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Editorial

Rotavirus  infections,  vaccines  and  virus  variability

Infecciones por  rotavirus, vacunas y variabilidad vírica
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Among all enteric pathogens, rotavirus is  the leading cause of
severe acute gastroenteritis in  infants and young children in Spain
and worldwide.1,2 Rotavirus affects 95% of children by the age
of 5 years and causes an estimated 2 million hospitalizations and
453,000 infant deaths, most of them in  low-income countries.3

Mortality as a  result of rotavirus infections is very low in  high-
income countries. Rotavirus gastroenteritis, however, creates a
substantial economic burden on the healthcare systems in  these
countries.4 In Spain, before the introduction of rotavirus vaccines,
it was estimated that 181,626 episodes of acute gastroenteritis
occurred each year among children under 5. This translated into
14,342 hospitalizations, 41,701 emergency department visits and
48,320 primary care visits with important implications for the fam-
ilies and the society as a  whole.5

In 2009 the World Health Organization (WHO) recommended
the inclusion of either of the two licensed rotavirus vaccines
into the national immunization programs of all countries.6,7 The
Advisory Committee on Vaccines of the Spanish Association of
Pediatrics (CAV-AEP) has also recommended the vaccination for
rotavirus in all infants because of the morbidity and elevated
healthcare burden of the virus.8 Rotavirus vaccines were licensed
in Spain between the end of 2006 and early 2007. Currently
the only rotavirus vaccine available, although not subsidized, is
RotaTeq® (Sanofi Pasteur MSD), a  pentavalent vaccine consisting of
bovine-human reassortant strains expressing different viral capsid
protein combinations. Other countries like Belgium, Luxembourg,
Austria, Finland, and more recently the UK, have implemented
universal mass vaccination programs for rotavirus using a  live
attenuated human-derived monovalent vaccine (RotarixTM, Glaxo
Smith Kline)9 and/or Rotateq®.  The protective efficacy of these
vaccines was evaluated and established by several randomized
double-blind, placebo-controlled trials, demonstrating a  protection
rate against severe rotavirus gastroenteritis of 85% (95% CI: 72,92)
for RotarixTM10 and 98% (95% CI: 88,100) for RotaTeq®.11
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The two outer viral capsid proteins, VP7 and VP4, form the
basis of the dual classification system of group A rotaviruses
into G and P types. Since VP7 and VP4 are  encoded by different
genome segments, both type specificities segregate in an indepen-
dent manner.12 Rotaviruses, like many RNA viruses, display a  great
degree of genetic and antigenic diversity. Aside from showing dif-
ferent G and P  types and an extensive variety of combinations
therein, rotaviruses can accumulate point mutations leading to
antigenic drift, reassortment of genome segments to drive anti-
genic shift, and zoonotic transmission of animal strains to introduce
new antigenic types into humans.13 The G1P[8], G2P[4], G3P[8],
G4P[8] and more recently G9P[8] have been defined as the most
common human rotavirus strains. Nevertheless, other genotypes
are seen more frequently in different parts of the world, mainly in
low-income countries.

Both rotavirus vaccines have  a high proven efficacy against
severe gastroenteritis caused by rotavirus genotypes G1–G4 and
G9, which account for more than 95% of all rotavirus strains cir-
culating in Europe.14 Progress toward widespread vaccination,
however, was impeded by the unexpected discovery of  porcine
circovirus in vaccines and by the re-emergence of  intussuscep-
tion as a matter of potential concern.15 The cost-effectiveness
of rotavirus vaccination was  also considered an impediment
to the introduction of universal vaccination in  some European
countries like Spain, France, the Netherlands and Greece.16 Nev-
ertheless, rotavirus vaccines are being introduced into many
low-income countries with the financial support of the Global
Alliance for Vaccines and Immunization (GAVI), which plans to
introduce rotavirus vaccines into more than 30 countries by 2015
(http://www.gavialliance.org/support/nvs/rotavirus).

The implementation programs for rotavirus vaccines in  both
low-income and high-income countries have created a  new and
extremely interesting scenario for rotavirus infections and for
the relatedness between vaccine and field strains. A substantial
decrease in  severe diarrheal disease in  children in the USA  has
been reported by the Center for Disease Control (CDC) since the
introduction of rotavirus vaccines in the national immunization
program in  2006. It has exceeded the protection level expected
based on vaccine coverage, as well as the extension of benefits to
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older unvaccinated age groups, thus demonstrating both the direct
and indirect impacts of rotavirus vaccination in  the USA.17 That
notwithstanding, the efficacy of these vaccines has been reported
to be remarkably lower in  low-income countries.18 For example, a
vaccine efficacy against severe diarrhea of only 58% was  observed
in a 2007–2009 Nicaraguan study using RotaTeq.19 It  has been
suggested that this high level of vaccine failure in Nicaraguan chil-
dren was probably not a result of antigenic drift or the emergence
of new genetically distinct virus strains, but of the introduction
of vaccine strain genes into circulating human rotaviruses.19 In
Brazil, the predominance of G2P[4] strains after the establishment
of a national vaccination program using the monovalent G1P[8]
vaccine, RotarixTM, was observed. This led to the speculation that
Rotarix is less effective against G2P[4] rotavirus, allowing the emer-
gence of this genotype as the primary cause of diarrheal disease.20

It is, however, unclear if the predominance of G2P[4] genotype
is related to the vaccination program or  if this is  attributable to
normal genotype fluctuations. Rotavirus surveillance will be cru-
cial to clarifying these  questions. It is  a  matter of concern that the
immune pressure and herd immunity raised by  universal mass vac-
cination against rotavirus might drive the emergence of vaccine
escape mutants.

The long-term impact of immunization with rotavirus vaccines
on viral strain evolution needs to be  monitored by  conducting
surveillance studies of the circulating rotavirus strains during the
post-introduction period. The European Rotavirus Network (Euro-
RotaNet) was established in  January 2007 and has conducted
rotavirus strain surveillance for 7 consecutive years in 17 Euro-
pean countries. The network includes three Spanish laboratories:
Departamento de Microbiología y  Ecología, Facultad de Medicina,
Universidad de Valencia; Hospital Donostia of San Sebastián, and
Centro Nacional de Microbiología, Instituto de Salud Carlos III,
Majadahonda, Madrid. This network has detected a  total of 47 dif-
ferent combinations of G and P types between 2006 and 2012 in
single rotavirus infections. Six rotavirus genotypes, G1P[8], G4P[8],
G2P[4], G9P[8], G3P[8] and G12P[8], accounted for 91% of all char-
acterized strains. The G1P[8] strains were the most prevalent year
after year, whereas the prevalence of the other five most common
genotypes varied significantly over time and among countries.14

To date, studies assessing rotavirus molecular epidemiology and
genotype diversity have not reached clear conclusions regarding
the effects of vaccination.

It is both interesting and useful to  gain information on the
impact of vaccines on the prevalence of circulating rotavirus strains.
The study by Sánchez-Fauquier et al.,21 published in this issue,
describes the rotavirus genotype distribution during two consec-
utive years, from 2010 to 2011, in  the Hospital Severo Ochoa
in Leganés, Madrid, after the vaccine’s introduction. They found
that the most prevalent genotype was G1P[8] (60.7%), followed by
G2P[4] (16.09%), G9P[8] and G12P[8], albeit no rotavirus vaccine
coverage rate in the study population was estimated. Aside from
this, vaccine coverage rates in Spain are highly variable among the
different autonomous regions. Based on the number of doses sold,
the mean vaccine coverage in the 2-year period 2009–2010 was
estimated to be as low as 11% in the province of Gipuzkoa22 and
51% between July 2008 and June 2009 in Galicia.23 National vac-
cine coverage rates increased from an estimated 16% in  2007 to
43% in 2009, followed by  a  decline to 22% in  2010.16

It is difficult to determine if vaccination influences on the fluctu-
ations of rotavirus genotypes, especially with a  modest coverage.
Significant annual changes in genotype distribution have usually
been detected by  molecular epidemiology studies of rotavirus
gastroenteritis; they were even in the prevaccine era. A good
example is the global emergence of the G9P[8] genotype since
the mid-1990s, now considered a common genotype. The emer-
gence of G12[P8] strains was detected in the Basque Country in

2004–2005.24 It  was later found to  be the predominant genotype
(65% of 223 strains in  the 2010–2011 rotavirus season).22 The
high prevalence of G12[P8] has occurred mainly in Northern Spain,
whereas a  much lower G12[P8] prevalence has been reported in
Madrid in 2010–2011 (4.3% of 117 strains) and in a collaborative
study performed by laboratories in  Valladolid, Zaragoza, Barcelona
and Valencia (13.3% of 511 strains in 2011–2012).25

In  conclusion, a  better understanding of the long-term effects
of rotavirus vaccines on the prevalence, epidemiology and evolu-
tionary dynamics of circulating viral genotypes requires continuous
strain surveillance.
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