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Introduction

Rotavirus (RV) is the most common cause of severe acute gas-
troenteritis (AGE) in young children worldwide.1-4 RV infec-
tions are most common in children aged 6–24 months,2,5 most 
children will have been infected by 2–3 years of age,6 and many 
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The pentavalent rotavirus (RV) vaccine RotaTeqTM 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 RotaTeqTM 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.
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are infected more than once.7 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.8 Most of 
the mortality is in non-industrialized countries where suboptimal 
access to treatment for dehydrating diarrhea can often lead to 
death.2

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.9 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,10 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.11 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,12 and for 
56.2% of hospitalizations and 32.8% of ED visits for commu-
nity-acquired AGE in this age group.13 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).14

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.15-17 Direct costs associated with medical care for 
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(95% CI 91.3–96.8%) over 2 years post-vaccination.21 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.22

After its introduction, RotaTeqTM 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 RotaTeqTM 
and the public health impact of RV vaccines in industrialized 
countries in which RotaTeqTM 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 

RVGE (e.g., hospitalizations) have been estimated to account for 
>US$250 million each year in the US.18,19 The estimated median 
direct costs per child for hospitalization and ED visits have been 
estimated to be US$4565 and US$867, respectively.10 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.18,19 
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.15 In the US, the total costs 
of RVGE are estimated to be ~US$1 billion per year.18,19

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. RotaTeqTM 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 RotaTeqTM 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%).20 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% 

Appendix I. Search strategy for EMBASE

# Search history Results

1

effectiveness OR ‘population surveillance’/exp OR 
‘population surveillance’ OR ‘epidemiologic stud-

ies’/exp OR ‘epidemiologic studies’ OR ‘surveillance’ 
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

2

‘program evaluation’ OR ‘program effectiveness’ OR 
‘treatment effectiveness’/exp OR ‘treatment effec-

tiveness’ OR ‘treatment outcome’/exp OR ‘treatment 
outcome’ OR ‘outcome assessment’/exp OR ‘out-

come assessment’

4,759,412

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

OR rotavirus
11,102

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

exp OR ‘immunisation’
339,345

5 ‘RotaTeq’/exp OR RotaTeq OR ‘rotarix’/exp OR rotarix 1,909

6 #3 AND #4 OR #5 3,429

7 #6 AND (#1 OR #2) 2,585

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

OR placebo
2,656,254

9 ‘asia’/exp OR ‘asia’ OR ‘africa’/exp OR ‘africa’ 628,542

10 #7 AND [2006-2010]/py NOT #8 NOT #9 526
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was carried out in France (Table 1). The sources for RVGE case 
identification in these studies were either active RV surveillance 
[studies VE01, VE02, VE05], databases for health-insurance 
claims (studies VE03, VE06) or a patient database [study VE04]. 
Data on vaccination status were obtained from insurance claims 
[studies VE03, VE06], immunization records [studies VE01, 
VE02], immunization registries [study VE01] and a database on 
pediatric practice [study VE04]. The source of data on vaccina-
tion status was not stated for one study [study VE05].

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 RotaTeqTM received (Table 2). A study 
undertaken in the ED setting between February and June 2008 
found that vaccine effectiveness against laboratory-confirmed 

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 
RotaTeqTM ‘vaccine effectiveness’ (defined as an estimate of the 
vaccine efficacy under routine conditions of use) or for RV ‘vac-
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 RotaTeqTM 
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

Vaccine effectiveness in controlled observational studies. 
Studies on vaccine effectiveness compare the risks of disease out-
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).23 
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.24

Of the six studies that evaluated the vaccine effectiveness of 
RotaTeqTM 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 

Appendix II. Search strategy for PUBMED

# Search history Results

Disease #1
(Rotavirus OR “Rotavirus infections” OR 

gastroenteritis)
140,053

Vaccine #2

(Vaccination OR vaccines OR vaccine 
OR immunization OR immunisation OR 
“immunization program” OR “Rotavirus 

vaccines” [MESH] OR RotaTeq OR Rotarix)

274,110

Effectiveness/
impact #3

(“Program evaluation” [MESH] OR “treat-
ment outcome” [MESH] OR “outcome 
assessment (health care)” [MESH] OR 

impact OR effectiveness OR “population 
surveillance” [MESH] OR “epidemiologic 

studies” [MESH] OR surveillance OR 
“case-control studies” [MESH])

2,703,031

#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]) 356,441

#9
(“2006” [Publication Date]: “3000” 

[Publication Date])
3,044,762

#1 and #2 and #3 and #9 not #4 not #5 not #6 not #7 
not #8

293

Appendix III. 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 
(ICAAC)

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)
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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 
VE01]. 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 RotaTeqTM 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 
RotaTeqTM 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 RotaTeqTM  
(n = 33,140), and controls who had received three doses of 
diphtheria-tetanus-acellular pertussis (DTaP) vaccine but not 
RotaTeqTM (n = 26,167). Strengths of this study include that 
the data were drawn from a large database covering the whole 

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 RotaTeqTM was hospitalized for 
RVGE (estimated effectiveness of RotaTeqTM 100%, 95% CI 
85–100%), and effectiveness against all-cause AGE-related 
hospitalizations was 69% (95% CI 58–82%) [study VE03]. 
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 RotaTeqTM 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 RotaTeqTM 
[study VE04], 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 RotaTeqTM [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 
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Table 1. Summary of studies on the effectiveness of RotaTeq

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 
ID

Outcome 
evaluated

Definition of 
control group

Doses Cases Controls

Number 
vaccinated/
total cases

% 
vaccinated

Number 
vaccinated/
total controls

% 
vaccinated

Vaccine 
effectiveness 
(95% CI)

VE01

Laboratory-
confirmed 
RVGE hospital-
izations and ED 
visits

RV-

Unvaccinated 67/79 85 47/108 44 Reference

1 5/79 6 16/108 15 65% (-11 to 89)

2 2/79 3 13/108 12 82% (15–98)

3 5/79 6 32/108 30 89% (70–96)

ARI

Unvaccinated 67/79 85 91/206 44 Reference

1 5/79 6 43/206 21 65% (-7 to 89)

2 2/79 3 28/206 14 72% (-37 to 94)

3 5/79 6 44/206 21 85% (55–95)

Combined RV- 
and ARI

Unvaccinated 67/79 85 138/314 44 Reference

1 5/79 6 59/314 19 69% (13–89)

2 2/79 3 41/314 13 81% (13–96)

3 5/79 6 76/314 24 88% (68–96)

VE02

Laboratory-
confirmed 
RVGE hospital-
izations

RV (overall 
76/314)

1 NR NR NR NR 71% (17–90)

2 NR NR NR NR 72% (1–92)

3 NR NR NR NR 88% (47–97)

≥1 NR NR NR NR 78% (53–90)

ARI (overall 
76/921)

1 NR NR NR NR 65% (8–87)

2 NR NR NR NR 78% (25–93)

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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(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.25 
As the Advisory Committee on Immunization Practices recom-
mendations for RV vaccines were only published in August 2006, 
the vaccine coverage during the 2006–2007 RV season was low, 
and this season was considered as a transitional season.26 The 
National Immunization Survey for 2009 reported that 44% of 
children born within 2 years of licensure had full coverage with 
RV vaccine.27

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 RotaTeqTM 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 RotaTeqTM, which was 
the only vaccine used in that region [study IM18].

Some vaccination-impact results were also obtained in coun-
tries where both RotaTeqTM 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 

AGE during the 2008 RV season was compared with the mean 
for the three seasons before the introduction of RV vaccination. 
Estimated effectiveness of RotaTeqTM 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% CI not stated) [study VE06].

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 IM01, 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  

Table 3. Effectiveness of RotaTeq against hospitalization and/or ED visits: comparative-cohort studies

Study ID Dose Outcome measured
Incidence among 
vaccinated cases

Incidence among 
unvaccinated cases

Vaccine effectiveness 
(unadjusted-95% CI)

VE03 3

RVGE hospitalizations (per 1,000 person/
years)

0 (0–0.4) 3.5 (2.2–5.4) 100% (85–100)

RVGE ED visits (per 1,000 person/years) 0 (0–0.4) 0.2 (0–0.9) 100% (<0–100)

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

0 (0–0.4) 3.7 (2.3–5.5) 100% (86–100)

AGE hospitalizations (per 1,000 person/
years)

2.7 (1.7–4.2) 8.8 (6.7–11.5) 69% (48–82)

AGE ED visits (per 1,000 person/years) 8.6 (6.7–10.9) 16.7 (13.6–20.2) 49% (29–63)

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

11.3 (9.1–14.0) 25.5 (21.7–29.8) 56% (42–66)

VE04 ≥1 RVGE hospitalizations (per 1,000 children) 0.796 3.865 79% (30–94)

VE05 3 Total RVGE hospitalizations 1/1895 47/1985 98% (84–100)

AGE, acute gastroenteritis; ED, emergency department; RVGE, rotavirus gastroenteritis.
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Table 4. Summary of vaccination-impact studies

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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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 

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]. 
RotaTeqTM 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 

Table 5. Impact of vaccination on hospitalizations for community-acquired RVGE

*July 2006–June 2007 was considered to be a transitional season [CDC, 2009]. 1Vaccination 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]. 3Vaccine coverage not reported. 4Vaccine coverage of 51% for ≥1 dose and 47% for 
all three doses of RotaTeq. 5Vaccine coverage of 54% for ≥1 dose. 6RotaTeq and Rotarix were used in Austria. Coverage was 59% July–December 
(RotaTeq) and 87% in 2008 (Rotarix). 7Children too old to be eligible for vaccination. AGE, acute gastroenteritis; NR, not reported; RVGE, rotavirus 
gastroenteritis.
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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 RotaTeqTM 
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, IM05, IM15]. In one 
of the comparative-cohort studies of effectiveness for RotaTeqTM, 
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% 

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 
RotaTeqTM compared with the pre-vaccination era. The percent-
age reductions from 2008 onwards ranged from 44% [study 
IM12] to 95% [study IM07]. 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 IM07]) 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, 

Table 6. Impact of vaccination on emergency department and outpatient/physician office visits for AGE or diarrhea

Study ID
Study 

population
Outcome measured

Pre-vaccination Post-vaccination Vaccination 
impactYear Results Year Results

IM10

<1 year

Excess ED visits for all-cause 
GE/annual non-GE visits

2004–071

Mean for three 
USA regions: NR

2007–08

Mean for three 
USA regions: 

NR

104%

1 year 89%

2–4 years 89%

<1 year
USA West 
region: NR

USA West 
region: NR

93%

1 year 64%

2–4 years 80%

<1 year

Excess outpatient/office 
visits for all-cause GE/
annual non-GE visits

2004–071

Mean for three 
USA regions: NR

2007–08

Mean for three 
USA regions: 

NR

103%

1 year 89%

2–4 years 86%

<1 year
USA West 
region: NR

USA West 
region: NR

71%

1 year 32%

2–4 years 33%

IM12 <5 years

ED visits for all-cause 
GE/1,000 children 2004–05/ 

2005–06
NR

2007–08 NR 27%

Outpatient/office visits for 
all-cause GE/1,000 children

2007–08 NR 18%

IM13 <5 years

RVGE-associated ED vis-
its/10,000 children (per 

season)
2001–06

NR

2007–08

NR 20%

RVGE-associated outpa-
tient/office visits per 10,000 

children (per season)
NR NR 17%

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]. 1Information 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.
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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.28 The RV vaccina-
tion schedule should be completed by 32 weeks of age in the US 
and by 26 weeks in Europe,29 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 24–35 months and 60 months–18 years, 

(95% CI 74–74%) in costs of hospitalization and ED visits asso-
ciated with AGE (RotaTeqTM cohort US$86,000 versus DTaP 
cohort US$250,000) [study VE03]. 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 

Table 7. Impact of RotaTeq on laboratory-based RV activity

*July 2006–June 2007 was considered to be a transitional season [CDC, 2009]. 1Study 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. 3Figures in parentheses indicate an increase in the proportion 
or number of positive tests. ED, emergency department; RV, rotavirus; NR, not reported; NA, not applicable.
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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 
(RotaTeqTM) 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 RotaTeqTM 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 RotaTeqTM in routine use were consistent with 
data seen in the pivotal clinical trial.20 Thus, the estimates of 
the effectiveness of a complete course of RotaTeqTM 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.30,31 
These compare with the vaccine efficacy of 98% against severe 
RVGE reported in the pivotal clinical trial.20 However, wide CIs 
were observed in one of these studies due to low vaccine cover-
age rates.31 Estimates of effectiveness against RVGE-associated 
hospitalizations in comparative-cohort studies ranged between 

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 IM07]. 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 

Table 8. Impact of vaccination on hospitalizations for community-acquired RVGE by age group/evidence of herd protection

Study 
ID

RV season 
definition

Outcome measured Age group
Pre-vaccination Post-vaccination Vaccination 

impactYear Results Year Results

IM06
December to 

May

Number of laboratory-
confirmed RVGE 
hospitalizations

<5 months

2000–06

30

2008

11 63%

6–11 months 31 2 94%

12–17 months 22 6 73%

18–23 months 11 4 64%

24–29 months 10 8 20%

30–35 months 6 2 67%

≥3 years 17 3 82%

IM11

July to June 
2007–08: 

December to 
June

RVGE hospitaliza-
tion/10,000 person-

years

<3 months

2005–06

16

2008

18 -13%

3–5 months 25 10 60%

6–11 months 30 6 80%

12–23 months 56 2 96%

24–35 months 26 4 85%

IM15
January to 
May/June

Number of RVGE 
hospitalizations

1–11 months

2003–06

592

2008

95 84%

12–23 months 572 95 83%

24–35 months 245 73 70%

36–59 months 163 34 79%

60 months–18 years 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.
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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.45 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.46 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.20 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.47 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 RotaTeqTM 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 

85% (95% CI 30–94%),32 and 100% (95% CI 85–100%),33 
compared with the 95.8% (95% CI 90.5–98.2%) reduction in 
the rate of hospitalization in the pivotal clinical trial.20

The impact of RotaTeqTM 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.25 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.34 Similar significant 
reductions in disease have been noted after the introduction of 
other vaccines,35,36 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.26,37,38 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.39,40 
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.41

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 difficult to 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.42-44 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,25 and 
RotaTeqTM 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 RotaTeqTM 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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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.60 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.61 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 RotaTeqTM 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.
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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.2,49,50 Thus, vaccination can have a greater 
impact on public health in these countries.51,52 Several obser-
vational studies of vaccination impact have also been done in 
non-industrialized countries. For example, in Nicaragua, where 
RotaTeqTM was introduced in 2006, a case-control study found 
that the effectiveness of three doses of RotaTeqTM against severe 
RV diarrhea was 58% between June 2007 and June 2008.53 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.54 In Africa, RotaTeqTM 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%.55 
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.56 No study has directly 
assessed the impact of RotaTeqTM 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%).57 This estimate is similar 
to that from an analysis of Nicaraguan national health statistics, 
which suggested that 1–3 doses of RotaTeqTM were associated 
with a 73% reduction in mortality among children 3–11 months 
of age.58 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.10,15,18,19,59 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.18 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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