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Abstract

Licensure of varicella vaccine by the US Food and Drug Administration in March 1995 has given rise to concerns that include a
potential shift in varicella incidence to susceptible adults and increase in herpes zoster (HZ) incidence. Baseline values prior to widesprea
vaccination were obtained through distribution of an adolescent survey to all 13 public middle (seventh and eighth grade) schools in the
Antelope Valley, CA health district. Based on 4216 respondents aged 10-14 years, varicella susceptibility is 7.7% (95% CI, 6.9-8.5%) anc
true cumulative (1987—2000) HZ incidence rate is 133 per 100,000 person-years (95% CI, 95-182 per 100,000 person-years).
© 2003 Elsevier Ltd. All rights reserved.
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1. Introduction lescent surveys designed to be included in student enroll-
ment packages and which parents were asked to voluntarily

Since licensure of varicella vaccine by the US Food and complete and return to the school. After processing enroll-
Drug Administration in March 1995, universal vaccination ments, in September 2000, the schools returned the com-
of children, combined with herd immunity, has caused dra- pleted surveys to the varicella active surveillance project
matic declines in varicella incidence and associated mor- (VASP). The one-page survey (English on front and Spanish
bidity and mortality of varicella diseasg—3]. This has on reverse side) requested the school name, student’s name,
given rise to unresolved issues that include a potential shift date of birth, gender, age at varicella (if applicable), who
in varicella incidence to susceptible adults and increase in diagnosed varicella (parent or healthcare provider), age at
herpes zoster incidence due to a reduction in periodic ex-shingles (if applicable), date and location of varicella vac-
ogenous exposures to wild-type varicella which previously cination (if applicable or known), duration of residence (in
boosted cell-mediated immunity (CMI) to suppress reacti- years) in the Antelope Valley, and race/ethnicity. An initial
vation [4-6]. assessment of the responses from each of the schools indi-

One goal of the adolescent survey is to assess the numbetated lack of racial and socio-economic balance, so further
of adolescents still susceptible to varicella in a community effort in April 2001 was made to improve the representa-
with moderate vaccination coverage. Another goal is to in- tion of the sample by encouraging those schools with a poor
vestigate the variability of true HZ incidence rates among response to issue the surveys in student classrooms. Again,
children and adolescents prior to widespread varicella vac- parents were to complete and return the surveys. Duplicate
cination, since there are few studies of HZ incidence in the surveys were eliminated based on exact and probabilistic
US and only one study that provides true incidence (with matching techniques involving the student name and date of
pre-varicella person-time removed) among children and ado- birth. Surveys that lacked the student’s date of birth were
lescentd7]. excluded.

True incidence rates of HZ exclude observation time prior
to varicella disease and include observation of person-time
from the age of varicella disease until September 2000 (or

In August 2000, all 13 public middle schools in the An- April 2001 for surveys passed out to classrooms) or age of

telope Valley were provided a sufficient quantity of ado- HZ: whichever event occurs first. o
Parents reporting students having a positive history of

* Tel: +1-661-944-5661 fax:1-661-044-4483. HZ (shingles) were contacted by telephone if no age (for
E-mail address; pearblossominc@aol.com (G.S. Goldman). shingles) was specified to discern if the question regarding

2. Methods
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shingles was properly understood. Fifty percent of the par- 4. Results

ents who submitted surveys with an affirmative answer to

shingles, including the age that shingles occurred, were 4.1. Varicella susceptibility
contacted to confirm the response and determine if HZ was

physician diagnosed. Of 11,958 seventh and eighth grade students enrolled in

all 13 public schools in the Antelope Valley, VASP received

a total of 4216 (35%) responses providing parental recall
3. Statistical methods of varicella and HZ histories of students aged 10-14 years

(mean age 12.9 years). The age distribution consisted of 787

If we assume middle school students are comprised pri- (18.7%) aged 10 or 11 years, 2935 (69.6%) aged 12 or 13

marily of adolescents aged 12 and 13 years (in seventh andyears and 494 (11.7%) were aged 14 years. The response
eighth grade), then the estimated target populatioN is by school widely varied from a low of 12% to a high of
10,000 based on an equal proportion of individuals aged 94%. This represents 35% of the public middle (or inter-
10-14 years from the 2000 population census. We also as-mediate) school population and 17% (4216/24,945) of the
sume the true proportion that is susceptible to varicella is 8% 2000 census population given for the 10-14 age group. The
(P = 0.08). Suppose we desire a 95%{_,) = 1.96) con- racial balance is consistent with that of the Antelope Valley
fidence that the estimated proportion differs from the true population census and the California Basic Education De-
proportion by no more than 10% &f(¢ = 0.10). Then the mographics Survey (CBEDST#ble 1.
required sample sizey, assuming random selection, must Of the total 4216 respondents, 3627 (86%) presumably

satisfy: had varicella and 589 (14%) indicated a negative or uncer-
) tain history. Two hundred sixty-six (6.3%) were presumably

. Z1_oNP(1 —P) vaccinated and 323 (7.7%) were either unvaccinated or un-

T (N —1)&2pP2 + Z(Zl—a)P(l — P certain as to vaccination. Thus, the percentage of students

susceptible to varicella or uncertain as to susceptibility is

or n > 3064. We must now adjust for finite population cor- 7.7% (95% CI, 6.9-8.5%). Of 220 respondents that did
rection (f.p.c.) to reflect the fact that the survey population supply a date of vaccination, 45 (20%) gave dates prior
is finite in size and that sampling is conducted without re- to licensure of vaccine (March 1995) and therefore were
placement. The reduced sample sin§ {s given by:n’ = considered unvaccinatedgble 3. When stratified by age,
n/(1+n/N) = 2345. Future estimates should be updated to 10% of children aged 10 and 11 years were still susceptible,
reflect the actual proportion of the population still suscepti- declining to 7% susceptible among those aged 14 years.
ble to varicella-zoster virus (VZV). When stratified by race, African—Americans had a signif-

In practice, the manner in which the adolescent survey icantly higher percentage (12.8%) of susceptiblgd &
was conducted did not lend itself to strict random sam- 24.5, P < 0.005) and higher percentage (10.8%) vaccinated
pling techniques. The adolescent survey was included in (x2 = 21.4, P < 0.005) compared to the other races. Ado-
the enrolliment package of students entering middle school;lescents for which parents indicated both varicella disease
however, additional surveys were subsequently passed outand receipt of varicella vaccination were classified under
to students in classrooms (clusters) for parents to com-varicella in the first row offable 2
plete and return. Each completed survey was assigned a se- We tallied the number of parents that indicated their child
guential number and the survey data were entered into ahad both (1) a history of varicella and (2) received varicella
data base using a computer program designed by projectvaccination. Since medical professionals would be unlikely
staff. to administer varicella vaccine to children with a history

The 95% confidence intervals (Cl) reported for varicella of varicella, the parent’s affirmative response to these two
susceptibility and herpes zoster incidence are computedquestions would indicate (a) a possible breakthrough case
based on normal approximation and Poisson distribution, of varicella if date of vaccination was specified after the

respectively. licensure date (March 1995) and prior to onset of varicella,
Table 1

Adolescent survey, CBEDS, and population census stratified by race

Source African—American Caucasian/Non-Hispanic Hispanic Asian/American Indian Total
Adolescent survey 571 (14) 2021 (50) 1239 (31) 188 (4) 2(190)
CBEDS 2293 (19) 5329 (45) 3818 (32) 518 (4) 11958 (100)
Population censds 4915 (15) 14656 (45) 10813 (33) 2375 (7) 32759 (100)

20f 4216 responses, 197 indicated race as “other” or did not answer.
b2000-2001 California Basic Education Demographics Survey for 13 public schools with seventh and eighth grades.
€2000 population census for individuals aged 10-14 years.
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Table 2
Adolescent survey responses regarding varicella disease, receipt of vaccination, and percentage susceptible stratified by race and combined races
Varicella? Receipt of varicella vaccination? Percent susceptible Total number of
(95% CI) respondents (%)
“Yes” “No” or “Yes” “No” or
“unknown” “unknown”
African—American 437 (77) 134 (23) 61 (10.8) 73 (12.8) 12.8 (10-15.5) 571 (100)
Caucasian/Non-Hispanic 1775 (88) 246 (12) 117 (5.8) 129 (6.4) 6.4 (5.3-7.4) 2021 (100)
Hispanic 1086 (88) 153 (12) 66 (5.3) 87 (7.0) 7.0 (5.6-8.5) 1239 (100)
Asian/American Indian/other 255 (85) 46 (15) 19 (6.3) 27 (9.0) 9.0 (5.7-12.2) 301 (100)
Unspecified race 74 (88) 10 (12) 3 (3.6) 7 (8.3) 8.3 (2.4-14.2) 84 (100)
Combined race 3627 (86) 58914) 266 (6.3) 323(7.7) 7.7 (6.9-8.5) 4216 (100)

a0f the 589 responses, 92 indicated “unknown.”
b Of the 323 responses, 123 indicated “unknown.”

(b) inability to understand the question regarding receipt Table 3

of varicella vaccine or (c) possibly incorrect memory recall Adolescent survey responses regarding sh|_ng[es (herpes zoster) disease

or confusion of varicella vaccination with other traditional and cumulative (1987-2000) true and crude incidence rates of HZ among
L . . __children <15 years

vaccinations. Over one-fourth of the responses by Hispanics Y

(27.7%) and African—Americans (25.2%) incorrectly indi- No. of herpes zoster cases) ( 39
cated that students with a history of varicella received vari- ;Ota' number of respondenti 4216

. ) ost-varicella observation time (person-years) 29249
cella vaccination. By contrast, only 3.9% of the responses 1qa) observation time (person-years) 54222
by Caucasians indicated this inconsistency. Of the 518 re-True Hz incidence rate (cases per 100,000 person-years) 133
spondents indicating both varicella and vaccination, 298 Crude Hz incidence rate (cases per 100,000 person-years) 72

(57.5%) gave no date of vaccination, thus the percentage

of breakthrough cases was indeterminable in the adolescent

study. Based on active surveillance in 2000, of the 837 ver- tacted regarding their affirmative answer to HZ, 19 (95%)

ified varicella cases reported of all ages, 141 (16.8%) casesndicated HZ was physician diagnosed; one (5%) parent

occurred 42 or more days after vaccination and were con-indicated familiarity with HZ symptoms and therefore did

sidered possible breakthrough cases. When stratified by agenot seek physician confirmation. Restricting the data to

25.4% of breakthrough cases were in children 1-4, 18.0% the pre-licensure era, the cumulative (1987-1995) true HZ

were in children 5-9, and 9.5% were in those aged 10-14incidence rate is 145 per 100,000 person-years (95% Cl,

years. 86-228 per 100,000) (18 cases/12,457 person-years) among
Parents indicated that the students had resided in the Antechildren <10 years.

lope Valley a mean of 8.8 years. African—Americans had the

lowest mean of 6.5 years and those Caucasian/Non-Hispanic _

had the highest mean of 10 years. A majority, 52%, indicated - Discussion

having resided in the Antelope Valley for 10 or more years,

25% resided 5-9 years and 24% resided less than 5 years. The 4216 respondents in the adolescent study exceeded
Of those respondents indicating they experienced vari- the goal sample size of 2335. The cumulative varicella sus-

cella, approximately half were physician diagnosed and half ceptibility of 7.7% (95% CI, 6.9-8.5%) among individuals

were diagnosed by the parent. aged <15 years in the Antelope Valley, CA health dis-
The adolescent survey indicated that 51% of varicella trict is consistent with the 7% VZV susceptibility among

cases occurred before the age of 5 years; 46% occurred bel2-19 years old measured by serological testing (National

tween the ages of 5-9 years; and 3% occurred on or afterHealth and Nutrition Examination Survey, NHANES IlII,

age 10 years. 1988-1994) and similar to the cumulative 8.8% theoreti-
cally susceptible reported by Finger et al. in the 1991-1992
4.2. Herpes zoster Kentucky Behavioral Risk Factor Surveillance System

(BRFSS)-based stud8]. Of the 4216 respondents aged
A total of 39 (0.9%) cases of HZ occurred in respon- 10-14 years in the Antelope Valley, CA adolescent survey,
dents during the 14-year period from 1987 to 2000. Crude if we exclude individuals that cannot be stratified by age

incidence is 72/100,000 person-years (39 cases/54,2220f immunity due to unspecified (unknown) age of vari-
person-years) among the cohort aged5 years and cella onset or date of varicella vaccination, 114 (2.7%)
the true incidence is 1.8 times higher, or 133/100,000 and 84 (1.9%), respectively, the cumulative age-specific
person-years (95% CI, 95-182 per 100,000 person-years)percentages of varicella susceptibility can be determined
(39 cases/29,249 person-years) among those with a previousmong the remaining cohort of 4018 (95.3%). Since only
history of varicella Table 3. Of 20 (51%) parents con- the cohort aged 10-14 years was available in the Antelope
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Fig. 1. Comparison of age-specific percentages of varicella susceptibility.

Valley study, determination of the age-stratified percentage person-years. These rates are similar to the cumulative
susceptible relies on parental recall of varicella experience (1947-1962) rate of 138/100,000 person-years among 455
beginning in 1986-1990 for those aged. year (age 0). individuals aged 10-19 years reported in the 16-year study
These percentages are compared to those derived in theonducted in a medical practice in Cirencester, England,
BRFSS-based studi] in Fig. L The similar results may  based on 10 cases occurring during an observation period
indicate that the limitations of these two studies, including of 7280 person-yeai®].
use of parental recall, may have had no significant effect The cumulative HZ incidence obtained in the Ante-
on the percentage of varicella susceptibility among children lope Valley study represents the mean of the incidence
and adolescents. rate among children<10 years in the pre-licensure era
The percentage susceptible that we calculated in this(1987-1995) and the incidence rate among children 10-14
study is biased high since those uncertain as to varicellayears in the post-licensure period (1996—2000). The fact that
vaccination were all assumed to be unvaccinated. If high HZ incidence in the Antelope Valley, CA study compares
varicella vaccine coverage levels can be achieved and mainfavorably with the only other historical study reporting true
tained among school entry children, only a relatively small incidence[7], suggests that individuals aged 10-14 years
percentage of children and adolescents may enter adulthoodn the post-licensure period have not as yet been influenced
still susceptible to varicella with the potential of increased by increasing varicella vaccination levels. While CMI to
morbidity and mortality of varicella disease. varicella-zoster virus in this cohort has persisted sufficiently
The high vaccination rate among African—Americans may to suppress reactivation, significant decline in exogenous
indicate some selective sampling bias or a true difference exposures has occurred only during the past 2 years (since
relative to other ethnic groups. 1999). Decline in CMI resulting in reactivation may occur
Interestingly, active surveillance of varicella in the Ante- sooner than suggested by laboratory measurements of CMI
lope Valley population indicates the mean age of first casesto VZV in individuals. Such measurements conducted in
of varicella (i.e. excluding both breakthrough cases of vari- the pre-licensure era were confounded and enhanced due to
cella reported among those vaccinated and second varicelldboosting that individuals received from periodic exogenous
cases occurring among those individuals reporting a pre-exposures to natural varicella in the community.
vious history of varicella) has increased from 6.9 years in  The similar true HZ incidence rates reported in the
1995 to 8.1 years in 2000. However, since decline in inci- Antelope Valley, CA and Boston, MA communitig3],
dence was observed across all age groups, the burden of varidespite differences in study methodology, suggest that the
cella disease (in 2000) was lower than in the pre-licensure limitations inherent to these studies may have had no sig-
era. nificant effect on true HZ rates in children and adolescents.
The cumulative (1986-2000) true HZ incidence rate of Additionally, considering the HZ incidence reported by
133/100,000 person-years (95% CI, 95-182 per 100,000Hope-Simpson[9], studies of HZ incidence rates based
person-years) among children agel5 years in the An-  on low observations times (while they exhibit wide confi-
telope Valley population, based on 39 cases occurring dence intervals) may accurately characterize the population
during an observation period of 29,249 person-years, com-due to the mixing of age groups and societal behaviors
pares with the cumulative (1990-1992) rate of 133/100,000 within the study sample that are representative of the
person-years (95% CI, 98-176 per 100,000 person-years)population.
in the population-based Harvard Community Health Plan In the near future, it will be interesting to investigate
Study [7] conducted among childreal4 years, based on post-licensure incidence rates of HZ among childeetD
49 cases occurring during an observation period of 36,842years with a previous history of varicella. Introducing
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varicella vaccine may reduce the exogenous boosts this cotheir participation in this project, including: Almondale
hort receives in elementary school and result in an earlier Middle School, Challenger Middle School, Del Sur EI-
decline in CMI. ementary School, Gifford C. Cole Middle School, High
Limitations of this study include the fact that only a Desert School, Hillview Middle School, Joe Walker Middle
cross-sectional sample of the adolescent population was surSchool, Juniper Intermediate School, Mesa Intermediate
veyed, although both racial and socio-economic balance wasSchool, New Vista Middle School, Parkview Intermediate
similar to that of the population. Due to the retrospective School, Piute Middle School, and Shadow Hills Intermedi-
nature of this study, parents would likely recall the age of ate School. The Varicella Active Surveillance Project under
children with recent episodes of varicella disease more accu-the Los Angeles County Department of Health Services
rately than early episodes of disease. None of the cases weréLACDHS), Acute Communicable Disease Control unit, is
laboratory confirmed. Since HZ in children and adolescents supported by a grant provided by the Centers for Disease
is relatively mild compared to older adults, many cases may Control and Prevention (CDC, Atlanta Georgia).
not come to the attention of parents, school nurses, or health-
care providers. Ascertainment of only more serious cases of
HZ among children and adolescents by healthcare providersR
and other age-related biases could further confound obser- [1] Seward JF, Watson BM, Peterson CL, et al. Varicella disease after
vations of incidence rate and advancing age. introductior; of varicella'vaccine in thé Unitéd States, 1995-2000.
Parents appeared to have excellent recall of age of onset  ;ayma 2002:287:606-11.
and dermatome affected by herpes zoster in their children. [2] wise RP, Salive ME, Braun MM, et al. Postlicensure safety
Of those parents interviewed by telephone concerning an af-  surveillance for varicella vaccine. JAMA 2000;284(10):1271-9.
firmative response to herpes zoster, all but one parent indi- [3] Vazquez M, LaRussa PS, Gershon AA, Steinberg SP, Freudigman

. . K, Shapiro ED. The effectiveness of the varicella vaccine in clinical
cated that prior to seeking healthcare, symptoms of herpes practice. N Engl J Med 2001:344:955-60.

ZOSte'_’ (shingles) were Igrgely u_nknown. _Parent_s’ learning [4] Spingarn RW, Benjamin JA. Universal vaccination against varicella.
experience at the physician’s office, combined with the fact NEJM 1998;338(10):683.

that shingles was considered to be a rare event in children, [5] Wack RP. More on varicella immunization. N Engl J Med
likely contributed to enhanced memory of the event. 1998;338(26):1927.

Since shifts in varicella incidence to older age groups (6] Edmunds WJ, Brisson M, Rose JD. The epidemiology of herpes
. of . zoster and potential cost-effectiveness of vaccination in England and
or increases as low as 20% in HZ disease among adults  \\5es. vaccine 2001:19(23-24):3076-90.

with a prior history of wild-type varicella could potentially  [7] Donahue JG, Choo PW, Manson JE, Platt R. The incidence of herpes

counterbalance the medical cost-effectiveness of varicella  zoster. Arch Intern Med 1995;155:1608.

vaccination[6,10,11] careful post-licensing active surveil-  [8] ":'”ger R;f_ H,Ug*_‘js P, f'V'e:_dE BJ, Ps”‘a!er HARI'hP;'meflggI_-

lance of both varicella and herpes zoster diseases will 13;’(’25‘;;'0'55'”” ence of chickenpox. Public Health Rep ’

assist pubhc health authorities in evaluating vaccine use [9] Hope-Simpson RE. The nature of herpes zoster: a long-term study
strategies. and a new hypothesis. Proc R Soc Med 1965;58:9-20.

[10] Brisson M, Gay NJ, Edmunds WJ, Andrews NJ. Exposure to varicella
boosts immunity to herpes-zoster: implications for mass vaccination
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