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Pentavalent Rotavirus Vaccine and Prevention of
Gastroenteritis Hospitalizations in Australia

WHAT’S KNOWN ON THIS SUBJECT: There are limited developed\
country post-introduction effectiveness data for RV5 outside the
us.

WHAT THIS STUDY ADDS: With high three-dose coverage, RV5
was effective in preventing RV and non-RV AGE hospitalizations in
vaccinated children and older, unvaccinated age-groups in

Queensland, Australia.

OBJECTIVE: A publicly funded, universal infant pentavalent rotavirus
vaccine (RV5) program was implemented in Queensland, Australia, in
mid-2007. We sought to assess vaccine effectiveness (VE) of 3 doses of
RVS at preventing rotavirus and nonrotavirus acute gastroenteritis
(AGE) hospitalizations in the first birth cohort and impact on hospital-
izations in all age groups.

METHODS: Hospitalization rates for rotavirus and nonrotavirus AGE in
all age groups before and after RV5 introduction were compared. Pop-
ulation vaccine coverage, hospitalization data, and individual vaccina-
tion status were obtained from routinely collected, publicly funded
state- and nationally based data sets. Data linkage was performed to
calculate 3-dose VE for preventing hospitalization in the eligible age
group.

RESULTS: RV5 coverage in the first eligible birth cohort was 89.6% for
at least 1 dose and 73.1% for 3 doses. Three-dose VE for preventing
nonrotavirus AGE hospitalization was 62.3% to 63.9% (any/primary di-
agnosis) and 89.3% to 93.9% (any/primary diagnosis) for rotavirus
hospitalizations. After program implementation, there were immediate
and sustained reductions in rotavirus hospitalizations for those who
were younger than 20 years and nonrotavirus AGE-coded hospitaliza-
tions for those who were younger than 5 years.

CONCLUSIONS: RV5 is highly effective at preventing rotavirus hospital-
izations in a developed country setting, confirming efficacy figures
from the pivotal clinical trial. Additional direct and indirect effects are
substantial and include reductions in nonrotavirus AGE hospitaliza-
tions in vaccinated age groups and rotavirus and nonrotavirus AGE
hospitalization rates in older age groups. Pediatrics 2010;126:
€506—€512
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Rotavirus is the leading cause of se-
vere acute gastroenteritis (AGE) in
early childhood, globally causing
>500 000 deaths and 2.4 million hospi-
tal admissions each year for children
who are youngerthan 5 years.' To com-
bat this disease burden, 2 live oral ro-
tavirus vaccines, RotaTeq (pentavalent
rotavirus vaccine [RV5; Merck Vac-
cines, Whitehouse Station, NJ]) and Ro-
tarix (monovalent rotavirus vaccine
[RV1; GlaxoSmithKline Biologicals, Rix-
ensart, Belgium]), have been developed
and shown to be highly efficacious
against severe rotavirus disease, includ-
ing hospitalization (85%—98%), in large
clinical trials 23

Since the introduction of RVS, several
studies have reported on its postlicen-
sure use and impact in real-world set-
tings. In the United States, RV5 was in-
troduced in 2006; by 2008, with modest
1-dose coverage of 31% in children
who were younger than 2 years, the
onset and peak of the 2007—2008 rota-
virus season were delayed by 15 and 8
weeks, respectively, and the propor-
tion of fecal specimens that were pos-
itive for rotavirus was reduced by
69%.4 This decline in rotavirus activity
persisted into the 2008 —2009 season.’

A single-center case-control study that
was conducted in Houston, Texas, and
used a control group that combined
children who had rotavirus-negative
AGE or acute respiratory infection
yielded a 3-dose vaccine effectiveness
(VE) of 88% (95% confidence interval
[Cl]: 68%—96%) against rotavirus-AGE
that required hospitalization or emer-
gency department (ED) visits8 A na-
tionwide health insurance claim—
based, postlicensure study that
compared concurrent cohorts of chil-
dren who received 3 doses of RV5 with
those who received 3 doses of
diphtheria-tetanus-acellular pertussis
and no doses of RV5 provided a VE for
preventing ED presentations and hos-
pitalizations as a result of rotavirus
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and all-cause AGE of 100% (95% Cl:
87%—100%) and 59% (95% Cl
47%—-68%), respectively’; however, the
performance of RV5 seems to be set-
ting dependent. A case-control study in
Nicaragua, a high-burden, developing
country where 1-dose RVS5 coverage
quickly reached 80%,® demonstrated a
3-dose effectiveness of just 46% (95%
Cl: 18%—64%) at preventing hospital-
ization or intravenous rehydration.?
Early evidence from double-blind,
randomized, multicenter, placebo-
controlled phase Ill trials in other de-
veloping countries supports this con-
cept, with efficacy of 3 doses of RV5 of
64% (95% Cl: 40%—79%) and 51% (95%
Cl: 13%—73%) against severe rotavirus
gastroenteritis in Africa and Asia, re-
spectively.’® The scope for rotavirus
vaccines to prevent global diarrhea-
related deaths in children was demon-
strated in Mexico, where RV1 was in-
troduced in February 2006, reaching
1-dose coverage of at least 74% for
children who were aged =11 months
by December 2007."" When comparing
median values for 2003 to 2006 with
2008 data, the diarrhea-related mor-
tality rate was reduced by 41% (95% Cl:
36%—47%) for children who were aged
=11 months and by 29% (95% Cl: 17%—
39%) for those who were aged be-
tween 12 and 23 months.!" The primary
aim of this study was to calculate the
VE of RV5 at preventing hospitalization
in the first annual birth cohort of eligi-
ble children in the high 3-dose cover-
age setting of Queensland, Australia.

METHODS

The state of Queensland, Australia, has
a population of 4.4 million people and a
current annual birth cohort of 63 000.1?
Rotavirus vaccine was added to the
Australian universal, publicly funded
immunization program for all infants
who were born on or after May 1, 2007,
with children in a given state or terri-
tory offered a full course of either RV1
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or RV5.% In Queensland, this program
commenced on July 1, 2007, with RV5.

Hospital Admission Data

The Queensland Hospital Admitted Pa-
tient Data Collection (QHAPDC) collects
admission data from all public and
private hospitals in Queensland.'
Records from 2000 to 2008 with Inter-
national Classification of Diseases,
Tenth Revision, Australian Modifica-
tion (ICD-10-AM) codes for AGE includ-
ing rotavirus (ICD-10-AM codes A00—
A09 excluding A02.2, A06.4—A06.8, and
K52) 1516 in the primary or any second-
ary diagnostic field were extracted
from QHAPDC in October 2009. Age
group—specific rates of hospitalization
in the prevaccine era (mean annual
rates for 2000—2006) were compared
with 2007 and 2008 figures by calcu-
lating rate ratios with 95% Cls by us-
ing Stata 10 (Stata Corp, College Sta-
tion, TX).

Vaccination Status of Hospitalized
Children

The Vaccine Information and Vaccine
Administration System (VIVAS) is the
vaccination register and management
system that records all vaccines that
are administered in Queensland. VIVAS
records only vaccines that are admin-
istered; it is not a population-based
register and does not have records for
individuals who receive no vaccines.
VIVAS vaccination data are provided to
the national, population-based Austra-
lian Childhood Immunization Register
(ACIR).

RV5 vaccination records for hospital-
ized children were extracted from
VIVAS for the period of July 1, 2007, to
December 31, 2008. Rotavirus vaccina-
tions were considered valid when ad-
ministered =14 days before rotavirus
hospitalization. For this project, chil-
dren with RV5 vaccination records
markedly outside standard practice
(receipt of rotavirus vaccine at =4
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weeks or =52 weeks of age or interval
between doses of =7 days) were vali-
dated by telephone contact with the
vaccine service provider.

Population Vaccine Goverage

ACIR captures immunization data from
children who are younger than 7 years
and enrolled in the Australian univer-
sal health insurance scheme, Medi-
care. This is essentially a complete
population register with 99% of the an-
nual national birth cohort registered
with Medicare by 1 year of age. Chil-
dren who are not enrolled in Medicare
can be added to the ACIR via a supple-
mentary number.”” The National Cen-
tre for Immunisation Research and
Surveillance of Vaccine Preventable
Diseases provided population rotavi-
rus vaccine coverage proportions,
including children who had received
no vaccine doses, from the AGIR for
children who were born between
May 1, 2007, and April 30, 2008. ACIR
coverage figures for 3-dose, primary-
course vaccines are typically calcu-
lated by using the “third-dose as-
sumption”: if a child has a record of
receiving dose 3 in a series, then
they are assumed to have received
doses 1 and 2 and therefore to be
fully vaccinated for the primary
course of that vaccine, even if there
is no record for dose 1 or 2 having
been administered.’®'® For this anal-
ysis, coverage data used were as re-
ported and were not modified by
using the third-dose assumption.

Data Linkage and VE

Data linkage was performed in Mi-
crosoft Excel (Microsoft Corp, Red-
mond, WA). Data from multiple in-
stances of the same individual within
VIVAS and QHAPDC were collapsed to
a single record, and records in both
data sets were linked by using a cre-
ated key that consists of surname
and date of hirth. Linkage was vali-
dated by using the given name. Minor
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spelling and other variations in the
given name field (involving 1-letter
differences, addition of the second
given name to the first given name
field, or addition of a hyphen in first
given names with 2 words) were
manually reviewed and accepted as
valid linkages when surname and
date of birth matched.

VE was calculated by using the screen-
ing method, comparing the proportion
of cases vaccinated and the proportion
of the population vaccinated (PPV),2
with exact 95% Cls for proportions?!22:

( ( PCV 1—PPV>>
VE=UT =\ 2pev ™ ppy

X100

A case was defined as any child who
was born between May 1, 2007, and
April 30, 2008, and had a QHAPDGC
record of hospital admission with a
rotavirus or nonrotavirus AGE ICD-
10-AM code in any field. The minimum
age of analysis for eligible children
was 35 weeks to allow for 3-dose vac-
cine administration (latest age for
third dose delivery: 33 weeks)? and
development of a protective immune
response (2 weeks).2 This criterion
may have excluded some children for
whom 3 doses of RV5 were delivered
early, but given the structure and
timing of routine primary course
vaccinations in Australia, this num-
ber is likely to be exceedingly small.
For the purposes of VE calculation,
the unit of comparison was the child
rather than the hospital admission.
This means that children who had
multiple admissions for AGE during
the study period were included in the
analysis data set once. The VE for RVS
at preventing hospitalization was
calculated for the period from Janu-
ary 1, 2008 (6 months after program
commencement), to December 31,
2008, in the first 12-month birth co-
hort of children eligible for publicly
funded vaccination.

Ethics and Confidential Data
Approvals

Ethical approval for this study was
granted by Queensland Children’s
Health Services and the Australian Na-
tional University Human Research Eth-
ics Committees. Approval for access to
confidential data held by Queensland
Health was granted by the Director
General of Queensland Health.

RESULTS

Hospital Admission Data

We extracted 257 061 hospital records
with an AGE ICD-10-AM code (including
rotavirus) as the primary or any sec-
ondary diagnosis with an admission
date between January 1, 2000, and
December 31, 2008, from QHAPDC.
Records for which the usual resi-
dence was outside Queensland
(7674) or not specified (130) were re-
moved, leaving 249 257 records for
additional analysis.

There was an immediate reduction in ro-
tavirus hospital admissions for individu-
als who were younger than 20 years af-
ter vaccine introduction in July 2007, a
finding sustained in 2008 (Table 1, Fig 1).
There were also reductions in nonrota-
virus AGE for children who were aged 1
to 4 years in 2007 and for all children
who were younger than 5 years in 2008
(Table 1, Fig 1). Hospitalization rates
increased in older age groups for
both rotavirus and nonrotavirus AGE
in 2007 and 2008, with significantly
higher rate ratios for rotavirus hos-
pitalization in those who were aged
=45 years in 2007 and those who
were aged =65 years in 2008; how-
ever, these rate increases repre-
sented only minor changes in the
absolute number of rotavirus hospi-
talizations. For the 45- to 64-year-
olds, the mean annual count of hos-
pitalizations from 2000 to 2006 was
3, increasing to 13 in 2007 and 4 in
2008. During the same period, the
number of rotavirus hospitalizations
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TABLE 1 Annual Rotavirus and Nonrotavirus AGE Hospital Admission Rates by Age Group in 2000—

2008
Age Group Mean Annual 2007 2008
RaQt(iaO(() 12002000003’)’ ) Rate Rate Ratio Rate Rate Ratio
(100000/y) ~ (95% CI) ~ (100000/y)  (95% CI)
Rotavirus hospitalizations (ICD
code A08.0, any field)
<1 374.6 2036  0.5(04-0.7) 1240  0.3(0.3-0.4)
1 479.9 2431 0.5 (0.4-0.6) 2204  0.5(04-0.5)
2 272.2 1285  0.5(0.4-0.6) 1634 0.6 (0.5-0.7)
3 142.8 609  0.4(0.3-0.6) 479  0.3(0.3-0.5)
4 76.4 335 04(03-0.7) 508  0.7(0.5-1.0
0-4 149.2 135.7  0.5(0.5-0.6) 1224 0.5(0.4-0.5)
5-19 79 3.1 0.4 (0.3-0.6) 3.3  04(0.3-06)
20-44 0.3 05 1.7(0.8-36) 03 1.0(04-286)
45-64 0.3 1.2 8 (1.9-7.5) 04  1.1(04-3.3)
=65 1.7 6.7 0(2.6-6.1) 44 26(1.5-4.2)
Nonrotavirus AGE hospitalizations
(ICD codes A00—AQ9, K52
excludes A02.2, A06.4—A06.8,
A08.0, any field)
<1 1687.7 16256  1.0(0.9-1.0) 12302 0.7 (0.7-0.8)
1945.6 1531.1 0.8 (0.7-0.8) 10746 0.6 (0.5-0.6)
2 1260.9 8924 0.7 (0.6-0.8) 702.2 0.6 (0.5-0.6)
3 785.7 5799 0.7 (0.7-0.8) 4342 0.6 (0.5-0.6)
4 550.9 4039 0.7 (0.6-0.8) 3227  0.6(0.5-0.7)
04 1239.4 10176 0.8(0.8-0.9) 763.0 0.6 (0.6-0.6)
5-19 192.6 183.5  1.0(0.9-1.0) 1839 1.0 (0.9-1.0)
20—44 262.0 2720  1.0(1.0-1.1) 2859  1.1(1.1-1.1)
45-64 290.9 3137 1.1(1.0-1.1) 3242  1.1(1.1-12)
=65 665.5 8378  1.3(1.2-1.3) 7921 12(1.2-1.2)

for those who were aged =65 years
increased from an annual mean
number of 8 (2000—2006) to 34 and
23 for 2007 and 2008, respectively.

Vaccination Data

ACIR coverage figures for the first 12-
month cohort of Queensland children
who were eligible for RV5 vaccination
and born between May 1, 2007, and
April 30, 2008 (61 617) at 12 months of
age were 73.1% (45 048) for 3 doses,
12.9% (7902) for 2 doses only, 3.6%
(2243) for 1 dose only, and 10.4% (6424)
for no doses (B. Hull, MPH, personal writ-
ten communication, November 23, 2009).
For 3-dose VE calculations, partially vac-
cinated children were removed from
PPV coverage estimates.?

Data Linkage and VE

There were 35 and 488 hospital admis-
sions for rotavirus and nonrotavirus
AGE (any diagnosis) from 34 and 425
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children, respectively, between Janu-
ary 1, 2008, and December 31, 2008,
from the first birth cohort of children
who were eligible for RV5 vaccination
(date of birth from May 1, 2007, to April
30, 2008). Of the children who were
hospitalized for rotavirus, 16 (46%)
had no rotavirus vaccination record
=14 days before hospitalization, 4
(12%) had received 1 dose of RV5, 2
(6%) had received 2 doses, and 12
(35%) had received 3 doses. Of the chil-
dren who were hospitalized for nonro-
tavirus AGE, 96 (23%) had no rotavirus
vaccination record =14 days before
hospitalization, 21 (5%) had received 1
dose of RV5, 54 (13%) had received 2
doses, and 254 (58%) had received 3
doses. For 3-dose VE estimates, hospi-
talizations for 6 and 75 partially vacci-
nated children were excluded, leaving
28 rotavirus and 350 nonrotavirus AGE
hospitalizations for calculations of
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proportion of cases vaccinated, re-
spectively (Table 2). The 3-dose VE for
preventing any hospitalization was
high for both rotavirus and nonrotavi-
rus AGE as primary or any diagnosis
(Table 2).

DISCUSSION

This study demonstrates the very high
VE (89.3%—-93.9%) of 3-dose RV5 at pre-
venting rotavirus hospitalization in a
high-coverage, developed country set-
ting. Furthermore, 3-dose RVS was
highly effective (62.2%—63.9%) at pre-
venting nonrotavirus AGE hospitaliza-
tions in the first annual birth cohort
for which vaccine was used in Queens-
land. Our ecological findings show the
substantial indirect effects of this vac-
cine in nonvaccinated age groups for
both rotavirus and nonrotavirus AGE
hospitalizations. We found immediate
and sustained reductions in rates of
rotavirus hospitalization of all patients
who were younger than 20 years and
nonrotavirus AGE hospitalization of
children who were younger than 5
years.

It is interesting that we identified
marked increases in rotavirus hospi-
talization rates in older age groups in
2007 and 2008, with minimal incre-
ments in nonrotavirus AGE hospitaliza-
tions. These findings are most likely at-
tributable to changes in laboratory
testing behavior rather than real
changes in severe disease incidence.
We previously showed that there have
been dramatic increases in rotavirus
testing in Queensland public hospitals
in older age groups, with a 307% and
184% increase in 2007 and 2008, re-
spectively, for those aged =65 years
compared with the mean number of
annual tests between 2000 and 2006.24
This rise in testing may be attributable
to increased awareness of the morbid-
ity and mortality that are associated
with gastroenteritis in the institu-
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TABLE 2 Rotavirus and Nonrotavirus AGE Hospitalizations, Case and Population Vaccination Status, and 3-Dose VE for Preventing Hospitalization

Hospitalization Diagnoses Case Vaccination Status PCV Population Vaccination Status PPV VE % (95% Cl)
Fully Unvaccinated Fully Unvaccinated
Vaccinated Vaccinated
Nonrotavirus AGE ICD code in any field 254 96 0.726 45048 6424 0.875 62.2 (51.8-70.3)
Nonrotavirus AGE IGD code as primary diagnosis 195 77 0.717 45048 6424 0.875 63.9 (52.4-72.4)
Rotavirus ICD code in any field 12 16 0.429 45048 6424 0.875 89.3 (75.9-95.4)
Rotavirus ICD code as primary diagnosis 6 14 0.300 45048 6424 0.875 93.9 (83.1-98.1)

PCV indicates proportion of cases vaccinated.

tionalized elderly and modified labo-
ratory testing behavior.?* Regard-
less, the increase in testing was
associated with a 52% and 23% re-
duction in proportion of tested spec-
imens that were rotavirus positive in
2007 and 2008, respectively, coincid-
ing with RVS introduction.?*

As with all observational methods, bias
and other issues need to be consid-
ered when interpreting our findings.?
Because the screening method com-
pares the proportion of 2 groups vac-
cinated rather than rates in different
exposure categories, we presented
only 3-dose VE. If a vaccine requires
multiple doses and is effective, then
the distribution of dose coverage in
the population (noncases), compared
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with cases, will show that more chil-
dren have complete rather than par-
tial coverage. Because our 3-dose cov-
erage was very high, VE values for at
least 1 dose (any dose) or at least 2
doses were dominated by children
who had received 3 doses, making VE
estimates very similar to the 3-dose
only VE (data not shown).

The PPV value used in VE calculations
in this study was not the result of a
limited sampling exercise, and the
key data sets—ACIR and QHAPDC—
are routinely collected and popula-
tion based. Queensland children’s
vaccination records are provided to
ACIR from VIVAS, and the validity of
ACIR data has been assessed previ-
ously. The most likely AGIR inaccu-

racy is for PPV to be underestimat-
ed,'”'® which would result in an
underestimation of VE, meaning that
our VE estimates may be conserva-
tive. We previously demonstrated
that rotavirus coding for public hos-
pital admissions is highly specific for
rotavirus disease. Between 2001 and
2006, of 222 children who were
younger than 5 years and had
rotavirus-coded hospitalizations, 197
(98%) of 201 with rotavirus testing
available were laboratory confirmed.?
There was no systematic change in
hospital coding in the period covered
by this study. Given the narrow age
range of the children in the effective-
ness component of this analysis—a
12-month birth cohort—we did not
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control for any potential confounding
as a result of age.

In other settings, rotavirus-specific ICD
coding has been shown repeatedly to
be an insensitive means of measuring
rotavirus hospitalization burden in
children.?27 In Australia, between 1993
and 2002, rotavirus-specific ICD coding
identified 4260 hospitalizations per
year of children who were younger
than 5 years,?® whereas a method that
estimated admissions by using linked
hospitalization and laboratory test-
ing data between 1998 and 2003 gave
an estimate of 9970 in the same age
group.”® In Queensland, between
2000 and 2006, of 1383 nonrotavirus
AGE—coded hospitalizations of chil-
dren who were younger than 5 years,
113 (26%) of 428 for whom rotavirus
testing was performed were labora-
tory confirmed.' This misclassifica-
tion is confirmed by the solid 3-dose
VE for RVS preventing nonrotavirus
AGE hospital admissions of 63.9%,
and this impact can be further ob-
served inthe sudden blunting of non-
rotavirus AGE admissions during ro-
tavirus season (Fig 1).

Our findings around nonrotavirus AGE
are similar to the VE values reported
for a complete 3-dose course of the
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(89.6%) and 3-dose (73.1%) coverage
seen in the first 12-month birth cohort.
The timing of Queensland’s rotavirus
season may also have been of benefit,
with at least 2 months of publicly funded
vaccination occurring in 2007 before the
traditional peak rotavirus month of Sep-
tember?* Similar to 7-valent protein-
polysaccharide conjugate pneumococ-
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cal vaccine303! these indirect effects
were unable to be calculated in infant
efficacy studies, and additional docu-
mentation of such benefits in other pop-
ulations is required.

CONCLUSIONS

There is now a small but increasing
collection of studies that show
postlicensure effectiveness or eco-
logical changes in rotavirus activity
after RVS introduction.4-82432 Qur
findings confirm these and provide
ecological evidence of reductions in
hospitalization rates in older, unvacci-
nated children and adolescents for ro-
tavirus and nonrotavirus AGE. Addi-
tional postimplementation research is
required to identify means to improve
3-dose coverage and to understand
better the effectiveness variations in
the various settings where RV5 is cur-
rently used.®s Our findings should en-
courage consideration of vaccine use
in similar industrialized countries.?
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