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The incidence of varicella and herpes zoster in Taiwan during a
period of increasing varicella vaccine coverage, 2000—2008
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SUMMARY

The introduction and the widespread use of the varicella vaccine in Taiwan has led to a 75-80 %
decrease in the incidence of varicella in children. However the vaccine’s long-term impact on the
incidence of herpes zoster (HZ) has attracted attention. By controlling gender, underlying
diseases, and age effects, a Poisson regression was applied on the 2000-2008 chart records of
240000 randomly selected residents who enrolled in the Universal National Health Insurance.
The results show that, as the vaccine coverage in children increases, the incidence of varicella
decreases. However, the incidence of HZ increased even before the implementation of the free
varicella vaccination programme in 2004, particularly in females. The increase in the incidence
of HZ cannot be entirely and directly attributed to the widespread vaccination of children.
Continuous monitoring is needed to understand the secular trends in HZ before and after

varicella vaccination in Taiwan and in other countries.
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INTRODUCTION

The varicella zoster virus (VZV) produces two distinct
diseases, namely, varicella (chickenpox) and herpes
zoster (HZ). After causing varicella, VZV remains
dormant in the sensory ganglia and reactivates later in
life and leads to HZ. The cause of reactivation is not
understood clearly, although it has been associated
with a decrease in cell-mediated immunity [1]. Before
the introduction of the varicella vaccine, there were an
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estimated 4 million varicella cases in the USA
annually. More than 90% of these cases involved
individuals aged <15 years, with the highest age-
specific incidence in children aged 5-9 years [2, 3].
A similar situation was observed in Europe, with
the highest age-specific incidence in children aged
<9 years [4]. Varicella rarely occurs in individuals
aged >40 years because >99-6 % of adults have VZV-
specific antibodies [5].

Establishing and/or enhancing varicella and HZ
surveillance has been essential in assessing the impact
of widespread varicella vaccination. The introduction
and the widespread use of varicella vaccine has led to
a 75-80 % decrease in incidence, hospitalization rates,
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and even mortality associated with varicella in selec-
ted US surveillance sites from 1995 to 2000 [2, 3, 6, 7].
The biggest decline was observed in children aged
1-4 years [8]. On the other hand, there are concerns
regarding an increase in the incidence of HZ in adults
because of the decreased circulation of wild-type
viruses brought about by the varicella vaccination pro-
gramme. Presumably, exposure to varicella reduces
the risk of reactivation by boosting specific immunity
to the virus [9, 10]. Several epidemiological studies
suggested that exposure to varicella is greater in
adults living with children, and that this exposure is
highly protective against HZ [11]. Although this hy-
pothesis is further supported by mathematical mod-
elling [12, 13], so far, results from epidemiological
studies do not suggest an increase in risk [14-17].
Therefore, the monitoring of the long-term impacts of
varicella vaccinations on HZ incidence is crucial.

The varicella vaccine was introduced onto the
Taiwanese market in July 1997. From 1998, Taipei
City has included the varicella vaccine in its free
paediatric vaccination programme for children aged
>12 months. Taichung City/County followed this
protocol in 1999. In children aged 12-18 months, a
39-52% range in vaccination rate was observed in
2000-2003 in these two areas. The nationwide free
varicella immunization programme for children aged
12-18 months was not implemented until 2004 when
the vaccination rate increased to 82-93% in Taipei
City and in Taichung City/County. No catch-up vac-
cination programme has been performed in Taiwan.
Other areas in Taiwan did not provide free varicella
vaccinations in their public vaccination programme
until 2004. However, people could purchase private
varicella vaccination. From 2000 to 2008, a gradual
increase in vaccination rate was also observed, from
<10% before 2003 to >90% after 2006 (Taiwan
CDC, personal communication). A significant de-
crease in varicella incidence in children aged 3—6 years
has been consistently observed in areas implementing
the free vaccination policy [18-21].

Establishing a reliable system to monitor the
epidemiological pattern of varicella and HZ in
Taiwan is important, especially when it had been
suggested that the surveillance of national notifiable
diseases was under-reported [22]. The National
Health Insurance (NHI) database has been valuable
for evaluating different kinds of health problems,
including HZ [23, 24], but the secular trends of HZ in
Taiwan are unknown. The current study aims to in-
vestigate the incidence trend and the epidemiological
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characteristics of varicella and HZ from 2000 to 2008,
the period when varicella vaccination rates increased
gradually in Taiwan.

MATERIALS AND METHODS
Data collection

Taiwan started its compulsory NHI system in 1995.
The prevalence of health insurance coverage soon
increased from 56 % in 1995 to over 95 % after 2000.
Since 2007, 98% of the 23 million population in
Taiwan have been covered by health insurance.
Inasmuch as clinics and hospitals had to register all
treatments to apply for payment of expenses, the
accuracy of the databank is exytremely reliable,
especially after 1995, when medical records of more
than 95% of Taiwan’s hospitals contracted with
NHI were included in the database [23]. Before our
analysis, the temporal consistency between date of
birth, dates of diagnosis, and clinical visits of each
outpatient were checked to ensure data accuracy. The
classification of the location of patients was based on
the county/city of one’s family registry. Varicella
vaccination rate was based on official data registry of
the nationwide survey conducted by the Changhua
County Public Health Burecau and the Centers for
Disease Control in Taiwan (Taiwan CDC).

Definitions

About 240000 residents of Taiwan who were enrolled
in NHI in 2005 were randomly selected by the
National Health Research Institute (NHRI). Their
outpatient healthcare records were analysed in this
study. The sample comprised of almost 1/100 of
Taiwan’s population of more than 23 million people,
and was re-sampled by NHRI to confirm its structural
resemblance to the general population with respect to
gender and age. The data included diagnosis records
of the International Classification of Diseases, 9th
Revision, Clinical Modification (ICD-9-CM) codes
related to varicella (052) and HZ (053) of each person
in 2000-2008. A minor number of records of some
individuals did not have complete 8-year data because
they were uninsured for certain periods. For example,
those who were born from 2005 onwards, or those
who died before 2008. Demographic variables, like
age, gender, date of diagnosis, and residency, were also
itemized. All cases in the database were counted only
once. Because some cases of post-herpetic neuralgia
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may last for several months or years, each case in the
database was counted only once regardless of the
duration and number of times such a case sought
medical care during the study period from 2000 to
2008, as the reoccurrence of HZ cannot be differ-
entiated from post-herpetic neuralgia and others.
Usually the incidence of diseases including hyper-
tension, diabetes mellitus, chronic nephritis, chronic
bronchitis, chronic heart disease, treatment with
cancer drug therapy, chronic obstructive pulmonary
disease, bronchiectasis, and cerebrovascular diseases,
varies with age and time-period. Moreover, it is cor-
related with HZ incidence in the elderly because of
reduced immunity caused by the diseases. Therefore,
these diseases are considered as ‘underlying diseases’
(UD). Incidence of UD was incorporated as a con-
founder in the model.

Statistical analysis

The age-standardized incidence rates (ASIRs) of var-
icella and HZ, as well as the corresponding 95 %
confidence interval (CI), were calculated based on the
age distribution of the world standard population in
2000 as proscribed by the World Health Organiz-
ation. Each area is considered as the sole subject, with
its incidence being repeatedly measured in each year,
the non-parametric Page’s trend test was then applied
to examine the monotony of the trends. The y* test
was used to compare the incidence in Taipei City and
Taichung City/County (Taipei/Taichung hereafter)
with other areas in Taiwan. Control variables were
adjusted.

Poisson regression was used to estimate age, gen-
der, and period effects, with the assumption that the
number of HZ cases follows a Poisson distribution.
The incidence rates manifested a multiplicative func-
tion of the included model parameters, making the
logarithm of the rates an additive function of the
parameters. The Poisson regression model is given as

10g E(d[/k)/pi/]( =u+a;+t+sp+ri + s ¥,

where a; is the ith age group, i=1~3 (i.e. 50-59,
60-69, 70-79 years), ¢;is the jth time-period, j=1~4
(i.e. 2000-2001, 2002-2003, 2004-2005, 2006—-2008),
sy 1s the gender (i.e. k=1 for men and 0 for women),
1y 1s the effect of UD in relation to age and gender,
si= t;1s the interaction effect between gender and time-
period, djj is the number of HZ cases, and p; is the
population within stratum ijk (i.e. age i, period j,
gender k). In addition, E(-) denotes expectation.
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To account for the different spans of periods, the num-
ber of years in each period was used as the weight in
regression. Model parameters were interpreted as the
log of the rate ratio or the relative risk (RR) adjusted
for other factors. In this study, the 50-59 years age
group (with higher HZ incidence occurring in people
>50 years) and the 2004-2005 period (the start of
the implementation of the national varicella vacci-
nation programme) were used as reference categories.
Parameter estimates with 95% CIs were obtained
using the maximum-likelihood method. Goodness-
of-fit test was performed to evaluate data fitting into
the Poisson regression. Modelling was performed
using the GENMoOD procedure of SAS version 9.1 (SAS
Institute Inc., USA).

RESULTS
Descriptive epidemiology

Table 1 shows the crude rates of varicella and HZ in
Taiwan from 2000 to 2008 and the comparison be-
tween Taipei/Taichung and other areas in Taiwan.
The crude rate of varicella shows a decreasing trend
from 2000 to 2008 (8:29 and 2-23 cases/1000 person-
years, respectively), whereas the rate of HZ fluctuated
in 2000-2001 and then gradually increased from
2002 to 2008 (5-35 and 689 cases/1000 person-years,
respectively). The increase of the incidence in HZ
before the implementation of nationwide free pae-
diatric varicella vaccination in 2004 was also noted
(Table 1). Crude incidence rates of HZ increased to
5-35 cases/1000 person-years in 2002 compared to
4-45 cases/1000 person-years in 2000. In particular,
Taipei/Taichung area which had implemented free
vaccination since 1999 (i.e. 5 years earlier), had a
higher incidence of HZ than the rest of Taiwan after
2003 (P<0-03 by Wilcoxon’s signed rank test)
(Table 1). Furthermore, the average incidence rate of
varicella in Taipei/Taichung was significantly lower
(4-60 cases/1000 person-years) than that in other areas
in Taiwan (6:92 cases/1000 person-years) in
2000-2003. After the implementation of the nation-
wide varicella immunization program in 2004, a sig-
nificantly lower average of the crude incidence rate of
varicella was also observed in Taipei/Taichung (2-56
cases/1000 person-years) compared to that in other
areas in Taiwan (4-08 cases/1000 person-years) in
2004-2008. In particular, the incidence rate of var-
icella in Taipei/Taichung was lower than that in
Taiwan. The gap in the incidence rate of varicella
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Table 1. Unadjusted Incidence rates of varicella and herpes zoster (HZ) in Taiwan, Taipei/ Taichung, and other

areas, 2000-2008

Whole of Taiwan

Taipei & Taichung

Other areas*

Varicella HZ Varicella HZ Varicella HZ
Year Cases Ratet Cases Rate Cases Rate Cases Rate Cases Rate Cases Rate
2000 1795 829 963 4-45 484 6-89 326 4-64 1311 897 637 4-36
2001 977 4-45 1002 4-57 250 3-54 320 4-54 727 4-88 683 4-59
2002 1401 6-33 1184 5-35 285 4-04 375 532 1116 7-39 809 5-36
2003 1289 5-68 1212 5:34 273 393 378 544 1016 645 834 529
2004 1077 4-75 1353 597 201 2:92 414 6:02 876 5-55 939 5-95
2005 1071 4-50 1481 623 194 2:69 453 627 877 529 1028 620
2006 885 374 1541 651 201 2-80 482 671 684 4-15 1059 642
2007 679 2-88 1547 655 177 2:46 469 652 502 3-06 1078 657
2008 526 2:23 1625 6-89 140 1-95 524 7-32 386 2:35 1101 670

* Other areas=all the counties in Taiwan except Taipei City, Taichung City/County, and the outside island counties like

Penghu and Kinmen.

+ Rate =unadjusted incidence rate (per 1000) of the indicated diseases.

Table 2. Incidence of herpes zoster (HZ) in females and the >60 years age group, and the corresponding prevalence

rates of underlying diseases in Taiwan, 2000-2008

Females >60 years age group

Ratio HZ incidence Proportion in HZ incidence UD* prevalence
Year to male (per 1000 person-years) population (%) (per 1000 person-years) (%)
2000 1-005 4-82 10-81 11-45 65-03
2001 1-004 5-01 11-42 11-85 67-17
2002 1-005 5-61 12-:06 14-04 69-81
2003 1-032 5-42 12:60 14-15 72-17
2004 1-028 6-16 13:20 1490 77-92
2005 1-018 6-32 13:36 15-35 79-67
2006 1-027 6-86 1410 1579 80-63
2007 1-031 6-85 14-97 16:21 81-36
2008 1-030 7-45 1593 15-46 78-20

* UD, Underlying diseases including hypertension, diabetes mellitus, chronic nephritis, chronic bronchitis, chronic heart
disease, treatment with cancer drug therapy, chronic obstructive pulmonary disease, bronchiectasis, and cerebrovascular

diseases.

between Taipei/Taichung and the other areas gradu-
ally diminished after 2007.

Table 2 shows the distribution of gender, age, and
UD in the population from 2000 to 2008. Females
comprised half of the population and remained
constant. However, females with HZ reactivation in-
creased by about two-thirds from 2000 (4-82 cases/
1000 person-years) to 2008 (cases/1000 person-years
7-45). The proportion of the population aged >60
years also increased gradually (10-81 % and 15-93%
in 2000 and 2008, respectively), along with an
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increased proportion in HZ reactivation (1145 and
1546 in 2000 and 2008, respectively) and prevalence
of UD (65:03% and 78-20% in 2000 and 2008, re-
spectively).

ASIRs of varicella and HZ

The ASIRs of varicella and HZ in Taiwan in
2000-2008 are shown in Figure 1. Using 2004, the
year for implementing nationwide free vaccination as
the watershed, we observed that the incidence of
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Fig. 1. Age-standardized incidence rates and 95 % confidence interval of varicella and herpes zoster (HZ) as well as the
varicella vaccination rate in children reaching the age of 18 months in Taiwan, 2000—2008.
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Fig. 2. Age-specific incidence rates of varicella in Taiwan, 2000-2008.

varicella fluctuated in 2000-2003 at a range of 9-48
to 7-08 cases/1000 person-years, and then steadily
decreased from 2004 (6-19 cases) to 2008 (3-09 cases),
a much more obvious drop (50 %) than that of the
2000-2003 period. In contrast, the ASIR of HZ in
Taiwan gradually increased over time, with an aver-
age of 4-81 cases/1000 person-years in 2000-2003 and
5-67 cases/1000 person-years in 2004-2008. A low but
gradual increase in the vaccination rate was observed
from 2000 to 2003, which was followed by an abrupt
increase to 80 % in 2004 through the implementation
of a free paediatric varicella vaccination programme
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in Taiwan. From 2005 to 2008, the vaccination rate
increased to nearly 94 % (Fig. 1).

Age-specific incidence rate of varicella and HZ

Figure 2 shows the age-specific incidence rates of
varicella in Taiwan from 2000 to 2008. Children in
the 0—4 and 5-9 years age groups had the highest
incidence rate of all age groups. Children aged
0—4 years, the target population for receiving free
vaccination, had an average incidence of 32:42/1000
person-years during 2000-2003, which decreased
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Fig. 3. Age-specific incidence rates of herpes zoster in Taiwan, 2000-2008.

to 14-41/1000 person-years during 2004-2008, a de-
cline of 56 %. In contrast, there was a 2-year lag for a
similar decreasing trend for the 5-9 years age group.
Adults aged >20 years, who presented the lowest in-
cidence rates, experienced the lowest decrease (29 %)
during the same time span (1-48 and 1-05 cases/1000
person-years in 2000-2003 and 2004-2008, respect-
ively).

Figure 3 shows the age-specific annual incidence
rates of HZ from 2000 to 2008. The age-specific
annual incidence rates of HZ increased with age, and
those aged >70 years had the highest risk of HZ
reactivation. In particular, HZ incidence for the
50-59 and 60-69 years age groups significantly in-
creased with time from 2000 (8-05 and 10-46 cases/
1000 person-years, respectively) to 2008 (12-13 and
14-92 cases/1000 person-years, respectively). A similar
trend was also observed for the 70-79 years age
group, with an increase in incidence from 2000 (12-48
cases/1000 person-years) to 2007 (17-24 cases/1000
person-years). However, there was a slight decrease
in 2008. In addition, the 10-49 years age group
manifested relatively stable HZ incidence rates in
2000-2008. The rates in children aged 0-9 years, the
age group that most frequently received the varicella
vaccine, were the lowest in all age groups, with an
average of 1-53 cases/1000 person-years for most
years in 2000-2008. Its two lowest rates occurred in
2006 and 2008 (1-41 and 1-12 cases/1000 person-years,
respectively). Note that the fluctuation for those aged
>80 years is due to the small number of cases.

https://doi.org/10.1017/50950268811001786 Published online by Cambridge University Press

Poisson regression

To examine potential factors affecting the increase in
the incidence of HZ over time, the Poisson regression
model was used. Based on univariate analysis, as
shown on the left of Table 3, males have a lower
likelihood of HZ reactivation compared to females
(RR 0-87, 95% CI 0-82-0-91). The 70-79 and
60—69 years age groups have greater risks of HZ
reactivation compared to those aged 50—59 years (RR
1-55, 95% CI 1-45-1-65 and RR 1:28, 95% CI
1-21-1-36, respectively). Period effect is also significant
as incidence increases with time. Using 2004-2005 as
reference year for the start of the nationwide free
varicella vaccination programme, there was an esti-
mated 8 % increase in the incidence rate in 2006—2008
(RR 1-08,95% CI 1-01-1-16). Conversely, 2000—-2001
showed an 18 % decrease in incidence rate compared
to the reference year (RR 0-82, 95% CI 0-72-0-90).
The prevalence of UD increased HZ reactivation risks
as opposed to being without UD (RR 1-02, 95% CI
1-:01-1-02).

After implementing the different confounding vari-
ables mentioned above into the multivariate Poisson
regression models, the estimates of the different
periods were affected by gender. Therefore, the inter-
action between different periods and gender was in-
corporated into the model (see right portion of
Table 3). After adjusting gender, age, UD, and the
interaction between gender and period, 20062008
presented a 20% excess in incidence rate of HZ
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Table 3. Crude and adjusted rate ratios of herpes zoster in Taiwan from univariate and multivariate Poisson
regression analysis
Crude effect Adjusted effect
Estimate sE RR  95% CI Estimate sE RR  95% CI
Intercept —4-67 0-13 0-01 0-007-0-012
Gender Male —0-142 0-0266 0-87 0-82-0-91 —0-08 0-04 092  0-85-1-0
Female — — 1 — — — 1 —
Age (years) 60—69 0-248 0-0312 128 1-21-14 0-2024 0-056 122 1-1-1-37
70-79 0-437 0-0329 155 145-1-65 0-3312 0-095 139 1-16-1-68
50-59 — — 1 — — — 1 —
Year 2000-2001 —0-197 0-0440 0-82 0-75-0-90 —0-169 0-048 0-84 0-77-0-93
2002-2003 —0-056 0-0408 095 0-87-1-02 —0-015 0-041 098 091-1-07
2006-2008 0-080 0-0343 1-08 1-01-1-16 0-187 0-:063 121 1-:07-1-36
2004-2005 — — 1 — — — 1 —
UD* 0-016 0-0011 102 1-01-1-02 —0-012 0-014 098 096-1-02
Male x period 20002001 —0-020 0-062 098 0-87-1-11
Male x period 2002-2003 —0-067 0-058 094 0-84-1-05
Male x period 2006-2008 —0-091 0-046 091 0-83-0-999

Female x period

ClI, Confidence interval; RR, rate ratio; s.E., standard error.
* UD, underlying diseases including hypertension, diabetes mellitus, chronic nephritis, chronic bronchitis, chronic heart
disease, treatment with cancer drug therapy, chronic obstructive pulmonary disease, bronchiectasis, and cerebrovascular

diseases.

reactivation compared to the 2004-2005 reference
period (RR 1:21, 95% CI 1-:07-1-36). Notably, the
interaction between gender and the 2006—2008 period
was significant as the incidence rate in males was 9 %
lower than that in females during 2006-2008 (RR
0-91, 95% CI 0-83-0-999).

DISCUSSION

In this large longitudinal study we examined the
incidences of varicella and HZ before and after the
implementation of nationwide free paediatric var-
icella vaccination in Taiwan. We observed that the
incidence rates of varicella decreased by 65% in
children, while in contrast the ASIR of HZ gradually
increased over time, from an average of 4-81 cases/
1000 person-years in 2000-2003 to 5-67 cases/1000
person-years in 2004-2008. After controlling gender,
UD, and ageing effect, there was a 20 % increase in
incidence rate of HZ in 20062008 compared to
2004-2005. This increase in HZ incidence should not
come from the case ascertainment because the same
method was applied for the database. This report
demonstrated an increase in trend of HZ in Taiwan in
20002008, even before the national free varicella
vaccination programme was implemented in 2004.
Therefore, the widespread vaccination of children is
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only one of several possible explanations for the in-
crease in the incidence rate of HZ. In some countries,
varicella vaccination programmes either have not
been instituted or have been abandoned because of
concerns on potential increases in HZ incidence after
routine varicella vaccinations [4, 25]. Long-term
follow-up studies of HZ incidence are needed to
understand the impact of mass varicella vaccination
programmes in Taiwan and in other countries.

Published studies have reported various unadjusted
incidence rates of HZ, ranging between 2-15 and 4-97
cases/1000 person-years, during the pre-vaccination
era in the USA, The Netherlands, England, Australia,
and Taiwan [16, 26-32]. Such data can be used as
baseline for comparison of the incidence rates for
post-varicella vaccinations. In the present study, the
unadjusted rates of HZ in Taiwan from 2000 to 2003,
the quadrennium before the implementation of uni-
versal vaccination, ranged between 4-45 and 534
cases/1000 person-years and are slightly higher than
those in other countries with published rates.

Several studies have documented increases in zoster
incidence that started before the use of varicella vac-
cine [33, 34]. The present study also reveals that before
the implementation of nationwide varicella vacci-
nation in 2004, there was already a moderate increase
in HZ incidence, from 4-45 in 2000 to 5:34/1000
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person-years in 2003, while during the same period
the nationwide vaccine coverage rate, although quite
low, also slowly increased. After 2004, the vaccine
coverage rate soon reached >85%, while the HZ
incidence rate maintained a steady increase. Exposure
to varicella boosts specific immunity to the virus (ex-
ogenous boosting). The unknown mechanism of en-
dogenous boosting through intermittent reactivation
of the virus might also have influenced the increase
in HZ incidence before the vaccination era. As no
catch-up vaccination has been performed in Taiwan,
there may be sufficient circulation of varicella virus
to boost immunity of older people. Further, this
epidemiological phenomenon could have been influ-
enced by other factors independent of the wide usage
of varicella vaccine, such as an increase in visits
to healthcare for HZ treatment, particularly the re-
sidents of Taipei/Taichung Metropolitan City. The
establishment of an age-specific seroprevalence rate
and force of infection will help elucidate the impact of
VZV vaccination on HZ in the future [34].

Many factors (e.g. gender) that might influence the
risk of HZ have been reported previously [11, 17, 35].
In our study, after controlling the three most import-
ant confounding effects (i.e. age, gender, UD), the HZ
incidence rate increased in 2006—2008, the post-era of
the implementation of the free varicella vaccine pol-
icy. This period presented values that were signifi-
cantly higher than those of 2004-2005. Further, a
higher HZ incidence rate in females than in males was
observed in 2006-2008. However, the difference be-
tween both genders in 2000—2001 and 2002-2003 was
insignificant. An association between decreased risk
of HZ and a family history of exposure to varicella
cases, or children affected by such, has been proposed
[36, 37]. Females, especially those aged >60 years, are
usually the main caregivers of children in families in
Taiwan. Based on data generated from this study, fe-
males had a significantly higher HZ incidence rate
than males, particularly in 2006-2008, 3 years after
the implementation of the nationwide varicella vacci-
nation programme.

The possible reason for the increase in HZ inci-
dence rate in 2006-2008 may be partially attributed
to the high varicella vaccination coverage rate in
Taiwan. Mathematical modelling has predicted that
high varicella vaccination coverage (e.g. 90 %) pre-
vents a substantial number of inpatient days due
to of varicella, but also generates extra inpatient
days because of zoster. Paradoxically, less effective
vaccines or vaccination programmes could effectively

https://doi.org/10.1017/50950268811001786 Published online by Cambridge University Press

reduce the overall morbidity of varicella and HZ by
allowing the virus to circulate more frequently.
Consequently, this might lead to a smaller shift in the
age of infection and to a minimized increase in zoster
cases [38]. Increasing vaccination levels is speculated
to reduce exogenous exposures to wild-type
VZV. Children appear to have poorer cell-mediated
response following primary infection, which predis-
poses them to early reactivation [35]. Since
2004-2005, the vaccination coverage rate in Taiwan
has reached >90 %. The more effective vaccination is
in the prevention of varicella, the larger will be the
increase in zoster incidence [39]. However, other
factors that affect increase in HZ incidence, such as
increase in the accessibility to healthcare systems after
implementation of the national health insurance
system or a change in host immunity, cannot be
completely ruled out from this population-based
study design.

Nevertheless, the present study has several limita-
tions. First, automated medical-encounter data were
used, which led to an underestimation of incidence
rates. Such underestimations should remain constant
over time [20]. Moreover, varicella rates in the present
study were based only on cases in which persons
sought healthcare in person. This number is lower
than those obtained from studies based on self-report.
However, it is possible that the health-seeking be-
haviour for the treatment of varicella remained the
same during the 8-year study period; hence, the
observed trend should not be affected by under-
ascertainment [23]. Second, reliance on ICD-CM-9
codes for clinical diagnoses at discharge on claims
made to Taiwan NHI without reviewing the detailed
clinical charts may result in misclassification of
varicella and HZ cases. We did not know whether the
cases were diagnosed based on clinical features or
microbiologically confirmed. Therefore, it is difficult
to judge whether the patients were admitted due to
HZ. Data from the USA suggest that the positive
predictive value of a zoster primary code is sub-
stantially greater than primary and secondary codes
[40]. Although the predictive value for the diagnosis
of wvaricella has decreased over time, such mis-
classification might overestimate the incidence of
varicella and minimize the impact of vaccination.
Finally, the population in the present study may not
be representative of those who do not have health
insurance (<3 % in Taiwan), although it is presumed
that this should not affect the trends observed during
the study period.


https://doi.org/10.1017/S0950268811001786

ACKNOWLEDGEMENTS

This study was based in part on data from the
National Health Insurance Research Database pro-
vided by the Bureau of National Health Insurance,
Department of Health and managed by National

Health Research Institutes

(Registered number

97113). The interpretation and conclusions contained
herein do not represent those of Bureau of National
Health Insurance, Department of Health or National
Health Research Institutes. The study was partially
supported by National Science Council of Taiwan
(NSC99-2314-B018001-M Y 3).

DECLARATION OF INTEREST

None.

REFERENCES

1.

10.

11.

Arvin AM. Varicella-zoster virus. Clinical Microbiology
Reviews 1996; 9: 361-381.

Davis MM, Patel MS, Gebremariam A. Decline in
varicella-related hospitalization and expenditures
for children and adults after introduction of varicella
vaccine in the United States. Pediatrics 2004; 114:
786-792.

Nguyen HQ, Jumaan AO, Seward JF. Decline in mor-
tality due to varicella after implementation of varicella
vaccination in the United States. New England Journal
of Medicine 2005; 352: 450-458.

Bonanni P, et al. Varicella vaccination in
Europe — taking the practical approach. BMC Medicine
2009; 7: 26.

Kilgore P, et al. Varicella in Americans from NHANES
III: implications for control through routine im-
munization. Journal of Medical Virology 2003; 70
(Suppl. 1): S111-118.

Marin M, Meissner HC, Seward JF. Varicella preven-
tion in the United States: areview of successes and
challenges. Pediatrics 2008 ; 122: e¢744—751.

Watson B. Varicella: a vaccine preventable disease?
Journal of Infection 2002 ; 44: 220-225.

Seward J, et al. Varicella disease after introduction
of varicella vaccine in the United States, 1995-2000.
Journal of the American Medical Association 2002 ; 287 :
606-611.

Edmunds WJ, Brisson M. The effect of vaccination on
the epidemiology of varaicella zoster virus. Journal of
Infection 2002; 44: 211-219.

Levin M, et al. Decline in varicella-zoster virus (VZV)-
specific cell-mediated immunity with increasing age and
boosting with a high-dose VZV vaccine. Journal of
Infectious Diseases 2003 ; 188: 1336—1344.

Thomas SL, Wheeler JG, Hall AJ. Contacts with
varicella or with children and protection against herpes

https://doi.org/10.1017/50950268811001786 Published online by Cambridge University Press

Incidence of HZ after varicella vaccination

12.

13.

14.

15.

16.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

1139

zoster in adults: a case-control study. Lancet 2002 ; 360 :
678-682.

Gao Z, et al. Modelling the impact of one-dose vs.
two-dose vaccination regimens on the epidemiology
of varicella zoster virus in Australia. Epidemiology and
Infection 2010; 138: 457-468.

Karhunen M, et al. Modelling the impact of varicella
vaccination on varicella and zoster. Epidemiology and
Infection 2010; 138: 469-481.

Hambleton S, et al. Risk of herpes zoster in adults im-
munized with varicella vaccine. Journal of Infectious
Diseases 2008 ; 197: S196-199.

Goldman GS. Universal varicella vaccination: efficacy
trends and effect on herpes zoster. International Journal
of Toxicology 2005; 24: 205-213.

Jumaan AQ, et al. Incidence of herpes zoster, before
and after varicella-vaccination—associated decreases in
the incidence of varicella, 1992-2002. Journal of
Infectious Diseases 2005; 191: 2002-2007.

. Thomas SL, Hall AJ. What does epidemiology tell us

about risk factors for herpes zoster? Lancet Infectious
Diseases 2004 ; 4: 26-33.

. Lin Y-H, et al. Disease burden and epidemiological

characteristics of varicella in Taiwan from 2000 to 2005.
Journal of Microbiology, Immunology and Infection
2009; 42: 5-12.

Tan H-F, et al. The incidence of wvaricella in
southern Taiwan: a life table method estimation
among susceptible population. Vaccine 2004; 22:
2730-2736.

Tseng H-F, Tan H-F, Chang C-K. Use of national
health insurance database to evaluate the impact
of public varicella vaccination program on burden of
varicella in Taiwan. Vaccine 2006; 24: 5341-5348.
Lian I-B, et al. The changing epidemiology of varicella
incidence after implementation of the one-dose vari-
cella vaccination policy. Vaccine 2011; 29: 1448—
1454.

Tan H-F, et al. Evaluation of the National Notifiable
Disease Surveillance System in Taiwan: an example
of varicella reporting. Vaccine 2007; 25: 2630-2633.
Wen CP, Tsai SP, Chung W-SI. A 10-year experience
with universal health insurance in Taiwan: measuring
changes in health and health disparity. Annals of
Internal Medicine 2008 ; 148: 258-267.

Chen L, et al. The effects of Taiwan’s national health
insurance on access and health status of the elderly.
Health Economics 2007 ; 16: 223-242.

Pinot de Moira A, Nardone A, ESEN2 group. Varicella
zoster virus vaccination policies and surveillance
strategies in Europe. Eurosurveillance 2005; 10: 43-45.
Lin Y-H, et al. Disease burden and epidemiology and
herpes zoster in pre-vaccine Taiwan. Vaccine 2010; 28:
1217-1220.

Donahue J, et al. Herpes zoster and exposure to the
varicella zoster virus in an era of varicella vaccination.
American Journal of Public Health 2010; 100:
1116-1122.

Steina AN, et al. Herpes zoster burden of illness
and health care resource utilisation in the Australian


https://doi.org/10.1017/S0950268811001786

1140

29.

30.

31.

32.

33.

D. Y. Chao and others

population aged 50 years and older. Vaccine 2009 ; 27:
520-529.

Brisson M, Edmunds WJ. Epidemiology of varicella-
zoster virus in England and Wales. Journal of Medical
Virology 2003; 70: S9-S14.

Melker Hd, et al. The epidemiology of varicella
and herpes zoster in the Netherlands: implications
for varicella zoster virus vaccination. Vaccine 2006; 24:
3946-3952.

Coplan P, Black S, Rojas C. Incidence and hos-
pitalization rates of wvaricella and herpes zoster
before varicella vaccine introduction: a baseline as-
sessment of the shifting epidmiology of varicella
disease. Pediatric Infectious Disease Journal 2001; 20:
641-645.

Carville KS, Riddell MA, Kelly HA. A decline in var-
icella but an uncertain impact on zoster following var-
icella vaccination in Victoria, Australia. Vaccine 2010;
28: 2532-2538.

Jardine A, Conaty SJ, Vally H. Herpes zoster in
Australia: evidence of increase in incidence in adults
attributable to varicella immunization? Epidemiology
and Infection 2011; 139: 658—665.

https://doi.org/10.1017/50950268811001786 Published online by Cambridge University Press

34.

36.

37.

38.

39.

40.

Nardone A, et al. The comparative sero-epidemiology of
varicella zoster virus in 11 countries in the European
region. Vaccine 2007; 25: 7866-7872.

. Brisson M, et al. Exposure to varicella boosts immunity

to herpes-zoster: implications for mass vaccination
against chickenpox. Vaccine 2002; 20: 2500-2507.
Garnett GP, Grenfell BT. The epidemiology of
varicella-zoster virus infections: the influence of var-
icella on the prevalence of herpes zoster. Epidemiology
and Infection 1992; 108: 513-528.

Garnett GP, Grenfell BT. The epidemiology of
varicella-zoster virus infections: a mathematical model.
Epidemiology and Infection 1992; 108: 495-511.
Goldman GS. Incidence of herpes zoster among children
and adolescents in a community with moderate varicella
vaccination coverage. Vaccine 2003 ; 21: 4243-4249.
Edmunds WJ, Brisson M. The effect of vaccination
on the epidemiology of varicella zoster virus. Journal of
Infection 2002; 44: 211-219.

Jackson LA, Reynolds MA, Harpaz R. Hospitalizations
to treat herpes zoster in older adults: causes and vali-
dated rates. Clinical Infectious Diseases 2008; 47:
754-759.


https://doi.org/10.1017/S0950268811001786

