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TABLE 1—Number of Potential Varicella Deaths Identified by Search of Automated Vital
Records Databases and Availability of Hospital Records: New York State (Excluding New
York City), 1989–1995

No. of Potential Varicella No. (%) of Hospital Charts
Database Deaths Identified Available for Review

Death certificates exclusively 22 13 (59)a

Hospital discharge database (SPARCS) exclusively 19 18 (95)

Both databases 23 23 (100)

Total 64 54 (84)

aFive deaths occurred outside of nonfederal hospitals.
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Before widespread vaccination, varicella infec-
tion resulted in more than 11000 hospitaliza-
tions1 and 100 deaths annually in the United
States.2 Since vaccine licensure in 1995, vari-
cella incidence has decreased markedly.3

Mathematical models have predicted that vac-
cination will shift the peak incidence of dis-
ease to older ages as the incidence declines.4

Because older persons are at increased risk of
morbidity and mortality from varicella,5,6 it is
essential to monitor these outcomes as vacci-
nation coverage increases.7,8 The Centers for
Disease Control and Prevention (CDC) en-
courages state health departments to search

death certificates and hospital discharge data-
bases to estimate the number of varicella
deaths. In this study, we assessed the validity
and utility of these data sources.

METHODS

New York State death certificates and a state-
wide hospital discharge database (Statewide
Planning and Research Cooperative System, or
SPARCS) were searched for varicella codes (In-
ternational Classification of Diseases, 9th Revi-
sion [ICD-9] 052.X and International Classifica-
tion of Diseases, Ninth Revision, Clinical
Modification [ICD-9-CM] 052.X, respectively)
for 1989 through 1995. Copies of hospital rec-
ords (physician attestation sheet, history and
physical examination, discharge summary) and
death certificates were requested for all deaths
identified. Deaths were excluded if the person
was not a New York State resident or died out-
side the state. New York City residents were ex-
cluded for logistical reasons. We matched rec-
ords in the 2 databases on decedents’ dates of
birth and death, sex, and names. Two authors
(M.J.P., J.S.) reviewed death certificates to con-
firm the presence of varicella and hospital rec-
ords to classify the cause of death, on the basis
of all available data, as varicella, herpes zoster,
varicella-zoster virus (VZV) infection (unclassifi-
able), or unrelated to VZV infection.

The positive predictive value (PPV) of a
varicella code in a data source was defined as
the proportion of deaths identified by the data
source that were classified as varicella after
medical record review. The PPV in each data-
base search was calculated 3 ways: (1) by ex-
cluding unclassifiable VZV deaths; (2) by as-
suming that unclassifiable VZV deaths were

from herpes zoster; and (3) by assuming that
unclassifiable VZV deaths were from varicella.
The PPV was calculated separately for persons
aged younger than 50 years and those aged
50 years and older, because varicella is rare in
older adults. Exact binomial confidence limits
were calculated for each PPV.9 Capture–recap-
ture analysis10 was used to estimate the total
number of varicella deaths during the study
period. Confidence intervals were calculated
by the goodness-of-fit method.11 The complete-
ness of each data source was calculated as the
number of verified deaths identified by each
database as a proportion of the estimated total
number of varicella deaths by capture–recap-
ture analysis. We used the Fisher exact test12

to compare PPV estimates and the McNemar
test12 to compare the completeness estimates.

RESULTS

The search of the death certificates and the
SPARCS database yielded 64 potential vari-
cella deaths (Table 1). Hospital records were
available for 54 deaths (84%); 5 deaths oc-
curred outside of nonfederal hospitals and 5
records were not found. We identified 45
deaths by searching death certificates (36
hospital records found) and 42 deaths by
searching SPARCS (41 hospital records
found). Classifications of cause of death by
database are shown in Table 2.

From the 54 records reviewed, we identi-
fied 30 varicella deaths. Excluding a stillborn
death at 25 weeks’ gestation (from severe ma-
ternal varicella), the median age at death of
the 29 persons was 23 years (range=4–91
years); 14 (48%) were male. Twenty-two
(76%) were White, 2 (7%) Black, 2 (7%)
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TABLE 2—Comparison of Varicella Diagnoses on Death Certificates and Hospital Discharge 
Records With Review of Hospitalization Records: New York State (Excluding New York City),
1989–1995

Classification After Review of Medical Recorda

Unclassifiable VZV Was Not Positive Predictive Value (%)
Database Varicella Herpes Zoster VZV Infection Cause of Death N of a Varicella Codea (95% CI)b

Death certificates, age group

< 50 23 1 0 3 27 85 (66, 96)

≥ 50 3 3 2 1 9 43 (10, 82)

Total 26 4 2 4 36 76 (59, 89)

Hospital discharge records, age group

< 50 19 0 1 5 25 79 (58, 93)

≥ 50 2 3 4 7 16 17 (2, 48)

Total 21 3 5 12 41 58 (41, 74)

Note. CI = confidence interval; VZV = varicella-zoster virus.
aThe proportion of deaths identified by the data source that were classified as varicella, excluding unclassifiable VZV deaths.
bExact binomial confidence interval

Asian/Pacific Islander, and 3 (10%) of un-
known race. Eight persons (28%) were previ-
ously healthy, 5 (17%) were severely immuno-
compromised (4 with cancer, 1 with severe
combined immunodeficiency), and 16 (55%)
had other underlying conditions. The median
age at death varied with underlying health sta-
tus: 32 years (range=8–38) in previously
healthy persons, 24 years (range=6–91) in
persons with coexisting conditions, and 6
years (range=4–16) in immunocompromised
persons.

PPV of a Varicella Code
The PPV of a varicella code was greater on

a death certificate than in SPARCS and was
higher in persons aged younger than 50
years than in those aged 50 years and older
(Table 2). The PPVs were not substantially al-
tered under our three assumptions, namely
that they could not be classified and were ex-
cluded, that they were all assumed to be due
to varicella, and that they were all assumed to
be due to herpes zoster.

Capture–Recapture Analysis
Of the 30 varicella deaths, 9 (30%) were

identified exclusively from a search of death
certificates, 4 (13%) exclusively from
SPARCS, and 17 (57%) from both sources.
Excluding deaths without medical records,
the capture–recapture analysis yielded an es-

timate of 32 (95% confidence interval [CI]=
30, 38) varicella deaths. The search was 81%
complete (26 of 32) for the death certificates
and 66% complete (21 of 32) for the
SPARCS hospital discharge data (P=.27).

DISCUSSION

Monitoring varicella mortality is important
for evaluating the impact of a national vacci-
nation program. The results of our capture–
recapture analysis suggest that the search of
death certificates in New York State identified
more varicella deaths (81% vs 66%) and that
the data source had a higher PPV than did
the search of SPARCS hospital discharges and
the SPARCS data. The greater completeness
of data in death certificates reflects the fact
that only deaths among inpatients in nonfed-
eral hospitals are recorded in SPARCS. The
PPV was a function of age; whereas the valid-
ity of a reported varicella death in a person
aged younger than 50 years was approxi-
mately 80%, the validity of such a report in a
person aged 50 years or older was less than
43% (i.e., what was coded as a varicella
death had an equal or greater likelihood of
being due to herpes zoster).

Study limitations include the difficulty in
distinguishing varicella and disseminated her-
pes zoster, the small number of persons in the
study (particularly persons aged 50 years and

older), and a possible underestimation of total
varicella deaths through capture–recapture
analysis. Because the same physician may
have coded the discharge diagnoses and com-
pleted the death certificate, the assumption of
2 independent data sources for capture–
recapture analysis may have been violated.10

Medical records were unavailable for 10
deaths (16%). Assuming that these deaths
were similar to those we reviewed, the total
number of varicella deaths estimated by cap-
ture–recapture analysis might have been as
high as 42, with correspondingly lower esti-
mates of completeness.

This study suggests that death certificates
are useful for monitoring varicella deaths for
persons aged younger than 50 years. Hospital
discharge records were neither more accurate
nor more complete than death certificates
and may be more difficult to search. In states
with automated hospital discharge databases,
it may be preferable to search both sources of
information to derive a better estimate of the
number of varicella deaths.
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Privatization of public health is seemingly an
oxymoron. Functions such as environmental
regulation and communicable disease control
would seem to be the unique purview of
governmental public health departments.
These services constitute public goods in
that they affect entire communities, whereas
personal health services are private goods,
privately consumed by individuals.1 Recent
pressures such as the penetration of man-
aged care has led to shifts in personal health
service provision from the public to the pri-
vate sector and to various forms of public–
private collaboration.2,3

However, some privatization theorists con-
tend that public goods cannot be as effec-
tively provided by the private sector. Others
contend that even certain private goods, such
as personal health services, should not be
contracted out to the private sector.1 These
opinions suggest that research on privatiza-
tion in local health departments should exam-
ine the specific services, both public and pri-
vate, that have been contracted out, a task
previous studies of such health departments
have not systematically addressed (L. White-
hand, M. Bechamps, and R. Bialek, unpub-
lished data, 1997).4–15

Other articles based on the national survey
of local health department directors described
here have not outlined in detail the specific
services privatized.16 In the present study, we

examined the specific services privatized, the
profit vs nonprofit status of contractors, and
directors’ views about what services should
not be privatized.

METHODS

Our methods were described in a previous
article.16 We drew a stratified random sample
of 380 local health departments from the
2488 departments included in the database
of the National Association of County and
City Health Officials. During 1998–1999, we
interviewed 347 local health department di-
rectors (a 91.3% response rate). Directors de-
scribed in detail the specific services priva-
tized, that is, contracted out or in some way
delegated to nongovernmental organizations.

RESULTS

Specific Services Privatized
The most commonly privatized personal

health service categories were primary care
(28%) and communicable disease (27%).
Among local health departments serving juris-
dictions of at least 350000, more than two
thirds (70% ) had contracted out certain pri-
mary care services (Table 1). Among depart-
ments serving jurisdictions of 100000 or
more, about half had contracted out commu-
nicable disease services. HIV testing/treat-
ment/screening was the most commonly pri-
vatized communicable disease service,
followed by services related to tuberculosis
and sexually transmitted diseases.

Nineteen percent of local health depart-
ments had privatized chronic disease testing
and treatment. Personal health service labora-
tory work and home health care were con-
tracted out by 21% and 22% of all depart-
ments, respectively. Substance abuse services
were most commonly contracted out in de-
partments with jurisdictions of at least
350000 (32%). At least 1 health education
service was privatized in 27% of depart-
ments. The most common data function con-
tracted out was health assessment, usually on
a short-term basis. The total percentage of
local health departments that had privatized
at least 1 environmental service was 24%.16

More than half of all privatized services
were contracted to for-profit organizations.


