1·47) 0·638

0·403 (trend)

*Quantiles of exposure, see methods.

Table 1: Effects on risk of zoster of contacts with limited numbers of children living in household and via childcare work in past 
10 years
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changing membership in occupational or social settings
(increasing the likelihood of contacting a case of
varicella).

Some protective effect of child contacts remained after
adjustment for known varicella contacts. This effect
might represent unrecognised or forgotten contacts with
children with varicella, since varicella is infectious before
rash onset, and this is especially likely for social contacts
with children in groups of changing membership.20 If this
explanation is correct, the total protective effect of
(known and unknown) varicella contacts will be greater
than that estimated in the final model, which represents
only the effect of known varicella contacts independent of
the effect of unknown contacts. Interestingly,
occupational contact with many well children (eg,
through teaching) was not protective against zoster.
Perhaps varicella contacts are more distant in these
settings than in social settings, and are more limited in
duration if children with varicella are absent from school
while experiencing rash. Contact with zoster cases was
not associated with protection against zoster. This
finding is less surprising, since zoster is less infectious
than varicella and most zoster contacts had rash on non-
exposed areas of the body.

Other explanations for the protective effect of child
contacts should be considered. First, ethnic origin is a
potential confounder of the effect of child contacts on
risk of zoster, since some ethnic groups could be at lower
risk of zoster than others and have greater contacts with
children via extended families.21 However, neither ethnic
origin nor country of residence in childhood accounted
for the protective effect of child contacts in this study.
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contacts.14,19 Multivariable analyses were therefore
repeated in two subgroups of individuals at low risk of
HIV infection: first women and then all individuals older
than 60 years. Statistical power was reduced, but
protective trends associated with social and occupational
child contacts were similar to those shown in the whole
dataset (data available on request). The effect of
imperfect specificity of the probable zoster case definition
was also investigated by repeating analyses in the subset
of confirmed cases and their matched controls. Similar
protective patterns were shown.

Discussion
The findings from this study suggest that continued
exogenous exposure to varicella is protective against
zoster in latently infected adults. This result is consistent
with those of Gershon and colleagues,10 who found that
vaccinated children with leukaemia were at significantly
lower risk of zoster if they had household exposure to
varicella, and that many of these children had evidence of
immunological boosting. In our study, there were dose-
response effects associated with a range of occupational
and social exposures to children and with varicella
contacts. Results of analyses using a hierarchical model-
building strategy (figure) show that living with children
seems to protect against zoster largely by increasing
access to a range of other children outside the household,
and that the protection afforded by contacts with many
children seems to be largely explained by exposure to
varicella-zoster virus. The latter conclusion is supported
by analyses showing that protection against zoster is
strongest when contacts are with children in groups of

Patients Controls Univariable odds p Adjusted for other p
(n=244) (n=485) ratio (95% CI) intermediate variables

and varicella contacts*

Intermediate variables
Number of social contacts with specific 
children not living in household

None 30 (12·3%) 49 (10·1%) 1·00 1·00
2–107† 60 (24·6%) 87 (17·9%) 1·02 (0·59–1·81) 1·03 (0·57–1·85)
108–420 53 (21·7%) 88 (18·1%) 0·91 (0·51–1·62) 0·94 (0·52–1·73)
421–1334 52 (21·3%) 87 (18·9%) 0·89 (0·49–1·63) 0·90 (0·48–1·70)
1335–3457 30 (12·3%) 87 (18·9%) 0·53 (0·28–0·98) 0·60 (0·30–1·17)
3458–32 631 19 (7·8%) 87 (17·9%) 0·30 (0·14–0·63) 0·0003 0·43 (0·19–0·94) 0·079

0·007 (trend)
Number of social contacts with children 
in groups

None 197 (80·7%) 308 (63·5%) 1·00 1·00
6–550† 24 (9·8%) 59 (12·2%) 0·63 (0·38–1·06) 0·72 (0·41–1·27)
551–3652 16 (6·6%) 59 (12·1%) 0·32 (0·17–0·62) 0·44 (0·22–0·89)
3653–45 023 7 (2·9%) 59 (12·2%) 0·12 (0·06–0·35) <0·0001 0·19 (0·07–0·50) 0·001

0·0001 (trend)
Occupational contact with many ill children

None 241 (98·8%) 460 (94·8%) 1·00 1·00
�5 years’ duration 2 (0·8%) 14 (2·9%) 0·26 (0·06–1·17) 0·25 (0·05–1·20)
>5 years’ duration 1 (0·4%) 11 (2·3%) 0·17 (0·02–1·29) 0·015 0·27 (0·03–2·51) 0·062

0·025 (trend)

Proximal variables
Number of known varicella contacts

None 179 (73·4%) 283 (58·4%) 1·00 1·00‡
1 34 (13·9%) 74 (15·3%) 0·67 (0·42–1·08) 0·90 (0·54–1·52) ‡
2 20 (8·2%) 45 (9·3%) 0·61 (0·34–1·09) 0·83 (0·45–1·56) ‡
3–4 6 (2·5%) 44 (9·1%) 0·15 (0·06–0·39) 0·26 (0·10–0·72) ‡
�5 5 (2·0%) 39 (8·0%) 0·14 (0·05–0·39) 0·0001 0·29 (0·10–0·84) ‡ 0·016

0·003 (trend)
Number of known zoster contacts

None 189 (77·5%) 338 (69·7%) 1·00 1·00§
1 44 (18·0%) 110 (22·7%) 0·71 (0·48–1·05) 0·79 (0·51–1·23)§
�2 11 (4·5%) 37 (7·6%) 0·51 (0·25–1·04) 0·052 0·92 (0·42–2·03)§ 0·581

*Also adjusted for ethnic origin. †Quantiles of exposure, see methods. ‡Adjusted for intermediate variables and ethnic origin. §Adjusted for intermediate variables,
varicella contacts, and ethnic origin.

Table 2: Effects on risk of zoster of contacts with many children and exgenous exposure to varicella-zoster virus in the past 10 years
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Second, subgroup analyses indicated that the protective
effect of child contacts was unlikely to result from
undetermined HIV infection or misdiagnosis of zoster
cases. Incomplete reporting of cases by practices might
introduce bias if general practitioners were more likely to
report cases with fewer child contacts. This situation is
unlikely, since the overall study was investigating various
risk factors for zoster, and investigation of a limited
number of unreported cases showed that failure to be
reported was due to general under-reporting by some
practices or by specific practitioners, rather than selective
reporting of cases. Participation by controls was high
(82·5%), but some bias might have been introduced if
those who refused or could not be contacted were eligible
for inclusion and had fewer contacts with children.

Recall bias occurs in case-control studies if patients
remember past exposures differently from controls. In
this study, recall bias might have led to underestimation
of the protective effects of child and varicella contacts.
Many patients believed that zoster resulted from contact
with cases of varicella or zoster, and had spent time trying
to remember any contacts that might have infected them.
Another concern in case-control studies is that having the
disease affects exposure—in this situation, contact with
children. However, reverse causality is unlikely to explain
the findings. First, most patients were interviewed within
2 weeks of rash onset. Second, the number of child
contacts was calculated from the average frequency
before onset of rash, not the frequency in the past few
days. For example, a patient who saw her grandchild on
average once a week in the past year would be assigned
52 child contacts, even if she had not seen the child since
onset of rash.

Children who are vaccinated against varicella might be
at lower risk of later developing zoster.22 Therefore,
widespread varicella vaccination programmes might
eventually decrease the incidence of zoster. However, the
results of this study suggest that vaccination of children
against varicella could lead to a prolonged period of
increased incidence of zoster among unvaccinated adults,
as a result of fewer exogenous exposures to varicella-
zoster virus. This increase in incidence might have
started already in countries such as the USA, but could
be unrecognised due to limited surveillance of zoster. In
view of this possibility, we should consider whether
childhood varicella vaccination programmes should be
expanded to include vaccination of older adults, to
protect them against zoster. The results of the current US
multicentre trial of varicella vaccination in elderly
individuals will indicate whether this is a feasible
approach.23
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