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THE LIVE, ATTENUATED VARI-
cella vaccine developed by
Takahash i in 1974 was
approved in the United States

in 1995 and is recommended for rou-
tine administration to healthy chil-
dren at 12 to 18 months of age and to
older children who have not yet
had chickenpox.1,2 Previously, we
reported that the overall effectiveness
of the vaccine in clinical practice was
good (85%), at least during the first
few years after vaccination.3 However,
recent reports4,5 of outbreaks of chick-
enpox in groups with substantial
(73% and 80%) rates of immuniza-
tion, as well as studies6 of immunized
children with breakthrough infec-
tions, have increased concern about
the current recommendations for
administration of the vaccine.

We now report additional results
from an ongoing case-control study on
the influence of age at the time of vac-
cination and the time since vaccina-
tion on the vaccine’s effectiveness. This
study includes, with additional analy-
ses, the 202 polymerase chain reac-
tion (PCR)–positive cases and the 40
PCR-negative cases and their matched
controls from the previous report3 of the
vaccine’s effectiveness.

METHODS
A complete description of the meth-
ods has been published previously.3

Subjects were children 13 months to 16
years of age with no contraindications
to vaccination with varicella vaccine.

Both potential cases and potential con-
trols who previously had chickenpox
(determined by both interview and re-
view of medical records) were ex-
cluded, since varicella vaccine is not rec-
ommended for such children. Both
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Context Reports of outbreaks of varicella in highly immunized groups have in-
creased concern about the effectiveness of varicella vaccine.

Objective To assess whether the effectiveness of varicella vaccine is affected either
by time since vaccination or by age at the time of vaccination.

Design Case-control study conducted from March 1997 through June 2003.

Setting Twenty different group practices in southern Connecticut.

Participants Case subjects, identified by active surveillance of all practices, con-
sisted of 339 eligible children 13 months or older who were clinically diagnosed as
having chickenpox and who also had a polymerase chain reaction (PCR) test result
that was positive for varicella-zoster virus DNA. For each case subject, 2 controls were
selected, matched by both age and pediatric practice.

Main Outcome Measures The effectiveness of the vaccine, especially the effects
of time since vaccination and age at the time of vaccination, adjusted for possible con-
founders.

Results Although the adjusted overall effectiveness of the vaccine was 87% (95%
confidence interval, 81%-91%; P�.001), there was a substantial difference in the vac-
cine’s effectiveness in the first year after vaccination (97%) and in years 2 to 8 after
vaccination (84%, P=.003). The vaccine’s effectiveness in year 1 was substantially lower
if the vaccine was administered at younger than 15 months (73%) than if it was ad-
ministered at 15 months or older (99%, P=.01), although the difference in effective-
ness overall for children immunized at younger than 15 months was not statistically
significantly different than for those immunized at 15 months or older (81% vs 88%,
P=.17). Most cases of chickenpox in vaccinees were mild.

Conclusions Although varicella vaccine is effective, its effectiveness decreases sig-
nificantly after 1 year, although most cases of breakthrough disease are mild. If ad-
ministered at younger than 15 months, the vaccine’s effectiveness was lower in the
first year after vaccination, but the difference in effectiveness was not statistically sig-
nificant for subsequent years.
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potential cases and potential controls
who had received the vaccine in the pre-
ceding 4 weeks were excluded from the
study. In this population, 99% of fami-
lies in the practices had a telephone and
no potential case or control was ex-
cluded because he/she did not have a
telephone.

The case group consisted of children
with chickenpox, identified by active
surveillance, who received medical care
at the 20 participating pediatric prac-
tices in southern Connecticut. Investi-
gators were notified of all patients in each
practice who either called the practice
because of symptoms and signs pre-
sumed to be chickenpox or came to the
physicians’ offices because of an illness
thought to be chickenpox.

On approximately the third to fifth
day of the illness, a research assistant
visited the home of each patient with
chickenpox and conducted a brief in-
terview with the parent to ascertain
demographic information, pertinent
medical history, risk factors, and
whether the child attended school or
day care. The severity of the illness was
assessed based on a modified version
of a clinical scale used in previous clini-
cal trials of varicella vaccine that takes
into account the number and type of le-
sions (eg, vesicular, hemorrhagic), the
height of the fever, the presence of sys-
temic signs, and a subjective assess-
ment of how ill the child was.3 A score
of 7 or lower was considered mild dis-
ease, scores of 8 to 15 were considered
moderately severe disease, and scores
of 16 or higher were considered se-
vere disease.

A vesicular lesion was gently un-
roofed with a capillary tube that was
also used to collect vesicular fluid. Ma-
terial also was obtained by swabbing the
underlying skin with a cotton-tipped
swab. A PCR assay was performed on
all specimens to detect the presence of
DNA of varicella-zoster virus (VZV).7

Specimens were coded so that the tech-
nicians and the investigators who per-
formed and interpreted the PCR tests
were blind to whether the subject had
received varicella vaccine. For PCR, as-
say results were considered positive if

the specimen was positive for DNA of
VZV and all negative controls in that
batch were negative. The test results
were considered negative if the speci-
men was negative for DNA of VZV, all
positive controls in that batch were
positive, and the specimen was posi-
tive for �-globin (indicating the pres-
ence of amplifiable human DNA in the
specimen). However, if the specimen
was negative for both DNA of VZV and
�-globin, it was considered an inad-
equate sample.

We selected 2 controls who had not
had chickenpox for each case subject,
matched by both date of birth (±1
month) and source of primary care.
Controls were selected from a list of po-
tential controls by using a table of ran-
dom numbers to select the order in
which potential controls were con-
tacted. The medical records of the sub-
jects (both cases and controls) were re-
viewed, and all information about
previous immunizations and about
significant medical illnesses was re-
corded. Records of all health care prac-
titioners (including previous practi-
tioners) were checked. Antecedent
vaccination was defined as written
documentation that varicella vaccine
had been received at least 4 weeks be-
fore focal time (date of onset of vari-
cella for each case, used for both cases
and their matched controls). Only writ-
ten documentation of receipt of vac-
cines was accepted as evidence of prior
immunization.

The effectiveness of a vaccine, de-
fined as the proportionate reduction in
the risk of infection among vaccinees
that was attributable to vaccination, is
calculated with data from clinical trials
as follows: (1−relative risk [RR]).8 In
matched case-control studies in which
the controls are matched individually
to the cases, the standard measure of
association is the matched odds ratio
(OR). Since for this type of study the
matched OR closely approximates the
RR that would be observed in a clini-
cal trial,9 the matched OR can be sub-
stituted for the RR in the above equa-
tion and the vaccine’s effectiveness is
estimated as follows: (1−matched OR).

Data were analyzed primarily with
SAS/STAT statistical software version
8.2 for Windows.10 Matched ORs, with
both their associated statistical signifi-
cance (assessed with the maximum-
likelihood �2 test for matched triplets)
and their 95% confidence intervals
(CIs) were calculated with the use of
conventional techniques.11 The vac-
cine’s effectiveness was estimated di-
rectly from the above equation. Con-
ditional logistic regression was used to
calculate matched ORs for the effects
of time since vaccination and age at the
time of vaccination, as well as to ad-
just for effects of possible confound-
ers, including sex, race, attendance at
group day care, asthma, use of ste-
roids, and receipt of varicella vaccine
within 28 days after receiving the
measles-mumps-rubella (MMR) vac-
cine.12 In all calculations of ORs in the
multivariable models, the unvacci-
nated group was the reference group.
Three separate conditional logistic re-
gression models were run: one to as-
sess the effect of time since vaccina-
tion (a dummy-coded variable), one to
assess the effect of age at the time of
vaccination (also a dummy-coded
variable), and one to assess the inter-
action between age and time since vac-
cination. A t test was used to assess the
statistical significance of differences be-
tween groups in continuous variables
such as age, whereas the �2 test was used
to assess the statistical differences be-
tween categorical values. All P values
are 2-sided. Results were considered
statistically significant if the 2-tailed
P value was �.05.

As a strategy to assess whether there
might have been bias introduced in the
selection of the controls, we com-
pared the proportion of subjects who
had received the MMR vaccine among
both the cases and the controls.3 Since
the MMR vaccine should have been ad-
ministered at approximately the same
age as the varicella vaccine and it should
have no effect on the risk of develop-
ing varicella, we expected that there
would be no significant difference be-
tween the cases and the controls in the
proportions who had received the MMR
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vaccine. A significant difference could
indicate that selection bias may have
been a problem (since this may be a
marker for use of medical care).

We also performed an analysis in
which we assessed the vaccine’s effec-
tiveness for potential cases whose PCR
test results were negative (ie, children
who did not have chickenpox by our
definition). If, using the same meth-
ods, the study showed that the vac-
cine’s effectiveness in preventing PCR-
positive varicella was good but the
vaccine was not effective in prevent-
ing PCR-negative potential cases of vari-
cella, it would be strong evidence that
the results were not attributable to bias
(since all potential cases and controls
were selected in the same manner).3 The
study was approved by Yale’s Human
Investigation Committee; written in-
formed consent was obtained from case
parents and oral informed consent was
obtained from control parents (writ-
ten assent was obtained from the case
subject when appropriate).

RESULTS
From March 1997 through June 2003,
of the 634 potential case subjects con-
tacted who were eligible for the study,
530 (84%) were enrolled. Of the oth-
ers, a sample for PCR could not be ob-
tained from 30 (5%) and 74 (12%) re-
fused to participate. For the potential
case subjects who were enrolled, the re-
sults of the PCR assay were positive in
364 (69%), negative in 124 (23%), and
indeterminate in 42 (8%). Of the 1164
potentially eligible controls who were
reached, 80 (7%) refused to partici-
pate. Information was complete for the
case and at least 1 matched control for
339 matched case-control groups in
which the results of the PCR assays in
the potential case subjects were posi-
tive. Data from these subjects formed
the basis for the analyses of the effec-
tiveness of the vaccine.

Characteristics of the subjects in-
cluded in the analyses of the vaccine’s ef-
fectiveness are shown in TABLE 1. Cases
and controls were similar in demo-
graphic characteristics but differed in re-

ceipt of varicella vaccine and in the pro-
portions vaccinated at younger than 15
months and at 12 months or less before
the onset of varicella in the case sub-
jects. The numbers of cases who were en-
rolled each year (1997-2003) who were
included in the analyses were 75, 71, 68,
48, 33, 43, and 1, respectively. The re-
sults of the unadjusted estimate of the
overall effectiveness of the vaccine are
shown in TABLE 2. Of the 339 case-
control groups, 330 had 2 matched con-
trols and 9 had 1 matched control. The
overall effectiveness of the vaccine was
87% (OR, 0.13 [95% CI, 0.09-0.20];
P�.001). The effectiveness was virtu-
ally unchanged after controlling for po-
tential confounders (sex, race, location
of care during the day, history of asthma,
use of corticosteroids, and receipt of vari-
cella vaccine within 28 days after being
immunized with the MMR vaccine).
Chickenpox was significantly more se-
vere in unvaccinated children (mean
[SD] and median [interquartile range] se-
verity scores, 7.3 [3.1] and 8 [4-9], re-
spectively) than in vaccinated children
(mean [SD] and median [interquartile

range] severity scores, 4.5 [2.2] and 3
[3-5], respectively) (P�.001). Of the 122
vaccinated case subjects, 106 (87%) had
mild varicella compared with 98 (45%)
of the 217 unvaccinated case subjects
(P�.001). The rash was mostly vesicu-
lar in 37 (30%) of the vaccinated cases
compared with 126 (58%) of the unvac-
cinated cases (P�.001). The vaccine’s
overall effectiveness against moderate or
severe disease was 98% (95% CI, 93%-
99%; P�.001) and was not signifi-
cantly different if the child was vacci-
nated at 15 months or younger.

The vaccine’s effectiveness in the first
year after vaccination was 97%, which
decreased to 86% in the second year
after vaccination and to 81% in years 7
to 8 after vaccination (TABLE 3). The
difference between the effectiveness in
year 1 and year 2 was statistically sig-
nificant (P=.007), as itwasbetweenyear
1 and each of the subsequent years.
However, the differences between the
effectiveness in year 2 and in each sub-
sequent year (including years 7-8) were
not statistically significantly different
(P=.63). The trend for the decrease in

Table 1. Characteristics of Children With Chickenpox and Their Matched Controls

Characteristic

No. (%) of Children*

P
Value

Children With
Chickenpox

(n = 339)
Controls
(n = 669)

Age, mo
Mean (SD) 76 (32.9) 75 (32.6) .73

Median 72 72

Range 14-190 14-190

Female 162 (48) 366 (55) .04

White race 288 (85) 575 (86) .67

Weekday location
School 230 (68) 466 (70)

Day care 82 (24) 145 (22) .64

Home 27 (8) 58 (9)

Asthma 15 (4) 37 (6) .45

Used steroids 5 (1) 9 (1) .87

Received varicella vaccine 122 (36) 470 (70) �.001

Vaccinated �12 mo earlier 4 (3) 84 (18) �.001

Vaccinated at �15 mo 35 (29) 89 (19) .02

Received varicella vaccine within 28 days
of MMR vaccine

1 (1) 4 (1) .59

Received MMR vaccine 338 (99) 668 (99) .99
Abbreviation: MMR, measles-mumps-rubella.
*Data are number (percentage) of children unless otherwise indicated. The denominators for “vaccinated �12 mo ear-

lier” and “vaccinated at �15 mo” are the number of vaccinated children in the groups (122 children with chickenpox
and 470 controls).
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the vaccine’s effectiveness with time was
not linear. Consequently, we com-
bined the estimates of the vaccine’s
effectiveness for years 2 through 8
(Table 3).

The vaccine’s effectiveness in the first
year after vaccination was substantially
lower if the vaccine was administered

when the child was younger than 15
months than if the child was 15 months
or older at the time of vaccination (73%
vs 99%, P=.01), although the differ-
ence in the effectiveness for these age
groups was not statistically significant
either for years 2 to 8 or overall
(TABLE 4). For comparison, the results

for all children in the study (vacci-
nated at �12 months) are also in-
cluded in Table 4. Among vaccinees who
developed chickenpox, the disease was
mild in 88% of those vaccinated at
younger than 15 months and in 81% of
those vaccinated at 15 months or older
(P=.30). The vaccine’s effectiveness in
year 1 vs years 2 to 8 was also signifi-
cantly different if the child was 15
months or older at the time of vaccina-
tion but not if the child was younger than
15 months at the time of vaccination.

Although there was a substantial dif-
ference in the proportions of cases and
controls who had received varicella vac-
cine, all but 1 case and 1 control had re-
ceived the MMR vaccine, initial admin-
istration of which is recommended at
approximately the same age as for the
varicella vaccine (Table 1). There were
113 potential cases for whom the PCR
test result was negative and for whom
information about the potential case and
at least 1 matched control was com-
plete. Of these, 98 (87%) of the 113 PCR-
negative potential cases and 182 (81%)
of their 225 matched controls had re-
ceived varicella vaccine. The matched
OR was 1.44. The effectiveness of the
vaccine against PCR-negative potential
cases (1−matched OR) was −56% and
was not significantly different than 0%
(95% CI, −197% to 18%; P=.18). Both
of these analyses suggest that bias did
not have a substantial effect on the re-
sults of this study.

COMMENT
This study indicates that at least
through the first 8 years after vaccina-
tion, the overall effectiveness of live, at-
tenuated varicella vaccine remains
good, although breakthrough vari-
cella is not rare. Most vaccinated chil-
dren who develop chickenpox have
mild disease, regardless of their age at
the time of vaccination or the time since
vaccination, at least up to 7 to 8 years
after vaccination (ie, the vaccine’s ef-
fectiveness against moderate to severe
disease is excellent throughout the pe-
riod of the study).

However, there is a substantial, sta-
tistically significant decrease in the vac-

Table 2. Overall Effectiveness of Varicella Vaccine*

No. of Vaccinated Matched
Controls per Case Cases, No.

Matched Controls, No.

Vaccinated Unvaccinated

Vaccinated Cases

0 6 0 11

1 27 27 25

2 89 178 0

Unvaccinated Cases

0 50 0 97

1 69 69 66

2 98 196 0

*Matched odds ratio = 0.13 (95% confidence interval, 0.09-0.20). Unadjusted vaccine effectiveness = 87% (95% con-
fidence interval, 80%-91%), P�.001.

Table 3. Effectiveness of the Varicella Vaccine by Time Since Vaccination*

Years Since
Vaccination

No. Vaccinated

Effectiveness, % (95% CI) P ValueCases Controls

1† 4 84 97 (91-99) �.001

2 22 108 86 (76-92) �.001

3 26 92 83 (69-90) �.001

4 24 68 81 (62-90) �.001

5 24 65 84 (67-93) �.001

6 13 33 82 (54-93) �.001

7-8 9 20 81 (40-94) .005

2-8† 118 386 84 (76-89) �.001
Abbreviation: CI, confidence interval.
*Results are adjusted for sex, race, attendance at group day care, asthma, use of steroids, and receipt of varicella

vaccine within 28 days after receiving the measles-mumps-rubella vaccine. The P values in the table refer to whether
the adjusted estimates of the vaccine’s effectiveness are statistically significantly different than 0%.

†Difference in overall effectiveness in year 1 vs years 2 to 8 (97% vs 84%; P = .003).

Table 4. Effectiveness of the Varicella Vaccine by Time Since Vaccination and Age at the
Time of Vaccination*

Effectiveness

Age at Time of Vaccination, mo
P Value,

�15 vs �15 mo�12 �15 �15

Year 1, % (95% CI) 97 (91 to 99) 73 (−43 to 95) 99 (93 to 100) .01

P value† �.001 .12 �.001

Years 2-8, % (95% CI) 84 (76 to 89) 81 (62 to 90) 85 (77 to 90) .47

P value† �.001 �.001 �.001

P value, year 1 vs years 2-8 .003 .71 .007

Overall, % (95% CI) 87 (81 to 91) 81 (64 to 90) 88 (82 to 92) .17

P value† �.001 �.001 �.001
Abbreviation: CI, confidence interval.
*Results are adjusted for sex, race, attendance at group day care, asthma, use of steroids, and receipt of varicella

vaccine within 28 days after receiving the measles-mumps-rubella vaccine.
†The P values refer to whether the adjusted estimates of the vaccine’s effectiveness are statistically significantly dif-

ferent than 0%.
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cine’s overall effectiveness in the sec-
ond year after vaccination, after which
the decrease in the vaccine’s effective-
ness is not statistically significant, at least
through years 7 to 8 after vaccination.
We do not know the explanation for this
phenomenon, although it is consistent
with observations in other studies4-6 that
the risk of breakthrough infection in-
creases over time. Presumably, this is a
result of waning immunity in a propor-
tion of immunized children in addition
to occasional primary vaccine failure.13

Although the breakthrough infections
are usually mild, such infections never-
theless may place the child at higher risk
of subsequently developing zoster and
may result in spread of varicella to sus-
ceptible contacts.4,13

The vaccine’s effectiveness in the first
year after vaccination is substantially
lower in children who are vaccinated at
younger than 15 months. This is con-
sistent with other reports4-6 that have in-
dicated that children vaccinated at
younger than 15 months are at in-
creased risk of breakthrough infection.
Changing the age at which immuniza-
tion with varicella vaccine is begun from
12 to 15 months might alleviate this
problem. However, the improved effec-
tiveness of the vaccine would have to be
balanced against both the risk of leav-
ing such children unvaccinated for these
3 months and the risk that some chil-
dren might not return for vaccination in
a timely manner. Alternatively, admin-
istering a second dose of the vaccine
might also solve both this problem and

the problem of waning immunity.13,14

More data are needed about the effect
of a second dose of the vaccine on du-
ration of immunity to varicella.

Because this is a nonexperimental
study, bias may have affected the re-
sults. However, the analyses that showed
both that there was no difference in the
proportions of cases and of controls who
had received MMR vaccine and that the
vaccine was not effective against poten-
tial cases with a PCR result that was
negative (even though both these cases
and their matched controls were se-
lected in the same manner as were the
PCR-positive cases and their matched
controls) suggest that bias did not have
an important effect. The study was con-
ducted only in private practices, al-
though the racial distribution of the
population was similar to that of the en-
tire state of Connecticut. The vaccine
had only been in routine use in this
country for up to 7 to 8 years at the time
the analyses were performed, so the
effect of longer duration since vaccina-
tion could not be assessed. In addition,
during much of the study period vari-
cella was still circulating widely, and
subclinical infection and boosting of vac-
cine-induced immunity through natu-
ral exposure likely occurred to some ex-
tent. As the incidence of varicella
continues to diminish, boosting of im-
munity through natural exposure will
become increasingly rare.

It is clear that the incidence of vari-
cella in the United States is decreasing
as a result of the widespread use of vari-

cella vaccine.15,16 Nevertheless, in the
United States, deaths from varicella and
other complications in immunocompe-
tent persons still occur and will con-
tinue to occur until the infection is elimi-
nated.17 It is important to monitor closely
the incidence of varicella and the effec-
tiveness of the vaccine over time to de-
termine if a booster dose is needed to im-
prove its effectiveness.
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