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Background. Herpes zoster (HZ) is caused by reactivation of latent varicella zoster virus and is often associated
with substantial pain and disability. Baseline incidence of HZ prior to introduction of HZ vaccine is not well
described, and it is unclear whether introduction of the varicella vaccination program in 1995 has altered the
epidemiology of HZ. We examined trends in the incidence of HZ and impact of varicella vaccination on HZ trends
using a large medical claims database.

Methods. Medical claims data from the MarketScan® databases were obtained for 1993-2006. We calculated
HZ incidence using all persons with a first outpatient service associated with a 053.xx code (HZ ICD-9 code) as the
numerator, and total MarketScan enrollment as the denominator; HZ incidence was stratified by age and sex. We
used statewide varicella vaccination coverage in children aged 19-35 months to explore the impact of varicella
vaccination on HZ incidence.

Results. HZ incidence increased for the entire study period and for all age groups, with greater rates of increase
1993-1996 (P < .001). HZ rates were higher for females than males throughout the study period (P < .001) and for

all age groups (P < .001). HZ incidence did not vary by state varicella vaccination coverage.
Conclusions. HZ incidence has been increasing from 1993-2006. We found no evidence to attribute the increase

to the varicella vaccine program.

Herpes zoster (HZ) is caused by reactivation of latent
varicella zoster virus (VZV), the virus that causes vari-
cella. There are an estimated 1 million cases of HZ an-
nually in the United States, with a lifetime risk
approaching 1 in 3[1]. About 10%-18% of persons with
HZ develop post-herpetic neuralgia (PHN), a disabling
pain syndrome that can last months or even years with
no consistently effective treatments [1]. About 68% of
HZ cases and 85% of PHN cases occur in persons aged
=50 years, a population that may be less able to tolerate
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these conditions and their treatments. Herpes zoster
vaccine (HZV), licensed in 2006, can prevent HZ and
reduce the risk of PHN among persons who develop HZ
despite vaccination [2].

Reasons for reactivation of latent VZV are not fully
understood. Recognized risk factors for HZ include in-
creasing age and immunosuppression due to underlying
disease or medication use [3]. Some investigators hy-
pothesize that exposure to varicella as well as subclinical
reactivation of latent VZV can boost VZV-specific im-
munity and reduce the risk of HZ [4-6]. In the United
States, the varicella vaccine was licensed in 1995. Al-
though uptake increased slowly during the first 5 years
of the program, varicella vaccination coverage increased
from 68% in 2000 to 89% in 2006 in 19-35 month-olds
[7]. Concerns have been raised that the resulting re-
duction in varicella and exposure to VZV would in-
crease the incidence of HZ [5, 8, 9]. Several studies,
including data from other countries with no or limited

varicella vaccination programs, suggest that age-specific
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HZ incidence has been increasing [1, 10-16], and some ob-
servers have attributed this trend to the varicella vaccination
program. It is necessary to characterize baseline trends of HZ in
order to monitor the impact of the HZV program as well as
understand changes in the epidemiology of HZ due to varicella
vaccination. Herein, we use data from a large medical claims
database from 1993, prior to varicella vaccine licensure, to 2006,
the year that HZ vaccine was licensed in the United States, to
report on trends in HZ. We also evaluate different markers of
varicella exposure to better understand its potential impact on
the epidemiology of HZ.

METHODS

Data Source

A retrospective cohort study was conducted using data from
the MarketScan® databases (Thomson Reuters [Healthcare],
Ann Arbor, MI), which include patient-level information
from over 100 self-insured employers, state governments,
hospitals, health insurance plans, and Medicare, in all states
[17]. Data were available from the 1993-2006 MarketScan
Commercial Claims and Encounters and its 1996-2006
Medicare Supplemental and Coordination of Benefits data-
bases; they included information on health insurance claims
representing current and former employees, retirees, and their
beneficiaries. This study was reviewed by the human-subjects
coordinator at the CDC and, as an analysis of secondary data
without personal identifiers, was determined not to require
institutional review board review.

The study population consisted of MarketScan enrollees from
January 1993 through December 2006. Data on the enrolled
population was abstracted from the 1993-2006 population and
the 1998-2006 enrollment tables. Population tables contain
aggregate data whereas enrollment tables contain individual-
level enrollment data. Outpatient claims data were obtained
from the 1993-2006 outpatient services table, which contains
data on paid claims for all outpatient physician visits or services,
including International Classification of Disease, 9th Revision
(ICD-9) diagnostic codes. Because our key study objective was
to assess HZ incidence starting before uptake of varicella vaccine
was widespread, trends in HZ incidence are based on the pop-
ulation tables for which data were available, starting in 1993.

Ascertainment of Herpes Zoster Cases

A HZ case was defined as an enrollee of any age in the Mar-
ketScan database with an outpatient claim bearing a HZ ICD-9
code (053.xx) in the primary or secondary diagnostic position.
Enrollees with only PHN-specific ICD-9 codes (053.12, 053.13)
were excluded because these cases may not represent incident
HZ cases. The initial HZ-related outpatient service or visit

between 1 January 1993 and 31 December 2006 was defined as
the incident date; subsequent HZ outpatient services or visits
were not counted as incident cases as they may represent
ongoing HZ episodes.

Statistical Analyses

HZ incidence was calculated by dividing the annual number of
incident HZ cases in the MarketScan population tables by the
annual MarketScan population, stratified by age and sex using
Excel and SAS 9.1 [18]. Overall incidence was age- and sex-
standardized to the 2000 US population [19]. A mean test
standardized to the 1998-2006 US Census population estimates
[19] was performed to examine if the mean age of the HZ cases
had changed during the study period.

To control for secular changes in health care access, health-
seeking behavior, the composition of the enrolled population, or
the databases themselves, we compared trends in HZ incidence
with those of 10 preselected conditions that were (1) common,
(2) acute in onset, (3) typically medically attended, (4) typically
evaluated on an outpatient basis, and (5) had no a priori evidence
of changing incidence over time [20]. The selected conditions
were impacted cerumen (diagnostic code 380.4), acute pharyn-
gitis (462), kidney/ureter calculus (592.xx), urinary tract infection
not otherwise specified (NOS) (599.0), cellulitis of the leg (682.6),
ingrowing nail (703.0), lipoma (214.x), wrist/hand sprain
(842.xx), blepharitis (373.xx), and unilateral inguinal hernia
(550.90); these were ascertained in the outpatient databases in the
primary or secondary diagnostic position. The comparison is
presented as a simple ratio of number of HZ cases to number of
cases for each of the marker conditions with the rate ratio stan-
dardized by age and sex to the 2000 US population [19].

The risk of HZ is markedly elevated in immunosuppressed
persons [3, 21]. To rule out the possibility that changes in HZ
incidence were due to changes in the prevalence of immuno-
suppression in the study population, we used the enrollment
databases to conduct an analysis of HZ incidence in a subset of
enrollees. We excluded enrollees with any of 200 ICD-9 codes
(Appendix 1) representing conditions that are immunosup-
pressive or that are at times managed with immunosuppressive
drugs or treatments. In preparing this list of conditions, we
deliberately erred on the side of overexclusion to ensure that the
remaining enrollees were not immunosuppressed. We con-
ducted this analysis in 2 ways: by calculating HZ incidence after
excluding all enrollees who had any of the 200 codes at any time
during the study interval, and by calculating HZ incidence for
each year of the study interval (1998-2006) after excluding en-
rollees who had any of the 200 codes during that specific year.
Results were age-standardized to the 2000 US population [19].

Variation in varicella vaccination coverage among states
provided a natural experiment with which to assess whether
vaccination influences HZ incidence in the general population.
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We directly examined HZ incidence in enrollees who resided in
states with variable varicella vaccination coverage, based on the
coverage assessment of the 1997-2006 National Immunization
Survey [7] among children aged 19-35 months. Because there is
neither evidence to suggest that specific vaccination-coverage-
threshold levels affect HZ rates nor reliable data on the duration
of possible protective immunity following external disease ex-
posure, we compared HZ rates in enrollees residing in states that
had consistently higher varicella vaccine coverage than the na-
tional median during each year from 1997-2006 with HZ rates
in enrollees in states with consistently lower coverage. (Enrollees
from any state whose status changed during this interval were
excluded from this analysis.) For every year during 1998-2006,
coverage in all 12 low-coverage states was lower than that in all
13 high-coverage states. We used this strategy because the av-
erage number of opportunities for varicella exposure pre-
sumably would be lower in high-vaccination-coverage states
than in low-coverage states for the entire study interval; the
increased incidence of varicella (ie, risk of varicella exposure) in
low-coverage states was documented in a MarketScan-based
study using this approach [20].

To see whether the incidence of HZ was affected by exposure
to varicella, we assessed HZ incidence in enrollees aged 20-50
years with and without at least 1 dependent aged <12 years,
using young dependents as surrogates for varicella exposure as
has been done by others [5, 6, 8, 9]. Analysis was restricted to
enrollees in this age group because they were more likely to have
household dependents aged <12 years.

We performed multivariate analysis as another means to
evaluate the association of these variables on HZ incidence. We
used a generalized linear model with binomial distribution and
log link function, and included the following potential de-
pendent variables in the model: year, age group, sex, region,
urban residence (metropolitan statistical area [MSA] status),
type of health plan membership, vaccination coverage, and
immunosuppressed status (Appendix 1). Because enrollee-level
data for these variables in the multivariate analysis were available
only from the enrollment databases, this analysis was limited to
the years 1998-2006. Variables with a P value <.05 were con-
sidered significant in the model.

RESULTS

Demographics of Study Population

The enrolled population based on aggregate data from the
population table ranged from 3.5 million in 1993 to 10.9 million
in 2006 (Appendix 2); 47%—49% were male. The proportion of
individuals in each age group remained fairly stable across the
study period with the exception of those in the =65-year age
group. In the years prior to availability of the Medicare data (ie,
before 1996), only 1% was in the =65-year age group, but in

subsequent years, this age group comprised 10%-16% of the
MarketScan population. Age distributions and other charac-
teristics of the study population are shown in Appendix 2.

Herpes Zoster Cases

From 1993 through 2006, there were 282,973 incident cases of
HZ in our study population. HZ was listed as the primary di-
agnosis for 96.5% of cases. The mean age of the zoster cases
varied little, from 52.5 in 1998 to 53.2 in 2006.

Herpes Zoster Incidence

Throughout the study, HZ incidence varied directly with age
(Table 1, Figure la) and was higher among females for all age
groups (P < .001) (Table 1). Incidence increased from 1.7 per
1000 enrollees in 1993 to 4.4 per 1000 in 2006 (Table 1). Increase
in overall incidence represented a 98% increase in 13 years, after
standardizing by age and sex (Figure 1b). The increases occurred
among all age strata and both sexes, increasing more rapidly
among females (Table 1). For enrollees aged =60 years, increases
were still noted when we age-standardized to the 2000 pop-
ulation using 10-year age strata (6069, 70-79, 80-89, and =90
years) for 1998-2006 (data not shown). Increases were detected
immediately in 1993-1996 (P < .001), but the rates of increase
were highest in the earliest part of the study and declined over
time (P < .001) among adults aged =18 years and among
children aged 0-17 years. Among children, incidence remained
stable after about 2000 (Table 1).

We compared the annual number of HZ codes to codes for 10
preselected conditions, after standardizing by age and sex. The
number of HZ cases increased relative to 9 of 10 of these con-
ditions (Figure 2).

HZ incidence increased over time in the immunocompetent
population, with higher rates in females (Figure 3a). In this
analysis, enrollees were excluded from numerators and denomi-
nators for any years in which they had codes for immunosup-
pressive conditions. Similar trends were noted when we instead
excluded enrollees from numerators and denominators for the
entire study interval if they had any codes for immunosuppressive
conditions during any years during the interval (data not shown).

Age-specific HZ incidence did not differ between adults re-
siding in states with high varicella vaccine coverage and those in
low-coverage states (P = .3173 for difference in incidence), but
it was lower in children living in high-coverage states (P < .001).
HZ incidence was lower in adults aged 20-50 years with
dependents aged <12 years compared with adults without
dependents (P < .01), but became similar over time (Figure 3b).
Increasing HZ incidence was also noted using multivariate
techniques, after inclusion of age, sex, region, urban residence,
and immunosuppressed status (defined in Appendix 1) in the
model (data not shown). Since health plan membership and
state-level vaccination coverage did not significantly affect HZ
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Figure 1a. Annual 1000 persons) in the/1000 persons) by Age Group, MarketScan Enrolled Population, 1993—2006 °. ®Denominator data taken from
1993 —2006 MarketScan Population Tables, which contain aggregate enrollment information.

Figure 1b. Overall Annual 1000 persons) in the/1000 persons), MarketScan Enrolled Population, 1993-2006 . ®Denominator data taken from 1993-2006
MarketScan Population Tables, which contain aggregate enrollment information. ®Data are age- and sex-standardized to the 2000 US Population [19].

incidence in univariate analysis, they were excluded from the
final multivariate model.

DISCUSSION

We used a large medical-claims database to show increases in
HZ incidence starting as early as 1993-1996. We show that in-
creases in HZ incidence predated vaccine licensure and were
most rapid during the early years of the vaccination program,

before vaccine uptake reached high levels. We found that HZ
rates were similar among those living in high— and low—vaccine
coverage states. We did find that adults with dependents aged
<12 years had lower HZ incidence at the outset of the varicella
vaccination program compared with adults without dependents,
and the incidence in both groups became similar as the program
progressed. These ecologic analyses suggest that the varicella
vaccination program has not influenced HZ incidence in the
general population, but it may have affected specific groups at
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high risk of varicella exposure (eg, adults living with young
children). In addition to providing unique data on early effect of
varicella vaccination on HZ incidence, these results also provide
important baseline information with which to monitor future
effects of HZ vaccination.

The age-specific increases in HZ incidence that we document
in this study are substantial and robust for all age-strata and
both sexes. HZ incidence did, however, stabilize after 1999
among children aged <18 years, the cohort that had been
targeted for varicella vaccination. By preventing varicella in-
fection, varicella vaccination has been shown to reduce the risk
of HZ in children [22, 23]; our data are consistent with these
observations, and suggest that sufficient pediatric varicella
vaccination occurred by 2000 to stabilize HZ incidence among
children. Several studies conducted in the US and elsewhere
[1, 11-16], but not all [24, 25], found that age-specific HZ
incidence had been increasing, even before introduction of
widespread varicella vaccination [11, 13-16]. Our work
strengthens the evidence that age-specific HZ incidence began
to increase prior to the initiation of varicella vaccination, and
provides a strong indication that these increases were not due
to changes in the prevalence of immunosuppression, to secular
changes in healthcare access and health seeking behavior, or to
other artifacts. Our work also extends earlier findings, showing
that the mean age of HZ cases had not changed over time. This
is an important observation because the age at which HZ oc-
curs partially determines its clinical severity and the risk of
progression to PHN [3, 21, 26].

Our finding that HZ incidence increases with age has been
well established; this increase may be related to im-
munosenescence [3, 21, 26]. We also found that HZ incidence
was higher in females. This observation is consistent with many
[1, 2, 15, 16, 27-32], but not all [13, 33-35], earlier reports. We
believe that the excess HZ incidence we observed in females is
a real phenomenon and not due to differential health seeking
behavior, since it was observed in all age-cohorts, including
children aged 0-17 years. It is unlikely that parents would seek
medical care for their children differentially based on gender.
There is no known biological or behavioral basis for this excess
risk; it does not support the hypothesis that varicella exposure
protects against HZ, considering that women are more likely to
be the caretakers for their children with varicella.

Although administrative databases provide, at low cost,
data on large populations that can be used for surveillance or
epidemiologic research, there are limitations to these data. First,
claims data can capture information only on HZ cases that seek
medical attention. However, results from a population-based
survey showed that 95% of 141 adults =60 years of age expe-
riencing HZ sought medical attention during the episode [36].
Also, the accuracy of MarketScan data cannot be validated
through record reviews; previous publications have conducted
such validation and found that diagnoses are =85% correct
(1, 34, 37].

Changes occurred in the makeup of the study population
during the study interval. Data regarding Medicare enrollees was
not available in MarketScan databases until 1996, so enrollees
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Babc

Denominator data taken from 1998-2006 MarketScan enrollment tables, which contain individual-level enrollment information. ®Data are age-
standardized to the 2000 US population [19]. “An enrollee's immune status, which was classified for each study year, was determined by whether the
enrollee had any of the 200 ICD-9 codes that represented an immunosuppressive condition or a condition that required medications/steroids or therapy
that might lead to immunosuppression. See Appendix 1 for a list of relevant ICD-9 codes.

Figure 3b. Herpes Zoster Incidence (cases/1000 persons) Among 20-50-Year-Olds With and Without Dependents Aged <12 Years, MarketScan
Enrolled Population, 1998—2006° ?Denominator data taken from 1998-2006 MarketScan enrollment tables, which contain individual-level enroliment

information.

aged =65 years were covered by private insurance and may have
not been representative of that age cohort. However, whether that
cohort was representative, it experienced an increase during those
initial years, and the increases noted for all other age cohorts
during that interval suggests that the increases were not artifactual.

Additionally, managed care health-plan membership and the size
of the study population increased. We believe the measures we
used, as described, controlled for these changes, but given the gaps
in our knowledge of risk factors for HZ, residual unmeasured
confounding may have been present in our analyses.
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There were particular limitations in our analysis of the impact
of varicella exposure on HZ incidence. We assumed depen-
dents <12 years of age served as surrogates for varicella exposure
to adults in the home. However, identifying young dependents
in an administrative claims database is a poorer surrogate than
directly asking about presence of children in the home, as was
done by others [5, 6, 9]: dependents may not live with enrollees,
and children in the home may not be covered by the enrollee’s
insurance and thus be missed. The rapid convergence of HZ
rates among adults with and without young dependents oc-
curring soon after introduction of varicella vaccination also
suggests that other, unknown factors may affect HZ rates among
adults with dependents aged <12 years.

In conclusion, we found strong evidence of substantial
increases in the incidence of HZ across all age groups, which
occurred prior to the introduction of the varicella vaccination
program. Just why, then, are HZ rates increasing? This
question is closely related to the broader question of why one-
third of the population experiences HZ during their lifetimes
[1], but two-thirds do not. Only a small portion of persons
who experience HZ are immunosuppressed, suggesting that
unrecognized risk factors are at play. We cannot know why
HZ incidence is increasing if we cannot know how key risk
factors for HZ are changing. Less well-defined factors that
may play roles include comorbid chronic conditions, trauma,
psychological stress, race, and family history [3, 8, 38—40];
however, the attributable risk associated with these factors is
unlikely to be large or to have changed dramatically over time.
Understanding the pathophysiology and epidemiology of HZ
is critical for better targeting more effective prevention and
treatment strategies.
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