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Varicella and herpes zoster hospitalizations before and after
implementation of one-dose varicella vaccination in Australia:

an ecological study
Anita E Heywood,? Han Wang,® Kristine K Macartney® & Peter McIntyre®

Objective To examine trends in varicella and herpes zoster (HZ) hospitalization following the availability and subsequent National
Immunization Programme funding of one-dose varicella vaccination in Australia.

Methods Varicella vaccination coverage for children born between 2001 and 2009 was obtained from the Australian Childhood Immunization
Register. Principal or any coded varicella or HZ hospitalizations were retrieved from the national hospital morbidity database from 1998 to
2010.Trends in hospitalization rates in different age groups and indigenous status were assessed. Incidence rate ratios (IRR) were calculated
between periods before and after implementation of immunization programme funding.

Findings In the first year of the funded immunization programme, varicella vaccine coverage reached 75% in children aged 24 months
and more than 80% in children aged 60 months. Compared with the pre-vaccine period, varicella hospitalization rates during the funded
programme were significantly lower for age groups younger than 40 years; with the greatest reduction in children aged 18-59 months (IRR:
0.25;95% confidence interval, Cl:0.22-0.29). Indigenous children had a higher varicella hospitalization rate compared with non-indigenous
children before vaccine implementation (IRR: 1.9; 95% Cl: 1.4-2.7), but afterwards reached equivalence (IRR: 1.1; 95% Cl: 0.7-1.6). The age-
standardized HZ hospitalization rate declined between the periods (IRR: 0.95; 95% Cl: 0.92-0.97).

Conclusion Rapid attainment of high coverage reduced varicella hospitalizations in the targeted age group, particularly for indigenous
children, but also in non-targeted age groups, with no increase in HZ hospitalizations. This suggests high one-dose varicella vaccine coverage
can have a substantial impact on severe disease.

Abstracts in S5 H13Z, Francais, Pycckuii and Espafiol at the end of each article.

Introduction

Prior to the introduction of varicella vaccination in Australia,
primary infection with the varicella-zoster virus (VZV) was
a common childhood disease, with the majority (88%) of the
population experiencing infection by adolescence.' Although
the varicella vaccine has been available since 1995, few coun-
tries have recommended universal childhood vaccination,
and even fewer have implemented publicly funded national
varicella vaccination programmes.” Most of the data on the
impact of varicella vaccination come from studies conducted
in the United States of America (USA), where, since 1996,
vaccination has been recommended for children older than
12 months. However, vaccine uptake was slow, with one-dose
coverage at 19-35 months of age not reaching more than 80%
until 2002.° During the USA one-dose era, significant declines
in varicella ambulatory visits, hospitalizations and deaths were
documented, including non-targeted age groups, consistent
with a herd immunity effect.”” Nonetheless, continued disease
transmission and outbreaks in highly vaccinated populations
prompted the move from a one-dose to a two-dose schedule
in both Germany® and the USA.’

The World Health Organization has requested evidence
for the impact of varicella and herpes zoster (HZ, a reactivation
of latent VZV) vaccination programmes from countries with
robust data to use for developing evidence-based recommen-
dations.” To date, evidence of programme impact on varicella
zoster disease outside the USA is predominantly regional or
limited to small population samples; no data are available for

subpopulations with higher incidences. Additionally, increases
in HZ are hypothesized to occur from a reduction in natural
immunological boosting in previously infected individuals.
However, data are limited and inconclusive.

Vaccines listed on Australia’s National Immunization
Programme schedule are fully funded at a national level
for eligible age groups, with programme delivery managed
by each state and territory.*” The experience that followed
the availability of varicella vaccines in Australia (Table 1) is
unique in several aspects. Both licensed vaccines, Varivax®
and Varilrix®, have been available since 2000, with Varilrix®
used almost exclusively in the National Immunization Pro-
gramme since November 2005. Furthermore the programme
includes one-dose routine vaccination at 18 months of age and
a single catch-up dose delivered via Australia’s school-based
immunization programme at 12-13 years. Data on childhood
vaccination coverage are available from the Australian Child-
hood Immunization Register and complete national hospi-
talization data are available by age for Aboriginal and Torres
Strait Islanders and non-indigenous people. It is known that
indigenous Australians have higher varicella hospitalization
rates compared to non-indigenous Australians. These higher
rates are possibly related to poorer access to primary care, par-
ticularly in remote areas, and/or higher rates of skin/soft tissue
complications related to environmental living conditions."!

Using national data records on varicella immunization
and hospitalization, we evaluated age-related trends in both
varicella and HZ hospitalizations during periods of differing
varicella vaccine coverage. We also aimed to assess the out-
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Table 1. Periods of varicella vaccine availability and varicella hospitalization data,

Australia 1998 t0 2010

Period

Varicella vaccine availability

Included hospitalization data®

Pre-vaccine (before
2000)

Licensed (2000-2003)

Recommended
(2004-2005)

Funded (2006—current)

No licensed vaccine

Vaccine licenced but no
formal recommendations
Vaccine recommended® but
not funded through NIP

Single dose vaccine public
funded through NIP¢

July 1998-December 1999
(1.5 years)

January 2000-December 2003
(4 years)

January 2004-December 2005
(2 years)

January 2006—June 2010

(4.5 years)

NIP: national immunization programme.

@ Includes hospitalizations by date of hospital admission.

® Recommended as a single dose at 18 months of age. Vaccine recommendations.'®

¢ One-dose vaccination was funded from November 2005 for children of 18 months of age and from
February 2006 for the school-based catch-up programme.

come of the immunization programme
on varicella hospitalizations in Austra-
lia’s indigenous population.

Methods
Data sources

The Australian Childhood Immuniza-
tion Register records vaccines given to
all Medicare-enrolled children younger
than seven years of age,'” which includes
99% of Australia’s annual births of ap-
proximately 300 000 children."” Data on
the proportion of eligible children who
received the varicella vaccine were ob-
tained quarterly, including indigenous
status. Coverage data at 24 months of age
were available for children born between
October 2001 and September 2009. To
determine timeliness of vaccination, we
also assessed coverage at 60 months of
age for children born between January
2003 and June 2008. State and territory
summary data on the proportion of
school enrolments vaccinated in the
adolescent school-based catch-up pro-
gramme in 2009 were provided by juris-
diction health departments. The school-
based catch-up was conducted at 12 to
13 years of age. For these adolescents,
parental reports of previous natural
infection or vaccination are accepted as
valid reasons for non-vaccination in the
school-based vaccination programme.
However, parental report data were not
available for analysis."

National, de-identified demo-
graphic and diagnostic data for individ-
ual hospitalizations (private and public
hospitals) for varicella and HZ were
obtained from the National Hospital
Morbidity database for the period from
July 1998 to June 2010."” All episodes
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coded as varicella or its complications
(codes B01-B01.9 in the International
Statistical Classification of Diseases,
10th Revision, Australian Modification,
ICD-10-AM) and HZ or its complica-
tions (codes B02-B02.9) in the principal
or any diagnostic fields were obtained.
Dual hospitalization coding for varicella
and HZ were excluded (0.6% of all VZV-
coded hospitalizations). Mid-year popu-
lation estimates by age and indigenous
status were obtained from the Australian
Bureau of Statistics."”

We conducted a search in the
Medline database for studies assessing
the impact of National Immunization
Programmes using the search terms
“varicella” or “zoster” and “hospitaliza-
tions” and “vaccination” or “immuniza-
tion”. The search was limited to English
language articles published or available
online from 1 January 1996 to 1 March
2013. The initial search identified 101
potential studies on varicella hospi-
talizations and 53 potential studies on
HZ hospitalizations. After excluding
studies that did not report average an-
nual hospitalization rates for pre- and
post-programme periods, eight varicella
and three HZ studies were included in
the review.

Data analysis

Annual crude and age-specific hospi-
talization rates for varicella and HZ
in the population were calculated by
Australian financial year of hospital
discharge (1 July to 30 June). Average
hospitalization rates for the periods
of vaccine availability (Table 1) were
calculated by date of hospital admission
to reflect changes in vaccine availability.
Reported rates refer to principal hos-
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pitalizations, unless otherwise stated.
To account for temporal changes in
population age structure, age-adjusted
hospitalization rates were calculated, us-
ing direct standardization to the popu-
lation of the publicly funded period
when comparing vaccine availability
periods and 2009/2010 financial year
population when comparing annual
changes.” Analysis of hospitalization
rates for Aboriginal and Torres Strait
Islander peoples was restricted to four
jurisdictions (Western Australia, South
Australia, Queensland and the Northern
Territory) due to known incomplete
hospital records of indigenous status
in other jurisdictions in earlier years."
Indigenous Australians represent 2.4%
of the total Australian population, with
60.1% residing in these four states and
territories.'>'® Poisson regression was
used to analyse yearly trends in crude,
age-standardized and age-specific
hospitalizations and to calculate aver-
age annual percentage change and ac-
companying P-values. Hospitalizations
averted were calculated by applying
pre-vaccination hospitalization rates to
the funded immunization programme
population. Ninety-five per cent con-
fidence intervals (CIs) were calculated
using the Poisson distribution for hos-
pitalization counts and the log trans-
formation method was used to obtain
incidence rate ratios (IRR). Analysis was
undertaken using SAS version 9.2 (SAS
Institute, Cary, USA).

Results
Vaccination coverage

Before the immunization programme
funding was introduced, the varicella
vaccination coverage increased slowly
(Fig. 1). According to the Australian
Childhood Immunization Register, 9.7%
of children aged 24 months had been
vaccinated before the unfunded recom-
mendations in late 2003. By the end of
2005, the second year of the unfunded
recommendations, 20.9% vaccination
coverage was achieved. After immuniza-
tion programme funding, coverage at 24
months of age increased to 74.8% within
the first year and exceeded 80% 2.5 years
into the programme in 2008 (Fig. 1).
Vaccine coverage at 60 months of
age was consistently higher, reaching
90.0% by the end of 2012. Among the
indigenous population, coverage was
1.2% and 5.4% lower at the age of 24
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Fig. 1. Annual varicella hospitalization rates (principal diagnosis) for children aged
18-59 months and varicella vaccination coverage in children aged 24 and 60
months, Australia, July 1998 to June 2010
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months in 2003 and 2005, respectively,
compared with the non-indigenous
population before the immunization
programme funding. However, after the
funding, vaccination increased rapidly
to an estimated 81.9% of indigenous
children aged 24 months by the end of
2010 and 91.6% of indigenous children
aged 60 months by the end of 2011.
School-based vaccination programmes
had variable one-dose coverage across
jurisdictions, ranging from 19% to 42%
of enrolled students in 2009, which was
similar to previous years."

Varicella hospitalizations

Between 1 July 1998 and 30 June 2010,
16261 varicella hospitalizations were
recorded for all ages, including 10632
(65.4%) principally coded as varicella.
The annual crude principal hospital-
ization rates declined by an average
of 21.4% (95% CI: 17.8-25.0) per year
following the immunization programme
funding. During the funded period, the
age-standardized varicella hospitaliza-
tion rate was 49.6% (95% CI: 47.3-51.9)
lower than the pre-vaccine period and
40.3% (95% CI: 37.4-43.1) lower than
in the recommended, unfunded period
(Table 2). Significant average annual
declines in hospitalization rates were
observed for all age groups under 40
years (P<0.001). The greatest reduc-

tion in rates was detected in children
from 1 to 4 years old, with 72.5% (95%
CI: 68.8-75.7) lower rates during the
funded immunization programme
period, compared with the pre-vaccine
period and 58.6% (95% CI: 52.9-63.6)
lower compared with the recommended,
unfunded period. Notably, the age group
of 1 to 4 years was the only one to show
a statistically significant decline during
the recommended, unfunded period
(Table 2).

For the age group specifically tar-
geted under the funded immunization
programme, i.e. children aged 18-59
months (Fig. 1), the average hospital-
ization rate during the programme was
a quarter of the average pre-vaccine
rate (IRR 0.25, 95% CI: 0.22-0.29).
For infants (under one year), not eli-
gible for vaccination, hospitalization
rates during the funded immunization
programme were significantly lower
than during the pre-vaccine and rec-
ommended, unfunded periods, 62.1%
(95% CI: 54.7-68.3) and 53.3% (95% CI:
44.5-60.7), respectively. When applying
pre-vaccine hospitalization rates to the
funded period population, an estimated
686 varicella hospitalizations, including
369 in children younger than five years,
were annually averted in Australia fol-
lowing the immunization programme
funding.
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Over the study period, there were
560 varicella hospitalizations, 333
(59.5%) of which were with a principal
diagnosis, and where the patient was
recorded as being Aboriginal and/or
Torres Strait Islander. Prior to vaccine
availability, indigenous Australians
were hospitalized at a minimum of
twice the rate of the non-indigenous
population (IRR 2.6, 95% CI: 2.0-3.2).
Following the funded immunization
programme, overall hospitalization rates
remained higher for the indigenous
people (Fig. 2).

For indigenous children aged
0-4 years, the hospitalization rates
were also higher during the pre-vaccine
period compared with non-indigenous
children (IRR: 1.9; 95% CI: 1.4-2.7).
However, the rate declined from 71.8
(95% CI: 51.1-98.2) per 100000 popu-
lation in the pre-vaccine period to 16.6
(95% CI: 11.1-24.1) per 100000 popu-
lation in the immunization programme
period (IRR: 0.23; 95% CI: 0.14-0.38),
reaching similar rates for both groups
of children (IRR: 1.1; 95% CI: 0.7-1.6)
(Fig. 2).

Herpes zoster hospitalizations

Between 1 July 1998 and 30 June 2010,
59660 hospital episodes were coded as
HZ, and 25 198 (42.2%) as the principal
diagnosis. Crude principal HZ hospi-
talization rates increased by an average
0f 0.53% (95% CI: 0.18-0.89) per year.
However, when rates were age-standard-
ized, HZ hospitalization declined at an
average of 0.57% (95% CI: 0.24-0.91%)
per year (Fig. 3). Temporal changes
for all HZ-coded hospitalizations were
similar to principal HZ hospitalizations
(Fig. 3). Compared with earlier time
periods, age-standardized HZ rates were
significantly lower during immunization
programme funding and age-specific
principal HZ hospitalization rates re-
mained stable or lower (Table 3).

Discussion

Australia is one of the few countries
that has included varicella vaccina-
tion under its national immunization
programme, distinctively funding one-
dose routine childhood vaccination and
an adolescent catch-up programme.
Many European countries — despite a
European consensus recommendation -
have not introduced universal varicella
vaccination.'” For example, the United
Kingdom of Great Britain and North-
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Fig. 2. Varicella hospitalization rates® (principal diagnosis) and incidence rate ratios for indigenous and non-indigenous population by
varicella vaccine availability and age group in four Australian jurisdictions,” July 1998 to June 2010
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ern Ireland recently decided to fund
an HZ immunization programme, but
rejected a population-based varicella
vaccination based on concerns about
breakthrough varicella, a potential shift
in varicella to older age groups and po-
tential increases in HZ."® However, we
found no evidence for a shift in varicella
hospitalization to older age groups in
Australia after the implementation of
universal varicella vaccination. Instead,
we observed significant reductions in
varicella hospitalizations for persons
younger than 40 years. In line with our
results, studies from other countries
with universal varicella vaccination have

shown marked declines in varicella hos-
pitalizations in both targeted age groups
and indirect effects to non-targeted age
groups (Table 4). We also observed that
the pre-existing twofold disparity in
varicella hospitalization between indig-
enous and non-indigenous children was
eliminated under the funded immuniza-
tion programme. Demonstration of this
broad beneficial outcome across popu-
lation groups in Australia suggests that
our experience is likely to be applicable
to other countries with disparities in
varicella disease.

Our data show evidence of herd
immunity during the funded immu-
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nization programme. In Australia,
similar to other countries, data on adult
varicella vaccination coverage is not
available. However, it is presumed to
be low and would not account for the
decline in hospitalizations observed in
adults younger than 40 years of age. Our
results show more than a 60% decline
in hospitalizations for infants - not
eligible for vaccination - which can
only be attributed to herd immunity
effects. This finding is consistent with
declines in neonatal (68%) and con-
genital (79%) varicella from enhanced
surveillance both in Australia*® and
in the USA.” Furthermore, concerns
regarding increased risk of infection
during pregnancy'® are not supported
by our results, which show a decline in
varicella hospitalizations in the 20-39
year age group which include women
of child-bearing age. Furthermore, data
from the USA one-dose programme
show declines in hospitalisations across
all age groups and no upward age shift
in varicella hospitalizations.*?"?"*
Opverall, available data provide evidence
that pregnant women and their infants
benefitted from a universal childhood
varicella vaccination programme due
to herd immunity effects.

It was estimated that an Australian
varicella immunization programme
would directly avert 450 hospitaliza-
tions annually, saving up to 21532
Australian dollars per hospitalization
averted.” Our results exceeded that
prediction, with an average of 686
hospitalizations prevented annually
in the first four and a half years of the
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Table 4. Published studies® on varicella hospitalizations before and after funded one-dose varicella immunization programmes

Site Data source and data type One-dose vaccine Age Pre-vaccine Funded Per cent reduction
(pre-vaccine versus funded coverage funded  group hospitalizationrate  programme in hospitalization %
period) period (%) (years) (95% 1)+ hospitalization (95% CI)?
rate (95% Cl)<¢
Australia (this National hospital database, 74.8-83.2 All 6.1(5.8-6.4) 2.9(2.8-3.0) 52.7 (49.8-55.5)
studly) principal diagnosis -4 340(31.1-370)  94(85-103) 725 (68.8-75.7)
population rates (1998-1999
versus 2006—-2010)
Victoria, Australia”®  State-wide hospital ~70000° All 40 (3.8-4.2) 3.1(26-37) 225
database, principal diagnosis 0-4  210(189-232) 129(114-142) 386
population rates (1995-1999
versus 2006-2007)
New South Active surveillance at ND 0-15 598" 1601 73.2
Wales, South four paediatric hospitals,
Australia, Victoria,  all-varicella diagnoses
Western Australia,  hospitalization count (1999—
Australia” 2001 versus 2007-2010)
USA? NHDS, estimated principal ND All 159(11.3-205)  7.0(5.4-8.5) 569
diagnosis population 0-4  429(196-663) 153 (8.0-22.6) 64.39
rates (1993—1995 versus
1996-2004)
USA” NHDS, estimated all-varicella >65 All 4.2 (3.3-5.0) 1.2 (0.8-1.6) 719
diagnoses population 0-4 25 7 72
rates (1988—1995 versus
2000-2006)
USA” MarketScan database, all- 81 0-49 23 03 88
varicella diagnoses. Rate per <10 99 09 91
enrolee (1994-1995 versus
2001-2002)
Ontario, Canada” State-wide hospital >200000" All 4.0 (3.9-4.2) 1.7 (1.6-1.9) 57 (53-62)
Sétabaser a”*varifdla <1 394(357-435) 186(13.7-245) 53 (39-67)
iagnoses, population _ 3 B 3
rates (1992—1998 versus 1-4 6.7 (25.2-283) 10.2 (8.4-123) 62 (54-69)
2004-2007)
Canada” National paediatric active
hospital surveillance,
all-varicella diagnoses
hospitalization count
5 provinces (20002001 versus 2008) ND 0-16 59 7' 88
8 provinces (2004-2007 versus 2008) ND 0-16 263! 57 81
Veneto, Italy” Regional hospital database, 78.6 0-14 187 84 55.1

all-varicella diagnoses,
population rates (2000
versus 2008)

Cl: confidence interval; ND: not determined; NHDS: National Hospital Discharge Survey.

@ Studies of national population-based hospitalizations or multi-site sentinel hospital-based surveillance in countries with universal funded varicella vaccination
programmes and reporting pre-vaccine and post-funding rates or counts.
® Reported coverage by 12-35 months of age (reported age range differs by country). Vaccine sales data presented where coverage not reported.

¢ Rate per 100000 population for principal hospitalizations unless otherwise stated.

9 Not all studies reported a confidence interval.
¢ Represents 2008 sales, which were greater than the birth cohort that year.
" Values represent total patients during the period.
9 No confidence intervals were reported for the reduction in hospitalization.
" Represents the annual sales between 2004-2007, which were greater than the annual birth cohorts.

" Values represent patients/year.

funded programme. A re-evaluation of
programme cost-effectiveness, includ-
ing herd immunity effects, is therefore
warranted. Funded catch-up vaccina-
tion is likely to be central to reducing
the pool of susceptible adolescents
and adults for whom varicella disease
outcomes are more severe.”’ However,

few countries that have implemented
a universal varicella vaccination pro-
gramme have also implemented formal
catch-up programmes. In our adoles-
cent programme, the uptake matched
our expectations, based on varicella
seroprevalence data indicating more
than 80% seropositivity in individuals

Bull World Health Organ 201 4;92:593—604' doi: http://dx.doi.org/10.2471/BLT.13.132142

aged 10-14 years before the vaccine was
available."'* We also show incremental
increases in coverage between 24 and
60 months of age, which indicate lack
of timeliness and suggest uptake may be
prompted by vaccination requirements
at the time of school or childcare entry.
The importance of vaccine availability
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Table 5. Published studies® on all ages herpes zoster hospitalization rates before and after funded one-dose varicella immunization

programmes
Site Data source and data type (pre- Pre-vaccine hospitaliza-  Funded programme hospitalization Per cent change in
vaccine versus funded period) tion rate (95% ()"« rate (95% Cl)>< hospitalizations (95%
)

Australia National hospital database, age- 11.0(10.8-11.2) 104 (10.2-10.6) —53(26-7.8)
(this study)  standardized population rates

(1998-1999 versus 2006—-2010)
Victoria, State-wide hospital database, 134 (12.6-14.1) 20.5(20.0-21.0) +34.6 (P<0.05)
Australia'”  population rates (1995-1999 versus

2006-2007)
USA* Nationwide inpatient sample, ND 25 (23.8-26.2) P <0.05 increase

estimated population rates (1993—

1995 versus 2004)
Ontario, State-wide hospital database, age- 87 4.1 —53
Canada” standardized population rates (1992

versus 2009)

Cl: confidence interval; ND: not determined.

@ Studies of national population-based hospitalizations in countries with universal funded varicella vaccination programmes and reporting pre-vaccine and post-

funding rates.

b Rate per 100000 population for all zoster-related hospitalizations.
¢ Not all studies reported confidence intervals, some reported P-values.

for older children has been emphasized
in progressively expansive catch-up
recommendations in the USA.’ Similar
to data from Ontario, Canada,” we ob-
served that alow universal vaccination
coverage during the recommended but
unfunded period had a minimal effect
on the reported disease burden which
was limited to the target age group. Ac-
complishing a rapid, high vaccination
coverage and mechanisms for catch-up
appear to be important components of
a successful one-dose funded universal
immunization programme.

Modelling studies have predicted
higher HZ incidence among unvac-
cinated previously infected individuals
(based on absence of immune boosting
from exposure to circulating varicella
zoster virus).’’ Instead, we show that
age-adjusted and age-specific HZ hos-
pitalization rates did not increase over
time, despite a high varicella vaccina-
tion coverage in Australia for almost
five years. Our coverage approached the
90% coverage included in studies model-
ling the impact of varicella vaccination
on the epidemiology of varicella and HZ.
This is the scenario that is included in
studies modelling the impact of varicella
vaccination on the epidemiology of vari-
cellaand HZ.”"~*> Some epidemiological
studies have reported temporal increases
in the crude HZ hospitalization rates.'**
However, only two other studies have
assessed trends in age-standardized HZ
rates before and after vaccine introduc-
tion, including hospitalizations and

600

health care utilization, and showed no
temporal increase in HZ (Table 5).7>¢

Increasing age is the greatest risk
factor for VZV reactivation, due to age-
related decline in cellular immunity, high
prevalence of chronic disease and use of
immune-compromising medication.”
HZ hospitalization rates in persons older
than 80 years are more than twice that of
persons aged 70-79 years. Over the study
period, the percentage of the Australian
population over 80 years of age increased
from 2.8% to 3.7%." Statistical adjust-
ments for ageing populations are required
in epidemiological studies to adequately
determine temporal changes in HZ. A
combined childhood varicella and older
adult HZ vaccination programme is a
potential comprehensive strategy for the
prevention of VZV disease in the entire
population, and vaccination against HZ
has been recommended for Australians
aged over 60 years.® However, due to
manufacturer supply issues, virtually no
HZ vaccine has been available and there
is currently no funding from the national
immunization programme.

The strengths of our study include
the use of comprehensive national
population-based databases: 12 years
of hospital admissions data, not limited
by under-reporting, sampling or re-
gional differences; and national vaccine
coverage data where under-reporting
for immunization programme-funded
vaccines is minimal.'> Although several
studies®!?-21#->27 have demonstrated
the early effect of a universal varicella

immunization programme (Table 4),
we included national data assessing
both population-adjusted varicella and
HZ over the pre- and post-programme
periods. We used principal-coded
hospitalizations, which potentially
underestimates the total hospitalized
disease burden, but reduces reporting of
incidental hospitalizations and miscod-
ing and is therefore likely to be a more
accurate method than the use of all
HZ-related hospitalizations. Although
this is an ecological study, there is no
evidence that other factors that could
affect hospitalization rates have changed
over time, such as better access to health
care or changes in hospital admissions or
coding practices. The high positive pre-
dictive value (95.7%) for varicella coding
demonstrated in a hospitalized Austra-
lian paediatric population® supports
the robustness of using varicella-coded
data. However, varicella hospitalization
data in older adults may be limited by
miscoding of HZ.” The majority of
HZ-related hospitalizations are likely
to have been complicated by complex
co-morbidities, particularly in the frail
elderly and/or immunocompromised
populations and may not reflect the
principal cause for admission.”

Our study is limited to the inclu-
sion of VZV infection requiring hos-
pitalization. Varicella results in severe
morbidity in only a minority of cases,
for which hospitalization is a proxy
measure. While the risk of complications
is greater in adults and children with

Bull World Health Organ 2014;92:593—604' doi: http://dx.doi.org/10.2471/BLT.13.132142
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immunocompromising conditions, the
highest absolute numbers of varicella
hospitalizations are in otherwise healthy
children.”® Approximately 2% of cases
in children younger than two years re-
quire hospitalization."” Hospitalization
rates for HZ are two to four times the
rate for varicella."’ VZV-related disease
also significantly impacts health care
utilization at the primary care level, but
this was not assessed in our study. As-
sessing trends in non-hospitalized VZV
disease will become more important as
Australia’s varicella immunization pro-
gramme matures, including monitoring
outbreaks and breakthrough varicella.
Although one-dose programmes
have been effective in preventing severe
varicella disease, as further confirmed by
our study, evidence suggests that a two-
dose schedule is required to interrupt
virus transmission. Ongoing school out-
breaks and high rates of breakthrough
varicella, although usually mild, have
prompted some countries to implement
a two-dose schedule.”® A submission
to fund two-dose varicella vaccination
under the Australian National Immu-
nization Programme was rejected in

Research
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2008 due to uncertainty regarding the
incremental cost-effectiveness of the
second dose.”” However, emerging data
on further declines during the two-dose
programme in the USA** and recent
evidence indicating that breakthrough
varicella was almost seven times less
likely to occur in two- compared with
one-dose vaccine recipients* provide
empirical evidence of the potential
benefits of a two-dose schedule.

This study is a comprehensive anal-
ysis of national Australian population-
based data comparing both varicella and
HZ hospitalizations during periods of
varicella vaccine availability, using ro-
bust national vaccine coverage data and
the largest study reporting experience
with Varilrix®. There are several differ-
ences in the approach to implement-
ing varicella vaccination programmes
internationally, including the age at
vaccination, one or two-dose schedules,
and inclusion of catch-up vaccination.

Australias experience with a one-
dose funded varicella vaccination
programme with rapidly attained high
coverage is relevant to countries con-
sidering a universal programme. The

beneficial outcome of the vaccination
programme is expected to increase
as the programme matures and re-
examination of the cost-effectiveness
of incorporating a second dose may be
warranted over time. ll
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Résumé

Hospitalisations dues a la varicelle et I'herpés zoster avant et aprés la mise en ceuvre de la vaccination monodose contre la

varicelle en Australie: une étude écologique

Objectif Examiner les tendances dans les hospitalisations dues a la
varicelle et I'herpes zoster (HZ) apres la disponibilité et le financement
du programme de vaccination national qui a suivi, pour la vaccination
monodose contre la varicelle en Australie.

Méthodes La couverture vaccinale contre la varicelle pour les enfants
nés entre 2001 et 2009 a été obtenue a partir du registre australien de
vaccination des enfants. Toutes les hospitalisations dues principalement
aou codifiées comme étant dues a la varicelle ou au HZ ont été extraites
de la base de données nationale de morbidité hospitaliere pour la
période 1998-2010. Les tendances dans les taux d'hospitalisation des
différents groupes d'age et le statut d'autochtone ont été évaluées. Les
rapports de taux dincidence (RTI) ont été calculés entre les périodes
avant et apres la mise en ceuvre du financement du programme de
vaccination.

Résultats Pendant la premiere année du programme financé de
vaccination, la couverture vaccinale contre la varicelle a atteint 75%
chez les enfants agés de 24 mois et plus de 80% chez les enfants
agés de 60 mois. Par rapport a la période prévaccinale, les taux

d’hospitalisation due a la varicelle pendant le programme financé
étaient significativement plus faibles dans les groupes d'ages de moins
de 40 ans; avec la plus grande réduction chez les enfants agés de 18-
59 mois (RTI:0,25; intervalle de confiance de 95%, IC 95%:0,22-0,29). Les
enfants autochtones avaient un taux d’hospitalisation due a la varicelle
plus élevé que les enfants non autochtones avant la mise en ceuvre du
vaccin (RTI: 1,9; 1C 95%: 1,4-2,7), mais ce taux est devenu équivalent
par la suite (RTI: 1,1;1C 95%: 0,7-1,6). Le taux d'hospitalisation due au
HZ normalisé selon I'age a baissé entre les deux périodes (RTI: 0,95; IC
95%: 0,92-0,97).

Conclusion La réalisation rapide de la couverture élevée a réduit le
nombre d’hospitalisations dues a la varicelle dans le groupe d'age
ciblé, en particulier pour les enfants autochtones, mais également
dans les groupes d'age non ciblés, sans augmentation du nombre
d'hospitalisations dues au HZ. Cela suggére que la couverture vaccinale
monodose contre la varicelle peut avoir un impact important sur cette
maladie grave.

Pesiome

lfocnuTanusauumn ns-3a BeTPAHON OCMbl U ONOACHIBAIOLLEro reprneca A0 1 Nocsie 0AHOA03HOMN CXeMbI
BaKUMHALMUM NPOTUB BETPAHON OCMbl B ABCTPANNI: 3KONOrMyeckoe nccinefoBaHue

Llenb M3yuntb TEeHAGHUMM B rOCAUTaNM3aLmm 13-3a BETPAHOM OCMbl
n onoackiBatowero repneca (OF) nocne BbligeneHna TekyLiero
1 nocnepytouero GUHaHCMPOBAHUA B Pamkax HauMoHanbHON
NPOrpammbl UMMYHW3aUNM ANA OOHOLO30BOM CXeMbl BaKLMHaLMM
NPOTVB BETPAHOW OCMbl B ABCTPaNUN.

Metopapb! [laHHble 06 oxBaTe BaKUMHaUWel NpOT1B BETPAHOW OCMbl
netel, poausLmxcsa B nepurog ¢ 2001 no 2000 rr, 661 NosydeHb
13 ABCTPANIMINCKOrO peecTpa MMMyHM3aumnn geter. OCHOBHble
MAW UHblE KOAMPOBAHHbIE CBEAEHMA O rOCAMTaNM3aummM 13-3a
BeTpsHOM ocCrbl 1 OF ObiNK B3ATHI 113 HAUMOHaNbHOM 6a3bl JaHHBIX
0 3aboneBaemocTnt B 60nbHMLUax B nepuog ¢ 1998 no 2010 rr.
bbina npoBefeHa oLieHKa TEHAEHLMI B chepe rocnuTanmsaLnm
npeAcTaBUTENEN PasHbIX BO3PACTHBIX FPYNN 1 AML C Pa3HbIM
CTaTyCOM NPUHAANEXHOCTH K KOPEHHOMY HaceneHuio. COTHOLWEHNA
Ko3ddMLUMeHTOB 3abonesaemocTn (CK3) O6binK paccumTaHbl 3a
nepuoabl 0 ¥ nocne BblaeneHuna GMHAHCMPOBAHWA B PaMKax
NPOrpammbl MMMYHW3aLNN.

Pesynbratbl B nepsbili rof peanmsaumm GrUHaHCMpPyemor MporpaMmbl

VIMMYHW3aLM1 OXBAT BaKLMHALMEN MPOTUB BETPAHOM OCMbl AOCTUT
75% peTelr B BO3pacTe 24 mecAueB 1 bonee 80% feTe B BO3pacTe
60 MecALeB. [1o cpaBHeHMIO C NeproAoM A0 BaKLIMHALMM MoKa3aTenn
rocnuTanv3aummn 13-3a BETPSHOW OCMbl B Nepurof peanunsaunm
brHaHCMpyemon Nporpammbl ObINK 3HAUMTENBHO HUXe ANA
BO3paCTHbIX rpynn B Bo3pacTe o 40 neT; npu 3ToM Hanbonbliee
CHWIKeHMe NMokasaTena BbliABNeHO Y AeTel B Bo3pacTe 18-59 mecALies
(CK3:0,25; 95%-11 poseputenbHblt MHTepsan (OW): 0,22-0,29).
Y neTell KOpeHHbIX HapodoB OTMeYanca 6osee BbICOKMIA YPOBEHb
rocivTanM3aumn 13-3a BETPAHOW OCMbl MO CPABHEHWIO C AETbMM
HEKOPEHHOrO HaceneHna 1o nposefgeHna BakumHaumm (CK3:1,9;
959% [IW1: 1,4-2,7), Ho BNoCneAcTBvn Obin AOCTUMHYT napumTeT (CK3: 1,1
95% [1M: 0,7-1,6). HopManm3oBaHHbI C y4eToM BO3pacTa MOKa3aTesb
rocnuTanmuaumnm 13-3a O CHU3MNCA MeX Y YKa3aHHbIMM NePYOAaMN
(CK3:0,95;95% [111: 0,92-0,97).

BbiBoA DbiCTpOe AOCTVKEHMe BBICOKOTO YPOBHA OXBaTa MPUBENO K
CHVPKEHWIO MoKa3aTensa rocnutani3aumnii 13-3a BETPAHON OCMbl He
TOMNBKO B LIeNIeBOV BO3PACTHON rpyrne, 0COOeHHO B rpyrne feTeit
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KOPEHHbBIX HapOAOB, HO M B HeLeNeBbIX BO3PACTHbIX rpynmnax, 6e3
YBIEYEHNA YMCa rocnutanmsaumni 13-3a Of. 370 yKa3biBaeT Ha To,
YTO BbICOKMI OXBaT OJHOA030BOV BaKLIMHOW MPOTUB BETPAHOWM
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OCrbl MOXET OKa3blBaTb CYLLECTBEHHOE MONOXNTENbHOE BMAHKE
Ha I'IpOTVIBOLlel;ICTBl/Ie STOMY TAXKEIOMY 3aboneBaHuto.

Resumen

Hospitalizaciones por varicela y herpes zéster antes y después de laimplementacion de la vacunacion monodosis de la varicela

en Australia: un estudio ecoldgico

Objetivo Examinar las tendencias de la hospitalizacion por varicela
y herpes zoster (HZ) siguiendo la disponibilidad y la subsecuente
financiacion del Programa Nacional de Vacunacién de la vacuna
monodosis de la varicela en Australia.

Métodos La cobertura de la vacunacion contra la varicela para los
nifios nacidos entre 2001 y 2009 se obtuvo del Registro Australiano
de Vacunacion Infantil (Australian Childhood Immunization Register).
Las hospitalizaciones por varicela o HZ principales o codificadas fueron
sacadas de la base de datos del hospital nacional sobre morbilidad en
el periodo comprendido entre 1998y 2010. Se evaluarion las tendencias
de las tasas de hospitalizacion en diferentes grupos de edad y estados
indigenas. Las tasas de incidencia (TI) se calcularon entre los periodos
previos y posteriores a la implementacién de la financiacion del
programa de vacunacion.

Resultados En el primer afo del programa de vacunacion financiado,
la cobertura de la vacuna de la varicela llegé al 75% en los nifios de
24 meses y a mas del 80% en los nifios de 60 meses. En comparacion

con el periodo previo a las vacunas, las tasas de hospitalizacion por
varicela durante el programa financiado fueron significativamente
menores en grupos de edad menores de 40 afios, con la reducciéon mds
importante en los nifios de entre 18-59 meses (Tl: 0,25; 95% intervalo
de confianza, IC: 0,22-0,29). Los nifos indigenas tenfan una tasa de
hospitalizacion por varicela mds alta que los no indigenas antes de la
implementacion de la vacuna (T1: 1,9;95%IC: 1,4-2,7), pero tras esta se
alcanzé unaigualdad (TI: 1,1;95%IC: 0,7-1,6). La tasa de hospitalizacién
por herpes zoster estandarizada por edad disminuyé entre los periodos
(T1:0,95;95% IC: 0,92-0,97).

Conclusion La rapida consecucion de la cobertura alta redujo las
hospitalizaciones por varicela en el grupo de edad al que se dirigfa,
especialmente en nifios indigenas aunque también en grupos de
edad a los que noiba dirigido, sin incrementar las hospitalizaciones por
herpes zoster. Esto sugiere que la cobertura de la vacuna monodosis de
la varicela puede tener unimpacto importante en la grave enfermedad.
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