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Objective:  To evaluate the impact of the Australian rotavirus vaccination 
program on both rotavirus and all-cause acute gastroenteritis (AGE) 
hospitalisations and to compare outcomes in Indigenous and non-Indigenous 
people.

Design and setting:  Retrospective analysis of the Australian Institute of Health 
and Welfare National Hospital Morbidity database for hospitalisations coded as 
rotavirus and all-cause AGE, between 1 July 2001 and 30 June 2010.

Main outcome measures:  Age-specific hospitalisation rates in Indigenous and 
non-Indigenous people, before and after the introduction of the vaccine 
program in July 2007.

Results:  There was a 71% decline in rotavirus-coded hospitalisations of children 
aged < 5 years between periods before and after rotavirus vaccination (from 261 
per 100 000 to 75 per 100 000). There was also a 38% decline in non-rotavirus 
coded AGE hospitalisations (from 1419 per 100 000 to 880 per 100 000). This 
represented more than 7700 hospitalisations of children aged < 5 years being 
averted in the financial year 2009–10. Reductions were also observed in the 
5–19-years age group, suggesting that transmission of virus was reduced at a 
population level. Decreases in hospitalisations of Indigenous children were 
smaller than those for the general population, and fluctuated by location 
and year.

Conclusions:  These data show a sustained and substantial decline in severe 
rotavirus disease and all-cause AGE since the introduction of rotavirus 
vaccination, most pronounced in the target age group, but with evidence of 
herd immunity. The impact of rotavirus vaccination in Indigenous children in 
hyperendemic settings was less remarkable.
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ding cause of severe acute
stroenteritis (AGE) in chil-
 less than 5 years; it results

in over half a million deaths each
year, most of which occur in develop-
ing countries.1 Most children world-
wide are infected with rotavirus by
the age of 5 years, with severe dis-
ease occurring most commonly
between the ages of 6 months and 2
years.1

In Australia, before a rotavirus vac-
cination program was introduced, this
virus was responsible for more than
10 000 hospitalisations of children
aged under 5 years annually, placing
an enormous burden on paediatric
hospitals.2-4 The burden of disease in
Aboriginal and Torres Strait Islander
children was much greater, with a
hospitalisation rate about five times
that of non-Indigenous children aged
less than 12 months.5 Large outbreaks
in Indigenous children occur on a
background of endemic infection in
central and northern Australia.6 There
was about one rotavirus-related death
in Australia annually, affecting the
very young or, rarely, elderly adults.5

Australia was one of the first coun-
tries to introduce a nationally funded
rotavirus vaccination program.7 Two
vaccines were registered in Australia
in May 2006: Rotarix (GlaxoSmith-
Kline Biologicals) and RotaTeq (CSL
Biotherapies/Merck & Co). Both are
oral live attenuated vaccines for use
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strains (G1, G2, G3, G4, and P1[8]),
which is given as three doses at 2, 4
and 6 months of age. The Northern
Territory was the first jurisdiction to
fund rotavirus vaccination, beginning
in October 2006; from July 2007 both
vaccines were included in the

National Immunisation Program
(NIP) for all Australian infants.7 The
vaccine used varies by jurisdiction,
and there are upper age limits on
doses, which preclude “catch up”
vaccination.7,8 Some Australian juris-
dictions and paediatric hospitals
have reported a decline in rotavirus
disease on the basis of laboratory
testing,9,10 notification data10,11 and
hospitalisations12-15 for the first 1 to
about 3 years of the program. In
addition, early estimates of vaccine
effectiveness suggest that although
vaccination provides a high level of
protection against hospitalisation at
a population level (in Queensland),14

its effectiveness in disease outbreaks
in Indigenous children in central
Australia is variable.16,17

This study is the first to examine
national data on all hospitalisations
for AGE. Our aim was to assess the
impact of vaccination on hospitalisa-
tion rates, focusing on differences
related to age, Indigenous status and
location.

Methods

Hospitalisation data were obtained
from the National Hospital Morbidity
Database of the Australian Institute of
Health and Welfare (AIHW). This
database is an electronic collection of
de-identified records of patients
admitted to public and private hospi-
tals in Australia. Hospitalisations
were analysed if they had separation
dates between 1 July 2001 and 30 June
2010 with either a principal or addi-
tional diagnosis that had Interna-
tional Classification of Diseases, 10th
Revision, Australian Modification
(ICD-10-AM) codes for rotavirus
enteritis (A08.0) or any other AGE not
coded as rotavirus (K52 and A01 to
A09, excluding A08.0).

To enable comparison by Indige-
nous status, data were used only for
jurisdictions and periods for which
Indigenous identification was consid-
ered acceptable by the AIHW.18 Thus,
data from 2004 onwards for New
South Wales, Victoria, Queensland,
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Western Australia and South Aus-
tralia, and from 2001 for the NT, were
analysed.

We calculated hospitalisation rates
using annual population estimates
from the Australian Bureau of Statis-
tics Australian demographic statistics.19

Age-specific rates, incidence rate

ratios (IRRs) and 95% confidence
intervals were calculated.

We assessed rotavirus vaccine cov-
erage using data from the Australian
Childhood Immunisation Register
(ACIR), a national register adminis-
tered by Medicare Australia that
records details of vaccinations given
to children aged under 7 years.20

We performed all analyses using
SAS statistical software, version 9.2
(SAS Institute Inc).

As we conducted our study using
de-identified data supplied by AIHW
for the purposes of program evalua-
tion, specific ethics approval was not
required.

Results

Rotavirus-coded gastroenteritis

From July 2001 to June 2010, there
were 28 502 hospitalisations coded as
rotavirus gastroenteritis. Box 1 shows
that the annual winter/spring peak in
rotavirus-coded hospitalisations was
reduced after vaccination was intro-
duced in July 2007, after which there

was further substantial attenuation in
the peak for the next two seasons.
This decline in disease coincided with
the rapid attainment and mainte-
nance of a national vaccine coverage
level of about 85% for a full vaccine
course (either two or three doses) by
12 months of age (Box 1).

As seen in Box 2, rates were highest
among children 1 year of age before
rotavirus vaccination was introduced,
with the greatest declines in rates
occurring in this group and the 2-
year-old age group (86% and 70%,
respectively) by 2009–10 (Box 2 and
Box 3). Overall, for children aged less
than 5 years, there was a 71% decline
in hospitalisations between periods
before and after rotavirus vaccination
(from 261 per 100 000 to 75 per
100 000). Rates also decreased after
vaccination compared with the pre-
vaccination years, for all other groups
aged less than 20 years. However,
there were small increases in rota-
virus-coded hospitalisation rates
among adult age groups in the years
after rotavirus vaccination was intro-
duced (Box 2).

lisations* coded as rotavirus 
l ages) and infant rotavirus vaccine 
ia, July 2001 to June 2010

. † Coverage was calculated using data from the 
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2 Hospitalisation rates (per 100 000 population) for acute gastroenteritis (rotavirus- and non-rotavirus-coded), by age group, 
before and after the introduction of rotavirus vaccine, Australia, July 2001 to June 2010*

Before 
vaccination After vaccination 

2001–02 to 
2005–06

Year 1
2007–08

Year 2
2008–09

Year 3
2009–10

Patient age 
(years)

Mean annual 
rate Rate IRR† (95% CI) Rate IRR† (95% CI) Rate IRR† (95% CI)

Rotavirus-coded hospitalisations

< 1 387.7 195.3 0.50 (0.46–0.55) 99.8 0.26 (0.23–0.29) 135.3 0.35 (0.31–0.39)

1 483.9 300.1 0.62 (0.58–0.67) 110.2 0.23 (0.20–0.25) 66.59 0.14 (0.12–0.16)

2 250.9 134.3 0.54 (0.48–0.60) 102.3 0.41 (0.36–0.46) 74.8 0.30 (0.26–0.34)

3 122.4 54.5 0.45 (0.38–0.53) 40.9 0.33 (0.28–0.40) 65.1 0.53 (0.46–0.62)

4 67.4 37.3 0.55 (0.45–0.68) 23.6 0.35 (0.27–0.45) 32.2 0.48 (0.39–0.59)

5–19 6.7 3.5 0.52 (0.44–0.61) 2.9 0.43 (0.36–0.52) 3.4 0.51 (0.43–0.60)

20–44 0.2 0.4 1.54 (1.00–2.37) 0.4 1.67 (1.10–2.54) 0.5 1.96 (1.32–2.89)

45–64 0.4 0.6 1.54 (1.02–2.33) 0.5 1.51 (1.00–2.29) 0.6 1.63 (1.10–2.44)

� 65 1.6 4.4 2.73 (2.19–3.41) 3.3 2.04 (1.60–2.59) 3.6 2.24 (1.78–2.83)

Acute gastroenteritis hospitalisations (excluding those coded as rotavirus)

< 1 2094.1 2010.7 0.96 (0.93–0.99) 1581.3 0.76 (0.73–0.78) 1607.9 0.77 (0.74–0.79)

1 2233.1 1874.2 0.84 (0.81–0.86) 1334.8 0.6 (0.58–0.62) 1146.5 0.51 (0.50–0.53)

2 1337.4 935.2 0.70 (0.67–0.73) 823.8 0.62 (0.59–0.64) 721.8 0.54 (0.52–0.56)

3 849.4 643.9 0.76 (0.72–0.80) 507.6 0.60 (0.57–0.63) 536.3 0.63 (0.60–0.67)

4 609.4 478.2 0.78 (0.74–0.83) 358.8 0.59 (0.55–0.63) 365.6 0.60 (0.56–0.64)

5–19 246.1 246.3 1.00 (0.98–1.02) 231.9 0.94 (0.92–0.96) 227.7 0.92 (0.91–0.95)

20–44 408.0 465.7 1.14 (1.13–1.15) 455.8 1.12 (1.10–1.13) 472.8 1.16 (1.15–1.17)

45–64 492.6 588.9 1.20 (1.18–1.21) 592.8 1.20 (1.19–1.22) 638.5 1.30 (1.28–1.31)

� 65 1496.0 1974.1 1.32 (1.31–1.33) 1862.9 1.25 (1.23–1.26) 2018.3 1.35 (1.34–1.36)

IRR = incidence rate ratio. 
* Hospitalisations by separation dates within financial years: a mean annual rate was calculated for July 2001 to June 2006. † Comparison of each year after 
vaccination with the before-vaccination period (July 2001 to June 2006). ◆
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There were 1 207 978 hospitalisations
for AGE not coded as rotavirus gastro-
enteritis from July 2001 to June 2010.
About 82% were assigned one or both
of the two most common ICD-10-AM
codes — A09 (other gastroenteritis
and colitis of infectious and unspeci-
fied origin) and K52 (other non-infec-
tive gastroenteritis and colitis). AGE
hospitalisation rates were highest in
children aged less than 1 year, among
whom there was a 23% rate reduction
in 2009-10 compared to the period
before rotavirus vaccination was
introduced. Among children aged less
than 5 years, there was a 38% decline
in hospitalisations (from 1419 to 880
per 100 000). As with rotavirus-coded
hospitalisations, rates decreased in
the postvaccination periods for all age
groups aged less than 20 years, but
increased in older adults, although
the absolute rates remained low
(Box 2).

Overall impact

In the third year after the introduction
of rotavirus vaccines to the NIP
(2009–10), there were 7739 fewer hos-
pitalisations of children aged under 5
years for either rotavirus or other AGE
(13 845 hospitalisations) than the
mean annual number of hospitalisa-
tions in the period before the intro-
duction of rotavirus vaccination
(21 584 hospitalisations).

Geographical variation

There were differences in rates and
rate reductions across states and terri-
tories. Declines in 2009–10 compared
with the prevaccination period ranged
from 34% in the NT to 83% in Tasma-
nia (data not shown). In the NT, there
was an overall downward trend in
rates of hospitalisations for both rota-
virus and other AGE after the vaccina-
tion program was introduced in late
2006. However, there were increases
in rates of hospitalisation for rotavirus
gastroenteritis in 2008–09 and 2009–
10 (Box 4).

Indigenous people

There was an overall decline in AGE
(rotavirus- and non-rotavirus-coded)
hospitalisation rates in Indigenous
children (Box 5), although declines
were smaller than those in non-Indi-

genous children. There was a marked
decline in AGE hospitalisation rates in
Indigenous children aged less than 1
year, particularly in those coded as
rotavirus gastroenteritis, which
declined by 29% from 1465 to 1045
per 100 000 in 2009–10 (Box 5). How-
ever, no decline was observed in the
5–19-years age group; this is in con-
trast to the significant reduction in
hospitalisations for rotavirus gastro-
enteritis among non-Indigenous chil-
dren of this age.

Box 4 shows rotavirus-coded hospi-
talisation rates in Indigenous and
non-Indigenous children aged under
5 years in the NT compared with
NSW, Victoria, Queensland, SA and
WA combined. Higher rates were
observed in Indigenous children than
non-Indigenous children; this was
most marked in the NT, but also
occurred in the other states, and per-
sisted after the introduction of the
rotavirus vaccination program. In the
postvaccination period, hospitalisa-
tions remained lower in non-NT resi-
dent Indigenous children, but there
were annual fluctuations in hospitali-
sation rates in the NT.

Discussion

This study is the first to present
national data showing substantial
declines in both rotavirus-coded and
non-rotavirus-coded hospitalisations
for AGE since the introduction of
rotavirus vaccines to the Australian
NIP. Declines in numbers of hospitali-
sations were evident immediately
from when the program commenced
in 2007, consistent with the rapid
attainment of high levels of vaccine
coverage.21 As expected, the greatest
impact has been in children aged less
than 3 years, who were eligible to
receive the vaccine during the study
period. Our results are similar to
those of studies from SA, Queens-
land, and NSW.13-15 The decline in
non-rotavirus-coded AGE hospital-
isations is not unexpected given that
estimates of rotavirus-related hospi-
talisations before rotavirus vaccines
were available exceeded those derived
using rotavirus-specific coding,4,5 and
NSW data indicate that the sensitivity
of the rotavirus discharge code was
only 48%, although its specificity was
about 99% and the positive predictive

value was 88% (S Jayasinghe, Senior
Policy Officer, National Centre for
Immunisation Research and Surveil-
lance [NCIRS], personal communica-
tion). However,  an impact on
hospitalisation or emergency depart-
ment care for all-cause AGE was also
seen in trials of the two available
rotavirus vaccines, in which testing for
rotavirus was more rigorous.22,23

Nationally, there were significant
declines in hospitalisations for rotavi-
rus and other forms of AGE in those
aged between 3 and 19 years after the
introduction of the rotavirus vaccina-
tion program. This suggests a herd
immunity effect, as only children aged
less than 3 years were eligible to
receive rotavirus vaccine during the
study period. A decline in hospitalisa-
tions for AGE has also been observed
in earlier studies in Australia13-15 and
the United States,24 and this should
be factored in to any cost-effective-
ness assessments of the rotavirus vac-
cination program.

We found modest but significant
increases in national hospitalisation
rates for both rotavirus and non-rota-
virus AGE in adults, particularly those
aged 65 years or older. This increase
occurred gradually across the whole
study period, although absolute rates,
particularly for rotavirus-coded gas-
troenteritis, remained low. This find-
ing is consistent with the observation
that rotavirus has been increasingly

3 Comparison of rotavirus-coded hospitali
in children aged < 5 years, before and for
introduction of rotavirus vaccine, Austra
June 2010*

* Rotavirus hospitalisations: ICD-10-AM code for rot
in any field (principal diagnosis and additional diagn
annual rate was calculated for July 2001 to June 200
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recognised as a cause of morbidity in
older patients.25 Similar changes have
been reported in Queensland17,18 and
may relate to increased testing for
rotavirus and other agents of gastro-
enteritis, such as adenovirus and
norovirus, in older people.10,14

Before rotavirus vaccination was
introduced, Indigenous children,
especially in central Australia, had the
greatest burden of rotavirus disease.5,6

Our study identified that, across Aus-
tralia, hospitalisation rates for Indige-
nous children have declined in the
postvaccination period. However, the
reduction has been smaller than for
non-Indigenous children. Further, in
the NT, where hospitalisation rates for
rotavirus and AGE in Indigenous chil-
dren were markedly higher before
rotavirus vaccination, the reduction in
disease has been less substantial and

inconsistent. For example, hospitalisa-
tions rose in the NT, in 2008 and 2009,
associated with an outbreak of the
G2P[4] rotavirus strain,11 suggesting
that heterotypic immunity from the
monovalent G1P[8] strain vaccine
(Rotarix) was reduced in that popula-
tion.16 The effectiveness of the vaccine
in an earlier NT outbreak of the
G9P[8] rotavirus strain was higher
(84.5%; 95% CI, 23.4%–96.9%);17

however, this same strain was circu-
lating in the 2009–10 financial year,
when hospitalisation rates increased
again. Overall, vaccination has had
less impact on rotavirus in this setting
of high disease burden and a vulnera-
ble population than in Indigenous and
non-Indigenous children elsewhere in
Australia. Although vaccine coverage
is about 16% lower in Indigenous
than in non-Indigenous children
(71.5% and 84.5% by age 12 months,
respectively),21 this alone does not
appear to explain the reduced impact
of the vaccine, which is more in keep-
ing with that seen in efficacy studies in
developing countries.26

Our study had several limitations.
Its design was descriptive and ecolog-
ical, and outcomes may reflect factors
not related to immunisation, such as
strain variation and coding practices.

4 Rotavirus-coded hospitalisation rates in Indigenous children aged < 5 years in the 
Northern Territory, compared with five other Australian jurisdictions combined, 
July 2001 to June 2010*

* The jurisdictions with acceptable level of � 80% Indigenous identification were the Northern 
Territory, New South Wales, Queensland, South Australia, Victoria and Western Australia.18 ◆
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5 Hospitalisation rates (per 100 000 population) for Indigenous people for acute gastroenteritis (rotavirus- and non-rotavirus-
coded), by age group, before and after the introduction of rotavirus vaccine, Australia,* July 2004 to June 2010

Before vaccination After vaccination  

2004–05 to 
2005–06†

Year 1
2007–08†

Year 2
2008–09†

Year 3
2009–10†

Patient age (years) Mean annual rate Rate IRR‡ (95% CI) Rate IRR‡ (95% CI) Rate IRR‡ (95% CI)

Rotavirus-coded hospitalisations*

< 1 1465 904 0.62 (0.50–0.76) 825 0.56 (0.45–0.70) 1045 0.71 (0.58–0.87)

1–4 280 245 0.87 (0.70–1.09) 233 0.83 (0.67–1.04) 257 0.92 (0.74–1.14)

5–19 2 3 1.4 (0.44–4.42) 3 1.67 (0.56–4.98) 3 1.39 (0.44–4.39)

20–44 1 0 — 1 1.24 (0.21–7.40) 1 0.62 (0.06–5.94)

45–64 1 1 1.82 (0.11–29.04) 1 1.75 (0.11–28.03) 6 7.01 (0.78–62.74)

� 65 — — — —

Acute gastroenteritis hospitalisations (excluding those coded as rotavirus)*

< 1 7377 6850 0.93 (0.86–1.01) 4943 0.67 (0.61–0.73) 5761 0.78 (0.72–0.85)

1–4 2947 2715 0.92 (0.86–0.98) 2222 0.75 (0.70–0.81) 2134 0.72 (0.67–0.78)

5–19 281 404 1.44 (1.30–1.58) 255 0.91 (0.81–1.02) 255 0.91 (0.81–1.02)

20–44 524 615 1.18 (1.09–1.27) 549 1.05 (0.97–1.13) 529 1.01 (0.94–1.09)

45–64 900 1163 1.29 (1.18–1.42) 1096 1.22 (1.11–1.34) 1318 1.46 (1.34–1.60)

� 65 2158 3353 1.55 (1.38–1.76) 2711 1.26 (1.10–1.43) 3034 1.41 (1.24–1.59)

IRR = incidence rate ratio.
* Northern Territory, New South Wales, Queensland, South Australia, Victoria and Western Australia with acceptable level of � 80% Indigenous 
identification. † Hospitalisations by separation dates within financial years. ‡ Comparison of each postvaccination year with the prevaccination period 
(July 2004 to June 2006). ◆
8) · 15 October 2012
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However, natural fluctuations in rota-
virus disease activity are known to
occur, often related to the emergence
of new strains; this emphasises the
importance of assessing vaccine
impact over many rotavirus sea-
sons.7,15 In addition, although hospi-
talisation databases may directly
reflect the rotavirus disease burden,
data suggest that the positive predic-
tive value and specificity of coding for
rotavirus has not changed since rota-
virus vaccination began, and together
with non-rotavirus coded hospitalisa-
tion data, remains useful for assessing
trends in hospitalisation rates (S
Jayasinghe, Senior Policy Officer,
NCIRS, personal communication). As
vaccination status was not available
from the de-identified data used in
this study, vaccine effectiveness could
not be determined. More studies are
required to compare the long-term
effectiveness of vaccination in Indi-
genous children in differing regions of
Australia, and to assess the changing
epidemiology of acute gastroenteritis
across all age groups.
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