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Reactivation of latent varicella zoster virus as herpes zoster
is thought to result from waning of specific cell-mediated
immunity, but little is known about its determinants in
individuals with no underlying immunosuppression. We
systematically reviewed studies of zoster epidemiology in
adults and analysed data from a large morbidity study to
identify factors that might be modulated to reduce the risk of
zoster. Annual zoster incidence in population-based studies
varied from 3·6–14·2/103 in the oldest individuals. Risk
factors identified in analytical studies that could explain this
variation included age, sex, ethnicity, genetic susceptibility,
exogenous boosting of immunity from varicella contacts,
underlying cell-mediated immune disorders, mechanical
trauma, psychological stress, and immunotoxin exposure.
Our review highlights the lack of information about risk
factors for zoster. We suggest areas of research that could
lead to interventions to limit the incidence of zoster. Such
research might also help to identify risk factors for age-
related immune decline.

Lancet Infect Dis 2004; 4: 26–33

Herpes zoster (shingles) results from reactivation of latent
varicella zoster virus (VZV). The lifetime risk of zoster is
estimated to be 10–30% and incidence increases markedly
with age, affecting up to 50% of people who live to 85 years.1–3

It is characterised by a painful vesicular dermatomal rash and
can result in chronic pain (post-herpetic neuralgia),
particularly in older individuals. This pain can be reduced by
prompt administration of antivirals, but not all patients with
zoster present in time to benefit from therapy, and 20% of
people older than 50 years who receive treatment still
experience pain 6 months after rash onset.4 Therefore, zoster
represents a significant cause of morbidity in older
populations.

The virus is thought to be maintained in its latent form by
VZV-specific cell-mediated immunity. Therefore, people with
cell-mediated immunosuppression are at increased 
risk of zoster.5—7 However, these individuals only constitute 
a minority of zoster cases in population-based studies, and the
precise determinants of VZV reactivation in people without
underlying immunosuppression are unknown. The increased
risk of zoster among older individuals may be due to waning
of specific immunity with increasing time since primary
infection (varicella), or may occur as part of the generalised
decay in cell-mediated immunity that occurs with age
(immunosenescence), an important factor in the increased
susceptibility to infections, malignancies, and autoimmune

disorders in the elderly.8 Little is known about the
determinants of either generalised or VZV-specific immune
decay. We therefore systematically reviewed the descriptive
and analytical epidemiology of zoster in adults (focusing on
older populations) to identify factors that might be modulated
to reduce the risk of zoster.

Methods
Published articles on the descriptive and analytical
epidemiology of zoster were identified using the methods
outlined in the search strategy (see page 32), and reports from
two large study programmes of morbidity seen in general
practice in England and Wales were also examined: (1) the
four Morbidity Statistics from General Practice (MSGP)
studies, done in 1955–56, 1971–72, 1981–82, and 1991–92, the
last comprising a total study population of 502 493 patients,9–12

and (2) the continuing Royal College of General Practitioners
(RCGP) weekly returns service, which currently comprises a
population of 650 000 patients.13 Inclusion and exclusion
criteria for studies are detailed below. 

Standardised extraction tables were used to extract
information from each study. For incidence studies this
information included the study date, setting, population,
sample size, method of ascertaining zoster cases, zoster
diagnostic criteria used, overall incidence with 95%
confidence intervals (95% CI), and (where available)
incidence by age, sex, and geographical area, and evidence of
seasonality. Exact 95% CI for incidence estimates were
calculated if 95% CI were not provided but the necessary
raw data were available. Additional data extracted from
analytical studies included participation rates (in case-
control or cross-sectional studies) or loss to follow-up (in
cohort studies), exposure measurement, univariable and
multivariable relative risks (RR), or odds ratios (OR) with
95% CI, and adjusted for confounders.

Descriptive studies were summarised in tabular and
graphical forms. The fourth MSGP study collected additional
social data from participants, allowing investigation of these
factors as potential determinants of zoster. Data from the
study were obtained and analysed by Poisson regression to
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look at the independent effects of age, sex, geographical 
area, occupation, socioeconomic status, social contacts with
children, smoking, ethnicity, and country of birth on risk of
zoster. These analyses were restricted to adults who developed
a “first ever episode” of zoster during the study year (n=1474)
and to adults with no mention of a zoster diagnosis

(n=39 431). People with “new” zoster episodes were excluded
because these cases were originally defined as zoster
consultations occurring more than 28 days after a previous
consultation—recurrent episodes of zoster are uncommon, so
many “new” zoster episodes may have been continuing
consultations for an existing episode. 

ReviewRisk factors for herpes zoster

Zoster incidence in population-based studies that include adults

Country Date Population Case ascertainment Diagnosis Cases Incidence per 103

(n) population per yr 
(95% CI)

USA28 1945–59 Inhabitants of Rochester Computerised records from Review of medical 590 1·2
Ages: <14–>75 yrs OPD, hospitals, housecalls, records (1·1–1·4)*

nursing homes

USA29 1983–92 Family practice in New Hampshire Records of all cases Single GP 124 3·3†
Ages: 0–>90 yrs

USA30 1989–90 3206 independently living older Interview: zoster in past 3 yrs Self-reported 69 7·2
individuals in North Carolina (5·6–9·1)*
Mean age: 73·6 yrs (65–104)

USA31 1990–92 250 204 members of Harvard Computer records from emergency Individual clinicians 1075 2·2
Community Health Plan departments, ambulatory settings, (1·9–2·4)
Ages: 0–>75 yrs hospitals, telephone consultations

Scotland32 1947–48 Individuals attending selected Notified by GPs/hospital doctors NR 246 2·0‡
GPs/hospitals in Edinburgh
Ages: NR

Scotland33 1948–55 General practice in Hawick Records of all cases NR 81 4·8
(2/3 suburban, 1/3 rural) (3·8–6·0)*
Ages: 0–>65 yrs

Scotland34 1972–73 8 general practices in Glasgow Notified by GPs a) Individual GPs 87 a) 2·4 (1·9–3·0)*
About 36 000 individuals b) Paired sera b) 2·2 (1·7–2·7)*
Ages: NR

Scotland35 1955–85 General practice in Dumfriesshire Records of all cases NR 151 2·6*
1850 patients (2·2–3·1)*
Ages: 0–>80 yrs

England3,36 1947–62 General practice in Cirencester Records of all cases NR 192 3·4
About 3500 patients (3·0–3·9)*
Ages: 0–>90 yrs

England/ 1991–92 60 general practices (88% urban) Reporting of all diagnoses in Individual GPs 1645 3·5§
Wales12 502 493 patients (MSGP4) face-to-face contacts (3·3–3·7)*

Ages: 0–109 yrs (14% �65yrs)

England/ 1967–89 Up to 91 general practices (RCGP) Weekly returns of all diagnoses Individual GPs NR 3·2
Wales37 161 729–239 984 patients 

Ages: 0–>65 yrs

England/ 1994–2001 Up to 85 general practices (RCGP) Weekly returns of all diagnoses Individual GPs NR 4·0
Wales13 Currently 650 000 patients 

Ages: 0–>65 yrs

Germany38 1992–93 Population of Ansbach (about 40 000) All cases seen by GPs, Individual clinicians 152 2·3
Ages: NR dermatologists, paediatricians

France39 1997–98 4635 general practices and 513 Notified by GPs Individual clinicians 8103 4·8
dermatologists throughout France
Ages: 0–�75 yrs

France40 1998 744 general practices (mostly urban) Postal survey of GPs—cases Individual GPs 605 3·2
Ages: NR seen in previous year (3·0–3·4)

Italy41 1995 71 general practices throughout Italy Reporting by GPs: all cases Individual GPs 408 4·1
98 508 patients seen in previous year (3·8–4·6)
Ages: >15 yrs 

Iceland42 1990–95 62 general practices (58% urban) Notified by GPs and searches of Individual GPs: 457 2·0
Ages: 0–>80 yrs (26% <20 yrs) computerised records researchers excluded (1·8–2·2)*

“wrong diagnoses”

Netherlands43 1994–99 22 general practices in six areas Searches of computerised records Individual GPs 837 3·4
About 49 000 patients (2·9–3·9)
Ages: 0–>75 yrs

*Recalculated from data presented. †Incidence calculated assuming 1/3 town serviced by practice. ‡Incidence calculated assuming practices saw 15–20% of all cases.
§Minimum estimate, calculated using “first ever” episodes of zoster OPD=outpatient departments. NR=not recorded. py=person years. MSGP=Morbidity Statistics from General
Practice. RCGP=Royal College of General Practitioners’ Weekly Returns Service.
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Analytical studies were subdivided into three groups
according to the purported mechanism by which zoster risk
was altered. Studies investigated either (1) potential
determinants of loss of VZV-specific immunity, (2)
potential determinants of generalised loss of cell-mediated
immunity, or (3) other risk factors for zoster. Studies that
investigated loss of VZV-specific immunity were in turn
subdivided into studies of age at varicella and studies of
factors that might stimulate exogenous boosting of specific
immunity. Very early age at varicella could increase risk of
zoster. Acquisition of varicella in utero or in the 1st year of
life has been shown to increase the risk of zoster in later
childhood (perhaps because the immature immune system
of the infant or fetus is less able to establish and maintain
viral latency), and early infection might also increase zoster
risk in adulthood.14,15 Conversely, late acquisition of varicella
(in adolescence or adulthood) could delay waning of VZV-

specific immunity over time and thus
decrease the risk of zoster. Exogenous
boosting of specific immunity has been
shown in mothers of children with
varicella, and in one study leukaemic
children who had varicella household
contacts were at lower risk of zoster.16,17

Therefore, contacts with varicella
might also protect latently infected
adults against zoster by boosting their
specific immunity.3

Results
Incidence studies
31 reports that included population-
based descriptive data for adults were
identified, of which five had no
denominator information,18—22 and four
contained data entirely duplicated
elsewhere.23—26 Published reports from
the first three MSGP studies could not

be used to estimate zoster incidence, because they either
reported “patient consulting rates” (prevalent and new cases
together) or combined first and new zoster episodes.10,11,27

The 19 reports of zoster incidence from 17 studies
(including additional analyses of MSGP4 data) are
summarised in the table. These studies included four studies
from North America,28—31 eight from the UK (with two RCGP
summaries for different time periods),3,12,13,32—37 and six studies
from elsewhere in Europe.38—43 All except one study included
both old and young people, with overall annual incidences
ranging from 1·2—4·8/103. Within all these populations, there
was a steep rise in zoster incidence with age; incidences
among the oldest age groups in 11 studies (three of which
only reported sex-specific incidences) are summarised in
figure 1. There was variation in incidence within each oldest
age group examined. Limited data on 95% CI suggested that
some of the differences in incidence were significant for

example, the 1997—98 Netherlands
study reported an annual incidence of
9·1/103 (8·1—10·2) in people aged 75
years or older, compared with 14·2/103

(10·8—18·4) in the 1990—92 US study.
11 studies reported sex-specific

zoster incidence, with four reporting
no overall difference in incidence
between men and women on crude35

or age-adjusted analysis,28,30,31 three
reporting a slight male excess,3,33,38 and
four an overall female13,29,34,39 excess
on crude analysis. Further analysis of
MSGP4 showed that women had a
significantly higher age-adjusted rate 
of zoster than men, although the
magnitude of increased risk was not
great (adjusted RR 1·19, 95% CI
1·07—1·32, p=0·0009). Eight studies
examined male/female differences in
incidence within age groups among
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Figure 1. Incidence of zoster amongst older individuals in population-based studies.*Incidence
among all people in the study aged �the age stated.
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the oldest individuals studied, two studies reported no
significant differences28,31 and five reported a female
excess,13,33,35,39,42 although only one of these reported that this
difference was significant.35 Patterns of excess female risk in
younger age groups were less consistent. For example, one
French and one UK study reported excess female risk within
all age groups except the youngest (without reporting
statistical significance),13,39 the 1992—93 US study reported no
significant differences within any age group,31 and the US
Rochester study reported a significantly lower incidence
among women than men aged 35—44 years.28 The age-
specific effects of female sex on risk of zoster within MSGP4
are summarised in figure 2: women were at significantly or
near-significant increased risk of zoster in four of the eight
adult age groups examined, but not among youngest adults,
those aged 35—44 years, and those older than 75 years.

Seasonality of zoster incidence was not seen in most
studies, 2,19,20,28,29,32,38,42 or in two long-term analyses of the UK
RCGP data,13,37 although one Scottish and one English study
reported higher incidence of zoster in summer and
autumn.35,36 Urban/rural residence was investigated in two
studies and population density/household crowding in one
study, none of which saw a significant effect,30,32,33 and rural
residence was not associated with significant risk of zoster in
MSGP4 (RR 1·00, 95% CI 0·85–1·16, p=0·969). The risk of
zoster also did not vary significantly with socioeconomic
status (adjusted p=0·935). There was conflicting evidence of
secular changes in incidence. In the US Rochester study, there
was a 41% age-adjusted rise in men and a 28% rise in women
in 1955–59 compared with 1945–49.28 The 1990–92 study of a
similar US population showed a 64% rise in zoster incidence
compared with the Rochester study after standardising for age
to the same 1970 US white population.31 In the UK RCGP
study, increase in zoster incidence was not seen in the
aggregated data of the first 23 years of reporting or within
the past 8 years of available data.13,37 However, the mean
annual incidence was greater for the latter period (3·95/103

compared with 3·2/103), and there was a slight increase in the
number of cases in 1998 among those aged 65 years or older
compared with the previous 10-year average.44

Potential determinants of loss of VZV-specific
immunity
None of the identified published studies directly investigated
the effect of age at varicella on risk of zoster. However,
country of birth (or country of residence or ethnicity as
proxies for country of birth) has been suggested as a proxy
for age at varicella, because the average age at varicella is
delayed to adolescence or adulthood in some tropical
countries.45–51 In the North Carolina cohort of older
individuals, black people were at approximately one-third
the risk of zoster on multivariable analysis compared with
white people (RR 0·35, 95% CI 0·24–0·51).52 VZV-specific
immunity was not measured. In MSGP4 only 1·4% (4373) of
individuals with available information were born in a
tropical country, and they were not at significantly lower risk
of zoster in the year of the study (age-adjusted and sex-
adjusted RR 0·64, 95% CI 0·30–1·20, p=0·133). However,
there was a near-significant reduced risk of zoster in people

born in countries with stronger evidence of late-onset
varicella (the Caribbean, Central America, India, Pakistan,
Sri Lanka, Bangladesh, Singapore, and Malaysia; age-
adjusted and sex-adjusted RR 0·56, 95% CI 0·28–1·12,
p=0·072). Similarly, black people were at less than half the
risk of zoster after adjusting for age and sex (RR 0·42, 95%
CI 0·22–0·81). This reduced risk remained after additionally
controlling for country of birth (0·46, 0·21–0·97). 

Five studies were identified that directly or indirectly
examined the effect of contacts with varicella on risk of
zoster in adults. Garnett and Grenfell53 used time-series
analysis of RCGP data and saw no association between the
two diseases at the weekly level, indicating that varicella
incidence had no immediate effect on zoster incidence.
However, at the annual level an increase in varicella
incidence in children under 5 years old was accompanied by
a significant decrease in zoster incidence among individuals
aged 15–44 years, suggesting that increased varicella in
young children could exert a protective effect against zoster
in the young adults exposed to them. In our community-
based case-control study we investigated both the effect of
varicella contacts in the past 10 years and the effect of social
child contacts (as a proxy for varicella contacts) on risk of
zoster.54 We showed that contacts with varicella cases were
associated with a strong protective effect against zoster
(OR=0·14, 0·05–0·39 for those with �5 contacts). Living
with a child in the household was significantly associated
with reduced risk of zoster, and this protection seemed to be
largely mediated through increased contacts with multiple
children outside the household. In turn, people with the
most contacts with multiple children were at approximately
one-fifth the risk of zoster on multivariable analyses, and
this seemed to be at least partly explained by increased
varicella contacts. An analysis of MSGP4 data by Brisson et
al55 also showed that people living with a child were at
significantly lower risk of developing zoster in the year of the
study (RR=0·75, 0·63–0·89), and that younger adults who
lived with children had a higher varicella incidence rate
(suggesting that they were more heavily exposed to cases of
varicella). Further analysis of MSGP4 for this review showed
that the protection against zoster associated with black
ethnicity was not explained by increased household child
contacts (multivariable RR=0·47, 0·22–1·00, p=0·032). 

Our study also examined occupational exposure to
children as a potential protective factor against zoster.54

Contact with multiple ill children (for example, general
practitioners) was associated with significantly lower 
zoster risk (adjusted OR=0·20, 0·06—0·73 for those with
occupational contacts in the past 10 years) but contact with
multiple well children (for example, teachers) was not
associated with significant protection. Two other published
studies of occupational exposures to children and risk 
of zoster were identified. A US postal survey showed that
1109 paediatricians had more contacts with VZV-infected
patients compared with 1984 dermatologists and 462
psychiatrists, and were significantly less likely to report a
history of zoster. However, fewer than 40% of physicians
responded to the questionnaire.56 Similarly, 34 (9·1%) of 352
Japanese paediatricians and family practitioners responding
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to a questionnaire reported a history of zoster, which was
estimated to be 50—87% lower than the age-specific
incidences in the general population.57 In MSGP4, we saw
that individuals who reported working with young children
(primary school teachers, nursery nurses, playgroup leaders,
or “other child care”) were significantly less likely to develop
zoster in the year of the study after adjusting for age, sex,
ethnicity, and a child living in the household (RR=0·70,
0·58—0·85). Unfortunately, MSGP4 occupational codes were
insufficiently detailed to investigate the effect of working
with ill children.

Potential determinants of generalised loss of cell-
mediated immunity
Several studies have shown that people with suppressed cell-
mediated immunity from immunosuppressive disorders or
therapies are at higher risk of zoster, with incidences ranging
from 25·0–91·5/103 person-years.5—7,58—69 In three studies that
compared zoster incidence in HIV-positive and HIV-
negative people, the former were at 12—17-fold greater risk
of developing zoster.65,67,70 In areas of high HIV prevalence,
zoster has been shown to have an 85—95% positive predictive
value for underlying HIV infection.71—75 By contrast, two US
studies showed that incident zoster may not be a good
indicator of underlying cancer. In the Rochester study,
cancer incidence was similar among individuals with zoster
after 9389 person-years of follow-up compared with local
residents without zoster (RR=1·1, 0·9—1·3),76 and people in
the North Carolina cohort with a history of cancer were not
at increased risk of zoster after 8 years of follow-up (adjusted
RR=1·03, 0·58—1·80). However, in the latter study people
who reported their health as “excellent” were at half the risk
of subsequent zoster (adjusted RR=0·51, 0·27—0·95).52

Three publications examined the effect of psychological
stress and/or lack of social support. These factors can cause
generalised cell-mediated immunosuppression, and a recent
study has indicated that long-term stress may result in
premature ageing of the immune system.77,78 Irwin et al79

showed that 11 adults with major depression had lower
VZV-specific cellular immunity compared with age/sex-
matched controls without depression, but did not examine
subsequent risk of zoster. The other reports were of two
separate studies on the North Carolina cohort. In the first,
101 individuals with recent zoster reported a significantly
higher number of stressful life events in the 6 months before
rash onset compared with 101 age-matched controls (mean
2·64 vs 1·82 events, p=0·008), and a significantly higher
number of events in the 2 months before rash that they
perceived as “negative” (OR=2·60, 1·13—6·27).80 In the
second, negatively perceived life events were weakly
associated with risk of subsequent zoster on multivariable
analysis after 8 years of follow-up among 2568 individuals
(RR=1·38, 0·96—1·97, p=0·078), but social support variables
(such as presence of a confidant or being married) were not
associated with zoster risk.52 In MSGP4, individuals who
were not cohabiting (either single or separated/divorced)
were at slightly increased risk of zoster compared with
individuals who were married or cohabiting (RR adjusted
for age, sex, and household child contacts=1·17, 1·01—1·37,

p=0·04), but individuals who were widowed were not at
increased zoster risk. 

Some metals, pesticides, and volatile organic substances
can also suppress cell-mediated immunity, and early reports
referred to arsenic as a risk factor for zoster.3,81,82 One US
cross-sectional study reported that 900 individuals aged
between 18 and 40 years who lived within 2·5 miles of
pesticide dump sites were twice as likely to report a history of
zoster at telephone interview compared with individuals
from neighbouring communities (multivariable RR=2·1,
1·0—4·3).83 The temporal sequence of residence in the area
and zoster was not ascertained. Older individuals in the
study were not at increased risk of zoster the authors
suggested that they could have had lower exposure rates, due
to fewer outdoor recreational activities than younger
individuals.

Cigarette smoking and alcohol can also have a harmful
effect on cell-mediated immune functioning.84,85 None of the
studies identified was set up to look specifically at smoking
or alcohol consumption, but cigarette smoking was
associated with significant protection against zoster in the
North Carolina cohort (adjusted RR=0·47, 0·25—0·89).52 In
MSGP4, smoking was not associated with risk of zoster after
adjusting for age and sex (RR=1·03, 0·91—1·17).

Other risk factors
Case reports and case series have suggested that mechanical
trauma precipitates zoster in the affected dermatome,
perhaps because stimulation of the nerve triggers
reactivation of virus in the dorsal root ganglion.86—88

However, trauma can be common in older populations, and
none of these studies compared the frequency of trauma in
individuals with and without zoster. In our study, recent
trauma was reported significantly more often in cases
compared with matched controls.89

A recent study investigated genetic susceptibility to
zoster, studying polymorphisms at the promoter region of
the gene for interleukin 10 (a cytokine that can
downregulate cell-mediated immunity).90 A significantly
higher proportion (53%) of 60 immunocompetent patients
with zoster carried the ATA haplotype at this region of the
gene compared with 152 (38%) of 400 blood donors. 

Discussion
Zoster incidence may vary between populations, even
among the oldest individuals. Some of this variation may be
due to differences in the completeness of case ascertainment,
accuracy of population denominators, and the diagnostic
criteria used, but some is likely to be due to the frequency of
risk factors for zoster. What clues do descriptive studies give
about the determinants of zoster, and are these clues borne
out by the findings from analytical studies?

Increasing age and cell-mediated immunosuppressive
disorders are clearly risk factors for zoster, and differences
between studies in zoster incidence among the oldest
individuals might result from differences in their age
structure or in the frequency of these disorders. We might
expect increasing zoster incidence over time as populations
age and immunosuppressive therapies are increasingly used,
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but evidence for this is conflicting. Comparison of the two
US studies that showed an apparent increase in incidence
was made after adjusting for age differences.28,31 In these
studies, a similar proportion of individuals were
documented with cancer (6·4% vs 6%) but 4·5% of
individuals in the later study were also known to be HIV
positive; the proportion of individuals on immuno-
suppressive therapies was not reported. The later study could
also have achieved more complete case ascertainment as a
result of free access to health care. 

It is unclear whether the risk of zoster is increased in
females, and if so what this represents. Women might be
more likely to seek medical advice for their zoster compared
with men or may have increased prevalence of risk factors
for zoster, or there may be some biological mechanism by
which women are more susceptible to VZV reactivation. An
increased incidence of zoster in women is unexpected given
the findings from a range of studies that strongly suggested
that varicella contacts protect against zoster, because women
might be expected to have more social contacts with children
(and therefore with varicella) compared with men. However,
the lower zoster incidence in women aged 35—44 years in the
Rochester study (in the pre-HIV era) and the lower risk in
the same age group in the MSGP4 analysis could indicate
increased contacts with school-age children (and therefore
with varicella), offsetting any increased risk in women due to
other factors.28

There was little evidence of seasonality in zoster
incidence from the population-based studies included in this
review, although some clinic-based studies (where
ascertainment may be less complete) have reported
increased zoster incidence in the summer months.82,91—95

Varicella incidence is seasonal, so lack of zoster seasonality
suggests that any protection against zoster afforded by
varicella contacts does not have an immediate effect. This
inference is supported by Garnett and Grenfell’s analysis,
which indicated that such protection could occur over a
longer timescale. The lack of seasonality in zoster incidence
also does not give credence to the hypothesis that ultraviolet
light exposure (a known suppressor of local and systemic
cell-mediated immunity) could be a short-term risk factor
for zoster, as has been recently hypothesised.95 We might also
expect to find lower zoster incidence in areas of high
population mixing, if regular contact with varicella decreases
zoster risk. Analyses from four studies showed no
association with urban residence or household crowding,
but these data provided no information on mixing
specifically with children, who are the main source of
varicella in temperate climates. 

Non-whites may be at lower risk of zoster. It has been
suggested that this reduced risk results from the
maintenance of VZV-specific immunity in older age due to
the late acquisition of varicella in people with childhood
residence in late-onset varicella countries. There was no
immunological evidence to support this hypothesis, and
MSGP4 analyses indicated that the protection associated
with ethnicity was independent of country of birth. In
addition, a recent report of individuals with incident zoster
participating in antiviral trials showed that being non-white

and resident in tropical countries were independently
associated with significantly younger age at zoster, although
this tendency could simply indicate participation bias or
undiagnosed HIV infection.96 In the North Carolina cohort,
the protective effect of being non-white was not explained by
differences in age, sex, education, health status, smoking,
depression, social support, or stressful events.52 One possible
reason for the protective effect is that non-whites may
experience exogenous boosting of specific immunity due to
increased varicella contacts from multiple child contacts in
extended families. In MSGP4, the protective effect of
ethnicity was not explained by current household child
contacts. However, this may not be an accurate indication of
the range of non-household child contacts that older
individuals experienced in the few years before the study.
Alternatively, lower zoster risk in non-whites might result
from genetic differences affecting VZV reactivation, or from
differential survival—in populations with higher mortality
rates, those who survive to old age may have robust immune
systems (and therefore lower susceptibility to zoster).

Psychological stress was identified as a potential risk
factor for zoster that might operate by suppressing cell-
mediated immunity. Separate analyses of the same elderly
US population provided some evidence that stress increases
the risk of zoster, although the case-control findings 
might have resulted from recall bias and the cohort 
analysis had weak power to detect a significant effect. 
A second possible determinant of generalised cell-mediated
immune suppression, and therefore of zoster, is exposure to
immunotoxic chemicals. Immunotoxic chemicals were
implicated in zoster incidence in one study, although the
temporal sequence of environmental exposure and zoster
was unclear and the increased zoster risk was only seen in
younger residents. 

Other potential risk factors for zoster identified in 
this review included mechanical trauma and genetic
susceptibility. It is feasible that genes coding for interleukin-
10 promotion or for other specific cytokines could increase
zoster risk by affecting cell-mediated immunity, but 
these polymorphisms could be associated with general
susceptibility to infections or to other immune-mediated
disorders in addition to VZV reactivation, in which case
voluntary blood donors (who are essentially healthy) may
not have been a suitable control group.

It is surprising that we know so little about the
determinants of zoster given that it is relatively common in
older individuals and causes significant morbidity, and that
so few studies made any immunological measurements.
Some of the factors identified in this review could affect the
risk of zoster at any age by boosting VZV-specific immunity
or by temporarily diminishing cell-mediated immune
functioning in general, although further evidence is needed
to show that these are the underlying mechanisms by which
risk is altered. Older people may be more susceptible to the
effects of temporary immunosuppression because these
occur against a background of age-related immune decline.
However, older individuals vary widely in their age at onset
of immunosenescence, and some have immune responses
similar to those of much younger individuals.97,98 Therefore,
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it is possible that some of the factors identified (such as 
stress and immunotoxin exposure) are determinants of
immunosenescence itself, in which case immunosenescence
may lie on the causal pathway between these factors and risk
of zoster. In other words, the factors increase the risk of
immunosenescence, which in turn increases the risk of
zoster. If this is so, then investigation of determinants 

of zoster may also help to identify the determinants of
immune dysregulation with age. 

What other factors might determine the rate of
immunosenescence and increase the risk of zoster? One
candidate is micronutrient intake, because micronutrients
are essential for cell-mediated immune function and
multiple micronutrient deficiencies occur increasingly 
with age, causing diminished cell-mediated immunity 
and increased susceptibility to infections in older
individuals.99–101 Variation in micronutrient intake could
also partially explain differences in zoster incidence by
ethnicity. However, the lack of association between zoster
and social class seen in MSGP4 does not provide support
for this hypothesis, since micronutrient status is likely to
vary with social class.

In conclusion, the descriptive epidemiology of zoster
provides limited clues about its determinants, and there
have been few analytical studies. More focused studies are
needed to test specific hypotheses and to confirm findings.
For example, it is important to clarify whether contacts 
with varicella protect older individuals against zoster,
because widespread introduction of varicella vaccination
could result in increased zoster incidence in latently
infected people who no longer receive exogenous boosting.
Elucidation of risk factors for zoster may lead to public-
health interventions to limit the future incidence of this
disease, and could also inform future research about the
determinants of immunosenence.

Acknowledgments
SLT was funded initially by a research studentship from the Medical
Research Council (UK), and then by the Research Foundation for
Microbial Diseases, Osaka University. 

Conflicts of interest 
There are no potential conflicts of interest in connection with 
this paper, except that SLT was invited to speak at a 1-day 
research meeting in 2002 with expenses partly paid by a vaccine
manufacturer.

Review Risk factors for herpes zoster

References
1 Schmader K. Herpes zoster in older adults. 

Clin Infect Dis 2001; 32: 1481–86.
2 Brisson M, Edmunds WJ, Law B, et al. Epidemiology

of varicella zoster virus infection in Canada and the
United Kingdom. Epidemiol Infect 2001; 127: 305–14.

3 Hope-Simpson RE. The nature of herpes zoster: a
long-term study and a new hypothesis. Proc R Soc
Med 1965; 58: 9–20.

4 Cunningham AL, Dworkin RH. The management of
post-herpetic neuralgia. BMJ 2000; 321: 778–79.

5 Morens DM, Bregman DJ, West CM, et al. 
An outbreak of varicella-zoster virus infection
among cancer patients. Ann Intern Med 1980;
93: 414–19.

6 Alliegro MB, Dorrucci M, Pezzotti P, et al. Herpes
zoster and progression to AIDS in a cohort of
individuals who seroconverted to human
immunodeficiency virus. Clin Infect Dis 1996;
23: 990–95.

7 Nagasawa K, Yamauchi Y, Tada Y, Kusaba T, 
Niho Y, Yoshikawa H. High incidence of herpes
zoster in patients with systemic lupus erythematosus:
an immunological analysis. Ann Rheum Dis 1990;
49: 630–33.

8 Castle SC. Clinical relevance of age-related immune
dysfunction. Clin Infect Dis 2000; 31: 578–85.

9 The Research Committee of the Council of the
College of General Practitioners. General Register
Office. Studies on medical and population subjects
No 14. Morbidity statistics from general practice.
London: HM Stationery Office, 1962.

10 Royal College of General Practitioners, Office of
Population Censuses and Surveys, Department of
Health and Social Security. Morbidity statistics from
general practice 1971–72. Second national study.
Studies on medical and population subjects No 36.
London: HM Stationery Office, 1979.

11 Royal College of General Practitioners, Office of
Population Censuses and Surveys, Department of
Health and Social Security. Morbidity statistics from
general practice 1981–82. 3rd national study. Series
MB5 no 1. London: HM Stationery Office, 1986.

12 McCormick A, Fleming D, Charlton J. Morbidity
statistics from general practice: 4th national study
1991–92. A study carried out by the Royal College of
General Practitioners, the Office of Population
Censuses and Surveys, and the Department of
Health. London: HM Stationery Office, 1995.

13 Chapman RS, Cross KR, Fleming DM. The incidence
of shingles and its implications for vaccination
policy. Vaccine 2003; 21: 2541–47.

14 Guess HA, Broughton DD, Melton III LJ, 
Kurland LT. Epidemiology of herpes zoster in
children and adolescents: a population-based study.
Pediatrics 1985; 76: 512–17.

15 Baba K, Yabuuchi H, Takahashi M, Ogra PL.
Increased incidence of herpes zoster in normal
children infected with varicella zoster virus during
infancy: community-based follow-up study. J Pediatr
1986; 108: 372–77.

16 Arvin AM, Koropchak CM, Wittek AE.
Immunological evidence of re-infection with
varicella zoster virus. J Infect Dis 1983; 148: 200–05.

17 Gershon AA, LaRussa P, Steinberg S, Mervish N,
Shaw HL, Meier P. The protective effect of
immunologic boosting against zoster: an analysis in
leukemic children who were vaccinated against
chickenpox. J Infect Dis 1996; 173: 450–53.

18 Christensen P, Nørrelund N. Herpes zoster in
general practice. Ugeskr Læger 1985; 147: 3401–03.

19 Trollor J. Herpes zoster in general practice. Aus Fam
Physician 1987; 16: 1133–40.

20 Chant KG, Sullivan EA, Burgess MA, et al. Varicella-
zoster virus infection in Australia. Aust N Z J Public
Health 1998; 22: 413–18.

21 Meister W, Neiss A, Gross G, Doerr H-W, Hobel W,
Malin J-P, von Essen J, Reimann B-Y, Witke C,
Wutzler P. Demography, symptomatology, and
course of disease in ambulatory zoster patients.
Intervirology 1998; 41: 272–77.

22 Schoub BD, Sacho H. Herpes zoster - results from a
questionnaire-based surveillance of patients and
their general practitioners. SAMJ 1996; 86: 1562–63.

23 Kurland LT. Descriptive epidemiology of selected
neurological and myopathic disorders with
particular reference to a survey in Rochester,
Minnesota. J Chron Dis 1958; 8: 378–418.

24 Fleming DM. Epidemiology of shingles. J Royal Soc
Med 1991; 84: 184.

25 Edmunds WJ, Brisson M, Rose JD. The
epidemiology of herpes zoster and the potential cost-
effectiveness of vaccination in England and Wales.
Vaccine 2001; 19: 3076–90.

26 Cooper M. The epidemiology of herpes zoster. 
Eye 1987; 1: 413–21.

Search strategy and selection criteria
Data for this review (published up to the end of April 2003 in
any language) were identified by searches of Medline and
Embase. The search was carried out in two phases. Articles
published up to mid-1998 were retrieved by searching for
herpes zoster as a thesaurus term, with either “epidemiology”,
“aetiology”, or “transmission” as subheadings, or with
“inciden*”, “risk”, “rate”, “cohort”, “case-control”, or “cross-
sectional” (with and without hyphens) as free-text terms.
Review articles on zoster were identified using a separate
search. From mid-1998 onwards, we did monthly searches of
the two databases, looking at all articles that indexed herpes
zoster as a thesaurus term (all subheadings) or included
“zoster” as a free-text term. Books on herpes viruses were
identified from the catalogues of the London School of Hygiene
and the British Library. Reference lists of all retrieved articles
were examined. Reports were also sought from the four
Morbidity Statistics in General Practice studies and from the
ongoing Royal College of General Practitioners Weekly Returns
Service (see text). Zoster incidence studies were included in
the review if they were population-based (for example studies
of general practice populations or inhabitants of a defined
geographical area), but excluded if they were restricted to
selected groups such as dermatology or physiotherapy clinic
attenders. Analytical studies were included if they used a
cohort, case-control, or cross-sectional design, and if they
examined the odds or risks of zoster for the exposures of
interest. Both descriptive and analytical studies were excluded
if they only provided information on child populations, or if the
data were entirely duplicated in other publications.



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

THE LANCET Infectious Diseases Vol 4  January 2004    http://infection.thelancet.com 33

27 Logan WPD, Cushion AA. General Register Office.
Studies on Medical and Population Subjects No 14.
Morbidity Statistics from General Practice. London:
HMSO, 1958.

28 Ragozzino MW, Melton III LJ, Kurland LT, Chu CP,
Perry HO. Population-based study of herpes zoster
and its sequelae. Medicine 1982; 61: 310–16.

29 Richards P. Shingles in one family practice. 
Arch Fam Med 1996; 5: 42–46.

30 Schmader K, George LK, Burchett BM, Pieper CF,
Hamilton JD. Racial differences in the occurrence of
herpes zoster. J Infect Dis 1995; 171: 701–04.

31 Donahue JG, Choo PW, Manson JE, Platt R. The
incidence of herpes zoster. Arch Intern Med 1995;
155: 1605–09.

32 Seiler HE. A study of herpes zoster particularly 
its relationship to chickenpox. J Hyg 1949; 47:
253–62.

33 McGregor RM. Herpes zoster, chicken-pox, and
cancer in general practice. BMJ 1957; 1: 84–87.

34 Ross CA, Brown WK, Clarke A, Caldwell WF,
Gordon ER, Harvey J, McAlister AM, McGlone J,
Prentice RT, Thorburn W, Tobias C. Herpes zoster
in general practice. J R Coll Gen Pract 1975; 25:
29–32.

35 Wilson JB. Thirty one years of herpes zoster in a
rural practice. BMJ 1986; 293: 1349–51.

36 Hope-Simpson RE. Epidemiology of shingles. 
J Royal Soc Med 1991; 84: 184.

37 Fleming DM, Norbury CA, Crombie DL. Annual
and Seasonal Variation in the Incidence of Common
Diseases [53]. Birmingham: Royal College of General
Practitioners, 1991.

38 Paul E, Thiel T. Epidemiology of varicella-zoster
infections. Results of a prospective study in Ansbach,
Germany. Hautarzt 1996; 47: 604–09.

39 Chidiac C, Bruxelle J, Daures J-P, Hoang-Xuan T,
Morel P, Leplege A, El Hasnaoui A, de Labareyer C.
Characteristics of patients with herpes zoster on
presentation to practitioners in France. Clin Infect
Dis 2001; 33: 62–69.

40 Czernichow S, Dupuy A, Flahault A, Chosidow O.
Herpes zoster: incidence study among Sentinel
general practitioners. Ann Dermatol Venereol 2001;
128: 497–501.

41 Di Luzio Paparatti U, Arpinelli F, Visona G. Herpes
zoster and its complications in Italy: an
observational survey. J Infection 1999; 38: 116–19.

42 Helgason S, Sigurdsson JA, Gudmundsson S. The
clinical course of herpes zoster: a prospective study
in primary care. Eur J Gen Pract 1996; 2: 12–16.

43 Opstelten W, Mauritz JW, de Wit NJ, van Wijck JM,
Stalman WAB, van Essen GA. Herpes zoster and
postherpetic neuralgia: incidence and risk indicators
using a general practice research database. Fam Pract
2002; 19: 471–75.

44 Fleming DM. Weekly Returns Service: Report for
1998. Birmingham: RCGP, 1999. 

45 Garnett GP, Cox MJ, Bundy DA, Didier JM, 
St Catharine J. The age of infection with varicella-
zoster virus in St Lucia, West Indies. Epidemiol Infect
1993; 110: 361–72.

46 Longfield JN, Winn RE, Gibson RL, Juchau SV,
Hoffman PV. Varicella outbreaks in army recruits
from Puerto Rico. Varicella susceptibility in a
population from the tropics. Arch Intern Med 1990;
150: 970–73.

47 Lee BW. Review of varicella zoster seroepidemiology
in India and Southeast Asia. Trop Med Int Health
1998; 3: 886–90.

48 Maretic Z, Cooray MPM. Comparisons between
chickenpox in a tropical and a European Country. 
J Trop Med Hyg 1963; 66: 311–15.

49 Akram DS, Qureshi H, Mahmud A, et al.
Seroepidemiology of varicella-zoster in Pakistan. SE
Asian J Trop Med Public Health 2000; 31: 646–49.

50 Saha SK, Darmstadt GL, Hanif M, Khan R.
Seroepidemiology of varicella-zoster virus in
Bangladesh. Ann Trop Paediatr 2002; 22: 341–45.

51 Muñoz MT, Torres J, Damasio-Santana L, Gómez A,
Fernández-Quintanilla G, Muñoz O. Susceptibility
to varicella-zoster infection in individuals 1 to 29
years of age in Mexico. Arch Med Res 1999; 30:
60–63.

52 Schmader K, George LK, Burchett BM, Hamilton JD,
Pieper CF. Race and stress in the incidence of herpes
zoster in older adults. JAGS 1998; 46: 973–77.

53 Garnett GP, Grenfell BT. The epidemiology of
varicella-zoster virus infections: the influence of
varicella on the prevalence of herpes zoster.
Epidemiol Infect 1992; 108: 513–28.

54 Thomas SL, Wheeler JG, Hall AJ. Contacts with
varicella or with children and protection against
herpes zoster in adults: a case-control study. Lancet
2002; 360: 678–82.

55 Brisson M, Gay NJ, Edmunds WJ, Andrews NJ.
Exposure to varicella boosts immunity to herpes-
zoster: implications for mass vaccination against
chickenpox. Vaccine 2002; 20: 2500–07.

56 Solomon BA, Kaporis AG, Glass AT, Simon SI,
Baldwin HE. Lasting immunity to varicella in
doctors study (L.I.V.I.D. study). J Am Acad Dermatol
1998; 38: 763–65.

57 Terada K, Hiraga Y, Kawano S, Kataoka N. Incidence
of herpes zoster in pediatricians and history of
reexposure to varicella-zoster virus in patients with
herpes zoster. Kansen Zasshi 1995; 69: 908–12.

58 Schimpff S, Serpick A, Stoler B, Rumack B, Mellin H,
Joseph JM, Block J. Varicella-zoster infection in
patients with cancer. Ann Intern Med 1972; 76:
241–54.

59 Sokal JE, Firat D. Varicella-zoster infection in
Hodgkin’s disease. Am J Med 1965; 39: 452.

60 Antonelli MAS, Moreland LW, Brick JE. Herpes
zoster in patients with rheumatoid arthritis treated
with weekly low-dose methotrexate. Am J Med 1991;
90: 295–98.

61 Melbye M, Grossman RJ, Goedert JJ, Eyster ME,
Biggar RJ. Risk of AIDS after herpes zoster. Lancet
1987; 1: 728–30.

62 Samba-Lefevre MC, Kouka F, Yala F, et al. Herpes
zoster and HIV infection in Congo. Bull Liais
Document 1989; 4: 68.

63 Melbye M, Njelesani EK, Bayley A, et al. Evidence for
heterosexual transmission and clinical
manifestations of human immunodeficiency virus
infection and related conditions in Lusaka, Zambia.
Lancet 1986; 2: 1113–15.

64 Glesby MJ, Moore RD, Chaisson RE. Clinical
spectrum of herpes zoster in adults infected with
human immunodeficiency virus. Clin Infect Dis
1995; 21: 370–75.

65 Buchbinder SP, Katz MH, Hessol NA, et al. Herpes
zoster and human immunodeficiency virus
infection. J Infect Dis 1992; 166: 1153–56.

66 Engels EA, Rosenberg PS, Biggar RJ. Zoster
incidence in human immunodeficiency virus-
infected hemophiliacs and homosexual men,
1984–1997. J Infect Dis 1999; 180: 1784–89.

67 Morgan D, Mahe C, Malamba S, Okongo M,
Mahanja B, Whitworth J. Herpes zoster and HIV-1
infection in a rural Ugandan cohort. AIDS 2001; 15:
223–29.

68 Luby JP, Ramirez-Ronda C, Rinner S, Hull A,
Vergne-Marini P. A longitudinal study of varicella-
zoster virus infections in renal transnplant
recipients. J Infect Dis 1977; 135: 659–63.

69 Rifkind D. The activation of varicella-zoster virus
infections by immunosuppressive therapy. J Lab Clin
Med 1966; 68: 463–74.

70 Veenstra J, Krol A, Van Praag RM, et al. Herpes
zoster, immunological deterioration and disease
progression in HIV-1 infection. AIDS 1995; 9:
1153–58.

71 Colebunders R, Mann JM, Francis H, et al. Herpes
zoster in African patients: a clinical predictor of
human immunodeficiency virus. J Infect Dis 1988;
157: 314–18.

72 Van der Perre P, Bakkers E, Batungwanayo J, et al.
Herpes zoster in African patients: an early
manifestation of HIV infection. Scand J Infect Dis
1989; 20: 277–82.

73 Dehne KL, Dhlakama DG, Richter C, Mawadza M,
McClean D, Huss R. Herpes zoster as an indicator of
HIV infection in Africa. Trop Doct 1992; 22: 68–70.

74 Tyndall MW, Basio J, Agoki E, et al. Herpes zoster as
the initial presentation of human immunodeficiency
virus type 1 infection in Kenya. Clin Infect Dis 1995;
21: 1035–37.

75 Bayu S, Alemahehu W. Clinical profile of herpes
zoster ophthalmicus in Ethiopians. Clin Infect Dis
1997; 24: 1256–60.

76 Ragozzino MW, Melton III LJ, Kurland LT, 
Chu PH, Perry HO. Risk of cancer after herpes

zoster: a population-based study. N Engl J Med
1982; 307: 393–97.

77 Kusnecov AW, Rabin BS. Stressor-induced
alterations of immune function: mechanisms 
and issues. Int Arch Allergy Immunol 1994; 105:
107–21.

78 Kiecolt-Glaser JK, Preacher KJ, MacCallum RC,
Atkinson C, Malarkey WB, Glaser R. Chronic stress
and age-related increases in the proinflammatory
cytokine IL-6. Proc Natl Acad Sci USA 2003; 100:
9090–95.

79 Irwin M, Costlow C, Williams H, et al. Cellular
immunity to varicella-zoster virus in patients with
major depression. J Infect Dis 1998; 178: S104–08.

80 Schmader K, Studenski S, MacMillan J, 
Grufferman S, Cohen HJ. Are stressful life events
risk factors for herpes zoster? JAGS 1990; 38: 1188–94.

81 Head H, Campbell AW, Kennedy PG. The
pathology of herpes zoster and its bearing on
sensory localisation. Brain 1997; 7: 131–43.

82 Simons RDG. Some climatological and other
particulars on herpes zoster from the Northern and
Southern hemisphere. Dermatologica 1951; 103:
109–16.

83 Arndt V, Vine MF, Weigle K. Environmental
chemical exposures and risk of zoster. Environ
Health Perspect 1999; 107: 835–41.

84 Moszczynski P, Zabinski Z, Moszczynski PJ,
Rutowski J, Slowinski S, Tabarowski Z.
Immunological findings in cigarette smokers.
Toxicol Lett 2001; 118: 121–27.

85 Cook RT. Alcohol abuse, alcoholism, and damage
to the immune system - a review. Alcohol Clin Exp
Res 1998; 22: 1927–42.

86 Juel-Jensen BE. The natural history of shingles:
events associated with reactivation of varicella-
zoster virus. J R Coll Gen Pract 1970; 20: 323–27.

87 Furuta Y, Ohtani F, Fukuda S, Inuyama Y,
Nagashima K. Reactivation of varicella-zoster virus
in delayed facial palsy after dental treatment and
oro-facial surgery. J Med Virol 2000; 62: 42–45.

88 Bailey MH, McKinney P. Herpes zoster as a
complication of a face lift. Aesthetic Plast Surg 1988;
12: 23–24.

89 Thomas SL, Wheeler JG, Hall AJ. Does mechanical
trauma increase the risk of herpes zoster? A case-
control study. BMJ (In press).

90 Haanpaa M, Nurmikko T, Hurme M.
Polymorphism of the IL-10 gene is associated with
susceptibility to herpes zoster. Scand J Infect Dis
2002; 34: 112–14.

91 Glynn C, Crockford G, Gavaghan D, Cardno P,
Price D, Miller J. Epidemiology of shingles. J Royal
Soc Med 1990; 83: 617–19.

92 Hellgren L, Hersle K. A statistical and clinical study
of herpes zoster. Geront Clin 1966; 8: 70–76.

93 Gallerani M, Manfredini R. Seasonal variation in
herpes zoster infection. Br J Dermatol 2000; 142:
560–91.

94 Termorshuizen F, Garssen J, Norval M, et al. 
A review of studies on the effects of ultraviolet
irradiation on the resistance to infections: evidence
from rodent infection models and verification by
experimental and observational human studies. 
Int Immunopharmacol 2002; 2: 263–75.

95 Zak-Prelich M, Borkowski JL, Alexander F, 
Norval M. The role of solar ultraviolet irradiation
in zoster. Epidemiol Infect 2002; 129: 593–97.

96 Nagasako EN, Johnson RW, Griffin DRJ, Elpern DJ,
Dworkin RH. Geographic and racial aspects of
herpes zoster. J Med Virol 2003; 70: S20–23.

97 Chandra RK. Nutritional regulation of immunity
and risk of infection in old age. Immunology 1989;
67: 141–47.

98 Barcellini W, Borghi MO, Sguotti C. Heterogeneity 
of immune responsiveness in healthy elderly 
subjects. Clin Immunol Immunopathol 1988; 47:
142–51.

99 Working Group on the Nutrition of Elderly People,
the Committee on Medical Aspects of Food Policy.
The Nutrition of Elderly People. London: HMSO,
1992.

100 Nutrition in the elderly: the Boston nutritional
status survey. London: Smith-Gordon, 1990.

101 High KP. Micronutrient supplementation and
immune function in the elderly. Clin Infect Dis
1999; 28: 717–22.

ReviewRisk factors for herpes zoster


	What does epidemiology tell us about risk factors for herpes zoster?
	Methods
	Results
	Incidence studies
	Potential determinants of loss of VZV-specific immunity
	Potential determinants of generalised loss of cell- mediated immunity
	Other risk factors

	Discussion
	Acknowledgments
	References


