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ABSTRACT
Introduction: Rotavirus is one of the most common pathogens causing diarrhea in children <5 years
and has a major impact on childhood morbidity and mortality. Since the implementation of rotavirus
vaccines into childhood immunization programs across Europe, there has been a reduction in rotavirus
burden, including hospitalizations, outpatient cases, costs, and deaths.

Areas covered: A systematic literature review identified publications describing the clinical and
economic impact of rotavirus vaccinations across Europe, from their introduction in 2006 to the end
of 2020. A total of 3,137 articles were identified, of which 46 were included in the review. Included
articles reported the impact of rotavirus vaccination on disease in any age group.

Expert opinion: Rotavirus vaccination has resulted in substantial reductions in hospitalizations and
rotavirus-associated costs across Europe, particularly in children <5 years. There is some evidence of
herd protection afforded to older age groups where vaccine uptake is high among infants, highlighting
the potential for vaccination to confer a greater societal benefit as programs become more established.
Increasing vaccination coverage and continuing investment in widespread rotavirus vaccination pro-
grams across countries will likely increase the substantial public health benefits associated with
vaccination and further reduce the clinical and economic burden of disease.
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1. Introduction hospitalized in the European Union (EU) annually, with

Rotavirus (RV) is a highly infectious virus and the primary
cause of severe gastroenteritis among infants and young chil-
dren [1]. RV is most often transmitted by the fecal-oral route,
from person to person or via contaminated objects, surfaces or
food [2]. Early symptoms of the infection include fever, vomit-
ing, and diarrhea [3]. Additionally, RV can lead to death, most
often in low-income countries, due to dehydration and lack of
medical care [1].

RV carries a large public health burden. Prior to vaccination,
almost all children would be exposed to RV before they were
5 years old, and it was estimated that RV gastroenteritis (RVGE)
resulted in approximately 450,000 deaths worldwide annually
among children <5 years [4-6]. In Europe, prior to the intro-
duction of RV vaccines in 2006, RV was the leading cause of
severe gastroenteritis among children <5 years [7]. A report
from 2006 estimated that 72,000 to 77,000 of RV cases were

a median cost of €1,417 per case [8]. Mortality estimates
could only be made for some Northern and Western
European countries (Germany, Finland, France, Ireland, and
England and Wales), in which the mortality rate ranged from
0.5 to 3 deaths per million children <5 years per year pre-
vaccine introduction [8].

In 2006, two RV vaccines were licensed for use in Europe;
Rotarix (RV1; GlaxoSmithKline Biologicals) and RotaTeq (RV5;
Merck Sharp & Dohme Corp.) [9,10]. RV1 is administered in two
doses from 6 to 24 weeks of age, and RV5 is administered in
three doses from 6 to 32 weeks of age [9,10]. Both vaccines
have been shown to be highly effective and safe in clinical
trials and post-licensure observational studies [9,10]. In 2007
the World Health Organization (WHO) recommended that RV
vaccines be introduced into national immunization programs
(NIPs) of regions and countries where vaccine efficacy data
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Article highlights

o Rotavirus vaccination reduces the clinical and economic burden of
diarrheal disease

o Beneficial effects are most substantial in younger populations (<5
years)

e Some studies indicate herd protection for older children after infant
vaccination

e Future research should continue to document vaccine impact as
coverage increases

suggested a significant public health impact, and where
appropriate infrastructure and financing mechanisms were
available to sustain vaccine utilization [11]. In 2009, this
recommendation was extended to all other regions globally
[1]. In 2016, RV vaccination use was estimated to have averted
more than 28,000 deaths among children <5 years worldwide,
and approximately 1.7 million hospitalizations (approximately
3.2 million hospitalizations were reported in 1990) [1].
However, as of 2018, only 13 European countries provided
a fully funded universal RV mass vaccination program
(Figure 1) [12].

Therefore, this systematic literature review sought to sum-
marize and understand the burden of acute gastroenteritis
(AGE) and RVGE before and after vaccination, and the impact
of RV vaccination in the EU. While other reviews of RV
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Figure 1. Rotavirus recommendations in the EU? [12-31].
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vaccination impact have been published, with the progressive
adoption of RV vaccination in the EU, new evidence regarding
vaccination impact has become available. This review will also
be relevant for modelers involved in quantifying the value of
RV vaccination, and policy makers assessing the benefits and
costs of RV vaccination.

2. Methods
2.1. Search strategy

A search was carried out in accordance with the Cochrane and
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidance for systematic reviews [32,33].
The OVID platform was used to search Embase, Econlit,
Evidence Based Medicine (EBM) Reviews, OVID MEDLINE®
ALL, and EBM Reviews - Cochrane Database of Systematic
Reviews for relevant evidence on the impact of RV vaccination
in all age groups published from 1 January 2006 to
31 December 2020. The search terms used can be found in
Table S1.

A gray literature search was conducted to capture any
relevant literature that may not have been captured by the
database search to supplement the findings. The sources for
this search included the International Society for
Pharmacoeconomics and Outcomes Research (IPSOR), the
European Society for Pediatric Infectious Diseases (ESPID),

Denmark

4

Slovakia

Romania

Serbia
Bulgaria
A Ibania‘

Croatia’ osnia
7%
4

Greece

Malta Conius

? Data obtained from publicly available websites including those of governments and national and international health organizations. Data correct as of 13/04/2022. Czech R.: Czech

Republic; NIP :national immunization program.



the International Conference on Vaccines and Immunization,
the Euro Global Summit and Expo on Vaccines, the
International Rotavirus Symposium, the European Center for
Disease Prevention and Control (ECDC), the WHO, and the
European Society for Pediatric Gastroenterology Hepatology
and Nutrition (ESPGHAN). Additionally, the reference lists of all
relevant papers were reviewed to identify further materials for
inclusion, a stage referred to here as ‘hand searching.’

2.2. Study selection and data extraction

All identified references were reviewed for inclusion at the
title and abstract screening stage by two reviewers using the
population, comparators, outcomes, and study design
(PICOS) framework (Table S2). Briefly, included articles were
primary studies including populations of all ages, compared
RV vaccination to no vaccination, and measured changes in
the clinical or economic burden of RV in Europe. This review
included all countries that were a member of the EU as of
1 January 2020 and a further three countries that were a part
of the EU single market (Norway, Switzerland, and Iceland).
There was no requirement for included studies to be con-
ducted in countries where rotavirus vaccination was part of
the NIP. Publications included at this stage underwent full-
text screening by two reviewers using the same PICOS cri-
teria. All discrepancies identified were resolved by consensus
via a third researcher. Any articles that did not align with the
PICOS criteria were excluded from this review.

Data were extracted on the clinical and economic burden
of RVGE and AGE before and after vaccination. Data from
articles included at the full-text screening stage were
extracted into a data extraction form in Microsoft Excel by
one reviewer and checked for accuracy by a second reviewer.
Data were then checked by a senior reviewer.

2.3. Quality assessment for included studies

A full quality assessment of each of the included articles was
completed using the ISPOR Task Force Checklist on
Retrospective Database Studies (Table S3), to ensure the inclu-
sion of quality data to inform reliable conclusions [34]. Study
quality was assessed by one reviewer and verified by a second
reviewer, with discrepancies being resolved by consensus or
involvement of a senior reviewer.

3. Results
3.1. Systematic literature search overview

A total of 3,137 articles were identified, of which 46 were
included in the review: 37 from the OVID search, six from
‘hand searches’ and three from gray literature searches
(Figure 2, Table 1, Table S4, quality assessment in Figure 3.
Studies took place in Austria (n = 3), Belgium (n = 9), England
and Wales (n = 1), England (n = 1), Estonia (n = 2), Finland
(n = 6), Germany (n = 4), Ireland (n = 3), Italy (n = 2), Norway
(n = 1), Scotland (n = 2), Spain (n = 6), Sweden (n = 1), and the
United Kingdom (UK; n = 5).
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3.2. Clinical impact of RV vaccination

The clinical impact of RV vaccination was reported in 44 of the
46 identified studies (Table 2; further details on the findings
can be found in the appendix in Tables S5, S6, S7, and S8.
Outcomes of interest included the impact of RV vaccination on
the burden of AGE or RVGE hospitalizations, outpatient visits,
and mortality in children <5 years and on populations
>5 years.

Some articles expressed the impact of vaccination on
changes in the number of bed days or RV cases as whole
numbers rather than percentages, with no reported pre-
vaccination and post-vaccination results. For clinical out-
comes, this manuscript presents only percentage changes
where they were reported in the publication or were able to
be calculated from reported pre-vaccination and post-
vaccination data.

3.2.1. Incidence of hospitalizations for AGE <5 years
Twenty studies reported the incidence of AGE hospitalizations
both before and after vaccine introduction, 14 of which
reported results in children <5 years (Table S5) [35-47]. After
vaccine introduction, 13 of these studies reported a reduction
in AGE hospitalizations among children <5 years, and the
greatest reductions in AGE hospitalizations were reported for
children <2 years [35-47]. Reduction in number of hospital
bed days for AGE ranged from 0.4% for AGE hospital admis-
sions in Ireland for children aged 2 to 4 years (vaccination
coverage rate [VCR] 85% to 89%) to 91.8% in Finland for
children <5 years (with a higher VCR of ~96%) [40,44].

Seven of these studies reported both reductions and
increases in AGE after vaccine introduction, depending on
the age group. One additional study reported an overall
increase in AGE admissions (overall increases ranged from
1.6% to 81.8%) [36,38-40,42,43,45,48]. Of note, for the majority
of studies showing increases in disease, vaccination had been
introduced for four years or less [36,38-40,42,43,45,48]. Some
studies reporting increases in disease reported very low VCRs,
although there was a high level of variation in VCRs (ranging
from 17% to >95%) [36,38-40,42,43,45,48]. Additionally, the
greatest increases in disease were generally observed in older
pediatric age groups, specifically in children between 2 and
5 years [36,38-40,42,43,45,48].

3.2.2. Incidence of hospitalizations for RVGE <5 years
Forty studies reported the incidence of RVGE hospitalizations;
34 of which reported a decrease in hospitalizations for RVGE
after vaccine introduction (Table S6) [35,36,42-45,47-74]. The
impact of vaccination ranged from a 0.2% reduction in RVGE
cases in children <5 years in Germany (with a VCR of 66%) to
a 100.0% reduction in RVGE cases in children aged 6 months
to 5 years in Belgium, Finland, and Spain (VCR ranged from
46% to ~96%) [36,44,45,65,66]. The 0.2% reduction in Germany
was a statistically significant finding (p value not reported),
although the authors noted that the effect was marginal and
likely due to low national vaccine uptake [65]. Children
<2 years often experienced greater reductions (up to 100%)
in the incidence of RVGE [44,45].
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Identification of studies via databases, gray literature and hand searches
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Figure 2. PRISMA flow diagram.

Furthermore, some studies reported reductions in the num-
ber of RVGE hospital bed days in children <5 years in Belgium,
Finland, and Spain (VCR ranged from 46% to ~96%)
[36,44,45,66]. Twelve studies reported an increase in RVGE
hospitalizations, seven of which had also reported reductions
(increases ranged from 0.2% to 200.0%)
[36,44,49,51,53,54,56,65-67,70,73]. Most of these increases
were reported when vaccination had only been introduced
for up to three years, and some studies reported very low
VCRs (range from 18% to ~96%) [36,44,49,51,53,54,56,65-
67,70,73].

3.2.3. Incidence of AGE among outpatients <5 years
Six studies reported on the incidence of AGE among outpati-
ents, including primary care and emergency department visits
(Table S7) [39,42,43,45,46,75]. All these studies reported reduc-
tions in the incidence of disease after the introduction of vacci-
nation [39,42,43,45,46,75]. These reductions ranged from 1.0%
(in children aged 3 years after two to three years of RV vaccine
introduction) to 59.5% (in children <5 years after one to four
years of vaccine introduction) in primary care cases [39]. Both of
these values were reported in the same study in Norway, which
reported a high post-vaccination era VCR of 95% [39].

While all six studies reported reductions in specific age
groups, five of these also reported increases in the incidence
of AGE in children <5 years (compared to the pre-vaccination

Qutcomes [n = 31)

Study design (n=91)

Other {n=17)

Previously unidentified duplicates {n = 3)

period, ranging from 2.0% to 81.8%) [39,42,43,45,75]. The
increase of 81.8% was recorded among children aged 4 years
in Finland despite a high VCR of >95% [42]. However, this
value was an outlier and the article highlighted that the over-
all total outpatient disease burden of AGE was reduced by
8.8% in the post-vaccination year when compared to the pre-
vaccination year [42]. Of note, while outpatient cases
decreased after vaccine introduction, these reductions were
not as substantial as the reductions in inpatient cases [42].

3.2.4. Incidence of RVGE among outpatients <5 years
Seven studies reported the incidence of RVGE among out-
patients, all of which reported reductions over time among
children <5 years (Table S8) [42,43,45,52,61,67,73]. These
reductions ranged from 26.4% in RV-related general practice
(GP) consultations in children <5 years in Scotland to 100.0%
in outpatient RVGE cases in children aged 3 to 4 years in
Finland [43,52]. These studies reported similarly high VCRs
(93% and 91% to 93%, respectively), but the greatest reduc-
tion was observed five years after vaccine introduction,
whereas the smallest reduction was observed from the year
of vaccine introduction (2013) onwards [43,52].

3.2.5. Incidence of AGE among older age groups (=5 years)
A total of 10 studies reported results of the impact of AGE
hospitalizations in individuals =5 years [35,38,40,41,44,46—
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48,51,60]. All of these studies reported reductions in the num-
ber of hospitalizations recorded (Table S5) [35,38,40,41,44,46-
48,51,60]. Reductions in AGE hospital admissions ranged from
0.9% in children aged 10 to 16 years at one year post-vaccine
introduction to 37.6% in children aged 5 to 9 years at two
years post-vaccine introduction in Ireland (with a VCR of 85%
to 89%) [40]. The greatest reduction in AGE hospital admis-
sions for cohorts comprising only individuals =5 years was
37.6% for children aged 5 to 9 years in Ireland where there
was a high VCR (85% to 89%; vaccination had been introduced
for two years) [40].

Two studies reported increases in AGE hospitalizations (by
1.0% to 97.1%). Of note, one study reported post-vaccination
results only one to two years after vaccine introduction, and
the other reported a low VCR of 34% [40,51]. Additionally, one
of these studies recorded low hospitalization rates in both the
pre-vaccination and post-vaccination periods, which may have
influenced results [40].

3.2.6. Incidence of RVGE among older age groups

(=5 years)

Eighteen studies explored RVGE hospitalizations in individuals
aged 5 to >65 years, all of which reported reductions after the
introduction of vaccination (Table S6) [35,41,44,47-51,58,60-
62,67-69,71,73,76]. A study in Austria estimated a 100.0%
reduction in the incidence of nosocomial RVGE among 6 to
10 and 11 to 18-year-olds, with a high VCR of 72% to 87% [71].
The smallest decrease in nosocomial RVGE was reported in
children aged 5 to 9 years in Germany (0.7%; VCR: 59% at
one year after vaccine introduction to 80% at 4 to 5 years after

1) Relevance

2) Reliability and validity

3) Linkages

4) Eligibility

5) Data analysis plan

6) Design selection

7) Research design limitations

8) Treatment effect

9) Sample selection

10) Eligibility for measured time period
11) Censoring

12) Operational definitions

13) Definition validity

14) Timing of outcomes

15) Disease history

16) Event capture

17) Resource valuation

18) Control variables

19) Statistical model

20) Influential cases

21) Relevant variables

22) Testing statistical assumptions
23) Multiple tests

24) Model prediction

25) Theoretical basis

26) Practical versus statistical significance
27) Generalizability

Quality assessment article

Yes No Unclear

Figure 3. Summary of quality assessments for all included studies (n = 46).
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vaccine introduction) [67]. Conversely, three studies also
reported increases in RVGE hospitalizations (by 0.8% to
57.1%), although the authors noted that some of the largest
increases were recorded shortly after the introduction of RV
vaccination (e.g. one year), and some were reported in areas
with a low VCR (e.g. 34%) [49,51,67].

3.2.7. Mortality due to RV-related disease

RV-related mortality was explored in three studies, from
Austria (n = 1) and Belgium (n = 2; Table S9) [60,71,74]. Two
of these studies reported a 100.0% reduction; one in the
number of deaths due to RVGE in individuals aged from
3 days to 16.5 years in Austria and the other in the number
of deaths due to unspecified gastroenteritis in all age groups
in Belgium [60,71,74]. However, RV-related mortality was low
in both pre-vaccination (three deaths and two deaths, respec-
tively) and post-vaccination periods (zero deaths) [60,71].
Vaccination had been introduced for one to two years in the
Austrian study and three to six years in the Belgian study
[60,71]. VCRs were similar between the studies, reported at
72% to 87% in the Austrian study and 79% to 88% in the
Belgian study [60,71]. The third study in Belgium reported
a 36.4% decrease in crude RVGE mortality rate from less than
a year (the transition period) to seven years post-vaccine
introduction, with a much lower VCR of ~40% [74].

3.3. Economic impact of RV vaccination

Eleven studies reported on the impact of RV vaccination on
the economic burden of disease (Table 3, Table S10)

10 15 20 25 30 35 40 45 50
Number of articles

Not Applicable m Not reported
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[37,43,44,46,51,52,54,55,70,71,77]. Ten studies reported on
inpatient costs, four reported on outpatient costs, and two
reported on indirect costs [37,43,44,46,51,52,54,55,70,71,77].

The 10 studies reporting inpatient costs recorded reductions
from the pre-vaccination to the post-vaccination period
[37,43,44,46,51,52,54,55,70,71]. A study in England recorded
a reduction in costs of £12.505 million (2014 Great British
Pounds [GBP]) due to AGE in GP, with a high VCR of 88% for
course completion at one to two years post-vaccine introduc-
tion [46]. When stratified by age group, this study showed the
greatest reduction in costs in children <1 year [46]. Two studies
explored changes in bed occupancy due to RV and reported
reductions across all timepoints measured for both community-
acquired and nosocomial RVGE (up to a 94.9% decrease for
which hospital bed occupancy was >25% in Finland) [44,70].
A study in Finland noted that the RV vaccination program
annually pays for itself almost two times over [43].

The four studies considering outpatient costs due to RVGE
and AGE reported a reduction in costs after vaccine introduc-
tion in Finland (1999-2005 to 2014), England (2008-2013 to
2013-2015), Italy (2009-2012 to 2013-2016), and Scotland
(before 2013 to 2013 onwards) [43,46,52,54]. One study
reported averted costs of €23,724 for RVGE in outpatients
aged 0 to 4 years in Finland [43]. When stratified by age, the
greatest reductions were observed in children aged 1 year
(€7,195; VCR was 91% to 93% with a post-vaccination period
five years after vaccine introduction) [43]. A study in Italy
reported total annual cost savings from reductions in emer-
gency room and primary care admissions of €1,556,605 for
children aged 0 to 59 months (VCR of 25% to 45% at a post-
vaccination period zero to three years after vaccine introduc-
tion) [54].

The two studies that reported indirect costs (including
productivity losses and costs for caregivers) estimated that
these costs reduced after vaccine introduction [71,77]. In
Austria, estimated total costs for caregivers remained
unchanged in older children (aged 6 to 18 years) but
decreased substantially in younger age groups, by up to
86.2% for patients between 0 and 11 months [71]. In this
study, VCR was 72% to 87% and vaccination had been intro-
duced one to two years prior to data collection [71]. In
Belgium, the overall reduction in work absences for first-time
mothers ranged from 0.4% for average days absent from work
per woman (at five years post-vaccine introduction) to 62.0%
for short work absences per month (at one year post-vaccine
introduction), both recorded in the RV season [77]. Some
increases in work absences were reported in this study,
although the greatest of these were recorded in the non-RV
season [77]. VCR for this study was relatively high at >85%
across time periods, providing an explanation for the high
overall reductions observed [77].

4. Discussion and conclusion
4.1. Discussion

The review collated evidence from a total of 46 publications.
Of the studies captured, 24 were conducted in countries in
which RV vaccines were fully funded via the NIP (Austria,
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Estonia, Finland, Germany, Ireland, Italy, Norway, and the UK)
[12,35,39-50,52-55,57-59,61,62,65,67,68,71-73,75,76]. Of the
remaining 16 studies, one was conducted in Sweden where
vaccination was only funded in some regions [12,78]. Nine
studies were conducted in Belgium where RV vaccination is
only partially publicly funded and a fixed co-payment from the
parent is required [12,60,63,64,66,69,70,77,79,80]. Six studies
were conducted in Spain where public funding for RV vaccina-
tion is only available for preterm infants, whereas for other
children, parents must pay for RV vaccination out of pocket
[36-38,51,56,74,81]. Since this study, RV vaccination was
added to the NIP for high-risk children in Sweden [82]. While
the search strategy included terms to capture publications
investigating the humanistic impact of RV vaccination, no
such publications met the PICOS criteria for inclusion in this
systematic literature review. Overall, results show how the
introduction of RV vaccines in Europe has decreased the clin-
ical and economic burden associated with AGE and RVGE.

RV vaccination had a greater impact on reducing the clin-
ical and economic burden of AGE and RVGE in children
<5 years compared to older age groups. This is likely because
these individuals had received RV vaccination, although sev-
eral studies reported substantial reductions in AGE and RVGE
in adults and older children who were not eligible for vaccina-
tion, suggesting the impact of indirect protection. However, it
is important to note that only three studies considered AGE-
or RVGE-related mortality and therefore the ability to draw
conclusions regarding the impact of vaccination on AGE- and
RVGE-related mortality for all age groups is limited.
Furthermore, the recent introduction of vaccination in some
countries lead to short post-vaccination data collection peri-
ods, and therefore the findings may not be representative of
how reductions are sustained over longer periods of time.
There was also a reduction in direct and indirect costs asso-
ciated with AGE and RVGE after the introduction of RV vacci-
nation. The authors of a study in Finland noted that the RV
vaccination program annually pays for itself almost two times
over [43].

Our results are consistent with those reported in
a literature review undertaken in 2015, which reported sub-
stantial reductions in AGE and RVGE disease following vac-
cine introduction in Europe [83]. The current review
captured additional data from European countries not
included in the 2015 review [35,39,48,54,62,78,83]. Our
results are also consistent with reviews focusing on coun-
tries in Asia, Africa, and North and South America that have
shown a substantial decrease in the incidence of AGE and
RVGE after RV vaccination [7,84-86]. In children <5 years,
there has been a significant reduction in the proportion of
hospital admissions for AGE due to RV in all WHO regions
that have introduced RV vaccines (p < 0.05) [7].

Of note, publications reviewed in this study also reported
reductions in AGE and RVGE in the post-vaccination period in
older age groups (individuals aged =5 years), particularly in
areas with a high vaccination coverage, suggesting the exis-
tence of herd immunity effects resulting from the vaccination
of younger populations [40,67]. This is consistent with results
from the United States, where medical claims and hospital stay
data analysis studies also suggested the existence of long-
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term herd protection provided by RV vaccination in the post-
vaccination period [87,88].

While the majority of results were suggestive of the beneficial
effects of RV vaccination, some papers reported both reductions
and increases in AGE and RVGE incidence and costs after vaccine
introduction [36,38-40,42-45,48,49,51,53,54,56,65-67,70,73].
These were most often reported in older pediatric age groups,
likely due to low vaccination coverage or the recording of post-
vaccination results less than a year after the vaccine was intro-
duced (during the transition period) [36,38-40,42-
45,48,49,51,53,54,56,65-67,70,73].  Furthermore,  temporary
increases in incidence of AGE and RVGE in older pediatric groups
may be due to an age shift associated with the recent introduc-
tion of RV vaccination for younger children [7].

One of the studies in Ireland, by Coveney et al., noted that low
pre-vaccination rates may reflect the lack of access to pediatric
hospital beds due to overcrowding, and therefore cases were not
recorded [40]. Furthermore, the authors highlighted that only
two seasons post-vaccine introduction were observed in the
study and suggested that the effect of vaccination would
become more apparent over the following years [40].
Furthermore, there may be a bias introduced by lack of routine
testing for RV as the gastroenteritis etiology does not necessarily
determine the treatment course [35]. Therefore, such contextual
factors may also be important in other studies.

The nine studies that took place in Belgium reported
great variations in the impact of RV vaccination on inci-
dence of AGE and RVGE (reaching increases in RVGE inci-
dence of 200%), which likely reflects variation in the VCRs
due to only partial funding through the NIP
[60,63,64,66,69,70,77,79,80]. VCRs in Belgium varied by
region and time period and ranged from 15% in 2006
(region not reported) to >85% in Antwerp (time period
not reported) [69,77]. Substantial variations in the impact
of RV vaccination were also reported in the six studies
conducted in Spain [36-38,51,56,74]. These variations may
similarly be attributable to the low VCRs recorded in these
studies (ranging from 12% to 51%), which may result from
the lack of NIP recommendation and universal public fund-
ing for RV vaccination [37,81,89]. Previous studies con-
ducted in Spain and the United States (US) have
demonstrated the dependence of RVGE burden on RV
VCR, highlighting the importance of high VCRs in maximiz-
ing the impact of RV vaccines [84,85,90]. By contrast, the
six studies conducted in Finland, where RV vaccination is
fully funded, reported mostly high VCRs (ranging from 30%
to 97%) and consistent reductions in RVGE burden (ran-
ging from 25% to 100%) [41-45,61]. These findings suggest
that full recommendation and public funding of RV vac-
cines may improve VCRs and therefore further reduce the
burden of RV.

Our study was not without limitations. There was no free
text included in the search strategy for the population cate-
gory of the OVID database search, potentially excluding any
publications not linked to the key terms used and therefore
limiting the number of relevant publications captured. The
review included many studies that were retrospective,

ecological, and descriptive in nature. Therefore, it is possible
that effects measured were influenced by factors unrelated to
RV vaccine introduction. For example, RV seasons vary
per year. Therefore, extraneous factors such as natural fluctua-
tion in the prevalence of RV could also impact results. Many
studies did not report a sample size and vaccination coverage
was not well defined, reducing the ability to contextualize
results.

Furthermore, data were often based on hospital discharge
records data and indirect costs were only estimated (through
emergency department and pediatrician visits) in one study
[71]. In general, use of hospital discharge records could under-
estimate the burden of RVGE as not all cases reported received
a laboratory confirmation of RV infection. Furthermore,
although an RVGE-specific gastroenteritis ICD-10 code exists,
few RV-positive hospitalizations are identified by this ICD-10
code [91]. This is largely due to miscoding as other, non-RVGE-
specific, gastroenteritis ICD-10 codes and under-testing for RV
infection [91]. Therefore, the true burden of RVGE is likely
underestimated without the consideration of all ICD-10
codes for gastroenteritis [91]. It is also important to note that
AGE was not necessarily caused by RV infection and can be
caused by other pathogens. The lack of data on indirect costs
(including productivity losses) may underestimate the eco-
nomic impact of vaccination. Finally, there were comparatively
few data available on the impact in older age groups.
Therefore, the ability to draw conclusions regarding herd
immunity is limited.

4.2. Conclusion

This review found that RV vaccination reduced the burden of
AGE and RVGE in countries within the EU 15 years after its
introduction. While the greatest reductions were observed in
children <5 years, the results also indicate a reduction in AGE
and RVGE among older age groups. However, RV vaccination
is not yet included in all NIPs in Europe. Expansion of RV
vaccination programs to other countries could further reduce
the burden of AGE and RVGE in Europe.

5. Expert opinion

This review summarizes real-world evidence on the impact of
RV vaccination on hospitalizations and mortality due to AGE
and RVGE across Europe. The review provides an update to
previous findings as RV vaccination has been adopted more
widely in the five years since the work by Karafillakis et al [83].
The findings highlight the benefits of RV vaccination, demon-
strating a substantial reduction in AGE- and RVGE-related
hospitalizations and costs for children <5 years following vac-
cine introduction. Results also indicate a potential reduction in
AGE- and RVGE-related mortality and a reduction in RV-related
hospitalizations and costs in older age groups (=5 years).

The reductions in AGE- and RVGE-related costs were
observed relatively soon after vaccine introduction and the
importance of these savings was summarized by a publication
reporting that the vaccination program annually pays for itself
almost two times over in Finland [43]. Only two publications



exploring the impact of RV vaccination on indirect costs were
captured in this review (considering parent absenteeism from
work and cost for caregivers), and future research may be
required to further characterize the potential effects on these
variables [71,77].

Research has suggested that pediatric vaccination rates
have been negatively impacted due to the COVID-19 pan-
demic as a result of clinics closing or reduced opening hours,
reluctance to receive a vaccine due to fear of transmission,
lockdown measures, and transport disruptions [92-98]. Timely
RV vaccination is crucial as the vaccination cannot be adminis-
tered as a catch-up dose after the indicated age range [9,10].
Thus, disruption to routine RV vaccinations may result in some
children remaining unvaccinated and therefore more vulner-
able to AGE and RVGE disease. In Spain, where routine RV
vaccination was withheld for five months due to a temporary
availability issue in 2010, AGE- and RVGE-related hospitaliza-
tions increased [99,100].

Since 2013, the WHO has recommended that RV vaccines
be included in all NIPs and considered a priority, as part of
a comprehensive strategy to control diarrheal diseases [101].
As of 2021, several EU countries are yet to implement RV
vaccination in their NIP (43% according to the European
Center for Disease Prevention and Control [ECDC]) and several
others that have implemented a national vaccination program
have reported a low RV VCR [102,103]. This review demon-
strates the real-world value of RV vaccination programs for
countries who are yet to introduce universal pediatric RV
vaccination or who report a low RV VCR. Therefore, increasing
the VCR and introducing RV vaccination programs in addi-
tional countries may further reduce the burden of AGE and
RVGE in Europe.
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