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(See the editorial commentary by Whitley, on pages 1999–2001.)
Background. Varicella zoster virus (VZV) causes varicella and, later in the life of the host, may reactivate to

cause herpes zoster (HZ). Because it is hypothesized that exposure to varicella may boost immunity to latent VZV,
the vaccination-associated decrease in varicella disease has led some to suggest that the incidence of HZ might
increase. We assessed the impact that varicella vaccination has on the incidence of varicella and of HZ.

Methods. Codes for cases of varicella and of HZ in an HMO were determined in automated databases of
inpatients and outpatients, on the basis of the Ninth Revision of the International Classification of Diseases. We
calculated the incidence, during 1992–2002, of varicella and of HZ.

Results. The incidence of HZ remained stable as the incidence of varicella decreased. Age-adjusted and -specific
annual incidence rates of varicella decreased steadily, starting with 1999. The age-adjusted rates decreased from
2.63 cases/1000 person-years during 1995 to 0.92 cases/1000 person-years during 2002; among children 1–4 years
old, there was a 75% decrease between 1992–1996 and 2002. Age-adjusted and -specific annual incidence rates of
HZ fluctuated slightly over time; the age-adjusted rate was highest, at 4.05 cases/1000 person-years, in 1992, and
was 3.71 cases/1000 person-years in 2002.

Conclusions. Our findings revealed that the vaccination-associated decrease in varicella disease did not result
in an increase in the incidence of HZ. These early findings will have to be confirmed as the incidence of varicella
disease continues to decrease.

After causing varicella, the varicella zoster virus (VZV)

remains dormant in the sensory ganglia and reactivates

later in life to cause herpes zoster (HZ). Both varicella

and HZ are characterized by a vesicular skin rash that

is commonly generalized in the case of varicella and

localized in the case of HZ [1]. Before the introduction

of varicella vaccine in the United States during 1995,

almost everyone contracted varicella by the age of 30

years [2, 3]; however, only ∼10%–30% of persons in-

fected with VZV develop HZ [4, 5]. A decrease in cell-
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mediated immunity is thought to play a critical role in

the reactivation of the virus in healthy individuals [6].

Widespread childhood vaccination in the United

States has led to a 75%–80% decrease in the incidence

of varicella [7, 8], raising concern that the incidence of

HZ might increase because of decreased circulation of

the wild-type virus [9]. In 1965, Hope-Simpson hy-

pothesized that external exposure to VZV may boost

immunity, thereby reducing the likelihood that the vi-

rus would reactivate as HZ [10]. Subsequent studies

have reported that the risk of HZ is lower in individuals

exposed to varicella or to children than it is in indi-

viduals without such exposures [11–14]. Finally, mod-

eling predicts that the vaccination-associated decrease

in varicella disease would lead to an increase in the

incidence of HZ, an increase that may last for as long

as 50 years [15, 16]. Since 1998, the Centers for Disease

Control and Prevention (CDC) has collaborated with

Group Health Cooperative (GHC), an HMO in Wash-

ington State, to monitor the incidence rates of varicel-

la and of HZ. The objectives of this project were to
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establish the baseline incidence of varicella and of HZ before

vaccine licensure (1992–95) and to assess the impact that var-

icella vaccination had on the incidence of both diseases after

licensure, during 1996–2002.

SUBJECTS AND METHODS

The study population consisted of persons enrolled in GHC at

any time during 1 January 1992–31 December 2002. GHC main-

tains automated administrative databases that record medical

information on each enrollee, including immunizations and In-

ternational Classification of Diseases, Ninth Revision, Clinical

Modification (ICD-CM-9)–coded diagnoses associated with

outpatient visits and/or hospitalizations [17]. For each enrollee

there is also a paper medical record that contains copies of

notes on outpatient and emergency-room visits, consultations

with medical specialists, and hospital-admission and -discharge

summaries. Incident cases of varicella and HZ were defined on

the basis of the date, during the study period, of the first out-

patient visit or hospitalization associated with an ICD-CM-9

code of either “052,” for varicella, or “053,” for HZ.

Statistical Analysis

We calculated incidence rates per 1000 person-years of HMO

enrollment for the period of 1 January 1992–31 December 2002.

Person-time was censored on disenrollment from GHC or

death. An annual average of 350,000 persons were enrolled,

contributing more than 3.9 million total person-years during

the 11-year study period. We used SAS statistical software for

data analysis (SAS Institute). We calculated annual incidence

rates of varicella and of HZ by dividing the number of cases

by the person-time in each year overall and by various age

strata. To account for changes in the study population’s age

distribution during the 11-year period, we calculated age-ad-

justed incidence rates of varicella and HZ by direct standard-

ization with the age distribution of the US population in 2000

[18]. The 95% confidence interval (CI) for the incidence rates

were calculated on the basis of a Poisson distribution. Linear-

trend tests of incidence rates during the period were evaluated

by use of Poisson regression. was considered to be sta-P ! .05

tistically significant.

Vaccination-Coverage Assessment

We calculated annual vaccine-coverage rates among children 2,

6, 12, and 15 years old; for each of these 4 age-specific estimates

of vaccine coverage, the denominator consisted of children who

had reached the specified birthday during a particular year

while enrolled in GHC, and the numerator consisted of the

subset of those children who had a record of varicella vacci-

nation on or before that birthday.

Outcome Validation

We assessed the validity of automated diagnoses of varicella

and HZ over time by reviewing charts of an age-stratified ran-

dom sample of persons with those diagnoses, oversampling age

groups with lower incidence rates. For varicella cases diagnosed

between January 1992 and May 2000, we sampled 2% of cases

among those 0–9 years old, 10% among those 10–39 years old,

and 15% among those �40 years old; charts of 309 (98%) cases

were available for review. For HZ cases diagnosed during 1992–

95, we sampled 50% of cases among those !18 years old and

5% of those �18 years old, for a total of 357. Cases of varicella

or HZ were considered to be confirmed if a health-care provider

noted a definite or probable diagnosis in the chart and if no

definite diagnosis of an alternative etiology was indicated during

the following month.

RESULTS

Varicella vaccine coverage increased progressively in all age

groups over time. Coverage was highest among children 2 years

old, ranging from !1% in 1995 to 65% in 2002, followed by

coverage among children 6 years old, ranging from !0.1% to

45%. Coverage among older children (12 and 15 years old),

increased modestly, to 9% and 5%, respectively, in 2002.

The proportion of automated diagnoses confirmed by chart

review was higher for the age groups with the highest incidence

of varicella disease. The proportion of confirmed cases of var-

icella was highest (100%) among children 5–9 years old and

lowest (3% [1/31]) among adults �60 years old. The most

common alternative diagnoses among persons 0–39 years old

were other viral-rash illnesses and errors in coding of varicella

vaccine or immunity, whereas HZ was the most common al-

ternative diagnosis among those �40 years old. The positive

predictive value of diagnosis of varicella decreased over time,

ranging from an average of 85% during 1992–1994 (before

vaccination) to 53% during 1999–2000 (when varicella disease

was decreasing). The proportion of confirmed cases of HZ was

highest (94%) among persons �60 years old and lowest (60%)

among children 0–4 years old. The most common alternative

diagnoses among persons 0–59 years old were herpes simplex,

varicella, postherpetic neuralgia, and other rash illnesses. The

positive predictive value of diagnosis of HZ remained stable

(�80%) each year during 1992–95.

Crude incidence rates of varicella during 1992–1998 fluc-

tuated, ranging from 2.00 cases/1000 person-years during 1998

to 2.44 cases/1000 person-years during 1995, and then steadily

decreased, to 0.77 cases/1000 person-years during 2002 (P !

). The same pattern was observed when persons �60 years.001

old and vaccinees were excluded. We found a similar pattern

for the age-adjusted rates: the highest rate was 2.63 cases/1000

person-years during 1995, and it decreased steadily, from 2.29
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Figure 1. Age-adjusted (to the US population in 2000) incidence rates (and 95% confidence intervals [CI]) of varicella and of herpes zoster
(HZ), 1992–2002.

cases/1000 person-years during 1998 to 0.92 cases/1000 person-

years during 2002 ( ) (figure 1).P ! .001

The age-specific annual incidence rates of varicella fluctuated

over time and then, starting in 1999, decreased steadily, among

all age groups !60 years old (figure 2). Children 1–4 years old

who had the highest incidence rates experienced the greatest

decrease (75%), from an average rate of 14.53 cases/1000 per-

son-years during 1992–1996 to 3.67 cases/1000 person-years

during 2002. Infants (children !1 year old), who are not eligible

for vaccination, experienced a decrease of 65%, from an average

rate of 11.81 cases/1000 person-years during 1992–1996 to 4.11

cases/1000 person-years during 2002. Finally, adults 20–59 years

old, who had the lowest incidence rates, experienced the lowest

decrease (40%), from an average rate of 0.56 cases/1000 person-

years during 1992–1996 to 0.34 cases/1000 person-years during

2002. We excluded persons �60 years old, because varicella

disease was confirmed in only 3% of them.

Crude incidence rates of HZ fluctuated over time and then

increased, from 3.92 cases/1000 person-years during 1996 to

4.48 cases/1000 person-years during 2002 ( ); however,P ! .001

this increase disappeared after the incidence rates were adjusted

for age, ranging from 4.05 cases/1000 person-years during 1992

to 3.47 cases/1000 person-years during 2000 (figure 1).

The age-specific annual incidence rates of HZ increased with

age and fluctuated slightly over time, with no discernible trend

(figure 3). The rates among children 0–4 years old, the age

group most frequently receiving varicella vaccine, were 10.60

cases/1000 person-years for most of the years between 1992

and 2000, with the 2 lowest rates, 0.30 cases/1000 person-years

and 0.38 cases/1000 person-years, occurring during 1994 and

1995, respectively, and the highest rate, 0.74 cases/1000 person-

years, occurring during 1997, after which the rates decreased,

to 0.48 cases/1000 person-years during both 2001 and 2002.

Among children 5–9 years old, the rates were 11.52 cases/1000

person-years during 1997–2002, with the lowest observed rate

being 1.08 cases/1000 person-years during 1996 and the highest

observed rate being 1.64 cases/1000 person-years during 1999.

Among children 0–9 years old, incidence rates of HZ were

lower (0–7 cases/year) among vaccinated children than among

unvaccinated children. When 1996 and 1997 were excluded

(because few children were vaccinated and these years therefore

contributed little person-time), the rates of HZ during the post-

vaccine years ranged from 0.0 cases/1000 person-years during

1998–1999 to 0.49 cases/1000 person-years during 2002; in con-

trast, the rates of HZ among unvaccinated children increased,

from 0.87 cases/1000 person-years during 1996 to 1.45 cases/

1000 person-years during 2002.

DISCUSSION

In this first large longitudinal study that has examined the in-

cidence of varicella and of HZ, before and after introduction of

varicella vaccination, the incidence rates of varicella decreased

after an increase in varicella vaccine use among children, whereas

those of HZ did not change. To date (7 years after introduction

of the vaccine), a 65% decrease in the incidence of varicella

disease has not appeared to have had an impact on the incidence

of HZ. In some countries, varicella vaccine programs have either
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Figure 2. Age-specific incidence rates of varicella, 1992–2002

not been instituted or have been abandoned, in part because of

concerns about potential increases in the incidence of HZ after

routine varicella vaccination.

Because varicella rates in the present study are based only

on cases in which persons sought health care in person, they

are lower than those obtained from studies based on self-report

[3, 19–21]. Assuming that the number of varicella cases ap-

proximates that of the annual birth cohort in GHC, we esti-

mated that our data captured only 18% of the varicella cases

occurring during the prevaccine period (1992–94); however,

because health-seeking behavior for treatment of varicella is

unlikely to have changed in this population during the 11-year

study period, the trend observed should not be affected by

underascertainment.

Published studies have reported various unadjusted inci-

dence rates of HZ, ranging between 1.3 cases/1000 person-years

and 4.8 cases/1000 person-years [10, 22–24]. The US study with

the lowest rate used a more stringent case definition [23]. The

unadjusted rates reported in the present study are within the

range (3.2–4.8 cases/1000 person-years) of published rates ob-

served in other countries [10, 22, 24, 25]. However, because

the risk of HZ increases with increasing age, comparison of

incidence rates across studies and years should be done after

age adjustment to a standard population. Two previous studies

have reported increases in unadjusted rates of HZ; one study

reported a 36% increase, from 1.15 cases/1000 person-years to

1.50 cases/1000 person-years, between 1945 and 1959 [23], and

the other reported a 57% increase, from 1.08 cases/1000 person-

years, during 1970–1974 to 1.70 cases/1000 person-years, dur-

ing 1990–1994 [26]. In the present study, crude rates of HZ

increased 37%, from 3.92 cases/1000 person-years during 1996

to 4.48 cases/1000 person-years, during 2002; this increase was

due to an increase in the elderly population in GHC and dis-

appeared after the rates were adjusted for age. We used the US

population in 2000 to claculate age-adjusted HZ incidence rates

for the 2 studies that provided data by age group, and we

compared them with the overall adjusted rate (3.90 cases/1000

person-years) observed in the present study, which resulted in

rates of 3.27 cases/1000 person-years ( ) [27] and 3.14P ! .01

cases/1000 person-years ( ) [10]; these rates, however,P p .60

are similar to the overall adjusted rate of 3.20 cases/1000 per-

son-years that was observed in the present study, after adjust-

ment for miscoding of HZ cases.

The incidence rates of HZ among children should be inter-

preted with caution, because the risk of HZ is conditional on

a person’s having either had varicella disease or been given

varicella vaccine, and age-specific rates of varicella and of vac-

cination may vary across populations. Furthermore, diagnosis

of HZ in children may be challenging, because HZ can be

confused with other conditions, such as herpes simplex, a pos-

sibility that may explain the wide range in rates of HZ that

have been observed in the present study. In the present study,

children !10 years old who were vaccinated had HZ rates that

were lower than those in children who were unvaccinated; this
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Figure 3. Age-specific incidence rates of herpes zoster, 1992–2002

finding supports the hypothesis that the varicella vaccine virus

is less likely than the wild-type to reactivate and thereby cause

HZ. The increase in the rate of HZ among unvaccinated chil-

dren may be a result of an increasing proportion of children

in the denominator who, because of the maturing of the vac-

cination program, are truly at risk for HZ. Before vaccination,

many children !5 years old would not have been at risk for

HZ, because they had not had varicella; yet, with universal

vaccination at 12–18 months, the majority will be vaccinated

and thus be removed from the denominator whereas the re-

maining will be more likely to have had varicella.

Some researchers have suggested that the risk of HZ in per-

sons exposed to varicella cases or to children is lower than that

in those not so exposed [11, 13, 14]. Thomas et al. found that

the risk of HZ in persons exposed to �3 varicella cases was

∼20% of that in those not so exposed. Two other studies have

reported that the risk of HZ in pediatricians is lower than both

that in the general population [13] and that in dermatologists

and psychiatrists [14]; however, the first of these 2 reports

studied small numbers of persons [13], and the second of them

had low response rates and found no differences between der-

matologists and psychiatrists, 2 groups who are considered to

have different rates of exposure to varicella cases [14]. In these

2 studies, protection was observed in groups whose exposure

to varicella was greater than that likely to be experienced by

the general population. Two additional studies have reported

that household exposure to children (relative risk [RR], 0.75

[95% CI, 0.63–0.89]) [4] and occupational exposure to children

(RR, 0.70 [95% CI, 0.58–0.85]) [12] are associated with a lower

incidence of HZ. However, persons who are at a higher risk

for HZ because of other medical health problems may be less

likely to live with and/or work with children. Persons �50 years

old are less likely to live with children (in one study [4], 6%

live with children), indicating that protection afforded by ex-

posure to children, if it exists, will benefit only a small portion

of adults �50 years old, the group that is at highest risk for

HZ. Finally, mathematical models predict an increase in the

incidence of HZ, which may be detected as soon as 5 years

[16] to 7 years [4] after the implementation of a routine vac-

cination program; this increase is predicted to last up to 50

years and to decrease thereafter, as vaccinated cohorts replace

those who have a history of varicella disease [4, 16].

Exposure to varicella may afford protection against HZ. This

postulation is supported by other studies [28, 29]; for example,

Arvin et al. have reported that 71% of adults with household

exposure to varicella experience a boost in cellular immune

responses [28], and Gershon et al. have reported that vaccinated

leukemic children who had household exposure to varicella

were less likely to develop HZ than were those who did not

have such exposure [29]. Yet, other issues—including factors

that contribute to boosting, the duration of protection after

exposure, and other factors influencing reactivation—remain

to be investigated.

The present study has several limitations. First, we relied on

automated medical-encounter data, which led to underestima-

tion of incidence rates, although such underestimation should

remain constant over time. Second, relying on ICD-CM-9 codes

for clinical diagnoses may result in misclassification of varicella

cases and HZ cases. Although the predictive value for diagnosis

of varicella decreased over time, such misclassification would

overestimate the incidence of varicella and minimize the impact

of vaccination. Third, although the incidence of HZ remained
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constant during the study period, the study may have been con-

cluded too early to detect an increase attributable to a decrease

in exposure to varicella. In the population considered by the

present study, the uptake of varicella vaccine was slightly lower

than the national average, and the study covered only the first

7 years after varicella vaccine was introduced [30]. Finally, the

population in the present study may not be representative of

those who do not have health insurance, although this should

not affect the trends observed.

We will continue to monitor the incidence of HZ as the rate

of varicella disease continues to decrease. Other studies have

reported the results of boosting VZV-specific cell-mediated

immunity by administering another dose of VZV vaccine �5

years after the first dose [31–33]. Future public-health inter-

ventions focusing on VZV may include a vaccine to prevent

or modify HZ.
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