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Abstract: The severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) pandemic has
pushed many healthcare systems into crisis.
High vaccine coverage amongst children reduces
emergency room presentations, hospital admis-
sions and deaths due to vaccine-preventable dis-
eases, freeing up healthcare resources including
polymerase chain reaction testing for patients
with SARS-CoV-2. In Europe, rotavirus

gastroenteritis leads to 75,000–150,000 hospi-
talisations and up to 600,000 medical encounters
annually. Nevertheless, in 2022, only 18 coun-
tries in Europe (out of 38) have a publicly funded
routine universal mass immunisation pro-
gramme against rotavirus gastroenteritis. Evi-
dence available in the last few years re-
emphasises that rotavirus vaccines currently
available in Europe are highly effective, pre-
venting up to 96% of rotavirus-related hospital-
isations in children less than 1 year of age
(potentially 72,000–144,000 hospitalisations
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France

R. Cohen
Clinical Research Centre, Centre Hospitalier
Intercommunal de Créteil, Créteil, France
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Créteil, Créteil, France

F. Martinón-Torres
Translational Pediatrics and Infectious Diseases,

Hospital Clı́nico Universitario and Universidad de
Santiago de Compostela (USC), Galicia, Spain

F. Martinón-Torres
Genetics, Vaccines and Pediatric Infectious Diseases
Research Group (GENVIP), Hospital Clı́nico
Universitario and Universidad de Santiago de
Compostela (USC), Galicia, Spain

F. Martinón-Torres
Centro de Investigación Biomédica en
Enfermedades Respiratorias (CIBERES), Instituto
Carlos III, Madrid, Spain

I. Posiuniene � B. Benninghoff � K.-B. Oh �
D. Poelaert (&)
GSK, Wavre, Belgium
e-mail: Dirk.X.Poelaert@gsk.com

Infect Dis Ther (2023) 12:9–29

https://doi.org/10.1007/s40121-022-00697-7

http://orcid.org/0000-0002-6315-5208
http://crossmark.crossref.org/dialog/?doi=10.1007/s40121-022-00697-7&amp;domain=pdf
https://doi.org/10.1007/s40121-022-00697-7


Europe-wide). Long-term surveillance indicates
that rotavirus vaccination does not result in an
overall increase in intussusception. On the con-
trary, increasing evidence suggests an overall
reduction in intussusception in the first
12 months of life when early, high rotavirus
vaccine coverage is achieved. Prevention of
rotavirus gastroenteritis has marked positive
impacts on parental wages and government tax
revenue, with benefits extending across the
whole economy. In the SARS-CoV-2 pandemic
setting there is a new imperative to achieve high
levels of paediatric vaccination against vaccine-

preventable diseases, including rotavirus gas-
troenteritis. The introduction of rotavirus uni-
versal mass vaccination can be expected to
reduce the number of preventable illnesses,
hospitalisations and deaths caused by rotavirus
gastroenteritis. Reducing vaccine-pre-
ventable diseases is particularly urgent at this
time when healthcare systems are preoccupied
and overwhelmed with SARS-CoV-2. Graphical
abstract available for this article.

Graphical Abstract:
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THE VALUE OF ROTAVIRUS VACCINATION IN EUROPE: A CALL FOR ACTION

• WHO s  introduction of rotavirus UMV
s a priority.

• In the context of a pandemic such as SARS-CoV-2,
the introduction of rotavirus vaccination in NIP
could help to reduce the pressure on healthcare
systems during rotavirus season.

• Vaccination could prevent up to
96% of rotavirus-related
hospitalisations in children
<1 year of age.

• No change in the overall
intussusception rate in countries
with rotavirus UMV.

Two rotavirus vaccines are
available in Europe

In Europe, only 18 out of 38 countries have fully-funded
rotavirus UMV programme in 2022.

Rotavirus gastroenteritis leads to 
75,000-150,000 hospitalisations in 
Europe and 600,000 medical 
consultations annually. Rotavirus 

• Cyprus, Kosovo, Malta and Montenegro: no
recommendation

• For Liechtenstein, recommendation pending

More European countries should put rotavirus vaccines in
their NIP.

Rotavirus infections represent a serious burden but are
vaccine-preventable.!

Rotavirus vaccines reduce significantly hospitalisations and
have a good safety profile.

Good timing.

SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; UMV, universal mass vaccination;
NIP, National Immunisation Programmes; WHO, World Health Organization. 

Fully-reimbursed rotavirus UMV implemented
Recommended but not funded/partially funded
Fully funded for risk groups only
National opinion pending or not yet implemented
No recommendation

Not visible in the map:
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Key Summary Points

Only 18 of 38 countries in Europe provide
free rotavirus vaccination for all children

Rotavirus vaccines are highly effective and
do not increase the risk of intussusception
over time

Rotavirus universal mass vaccination
(UMV) can help to reduce healthcare
utilisation during and after the SARS-CoV-
2 pandemic

Social distancing has reduced infectious
disease rates but a rebound is a recognised
risk

The WHO supports the introduction of
rotavirus UMV as a priority

DIGITAL FEATURES

This article is published with digital features,
including a graphical abstract, to facilitate
understanding of the article. To view digital
features for this article go to https://doi.org/10.
6084/m9.figshare.21033322.

INTRODUCTION

Despite unambiguous recommendations by the
World Health Organization (WHO), substantial
information about the burden of rotavirus gas-
troenteritis in children, and unequivocal evi-
dence of efficacy and safety, introduction of
rotavirus vaccines into routine infant immuni-
sation schedules has been slow and remains
suboptimal in Europe. A review of national
recommendations for rotavirus vaccination in
2018 explored possible factors contributing to
low uptake of these vaccines by national health

authorities [1]. Potential barriers we identified
were skewed perceptions about the value versus
the cost of vaccine implementation, and
incomplete awareness of the burden of disease
and the benefits of universal mass vaccination
(UMV). In some countries, specific safety con-
cerns contributed in those days to the reluc-
tance of health authorities to introduce
rotavirus UMV. In France, for example, the
national recommendation for rotavirus vacci-
nation was suspended in 2015 because of con-
cerns about the occurrence of intussusception
(Box 1). In July 2022, the main French health
authority (Haute Autorité de Santé) issued a
recommendation for rotavirus vaccination in
infants aged from 6 to 24 weeks with Rotarix
(two doses 1 month apart) or 6–32 weeks with
RotaTeq (three doses 1 month apart). Similarly,
the Spanish authorities suspended the market-
ing of rotavirus vaccines in 2010 because por-
cine circovirus (PCV) fragments were detected
in the vaccines [2]. The suspension remained in
place for 5 months for one rotavirus vaccine
and 6 years until 2016 for the other. Since then,
PCV-free rotavirus vaccines have been devel-
oped and introduced onto the market.

In this narrative review, we examine how the
SARS-CoV-2 (severe acute respiratory syndrome
coronavirus 2) pandemic has changed the
imperative for the prevention of infectious dis-
eases in Europe. We summarise newly available
evidence that describes the effectiveness of
rotavirus UMV in different countries and set-
tings; the impact of rotavirus UMV on rates of
intussusception, which is the most severe
potential vaccine-related adverse event; and the
growing interest in the broader effects of vac-
cination including rotavirus vaccines on
immune health. This article is a call for action
to improve vaccine-induced protection of vul-
nerable infants and young children against
rotavirus gastroenteritis, thereby freeing up
healthcare resources needed to treat patients
with SARS-CoV-2 infection. This literature
review does not contain any new data with
human participants or animals performed by
any of the authors.
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BOX 1. ROTAVIRUS VACCINATION
IN FRANCE: A LOST OPPORTUNITY

In 2013, the French High Council of Public
Health recommended rotavirus universal mass
vaccination on the basis of evidence suggesting
cost-effectiveness, with a view to future public
reimbursement. Pharmacovigilance data
between 2006 and 2014 identified 47 cases of
acute intussusception occurring within 7 days
after vaccination, and an incidence rate that was
comparable to rates published in the literature.
There were two deaths reported after intussus-
ception: one death in a very premature
2-month-old infant with neurological sequelae
who died at home without having received
medical care, and one death in a 4-month-old
who died after the third vaccine dose [79, 80].
The World Health Organization noted that no
association between intussusception and the
third vaccine dose has been demonstrated, and
that since the third dose is usually administered
at an age when the incidence of intussusception
is highest, it is likely this case could be a coinci-
dental event [79]. Although acknowledging that
the absence of treatment may have contributed
to one of the deaths, the High Council remained
concerned that such situations could ariseagain,
and therefore suspended the recommendation
to immunise all infants against rotavirus. Each
year in France there are approximately 430,000
episodes of acute gastroenteritis, 181,000 con-
sultations, 31,000 emergency room visits,
14,000 hospitalisations and around 10 deaths
due to rotavirus. A statement released by the
French National Academy of Medicine in 2020
called for the re-institution of a funded national
rotavirus prevention infant vaccination strategy
to prevent the deleterious effects of the annual
winter rotavirus epidemic that will occur at the
same time as SARS-CoV-2 outbreaks during the
winter season [77]. The main French health
authority (Haute Autorité de Santé) in charge of
establishing the vaccination policy, on July 12,
2022, recommended the vaccination against
rotavirus of all infants aged 6 weeks to 6 months.
The process leading to a publicly funded routine
universal mass immunisation programme is
underway.

ROTAVIRUS

Without vaccination, almost all children will
experience at least one episode of rotavirus gas-
troenteritis before the age of 5 years [3]. Globally,
rotavirus caused 258 million episodes of diarrhoea
and approximately 1.5 million hospitalisations in
children less than 5 years of age in 2016 [4]. In
this age group, rotavirus is the leading cause of
diarrhoea-associated mortality worldwide and
causes approximately 130,000 deaths annually
[4]. Whilst the majority of rotavirus deaths occur
in developing countries, the burden of rotavirus
gastroenteritis in Europe is substantial. Amongst
children less than 5 years of age, rotavirus gas-
troenteritis results in 75,000 to 150,000 hospital-
isations and as many as 600,000 medical
encounters in emergency departments or outpa-
tient clinics each year [5]. The incidence of rota-
virus-related hospitalisation is between 300 and
600 per 100,000 children under 5 years of age [5],
a rate that is substantially higher than the rate of
invasive pneumococcal disease in children of the
same age in Europe prior to the introduction of
pneumococcal conjugate vaccines (\100 per
100,000) [6, 7].

Most severe rotavirus gastroenteritis and
associated deaths occur in healthy children [8].
Despite attempts to identify potential risk fac-
tors for the development of severe rotavirus
gastroenteritis, the European Academy of Pae-
diatrics and the European Society for Paediatric
Infectious Diseases recently concluded that the
available data have found no predictors of risk
of severe disease, suggesting that no specific risk
groups for severe rotavirus gastroenteritis can be
defined [8].

Rotavirus vaccines have been available since
2004 and are highly effective in preventing
rotavirus diarrhoea [9, 10]. A Cochrane review
of data from randomised controlled trials con-
cluded that rotavirus vaccination prevents
between 90% and 96% of severe rotavirus diar-
rhoea in children followed up for 2 years in low-
mortality countries, and between 35% and 54%
in high-mortality countries [10]. The WHO has
recommended that rotavirus vaccination
should be included in all national infant vacci-
nation programmes since 2006 [11], and
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Table 1 Recommendations for rotavirus vaccination across Europe as of February 2021

Country Recommendation by
national authority

Reimbursement
status

Recommending
government body

Medical/scientific societies that
took the position to recommend
rotavirus vaccination

Albania All infants (UMV) 100% Ministry of Health,

Public Health

Institute

University Hospital Center

‘Mother Teresa’ Pediatrics

Department

Austria All infants (UMV) 100% Bundesministerium

für Gesundheit

Austrian Society of Paediatrics &

Adolescent Medicine

Belgium All infants (UMV) Small co-

payment

Conseil supérieur de

la Santé/Hoge

Gezondheidsraad

Belgian Society of Pediatrics

Bosnia and

Herzegovina

None None Agency for Medicines

and Medical

Materials

Institute of Public

Health of the

Federation of BiH

Pediatrics Association of Republic

of Srpska (Bosnia and

Herzegovina entity)

Bulgaria All infants (UMV) 100%a Expert Committee,

Ministry of Health

Advisory Committee for

Surveillance of Communicable

Diseases

Croatia Risk groups 100% for risk

groups

Croatian Institute for

Public Health,

Department of

Epidemiology

National Committee for the

Promotion and Prevention of

Rotavirus Infection in Children

Cyprus Included in the private

sector schedule, which

differs from the public

sector schedule

None Ministry of Health Scientific Committee of Cyprus

Paediatric Society for the private

sector’s vaccination calendar

Czech

Republic

All infants None Národnı́ imunizačnı́

komise (National

Immunization

Committee,

NIKO)

Česká vakcinologická společnost

(Czech Vaccination Society)

Denmark None None Sundhedsstyrelsen

(National Board

Health Technology

Assessment)

Dansk Pædiatrisk Selskab (Danish

Paediatric Society)

14 Infect Dis Ther (2023) 12:9–29



Table 1 continued

Country Recommendation by
national authority

Reimbursement
status

Recommending
government body

Medical/scientific societies that
took the position to recommend
rotavirus vaccination

Estonia All infants (UMV) 100% Ministry of Social

Affairs, Health

Department

State Agency of

Medicines

University of Tartu, Department

of Public Health

Finland All infants (UMV) 100% THL, National

Institute for

Health and

Welfare

KRAR, National

Advisory

Committee for

Vaccination

Finnish Medical Society

Duodecimi

Rokotetutkimuskeskus. Tampere

University Vaccine Research

Centre

Finnish Pediatric Association

France All infants (UMV) from

2014, suspended since

2015, currently under

evaluation

100%

Under evaluation

Haute Autorité de

Santé

Association Française de Pédiatrie

Ambulatoire & Groupe de

Pathologie Infectieuse

Pédiatrique (paediatric societies)

(2012)

Groupe Francophone

d’Hépatologie-Gastroentéroloiey

et Nutrition Pédiatriques (2007)

Germany All infants (UMV) 100% Ständige

Impfkommission

(STIKO)

Deutsche Akademie für Kinder-

und Jugendmedizin e. V

Gesellschaft für Neonatologie und

Pädiatrische Intensivmedizin e. V

Greece All infants\ 6 months 100% Ministry of Health National Immunisation

Committee

Hellenic Paediatric Association

Hungary All infants None Országos

Epidemiológiai

Központ (National

Centre of

Epidemiology)

Hungarian Pediatric Association

Association of Hungarian Primary

Care Paediatricians

Iceland None None Embætti landlæknis Icelandic Pediatric Association

Infect Dis Ther (2023) 12:9–29 15



Table 1 continued

Country Recommendation by
national authority

Reimbursement
status

Recommending
government body

Medical/scientific societies that
took the position to recommend
rotavirus vaccination

Ireland All infants (UMV) 100% Department of

Health

National

Immunisation

Advisory

Committee

Royal College of Physicians of

Ireland

Italy All infants from 2018

(UMV)

100% Ministero della

Salute

Pediatrician and Preventive

Medicine Scientific societies

Centro Nazionale di

Epidemiologia, Sorveglianza e

Promozione della Salute

Società Italiana di Pediatria

Federazione Italiana Medici

Pediatri

Kosovo None None Ministry of Health

Kosovo

National Institute of Public Health

Latvia All infants (UMV) 100% Centre for Disease

Prevention and

Control

Slimı̄bu Profilakses un

Kontroles Centrs (Center of

Immunology and Prophylactics)

Latvia Paediatric Association

Liechtenstein Pending – Fürstentum

Liechtenstein Amt

für Gesundheit

Eidgenössische Kommission für

Impffragen

Lithuania All infants from 2018

(UMV)

100% Ministry of Health Centre for Communicable Diseases

Prevention and Control

Luxembourg All infants (UMV) 100% Ministère de la Santé

Conseil Supérieur des

Maladies

Infectieuses

Société Luxembourgeoise de

Pédiatrie

Macedonia All infants from 2019

(UMV)

100% Ministry of Health

and Committee for

Immunisation

Pediatric Society of Macedonia

Malta None None Ministry of Health Advisory committee on

immunization

16 Infect Dis Ther (2023) 12:9–29



Table 1 continued

Country Recommendation by
national authority

Reimbursement
status

Recommending
government body

Medical/scientific societies that
took the position to recommend
rotavirus vaccination

Montenegro None None Institute of Public

Health of

Montenegro

Institute of Public Health of

Montenegro

Netherlands All infants (UMV) None Ministry of Health Gezondheidsraad (Health Council)

Zorginstituut Nederland (national

healthcare institute)

Norway All infants (UMV) 100% Norwegian Institute

of Public Health /

Norsk

Folkehelseinstitutt

Norwegian Child Medical

Association

Poland All infants from 2021

(UMV)

100% Ministry of Health The Pediatric Experts Group on

National Immunization; Polish

Society of Vaccinology Program

Portugal Risk groups from 2020 100% for risk

groupsb
Comissão Técnica de

Vacinação

Sociedade Portuguesa de Pediatria

– Sociedade Portuguesa de

Infecciologia pediátrica e Secção

de Gastroenterologia e Nutrição

Pediátrica

Romania None None The Romanian

Ministry of Health

The Romanian Pediatric Society

Serbia None None Ministry of Health Batut Institute

Slovakia All infants 20% Regional Public

Health Agency

Neonatal Section of Pediatric

Society

Slovenia All infants None Nacionalni inštitut za

zdravje (National

Institute for Public

Health)

Slovenia Paediatric Society

Spain Risk groups from 2019 100%

for risk groups

Ministry of Health,

Social Services and

Equality

Spanish Association of Pediatrics

Sweden All infants from 2019

(UMV)

100% Ministry of Health Public Health Agency Sweden

Switzerland Pending None The Federal Office of

Public Health

Swiss Society of Paediatrics

Eidgenössische Kommission für

Impffragen

Infect Dis Ther (2023) 12:9–29 17



indicated in 2013 that this should be considered
a priority [3]. Vaccination should commence
and the series be completed as soon as possible
after 6 weeks of age to induce protection before
natural rotavirus infection occurs [3].

ROTAVIRUS VACCINES

There are two rotavirus vaccines available in
Europe: human rotavirus vaccine (HRV, Rotarix;

GSK); and human-bovine reassortant rotavirus
vaccine (HBRV, RotaTeq; Merck Sharpe &
Dohme). Both were licensed in 2006 and have
amassed a large body of data supporting their
effectiveness and safety.

HRV is given in a two-dose series adminis-
tered at least 4 weeks apart. Vaccination may be
given at 6 weeks of age and should be com-
pleted preferably by 16 weeks of age and no
later than age 24 weeks. HRV may be given in

Fully-reimbursed rotavirus UMV implemented

Na�onal opinion pending or not yet 
implemented
No recommenda�on

Recommended but not funded/par�ally funded

Not visible on the map: 
• Cyprus, Kosovo, Malta and Montenegro: no 

recommenda�on 
• For Liechtenstein, recommenda�on pending 

Fully funded for risk groups only

Fig. 1 Overview of recommendations for rotavirus vaccination in European countries. UMV, universal mass vaccination

Table 1 continued

Country Recommendation by
national authority

Reimbursement
status

Recommending
government body

Medical/scientific societies that
took the position to recommend
rotavirus vaccination

United

Kingdom

All infants (UMV) 100% Public Health

England

Joint Committee on Vaccination

and Immunisation

Changes in national recommendations (since 2018) occurred in Lithuania, Macedonia, Poland, Portugal, Spain and Sweden
UMV universal mass immunisation
aLimited annual budget, re-assessed yearly based on vaccination coverage (coverage was 45% in 2020)
bRisk groups specified

18 Infect Dis Ther (2023) 12:9–29



the same schedule to preterm infants born after
at least 27 weeks gestation [12].

HBRV is given as a three-dose series with the
first dose administered from 6 weeks of age until
no later than age 12 weeks. There should be at
least 4 weeks between doses. Vaccination
should be completed preferably by 20–22 weeks
of age and no later than age 32 weeks. HBRV
can be given in the same schedule to preterm
infants born after at least 25 weeks gestation
[13].

RECOMMENDATIONS
FOR ROTAVIRUS VACCINES
IN EUROPE: WHAT’S NEW IN 2022?

Since 2018, fully funded rotavirus UMV pro-
grammes have been instigated in Lithuania,
Macedonia, Poland and Sweden. More recently,
since March 2022 Greece has moved from par-
tial to full reimbursement of rotavirus vaccina-
tion in infants (Table 1). This brings the total
number of countries with a fully funded rota-
virus UMV programme to 18 out of 38 countries
(47%) compared to less than 40% in 2018
(Fig. 1). In Poland, where rotavirus vaccination
was previously recommended but not funded
[1], the health authority moved rapidly in 2020
to make rotavirus vaccination free and manda-
tory for children born after 31 December 2020
[14]. With 20,000–30,000 rotavirus-related hos-
pitalisations each year in Poland, and consid-
ering that the seasonality of rotavirus coincides
with peaks in infections due to the pandemic
virus SARS-CoV-2, free, mandatory rotavirus
UMV has been implemented to avert pressure
on hospitals and prevent paralysis of the
healthcare system [15].

Spain recently introduced a partially funded
programme limited to premature infants born
between weeks 25–27 and week 32 of gestation
[16], which is unlikely to have any
detectable impact on the overall rotavirus dis-
ease burden. There is no strong evidence that
the severity of rotavirus infection is increased in
specific risk groups, including preterm and
immunocompromised children, strategies to
vaccinate risk groups are generally troubled by
issues of access and low uptake [17], and

restricting rotavirus vaccination to assumed risk
groups is not recommended [8]. The Health
Council of the Netherlands welcomes offering
universal vaccination against rotavirus through
the National Immunisation Programme. In
2022, it is expected that the government will
take a final decision on the implementation
[18].

A decision to introduce rotavirus vaccination
for risk groups in Portugal was implemented in
October 2021. The risk groups are severe car-
diovascular disease, hereditary metabolism dis-
ease, liver disease, kidney disease, neurological
disease (strong suspicion of metabolic
encephalopathy, suspicion or diagnosis of neu-
romuscular disease, chromosomal disorders or
epileptic syndromes in the first 3 months of life
and severe neonatal hypoxic-ischemic ence-
phalopathies), very preterm (less than
32 weeks), low birth weight (less than 2500 g),
congenital adrenal hyperplasia [19].

The main French health authority (Haute
Autorité de Santé) in charge of establishing the
vaccination policy recommended, on July 12,
2022, the vaccination against rotavirus of all
infants aged 6 weeks to 6 months. The process
leading to a publicly funded routine universal
mass immunisation programme is underway.

Belgium and Slovakia continue to require a
parental co-payment that varies from 80% of
the vaccine cost in Slovakia to at most 25% in
Belgium (Table 1). In Belgium, a nominal
charge to parents of approximately 12 euros per
dose (a standard charge for so-called category B
medicinal products in Belgium [20]) has not
deterred high vaccine uptake. In 2019, rotavirus
vaccine coverage was 82.5% for dose 1 and
77.6% for dose 2 in Flanders, and 71.3% and
64.6%, respectively, in Brussels [21]. The latest
coverage estimate available in Wallonia was
87.2% (2015) [22].

Overall, a substantial proportion of Europe’s
children continue to be unprotected against
rotavirus. Although there have been positive
steps forward since 2018, the use of rotavirus
vaccines in Europe remains suboptimal. In the
following sections we present new evidence
available since the 2018 review [1] that together
makes a compelling argument for wider imple-
mentation of these vaccines.

Infect Dis Ther (2023) 12:9–29 19



NEW EVIDENCE ON ROTAVIRUS
VACCINE EFFECTIVENESS

Ireland

Rotavirus vaccination was introduced into the
Irish national infant immunisation schedule in
December 2016. The impact of vaccination was
evaluated using national hospitalisation data
comparing the pre-vaccination era (2010–2016)
to the post-vaccination period (2017–2018).
Rotavirus-attributable hospitalisations
decreased by 85.5% nationally in children less
than 1 year of age (p\ 0.001) and by 86.5% for
children less than 2 years of age (p\0.001) [23]
after the introduction of UMV.

Estonia

Rotavirus vaccination was introduced to the
Estonian national infant immunisation sched-
ule in July 2014 and the impact of vaccination
was assessed using national claims data from
the Estonia Health Insurance Fund. Compared
to the pre-vaccination era (2007–2013), hospi-
talisation due to rotavirus gastroenteritis
decreased by 81% in children less than 1 year of
age, and by 55% in children 1–4 years of age in
the post-vaccination era (2015–2018). In the
post-vaccination era, children admitted to hos-
pital with rotavirus gastroenteritis were older
(median age increased from 2 to 3 years),
underwent a shorter hospitalisation (median
duration decreased from 3 to 2 days), and were
less likely to have severe disease (70.5% versus
82.54%) compared to the pre-vaccination era
[23].

United Kingdom (UK)

The UK introduced HRV into its infant immu-
nisation schedule in 2013. Vaccine effectiveness
was determined in a case–control study of lab-
oratory-confirmed rotavirus infection. The
effectiveness of two doses of HRV in preventing
laboratory-confirmed rotavirus gastroenteritis
was 85% (95% confidence interval [CI] 74, 91)
in children less than 1 year of age, and 54%

(95% CI 15, 75) in children older than
12 months [24].

Belgium

Rotavirus vaccination was introduced in Bel-
gium in 2006. The Rotavirus Belgium Impact
Study (RotaBIS) is an ongoing evaluation of the
impact of vaccination that is conducted annu-
ally in 10 hospitals. Rotavirus positive cases are
collected retrospectively each year allowing
annual comparison with the pre-vaccination era
disease burden (2005–2006). The results show a
continuing impact of vaccination over the
13 years since its introduction, with a reduction
in rotavirus-related hospital infections of 70%
(95% CI 66, 74) after 5 years and 84% (95% CI
79, 89) after 10 years. Using a simulation model,
the authors concluded that the highest vaccine
impact at the commencement of a routine
immunisation programme is achieved if it starts
well before the upcoming rotavirus season, and
achieves maximum coverage of the group in
whom rotavirus transmission is highest (3- to
12-month-olds) [25].

Germany

The region of Saxony in Germany introduced
rotavirus vaccination in January 2008 with the
average vaccine coverage after vaccination
introduction estimated to be 47.6% in children
less than 5 years of age. The incidence of rota-
virus-associated hospitalisations decreased by
84% in the 2012/2013 to 2016/2017 seasons
compared to the pre-vaccination 2002/2003 to
2006/2007 seasons. Vaccine effectiveness over
the full post-vaccination period (2007/2008 to
2016/2017 seasons) was 69% in children aged
less than 5 years and 96% in children aged less
than 1 year, the age group in whom protection
is most needed. Twenty-six per cent of the
vaccine effect resulted from herd protection
[26].

20 Infect Dis Ther (2023) 12:9–29



NO CHANGE IN THE OVERALL
INTUSSUSCEPTION RATE
IN COUNTRIES WITH ROTAVIRUS
UMV

In 2013, the WHO Global Advisory Committee
on Vaccine Safety concluded that the risk of
intussusception following vaccination with
HRV and HBRV was small compared to the
benefits associated with prevention of the most
common causes of severe acute gastroenteritis
globally [27, 28]. The first rotavirus vaccine,
tetravalent rhesus-human reassortant vaccine
(RRV-TV RotaShield; Wyeth Lederle Vaccines),
was licensed in the United States (USA) in 1998
but withdrawn in 1999 because of an observed
59-fold increase in intussusception after the first
dose [29, 30]. The new HRV and HBRV vaccines
are both associated with a small increased risk of
intussusception in the first 7 days after vacci-
nation that is substantially lower than that
observed for RRV-TV (approximately fivefold)
[31], suggestive of a class effect of rotavirus
vaccines.

Recently published, long-term post-market-
ing surveillance data are strongly suggestive
that although the risk of intussusception is
slightly increased shortly after rotavirus vacci-
nation, there is no increased long-term risk of
intussusception after vaccination with HRV or
HBRV. An observational study conducted in the
USA using a healthcare claims database found
that the risk of intussusception in fully vacci-
nated children less than 2 years of age was 21%
lower than unvaccinated children [32].
Nationwide surveillance of hospital admissions
for intussusception in the UK comparing the
pre-vaccination era (2008–2013) with the post-
vaccination era (2014–2018) found that there
was no increase in the overall hospital admis-
sion rate for intussusception in 0- to 36-month-
old children in the post-vaccination era. A sig-
nificant increase in the intussusception admis-
sion rate in 8- to 16-week-old infants was offset
by a significant decrease in children up until
12 months of age, such that the hospital
admission rate for intussusception was signifi-
cantly lower in children 0–12 months of age
after introduction of the rotavirus vaccine.

There was no change in disease severity and the
need for surgical intervention in the post- ver-
sus the pre-vaccination era [33]. Surveillance in
Ireland following the introduction of rotavirus
UMV also showed no increase in the incidence
of intussusception after vaccine introduction
compared to the incidence prior to introduction
[34].

Efforts to explain why intussusception
decreases during later childhood in fully vacci-
nated children remain hypothetical. One
hypothesis is that rotavirus vaccination could
trigger intussusception in predisposed children,
which means that these children develop
intussusception at a younger age than they
would have otherwise [35]. On the other hand,
if rotavirus vaccination prevents intussuscep-
tion triggered by wild-type rotavirus infection,
this would reduce the overall number of intus-
susception cases in older children. However, it
is not firmly established that rotavirus induces
intussusception and the mechanism of vaccine-
induced intussusception remains unexplained
[33, 36].

Fears that implementation of rotavirus UMV
would result in an overall increase in the inci-
dence of intussusception in young children
have not been realised. The evidence that cur-
rently available rotavirus vaccines do not
increase the overall risk of intussusception is
highly reassuring, and necessitates a shift in
thinking about the risk–benefit of rotavirus
vaccination [37]. If early, high rotavirus vaccine
coverage can be achieved, it might be expected
that more cases of ‘naturally occurring’ intus-
susception caused by rotavirus gastroenteritis
would be prevented, and cases potentially
caused by vaccination would be minimised,
leading to an overall reduction in intussuscep-
tion cases, and making the benefit–risk profile
even more favourable.

For countries such as France, where concerns
about intussusception motivated a withdrawal
of the existing recommendation for UMV in
2015 (Box 1), long-term post-marketing
surveillance suggests that it is likely that there
will be no change in the total number of
intussusception cases that occur in France,
should rotavirus UMV be re-instituted. Since
the 2015 recommendation withdrawal,
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additional studies conducted in France found
no significant association between rotavirus
vaccination and intussusception within the first
7 days of dose 1, although the vaccine coverage
rate was very low. One study identified formula
feeding and a history of gastroenteritis in the
previous 2 weeks as risk factors for intussuscep-
tion [38]. A benefit–risk evaluation of rotavirus
vaccination in France found that for every
intussusception death potentially triggered by
vaccination, 743 deaths caused by rotavirus
gastroenteritis would be prevented [38]. How-
ever, the impact of rotavirus vaccination in
preventing intussusception following wild-type
infection has not been quantified, potentially
adding further to the benefit of vaccination over
no vaccination. In 2022, the rotavirus vaccina-
tion recommendation in France has been issues
by the French NITAG.

Impact of Vaccine Schedule
on Effectiveness and Safety

The two available rotavirus vaccines in Europe
show similar efficacy and safety profiles but
differ in their posology (HRV requires two doses
and HBRV requires three doses), as well as in the
time frame for their administration. The
scheduling of HRV and HBRV as stated in the
product information is a reflection of the
schedules that were evaluated during clinical
development in pre-licensure trials. Some
countries have harmonised both schedules into
a single recommendation. For example, the US
Advisory Committee on Immunization Prac-
tices (ACIP) recommends dosing at 2 and
4 months of age (? 6 months of age for the
third dose of HBRV) to align with the timing of
other routinely administered vaccines [39].

The risk of intussusception in healthy chil-
dren increases during the first year of life,
peaking at 5–7 months of age [40]. Early vacci-
nation could reduce the overall level of intus-
susception potentially caused either by natural
infection or vaccination. WHO therefore rec-
ommends that rotavirus vaccination should
commence as soon as possible after 6 weeks of
age to induce protection before natural rota-
virus infection occurs [3]. The vaccine series

should also be completed as soon as practical in
order to maximise protection against rotavirus
infection, and to also reduce the risk of vaccine-
induced intussusception.

As oral vaccines, rotavirus vaccines are gen-
erally well accepted by practitioners and parents
and there is good evidence that rotavirus vac-
cines can be co-administered with all other
routinely administered paediatric vaccines
[41, 42]. Nevertheless, several countries, such as
Italy and the USA, have not achieved target
coverage rates, possibly contributed to by the
challenges posed by fitting rotavirus vaccines
into the routine immunisation schedule and
the lack of catch-up opportunities [43, 44].
Countries such as Italy that use a 2 ? 1 schedule
with routine vaccines administered at 3 and
5 months of age may find it difficult to admin-
ister the first dose of HBRV by the latest rec-
ommended age of 12 weeks, and to complete
the three-dose series since the third dose
requires an additional healthcare visit outside of
the routine schedule [43]. Whilst HRV (two-
dose series) fits more readily into a two-dose
primary vaccination schedule for other vacci-
nes, early commencement and completion of
vaccination is preferable and any delay in
administering the second dose could exceed the
specified 24-week upper limit.

The rotavirus vaccine schedule appears to
influence both coverage and the timeliness of
vaccination. A review of the literature from the
USA found that rotavirus vaccine coverage was
74.1% in 2016, which is lower than for most
other routinely recommended vaccines. Rates of
series completion ranged from as high as 90% to
as low as 50%, and compliance with the ACIP-
harmonised schedule was 77% for recipients of
HRV and 70% for HBRV. Series completion rates
and compliance rates tended to be higher in
children vaccinated with HRV requiring two
doses than HBRV requiring three doses [44].

A national switch from HRV to HBRV in
Mexico was followed by a statistically signifi-
cant decrease in rotavirus vaccine coverage from
75.6% to 61.0% (p\ 0.001), and a significant
decrease in series completion rate, from 93.7%
to 71.1% (p\0.001) [45]. In Belgium, 17.3% of
HBRV recipients did not complete the series
versus 6.8% of HRV recipients [46]. Similarly, in
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2019 in Italy, 25.0% of HBRV recipients did not
complete the series compared to 16.8% of HRV
recipients (p = 0.022) [47].

These data suggest that whilst HRV and
HBRV are both highly effective and have similar
safety profiles, there may be advantages of one
over the other in terms of best fit for individual
vaccination schedules.

COST-EFFECTIVENESS

The previous review of rotavirus vaccine use in
Europe argued that rotavirus vaccination is
undervalued in developed countries where
mortality rates are low [1]. This is because cost-
effectiveness studies frequently exclude herd
effects, impacts on quality of life, the effect of
secondary cases in households and day care
centres, and the impact of work absenteeism on
wages and tax revenue in their estimates. These
variables are important when evaluating the
national cost of rotavirus infections because the
majority of rotavirus gastroenteritis cases in
Europe are not admitted to hospital but are
cared for at home. A study in the Netherlands
using a Social Accounting Matrix to model the
impact of rotavirus vaccination on the wider
national economy focused on costs in terms of
work absenteeism, productivity loss, sick leave
and the flow-on effects on wages and tax rev-
enue [48]. The model showed that rotavirus
vaccination was associated with more economic
activity, reduced health spending and higher
tax revenue than no vaccination. Overall, the
modelled economy with vaccination reached a
surplus within 1 year after implantation of UMV
compared to the model with no vaccination
[48].

More studies are needed to evaluate the
impact of rotavirus vaccination beyond the
provision of direct medical care, incorporating
the home setting where most cases are treated.

DOWNSTREAM IMPACTS
OF ROTAVIRUS VACCINATION

Vaccines are designed to meet a defined public
health need and to prevent disease caused by a

specific pathogen. Apparently unrelated
‘downstream’ or so-called heterologous or non-
specific effects of vaccines have long been
recognised [49], but only recently have the
mechanisms for such effects been explored, and
the potential to leverage these effects for wider
disease prevention considered [50]. Whether
rotavirus vaccines have other non-specific
impacts has been the topic of speculation.

Seizures are among the most common
extraintestinal manifestation of rotavirus
infection [51]. Several studies have reported a
significant association between rotavirus vacci-
nation and a lower incidence of seizures
requiring hospitalisation in the 12 months fol-
lowing vaccination in countries including the
USA, Spain, Australia and the UK [51–53]. As
yet, the mechanism by which rotavirus vacci-
nation appears to prevent seizures is not known;
it remains an open question as to whether the
benefits of rotavirus vaccination in reduction of
seizures are due to prevention of infection in
children predisposed to the neurological effects
of rotavirus infection or to a true heterologous
effect of the vaccine [51]. Regardless, the
reduction in the incidence of seizure hospitali-
sation adds to the population-level benefits of
rotavirus vaccination.

Wild-type rotavirus infection is thought to
trigger autoimmune diseases including type 1
diabetes mellitus, coeliac disease, autoimmune
uveitis and biliary atresia in genetically suscep-
tible individuals [54, 55]. A large observational
study in the USA linked rotavirus vaccination
with a reduced risk of developing type 1 dia-
betes mellitus. After a median follow-up period
of 3 years the incidence of type 1 diabetes was
41% lower (95% CI 27, 52) in children who had
completed a full series of rotavirus vaccination
compared to unvaccinated children [55]. Simi-
lar observations were made in Australia where
the number of incident cases of type 1 diabetes
decreased by 15% (95% CI 3, 25) in children
0–4 years of age after rotavirus vaccine was
introduced into the routine infant immunisa-
tion schedule [56, 57]. Early evidence is also
suggestive of a protective effect of rotavirus
vaccination on coeliac disease [58]. However,
other studies have not found an association
between rotavirus vaccination and a reduced
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risk of autoimmune disease [58–60]. The evi-
dence available to date is purely ecological, with
confounding factors in each study.

The expanded benefits of current rotavirus
vaccines on these important clinical spectra is
an active research area, but the weight of cur-
rent evidence is enough to reinforce the rec-
ommendation of rotavirus vaccination to all
children; therefore, it has been suggested that
rotavirus vaccination should be actively rec-
ommended for children genetically predisposed
to coeliac disease or type 1 diabetes mellitus
[54].

IMPLICATIONS OF SARS-COV-2
PANDEMIC FOR VACCINATION

The SARS-CoV-2 pandemic has had major neg-
ative impacts on healthcare delivery. Even
2 years into the pandemic, healthcare systems
continue to be overwhelmed, not only with
patients with SARS-CoV-2 infection but also
with shortages of staff, hospital beds and sup-
plies [61]. Surges in respiratory specimens to be
tested for SARS-CoV-2 means that polymerase
chain reaction testing capacity in medical lab-
oratories has also come under pressure [62].
Furthermore, studies have shown that, com-
pared with the pre-pandemic period, many
patients suffering illnesses other than SARS-
CoV-2 infection have experienced delays in
receiving care [63–66] and healthcare resource
utilisation is reduced overall [67]. Such findings
indicate that the impact of the pandemic is
likely to continue for many years to come [61].

Rotavirus gastroenteritis peaks in winter,
along with influenza and respiratory syncytial
virus [68]. Winter in temperate climates pre-
sents a challenging period for healthcare sys-
tems where capacity is stretched, particularly in
paediatric units, as a result of increased admis-
sion rates due to seasonal infectious disease
outbreaks. Such seasonal challenges will con-
tinue to be exacerbated by the SARS-CoV-2
pandemic in the coming years [69]. Early during
the pandemic, WHO highlighted the impor-
tance of maintaining routine vaccination ser-
vices to prevent excess morbidity and mortality
due to vaccine-preventable diseases [70].

However, arguably, little attention has been
paid to the importance of maintaining high
vaccine coverage rates as a mechanism to
reduce the burden on the healthcare system,
particularly during winter months. Rates of
vaccination coverage amongst children have
declined all over the world during the SARS-
CoV-2 pandemic [71, 72]. In some countries in
Europe, initial decreases in vaccine coverage
rates were restored after either catch-up pro-
grammes or the release of statements from
health authorities highlighting the importance
of continued routine vaccination, illustrating
that concerted efforts may be needed to get
routine vaccination back on track [73, 74].
Whilst social distancing measures have
improved control of a range of infectious dis-
eases including respiratory infections and gas-
troenteritis during the SARS-CoV-2 pandemic
[75], the risk of a rebound of infectious diseases
in children is a recognised threat to global
health as these measures are relaxed [72]. This is
particularly the case for pathogens that all
children come into contact with during the first
years of life, including rotavirus. Vaccination,
when available, is probably the safest way to
prevent this immune debt [76].

The introduction of rotavirus UMV provides
countries with a mechanism to reduce the
winter burden of infectious disease. Poland has
taken steps to this end, making rotavirus
mandatory and free in response to the SARS-
CoV-2 pandemic. The French National Acad-
emy of Medicine called for the re-institution of
a funded national rotavirus prevention strategy
to curb the annual winter rotavirus epidemic
that will occur at the same time as SARS-CoV-2
outbreaks [77]. The Dutch Paediatric Associa-
tion has also called for the rapid introduction of
universal rotavirus vaccination in order to free
up hospital resources for patients with SARS-
CoV-2, and to smooth the expected winter peak
in disease [78]. Eradication of SARS-CoV-2 is not
feasible in the short term given current vaccine
options and outbreaks are likely to continue to
occur. It is imperative that vaccination rates
against all vaccine-preventable diseases are
maximised before physical social distancing
measures are fully relaxed.
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CONCLUSION

In 2022, there is compelling evidence that
rotavirus vaccines used in UMV in Europe are
highly effective in preventing rotavirus gas-
troenteritis, do not increase the overall inci-
dence of intussusception in early childhood,
and are cost-effective, contributing positively to
economic productivity, wages and tax revenue.
Considering a maximum vaccine effectiveness
of 96% in children aged less than 1 year [26],
Europe-wide rotavirus vaccination could
potentially prevent between 72,000 and
144,000 hospitalisations [5].

This article is a call for action: immunisation
has decisively benefitted society in general. Yet
preventing stagnation in efforts to reach all
people in need, especially in countries with the
lowest coverage and the greatest number of
unvaccinated children, is an essential future
perspective. The world cannot afford to turn the
clock back on immunisation. We can expect
ever more innovative vaccines that will offer
additional opportunities to reduce mortality
and improve the quality of life for every person,
but specifically for those infants and young
children who do not have a voice. We need to
be their strong advocates.

In the current pandemic setting, there is a
new urgency to achieve high levels of paediatric
vaccination against vaccine-preventable dis-
eases, including rotavirus gastroenteritis. The
introduction of rotavirus UMV can be expected
to reduce the number of preventable illnesses,
hospitalisations and deaths caused by rotavirus
gastroenteritis at this time when healthcare
systems are preoccupied and overwhelmed with
SARS-CoV-2.
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madaire / Section d’hygiène du Secrétariat de la
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