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The pentavalent rotavirus (RV) vaccine RotaTeq™ has been
available in industrialized countries since 2006. Several studies
have been conducted to evaluate the benefit of RV vaccination
under routine conditions of use. A systematic review of all
publicly available data from RotaTeq™ vaccine-effectiveness
and vaccination-impact studies in the US, Europe and Australia
between 2006 and February 2010 was undertaken. Depending
on the population studied, effectiveness of up to 100% (95%
confidence interval 85-100%) associated with decreased
hospitalizations for RV gastroenteritis (RVGE) was seen.
Vaccination-impact studies demonstrated that the burden of
RVGE has been reduced significantly since the introduction
of RV vaccination. Evidence included reductions in healthcare
utilization due to RVGE (hospitalizations and emergency-
department visits reduced by up to 90%), reductions in the
magnitude and duration of the RV season as assessed by
laboratory testing for RV, and the possible induction of herd
immunity.

Introduction

Rotavirus (RV) is the most common cause of severe acute gas-
troenteritis (AGE) in young children worldwide."* RV infec-
tions are most common in children aged 6-24 months,>” most
children will have been infected by 2-3 years of age,® and many
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are infected more than once.” RV gastroenteritis (RVGE) is an
important cause of death due to diarrhea in children younger
than 5 years of age worldwide, among whom it is estimated to
cause 527,000 deaths [95% confidence interval (CI), 475,000—
580,000] annually or 29% of all deaths due to diarrhea.® Most of
the mortality is in non-industrialized countries where suboptimal
access to treatment for dehydrating diarrhea can often lead to
death.?

RV is a significant public health problem in industrialized
countries mainly because of the significant burden it places on
healthcare resource use. For example, RVGE has been reported
to result in ~55,000-70,000 hospitalizations, 205,000-272,000
visits to the emergency department (ED) and 410,000 visits
to the physician’s office annually in the US.” During the usual
RV season, RVGE has accounted for 53.8% of hospitalizations,
59.1% of ED visits and 47.4% of outpatient visits in children
aged under 5 years presenting with community-acquired AGE
in the US," and RVGE has been estimated to account for up to
half of all hospitalizations and ED visits for AGE in children less
than 3 years of age in the US." Similarly, in European studies,
RVGE has been estimated to account for up to 52% of all AGE
cases in children younger than 5 years of age in Europe,'? and for
56.2% of hospitalizations and 32.8% of ED visits for commu-
nity-acquired AGE in this age group.”® Epidemiological studies
from Australia suggest a mean of 4,260 patients are hospitalized
for RVGE each year, with the highest admission rates seen in
children aged 6-12 months (618.4 per 100,000)."

There are significant direct and indirect costs associated
with RVGE. Caring for a child with RVGE also places an emo-
tional burden on families, with parents reporting considerable
levels of stress.””"” Direct costs associated with medical care for
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Appendix|. Search strategy for EMBASE

# Search history Results

effectiveness OR ‘population surveillance’/exp OR
‘population surveillance’ OR ‘epidemiologic stud-
ies’/exp OR ‘epidemiologic studies’ OR ‘surveillance’
1 OR ‘case-control studies’/exp OR impact OR ‘case-
control studies’ OR cohort*:ab,ti OR ‘retrospective
studies’/exp OR retrospective OR ‘case-control’ OR
observational

2,237,378

‘program evaluation’ OR ‘program effectiveness’ OR
‘treatment effectiveness’/exp OR ‘treatment effec-
2 tiveness’ OR ‘treatment outcome’/exp OR ‘treatment
outcome’ OR ‘outcome assessment’/exp OR ‘out-
come assessment’

4,759,412

‘rotavirus’ OR rota NEAR/3 virus OR ‘rotavirus’/exp

OR rotavirus 11,102

‘vaccine’/exp OR ‘vaccine’ OR vaccine* OR ‘immuni-
4 zation’/exp OR ‘immunization’ OR ‘immunization’/
exp OR ‘immunisation’

339,345

5 ‘RotaTeq’/exp OR RotaTeq OR ‘rotarix’/exp OR rotarix
6 #3 AND #4 OR #5
#6 AND (#1 OR #2)

1,909
3,429
2,585

review* OR ‘cost of illness/exp OR ‘cost of iliness’ OR
8 ‘clinical trial”: it OR ‘randomized controlled trial": ab,ti
OR placebo

2,656,254

9 ‘asia’/exp OR ‘asia’ OR ‘africa’/exp OR ‘africa’
10 #7 AND [2006-2010]/py NOT #8 NOT #9

628,542
526

RVGE (e.g., hospitalizations) have been estimated to account for
>US$250 million each year in the US."*” The estimated median
direct costs per child for hospitalization and ED visits have been
estimated to be US$4565 and US$867, respectively.”® In addi-
tion, the indirect costs of caring for children affected by RVGE
place a considerable burden on society and families. For example,
the total cost of working days lost by parents due to their child’s
illness amounts to >US$700 million annually in the US.'®"Y
Taken together, the indirect and direct costs associated with RV
illness are substantial. A study in Europe found that the total
cost per episode of RVGE requiring hospitalization ranged from
€1,525 in France to €2,100 in Sweden.” In the US, the total costs
of RVGE are estimated to be ~US$1 billion per year.'"

The public health burden of RVGE made the development of
RV vaccine a high priority. Two RV vaccines have been licensed
for infant vaccination since 2006. RotaTeq™ is an oral, live
pentavalent [G1, G2, G3, G4 and P(8)] human-bovine (WC3)
reassortant RV vaccine administered as a three-dose series from
6 weeks of age with a minimum of 4 weeks between doses. It
was licensed in the US and the European Union (EU) in 2006,
and was the only RV vaccine licensed in the US until 2008. In
large randomized, placebo-controlled, clinical trials, the three-
dose vaccination schedule for RotaTeq™ was 98.0% (95% CI
88.3-100%) effective against severe RVGE over the first full RV
season post-vaccination, whereas efficacy against all RVGE was
74.0% (95% CI 66.8-79.9%).%° Furthermore, for the cohort
from European countries, the combined rates of hospitaliza-
tions and ED visits due to all RVGE were reduced by 94.5%
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(95% CI 91.3-96.8%) over 2 years post-vaccination.”’ Rotarix
(GlaxoSmithKline Biologicals, Rixensart, Belgium) is an oral
live, monovalent [G1P(8)], attenuated, human RV vaccine that
has been licensed in the EU since 2006 and in the US since
2008. It is administered as a two-dose series from 6 weeks of
age, with a minimum of 4 weeks between doses. In a phase III
trial, the two-dose vaccination schedule for Rotarix was 84.7%
(95% CI 71.7-92.4%) effective against severe RVGE, 40.0%
(95% CI 27.7-50.4%) effective against severe GE of any cause,
and reduced hospitalizations for severe RVGE by 85.0% (95%
CI 69.6-93.5%) from 2 weeks after the second dose until 1 year
of age.”?

After its introduction, RotaTeq™ quickly became widely used
in the US, and some parts of the EU and Australia. After its
licensure, several studies to evaluate the benefit of RV vaccination
under routine conditions of use were conducted. The real-life
benefit of a vaccine may be assessed through effectiveness studies
(evaluation of the effect of the vaccine in a real-life setting) or
through impact studies (evaluation of the public health benefit
of a vaccination program in general). Such studies are important
to evaluate how the efficacy obtained under the ideal conditions
of randomized controlled trials translates to conditions of rou-
tine use. They also allow assessment of the early benefits of the
vaccine as well as monitoring of those benefits over time. These
studies are therefore important for future policy considerations in
countries or regions that have not yet adopted the vaccine. This
review summarizes recent data on the effectiveness of RotaTeq™
and the public health impact of RV vaccines in industrialized
countries in which RotaTeq™ was widely used. At the time of
this systematic review, many of these studies had been reported
only in abstract form at scientific congresses. The review there-
fore encompassed all data in the public domain (abstracts or peer-
reviewed publications) to gain the fullest possible understanding
of the early impact of RV vaccination on public health.

Selection of Studies

All prospective or retrospective observational studies and reg-
istry data reporting the effectiveness or impact of RV vaccines
in the US, Europe or Australia and published (or presented at
conferences) between January 2006 and 25 February 2010
were eligible for inclusion. Review articles, editorials, random-
ized controlled trials and publications in a language other than
English, German, Italian, French or Spanish were excluded. The
EMBASE and PubMed databases were searched using the strate-
gies summarized in Appendices I and II, respectively. In addi-
tion, the abstracts from relevant conferences (Appendix III) were
hand-searched to identify studies that met the inclusion criteria.

Preliminary searches yielded 526 distinct references from
EMBASE, 293 references from PubMed, and 28 references
from conference proceedings. After removal of duplicates, the
title and abstract for the remaining citations (n = 656) were
screened. Those that did not match the eligibility criteria were
excluded (Fig. 1). Fifty-eight references from EMBASE/PubMed
and 24 abstracts from congresses that met the eligibility criteria
were identified. Full-text copies of all journal publications were

735



obtained. An attempt was made to obtain the corresponding pre-
sentation (posters or slides) for abstracts from congresses. After
detailed examination, a further 43 publications were excluded
(Fig. 1). All excluded references were written in English.

Data from each study that met the inclusion criteria were
extracted independently by two reviewers. If more than one ref-
erence was found for the same study, consistency between ref-
erences was checked. If inconsistencies were identified between
references reporting data on the same aspect of a study, the
data from the most recent reference were included. If references
reported data for different aspects of the same study, all relevant
references were included. If major inconsistencies between refer-
ences were identified, the entire study was excluded. Studies were
further categorized according to whether they reported results for
RotaTeq™
vaccine efficacy under routine conditions of use) or for RV ‘vac-

‘vaccine effectiveness’ (defined as an estimate of the

cination impact’ (defined as modification of baseline epidemiol-
ogy of the target disease as the vaccine coverage increases). For
the impact of RV vaccination, studies conducted in areas where
both RV vaccines were available but where the use of RotaTeq™
was considered negligible compared with Rotarix were excluded.

Thirty-four references corresponding to 26 studies were
included in the final review. Six studies considered vaccine effec-
tiveness and 20 studies considered vaccination impact; of these,
three studies considered effectiveness and impact. The data are
described according to the five main themes that emerged from
the publications: (1) vaccine effectiveness in controlled observa-
tional studies; (2) reductions in healthcare utilization; (3) reduc-
tions in laboratory-based rotavirus activity; (4) reductions in
healthcare costs; (5) evidence for herd immunity.

Results

in controlled observational studies.

Studies on vaccine effectiveness compare the risks of disease out-

Vaccine effectiveness

comes in vaccinated or non-vaccinated populations in a real-life
setting. Common study designs are comparative-cohort studies,
case-control studies and case-cohort studies.

In comparative-cohort studies, vaccine effectiveness (VE) is
calculated as VE = 1 - RR (RR being the relative risk of devel-
oping RVGE in the vaccinated group compared with that in
the non-vaccinated group). In cohort studies, subjects with and
without the exposure of interest are followed over time to assess
the health outcome of interest. In case-control studies, however,
study groups are defined by the health outcome and then expo-
sure status is assessed retrospectively. Vaccine effectiveness in
case-control studies is calculated as VE = 1 - OR (OR being the
ratio of the odds of vaccination in cases to the odds of vaccination
in disease-free controls, which approximates the relative risk).”
In case-cohort studies, vaccination status is sampled in cases
and from population controls who are at risk for disease; vaccine
effectiveness can be calculated as VE = 1 - OR.*

Of the six studies that evaluated the vaccine effectiveness of
RotaTeq™ using controlled methods, five were undertaken in
the US (two case-control studies, two comparative-cohort stud-
ies and one case-cohort study) and a comparative-cohort study
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Appendix Il. Search strategy for PUBMED

# Search history Results
Disease #1 (Rotavirus OR Rotawrus. |.nfect|ons OR 140,053
gastroenteritis)
(Vaccination OR vaccines OR vaccine
Vaccine #2 E)R |mm'un|%at|on OR |m:nun|”sat|on.OR 274,110
immunization program” OR “Rotavirus
vaccines” [MESH] OR RotaTeq OR Rotarix)
(“Program evaluation” [MESH] OR “treat-
ment outcome” [MESH] OR “outcome
Effectiveness/ assessment (health care)” [MESH] OR
impact #3 impact OR effectiveness OR “population 2,703,031
P surveillance” [MESH] OR “epidemiologic
studies” [MESH] OR surveillance OR
“case-control studies” [MESH])
#4 (“cost-effectiveness”) 24,100
#5 (“clinical trial” [Publication Type]) 590,783
#6 (“review” [All Fields]) 1,784,370
#7 (“africa” [MESH]) 140,451
#8 (“asia” [MESH]I) 356,441
49 (“2006 [Publ.lcat.lon Date]: “3000 3,044,762
[Publication Date])
#1 and #2 and #3 and #9 not #4 not #5 not #6 not #7 203

not #8

Appendix Ill. Conference proceedings between 2006 and 2010:
hand-searched for relevant abstracts

European Society for Paediatric Infectious Diseases (ESPID)

Interscience Conference on Antimicrobial Agents and Chemotherapy
(ICAAQ)

International Congress for Infectious Diseases (ICID)
International Congress of Paediatrics (ICP)
Infectious Diseases Society of America (IDSA)
Pediatric Academic Societies (PAS)
Réunion Interdisciplinaire de Chimiothérapie Anti-infectieuse (RICAI)
Vaccines for Enteric Diseases (VED)

World Congress of the World Society for Pediatric Infectious Diseases
(WSPID)

was carried out in France (Table 1). The sources for RVGE case
identification in these studies were either active RV surveillance
[studies VEO1, VE02, VEO05], databases for health-insurance
claims (studies VE03, VEOG) or a patient database [study VE04].
Data on vaccination status were obtained from insurance claims
[studies VE03, VE06], immunization records [studies VEOI,
VEO02], immunization registries [study VEO1] and a database on
pediatric practice [study VE04]. The source of data on vaccina-
tion status was not stated for one study [study VEO5].
Case-control studies. Both case-control studies were done over
one RV season and had control groups comprising children who
were RV-negative and children with acute respiratory infections
(ARI). These studies also assessed vaccine effectiveness according
to the number of doses of RotaTeq™ received (Table 2). A study
undertaken in the ED setting between February and June 2008
found that vaccine effectiveness against laboratory-confirmed
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526 publications identified
through EMBASE

293 publications identified
through PubMed

28 abstracts identified
from congresses

656 records after duplicates removed

| IDENTIFICATION |

Studies excluded on the basis of abstracts
(n = 574; reviews, RCTs, studies in non-

industrialized countries and languages other
than English, German, Italian, French or Spanish)

82 publications
First screen
(58 records from EMBASE/PubMed and
24 abstracts from congresses)

Studies excluded on the basis of more complete
data (full text/poster) (n = 43; reviews, RCTs,

SCREENING

studies in non-industrialized countries and
languages other than German, Italian, French
or Spanish)

39 relevant publications
corresponding to 31 studies

Studies excluded (n = 5; inconsistent/unreliable

data; did not study RotaTeq, countries with low
usage of RotaTeq or low coverage of RV vaccine)

34 publications

INCLUSION

corresponding to 26 studies

l

Vaccination effectiveness
6 studies

Vaccination effectiveness

l

and impact
3 studies

Vaccination impact
20 studies

Figure 1. Summary of the study selection procedure. RCT, randomized controlled trial; RV, rotavirus.

RVGE in children aged between 15 days and 23 months increased
from 69% after one dose of vaccine to 88% after all three doses
versus the ARI and RV-negative control groups combined [study
VEO1]. A second study carried out during the 2007-2008 RV
season found that vaccine effectiveness against laboratory-con-
firmed hospitalized cases of RVGE in children under 3 years of
age after at least one dose of RotaTeq™ was 78% (range: 71%
with one dose to 88% with three doses), versus RV-negative con-
trols and 73% (range: 65% with one dose to 79% with three
doses) versus ARI controls [study VE02].

Comparative-cohort studies. All three comparative-cohort
studies evaluated the effectiveness of a complete course of
RotaTeq™ against RVGE hospitalizations (Table 3). The most
comprehensive study [study VE03] was based on a retrospec-
tive analysis of data from national health-insurance claims in
the US for infants aged 1 year or younger during the 2007 and
2008 RV seasons who had received three doses of RotaTeq™
(n = 33,140), and controls who had received three doses of
diphtheria-tetanus-acellular pertussis (DTaP) vaccine but not
RotaTeq™ (n = 26,167). Strengths of this study include that
the data were drawn from a large database covering the whole

www.landesbioscience.com

of the US, that it included large numbers of children in both
the vaccinated and unvaccinated cohorts, and that the cohorts
were compared using denominator-based incidence rates. None
of the infants vaccinated with RotaTeq™ was hospitalized for
RVGE (estimated effectiveness of RotaTeq™ 100%, 95% CI
85-100%), and effectiveness against all-cause AGE-related
hospitalizations was 69% (95% CI 58-82%) [study VEO03].
In addition, effectiveness against ED visits and outpatient vis-
its for RVGE was 100% (95% CI <0-100%) and 96% (95%
CI 76-100%), respectively. For AGE, the effectiveness was 49%
(95% CI 29-63%) for ED visits and 27% (95% CI 22—-33%) for
outpatient visits [study VE03].

In the other comparative-cohort studies, the estimated effec-
tiveness of RotaTeq™ against RVGE hospitalizations was 79%
(95% CI 30-94%) in children under 5 years of age in New
Orleans (LA) who had received at least one dose of RotaTeq™
[study VEO04], and was 98% (95% CI 84-100%) in children
younger than 2 years of age in the region of Brest (France) who
had received a complete course of RotaTeq™ [study VE05].

Case-cohort study. The case-cohort study was based on data
from a medical claims database in the US. The excess of visits for

Human Vaccines 737



Table 1. Summary of studies on the effectiveness of RotaTeq

Study

Study ID period

Settings

Outcome evaluated

Definition of groups

Definition of RVGE case

Method of assessment

of vaccine

of RV status

Case-control studies

Cases

Controls

Children aged 15 days-23

3 control groups:
1) RV-negative AGE

Clinical symptoms and
laboratory-confirmed

Immunization registry

VE=(1- OR of vaccination)x100 for
children who were age-eligible for

VE01L® February— ED in one hospital RVGE hofeltallzatlon months with laboratory- 2) age-rﬁatched.chl?dren RV-positive and immunization vaccination )
June 2008 and ED visits confirmed RVGE from an immunization records shown by For matched controls from registry:
registry parents conditional logistic regression to calculate
OR for full vaccination
Children aged <3 years, Clinical symptoms and
Hospitalization or Children aged <3 years, born on or after 1 April laboratory-confirmed . .
7- . o " N o P; | A -
n 2007-08 ED identified by N born on/after 1 April 2006 2006 with RV-positive arental interview, VE=1-OR, adjusting for season, health-
VE02 Winter— ; RVGE hospitalization . . . . medical chart and .
. New Vaccine L with laboratory-confirmed 1) RV-negative AGE in ED . e insurance status and number of age-
Spring . and ED visits L - provider-verified o
season Surveillance RVGE ED and hospitalized or hospitalized vaccination records eligible doses at enrollment
Network (NVSN) children 2) ARI controls in ED or
C arative-cohort studies Not
January 1 to National health Claims for RVGE or AGE Infants enrolled in health Infants who received three Presence of ICD-9 code
33 Y N (hospitalization, ED plan within 1 week of birth for all-cause AGE and/or Codes in the medical 1-Rate ratio for RotaTeq vs DTaP (derived
VEO3' May 312007  insurance o : " doses of DTaP but not N . : .
visits and associated who received three doses RVGE as primary claims database though Poisson regression).
and 2008 database RotaTeq " s
costs) of RotaTeq diagnosis
Children aged <5 years in
RVGE hospitalizations Children's Hospital Medical Children <5 years in
VE04™” 2007-08* Inpatients and ED viS(s Practice Corporation CHMPC not vaccinated Acute GE (ICD-9 codes) CHMPC database 1-RR
(CHMPC) vaccinated with with RotaTeq
RotaTeq
Children aged <2 years Children aged <2 years not __ Clinical symptoms for
June 2002 to vaccinated with RotaTeq vaccinated with RotaTeq GE with laboratory
VE05® 2009 Inpatients RVGE hospitalization living in the catchment living in the catchment confirmed presence of NR Relative reduction in risk (= 1-RR)
area of the hospital of area of the hospital of RV in stools
Brest Brest
Case-cohort study Cases Controls
RV-coded Codes for RVGE or GE
. hospitalization, Children aged <5 years
ly 2007— I ED, " . - " "
VE0E® July 200 npatients 0, diarrhea-associated with codes for RVGEor GE R Medical claims database  NR
June 2008 outpatients P - :
hospitalization, ED visits in database

and ient visit

AGE, acute gastroenteritis; ARI, acute respiratory infections; DTaP, diphtheria-tetanus-acellular pertussis vaccine; ED, emergency department;
GE, gastroenteritis; NR, not reported; OR, odds ratio; RR, relative risk; RV, rotavirus; GE, gastroenteritis; VE, vaccine effectiveness.

Table 2. Effectiveness of RotaTeq against hospitalizations and/or ED visits: case-control studies

Study Outcome
ID evaluated

Laboratory-
confirmed
RVGE hospital-
izations and ED
visits

VEO1

Laboratory-
confirmed
RVGE hospital-
izations

VE02

Doses Cases Controls
Definition of Number % Number % Vaccine
control group vaccinated/ vaccinated vaccinated/ vaccinated effectiveness

total cases total controls (95% ClI)

Unvaccinated  67/79 85 47/108 44 Reference

1 5/79 6 16/108 15 65% (-11 to 89)
RV 2 2/79 3 13/108 12 82% (15-98)

3 5/79 6 32/108 30 89% (70-96)

Unvaccinated  67/79 85 91/206 44 Reference

1 5/79 6 43/206 21 65% (-7 to 89)
ARI 2 2/79 3 28/206 14 72% (-37 to 94)

3 5/79 6 44/206 21 85% (55-95)

Unvaccinated  67/79 85 138/314 44 Reference
Combined RV- 1 5/79 6 59/314 19 69% (13-89)
and AR 2 2/79 3 41/314 13 81% (13-96)

3 5/79 6 76/314 24 88% (68-96)

1 NR NR NR NR 71% (17-90)
RV (overall 2 NR NR NR NR 72% (1-92)
76/314) 3 NR NR NR NR 88% (47-97)

>1 NR NR NR NR 78% (53-90)

1 NR NR NR NR 65% (8-87)
ARI (overall 2 NR NR NR NR 78% (25-93)
76/921) 3 NR NR NR NR 79% (9-95)

>1 NR NR NR NR 73% (45-87)

ARI, acute respiratory infections; ED, emergency department; NR, not reported; RV, rotavirus; RV-, rotavirus-negative; RVGE, rotavirus gastroenteritis.
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Table 3. Effectiveness of RotaTeq against hospitalization and/or ED visits: comparative-cohort studies

Study ID Dose Outcome measured

RVGE hospitalizations (per 1,000 person/
years)

RVGE ED visits (per 1,000 person/years)

RVGE hospitalizations/ED visits (per 1,000

person/years)
VEO3 3
AGE hospitalizations (per 1,000 person/

years)
AGE ED visits (per 1,000 person/years)

AGE hospitalizations/ED visits (per 1,000
person/years)

VEO04 21
VEO5 3

RVGE hospitalizations (per 1,000 children)
Total RVGE hospitalizations

Incidence among
vaccinated cases

Vaccine effectiveness
(unadjusted-95% ClI)

Incidence among
unvaccinated cases

0(0-0.4) 3.5(2.2-5.4) 100% (85-100)
0(0-0.4) 0.2 (0-0.9) 100% (<0-100)
0(0-0.4) 3.7 (2.3-5.5) 100% (86-100)
2.7 (1.7-4.2) 8.8 (6.7-11.5) 69% (48-82)
8.6 (6.7-10.9) 16.7 (13.6-20.2) 49% (29-63)
11.3 (9.1-14.0) 25.5(21.7-29.8) 56% (42-66)
0.796 3.865 79% (30-94)
1/1895 47/1985 98% (84-100)

AGE, acute gastroenteritis; ED, emergency department; RVGE, rotavirus gastroenteritis.

AGE during the 2008 RV season was compared with the mean
for the three seasons before the introduction of RV vaccination.
Estimated effectiveness of RotaTeq'™ against RVGE in children
under 5 years of age was 86% (95% CI not stated). In addition,
effectiveness against diarrhea-related events was 47% against
hospitalization, 43% against ED visits and 15% against outpa-
tient visits(95% €I not stated) [study VEOG].

Vaccination impact studies. To assess the benefit of a given
vaccination program on public health, vaccination impact stud-
ies typically evaluate modifications to a measure of the baseline
burden of the disease after widespread use of the vaccine com-
pared to the period before the vaccine was used. For RVGE, the
baseline burden measures include ED visits or outpatient/physi-
cian office visits, the number of hospitalizations due to RVGE/
AGE or RVGE disease trends, and the number of laboratory tests
for RV. The evidence and magnitude of modification of baseline
disease burden is related to data on vaccine coverage. Access to
individual patient data is not necessary; aggregated, age-specific
data on disease burden and a general estimate of vaccine coverage
are sufficient to evaluate the impact of vaccination.

Vaccination impact related to reductions in healthcare utiliza-
tion as measured by RV hospitalizations, ED visits and physician
office visits. Twenty-one studies that assessed the impact of RV
vaccination on use of healthcare resources were included. Fifteen
were undertaken in the US, two in Australia, and one each in
Spain, France and Austria (Table 4). Three studies in the US
[studies IMO1, IM03, IM11] and the studies in France [study
IM19] and Austria [study IM21] used prospective surveillance
data. The remaining studies were based on retrospective analyses
of data sources that included hospital records, data from labora-
tory reports and health-insurance claims databases.

The impact of vaccination on RVGE-related hospitaliza-
tions was the most frequently reported outcome (Table 5). In
the US, evaluation of the pre- and post-vaccination periods
demonstrated that vaccination significantly reduced the burden
of RVGE-related hospitalizations; this reduction was associated
with an increase in vaccine coverage between the 2007 and 2008
RV seasons. The Centers for Disease Control and Prevention
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(CDC; Atlanta, GA) estimated that RV vaccination coverage in
the US for infants aged 3 months who had received one dose
of vaccine increased from 49% in May 2007 to 56% in March
2008, whereas coverage with three doses in children aged 13
months increased from 3.4% to 33.7% during the same period.”
As the Advisory Committee on Immunization Practices recom-
mendations for RV vaccines were only published in August 2006,
the vaccine coverage during the 20062007 RV season was low,
and this season was considered as a transitional season.?® The
National Immunization Survey for 2009 reported that 44% of
children born within 2 years of licensure had full coverage with
RVvaccine.”

In the 2006-2007 RV season, the reduction in RVGE-
associated hospitalizations varied between 24% [study IM12]
and 81% [study IM15]. The reduction in hospitalizations during
the 2007-2008 RV season varied between 69% [study IM06]
and 90% [study IM14]. There were too few studies for a con-
clusive assessment of impact in the 2008-2009 RV season, but
the trend appeared to be similar to the impact in 2007-2008.
In addition to the impact of vaccination on hospitalization for
RVGE, there were also reports of a reduction of up to 50% for
hospitalizations due to all-cause AGE [study IM12] or diarrheal
diseases [study IM13] during 2007-2008.

A decline in RVGE-associated hospitalizations has also been
reported after the introduction of RotaTeq™ vaccination in other
countries. One study, performed in South Australia, reported
that hospitalizations for RVGE among children younger than
5 years of age were 79% lower in 2008 compared with 2006 (no
vaccine coverage data stated) [study IM17]. A second study, per-
formed in Brest, France, found that the rate in children below
2 years of age declined by 50% compared with expected rates
from the pre-vaccination period. This was consistent with the
estimated vaccine coverage of 47% with RotaTeq™, which was
the only vaccine used in that region [study IM18].

Some vaccination-impact results were also obtained in coun-
tries where both RotaTeq™ and Rotarix where used. In Almeria,
Spain, the annual rate of RVGE-associated hospitalizations
in children younger than 2 years was reduced by 45% in 2008
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Table 4. Summary of vaccination-impact studies

; Study period Data source for RVGE Definition of RVGE
Study ID Study population Study area before aftor cases case Qutcomes evaluated
UsSA
IM01% ﬂn? g}gre: dprevselnlig]g Children’s Hospital of 1994-2006 2007-08 Prospective hospital-based Clinical GE symptoms, Rul;\giesgr(i);ﬁi\é;lAGE
ool sormple e Philadelphia 2008-00 surveillance ELISA RV+ test and oo fypes
stool sample PCR typing olyp
Children with samples Number of RV+/number RV
IMo2252sese7  analyzed in one of the 1961-2006 2007-08 Passive, voluntary laboratory tests carried out
participating laboratories v reporting system/network ELISA RV+ test Timing and duration of RV
in the NREVSS network 2000-2006 2008-09 season
01/01/2007—
{"("gimﬁacnﬂi?tnycﬁﬁﬁ@ 01/01/2006 30/04/2007 Prospective surveillance Number and % RV+ tests/ total
1M03%° Children aged <3 years Ohioy' Davidson V' 1o study for inpatients, ED and Clinical GE symptoms number of tests overall and by
Cour;( Tennessee 30/04/2006 01/01/2008— sentinel outpatient clinics and ELISA RV+ test setting (inpatient, ED and
Y, 30/04/2008 outpatient clinic)
o Patients with hospital- CA RVGE/100 hospital
IMo4 acquired (HA) and . Retrospective data from Clinical symptoms and admissions.
community-acquired Chicago 200507 200708 records rapid RV antigen test HA RVGE/1,000 patient days
{CA) RV hospitalizations Transmission rate (HA/CA)
Retrospective data from
M05™7 Children admitted to Kansas City ‘hjf:“f;y = 2007-09 L?iii‘ffafc\ﬁéisfvﬁisfc"&s Positive RV antigen RV tests/total fests
hospital 208"2 06 codes, laboratory and test and ICD-9 codes
positive/total antigen test
results
72,73 " " Number RV+ tests/total tests
1Mos’ ﬁ:s'[d.ﬁmiﬁss\r}‘gg a Philadelphia 2000-06 2007-08 Hospital laboratory database ELISA RV+ test Age distribution
P Outbreak onset and duration
24 B . N N . . Number RV+ tests (pediatric
WO TaleMSno | acanedts I A Motomedvemared  psamews s
Number RV tests overall
s Results from Quest Number RV+ tests/overall no
M08 " Dec—June Dec—June Diagnostics Laboratories of tests
Children aged <6 years 2003-06 2006-08 database; national reference ELISA RV+ test Positivity rate
laboratory database Age distribution
o Children with moderately ] N Number RVGE cases
IMO9 severe/severe GE seen Texas Oct—June Oct—June Retrospective chart review ELISA RV+ test (moderate to severe)
in primary care, ED or 2000-06 2007-08 and hospital laboratory data Month of occurrence of RV
hospital peak
77 Medical claims databases Percentage reduction in GE
M10 Children aged <5 years 36 states jﬂ‘r{ezgggg jﬂ'x:gggg and national laboratory '(EHD;Zf:::)s;:; ’;?,EE visits/non-GE visits by region,
:\;\/eil\ance .?Iystem : age group and care setting
ive surveillance system
M117 Children aged <3 years with prospective enroliment Clinical symptoms of Rate (/10,000) of RV/
hospitalized in children's Ohio 1997-2006 2007, 2008 and passive laboratory GE and ELISARV+ hespitalization by year and age
hospital system used for capture— test and season.
recapture evaluation
. Children's Hospital Medical .
M12% Children aged <5 years July 2004— July 2007— " " ICD-9 codes for GE Rate of GE by care setting,
with AGE New Orleans June 2006 June 2008 Fractioe Serporation and ELISA RV+ test RV+RV-, and RV+ by age
N Diarrhea-associated healthcare
1M13% : Claims-based Codes for diarrhea- events by setting and during
Children aged <5 years 2001-06 2007-08 (MarketScan) eyents and R\'/-c.ode'd g&iﬁg:&nﬂianhea
diarrhea hospitalization hospitalization
o ELISA RV*+ test RV infections and
IM14 " : . 5 italization for t italizati before and
Patients aged <18 years Northeast Florida 2004-2006 2007-2009 Standard hospital records RVGE considered as after.
surrogate for severi Season (onset, peak and end
Hospitalized children ﬁggme diate  Hospital discharge database Al indidence of RV-
.30 aged 1 month — 18 ’ associated hospitalizations
L) years, but focus on New York State 2003-2006 season) Electronic clinical laboratory 2?3 90:?&5;[?\; gss Number of hospitalizations for
children aged <2 years 2008 (after) reporting system P diarrhea and RV, overall and
by age
Australia
Percentage change in number
Passive routine RV of RV notifications/age group in
notification from 2006 to 2008 2007 and 2008, compared with
51 .
IM16 General population Queensland 2000-2006 2007-2008 gli?r?s?;?ﬁ:;:ﬁ from ELISA RV+ test Percentage change in number
. of RV tests and number RV+
laboratories from 2000—2008 by age in 2007 and 2008,
compared with mean annual
number for 2000-2006
82 Retrospective routine hospital Hospitalization for all-cause
IM17 Children aged <5 years . 2005-06 2008-09 AGE
South Australia records NR Hospitalization for RVGE
Peak season
Europe
Number of children aged <2
years hospitalized for RVGE
65 . ol " (observed vs. expected)
IM1g Children aged <2 years Brest, France 2002-06 gggg_gggg Htozpltal based surveillance NR Incidence rate in vaccinated,
stucy incidence rate in unvaccinated
and relative incidence rate for
RVGE hospitalization
19 :é’:g'g'i:‘;;“”dre" Almeria, Spain 2006-2007  2007-09 Hospital records ELISA RV+ test :g’;i;";e:ar":' 1000 children
84 Prospective surveillance -~
120 Children aged <15 years  Austria 2001-2006  2007-2008 Clinical GE symptoms  py/GE hospitalization rates

study; sentinel system in11
hospitals

and ELISA RV+ test

RotaTeq was the only vaccine used, except in studies IM19 and IM20, where RotaTeq and Rotarix were used. AGE, acute gas-
troenteritis; ED, emergency department; ELISA, enzyme-linked immunosorbent assay; GE, gastroenteritis; NREVSS, National
Respiratory and Enteric Virus Surveillance System; PCR, polymerase chain reaction; RV, rotavirus; RVGE, rotavirus gastroenteri-
tis; RV+, rotavirus-positive; RV-, rotavirus-negative.
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Table 5. Impact of vaccination on hospitalizations for community-acquired RVGE

Definition of RV Outcome measured

Pre-vaccination

Post-vaccination

- . = 1
Study ID  season Year Results Year Results Vaccination impact
Mo1? December to June Num.berv of !aboratory-confirmed RVGE 1994-06 Mediar.t 167 2007-2009 Mean: 54.5 (range: 36-73) 67%
hospitalizations (range: 92-271)
IM03? January to Ma Incidence of RVGE hospitalization/10,000 2006 225 2007 26.8 <0%
Y Y patient-years
2008 3.7 84%
2 Community-acquired RVGE hospitalization/ Median: 1.61 . o,
IM04 September to May 100 admissions 2003-2007 (range: 1.21-1.87) 2007-2008 0.28 83%
. . 2007* 323 <0%
IM0S? January to July RVGE admissions 2002-06 o 4351)8 (range:  —5508 62 B81%
2009 123 61%
Number of laborats firmed RVGE M 128 ( 2007 o 28%
2 umber of laboratory-confirme ean: range:
IM06 December to May hospitalizations 2000-06 93-178) 2008 40 69%
2009 54 58%
<1 year 81%
2 Percentage reduction in RVGE . | year 79%
IM10 NR hospitalizations 2004-2006 NR 2007-2008 7 years 59%
3—4 years 78%
1997 43.4 (36.6-50.1)
1998 48.5 (41.3-55.7)
1999 30.1 (24.3-35.8) 2007* 24.1(18.9-28.3) 28%
IM112 ill;g;fo‘:;rgecember RVGE hospitalization/10,000 person-years 2000 18.4 (13.9-22.9)
to June (mean: 33.6) 2001 34.0 (28.5-41.0)
2002 19.9 (15.2-24.7)
2005 43.9 (36.9-50.0) 2008 4.4 (23-6.9) 87%
2006 30.7 (24.8-36.5)
RVGE hospitalization 2004-05 NR 200607 NR 24% (17 to 51)
2 2007-08 NR 88% (71-95)
12 July to June 200607 22 25% (243)
. . — . o
AGE hospitalization/1,000 children 2004-05 56 200708 28 50% (33-63)
Diarrhea-associated hospitalization/10,000 o
IM13? July to June children (per year) _ 2001-06 52— 2007-08 i 0%
RVGE hospitalization/10,000 children (per NR NR 47%
season)
2 - . 2007 44 39%
IM14 January to May/June RVGE hospitalization/1,000 admissions 2004-06 7.2 2008 07 0%
RVGE hospitalization/10,000 children 13 2008 25 81%
2006* 1379 17%
IM157 January to May/June  Mean annual number of RVGE 2003-06 1666 _ uo
hospitalizations 2007 325 81%
2008 28 70%
Number of RVGE hospitalization in one
m17* June to August hospital 2005 60 2009 " 82%
Number of RVGE hospitalization in state 2006 NR 2008 NR 79%
M1 June to June Number of expected/observed RVGE Expecied 60 2008-08 30 50%
Annual RVGE hospitalizations/1,000
IM19° October to March children 2009 220 2009 1o o
mrlgfernRVGE hospitalizations/1,000 2006-07 5.8 2008-09 17 71%
Annual RVGE hospitalization/100,000 <1 year: 2066 631 70%
M20° October to April children (extrapolated to whole country from  2001-2006 1-2 years: 1822 2008 1456 20%
surveillance system) T2 5years 436 years: 436 461 0%

*July 2006-June 2007 was considered to be a transitional season [CDC, 2009]. 'Vaccination impact expressed as the percentage reduction in hospi-
talizations in the post- vs. pre-vaccination period. 2Study undertaken in the US where the CDC estimated coverage with one dose of RV vaccine in
children aged <3 months as 49% in May 2007 and 56% in March 2008; estimated coverage with three doses of vaccine in children aged 13 months
was 3.4% in May 2007 and 33.7% in March 2008 [CDC, 2009]. *Vaccine coverage not reported. *Vaccine coverage of 51% for =1 dose and 47% for

all three doses of RotaTeq. *Vaccine coverage of 54% for =1 dose. *RotaTeq and Rotarix were used in Austria. Coverage was 59% July-December
(RotaTeq) and 87% in 2008 (Rotarix). ’Children too old to be eligible for vaccination. AGE, acute gastroenteritis; NR, not reported; RVGE, rotavirus

gastroenteritis.

compared with 2006, with an estimated RV vaccine coverage of
54% (approximately equal use of both vaccines) [study IM19]. In
Austria, the annual RVGE-associated hospitalization rate in chil-
dren younger than 1 year of age was 70% lower in 2008 com-
pared with the mean rate for the period 2001-2006 [study IM20].
RotaTeq™ was used exclusively in 2007 in Austria (vaccine cover-
age of 57%), before vaccine use changed to Rotarix in 2008.

Two studies undertaken in the US also evaluated the impact
of RV vaccination on all-cause AGE- or diarrhea-related ED visits
and outpatient/physician office visits (Table 6). A study that used
excess visits for gastroenteritis during the RV season compared with
visits during the rest of the year as a surrogate for RVGE activity
reported that ED visits by children less than 1 year of age declined
by up to 100% in 2007-2008 compared with 2004-2007. The
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same study found that outpatient/physician office visits also
declined by up to 100% in children less than 1 year of age, and
that there were substantial reductions in excess visits in non-vac-
cinated age groups (age 2—4 years) [study IM10]. The impact of
vaccination against all-cause diarrhea-related ED visits was lower
than the one against all-cause AGE-related hospitalization, with
an approximate reduction of 20% in ED visits during the 2007—
2008 RV season reported in one study [study IM13]. In addition,
impact against all-cause diarrheal health visits was estimated at
17% for the 2007-2008 RV season [study IM13].

Vaccination impact related to delayed and diminished labora-
tory-assessed RV activity. These studies evaluated the impact of
a vaccination program by comparing the numbers or propor-
tions of RV-positive assay tests, and the onset and duration of the
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Table 6. Impact of vaccination on emergency department and outpatient/physician office visits for AGE or diarrhea

Pre-vaccination Post-vaccination inati
Study ID S“‘d‘f Outcome measured Va.c cination
population Year Results Year Results impact
<y Mean for three s
1 year e feh e USA regions: 89%
y USA regions: NR ng ’ ?
2-4 years isi - 89%
Excess ED visits for all cause 004 o7 2007-08
<1 year GE/annual non-GE visits 939%
USA West USA West
0
1year region: NR region: NR 64%
2-4 years 80%
IM10 S
<1 year Mean for three Lo
Mean for three .
1 year . USA regions: 89%
. § USA regions: NR NR
2-4years Excess outpatient/office 86%
: visits for all-cause GE/ 2004-07" 2007-08 1%
<1 year I @E i o
| vear annuatnon-iE visits USA West USA West 20
y region: NR region: NR °
2-4 years 33%
ED visits for aI.I-cause 2007-08 NR 27%
GE/1,000 children 2004-05/
IM12 <5 years NR
Outpatient/office visits for 2005-06 2007-08 NR 18%
all-cause GE/1,000 children °
RVGE-associated ED vis-
its/10,000 children (per NR NR 20%
season)
IM13 <5 years 2001-06 2007-08
RVGE-associated outpa-
tient/office visits per 10,000 NR NR 17%

children (per season)

All studies were undertaken in the USA where the CDC estimated coverage with one dose of RV vaccine in children aged <3 months as 49% in May
2007 and 56% in March 2008; estimated coverage with three doses of vaccine in children aged 13 months was 3.4% in May 2007 and 33.7% in March
2008 [CDC, 2009]. 'Information was not provided in the reference, but assumed or provided by other source. AGE, acute gastoenteritis; ED, emergency
department; GE, gastroenteritis; NR, not reported; RVGE, rotavirus gastroenteritis.

RV season, before and after introduction of the RV vaccination
program.

Nine studies, all undertaken in the US, included data that
demonstrated the impact of RV vaccination on the number of
RV-positive tests (Table 7). There were substantial reductions
in the numbers of RV-positive tests after the introduction of
RotaTeq™ compared with the pre-vaccination era. The percent-
age reductions from 2008 onwards ranged from 44% [study
IM12] to 95% [study IMO07]. The RV vaccine coverage data for
the US [25] presented previously also applied to these studies.

Eleven studies reported data relating to the impact of vacci-
nation on the proportion of RV-positive tests (Table 7). In the
US, the number of tests carried out varied over time, with a con-
sequent effect on the proportions of RV-positive tests reported.
Nevertheless, there were substantial reductions (between 52%
[study IM14] and 94% [study IMO7]) in the percentage of
RV-positive AGE samples reported for the 2007-2008 RV season
compared with the pre-vaccination period in the US. Reductions
in RV-positive samples continued to be reported for the 2008—
2009 RV season, but were smaller than those observed in the
2007-2008 season. However, the proportions of positive tests
were still considerably lower compared with the pre-vaccina-
tion era [studies IM02, IM05, IM06, IM12]. In Queensland,
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Australia, there was an estimated 45% reduction in the propor-
tion of RV-positive tests in 2007, and a 43% reduction in 2008
[study IM16]. Vaccine coverage with three doses of RotaTeq™
was 75% for infants born in May—July 2007 and 80% for infants
born in August—September 2007 [study IM16].

In the US, there was also evidence of vaccination impact on
the RV season. The CDC compared the onset, duration and
magnitude of the 2007-2008 RV season with median values
for the previous 15 years. In 2007-2008, onset was delayed by
2—4 months, the duration was reduced by 12 weeks (14 versus
26 weeks) and the percentage of positive RV tests during the peak
week decreased from 41% to 17.8% [study IM02].

Vaccination impact related to reductions in healthcare costs.
Three studies carried out in the US presented evidence of reduc-
tions in healthcare costs associated with RVGE after the intro-
duction of RV vaccination [studies VE03, IMO05, IM15]. In one
of the comparative-cohort studies of effectiveness for RotaTeq™,
none of the 33,140 vaccinated infants was hospitalized or vis-
ited the ED for RVGE. Hence, there were no associated costs,
whereas among the control cohort of 26,167 infants who had
received DTaP costs of hospitalization and ED visits amounted
to ~US$75,000 (relative cost reduction 100%, 95% CI
100-100%). In addition, there was a relative reduction of 74%
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Table 7. Impact of RotaTeq on laboratory-based RV activity

Pr Post: inati Vaccination impact
. Reduction P
Study : Definition of RV No. of No. No. % in Reduction in
D Settings No.of tests i % of o " number of
season Year positive positive Year of positive positive  proportion positive
tests tests tests of positaive tests®
tests
2000-2006: 2007—
December for 26 Annual 08 14,532 1,281 9 64% 64%
Passi weeks Anr&ual median:
assive median:
IM02'  laboratory 2007-2008: 2000-06 3,551 (range 25 2008— . .
cumellance  March for 14 14211 (range:  3/007— 09 14,201 1,468 10 59% 60%
weeks 11,844-17,060 3,949)
2008-2009:
January for 17
weeks
Prospective 2007* 481 259 54 (6%) (25%)
IMo3'  Population-  Asabove 2006 405 207 51
based 2008 283 18 6 88% 91%
surveillance
Annual mean: Annual 2007* 1,020 523 51 (1%) 24%
IMO5'  Hospital January to July 2002-06 2;:;56, 1056 E?::nésf;e- 50 2008 549 108 20 60% 84%
5 00%)' : p 0293)' 2009 591 231 39 22% 66%
2007* 590 92 16 60% 41%
IMos’ Hospital December to May 2005-06 386 155.5 40 2008 358 40 11 73% 74%
2009 361 54 15 63% 65%
Single 2007* 81 37 45 (17%) 43%
1 medical "
IM07 center October to April 2005-06 170 (166-175) 65 (58-72) 38 2008 118 3 3 94% 95%
laboratory
National
IM08"  reference December to 2004-06 27,625 7,162 26 2007= 51873 1703 78 70% 76%
laboratory June 08 Y
Primary 2006-
care, ED 07* 49 19%
IMo9’ iggpitalize 4 Octoberto June AR 60.5 (50-71) NR 2007 NR NR NR
laboratory 08 14 %
data
2008 166 47 28 0% 15%
IM12'  Hospital July to June 2004-05 190 55 28 2007 139 9 7 75% 84%
2%)98_ 141 31 21 25% 44%
Single
1 hospital January to 2007-
IM14 laboratory May/June 2004-06 767 207 27 2008 666 87.3 13 52% 58%
records
1 Laboratory December to o o
IM15 data June 2005-06 672 228 34 2008 364 25 7 79% 89%
State 2007* 4,511 NR NR 45% NA
2 January to 2001— - :
IW16" laboratory  pegember 2006 o720 NR “298) 008 4113 NR NR 43% NA

*July 2006-June 2007 was considered to be a transitional season [CDC, 2009]. 'Study undertaken in the USA where the CDC estimated coverage with
one dose of RV vaccine in children aged <3 months as 49% in May 2007 and 56% in March 2008; estimated coverage with three doses of vaccine in chil-
dren aged 13 months was 3.4% in May 2007 and 33.7% in March 2008 [CDC, 2009]. 2Complete three-dose vaccine coverage in children aged 12 months
was 75% in those born in May-July 2007 and 80% in those born August-September 2007. *Figures in parentheses indicate an increase in the proportion
or number of positive tests. ED, emergency department; RV, rotavirus; NR, not reported; NA, not applicable.

(95% CI 74-74%) in costs of hospitalization and ED visits asso-
ciated with AGE (RotaTeq™ cohort US$86,000 versus DTaP
cohort US$250,000) [study VEO03]. A vaccination-impact study
done across New York State (NY) [study IM15], reported that
the reduction in total hospital costs for RV disease among chil-
dren aged 1-23 months was reduced by US$10 million from the
mean of $13.7 million per year for 2003-2006 to US$3.7 mil-
lion in 2008. Finally, an analysis of hospitalizations for RVGE
in Kansas City (MO) [study IM05] found that, compared with
estimated annual costs of US$3.6 million for 2002—2006, there
were savings of US$2.6 million in 2008 due to the reduction in
RVGE cases in all age groups.

Evidence for herd immunity. Herd immunity describes a type
of protection against infections spread from human to human
that results from interruption in the transmission of microbes
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when the number of susceptible individuals in the population is
reduced to a critical level through vaccination, thereby provid-
ing protection to unvaccinated individuals.®® The RV vaccina-
tion schedule should be completed by 32 weeks of age in the US
and by 26 weeks in Europe,? so there have been no catch-up
vaccination programs in older children. Evidence suggestive of
herd immunity after the widespread use of RV vaccines comes,
therefore, from age groups of children who were unlikely to have
been vaccinated.

In the US, three vaccine-impact studies found evidence of
reductions in RVGE-associated hospitalizations during 2008 in
children who were too old to have received the vaccine [stud-
ies IM06, IM11, IM15] (Table 8). A study in New York State
found that hospitalizations in 2008 decreased by 70% in chil-
dren in the age groups 2435 months and 60 months—18 years,
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Table 8. Impact of vaccination on hospitalizations for community-acquired RVGE by age group/evidence of herd protection

Study RV season
D definition Outcome measured Age group
<5 months
6-11 months
December to Number of laboratory- 12-17 months
IM06 Ma confirmed RVGE 18-23 months
Y hospitalizations 24-29 months
30-35 months
>3 years
<3 months
. “2'(’)’(;;’_2‘8'?9 RVGE hospitaliza- 3-5 months
IM11 ’ tion/10,000 person- 6-11 months
December to
June pears 12-23 months
24-35 months
1-11 months
12-23 months
IM15 January to Numk.>er.of R.VGE 24-35 months
May/June hospitalizations

36-59 months

60 months-18 years

Pre-vaccination Post-vaccination Vaccination
Year Results Year Results impact

30 1 63%

31 2 94%

22 6 73%

2000-06 n 2008 4 64%
10 8 20%

6 2 67%

17 3 82%

16 18 -13%

25 10 60%

2005-06 30 2008 6 80%
56 2 96%

26 4 85%

592 95 84%

572 95 83%

2003-06 245 2008 73 70%
163 34 79%

93 28 70%

All studies were undertaken in the USA where the CDC estimated coverage with one dose of RV vaccine in children aged <3 months as 49% in May
2007 and 56% in March 2008; estimated coverage with three doses of vaccine in children-aged 13 months was 3.4% in May 2007 and 33.7% in March

2008 [CDC, 2009]. RV, rotavirus; RVGE, rotavirus gastroenteritis.

and by 79% in those aged 36-59 months compared with the
mean rates for 2003-2006 [study IM15]. Similar results were
reported for Philadelphia (PA) [study IM06] and Ohio [study
IM11]. However, there was no reduction among those infants less
than 3 months of age who had been too young to be vaccinated
[study IM11].

In the US, evidence of herd immunity was also seen in studies
that evaluated the impact of vaccination on laboratory-assessed
RV activity. Laboratory data collected across the US found that,
compared with the means of the previous three seasons, in the
2007-2008 RV season there were reductions of 75%-80%
and 59%-73% in the number and proportions, respectively,
of RV-positive tests among children aged 2—6 years who were
unlikely to have been vaccinated [study IM08]. Although most
disease occurs in pediatric populations, the number of labora-
tory-confirmed cases of RVGE in adults was assessed at the
University of Massachusetts Medical Center (Worcester, MA).
A decline was noted from a mean annual number of 14 cases for
the 2003-2006 RV seasons to 1 and 3 cases in the 2006-2007
and 2007-2008 seasons, respectively [study IMO07]. Additional
evidence of herd immunity comes from the observation that the
64% reduction in the number of RV-positive tests in the US
during 2007-2008 compared with 2000-2006 was more than
double the estimated vaccination coverage of 31% for children
aged less than 2 years in 2007-2008 [study VE02].

Some evidence of possible herd protection has also been
observed in countries other than the US. Compared with data for
2006, notifications of RV disease to the Communicable Diseases
Branch of Queensland Health, Australia, decreased by 65% in
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2007 and 56% in 2008 in children aged 2—4 years who were too
old to have been vaccinated [study IM16]. However, herd protec-
tion was not observed consistently in all studies. The vaccination
impact study undertaken in Austria found no evidence sugges-
tive of herd protection with vaccine coverage of 57% in 2007
(RotaTeq™) and 87% in 2008 (Rotarix) [study IM20].

Discussion

The five main themes that emerged from this review of the post-
licensure, real-life experience demonstrate that vaccination with
RV vaccines, in countries where RotaTeq™ was widely used, has
led to significant reductions in the incidence of RVGE, in RVGE-
associated hospitalizations, ED visits and outpatient/physician
office visits, and in RV-related laboratory activity in industrial-
ized countries. These findings are consistent across studies and
countries (US, Europe and Australia).

Overall, the estimates of comparative vaccine effectiveness
from studies of RotaTeq™

data seen in the pivotal clinical trial.*® Thus, the estimates of
M

in routine use were consistent with
the effectiveness of a complete course of RotaTeq™ in case-
control studies of children who were hospitalized or visited the
ED ranged from 79% to 89% against laboratory-confirmed
RVGE depending on the study and selected control group.’®?!
These compare with the vaccine efficacy of 98% against severe
RVGE reported in the pivotal clinical trial.?* However, wide Cls
were observed in one of these studies due to low vaccine cover-
age rates.”’ Estimates of effectiveness against RVGE-associated
hospitalizations in comparative-cohort studies ranged between
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85% (95% CI 30-94%),%* and 100% (95% CI 85-100%),*
compared with the 95.8% (95% CI 90.5-98.2%) reduction in
the rate of hospitalization in the pivotal clinical trial.?

The impact of RotaTeq™ in the US became apparent within a
short period after its introduction, as shown by the delayed onset
and decreased magnitude of the 2007-2008 RV season com-
pared with the 15 previous seasons.” Recent data from Belgium
also confirm the effects reported in our Results section: vacci-
nation with RV vaccines was followed by a 4- to 6-week delay
in the onset of disease and peak incidence.** Similar significant
reductions in disease have been noted after the introduction of

other vaccines,?3¢

and provide further evidence for the signifi-
cant public health benefit of vaccination. Recent research sug-
gests that the impact of RV vaccination has been sustained for
up to three seasons in the US.?% Although these reductions
could be attributed to the natural seasonal fluctuations in RV
activity, they are significantly more pronounced than the his-
torical long-term patterns typically observed for rotavirus.*>4
It will be important, however, to continue monitoring this
trend over time to confirm the long-term impact of RV vacci-
nation. For example, in New Orleans, during the 2008-2009
season, although overall reductions in the incidence of RVGE
continued to be observed compared with the pre-vaccine
era, the reported incidence was increased compared with the
2007-2008 season.”!

A potential limitation of this systematic review is that many
of the included studies had been reported only in abstract form at
the time of study selection. Such sources may have a number of
weaknesses compared with full peer-reviewed papers, including
limited details on methodology that make it difficultto assess
the quality of the study, the presentation of summary statistics
rather than full data sets, and the inclusion of preliminary results
that may differ from the final analyses. However, a number of
full peer-reviewed papers have recently been published with data
that are consistent with the preliminary findings reported in the
abstracts.*** We therefore believe that the use of abstracts pro-
vided an accurate representation of vaccine impact at a time when
they were the only source of information on this important issue.

In many of the studies, there was moderate-to-high vaccine
coverage. In March 2008, the CDC estimated that 56% of infants
aged 3 months in the US had received one dose of vaccine,” and
RotaTeq™ was the only vaccine available in the US until 2008.
These factors contributed to the ability of pre-/post-studies to
document a significant impact of RV disease and allowed many
studies to specifically evaluate the impact of RotaTeq™ in the
US. Similarly, rapid attainment of high coverage may also have
contributed to observation of a suggested herd immunity effect
in the US.

Prospective analyses of laboratory data, such as that undertaken
by the National Respiratory and Enteric Viruses Surveillance
System in the US, undoubtedly represent the best method for
assessing the laboratory-based impact of vaccination. However,
the number of laboratories that participate in the surveillance
network may decline in the post-vaccination period. This could
influence the observed trends in RV disease (particularly in rela-
tion to changes in the number of positive tests) and needs to
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be borne in mind in future analyses of vaccination impact. A
reduction in the number of reporting laboratories would have
less effect on trends observed in the percentage of positive tests.
Consequently, the percentage of positive tests may be regarded as
a more reliable long-term measure of changes in RV activity as a
result of vaccination.

In contrast to laboratory surveillance studies, vaccination-
impact studies relying on healthcare resources (e.g., hospital-
ization, ED visits and outpatient/physician office visits) are
relatively easy to conduct and provide useful markers of RV activ-
ity. However, they are vulnerable to biases due to differences in
medical practice and variations in the quality of data collected.
The interpretation of impact study results, as a whole, may be
complicated by uncontrolled factors such as natural fluctuations
in disease incidence that make it difficult to attribute the differ-
ences observed to the vaccine alone unless vaccine coverage is
high and the observed reductions in disease incidence are very
large.® Notwithstanding these limitations, the results of such
studies are often considered more intuitive by healthcare pro-
viders than case-control or incidence-based cohort studies. This
helps to facilitate dissemination of the data.

Several vaccination-impact studies undertaken in the US
included data for RV-positive tests or RVGE-related hospitaliza-
tions that showed a reduction in RV disease in children older
than 2 years of age (i.e., who were too old to have received RV
vaccine). Thus, there is some evidence of herd immunity after the
introduction of RV vaccination. As mentioned above, the signifi-
cant rate of vaccine coverage may be a factor for the observation
of herd immunity in the US. In contrast to findings in the US,
there was less evidence of a decline’in RV disease in unvaccinated
children in Europe. This may reflect the smaller number of stud-
ies carried out there, a lower vaccine coverage rate or differences
in study design. A mathematical model for the impact of vac-
cination in five countries in the European Union predicted that
vaccination coverage rates of 70%, 90% and 95% would provide
reductions in RVGE of 25%, 22% and 20%, respectively, due
to herd protection 5 years after implementation of a two-dose
vaccination program.“® Indirect protection may be due to inter-
ruption of RV transmission among all children and/or exposure
of unvaccinated children to vaccine virus shed in the stools of
vaccinated infants.”® However, it is theoretically possible that
decreased transmission of RV during a single season may leave
unvaccinated children susceptible to RVGE in future. Clearly,
this area warrants further investigation as experience with RV
vaccination grows.

Several additional studies have been published since the studies
included in the defined literature review were retrieved. Curns et
al.#” analyzed data for hospital discharge for children <5 years of
age in 18 states in the US to evaluate reductions in hospitaliza-
tions for AGE during the 2007 and 2008 RV seasons compared
with the same periods in 2000-2006. The results of that study
are similar to those presented here. Further data on the effective-
ness and impact of RotaTeq™ in Queensland, Australia, have also
been published. The effectiveness of the three-dose schedule for
preventing RVGE-associated hospitalization was 93.9% (95%
CI 83.1-98.1%), and immediate and sustained reductions in
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RVGE-associated hospitalizations were observed in all age cohorts
younger than 20 years after introduction of the vaccine in 2006.8

The present review focused on studies from industrialized
countries due to the well-defined healthcare systems in those
countries. However, “developing” countries have a greater burden
of RV disease than industrialized nations that, in addition, often
results in mortality.>*** Thus, vaccination can have a greater
impact on public health in these countries.’** Several obser-
vational studies of vaccination impact have also been done in
non-industrialized countries. For example, in Nicaragua, where
RotaTeq™ was introduced in 2006, a case-control study found
that the effectiveness of three doses of RotaTeq™ against severe
RV diarrhea was 58% between June 2007 and June 2008.° A
second study undertaken between February 2007 and October
2009 reported vaccine effectiveness against severe RVGE of 58%
(95% CI 37-72%) and 87% (95% CI 78-93%) compared with
age-matched hospital controls with non-diarrheal infectious dis-
eases, and community controls from the neighborhood of the
cases, respectively.”® In Africa, RotaTeq™ was shown to pro-
vide significant benefit during the first 2 years of life, with vac-
cine efficacy against severe rotavirus gastroenteritis of 39.3%.
Furthermore, a vaccination study performed in Malawi and
South Africa reported that a greater number of severe RVGE
cases were prevented in Malawi, despite lower efficacy in that
country compared with South Africa.’® No study has directly
assessed the impact of RotaTeq™ vaccination on mortality, but
one research group estimated that rotavirus vaccination could
reduce RV mortality in children younger than 5 years of age in
Nicaragua by 74% (95% CI 35-90%).%” This estimate is similar
to that from an analysis of Nicaraguan national health statistics,
which suggested that 1-3 doses of RotaTeq™ were associated
with a 73% reduction in mortality among children 3—11 months
of age’® Mortality may provide the best means of measuring
the impact of RV vaccination in developing countries, while in
industrialized nations healthcare costs or illness rates are pref-
erable. RV vaccination can have a significant impact on public
health in both developing and industrialized nations, albeit with
different manifestations.

The direct and indirect medical costs associated with RVGE
are substantial.'*">'#1%% The reductions in RVGE-related hospi-
talizations, ED and outpatient/physician office visits that have
been reported in vaccination-impact studies provide evidence
of a reduction in use of healthcare resources as a result of RV
vaccination. This was reflected in the direct reductions in cost
reported in this review. However, research has documented that
indirect costs are significant and contribute ~75% of the total
societal costs associated with RVGE." Therefore, although it can
be inferred that vaccination may contribute to an overall reduc-
tion in healthcare costs from a societal perspective, appropriate
cost-effectiveness studies that also account for the costs of the
vaccination program and the reduction in indirect costs using
data from the post-vaccination era may contribute a better under-
standing of the societal value of RV vaccination campaigns.

The effect of vaccination on RV genotype distribution is
another important issue to consider. To date, however, there are
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no robust data to determine whether RV vaccination programs
have directly affected serotype prevalence. Most data come from
ecologic studies, which are not able to address this question ade-
quately due to the wide temporal and geographic variation in RV
serotypes, as documented extensively before the introduction of
vaccination. Thus, the emergence of specific serotypes or uncom-
mon strains after vaccination could simply represent natural
variation unrelated to vaccination. In a study that attempted to
address this question, secular variation in RV serotype prevalence
was noted in the post-vaccination era, even in conditions of rela-
tively low vaccine coverage.®® This led the authors to highlight
the need for caution in assessing the impact of vaccination upon
the emergence of uncommon RV serotypes. Another recent study
showed increased prevalence of G2 RV strains after the introduc-
tion of vaccination, but it was unclear whether this change was
related to vaccination or natural fluctuations.®" Additional well-
designed epidemiologic studies are needed to ascertain whether
vaccination affects RV genotype distribution.

In summary, this systematic review confirmed the high and
rapid benefit of RotaTeq™ in a real-life setting. Since its intro-
duction in 2006, it has contributed to a significant reduction in
the burden of RVGE through direct and indirect effects, thereby
providing an important benefit to public health. Furthermore,
the vaccine effectiveness-observed under routine use is consistent
with the efficacy data obtained during the clinical development of
the vaccine. Moreover, these benefits were observed consistently
across all industrialized countries in which it was introduced.
Notwithstanding these reassuring findings, long-term follow-up of
the epidemiology of RVGE will be necessary to fully understand
the impact of vaccination on the natural history of RV disease.

Acknowledgments

The authors take full responsibility for the content of this manu-
script and thank Communigen Limited, Oxford, UK (supported
by sanofi pasteur MSD) for their assistance in preparing the
manuscript. We thank Creativ-ceutical for their assistance in
data collection and analyses for the systematic review. We also
thank Margaret Haugh for her assistance.

Conflicts of Interest

Carlo Giaquinto has served on expert groups, and has received
educational grants and honoraria for conferences from Merck,
sanofi pasteur MSD, GlaxoSmithKline Biologicals.

Geraldine Dominiak-Felden is an employee of Sanofi Pasteur
MSD, which distributes RotaTeq™ in Europe.

Pierre Van Damme acts as chief and principal investigator for
vaccine trials conducted on behalf of the University of Antwerp,
for which the University obtains research grants from vaccine
manufacturers; speakers fees for presentations on vaccines are
paid directly to an educational fund held by the University of
Antwerp. PV.D. receives no personal remuneration for this work.

Tin Tin Htar Myint was an employee of sanofi pasteur MSD,
which distributes RotaTeq™ in Europe, at the time of the study

Yvonne Maldonado is a member of an advisory board on vac-
cines and a former member of the speakers’ bureau for Merck.

Volume 7 Issue 7



board for sanofi pasteur MSD.

factures the RotaTeq™ vaccine.

References

World Health Organization. State of the art of new
vaccines research & development: initiative for vac-
cine research. Geneva, Switzerland: World Health
Organization 2003. Available from: http://www.who.
int/vaccine_research/documents/en/stateofart_excler.pdf
Clark B, McKendrick M. A review of viral gastroen-
teritis. Curr Opin Infect Dis 2004; 17:461-9; PMID:
15353966.

Leung AK, Kellner JD, Davies HD. Rotavirus gastroen-
teritis. Adv Ther 2005; 22:476-87; PMID: 16418157.
Girard MP, Steele D, Chaignat CL, Kieny MP. A
review of vaccine research and development: human
enteric infections. Vaccine 2006; 24:2732-50; PMID:
16483695.

Clark H, Offit P. Vaccines for rotavirus gastroenteritis
universally needed for infants. Pediatr Ann 2004;
33:536-43; PMID: 15354605.

Parashar UD, Hummelman EG, Bresee JS, Miller MA,
Glass RI. Global illness and deaths caused by rotavirus
disease in children. Emerg Infect Dis 2003; 9:565-72;
PMID: 12737740.

Veldzquez FR, Matson DO, Calva JJ, Guerrero L,
Morrow AL, Carter-Campbell S, et al. Rotavirus
infections in infants as protection against subsequent
infections. N Engl ] Med 1996; 335:1022-8; PMID:
8793926.

Parashar UD, Burton A, Lanata C, Boschi-Pinto C,
Shibuya K, Steele D, et al. Global mortality associated
with rotavirus disease among children in 2004. J Infect
Dis 2009; 200:9-15; PMID: 19817620.

Parashar UD, Alexander JP, Glass RI. Advisory
(ACIP),

Centers for Disease Control and Prevention. Prevention

Committee on Immunization Practices

of rotavirus gastroenteritis among infants and children.
Recommendations of the Advisory Committee on
Immunization Practices (ACIP). MMWR Recomm
Rep 2006; 55:1-13.

Mast TC, Walter EB, Bulotsky M, Khawaja SS,
DiStefano D], Sandquist MK, et al. Burden of child-
hood rotavirus disease on health systems in the United
States. Pediatr Infect Dis J 2010; 29:19-25; PMID:
20135751.

Payne DC, Staat MA, Edwards KM, Szilagyi PG,
Gentsch JR, Stockman LJ, et al. Active, population-
based surveillance for severe rotavirus gastroenteritis
in children in the United States. Pediatrics 2008;
122:1235-43; PMID: 19047240.

Van Damme P, Giaquinto C, Huét F, Gothefors L,
Maxwell M, Van der Wielen M, et al. Multicenter
prospective study of the burden of rotavirus acute
gastroenteritis in Europe 2004-2005: The REVEAL
Study. J Infect Dis 2007; 195:4-16; PMID: 17387650.
Forster ], Guarino A, Parez N, Moraga F, Romén E,
Mory O, et al. Hospital-based surveillance to estimate
the burden of rotavirus gastroenteritis among European
children younger than 5 years of age. Pediatrics 2009;
123:393-400; PMID: 19254975.

Newall AT, Raina M, Wang H, Hull B, Macartney
K. Burden of severe rotavirus disease in Australia. ]
Paediatr Child Health 2006; 42:521-7.

Giaquinto C, Van Damme P, Huet E Gothefors L,
Wielen Van der M. REVEAL Study Group. Costs of
community-acquired pediatric rotavirus gastroenteritis
in 7 European countries: the REVEAL Study. J Infect
Dis 2007; 195:36-44; PMID: 17539193.

Mast TC, DeMuro-Mercon C, Kelly CM, Floyd LE,
Walter EB. The impact of rotavirus gastroenteritis
on the familp. BMC Pediatr 2009; 9:11; PMID:
19200366. Available from: http://www.biomedcentral.
com/1471-2431/9/11

www.landesbioscience.com

Vana Spoulou is a member of the paediatric vaccines advisory

T. Christopher Mast is an employee of Merck, which manu-

20.

21.

i3

23.

24.

25.

26.

27.

28.
29.

30.

Mary Allen Staat has served on the advisory boards and

speakers’ bureaus and has received research funding from Merck

vaccines.

Van der Wielen M, Giaquinto C, Gothefors L, Huelsse
C, Huet E Littmann M, et al. Impact of community-
acquired paediatric rotavirus gastroenteritis on family
life: data from the REVEAL study. BMC Fam Pract
20105 11:22; PMID: 20230601. Available from: heep://
www.biomedcentral.com/1471-2296/11/22

Tucker AW, Haddix AC, Bresee JS, Holman RC,
Parashar UD, Glass RI. Cost-effectiveness analysis of a
rotavirus immunization program for the United States.
JAMA. 1998; 279:1371-6; PMID: 9582045. Available
from: http://jama.ama-assn.org/content/279/17/1371.
long

Widdowson MA, Meltzer MI, Zhang X, Bresee ]S,
Parashar UD, Glass RI. Cost-effectiveness and potential
impact of rotavirus vaccination in the United States.
Pediatrics 2007; 119:684-97; PMID: 17403839.
Available from: http://pediatrics.aappublications.org/
cgi/content/full/119/4/684

Vesikari T, Matson DO, Dennehy P, Van Damme P,
Santosham M, Rodriguez Z, et al. Safety and efficacy of
a pentavalent human-bovine (WC3) reassortant rotavi-
rus vaccine. N Engl J Med 2006; 354:23-33; PMID:
16394299. Available from: http://www.nejm.org/doi/
full/10.1056/NEJMo0a052664

Vesikari T, Itzler R, Karvonen A, Korhonen T, Van
Damme P, Behre U, et al. RotaTeq, a pentavalent
rotavirus vaccine: efficacy and safety among infants in
Europe. Vaccine 2009; 28:345-51; PMID: 19879226.
Ruiz-Palacios GM, Pérez-Schael I, Veldquez FR, Abate
H, Breuer TH, Clemens SC, et al. Safety and efficacy
of an attenuated vaccine against severe rotavirus gas-
troenteritis. N Engl ] Med 2006; 354:11-22; PMID:
16394298; Available from: http://www.nejm.org/doi/
full/10.1056/NEJMoa052434

Schulz KF, Grimes DA. Case-control studies: research
in reverse. Lancet 2002; 359:431-4; PMID: 11844534.
Farrington CP. Estimation of vaccine effectiveness
using the screening method. Int J Epidemiol 1993;
22:742-6; PMID: 8225751.

Centers for Disease Control and Prevention (CDC).
Delayed onset and diminished magnitude of rotavirus
activity—United States, November 2007-May 2008.
MMWR Morb Mortal Wkly Rep 2008; 57:697-700;
PMID: 18583958. Available from: http://www.cde.
gov/mmwr/preview/mmwrhtml/mm5725a6.htm
Centers for Disease Control and Prevention (CDC).
Reduction in rotavirus after vaccine introduction—
United States 2000-2009. MMWR Morb Mortal
Wkly Rep 2009; 58:1146-9; PMID: 19847149.
Available from: http://www.cdc.gov/mmwr/preview/
mmwrhtml/mm5841a2.htm

Centers for Disease Control and Prevention (CDC).
National, state and local area vaccination cover-
age among children aged 19-35 months—United
States 2009. MMWR Morb Mortal Wkly Rep 2010;
59:1171-7; PMID: 20847720. Available from: htep://
www.cdc.gov/mmwr/preview/mmwrhtml/mm5936a2.
htm?s_cid=mm5936a2_w

Preedy VR, Watson RR. Handbook of disease burdens
and quality of life measures. New York: Springer 2010;
4:4225.

Chandran A, Santosham M. RotaTeq: a three-dose oral
pentavalent reassortant rotavirus vaccine. Expert Rev
Vaccines 2008; 7:1475-80; PMID: 19053204.

Boom JA, Tate JE, Sahni LC, Rench MA, Hull
JJ, Gentsch JR, et al. Effectiveness of pentavalent
rotavirus vaccine in a large urban population in the
United States. Pediatrics 2010; 125:199-207; PMID:
20083525.

Human Vaccines

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

and GlaxoSmithKline, both of which have licensed rotavirus

Payne DC, Staat MA, Donaeur S, Weinberg GA,
Edwards K, Szilagyi PG, et al. Post-licensure effec-
tiveness of RotaTeq vaccine in US children. 5%
International Conference on Vaccines for Enteric
Diseases (VED). 9-11 September 2009. Malaga, Spain.
Begué RE, Perrin K. Efficiency of pentavalent rotavirus
vaccine (PRV) in primary practice. Pediatric Academic
Societies, Annual Meeting. 2-5 May 2009, Baltimore,
MD USA.

Wang FT, Mast TC, Glass R], Loughlin J, Seeger
JD. Effectiveness of the pentavalent rotavirus vaccine
in preventing gastroenteritis in the United States.
Pediatrics 2010; 125:208-13; PMID: 20100757.
Braeckman T, Van Herck K, Raes M, Vergison A, Sabbe
M, Van Damme P. Rotavirus vaccines in belgium:
policy and impact. Pediatr Infect Dis J 2011; 30:21-4.
PMID: 21183836.

Whitney CG, Farley MM, Hadler J, Harrison LH,
Bennett NM, Lynfield R, et al. Decline in inva-
sive pneumococcal disease after the introduction of
protein-polysaccharide conjugate vaccine. N Engl J
Med 2003; 348:1737-46; PMID: 12724479. Available
from: hetp://www.nejm.org/doi/full/10.1056/
NEJMo0a022823

Olin P, Gustafsson L, Barreto L, Hessel L, Mast TC,
Rie AV, et al. Declining pertussis incidence in Sweden
following the introduction of ‘acellular pertussis vac-
cine. Vaccine 2003; 21:2015-21; PMID: 12706691.
Mast TC, Wang F, Glass R, Seeger J. Sustained reduc-
tion in 2009 of pediatric rotavirus medical encounters
in a national medical claims database after introduc-
tion of RotaTeq®, oral pentavalent rotavirus vaccine.
44" National Immunization Conference. 19-22 April
2010; Atlanta, Georgia USA. Abstract 22838.

Parashar U. Impact of rotavirus vaccines in the United
States. 9" International Rotavirus Symposium. 2-3
August 2010; Johannesburg, South Africa.

Santos N, Hoshino Y. Global distribution of rotavi-
rus serotypes/genotypes and its implication for the
development and implementation of an effective rota-
virus vaccine. Rev Med Virol 2005; 15:29-56; PMID:
15484186.

Desselberger U, Wolleswinkel-van den Bosch J,
Mrukowicz J, Rodrigo C, Giaquinto C, Vesikari T.
Rotavirus types in Europe and their significance for
vaccination. Pediatr Infect Dis J 2006; 25(1 Suppl):30-
41; PMID: 16397427.

Sanzone AM, Begué RE. Rotavirus hospital surveil-
lance in the era of immunization. Open Vaccine ]
2010; 3:89-95. Available from: http://www.bentham.
org/open/tovacj/articles/V003/89TOVAC].pdf

Tate JE, Mutuc JD, Panozzo CA, Payne DC, Cortese
MM, Cortes JE, et al. Sustained decline in rotavirus
detections in the United States following the introduc-
tion of rotavirus vaccine in 2006. Pediatr Infect Dis |
2011; 30:30-4. PMID: 21183838.

Tate JE, Cortese MM, Payne DC, Curns AT, Yen C,
Esposito DH, et al. Uptake, impact and effectiveness
of rotavirus vaccination in the United States: review of
the first 3 years of postlicensure data. Pediatr Infect Dis
J2011; 30:56-60. PMID: 21183842.

Buttery JB Lambert SB, Grimwood K, Nissen MD,
Field EJ, Macartney KK, et al. Reduction in rotavirus-
associated acute gastroenteritis following introduction
of rotavirus vaccine into Australia’s national childhood
vaccine schedule. Pediatr Infect Dis J 2011; 30:25-9.
PMID: 21183837.

747



45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

748

Derrough T, Dominiak-Felden G. Vaccine effectiveness
(VE)—vaccination impact (VI). Definition, similarities
and differences. The example of rotavirus (RV) vaccina-
tion. 13" European Meeting of the Society for Medical
Decision Making. 30 May-2 June 2010-Innsbruck,
Austria.

Van Effelterre T, Soriano-Gabarré M, Debrus S, Claire
Newbern E, Gray J. A mathematical model of the indi-
rect effects of rotavirus vaccination. Epidemiol Infect
2010; 138:884-97; PMID: 20028612.

Curns AT, Steiner CA, Barrett M, Hunter K, Wilson
E, Parashar UD. Reduction in acute gastroenteritis
hospitalizations among US children after introduction
of rotavirus vaccine: analysis of hospital discharge data
from 18 US states. ] Infect Dis 2010; 201:1617-24;
PMID: 20402596.

Field EJ, Vally H, Grimwood K, Lambert SB.
Pentavalent rotavirus vaccine and prevention of gastro-
enteritis hospitalizations in Australia. Pediatrics 2010;
126:506-12; PMID: 20732946.

Bresee JS, Galss RI, Ivanoff B, Gentsch JR. Current
status and future priorities for rotavirus vaccine devel-
opment, evaluation and implementation in develop-
ing countries. Vaccine 1999; 17:2207-22; PMID:
10403588.

Black RE, Morris SS, Bryce J. Where and why are
10 million children dying every year? Lancet 2003;
361:2226-34; PMID: 12842379.

Jiang V, Jiang B, Tate ], Parashar UD, Patel MM.
Performance of rotavirus vaccines in developed and
developing countries. Hum Vaccines 2010; 6:532-42;
PMID: 20622508.

Tate JE, Patel MM, Steele AD, Gentsch JR, Payne DC,
Cortese MM, et al. Global impact of rotavirus vac-
cines. Expert Rev Vaccines 2010; 9:395-407; PMID:
20370550.

Patel M, Pedreira C, De Oliveira LH, Tate ], Orozco
M, Mercado J, et al. Association between pentavalent
rotavirus vaccine and severe rotavirus diarrhea among
children in Nicaragua. JAMA 2009; 301:2243-51;
PMID: 19491186. Available from: http://jama.ama-
assn.org/content/301/21/2243.long

Mast TC, Espinoza F, Palacio del Carmen L, Khawaja
S, Sénchez E. Nicaragua Rotavirus Surveillance Project
Team. Effectiveness of the oral pentavalent rotavirus
vaccine in Nicaragua. 28" Annual Meeting of the
European Society for Paediatric Infectious Diseases
(ESPID). 4-8 May 2010; Nice, France.

Armah GE, Sow SO, Breiman RE, Dallas M]J, Tapia
MD, Feikin DR, et al. Efficacy of pentavalent rotavirus
vaccine against severe rotavirus gastroenteritis in infants
in developing countries in sub-Saharan Africa: a ran-
domised, double-blind, placebo-controlled trial. Lancet
2010; 376:606-14; PMID: 20692030.

Madhi SA, Cunliffe NA, Steele D, Witte D, Kirsten
M, Louw C, et al. Effect of human rotavirus vaccine on
severe diarrhea in African infants. N Engl ] Med 2010;
362:289-98. PMID: 20107214.

Munos MK, Walker CL, Black RE. The effect of rota-
virus vaccine on diarrhoea mortality. Int J Epidemiol
2010; 39:56-62; PMID: 20348127.

Sanchez K, Gonzalez SE Rotavirus vaccination in
Nicaragua and infant mortality by acute diarrhea in
2007. 15™ Annual Conference on Vaccine Research;
Baltimore, MD; April 27-29, 2009; Poster 66.
Pediatric  ROTavirus  European ~ CommitTee
(PROTECT). The paediatric burden of rotavirus dis-
ease in Europe. Epidemiol Infect 2006; 134:908-16;
PMID: 16650331.

Payne DC, Szilagyi PG, Staat MA, Edwards KM,
Gentsch JR, Weinberg GA, et al. Secular variation in
United States rotavirus disease rates and serotypes:
implications for assessing the rotavirus vaccination
program. Pediatr Infect Dis J 2009; 28:948-53; PMID:
19859013.

6l.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Zeller M, Rahman M, Heylen E, De Coster S, De
Vos S, Arijs I, Novo L, et al. Rotavirus incidence and
genotype distribution before and after national rota-
virus vaccine introduction in Belgium. Vaccine 2010;
28:7507-13; PMID: 20851085.

Boom ], Tate J, Sahni L, Rench M, Baker C,
Parashar U. Effectiveness of pentavalent rotavirus
vaccine (RV5) in US clinical practice. 48" Annual
Interscience Conference on Antimicrobial Agents and
Chemotherapy (ICAAC) and 46" Annual Meeting of
the Infectious Discases Society of America (IDSA).
25-28 October 2008; Washington, DC USA.
Gagneur A, Lemaitre T, Segura JE Delaperritre N,
Abalea L, Poulhazan E, et al. Impacte d’une campagne
de VAccination des NOurissons sur les Hospitalisations
pour gastroEntérite aigiies 2 rotavirus: étude prospec-
tive sur la communauté urbaine de Brest. Etude
IVANHOE. 29" Réunion interdisciplinaire de chi-
miothérapie anti-infectieuse (RICAI). 3-4 December
2009; Paris, France.

Cortes ], Curns A, Tate J, Cortese M, Patel M, Zhou
FJ, Parashar U. Impact and effectiveness of rotavirus
vaccine on diarrhea-associated healthcare utilization
in US children. 47 Annual Meeting of the Infections
Diseases Society of America (IDSA). 29 October-1
November 2009; Philadelphia, PA USA.

Clark HE Lawley D, Mallette LA, DiNubile M]J,
Hodinka RL. Decline in cases of rotavirus gastro-
enteritis presenting to The Children’s Hospital of
Philadelphia after introduction of a pentavalent rota-
virus vaccine. Clin Vaccine Immunol 2009; 16:382-6;
PMID: 19158283.

Tate JE, Panozzo CA, Payne DC, Patel MM, Cortese
MM, Fowlkes AL, et al. Decline and change in season-
ality of US rotavirus activity after the introduction of
rotavirus vaccine. Pediatrics 2009; 124:465-71; PMID:
19581260.

Panozzo C, Tate ], Payne D, Cortese M, Patel M,
Cortes J, et al. Impact of the new rotavirus vaccination
program on severe rotavirus disease in US children.
6™ Annual Meeting of the World Society for Pediatric
Infectious Diseases (WSPID). 18—-22 November 2009;
Buenos Aires, Argentina.

Payne DC, Edwards KM, Staat MA, Szilagyi PG,
Gentsch JR, Curns AT, et al. Decline in rotavirus
hospitalizations in 3 US counties after introduction of
rotavirus vaccine. Pediatric Academic Societies, Annual
Meeting 2—-5 May 2009; Baltimore, MD USA.
Anderson EJ, Rupp A, Shulman ST, Noskin GA.
Impact of vaccination on nosocomial transmission
of rotavirus. 47" Annual Meeting of the Infectious
Disease Society of America (IDSA). 29 October-1
November 2009; Philadelphia, PA USA.

Harrison CJ, Jackson MA, Olson-Burgess C,
Selvarangan R. Fewer 2008 hospitalizations for rota-
virus (RV) in Kansas City, two years post RV vaccine.
48" Annual Interscience Conference on Antimicrobial
Agents and Chemotherapy (ICAAC) and 46% Annual
Meeting of the Infectious Diseases Society of America
(IDSA). 25-28 October 2008; Washington, DC USA.
Harrison CJ, Jackson MA, Olson-Burgess C, Livingston
R, Selvarangan R. Rebound in rotavirus (RV) hospital-
izations during 2009 in Kansas City from record low
in 2008. 47" Annual Meeting of the Infectious Disease
Society of America (IDSA). 29 October—1 November
2009; Philadelphia, PA USA.

Daskalaki I, Wood SJ, Inumerable YM, Long SS.
Epidemiology of rotavirus-associated hospitalizations
pre- and post-immunization: North Philadelphia
2000-2008. 48" Annual Interscience Conference on
Antimicrobial Agents and Chemotherapy (ICAAC)
and 46" Annual Meeting of the Infectious Diseases
Society of America (IDSA). 25-28 October 2008;
Washington, DC USA.

Human Vaccines

73.

74.

75.

76.

77.

78.

1°.

80.

81.

82.

83.

84.

Daskalaki I, Wood SJ, Inumerable YM, Long SS. No
further reduction in rotavirus-associated hospitaliza-
tions in North Philadelphia after universal immuniza-
tion of a second birth cohort. 47* Annual Meeting of
the Infectious Diseases Society of America (IDSA).
October 29-November 1 2009; Philadelphia, PA USA.
Hatch S, Fontecchio S, Gibson L, Ellison R.
Rapid decline in pediatric rotavirus cases follow-
ing introduction of rotavirus vaccine. 48" Annual
Interscience Conference on Antimicrobial Agents and
Chemotherapy (ICAAC) and 46™ Annual Meeting of
the Infectious Diseases Society of America (IDSA).
25-28 October 2008; Washington, DC USA.
Lieberman JM, Huang X, Koski E, Kaufman H,
Furlanetto R, Hurwitz H, et al. Decline in rotavirus
cases in the US after licensure of a live, oral rotavi-
rus vaccine. 48" Annual Interscience Conference on
Antimicrobial Agents and Chemotherapy (ICAAC)
and 46" Annual Meeting of the Infectious Diseases
Society of America (IDSA). 25-28 October 2008;
Washington, DC USA.

Patel JA, Loeffelholz M. Reduction of severe rotavi-
rus gastroenteritis following the routine use of live,
oral, pentavalent, rotavirus vaccine. 48" Annual
Interscience Conference on Antimicrobial Agents and
Chemotherapy (ICAAC) and 46" Annual Meeting of
the Infectious Diseases Society of America (IDSA).
25-28 October 2008; Washington, DC USA.

Cortese M, Tate ], Simonsen L, Edelman L, Parashar U.
Reduction in gastroenteritis in children and correlation
with rotavirus vaccine uptake from a national medical
claims database. 47" Annual Meeting of the Infections
Diseases Society of America (IDSA). 29 October—1
November 2009; Philadelphia, PA"USA.

Staat M, Rice M, Payne D, Bresee ], Mast TC, Donauer
S, etal. Estimating the burden of rotavirus hospital-
izations and monitoring trends using capture-recap-
ture methods. Pediatric Academic Societies, Annual
Meeting. 2-5 May 2009; Baltimore, MD USA.
Custodio H, Halstead D, Maraqa N, Mckitrick P,
Rathore M. Decrease in rotavirus infection and hospi-
talization in northeast Florida after the introduction of
rotavirus vaccine. Pediatric Academic Societies, Annual
Meeting 2-5 May 2009; Baltimore, MD USA.

Chang HG, Smith PE Tserenpuntsag B, Markey K,
Parashar U, Morse DL. Reduction in hospitalizations
for diarrhea and rotavirus infections in New York state
following introduction of rotavirus vaccine. Vaccine
2010; 28:754-8; PMID: 19896451.

Lambert SB, Faux CE, Hall L, Birrell FA, Peterson
KV, Selvey CE, et al. Early evidence for direct and
indirect effects of the infant rotavirus vaccine program
in Queensland. Erratum in: Med J Aust 2010; 192:525.
Med J Aust 2009; 191:157-60; PMID: 19645646.
Marshall H, Clarke M, Davidson G, Gold M, Rasiah
K. The impact of rotavirus vaccination on paedi-
atric gastroenteritis admissions in South Australia.
5% International Conference on Vaccines for Enteric
Diseases (VED). 9-11 September 2009; Malaga, Spain.
Giminez-Sanchez F  Salvador-Sanchez ], Cobos-
Carrascosa E, Sanchez-Yebra W, Lopez-Ruzafa E,
Bonillo-Perales A. Decline in rotavirus hospitalized
cases in Spain after the introduction of oral rotavirus
vaccines. 27 Annual Meeting of the European Society
for Paediatric Infectious Diseases (ESPID). 9-13 June
2009; Brussels, Belgium.

Paulke-Korinek M, Rendi-Wagner P, Kundi M, Kronik
R, Kollaritsch H. Universal mass vaccination against
rotavirus gastroenteritis: impact on hospitalization rates
in Austrian children. Pediatr Infect Dis ] 2010; 29:319-
23; PMID: 19935446.

Volume 7 Issue 7



