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ABSTRACT

Background A live attenuated varicella vaccine
was approved for use in the United States in March
1995 and is recommended for all susceptible persons
12 months of age or older.

Methods To assess the effectiveness of the varicel-
la vaccine, we conducted a case—control study with
two controls per child with chickenpox, matched ac-
cording to both age and pediatric practice. Children
with potential cases of chickenpox were identified by
active surveillance of pediatric practices in the New
Haven, Connecticut, area. Research assistants visited
the children on day 3, 4, or 5 of the illness, assessed
the severity of the illness, and collected samples from
lesions to test for varicella—zoster virus by the poly-
merase chain reaction (PCR).

Results From March 1997 through November 2000,
data collection was completed for 330 potential cas-
es, of which 243 (74 percent) were in children who had
positive PCR tests for varicella—zoster virus. Of the 56
vaccinated children with chickenpox, 86 percent had
mild disease, whereas only 48 percent of the 187 un-
vaccinated children with chickenpox had mild disease
(P<0.001). Among the 202 children with PCR-con-
firmed varicella—zoster virus and their 389 matched
controls, 23 percent of the children with chickenpox
and 61 percent of the matched controls had received
the vaccine (vaccine effectiveness, 85 percent; 95 per-
cent confidence interval, 78 to 90 percent; P<0.001).
Against moderately severe and severe disease the vac-
cine was 97 percent effective (95 percent confidence
interval, 93 to 99 percent). The effectiveness of the
vaccine was virtually unchanged (87 percent) after
adjustment for potential confounders by means of
conditional logistic regression.

Conclusions Varicella vaccine is highly effective
as used in clinical practice. (N Engl J Med 2001;344:
955-60.)

Copyright © 2001 Massachusetts Medical Society.

VARICELLA vaccine containing live at-
tenuated virus (Oka strain) was developed
in Japan in the early 1970s.! In the United
States, the vaccine was approved by the

Food and Drug Administration in 1995 and is rec-
ommended for persons 12 months of age or older
who are susceptible to chickenpox.?

There have been numerous questions about both
the use and the effectiveness of varicella vaccine.? The
efficacy of a vaccine as it is used in clinical practice
may be different from its efficacy in a clinical trial.*
Much of the evidence on which the licensure of var-
icella vaccine was based came from a clinical trial that
assessed a vaccine with a substantially higher con-

N Engl ] Med, Vol. 344, No. 13 -

centration of virus (17,000 plaque-forming units per
dose) than is contained in the licensed vaccine (3000
to 9000 plaque-forming units per dose).5 Further-
more, the live attenuated virus is thermolabile, so the
vaccine must be kept frozen and its concentration of
virus diminishes over time. The duration of effec-
tiveness is a critical issue, yet the clinical trials con-
ducted in normal children assessed the effectiveness of
the vaccine for only two years after immunization (or
for three years in immunocompromised children).¢-8
Longer-term follow-up studies in vaccinated persons
have been reported.®1° The protective concentrations
of antibody among vaccinated persons in Japan have
persisted for more than 20 years after immunization,!!
but this persistence may be due in part to a booster
effect from exposure to persons with chickenpox in
a country where the vaccine is not used widely!? and
where the incidence of chickenpox remains high. We
are conducting an ongoing case—control study to as-
sess the effectiveness of the vaccine as it is used in ac-
tual practice in the United States.

METHODS
Eligibility Requirements

Subjects were healthy children between 13 months and 16 years
of age. Children for whom the vaccine is not routinely recom-
mended — those who were immunocompromised because of an
underlying illness (e.g., leukemia) or medications (e.g., prednisone)
— were excluded. Children with a history of chickenpox were ex-
cluded, since varicella vaccine is not recommended for such children.

Children who had received the vaccine within the preceding
four weeks were excluded from the study, since it takes two to four
weeks for antibodies to develop and about 7 percent of vaccinated
persons have a vaccine-associated rash (characterized by a mild
exanthem of 6 to 10 lesions that lasts for two to three days) in
the first month after vaccination.2 We were interested in assessing
the effectiveness of the vaccine against chickenpox and did not wish
to include as children with chickenpox children who merely had
minor side effects of the vaccine. Similarly, if chickenpox had been
incubating at the time of vaccination, disease would have devel-
oped within four weeks.

The study was approved by the Human Investigations Commit-
tee at Yale University School of Medicine.

Identification, Evaluation, and Classification
of Potential Cases

The case group consisted of children in whom chickenpox was
suspected who received medical care at the 15 participating pedi-
atric practices in greater New Haven, Connecticut. Potential cases
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were identified by means of active surveillance. Investigators were
notified of all potential cases, regardless of severity, including many
cases in children whose illness was managed over the telephone
without being evaluated in person by a clinician.

The parents of eligible children were invited to participate in
the study, and written informed consent was obtained from a par-
ent, as well as oral consent from the child, when appropriate. A re-
search assistant (who was unaware of the vaccination status of the
child) visited the home of each patient with possible chickenpox
(ideally on day 3 of the illness, but as late as day 5 when necessary).
A parent was interviewed, and the severity of the illness was as-
sessed according to a modified version of a scale used in earlier
clinical trials (Table 1).7

In addition, a lesion was unroofed with use of a nonheparin-
ized capillary tube in which vesicular fluid was collected to test
for the presence of varicella—zoster virus by the polymerase chain
reaction (PCR). The base of the lesion was rubbed with a cotton-
tipped swab, which was then rubbed on a slide for testing with a
direct fluorescent-antibody assay. Material from the swab was an-
alyzed by PCR if vesicular fluid was not available.

A PCR assay specific for varicella—zoster virus was used to de-
tect the virus and to differentiate the strain contained in the vaccine
from wild-type strains.!? In addition, to assess the adequacy of the
specimen (since varicella—zoster virus is found in association with
cells), all samples that were negative for varicella—zoster virus were
tested for a 268-bp region of the B-globin gene that is present in
all human cells; a positive result indicated the presence of cellular
material in the specimen.!3

The investigators who performed the PCR and direct fluores-
cent-antibody tests and interpreted the results were unaware of each
child’s vaccination status. The PCR assay was considered positive
if the specimen was positive for varicella—zoster virus DNA and
all negative controls in the batch were negative. It was considered
negative if the specimen was negative for varicella—zoster virus
DNA, all positive controls in the batch were positive, and the spec-
imen was positive for 8-globin (indicating the presence of amplifi-
able DNA). The result was considered indeterminate if the specimen

TABLE 1. SCALE USED TO ASSESS
THE SEVERITY OF ILLNESS.

VARIABLE No. oF PoinTs
Rash
Number of lesions
1-50 1
51-100 2
101-500 4
>500 6
Character of lesions
Macular or papular 2
Mostly vesicular 4
Hemorrhagic 4
Fever
Temperature, 38.8—-39.9°C (102-103.9°F) 1
Temperature, =40°C (104°F) 3
Systemic signs
Pain in back or abdomen 4
Interstitial pneumonia 5
Encephalitis 5

Subjective assessment (by research assistant)
Does not appear ill 0
Appears moderately ill 2
Appears severely ill 5
Severity (total score)

Mild disease <7
Moderately severe disease 8-15
Severe disease =16
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was negative for both varicella—zoster virus DNA and B-globin.
The results of the direct fluorescent-antibody assay were interpret-
ed as recommended by the manufacturer (Merifluor varicella—
zoster virus, Meridian Diagnostics, Cincinnati): specimens with two
or more epithelial cells in the smear that exhibited typical apple-
green fluorescence were considered positive for varicella—zoster
virus. Specimens that were negative but that had less than one cell
per high-power (X400) field were considered to be inadequate spec-
imens. Specimens with an adequate number of cells but with few-
er than two cells that exhibited immunofluorescence were consid-
ered negative. Potential cases of chickenpox were classified on the
basis of the PCR results.

Selection of Controls

For each child with a potential case of chickenpox, two controls,
matched according to date of birth (within one month) and pe-
diatric practice, were selected. A list of potential controls was gen-
erated from the computerized data base of the practice; it con-
sisted of all patients in the practice born between 30 days before
and 30 days after the birth of the child with the potential case of
chickenpox. A table of random numbers was used to select the
order in which potential controls and their parents were contacted,
screened for eligibility, and if eligible, invited to enroll in the study.

Collection of Data and Ascertainment of Vaccinations

The medical records of all the children (from all sources of care)
were reviewed to obtain information about all previous immuni-
zations. Children for whom there was written documentation that
they had received varicella vaccine four weeks or more before the
“focal time” — the date of onset of chickenpox or, for the con-
trols, the date of onset in the matched children with chickenpox
— were classified as vaccinated. As per current recommendations,
children with potential cases of chickenpox and their matched con-
trols who were 13 years of age or older were considered to have
been vaccinated if they had received two doses of vaccine at least
four weeks before the focal time.

Statistical Analysis

Matched odds ratios for vaccination, with both their associated
P values (assessed with the Mantel-Haenszel chi-square test for
matched data) and 95 percent confidence intervals, were calculated
with the use of True Epistat and SPSS statistical software.*16 The
effectiveness of the vaccine was calculated as 1 minus the matched
odds ratio. These estimates were adjusted for the effects of possible
confounders with the use of conditional logistic regression.'” The
statistical significance of differences among unmatched dichotomous
and continuous variables was determined by the Pearson chi-square
test and Student’s t-test, respectively.!® All P values are two-sided.

To assess whether bias in the selection of controls might have
affected the results, we compared the proportion of children with
chickenpox who had received the measles, mumps, and rubella
(MMR) vaccine with the proportion of controls who had received
it. Since the MMR vaccine should have been administered at about
the same age as the varicella vaccine and the MMR vaccine should
have had no effect on the risk of chickenpox, we expected that there
would be no significant difference between the proportion of
children with chickenpox and the proportion of controls who had
received the MMR vaccine. If there were a significant difference, it
would suggest that there had been selection bias (e.g., bias due
to differential use of medical care).

We also assessed the effectiveness of the vaccine among the
children with potential cases of chickenpox whose PCR test results
were either negative for varicella—zoster virus or indeterminate, since
the vaccine should not be effective for these patients. To provide
additional information to support the accuracy of the classification
of potential cases according to the results of the PCR test, parents
were called at least 1 month after enrollment and asked whether
they knew of anyone in whom chickenpox had developed between
10 and 21 days after having had close contact with the child with
a potential case of chickenpox.
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RESULTS

Between March 1997 and November 2000, 461
children with suspected cases of chickenpox were
identified. Of these, 118 were excluded: a sample from
a skin lesion could not be obtained from 10 chil-
dren; 13 children were identified more than five days
after the onset of the rash; 19 had been vaccinated
less than four weeks before the onset of the illness;
24 could not be contacted; and 52 children or their
parents declined to participate. In addition, com-
plete data were not available for 13 children with po-
tential cases of chickenpox. We enrolled 500 matched
controls. Another 675 potential controls were not
eligible because they had had chickenpox before the
focal time; we were unable to reach the parents of
526 potential controls; and 33 whom we did reach
declined to participate.

There were 330 children with potential cases of
chickenpox for whom complete data were available.
Of these, only 35 percent were seen by a nurse-prac-
titioner or physician. The diagnosis was made over the
telephone for the other 65 percent. The results of the
PCR tests and the direct fluorescent-antibody assays
for the suspected cases of chickenpox are shown in
Table 2 (the first 53 potential cases were not included
in this comparison because the research assistants were
learning the proper techniques for obtaining the sam-
ples and preparing the slides for the direct fluores-
cent-antibody assays). Clinically useful results (either
positive or negative) were obtained more frequently
with the PCR test (258 of 277 [93 percent]) than
with the direct fluorescent-antibody assay (203 of 277
[73 percent], P<<0.001). The first 100 samples with
positive results on the PCR test and the samples from
all vaccinated children with chickenpox and a posi-
tive PCR result were analyzed to determine the type
of varicella—zoster virus. All were wild-type virus.

Opverall, the PCR test was positive in 243 of the
330 children with potential cases of chickenpox (74
percent). Characteristics of these 243 children are
shown in Table 3. The illness was substantially less
severe among the children who had received the var-
icella vaccine. Children with chickenpox who had not
received the vaccine were more likely to have a fever
and to be treated with an antipyretic (usually aceta-
minophen).

Complete data were available for one or both of
the matched controls for 202 of the 243 children
with positive results on PCR; estimation of the effec-
tiveness of the varicella vaccine was based on these
202 cases and their 389 controls (Table 4). The chil-
dren with chickenpox were substantially less likely than
the controls to have received the varicella vaccine (23
percent vs. 61 percent), but there was no difference
in the proportions that had received the MMR vac-
cine (100 percent in both groups). The overall effec-
tiveness of the varicella vaccine is shown in Table 5.
The vaccine was 85 percent eftective (95 percent con-
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TABLE 2. COMPARISON OF THE RESULTS OF PCR
AND DIRECT FLUORESCENT-ANTIBODY ASSAY
FOR 277 SUSPECTED CASES OF CHICKENPOX.

DIRecT
FLUORESCENT-ANTIBODY
Assay PCR
POSITIVE NEGATIVE INDETERMINATE
no. (%)

Positive 153 (55) 1(<1) 0

Negative 16 (6) 29 (10) 4 (1)
Indeterminate 29 (10) 30 (11) 15 (5)

TABLE 3. CHARACTERISTICS OF ALL CHILDREN
WITH PCR-POSITIVE CASES OF CHICKENPOX.

VACCINATED UNVACCINATED

VARIABLE (N=56) (N=187) P VALUE
Age (mo)
Mean 66 75 0.08
Median 61 70
Range 21-170 15-189
Female sex — no. (%) 25 (45) 102 (55) 0.22
White race — no. (%) 44 (79) 159 (85) 0.30
Weekday location — no. (%)
School 46 (82) 138 (74) 0.22
Day-care center 6 (11) 27 (14) 0.48
Home 4(7) 22 (12) 0.46
Known exposure to varicella 42 (75) 144 (77) 0.72
— no. (%)
Household 5(9) 40 (21)
Day-care center 14 (25) 25 (13)
Casual 7 (12) 24 (13)
Classroom 16 (29) 55 (29)
No recognized exposure — no. (%) 14 (25) 43 (23)
Fever (temperature =38.8°C [102°F]) 6 (11) 45 (24) 0.03
— no. (%)
Medications — no. (%)
Acyclovir 0 6 (3) 0.34
Antipyretic 22 (39) 120 (64) <0.001
Severity of illness*
Mean score 4 7 <0.001
Median score 3 8 <0.001
Range 3-12 3-16
Mild — no. (%) 48 (86) 89 (48) <0.001
Moderate or severe — no. (%) 8 (14) 98 (52)

*The scale used to assign the severity score is presented in Table 1. A score
of 7 or lower indicates mild disease; a score of 8 to 15 indicates moderately
severe disease; and a score of 16 or higher indicates severe disease.

fidence interval, 78 to 90 percent; P<<0.001). The
vaccine was 97 percent effective (95 percent confi-
dence interval; 93 to 99 percent; P<0.001) against
moderately severe and severe disease. The vaccine’s
effectiveness for children younger than 5 years of age
was 79 percent (95 percent confidence interval, 61
to 89 percent; P<0.001); for children 5 to 10 years
of age, it was 89 percent (95 percent confidence in-
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TABLE 4. CHARACTERISTICS OF CHILDREN WITH CHICKENPOX
AND CONTROLS.

CHILDREN WITH

CHICKENPOX ~ CONTROLS

CHARACTERISTIC (N=202) (N=389) P VALUE
Age (mo)

Mean 69 68 0.72

Median 65 64

Range 15-189 15-189
Female sex — no. (%) 107 (53) 207 (53) 0.99
White race — no. (%) 168 (83) 331 (85) 0.55
Weekday location — no. (%)

School 152 (75) 301 (77) 0.61

Day-care center 29 (14) 35 (9) 0.05

Home 21 (10) 53 (14)  0.30
Received MMR vaccine — no. (%)* 202 (100) 389 (100) 1.0
Received varicella vaccine — no. (%) 46 (23) 237 (61) <0.001

*MMR denotes measles, mumps, and rubella.

terval, 80 to 94 percent; P<<0.001); and for children
older than 10 years of age, it was 92 percent (95 per-
cent confidence interval, 45 to 99 percent; P=0.03).

Information about one or two matched controls
was available for 40 children with suspected cases of
chickenpox whose PCR result was negative and for 19
of those whose PCR result was indeterminate. Among
the groups containing a child with chickenpox-like
illness but negative PCR results, 29 of 40 children
with the suspected cases (72 percent) and 48 of their
74 matched controls (65 percent) had received the
varicella vaccine (P=0.53); among the groups con-
taining a child with chickenpox-like illness and inde-
terminate PCR results, 14 of 19 children with the sus-
pected cases (74 percent) and 23 of their 37 matched
controls (62 percent) had received the varicella vac-
cine (P=0.55). Thus, the vaccine was not effective in

preventing illness associated with either negative or
indeterminate results on a PCR assay for varicella—
zoster virus.

According to the available reports of the parents,
chickenpox developed within 10 to 21 days in at least
one person who had had close contact with a child
with chickenpox-like illness in 30 percent (58 of 195)
of the PCR-positive cases (including 7 of 43 PCR-
positive cases in vaccinated children). By contrast, no
parents of any of the 71 children with chickenpox-
like illness and negative or indeterminate results on
PCR reported any contacts in whom varicella subse-
quently developed (P<<0.001). Similarly, children with
chickenpox-like illness and positive results on PCR
were more likely to have had known exposure to
someone with chickenpox (187 of 243 [77 percent])
than were children with chickenpox-like illness whose
PCR result was either negative or indeterminate (22
of 87 [25 percent]; odds ratio, 9.9; P<<0.001).

DISCUSSION

These results indicate that the effectiveness of the
varicella vaccine as it is used in actual practice is ex-
cellent, at least in the short term. Virtually all the vac-
cinated children in whom chickenpox subsequently
developed (all of whom were infected with wild-
type virus) had very mild disease. These findings are
consistent with those of a study by the Centers for
Disease Control and Prevention that show a marked
decline in the incidence of chickenpox in areas where
the vaccine is widely used,!8 as well as with reports
of the effectiveness of the vaccine after outbreaks in
day-care centers.19-21

It may be too soon to assess the duration of vaccine-
induced immunity to chickenpox. Varicella—zoster
virus is still circulating in the population, so boost-
ing of vaccine-induced immunity may still occur com-
monly. However, as the incidence of chickenpox de-

TABLE 5. EFFECTIVENESS OF THE VACCINE.

No. witH No No. witH 1 No. witH 2
CHILD WITH VACCINATED VACCINATED VACCINATED MartcHeD Opps RATIO
CHICKENPOX CONTROLS* ControLT CONTROLS (95% CI)*
Vaccinated 5 22
Not vaccinated 40 59 0.15 (0.10-0.22)§

*One of the 5 vaccinated children with chickenpox with no vaccinated controls had only 1 matched
control, as did 4 of the 40 unvaccinated children with chickenpox with no vaccinated controls.

tThree of the 19 vaccinated children with chickenpox with 1 vaccinated control had only 1
matched control, as did 7 of the 57 unvaccinated children with chickenpox with 1 vaccinated control.

$CI denotes confidence interval. The odds ratio represents the odds of having received the vaccine
among children with chickenpox as compared with controls.

§The vaccine’s effectiveness was 85 percent (95 percent confidence interval, 78 to 90 percent;
P<0.001); after adjustment with conditional logistic regression for the effects of differences in sex,
race, and attendance at group day care, the effectiveness was 87 percent (95 percent confidence in-

terval, 78 to 92 percent; P<<0.001).
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clines, such natural boosting of immunity will become
increasingly rare. Because ours is an ongoing study,
we expect that, over time, we will be able to detect
any waning of immunity that occurs.

By the PCR test, 19 percent of the samples from
children in whom chickenpox was suspected were neg-
ative and nearly 7 percent had indeterminate results.
The hypothesis that these samples were from chil-
dren who did not truly have chickenpox is supported
by the fact that a substantially lower proportion of
these children than of the children with PCR-posi-
tive cases had had recent exposure to someone with
chickenpox. Similarly, none of these children had con-
tacts in whom chickenpox developed within 10 to 21
days of their illnesses (as compared with 30 percent
of the children with PCR-positive cases). Most chil-
dren (65 percent) in whom chickenpox was suspect-
ed were given the diagnosis over the telephone and
were never seen by a clinician. This information has
important public health implications because if these
children had not participated in the study, some of
them would be believed erroneously to have a histo-
ry of chickenpox and so would not be given the var-
icella vaccine even though they remain susceptible to
chickenpox.

Because case—control studies like ours are obser-
vational rather than experimental, they are especially
susceptible to bias. We found that although a much
higher proportion of controls than of children with
chickenpox had received the varicella vaccine, all the
children in the study had received the MMR vaccine,
suggesting that selection bias related to the likeli-
hood of vaccination was not an important factor in
the study. Far fewer children with PCR-positive cases
of chickenpox than their matched controls had re-
ceived the varicella vaccine. If this difference (which
resulted in an estimate of vaccine effectiveness of 85
percent) were due to bias, a similar difference should
also have been observed between the children with
cases that were negative or indeterminate by PCR and
their matched controls. Such a difference would have
indicated that the vaccine was also effective against
illnesses associated with negative and indeterminate
results on a PCR assay for varicella—zoster virus. How-
ever, as expected, the vaccine was not effective against
these illnesses.

There was some risk that matching according to
pediatric practice might bias the results toward the
null hypothesis because of overmatching. However,
the effectiveness that we found, as well as the substan-
tial variation in the proportion of controls from each
practice who had been vaccinated, suggests that pos-
sible overmatching did not have a substantial effect.

In summary, the effectiveness of the vaccine was
excellent. The great majority of breakthrough cases of
chickenpox among vaccinated children were mild. We
conclude that, thus far, the varicella vaccine, as it is
used in clinical practice, is highly effective.
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