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Vaccination to prevent varicella:
Goldman and King’s response to
Myers’ interpretation of Varicella
Active Surveillance Project data

GS Goldman1 and PG King2

Abstract
Background: There is increasing evidence that herpes zoster (HZ) incidence rates among children and adults
(aged <60 years) with a history of natural varicella are influenced primarily by the frequency of exogenous
exposures, while asymptomatic endogenous reactivations help to cap the rate at approximately 550 cases/
100,000 person-years when exogenous boosting becomes rare. The Antelope Valley Varicella Active Surveil-
lance Project was funded by the Centers for Disease Control and Prevention in 1995 to monitor the effects of
varicella vaccination in one of the three representative regions of the United States. The stability in the data
collection and number of reporting sites under varicella surveillance from 1995–2002 and HZ surveillance dur-
ing 2000–2001 and 2006–2007 contributed to the robustness of the discerned trends. Discussion: Varicella
vaccination may be useful for leukemic children; however, the target population in the United States is all chil-
dren. Since the varicella vaccine inoculates its recipients with live, attenuated varicella–zoster virus (VZV), clin-
ical varicella cases have dramatically declined. Declining exogenous exposures (boosts) from children shedding
natural VZV have caused waning cell-mediated immunity. Thus, the protection provided by varicella vaccina-
tion is neither lifelong nor complete. Moreover, dramatic increases in the incidence of adult shingles cases have
been observed since HZ was added to the surveillance in 2000. In 2013, this topic is still debated and remains
controversial in the United States. Summary: When the costs of the booster dose for varicella and the
increased shingles recurrences are included, the universal varicella vaccination program is neither effective nor
cost-effective.
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Background

There are two major immune system processes that

suppress the reactivation of the varicella–zoster virus

(VZV) as herpes zoster (HZ; shingles): asymptomatic

endogenous reactivations and periodic exogenous

exposures to VZV being shed into the environment.

Before the licensure of a varicella vaccine in 1995,

and continuing thereafter, an ongoing debate has

existed with respect to the significance of periodic

exogenous exposures that serve to inhibit and post-

pone the reactivation of shingles.

Gregory A. Poland, Editor in Chief of journal Vac-

cine, (1) failed to notify Goldman and King in advance

of the inclusion of a ‘‘discussion’’ article that challenged

their review article1 and (2) subsequently refused the

authors’ response on the basis of its not ‘‘meeting Vac-

cine’s current priorities.’’ Thus, to promote open dialo-

gue and encourage the sharing of science-based

findings, the following in-depth response to Dr Martin
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G. Myers’ characterization of the Varicella Active

Surveillance Project (VASP) is presented.

Authors’ response to Dr Myers’
‘‘vaccination to prevent varicella’’

We agree with Dr Myers that varicella vaccination

may be useful for leukemic children that experience

serious complications from VZV infection.2 But, the

universal varicella vaccination initially targeted virtu-

ally all US children—the entire birth cohort of about

4 million.

If, as Dr Myers suggests, health care authorities

were so concerned about the effects of varicella vac-

cination on the incidence of HZ, why did three Cen-

ters for Disease Control and Prevention (CDC)-

funded active surveillance projects initially collect

baseline data only for varicella and not HZ? Further,

why, 18 years after licensure, are more definitive

US studies on HZ incidence lacking?

In support of his views, Dr Myers highlights a

VASP/CDC study of shingles incidence3 among chil-

dren aged <10 years and individuals aged from 10 to

19 years. Since the count of raw shingles reports was

not ascertainment corrected, the computed incidence

rates are simply project ascertainment rates that are

not comparable to other historical studies that had

higher percentages for reporting completeness.

Focusing on this study ignores the reality that shingles

incidence has dramatically increased among adults

who harbor the wild-type (natural) VZV strain(s)

because of their history of natural varicella (usually

as a benign case acquired when they were children).

HZ incidence rates among both unvaccinated chil-

dren and adults with a history of natural varicella were

modulated by the frequency of exogenous exposures

to children shedding VZV.

Cogently, by 2000/2001, 50% of children aged <10

years had been administered the varicella vaccine in

the Antelope Valley (AV) community (California,

USA). Contrary to the initial cost-benefit assumption

that varicella vaccination would have no deleterious

impact on HZ epidemiology,4 the cohort of unvacci-

nated children having a history of natural varicella

demonstrated HZ incidence rates that approached

those previously reported in adults.5 Concomitantly,

adult HZ case reports dramatically increased—while

the number of reporting sites under active surveil-

lance remained stable.6 Thus, active surveillance data

(1) validated Hope-Simpson’s 1965 hypothesis that

exogenous exposures (or boosts) suppress the

reactivation of VZV as HZ7 and (2) demonstrated that

asymptomatic endogenous reactivations helped to

limit the HZ incidence rate at 550 cases/100,000

person-years (p-y) among adults aged <60 years in the

near absence of exogenous exposures. In support of

the VASP trends, Guzzetta et al., in their more recent

2013 study, suggest that each episode of exposure to

VZV increases protection against HZ and that ‘‘this

mechanism may be critical in shaping HZ patterns’’.8

The high HZ incidence rate among unvaccinated chil-

dren computed by Goldman in 2001/2002,5 where the

relatively lower HZ rate among vaccinated children

served as a control, was finally confirmed by a 2009

CDC publication.3

Additionally, from 2000 to 2001, during a stable

period of active surveillance with no changes in lead-

ership, the 28.5% increase in HZ reports among adults

aged 20–69 years, yielded a statistically significant

difference when considering each 10-year age cate-

gory (Table 1). Moreover, the 2007 VASP annual

summary to the CDC6 presents data (not ascertain-

ment corrected) demonstrating a statistically signifi-

cant increase in HZ incidence rates, from 390/

100,000 p-y in 2006 to 470/100,000 p-y in 2007

among adults aged 50 years and older (Table 2), dur-

ing a period when data collection methods and the

number of reporting sites under active surveillance

(Table 3) in the AV remained stable.

Therefore, Myers’ depiction of HZ case ascertain-

ment as unreliable and confounded through ‘‘extrapo-

lations’’ is unfounded. His argument that ‘‘there was

no laboratory confirmation of HZ’’ is also baseless

since health-care providers were responsible for

98.5% of the adult (aged 50 years and older) HZ

reports to the AV-VASP during 2006–2007,6 and

HZ symptoms are so distinctive that a study by

Schmader et al. found 98.9% agreement of self-

reports to a physician diagnosis.9

A fundamental trend explains the
‘‘inconsistencies’’ in HZ incidence

Dr Myers writes, ‘‘ . . . there have been no consistent

trends in reports of HZ incidence.’’ Without in-depth

analysis, this apparent conclusion likely considered

the CDC study10 that found no increases in HZ. How-

ever, further investigation reveals that this study was

conducted in a community prior to widespread vari-

cella vaccination.11 Also, to be excluded from a con-

sideration of HZ trends is an unpublished 1999–2000

CDC-promoted phone survey by the Massachusetts
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Department of Public Health with insufficient statisti-

cal power to detect HZ increases. More recently, a

French study12 found HZ incidence among the gen-

eral adult population to be similar to that of monastic

adults having no recent contact with children—a find-

ing that seemingly minimized the role of exogenous

boosting. However, the study ignored, among other

factors, the fact that the cell-mediated immunity

(CMI) of these monastic nuns and monks was boosted

by cases of HZ occurring among themselves.

The seemingly inconsistent outcomes of the vari-

ous HZ incidence studies, however, are supportive

of a fundamental trend that manifests when vaccina-

tion coverage in a community reaches 50% of the

children aged <10 years: as the rate/coverage of var-

icella vaccination increases, the opportunity for exo-

genous exposures decreases and HZ incidence

increases among both children and adults (aged <60

years) with a prior history of natural varicella,

approaching an upper limit of 550 cases/100,000 p-y.

Prior to licensure of the varicella
vaccine, more than 95% of adults
were protected

By 2001, 6 years after licensure, <80% efficacy

(Table 4) of the one-dose program among household

contacts in the AV13 was evidenced, in part, by

increases in cases of breakthrough varicella. The

annual rate of breakthrough varicella significantly

increased with the time since vaccination, from 1.6

cases/1000 p-y (95% confidence interval (CI): 1.2–

2.0) within 1 year after to 58.2/1000 p-y (95% CI:

36.0–94.0) at 9 years (in 2004).23 Waning immunity,

especially prior to adoption of the two-dose protocol

in 2006, resulted in 15 to 20% of vaccinees experien-

cing breakthrough varicella,24 with many individuals

remaining unprotected as adults. Relative to chil-

dren, adults who contract varicella have a 25 times

greater risk of dying and 13 times greater risk of

hospitalization.25

Table 2. HZ incidence among adults aged 50 years and older, VASP, 2006 and 2007.6

Description 2006 2007

Verified HZ case reports from active surveillancea 316b 404b,c

Population aged 50 years and over 81,000d 86,000d

HZ incidence rate 390/100,000 p-y 470/100,000 p-y
2007 to 2006 incidence RR 1.2 (95% CI: 1.04–1.40)
Pearson �2 statistic (statistically significant) �2 ¼ 6.1, p ¼ 0.013

HZ: herpes zoster; VASP: Varicella Active Surveillance Project; p-y: person-years; RR: rate ratio; CI: confidence interval; CDC: Centers
for Disease Control and Prevention.
aA verified HZ case met the case definition of HZ and had a completed case report or a medical chart review that validated the diagnosis
of HZ and resided inside the surveillance area. A total of 91.5% of cases were localized to a single dermatome; main dermatomes
affected included thoracic (51.5%), cervical (30%), and lumbosacral (16%).6
bNone of the HZ cases reported history of vaccination with Zostavax1 by Merck and Co. Inc (Whitehouse Station, New Jersey, USA).
cThe 27.8% increase in reported HZ cases is a conservative, likely minimum figure since the VASP annual summary to the CDC6

cautions that in 2007 there were ‘‘many staffing vacancies and decreased reporting should be considered.’’
dPopulation census estimates were obtained through the Los Angeles County Department of Public Health for each corresponding
year.6

Table 1. Adult HZ case reports stratified by 10-year age categories, VASP, 2000–2001.

Adult age categorya (years)

Year of surveillance 20–29 30–39 40–49 50–59 60–69 Total

2000 10 20 50 43 35 158
2001 19 27 50 62 45 203b

HZ: herpes zoster; VASP: Varicella Active Surveillance Project; df: degree of freedom.
aElderly adults, aged 70 years and older, both prior to and following varicella vaccine licensure, had few opportunities for periodic
exogenous boosting, and therefore, the HZ incidence rate among elderly adults is less sensitive to effects of widespread varicella
vaccine coverage. The sedentary lifestyle of aged adults is in contrast to younger adults who are (1) more active in the community and
(2) may engage frequently in activities involving school-age children.
bThere was 28.5% increase in HZ case reports in 2001 compared with 2000 reports among adults aged from 20 to 69 years. Using the
paired t test, the increase in HZ case reports among the five age categories was statistically significant (p < 0.042; t ¼ 2.95; df ¼ 4).
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Exogenous boosts and negative PCR
test results cause overestimation
of vaccine effectiveness

While vaccine efficacy (VE) of the one- and two-dose

protocols has been reported as high as 94.4 and 98.3%,

respectively, these figures are derived from a study of

children aged 1–12 years who were vaccinated in late

1991 to early 1993,26 prior to licensure of the varicella

vaccine in 1995, such that 80% of the 10-year follow-

up period was during a time when the CMI of these

vaccinees was additionally boosted annually by out-

breaks of children shedding wild-type varicella. In a

later study by Shapiro et al., there is again a high

two-dose vaccine effectiveness of 98.3% reported

based on a limited number of 71 subjects enrolled over

a 2.5-year period.27 Of 247 initially enrolled case sub-

jects, however, 176 (71.3%) were excluded since 135

(54.7%) had negative polymerase chain reaction (PCR)

assay results, and 41 (16.6%) had inadequate samples

for PCR.27 Shapiro et al.27 explain that failure to detect

VZV was due to less ideal specimen collection tech-

nique used for macules. CDC authors noted that VE

can be overestimated and confounded when there is

reliance on PCR laboratory testing since a negative test

result would exclude varicella cases.28 This issue was

demonstrated in a CDC outbreak investigation of 82

varicella cases where all 10 clinical samples and 48

environmental samples tested negative.29 Thus, PCR

assay could not confirm varicella as the etiology of this

outbreak.

A comprehensive meta-analysis, based on 14 studies

of outbreaks in day care centers/elementary schools,

reports a lower overall VE of 72.5% (95% CI: 68.5–

76.0) for the one-dose program.30 A CDC outbreak

investigation team in 2000/200131 reported the lowest

VE of 44% in a day care center.

Finally, another CDC outbreak investigation con-

ducted in 2006,32 well after exogenous boosting

became rare, reported no significant difference in vac-

cine effectiveness between one- and two-dose vaccine

recipients (83.4 and 88.1%, respectively) attending an

Arkansas school. The elementary school children that

experienced breakthrough disease may have been

exposed to a genetically distinct VZV strain that is het-

erologous relative to the Oka strain (or vaccine strain).

Additionally, those children who ‘‘appeared’’ protected

by not manifesting a clinical varicella rash could have

experienced asymptomatic reinfection of a second

VZV strain. Under both scenarios, one or both VZV

strains that have established latency can reactivate in

the future as HZ.1

Factors that contributed to the
robustness of the observed trends

Unlike the other two VASPs located in Travis County

(Texas, USA) and West Philadelphia (Pennsylvania,

USA), the AV region, consisting of 300,000 residents

principally located in Palmdale and Lancaster, Califor-

nia, USA, (1) was geographically isolated (i.e. few

individuals traveled outside the area to attend school

or seek health care treatment) and (2) virtually all

school and health-care provider sites in the region were

under active varicella surveillance (i.e. there was no

survey sampling of the available sites). Furthermore,

Table 3. Number of sites under active surveillance during years of increasing adult HZ reports, VASP.6

Year of surveillancea

Reporting site type 2000 2001 2006 2007
Preschools/day care centers, elementary and high schoolsb 177 183 171 163
HMO offices, private practices, and public health clinics 111 104 118 115
Hospitals 3 3 2 2
Long-term care, adult day care, dermatology and pain management facilities 0 0 7 7
Correctional facilities 3 3 4 4
Large employers 10 10 10 10
Miscellaneous, households, and outside normal sampling 5 6 5 5
Total 309 309 317 306

HZ: herpes zoster; VASP: Varicella Active Surveillance Project; HMO: health maintenance organization.
aImproved data collection from Kaiser HMO (using ICD-9 codes for HZ) contributed to increases in reported HZ cases and incidence
rates from 2002 onward. Results summarized in the review1 were reported during stable surveillance periods and were either prior to
the addition of the Kaiser HMO or independent of the 2002–2004 problematic surveillance project data.
bThe contribution of reported adult HZ cases by school reporting sites was negligible because only the teachers and staff were generally
aged 20 years and older.
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two different sources of case reports allowed the use of

capture–recapture statistical methods to estimate report-

ing completeness and compute the ascertainment-

corrected number of cases and rates.33

Despite limitations in accuracy of two-source

capture–recapture estimates, both the close agreement

between the AV-VASP ascertainment-corrected (a)

age-specific varicella incidence rates (in 1995) and the

1990–1994 National Health Interview Survey ‘‘gold

standard’’ and (b) cumulative 2000–2003 HZ inci-

dence rate among varicella-vaccinated children and

the cumulative 2007/2008 rate reported by an inde-

pendent study with a large observation time (Table

4), imply that the underlying capture–recapture

assumptions were reasonably satisfied and the

ascertainment-corrected rates represent better esti-

mates of the true rates than raw or uncorrected rates

that ignore reporting completeness.

Table 4. Mounting evidence from the AV-VASPa in support of Hope-Simpson’s hypothesis.

Evidence description Quantified result

� True ascertainment-corrected HZ incidence rate
among children aged <10 years with a history of natural
varicella is threefold higher relative to prior historical
studies (approximately 145/100,000 p-y); however, the
HZ incidence rate among varicella-vaccinated children
was low as expected, serving as a control.

VASP used two-source capture–recapture methodsb to
estimate the true HZ incidence rate of 446/100,000 p-y
among children aged <10 years with history of natural
varicella.c,1,13

� Ascertainment-corrected varicella incidence rates
approximated those rates reported by the NHIS gold
standard. When the same capture–recapture methodsb

are applied to HZ reports, the VASP ascertainment-
corrected HZ incidence rate among varicella-vaccinated
children closely agrees with the rate of 27.4/100,000 p-y
(95% CI: 22.7 to 32.7) based on follow-up of 446,027 p-y
reported by Tseng et al.14

VASP estimates an ascertainment-corrected HZ incidence
rate of 28 per 100,000 p-y among varicella-vaccinated
children aged <10 years based on VASP reporting com-
pleteness of 50%.b,1,13

� From 2000 to 2001, HZ cases (not ascertainment
corrected) reported to VASP either maintained or
increased in every adult 10-year age category (20–29,
30–39, . . . , 60–69 years), yielding a statistically signifi-
cant difference (Table 1).1

Reported HZ cases among adults aged 20–69 years
increased 28.5%—from 158 in 2000 to 203 in 2001 (p <
0.042; t ¼ 2.95, df ¼ 4) (Table 1).1

� From January 2000 through April 2002 (28 months), the
VASP recurrent HZ incidence rate was 3.3-fold higher
than that reported in a 2-year Harvard Community
Health Plan study by Donahue et al. based on four
recurrences during an observation time of 538 p-y.15

High VASP recurrent HZ rate of 2440 (95% CI, 1220 to
4374)/100,000 p-y1,5 based on 11 HZ recurrences during
an observation time of 450 p-y.

� VASP adult HZ case reports during 2006 and 2007
demonstrated a statistically significant increase in the
HZ incidence rate.

HZ incidence rates among adults aged 50 years and older
increased from 390 to 470 per 100,000 p-y (Table 2).1

� Initial studies of (VE were biased high during 1995–
1999—the ‘‘honeymoon’’ period when VZV was still
circulating and boosting vaccinees. VE sharply declined
in subsequent years13 under the one-dose protocol.

Decreasing VE1,13:
96% (95% CI, 83 to 99%) in 1999
86% (95% CI, 74 to 92%) in 2000
74% (95% CI, 58 to 84%) in 2001

AV: Antelope Valley; VASP: Varicella Active Surveillance Project; HZ: herpes zoster; p-y: person-years; NHIS: National Health Interview
Survey; CI: confidence interval; df: degree of freedom; VE: vaccine efficacy; CDC: Centers for Disease Control and Prevention.
aThe review1 discusses seven additional studies that support the significance of exogenous boosting by authors Arvin et al.16, Gershon
et al.17, Salleras et al.18, Solomon et al.19, Terada et al.20, Thomas et al.21, and Yih et al.22

bDuring 2000–2001, schools and health-care providers reported 54 and 91 HZ cases, respectively, among unvaccinated children and
adolescents aged 5–19 years. Of these 145 case reports, 19 were duplicates. Thus, capture–recapture methods estimated VASP
reporting completeness of 50% (95% CI: 34 to 65%).
cVASP/CDC authors’ raw (i.e. unadjusted) cumulative 2000–2006 true HZ incidence rate of 239/100,000 p-y (95% CI: 193 to 295)3 closely
agrees with Goldman’s unadjusted cumulative 2000–2003 rate of 223/100,000 p-y (95% CI: 180 to 273).5 VASP reporting completeness
was estimated at 50% for both varicella and HZ; thus, the ascertainment-corrected incidence rates are double the unadjusted rates.
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Summary

Unfortunately, costs associated with increases in adult

HZ far outweigh any medical and societal savings

associated with varicella epidemiology, especially

considering the additional costs associated with (1)

the adoption of the two-dose childhood varicella vac-

cination protocol, (2) the increased hospitalizations

due to increased shingles recurrences, and (3) the nec-

essary addition of a shingles vaccine to boost protec-

tion in adults who previously received natural

exogenous boosts at no cost from children shedding

VZV in the community.1

Myers does not believe that Goldman and King’s

‘‘inferences are justified’’ despite the mounting qualita-

tive and quantitative evidence from AV-VASP data

summarized in Table 4. However, some health care pol-

icymakers in the United Kingdom and European coun-

tries (except Germany and France) have recognized the

validity of these inferences and, to date, have declined to

implement universal varicella vaccination programs.34

When will US health care policymakers admit that

routine vaccination against varicella has proven

extremely costly35 with initial cost-benefit analyses

based on overly optimistic (i.e. false) initial assump-

tions?4 (Table 5) Rigorous epidemiological studies

of HZ incidence have already corroborated,1 and

additional studies will continue to validate,8 those

trends observed in the AV region. As longitudinal

study results are gleaned from various populations

under universal varicella vaccination, refinements in

understanding age-related incidence trends associated

with the interrelated varicella and HZ epidemiology

will be further elucidated. Presently, the United States

has traded a dramatic reduction in varicella disease

which in the prevaccine era accounted for only 25%
of the VZV medical costs (i.e. 75% of VZV medical

costs were attributed to cases of HZ) for a dispropor-

tional increase in HZ costs associated with increasing

HZ incidence among adults with a history of wild-

type varicella.1 Based on a 2009 cost-effectiveness

model,38 the Joint Committee on Vaccination and

Immunisation, an independent expert advisory com-

mittee to the UK Department of Health, ‘‘indicates

that a two-dose childhood vaccination programme

. . . could be cost effective but only after 80–100þ
years of vaccination . . . .’’

Table 5. Initial cost-benefit assumptions4 and subsequent updated realities.

Initial cost-benefit assumptions Updated realities

� Vaccination cost is US$35 per dose with only a US$5
administration fee.

After FDA approval, the vaccine pricing increased to nearly
double the modeled cost. As of 1 July 2013, CDC and
private sector cost/dose is US$75.36 and US$90.55,
respectively.36

� A single vaccine dose confers lifelong immunity. In 2006, updated recommendation specified two doses: one
at age 12–15 months and a booster dose at age 4–6 years.

� VE is high (85–95%) using the one-dose vaccine proto-
col, with negligible adverse reactions.

Single-dose VE among household contacts was high during
1995–1999 (the ‘‘honeymoon’’ period) when exogenous
exposures to children shedding natural VZV were still
prevalent.13 When exogenous exposures became rare,
VE declined to below 80%, and 15–20% of vaccinees
experienced breakthrough varicella.24

� Universal varicella vaccination has no adverse effect on
the closely related HZ incidence among adults.

Statistically significant increases in adult HZ cases reported
to VASP occurred in 2000–2001, when 50% of children
aged <10 years had been vaccinated.1

� Annual vaccination costs of US$162 million exceeded
the annual medical cost savings of US$80 million (i.e.
from the health payer perspective, US$2 was spent for
each US$1 saved). However, by considering the cost of
a parent’s absence from work to care for a child with
varicella at US$392 million annually, one-dose varicella
vaccination is cost-effective from a societal perspective.

A 2005 economic evaluation of the universal varicella
vaccination program29,37 concluded, ‘‘compared to the
one-dose program, the two-dose program may not be
cost effective.’’ While the CDC analysis included HZ in
vaccinees and outbreak management costs, it excluded
both (a) increasing HZ among those with a history of
natural varicella1,4,8 and (b) ‘‘potentially higher future
post-vaccination incidence due to further accumulation of
susceptible persons and future outbreaks.’’

FDA: Food and Drug Administration; VASP: Varicella Active Surveillance Project; HZ: herpes zoster; p-y: person-years; VE: vaccine
efficacy; CDC: Centers for Disease Control and Prevention; VZV: varicella–zoster virus.

Goldman and King 891



Funding

This research received no specific grant from any funding

agency in the public, commercial, or not-for-profit sectors.

References

1. Goldman GS and King PG. Review of the United

States universal varicella vaccination program: Herpes

zoster incidence rates, cost-effectiveness, and vaccine

efficacy based primarily on the Antelope Valley Vari-

cella active surveillance project data. Vaccine 2013;

31(13): 1680–1694.

2. Myers MG. Vaccination to prevent Varicella. Vaccine

2013; 31(13): 1695.

3. Civen R, Chaves SS, Jumaan A, Wu H, Mascola L,

Gargiullo P, et al. The incidence and clinical character-

istics of herpes zoster among children and adolescents

after implementation of Varicella vaccination. Pediatr

Infect Dis J 2009; 28(11): 954–959.

4. Lieu TA, Cochi SL, Black SB, Halloran E, Shinefield

HR, Holmes SJ, et al. Cost effectiveness of a routine

varicella vaccination program for US children. JAMA

1994; 271(5): 375–381.

5. Goldman GS. Incidence of herpes-zoster among chil-

dren and adolescents in a community with moderate

varicella vaccination coverage. Vaccine 2003;

21(27–30): 4243–4249.

6. Maupin T, Peterson C, Civen R and Mascola L. Vari-

cella Active Surveillance Project (VASP). 2000, 2001,

2006, 2007 Annual Summary. Antelope Valley ,

County of Los Angeles Department of Health Services

(LADHS), Acute Communicable Disease Control,

Centers for Disease Control and Prevention (CDC)

Cooperative Agreement No. U66/CCU911165-10 and

5U01 IP000020-02/5U01 IP000020-04.

7. Hope-Simpson RE. The nature of herpes zoster: a long

term study and a new hypothesis. Proc R Soc Med

1965; 58: 9–20.

8. Guzzetta G, Poletti P, Del Fava E, Ajelli M, Scalia

Tomba GP, Merler S, et al. Hope-Simpson’s progres-

sive immunity hypothesis as a possible explanation for

Herpes zoster incidence data. Am J Epidemiol 2013;

77(10): 1134–1142.

9. Schmader K, George LK, Newton R and Hamilton JD.

The accuracy of self-report of herpes zoster. J Clin

Epidemiol 1994; 47(11): 1271–1276.

10. Jumaan AO, Yu O, Jackson LA, Bohlke K, Galil K and

Seward JF. Incidence of herpes zoster, before and after

varicella-vaccination-associated decreases in the inci-

dence of varicella, 1992–2002. J Infect Dis 2005;

191(12): 2002–2007.

11. Whitley RJ. Changing dynamics of varicella-zoster

virus infections in the 21st century: the impact of vac-

cination. J Infect Dis 2005; 191(12): 1999–2001.

12. Gaillat J, Gaidos V, Launay O, Malvy D, Demoures B,

Lewden L, et al. Does monastic life predispose to the

risk of Saint Anthony’s fire (herpes zoster)? Clin Infect

Dis 2011; 53(5): 405–410.

13. Goldman GS. Universal varicella vaccination: efficacy

trends and effect on herpes zoster. Int J Toxicol 2005;

24(4): 205–213.

14. Tseng HF, Smith N, Marcy SM, Sy LS and Jacobsen

SJ. Incidence of herpes zoster among children vacci-

nated with varicella vaccine in a prepaid health care

plan in the United States, 2007, 2008. Pediatr Infect

Dis J 2009; 28(12): 1069–1072.

15. Donahue JG, Choo PW, Manson JE and Platt R. The

incidence of herpes zoster. Arch Intern Med 1995;

155(15): 1605–16099.

16. Arvin A, Koropchak CM and Wittek AE. Immunologic

evidence of reinfection with varicella-zoster virus. J

Infect Dis 1983; 148(2): 200–205.

17. Gershon AA, LaRussa P, Steinberg S, Mervish N, Lo

SH and Meier P. The protective effect of immunologic

boosting against zoster: an analysis in leukemic chil-

dren who were vaccinated against chickenpox. J Infect

Dis 1996; 173(2): 450–453.

18. Salleras M, Dominguez A, Soldevila N, Prat A, Gar-

rido P, Torner N, et al. Contacts with children and

young people and adult risk of suffering herpes zoster.

Vaccine 2011; 29(44): 7602–7605.

19. Solomon BA, Kaporis AG, Glass AT, Simon SI and

Baldwin HE. Lasting immunity to varicella in doctors

study (L.I.V.I.D. study). J Am Acad Dermatol 1998;

38(5 Pt 1): 763–765.

20. Terada K, Hirago Y, Kawano S and Kataoka N. Inci-

dence of herpes zoster in pediatricians and history of

reexposure to varicella-zoster virus in patients with

herpes zoster. Kansenshogaku Zasshi 1995; 69(8):

908–912.

21. Thomas SI, Wheeler JG and Hall AJ. Contacts with

varicella or with children and protection against herpes

zoster in adults: a case-control study. Lancet 2002;

360(9334): 678–682.

22. Yih WK, Brooks DR, Lett SM, Jumaan AO, Zhang Z,

Clements KM, et al. The incidence of varicella and

herpes zoster in Massachusetts as measured by the

Behavioral Risk Factor Surveillance System (BRFSS)

during a period of increasing varicella vaccine cover-

age, 1998-2003. BMC Public Health 2005; 5: 68.

23. Chaves SS, Gargiullo P, Zhang JX, Civen R, Guris D,

Mascola L, et al. Loss of vaccine-induced immunity to

892 Human and Experimental Toxicology 33(8)



varicella over time. N Engl J Med 2007; 356(11):

1121–1129.

24. Chaves SS, Zhang J, Civen R, Watson BM, Carbajal T,

Perella D, et al. Varicella disease among vaccinated per-

sons: clinical and epidemiological characteristics,

1997–2005. J Infect Dis 2008; 197(Suppl 2): S127–S131.

25. Marin M, Watson TL, Chaves SS, Civen R, Watson

BM, Zhang JX, et al. Varicella among adults: data

from an active surveillance project, 1995–2005.

J Infect Dis 2008; 197(Suppl 2): S94–S100.

26. Kuter B, Matthews H, Shinefield H, Black S, Dennehy

P, Watson B, et al. Study group for Varivax. Ten year

follow-up of healthy children who received one or two

injections of varicella vaccine. Pediatr Infect Dis J

2004; 23(2): 132–137.

27. Shapiro ED, Vazquez M, Esposito D, Holabird N,

Steinberg SP, Dziura J, et al. Effectiveness of 2 doses

of varicella vaccine in children. J Infect Dis 2011;

203(3): 312–315.

28. Jumaan AO and Seward J. The effectiveness of the var-

icella vaccine. N Engl J Med 2001; 245(6): 464.

29. Mahamud A, Wiseman R, Grytdal S, Basham C,

Asghar J, Dang T, et al. Challenges in confirming a

varicella outbreak in the two-dose vaccine era. Vaccine

2012; 30(48): 6935–6939.

30. Bayer O, Heininger U, Heiligensetzer C and von Kries

R. Metaanalysis of vaccine effectiveness in varicella

outbreaks. Vaccine 2007; 25(37–38): 6655–6660.

31. Galil K, Lee B, Strine T, Carraher C, Baughman AL,

Eaton M, et al. Outbreak of varicella at a day-care cen-

ter despite vaccination. N Engl J Med 2002; 147(24):

1909–1915.

32. Gould PL, Leung J, Scott C, Schmid DS, Deng H,

et al. An outbreak of varicella in elementary school

children with two-dose varicella vaccine recipi-

ents—Arkansas, 2006. Pediatr Infect Dis J. 2009;

28(8): 678–681.

33. Goldman GS. Using capture–recapture methods to

assess varicella incidence in a community under active

surveillance. Vaccine 2003; 21(27–30): 4250–4255.

34. Sadzot-Delvaux C, Rentier B, Wutzler P, Asano Y,

Suga S, Yoshikawa T, et al. Varicella vaccination in

Japan, South Korea, and Europe. J Infect Dis 2008;

197(Suppl 2): S185–S190.

35. Rozenbaum MH, van Hoek AJ, Vegter S and Postma

MJ. Cost-effectiveness of varicella vaccination pro-

grams: an update of the literature. Expert Rev Vaccines

2008; 7(6): 753–782.

36. Centers for Disease Control and Prevention, CDC Vac-

cines for Children Program (VFC). ‘‘Pediatric/VFC

Vaccine Price List.’’ Available at: http://www.cdc.

gov/vaccines/programs/vfc/awardees/vaccine-manage

ment/price-list/ (accessed 18 July 2013).

37. Zhou F. Economic evaluation of the universal varicella

vaccination program in the US. Centers for Disease

Control and Prevention, National Immunization Pro-

gram, Record of the Meeting of the Advisory Commit-

tee on Immunization Practices, Atlanta, GA, June

29–30, 2005, p. 31. Available at: http://www.cdc.

gov/vaccines/acip/meet ings/downloads/min-archive/

min-jun05.pdf (accessed 03 June 2013).

38. Joint Committee on Vaccination and Immunisation

Statement on varicella and herpes zoster vaccines.

UK Government Web Archive 2009. Available at:

http://webarchive.nationalarchives.gov.uk/20130107

105354/http://www.dh.gov.uk/prod_consum_dh/gro

ups/dh_digitalassets/@dh/@ab/documents/digital asset/

dh_114908.pdf (accessed 18 July 2013).

Goldman and King 893

http://www.cdc.gov/vaccines/programs/vfc/awardees/vaccine-management/price-list
http://www.cdc.gov/vaccines/programs/vfc/awardees/vaccine-management/price-list
http://www.cdc.gov/vaccines/programs/vfc/awardees/vaccine-management/price-list
http://www.cdc.gov/vaccines/acip/meetings/downloads/min-archive/min-jun05.pdf
http://www.cdc.gov/vaccines/acip/meetings/downloads/min-archive/min-jun05.pdf
http://www.cdc.gov/vaccines/acip/meetings/downloads/min-archive/min-jun05.pdf
http://www.cdc.gov/vaccines/acip/meetings/downloads/min-archive/min-jun05.pdf
http://www.cdc.gov/vaccines/acip/meetings/downloads/min-archive/min-jun05.pdf
http://webarchive.nationalarchives.gov.uk/20130107105354/http://www.dh.gov.uk/prod_consum_dh/groups/dh_digitalassets/@dh/@ab/documents/digitalasset/dh_114908.pdf
http://webarchive.nationalarchives.gov.uk/20130107105354/http://www.dh.gov.uk/prod_consum_dh/groups/dh_digitalassets/@dh/@ab/documents/digitalasset/dh_114908.pdf
http://webarchive.nationalarchives.gov.uk/20130107105354/http://www.dh.gov.uk/prod_consum_dh/groups/dh_digitalassets/@dh/@ab/documents/digitalasset/dh_114908.pdf
http://webarchive.nationalarchives.gov.uk/20130107105354/http://www.dh.gov.uk/prod_consum_dh/groups/dh_digitalassets/@dh/@ab/documents/digitalasset/dh_114908.pdf
http://webarchive.nationalarchives.gov.uk/20130107105354/http://www.dh.gov.uk/prod_consum_dh/groups/dh_digitalassets/@dh/@ab/documents/digitalasset/dh_114908.pdf
http://webarchive.nationalarchives.gov.uk/20130107105354/http://www.dh.gov.uk/prod_consum_dh/groups/dh_digitalassets/@dh/@ab/documents/digitalasset/dh_114908.pdf


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice




