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VARICELLA VACCINE IS RECOM-
mended for routine immuni-
zation of children aged 12 to
18 months and for older sus-

ceptible children and adults in the
United States.1-4 Before its licensure in
1995, almost everyone developed chick-
enpox; thus, incidence approximated
the birth cohort, with about 13 000 hos-
pitalizations and 100 to 150 deaths an-
nually.5-9

Varicella vaccine coverage has in-
creased steadily, reaching 81% in 2002
among children aged 19 to 35 months
nationally, while varicella disease in-
cidence has declined in all age
groups.10-12 However, the impact of vac-
cination on varicella-related health care
utilization has been documented in only
1 study. Davis et al,13 using data from
the Nationwide Inpatient Sample, re-
ported significant declines in varicella
hospitalization rates and associated
charges. For the current study, we used
MarketScan databases to describe not
only patterns of varicella hospitaliza-
tion but also patterns of ambulatory vis-
its and their associated medical expen-
ditures in the United States. In addition,
we stratified the analyses by state-
level varicella vaccination coverage and
by type of health insurance plan. We
evaluated these factors beginning in
1994 (before availability of varicella vac-

cine) through 2002 (7 years after vac-
cine licensure).

METHODS
Data Source

Data were obtained from the Market-
Scan databases,14 which include infor-
mation from approximately 40 self-
insured employers, including state
governments, with about 4 million cov-
ered lives per year, from 1994 to 2002.
The databases include more than 500
million claim records representing em-
ployees, retirees, and dependents from
more than 100 health insurance plans
in all continental states and the Dis-
trict of Columbia. The databases con-
tain patient demographics, physician
characteristics, dates of services, length

of stay (LOS) in hospital, payments, In-
ternational Classification of Diseases,
Ninth Revision, Clinical Modification
(ICD-9-CM) diagnostic codes, Current
Procedural Terminology 1998 codes, and
other variables. Total payments re-
ported in MarketScan databases repre-
sent actual amounts paid to providers
(eg, physicians and hospitals).

The study sample consisted of all in-
patient admissions and ambulatory vis-
its between January 1994 and Decem-
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Context Since varicella vaccine was first recommended for routine immunization in
the United States in 1995, the incidence of disease has dropped substantially. How-
ever, national surveillance data are incomplete, and comprehensive data regarding out-
patient as well as hospital utilization have not been reported.

Objective To examine the impact of the varicella vaccination program on medical
visits and associated expenditures.

Design, Setting, and Patients Retrospective population-based study examining
the trends in varicella health care utilization, based on data from the MarketScan da-
tabases, which include enrollees (children and adults) of more than 100 health insur-
ance plans of approximately 40 large US employers, from 1994 to 2002.

Main Outcome Measures Trends in rates of varicella-related hospitalizations and
ambulatory visits and direct medical expenditures for hospitalizations and ambulatory
visits, analyzed using 1994 and 1995 as the prevaccination baseline.

Results From the prevaccination period to 2002, hospitalizations due to varicella de-
clined by 88% (from 2.3 to 0.3 per 100 000 population) and ambulatory visits de-
clined by 59% (from 215 to 89 per 100 000 population). Hospitalizations and ambu-
latory visits declined in all age groups, with the greatest declines among infants younger
than 1 year. Total estimated direct medical expenditures for varicella hospitalizations
and ambulatory visits declined by 74%, from an average of $84.9 million in 1994 and
1995 to $22.1 million in 2002.

Conclusion Since the introduction of the varicella vaccination program, varicella hos-
pitalizations, ambulatory visits, and their associated expenditures have declined dra-
matically among all age groups in the United States.
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ber 2002 with varicella diagnoses (ICD-
9-CM codes 052.xx). We examined
outcomes using only the primary di-
agnosis code and using all diagnoses to
provide conservative and liberal esti-
mates, respectively. We excluded events
with coexistent herpes zoster diag-
noses (ICD-9-CM codes 53.xx) as well
as varicella in persons aged 50 years or
older because these also are likely to
represent herpes zoster.7

Study Population

The MarketScan enrollment databases
contain complete individual-level en-
rollment records on enrollees. How-
ever, not all enrollees are included in the
enrollment databases. We included all
enrollees aged 0 to 49 years from the
MarketScan enrollment databases in our
analysis of hospitalizations and ambu-
latory visit rates per 100 000 person-
years. In a secondary analysis, we ana-
lyzed varicella hospitalizations among
all enrollees (regardless of whether they
were in the enrollment databases) as a
proportion of total hospitalizations from
all enrollees. Otherwise, enrollees who
were not in the enrollment databases
were excluded from analysis.

Because this study constituted analy-
sis of secondary data without identifi-
ers, it did not require institutional re-
view board approval or informed
consent.

Data Analysis

Analyses were performed with SAS,
version 8.0, statistical software (SAS
Institute Inc, Cary, NC). We used
1994 and 1995 combined data as the
prevaccination baseline. We con-
ducted Poisson regression analysis to
assess changes in varicella rates over
time. P�.05 was considered statisti-
cally significant.

We created 3 age categories corre-
sponding to the prevaccination inci-
dence and severity of varicella and to ex-
pected vaccination uptake: children
younger than 10 years (high incidence
and low severity in prevaccination pe-
riod; high coverage after vaccination);
children and adolescents aged 10 to 19
years (intermediate incidence and se-

verity; some coverage); and adults aged
20 to 49 years (low incidence and high
severity; low coverage). We also evalu-
ated infants (younger than 1 year), who
are not eligible for vaccination.

We conducted stratified analyses of
ambulatory visits for children younger
than 10 years by state-level vaccina-
tion coverage and by type of health in-
surance plan. There were too few hos-
pitalizations and too few ambulatory
visits in older age groups for such
analyses.

We stratified varicella vaccination
coverage by categorizing children as be-
longing to high- or low-coverage groups
based on state of residence, as re-
ported by the National Immunization
Survey.15 We defined high-coverage
states as those that consistently had
higher annual coverage than the na-
tional average and low-coverage states
as those that consistently had lower an-
nual coverage than the national aver-
age during 1997-2003.10,15-20 Enrollees
from states whose coverage status
changed during 1997-2003 were ex-
cluded from this analysis.

We compared varicella rates be-
tween capitated and noncapitated (ie,
fee-for-service) insurance plans. Seven
types of insurance plans were catego-
rized as capitated (health maintenance
organization, capitated or partially capi-
tated point of service) or noncapitated
(basic/major medical, comprehensive,
exclusive provider organization, non-
capitated point of service, and pre-
ferred provider organization).

We examined rates of ambulatory
visits by residence in metropolitan sta-
tistical areas (MSAs) vs non–metro-
politan statistical areas (non-MSAs),21

and also by season.
We used total payments to providers

to estimate expenditures for hospital-
izations and ambulatory visits. Expen-
ditures were standardized to 2002 US
dollars using the medical Consumer
Price Index.22 We calculated mean LOS
and total payments per hospitalization
and mean total payments and out-of-
pocket payments (co-payments plus de-
ductible) for ambulatory visits, compar-
ing prevaccination (1994 and 1995) and

postvaccination (2001 and 2002) peri-
ods. We used 1994, 1995, and 2002 US
Census data23,24 and values from the Mar-
ketScan databases to estimate national
medical expenditures (for hospitaliza-
tions and ambulatory visits only) for
varicella in the prevaccination and post-
vaccination periods.

RESULTS
Eligible enrollees in the MarketScan da-
tabases increased from about 1.2 mil-
lion in 1994 to 3.5 million in 2002 (rep-
resenting 0.6% and 1.8% of the US
population aged 0-49 years, respec-
tively) (TABLE 1). About 26% of enroll-
ees met the inclusion criteria in 1994
compared with 70% in 2002. This
change was due to increasing complete-
ness of the enrollment databases over
time. Throughout the study period,
there were slightly more female than
male enrollees, there were more enroll-
ees in MSAs, and age distributions var-
ied slightly. The proportion of enroll-
ees covered by managed care plans
increased gradually over time.

Rates of Varicella-Related
Hospitalizations

Hospitalization rates with varicella as
the primary diagnostic code declined
from 2.3 per 100 000 population in the
prevaccination period to 0.3 in 2002
(88% decrease; P�.001). Declines in
hospitalizations with varicella as any di-
agnosis were similar, from 4.8 to 0.6 per
100 000 population (85% decrease). For
our main analyses, we therefore pre-
sent only data on events with primary
varicella diagnostic codes because they
are more specific. FIGURE 1 shows the
significant decline per 100 000 popu-
lation in varicella hospitalizations in all
age groups between 1994 and 2002,
from an average of 9.9 in the prevacci-
nation period to 0.9 in 2002 (91%) for
children younger than 10 years; from
1.5 to 0.1 (92%) for children and ado-
lescents aged 10 to 19 years; and from
0.8 to 0.2 (78%) for adults aged 20 to
49 years. The greatest decrease per
100 000 population, from an average of
45.1 in the prevaccination period to 0
in 2002 (100%), occurred among in-
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fants. There was no significant differ-
ence between rates of hospitalizations
among enrollees insured by noncapi-
tated plans and those insured by capi-
tated plans.

While hospitalization rates de-
clined among both adults and chil-
dren, the proportion of hospitaliza-
tions among adults increased relative
to that of children. In the prevaccina-
tion period, 11.7% of varicella-related
hospitalizations occurred among in-
fants while 21.4% occurred among
adults; in 2002, no hospitalizations oc-
curred among infants and adults ac-
counted for 40% of hospitalizations.

To verify that reductions in vari-
cella hospitalizations were not an arti-
fact of changes in the enrollment da-
tabase population or otherwise affected
by changes in health care utilization
during the study interval, we analyzed
varicella hospitalization rates from all
enrollees (regardless of study data-
base inclusion) as a proportion of total
hospitalizations from all enrollees. Vari-
cella hospitalizations constituted an av-
erage of 0.025% of all annual hospital-
izations from all enrollees in the

database in 1994 and 1995 compared
with 0.003% in 2002, a decline of 87%.

Rates of Varicella-Related
Ambulatory Visits

The rate of ambulatory visits with vari-
cella as the primary diagnosis code de-

clined from an average of 215 per
100 000 population in the prevaccina-
tion period to 89 in 2002 (59% de-
crease; P�.001). The decline was sig-
nificant for all age groups (FIGURE 2).
Similar declines were noted for ambu-
latory visits with any varicella code,

Table 1. Demographic Characteristics of Eligible Enrollees Aged 0-49 Years, 1994-2002*

Characteristics
1994

(n = 1 199 772)
1995

(n = 1 407 339)
1996

(n = 1 555 278)
1997

(n = 2 124 353)
1998

(n = 2 220 498)
1999

(n = 2 233 532)
2000

(n = 2 377 048)
2001

(n = 2 752 104)
2002

(n = 3 532 381)

Sex
Male 49.2 49.3 48.3 48.2 47.9 48.0 48.4 48.3 47.9

Female 50.8 50.7 51.7 51.8 52.1 52.0 51.6 51.7 52.1

Age group, y
�10 15.2 14.7 14.3 15.4 15.5 15.7 15.9 15.9 15.6

10-19 22.8 23.3 23.6 21.8 21.5 22.0 21.9 21.6 22.3

20-49 62.0 62.0 62.1 62.8 63.0 62.3 62.2 62.5 62.1

Resident of metropolitan
statistical area

Yes 81.9 75.8 70.7 73.2 74.9 74.7 74.0 77.4 81.4

No 18.1 24.2 29.3 26.8 25.1 25.3 26.0 22.6 18.6

Insurance plan type
Basic/major medical 4.8 1.7 1.9 0.6 0.5 0.5 0 0 0

Comprehensive 56.1 60.3 64.5 31.5 32.8 32.9 18.4 14.1 13.6

Exclusive provider
organization

0.5 0.4 1.1 0.3 0 0.9 0 2.5 4.4

Health maintenance
organization

0 0 0 8.0 8.1 8.1 7.7 7.9 18.3

Noncapitated
point-of-service

8.1 11.2 9.1 4.0 6.1 9.6 20.2 19.5 13.9

Preferred provider
organization

35.3 28.1 25.3 36.0 31.7 22.9 30.3 32.4 35.3

Capitated or partially
capitated
point-of-service

0 0 0 20.3 21.2 25.5 23.5 23.7 14.5

*All data are expressed as percentage.

Figure 1. Varicella-Related Hospitalization Rates, 1994-2002
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Varicella was the primary diagnosis code for data shown.
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from 238 to 89 per 100 000 popula-
tion (62% decrease). Between 1994 and
2002, rates per 100 000 population for
varicella as the primary diagnosis code
declined from an average of 956 in the
prevaccination period to 353 in 2002
(63%) for children younger than 10
years; from 136 to 78 (42%) for chil-
dren aged 10 to 19 years; and from 65
to 26 (60%) for adults aged 20 to 49
years (Figure 2). The greatest de-
crease per 100 000 population, from an
average of 1681 in the prevaccination
period to 167 in 2002 (90% decline),
occurred among infants.

We identified 11 states with consis-
tently high varicella vaccination cov-
erage and 19 states with consistently
low coverage. Enrollees in both groups
experienced significant declines in the
rate of varicella ambulatory visits for
children younger than 10 years. How-
ever, the decline in the high-coverage
group was faster, indicated by signifi-
cant interaction for coverage by year in
the Poisson model (P=.006). In 2002,
the rate of varicella ambulatory visits
for children younger than 10 years was
289 per 100 000 population for high-
coverage states and 483 per 100 000
population for low-coverage states. The
corresponding rates for the same groups
of states in the prevaccination period

were 808 and 1035 per 100 000 popu-
lation, representing reductions of 64%
and 53%, respectively.

The rate of varicella ambulatory vis-
its for children younger than 10 years
was significantly higher among enroll-
ees insured by noncapitated plans than
those in capitated plans between 1997
and 2002. Decreases in both groups
were significant but were more rapid in
the noncapitated group (P=.009).

In the prevaccination period, the ra-
tio of hospitalizations to ambulatory vis-
its was 0.010 among children younger
than 10 years, 0.011 for children and
adolescents aged 10 to 19 years, and
0.012 for adults aged 20 to 49 years.
However, by 2001-2002, these ratios de-
creased, especially among persons
younger than 20 years, with correspond-
ing ratios of 0.002, 0.003, and 0.008 for
persons younger than 10 years, 10 to 19
years, and 20 to 49 years, respectively.

As previously reported,5,11,25-28 most
varicella-related ambulatory visits oc-
curred during winter and spring. In
1994, 65% of visits occurred in Decem-
ber through May. This seasonality de-
clined somewhat by 2002, when 58% of
visits occurred during those months. In
the prevaccine period, ambulatory vis-
its were more common among those re-
siding in MSAs than in non-MSAs (206

vs 170 per 100 000 population, respec-
tively; P�.001); this difference was sig-
nificant for all age groups. The MSA dif-
ference was no longer significant in
2002.

Medical Expenditures
Corresponding to Varicella Disease

For hospitalizations with varicella as the
primary diagnosis, mean LOS and total
hospitalization payments during the pre-
vaccination period were 3.83 days (95%
confidence interval [CI], 3.33-4.32 days)
and $7626 (95% CI, $5586-$9667), re-
spectively. The corresponding values for
the postvaccination period were 4.63
days (95% CI, 3.34-5.92 days) and
$7993 (95% CI, $5055-$10 930), re-
spectively. Length of stay and pay-
ments did not change significantly be-
tween the 2 periods. Mean total
payments and out-of-pocket payments
for ambulatory visits during the prevac-
cination period were $89.51 (95% CI,
$86.10-$92.92) and $28.50 (95% CI,
$27.39-$29.61), respectively. The cor-
responding values for the postvaccina-
tion period were $86.11 (95% CI,
$82.59-$89.64) and $23.73 (95% CI,
$22.74-$24.72), respectively. The de-
cline in out-of-pocket payments was sig-
nificant (P�.001). Mean LOS and total
hospitalization payments were signifi-
cantly higher among those in noncapi-
tated vs capitated plans (P�.001).

Based on our data with varicella as
the primary diagnosis code, estimated
annual national medical expenditures
for hospitalizations and ambulatory vis-
its declined in the United States from
an average of $84.9 million in 1994 and
1995 to $22.1 million in 2002 (74%)
(TABLE 2). For ambulatory visits and
hospitalizations with any varicella di-
agnosis code, annual medical expen-
ditures for varicella in the United States
declined from an average of $116.9 mil-
lion in 1994 and 1995 to $27.0 mil-
lion in 2002 (77%).

COMMENT
This is the first study, to our knowl-
edge, to include both hospitalizations
and ambulatory visits in the analysis of
varicella health care utilization over a pe-

Figure 2. Varicella-Related Ambulatory Visit Rates, 1994-2002
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riod that spanned introduction and
maturation of the varicella vaccination
program in the United States. We found
that rates of hospitalization and ambu-
latory visits for varicella decreased mark-
edly over the study interval and that dis-
ease severity (as indicated by the
changing ratio of hospitalization to am-
bulatory visits over time) declined as
well. While it was beyond the scope of
the study to conduct longitudinal analy-
sis of individuals following vaccination
to directly compare varicella outcomes
by vaccination status, a causal role of the
vaccination program in this decline is
further supported by the inverse rela-
tionship between pediatric vaccine cov-
erage in individual states and the rate of
varicella. State-level coverage is associ-
ated with day care and school entry re-
quirements,29 suggesting that such laws
have had the intended effect of reduc-
ing the burden of disease.

Health care utilization for varicella de-
creased across all age groups. Hospital-
ization rates declined by 88% between
the prevaccination period and postvac-
cine year 2002, and rates for outpatient
visits declined by 59%. These data are
consistent with other observations.13,30

The results are particularly notable for
infants; since varicella vaccine is not in-
dicated for infants, the declines reflect
reduced force of varicella infection in the
population (ie, herd immunity), as do
declining rates among adults.2,9 The de-
clining rates of varicella hospitaliza-
tion among adolescents and adults pro-
vide reassurance that to date, there is no
evidence that the pediatric vaccination
program is increasing disease rates in
older children and adults, who are at
greater risk of severe disease.31

The estimated national medical ex-
penditures for varicella hospitaliza-
tions and ambulatory visits together de-
clined by about $63 million (74%)
between prevaccination and postvacci-
nation years. In the prevaccination pe-
riod, about half of direct varicella health
care expenditures were for outpatient vis-
its. Since licensure, however, expendi-
tures have shifted to the outpatient set-
ting, with the proportion of varicella
events that occur as hospitalization de-

clining by more than 55%. This trend
may be partially due to an increasing por-
tion of varicella among vaccinated per-
sons, who typically experience mild dis-
ease and who may be at lesser risk of
complications such as invasive group A
streptococcal infections.32-34 As ex-
pected, mean LOS and unit hospitaliza-
tion payments were higher for noncapi-
tated plans than for capitated plans.
Changes in patterns of insurance cover-
age may have contributed somewhat to
reductions in varicella hospitalization ex-
penditures over the study interval as well.
However, changes in the mean unit cost
between the prevaccination and post-
vaccination periods were not signifi-
cant for either varicella hospitalization
or varicella ambulatory visits.

This study was not designed to be a
formal economic analysis or to evalu-
ate other potential outcomes of the vari-
cella vaccination program, such as ad-
verse reactions to vaccination or
changes in the incidence of herpes zos-
ter. However, our data could be used
as input for evaluating the cost-
effectiveness of the varicella vaccina-
tion program. Based on 2002 Biologi-
cal Surveillance (unpublished data,
Centers for Disease Control and Pre-
vention) and National Immunization
Survey data,10-12 the total costs of vari-
cella vaccines for 4 million children,
which approximates the annual birth
cohort in the United States, were esti-
mated to be about $144 million.

The changes we found in hospital-
ization rates following vaccine licen-
sure were qualitatively similar to those
reported by Davis et al,13 although our
study methods were different. Davis et
al used a sample of all US hospitaliza-
tions, whereas we ascertained rates and
expenditures from the MarketScan
population (ie, only private pay-
ment). Furthermore, to minimize mis-

classification, we excluded hospitaliza-
tions with secondary codes for varicella
from our analysis. We also excluded
persons aged 50 years or older, who are
at very low risk of varicella, from analy-
sis since varicella codes in this popu-
lation often represent misclassifica-
tion of herpes zoster.7,8

There are limitations to our analysis.
MarketScan data are obtained from em-
ployer-based insurance, particularly from
larger employers. The study population
is therefore somewhat homogeneous and
not fully representative. Nonetheless,
with an average of 2.2 million enrollees
who met the inclusion criteria during the
1994-2002 study interval, the popula-
tion is large, draws from numerous medi-
cal settings, and represents a wide vari-
ety of geographic, social, and economic
strata. Nationally, while most children
and younger persons at risk of varicella
are privately insured, utilization and
medical expenditures per case for vari-
cella may be greater for persons with
Medicaid or without insurance,13 mak-
ing these estimates conservative. How-
ever, the proportion of the US popula-
tion with private insurance has not
changed during the study interval35; any
bias in our analysis has been consistent
over time and our estimates should pro-
vide a fairly accurate reflection of the de-
gree of reduction in varicella utilization
and expenditures.

One should be cautious in conduct-
ing surveillance using data that are col-
lected for different (ie, administrative)
purposes. There is no mechanism to vali-
date MarketScan diagnostic codes
through direct medical chart reviews.
We did, however, review line listings for
several hundred hospitalization and am-
bulatory records in the MarketScan da-
tabases with primary or secondary vari-
cella diagnostic codes. We found no
reason to question the validity of these

Table 2. Estimated US National Expenditures for Prevaccination and Postvaccination Varicella
Hospitalization and Ambulatory Visits

Expenditures
Prevaccination (1994/1995),

Million $ (% of Total)
Postvaccination (2002),

Million $ (% of Total)

Hospitalization 40.6 (47.9) 5.0 (22.0)

Ambulatory visits 44.2 (52.1) 17.1 (78.0)

Total 84.9 (100) 22.1 (100)

IMPACT OF VARICELLA VACCINATION ON HEALTH CARE UTILIZATION

©2005 American Medical Association. All rights reserved. (Reprinted) JAMA, August 17, 2005—Vol 294, No. 7 801

 at Johns Hopkins University, on September 8, 2005 www.jama.comDownloaded from 

http://www.jama.com


codes, with the exception of codes list-
ing secondary varicella diagnoses for
hospitalization events, which we ex-
cluded from analysis. The diagnostic
codes that populate the MarketScan da-
tabases derive from abstraction of dis-
charge diagnoses, similar to diagnostic
information collected for any other ad-
ministrative purposes; thus, data should
be no less accurate than other ICD-9-
CM–based data. The validity of these
data is supported by comparable rates
and age distributions for varicella hos-
pitalizations published elsewhere.7,8

Our study may have missed some vari-
cella events because of incomplete cod-
ing or multiple insurance plans for the
same enrollee. In general, these in-
stancesare rare.Another limitation is that
trends for varicella events could be af-
fected by secular changes in the Market-
Scan source population, its enrollment
databases, or in insurance or associated
utilization patterns. We showed that vari-
cella hospitalizations among all enroll-
ees (whether in the study database or
not) declined by 88% as a proportion of
total hospitalizations. This analysis con-
trols for both changes in the study da-
tabases and changes in criteria for hos-
pitalization that might have occurred
over time. Finally, declines in hospital-
ization occurred among both capitated
and noncapitated insurance plans, also
suggesting that the declines were not a
simple artifact of secular changes in in-
surance coverage.

The data in our study demonstrate
the substantial success that the vari-
cella vaccine program has shown since
it was implemented 10 years ago. How-
ever, nationally representative data are
needed to more accurately monitor the
impact of the varicella vaccination pro-
gram. The Council of State and Terri-
torial Epidemiologists has recom-
mended that states now begin to
conduct case-based surveillance.36

Author Contributions: Dr Zhou had full access to all
of the data in the study and takes responsibility for
the integrity of the data and the accuracy of the data
analysis.
Study concept and design: Zhou, Harpaz, Jumaan,
Shefer.
Acquisition of data: Zhou.
Analysis and interpretation of data: Zhou, Harpaz,
Jumaan, Winston.

Drafting of the manuscript: Zhou, Harpaz, Jumaan.
Critical revision of the manuscript for important in-
tellectual content: Zhou, Harpaz, Jumaan, Winston,
Shefer.
Statistical analysis: Zhou, Winston.
Administrative, technical, or material support: Harpaz,
Jumaan, Shefer.
Study supervision: Jumaan.
Financial Disclosures: None reported.
Disclaimer: The findings and conclusions in this re-
port are those of the authors and do not necessarily
represent the views of the Centers for Disease Con-
trol and Prevention, US Department of Health and Hu-
man Services.
Acknowledgment: We thank the following individu-
als from the Centers for Disease Control and Preven-
tion: Jane Seward, MBBS, MPH, and Dalya Guris, MD,
MPH, for their thoughtful reviews of an early version
of the manuscript; and Mary McCauley, MTSC, for
her editorial assistance.

REFERENCES

1. Committee on Infectious Diseases, American Acad-
emy of Pediatrics. Recommendations for the use of live
attenuated varicella vaccine. Pediatrics. 1995;95:791-
796.
2. Centers for Disease Control and Prevention. Pre-
vention of varicella: recommendations of the Advisory
Committee on Immunization Practices (ACIP). MMWR
Morb Mortal Wkly Rep. 1996;45(RR-11):1-36.
3. Prevention of varicella: updated recommendations
of the Advisory Committee on Immunization Practices
(ACIP). MMWR Recomm Rep. 1999;48(RR-6):1-5.
4. Committee on Infectious Diseases, American Acad-
emy of Pediatrics. Varicella vaccine update. Pediatrics.
2000;105:136-141.
5. Wharton M. The epidemiology of varicella-zoster
virus infections. Infect Dis Clin North Am. 1996;10:571-
581.
6. Meyer PA, Seward JF, Jumaan AO, Wharton M. Vari-
cella mortality: trends before vaccine licensure in the
United States, 1970-1994. J Infect Dis. 2000;182:383-
390.
7. Galil K, Brown C, Lin F, Seward J. Hospitalizations
for varicella in the United States, 1988 to 1999. Pedi-
atr Infect Dis J. 2002;21:931-935.
8. Ratner AJ. Varicella-related hospitalizations in the
vaccine era. Pediatr Infect Dis J. 2002;21:927-931.
9. Nguyen HQ, Jumaan AO, Seward JF. Decline in mor-
tality due to varicella after implementation of varicella
vaccination in the United States. N Engl J Med. 2005;
352:450-458.
10. National, state, and urban area vaccination levels
among children aged 19-35 months—United States,
2002. MMWR Morb Mortal Wkly Rep. 2003;52:728-
732.
11. Seward JF, Watson BM, Peterson CL, et al. Vari-
cella disease after introduction of varicella vaccine in
the United States, 1995-2000. JAMA. 2002;287:606-
611.
12. Decline in annual incidence of varicella—selected
states, 1990-2001. MMWR Morb Mortal Wkly Rep.
2003;52:884-885.
13. Davis MM, Patel MS, Gebremariam A. Decline in
varicella-related hospitalizations and expenditures for
children and adults after introduction of varicella vac-
cine in the United States. Pediatrics. 2004;114:786-792.
14. MarketScan. Ann Arbor, Mich: MEDSTAT Group
Inc; 2000.
15. National, state, and urban area vaccination cov-
erage levels among children aged 19-35 months—
United States, 1997. MMWR Morb Mortal Wkly Rep.
1998;47:547-554.
16. National vaccination coverage levels among chil-
dren aged 19-35 months—United States, 1998. MMWR
Morb Mortal Wkly Rep. 1999;48:829-830.
17. National, state, and urban area vaccination cov-
erage levels among children aged 19-35 months—

United States, 1999. MMWR Morb Mortal Wkly Rep.
2000;49:585-589.
18. National, state, and urban area vaccination cov-
erage levels among children aged 19-35 months—
United States, 2000. MMWR Morb Mortal Wkly Rep.
2001;50:637-641.
19. Barker L, Luman E, Zhao Z, et al. National, state,
and urban area vaccination coverage levels among chil-
dren aged 19-35 months—United States, 2001. MMWR
Morb Mortal Wkly Rep. 2002;51:664-666.
20. National, state, and urban area vaccination cov-
erage among children aged 19-35 months—United
States, 2003. MMWR Morb Mortal Wkly Rep. 2004;
53:658-661.
21. US Census Bureau. Metropolitan and Micropoli-
tan Statistical Area definitions. Available at: http://www
.census.gov/population/www/estimates/metrodef
.html. Accessed February 11, 2004.
22. US Department of Labor, Bureau of Labor Statistics.
Consumer price indexes. Available at: http://www.bls
.gov/cpi/home.htm#data.AccessedDecember20,2004.
23. US Census Bureau. Projections of the total resi-
dent population by 5-year age groups, and sex with
special age categories: middle series, 2001 to 2005.
Available at: http://www.census.gov/population
/projections/nation/summary/np-t3-b.txt. Accessed
October 26, 2004.
24. US Census Bureau. Resident population estimates
of the United States by age and sex, April 1, 1990 to
July 1, 1999, with short-term projection to November
1, 2000. Available at: http://www.census.gov
/population/estimates/nation/intfile3-1.txt. Ac-
cessed October 26, 2004.
25. Gerson AA, Takahashi M, White CJ. Varicella
vaccine. In: Plotkin SA, Orenstein WA, eds. Vaccines.
Philadelphia, Pa: WB Saunders; 1999:475-507.
26. Liu SC, Wang JD, Lee CY, Chou MC. Seasonal varia-
tion of chickenpox, mumps and rubella in Taiwanese
children estimated by pediatric clinics. J Microbiol Im-
munol Infect. 1998;31:217-224.
27. Lee BW. Review of varicella zoster seroepidemi-
ology in India and Southeast Asia. Trop Med Int Health.
1998;3:886-890.
28. Bramley JC, Jones IG. Epidemiology of chicken-
pox in Scotland: 1981 to 1998. Commun Dis Public
Health. 2000;3:282-287.
29. Davis MM, Gaglia MA. Associations of daycare and
school entry vaccination requirements with varicella im-
munization rates. Vaccine. 2005;23:3053-3060.
30. Jumaan AO, Yu O, Jackson LA, Bohlke K, Galil K,
Seward JF. Incidence of herpes zoster, before and af-
ter varicella-vaccination-associated decreases in the in-
cidence of varicella, 1992-2002. J Infect Dis. 2005;191:
2002-2007.
31. Halloran ME, Cochi SL, Lieu TA, Wharton M, Fehrs
L. Theoretical epidemiologic and morbidity effects
of routine varicella immunization of preschool chil-
dren in the United States. Am J Epidemiol. 1994;140:
81-104.
32. Vazquez M, LaRussa PS, Gershon AA, Steinberg
SP, Freudigman K, Shapiro ED. The effectiveness of the
varicella vaccine in clinical practice. N Engl J Med. 2001;
344:955-960.
33. Kuter B, Matthews H, Shinefield H, et al. Ten year
follow-up of healthy children who received one or two
injections of varicella vaccine. Pediatr Infect Dis J. 2004;
23:132-137.
34. Patel RA, Binns HJ, Shulman ST. Reduction in pe-
diatric hospitalizations for varicella-related invasive group
A streptococcal infections in the varicella vaccine era.
J Pediatr. 2004;144:68-74.
35. National Center for Health Statistics. Health, United
States, 2004, With Chartbook on Trends in the Health
of Americans. Hyattsville, Md: National Center for Health
Statistics; 2004.
36. Council of State and Territorial Epidemiologists po-
sition statement: varicella surveillance. Available at: http:
//www.cste.org/position%20statements/02-ID-06
.pdf. Accessed February 4, 2005.

IMPACT OF VARICELLA VACCINATION ON HEALTH CARE UTILIZATION

802 JAMA, August 17, 2005—Vol 294, No. 7 (Reprinted) ©2005 American Medical Association. All rights reserved.

 at Johns Hopkins University, on September 8, 2005 www.jama.comDownloaded from 

http://www.jama.com

