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entations and 115 000 general practice
consultations annually in Australian chil-
dren less than 5 years of age.2

To reduce this substantial disease burden,
two rotavirus vaccines have been licensed
for use in Australian infants: RotaTeq
(Merck, Whitehouse Station, NJ, USA), a
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ABSTRACT

Objective:  To assess the impact of introducing a publicly funded infant rotavirus 
vaccination program on disease notifications and on laboratory testing and results.
Design and setting:  Retrospective analysis of routinely collected data (rotavirus 
notifications [2006–2008] and laboratory rotavirus testing data from Queensland Health 

atories [2000–2008]) to monitor rotavirus trends before and after the introduction of 
licly funded infant rotavirus vaccination program in Queensland in July 2007.
 outcome measures:  Age group-specific rotavirus notification trends; number of 
irus tests performed and the proportion positive.

lts:  In the less than 2 years age group, rotavirus notifications declined by 53% 
) and 65% (2008); the number of laboratory tests performed declined by 3% (2007) 

and 15% (2008); and the proportion of tests positive declined by 45% (2007) and 43% 
(2008) compared with data collected before introduction of the vaccination program. An 
indirect effect of infant vaccination was seen: notifications and the proportion of tests 
positive for rotavirus declined in older age groups as well.
Conclusions:  The publicly funded rotavirus vaccination program in Queensland is 
having an early impact, direct and indirect, on rotavirus disease as assessed using 
routinely collected data. Further observational studies are required to assess vaccine 
effectiveness. Parents and immunisation providers should ensure that all Australian 
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children receive the recommended rotavirus vaccine doses in the required timeframe.

For editorial comment, see page 131
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 virus is the most common global

se of severe early childhood gas-
enteritis and has a significant clin-

ical impact.1 In the pre-vaccine era, it was
responsible for about 10 000 hospitalisa-
tions, 22 000 emergency department pres-

live multivalent bovine–human reassortant
vaccine;3 and Rotarix (GlaxoSmithKline,
Rixensart, Belgium), a single-strain live-
attenuated human vaccine.4 Australian
infants have been eligible for rotavirus vacci-
nation via the National Immunisation Pro-
gram since July 2007.5 Queensland children
born on or after 1 May 2007 are eligible for
three publicly funded doses of RotaTeq.
Both vaccines were available on the private
market from 2006, but, as with other rec-
ommended but non-funded vaccines,6

uptake is likely to have been modest.
The aim of our study was to examine the

effect of introducing the publicly funded
infant rotavirus vaccination program on dis-
ease notifications and on laboratory testing
and results.

METHODS
To assess the impact of the first 18 months
of the infant vaccination program in
Queensland, we used two sources: routinely
collected rotavirus notifications made to
Queensland Health (2006–2008) and labor-
atory testing data from Queensland Health
laboratories (2000–2008).

Notifications
Laboratory-confirmed rotavirus disease
became notifiable in Queensland in Decem-
ber 2005, in accordance with the Public
Health Act 2005 (Qld). The notification case
definition requires:
• detection of rotavirus in faeces by antigen
detection; or
• detection of rotavirus by nucleic acid
assay; or
• isolation of rotavirus.

Duplicate-free data for the period 1 Janu-
ary 2006 to 31 December 2008 that were
available on 9 January 2009 were analysed.
We calculated the percentage change in the
number of notifications in each age group in
2007 and 2008 compared with 2006.

Queensland Health laboratory testing
To compare rotavirus testing and positivity
patterns before and after vaccine introduc-
tion, we examined statewide data from 33
Queensland Health laboratories for the
period 1 January 2000 to 31 December
2008. We calculated the percentage change
in number of tests performed and positive
results for different age groups in 2007 and
2008, using mean annual figures from 2000
to 2006 as the baseline for comparison.

Using a hospital-specific, unique patient
identification number we were able to iden-
tify rotavirus tests performed for the same
individual in a single hospital. Where we
could identify repeat tests within 7 days of a
preceding test, these were collapsed into a
single test record. If any of the individual
rotavirus tests were positive, the single test

record was recorded as positive, and the
date of testing was taken as the earliest date
any rotavirus test was performed.

Between 2000 and 2008, there were
changes to laboratory procedures for detect-
ing rotavirus. Before March 2005, Queens-
land Health central laboratory used a
monovalent immunoassay rotavirus antigen
detection technique (VIDAS Rotavirus kit
used on the VIDAS analyser [bioMérieux,
Marcy-l’Etoile, France]) and an in-house
polymerase chain reaction test to identify
adenovirus in faecal specimens. From March
2005, testing for rotavirus and adenovirus in
faecal specimens was combined using a
bivalent immunochromatographic tech-
nique for antigen detection (VIKIA Rota-
Adeno [bioMérieux, Marcy-l ’Eto ile,
France]). After this date, any request for
either rotavirus or adenovirus identification
in faeces resulted in both viruses being
tested.

Request slip audit
To assess changes in age group-specific test-
ing behaviour, we audited the actual test
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requested by viewing a systematic sample of
request slips for the first five specimens
tested in each month of 2008 for two age
groups: 0–23 months and � 65 years. We
compared relevant proportions using χ2

tests and calculated associated P values.

Statistical analysis
Data were analysed using Stata software,
version 9 (StataCorp, College Station, Tex,
USA).

Ethics approval
Our project was approved as low-risk
research7 by Queensland’s Children’s Health
Services District Ethics Committee.

RESULTS

Notifications
During the 3-year period 2006–2008, 4786
rotavirus notifications were received by the
Communicable Diseases Branch of Queens-
land Health. Most rotavirus notifications
were for infants and children: 70% were
aged less than 2 years and 81% less than 5
years. Males made up 52% of notifications.
Queensland Health laboratories made 85%
of all rotavirus notifications.

Annual rotavirus notifications have fallen
since the introduction of public funding for
universal infant vaccination: compared with
2510 notifications in 2006, there were 1189
notifications in 2007 (a 53% reduction) and
1087 notifications in 2008 (a 57% reduc-

tion) (Box 1, a). In children less than 2 years
of age, the reduction was 53% in 2007 and
65% in 2008, with reductions of similar
magnitude in children aged 2–4 years (65%
and 56%, respectively).

Queensland Health laboratory testing 
behaviour and results
Between 2000 and 2008, 41 166 rotavirus
tests were performed in Queensland Health
laboratories. Age or date of birth was not
available for 91 requests (0.2%). Of the
remaining 41 075 records, 12 282 were
repeat tests performed on the same patient
within 7 days of the preceding test. Collaps-
ing these to a single test record removed
6409 records, leaving 34 666 in the dataset.
Fifty-four per cent of laboratory tests were
performed in children less than 2 years of
age, and 73% in children less than 5 years of
age. Fifty-four per cent of all tests requested
were for males.

The number of tests performed and the
proportion of all tests positive for rotavirus
in Queensland had an annual winter–spring
peak (Box 2). Comparing the mean annual
number of rotavirus tests performed in the
years 2000–2006 with values for 2007 and
2008 revealed variation between age groups:
there was a fall in the number of tests
performed for children aged less than 2
years (–3% [2007]; –15% [2008]) and aged
2–4 years (–18% [2007]; –5% [2008]), but
an increase in tests performed for all older
age groups (Box 1, b). The total number of
tests increased from a mean annual figure of

3720 (over the period 2000–2006) to 4511
in 2007 and 4113 in 2008.

Before public funding of the universal
infant vaccination program, the annual peak
monthly value of the proportion of tests
positive ranged from a low of 42% (Septem-
ber 2001) to a high of 58% (September
2006). After introduction of public funding,
peak monthly values dropped to 24% (in
both October 2007 and August 2008) (Box 2).
In every age group (ie, including non-vacci-
nated age groups) there was a reduction in
the proportion of tests that were positive in
2007 and 2008 compared with the propor-
tion over the period 2000–2006 (Box 1, c).
In children less than 2 years of age, reduc-
tions in the proportion of tests positive
(relative to the proportion in 2000–2006)
were 45% in 2007 and 43% in 2008.

Request slip audit
The audit of 2008 request slips showed that
for patients in the oldest age group (� 65
years) there was less likely to be a specific
request for rotavirus testing or adenovirus
testing (which would also result in a rota-
virus test as part of the dual test kit) than for
those aged less than 2 years (63% [38/60] v
82% [49/60], respectively; P = 0.025). Fur-
ther, comparing the oldest age group with
the youngest, a larger proportion of rota-
virus tests performed appeared to be done in
response to a request for non-specific viral
testing in the absence of either a specific
rotavirus or adenovirus request (35% [21/
60] v 13% [8/60], respectively; P = 0.006).

1 Percentage change in rotavirus notifications, tests performed* and tests positive* after introduction of a publicly funded 
infant rotavirus vaccination program in Queensland in July 2007

* Testing performed by Queensland Health Clinical and Statewide Services. † Percentage change in the number of rotavirus notifications in 2007 and 2008 compared with 
the number in 2006. ‡  Percentage change in the number of rotavirus tests performed in 2007 and 2008 compared with mean annual age group-specific values from 2000 
to 2006. § Percentage change in the proportion of tests positive for rotavirus in 2007 and 2008 compared with age group-specific values from 2000 to 2006. ◆
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DISCUSSION
These data, from two passively collected,
potentially non-independent sources, show
a fall, across all age groups, in rotavirus
notifications and in the proportion of
Queensland Health tests positive for rota-
virus. These changes coincide with the com-
mencement of the publicly funded,
universal, infant rotavirus vaccine program
in July 2007. Further, in the targeted age
group (children less than 2 years of age) and
in all children less than 5 years of age, there
was a fall in 2007 and 2008 in the number
of tests performed.

Concordant findings have been seen else-
where: rotavirus activity was delayed by up
to 4 months and diminished in size by more
than 50% in the United States after the
introduction of the RotaTeq vaccine,8 and
there was evidence of vaccine effectiveness
during a recent outbreak in the Northern
Territory, where the Rotarix vaccine is used.9

Our Queensland data are an important
addition to current findings, as they are
among the first to show changes in rotavirus
epidemiology in non-vaccinated age
groups,10 providing good evidence for an
equivalent indirect vaccine effect in older
age groups. These local outcomes were
achieved within 18 months of the program’s
commencement. Of the first two eligible
birth cohorts in which coverage was meas-
ured, 75% of infants born in May–July 2007
and 80% of those born in August–Septem-
ber 2007 had received a complete three-
dose vaccine course on assessment at 12

months of age (Mr Brynley Hull, Epidemio-
logist, National Centre for Immunisation
Research and Surveillance of Vaccine Pre-
ventable Diseases, personal communica-
tion). Improved benefits are anticipated as
more birth cohorts are vaccinated and more
courses completed.

Our only divergent finding was the
increase in the number of tests performed
for rotavirus in older age groups. The
request slip audit showed that in the oldest
age group there was less likely to be a
specific request for rotavirus or adenovirus
testing, and that the proportion of rotavirus
tests done in response to a request for non-
specific viral testing was higher. There has
recently been an increased awareness of
viral gastroenteritis outbreaks in hospitals,
nursing homes and residential aged-care
facilities.11,12 It may be that, in some cir-
cumstances, rotavirus testing is being done
routinely on gastroenteritis specimens from
older people, even though the overall
number and proportion of specimens found
positive is likely to be low.

Our data come from two passive, routinely
collected sources. Both are likely to be rea-
sonably representative of all regions in
Queensland, and the data from 33 Queens-
land Health laboratories are likely to include
nearly all testing done in rural and remote
locations, which are not as well served by
private pathology companies. It is worth
keeping in mind that our results are pro-
duced from observational studies relating
trends in rotavirus outcome data before and

after vaccine introduction: this is a less robust
study design than other observational studies
for assessing a causal relationship. The docu-
mented changes may represent secular trends
— however, the results would represent unu-
sual, persisting and extreme temporal vari-
ations. Further, the reductions seen coincide
closely with vaccine introduction, and are in
keeping with both US post-licensure data8

and vaccine efficacy studies showing a 98%–
100% reduction in severe rotavirus gastroen-
teritis and a 73%–74% reduction in any
rotavirus gastroenteritis.3,13 To support the
role of vaccination in these locally improving
trends, better quality observational studies
are required, including efforts to estimate
vaccine effectiveness using routinely collected
data14 and during identified outbreaks.9 Aus-
tralia, being in the unique position of having
widespread and region-specific use of both
currently licensed rotavirus vaccines, could
further add to global research by routinely
monitoring the field effectiveness of each
vaccine, as well as regional differences in
circulating genotypes, through the National
Rotavirus Reference Centre.15

Our results, in conjunction with efficacy
trial data and findings from the US, provide
solid support for prompt direct and indirect
effects following rotavirus vaccine use in
Queensland. This should encourage parents
and vaccination providers to ensure that all
Australian children receive the recom-
mended rotavirus vaccine course within the
required timeframe.
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2 Monthly frequency of laboratory tests performed, results, and proportion 
positive for rotavirus, Queensland Health Clinical and Statewide Services, 
2000–2008
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