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Abstract

Comprehensive reviews of pre licensure rotavirus strain prevalence data indicated the global
importance of six rotavirus genotypes, G1P[8], G2P[4], G3P[8], G4P[8], G9P[8] and G12P[8].
Since 2006, two vaccines, the monovalent Rotarix (RV1) and the pentavalent RotaTeq (RV5) have
been available in over 100 countries worldwide. Of these, 60 countries have already introduced
either RV1 or RV5 in their national immunization programs. Post licensure vaccine effectiveness is
closely monitored worldwide. This review aimed at describing the global changes in rotavirus
strain prevalence over time. The genotype distribution of the nearly 47,000 strains that were
characterized during 2007-2012 showed similar picture to that seen in the preceding period. An
intriguing finding was the transient predominance of heterotypic strains, mainly in countries using
RV1. Unusual and novel antigen combinations continue to emerge, including some causing local
outbreaks, even in vaccinated populations. In addition, vaccine strains have been found in both
vaccinated infants and their contacts and there is evidence for genetic interaction between vaccine
and wild-type strains. In conclusion, the post-vaccine introduction strain prevalence data do not
show any consistent pattern indicative of selection pressure resulting from vaccine use, although
the increased detection rate of heterotypic G2P[4] strains in some countries following RV1
vaccination is unusual and this issue requires further monitoring.
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Introduction

From 2006 onward, two rotavirus vaccines, the monovalent Rotarix (RV1) and the
pentavalent Rotateq (RV5) have been licensed in >100 countries worldwide and have been
recommended by the World Health Organization (WHO) for routine immunization of all
children worldwide (Dennehy, 2008; WHO, 2009a). As of May 2014, 60 countries
worldwide have introduced either RV1 and/or RV5 into their national childhood
immunization programs (PATH, 2014). RV1 is a monovalent vaccine composed of a single
human-derived rotavirus strain of G1P[8] specificity, whereas RV5 is a pentavalent vaccine
containing bovine-human reassortant rotaviruses expressing human surface antigens of G1—
G4 and P[8] (Parashar et al., 2006; Cortese et al., 2009). Whereas the composition of RV1
and RV5 is different, the multiple vaccine doses administered a few weeks apart imitate the
role of sequential natural rotavirus infections in infants and young children, which stimulate
the development of both type specific (i.e. homotypic) and heterotypic protective immunity
against a variety of group A rotavirus (RVA) strains (Velazquez et al., 1996).

Efficacy, safety and strain-specific effectiveness of RVA vaccines are being closely
monitored in post licensure surveillance. Rotavirus strain surveillance targets the
characterization of both neutralization antigens, VP7 or G and VP4 or P, of RVAs. Previous
reviews on rotavirus strain prevalence (using G and P type data) focused on the pre vaccine
licensure period. Three major reviews reported global prevalence data and several regional
reviews summarized relevant information from a continent or a WHO region (Gentsch et al.,
2005; Santos and Hoshino, 2005; Bényai et al., 2012; Usonis et al., 2012; Ogilvie et al.,
2011; Khoury et al., 2011; Todd et al., 2010; Castello et al., 2004; Sanchez-Padilla et al.,
2009). The largest data set analyzed so far included over 100,000 strains between 1996 and
2007 to provide baseline data for evaluation of any possible changes in strain distribution
following vaccine introduction (Banyai et al., 2012). That study listed >70 individual G-P
antigen combinations from 281 studies and 100 countries worldwide, and, together with
other major reviews, highlighted the spatiotemporal fluctuation of genotype prevalence in
various populations without vaccine pressure. During the 1990s and 2000s at least 2 novel
strains, GOP[8] and G12P[8], emerged to become medically important globally in addition
to the historically well known four endemic strains, G1P[8], G2P[4], G3P[8], and G4P[8]. In
fact, the emerging variants of G9 and G12 strains were inferred to have spread worldwide
over the course of a decade to become, respectively, the 5th and 6th most commonly
reported RVA strains (Matthijnssens et al., 2010). In addition to these six globally important
genotypes, some strains have been demonstrated to be locally or regionally important.
Historical examples include G5P[8] strains in South America and G8P[6] strains in parts of
Africa (Cunliffe et al., 2000, 2010; Alfieri et al., 1996; Gouvea et al., 1994).

With the availability of vaccines and the observation that newly emerging RVAs may reshape
the global landscape of medically important strains, it has become even more important to
monitor strain prevalence to assess vaccine effectiveness against various RVA strains. Strain
surveillance will also allow studies of the evolution and epidemiology of field strains under
vaccine immune selective pressure, to identify possible breakthrough events and genetic
interplay between vaccine and field strains. The objective of this review is to gather
information about spatial and temporal changes in strain prevalence and summarize reports
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about possible vaccination associated changes during the first six years of vaccine use. To
obtain the required information, we reviewed studies reporting RVA prevalence data from
2007 onward and abstracted data on reported G-P combinations. In addition, strain
characterization studies (such as those reporting whole genome sequences or sequencing and
phylogenetic analyses of neutralization antigens) were also evaluated and combined with
prevalence surveys if background information suggested that data from different sources
could be merged.

Medically important RVA strains

From 2007 to 2012 the genotypes of 46,967 RVA strains were reported from a total of 81
countries (Table 1). Of the whole data set, 8224 strains were characterized in the WHO
African region (AFR), 2341 in the Eastern Mediterranean region (EMR), 6756 in the
Americas region (AMR), 14,438 in the European region (EUR), 5728 in the South East Asia
region (SEAR), and 9480 in the Western pacific region (WPR) (Fig. 1). Among the 60
countries with a national RV immunization program, 15 were found to have reported post
licensure prevalence data. Globally, the most commonly reported six strains were found in
~73% of the samples (G1P[8], 31.2%; G2P[4], 13.0%; G3P[8], 10.7%; G9P[8], 10.2%;
G4P[8], 5.0%; G12P[8], 2.7%), or in ~87% of specimens (out of 39,403) when non-typeable
strains and mixed infections were removed before the calculation.

At the level of WHO regions, the combined prevalence of the six common genotypes ranged
from 62.7% (AFR) to 96.9% (EUR). G1P[8] strains predominated in all but one WHO
region; the only exception was AMR, where G2P[4] strains were relatively more commonly
reported. On the contrary, among the globally common strains, the prevalence of G4P[8] and
G12P[8] strains was negligible in several regions (e.g., WPR: G4P[8], 0.8%; G12P[8], 0.1%;
EMR: G12P[8], 0.2%; SEAR: G4P[8], not detected). All other common genotypes had >1%
prevalence (regional ranges in the whole study period: G1P[8], 20.4-47.7%; G2P[4], 10.0—
29.2%; G3P[8], 2.6—-34.4%; G4P[8], up to 15.5%; G9P[8], 7.9-16.6%; G12P[8], 0.1-
10.1%). Furthermore, in the AFR an additional seven genotypes were found at a prevalence
greater than 1%, including G2P[6] (8.2%), G1P[6] (6.0%), G3P[6] (5.5%), G12P[6] (3.5%),
G8P[6] (1.7%), G8P[4] (1.8%), and G1P[4] (1.1%). These data demonstrate that genotype
P[6] RVA strains continue to circulate at marked prevalence in the AFR. Somewhat less
genotype diversity among medically important strains was seen in the AMR (G1P[6], 2.1%;
G9P[6], 2.2%; G9P[4], 1.7%), in the EMR (G2P[6], 3.9%; G1P[6], 3.8%; G1P[4], 1.8%;
G9P[6], 1%), in the SEAR (G12P[6], 14.9%; G9P[4], 1.6%; G1P[6], 1.2%; GIP[6], 1.1%),
and in the WPR (G4P[6], 2.4%; G3P[4], 1%). No additional prevalent strains were found in
EUR. Of note is that several of the regionally common strains were reported from single
countries that contributed a disproportionately large number of strains to the regional total.
Thus, the regional prevalence data may be somewhat biased by the relative significance of
unusual strains reported from countries with greater sample size analyzed.

In order to study annual fluctuation of RVA strains within and between countries, data were
summarized at the level of study sites of reporting countries whenever possible. With this
approach temporal and spatial changes were observed both in countries with and without a
rotavirus vaccination program (Fig. 2). Predominance and sustained circulation of G1P[8]
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strains was observed in parts of North America, and many countries in the EMR and the
EUR and even in selected countries within the AFR and the WPR, where G1P[8] strains
were otherwise regionally not prevalent. Genotype G2P[4] was predominant in many
countries utilizing RV1 in their childhood immunization program, including Latin American
countries and Belgium and Austria in Europe (Braeckman et al., 2012; Gurgel et al., 2009;
Nakagomi et al., 2008; Paulke-Korinek et al., 2013; Pelaez-Carvajal et al., 2014). However,
territories in Australia using RV5 as well as several countries worldwide with low vaccine
usage also reported high G2P[4] prevalence that was sustained over consecutive years (Fig.
2). Among the historically important genotypes, G3P[8] was reported to prevail in several
study sites in the United States and Australia using RV1 and RV5 vaccine, but this genotype
was also prevalent in several countries without universal rotavirus vaccination programs
including Thailand, Germany, Argentina and the Reunion Island, as well as some SEAR
countries (e.g., China, Japan, and Vietnam), where it has been prevalent over consecutive
years (Breiman et al., 2012; Caillére et al., 2013; Chen et al., 2013; Ngo et al., 2009; Hull et
al., 2011; Kamiya et al., 2011; Kuzuya et al., 2014; Kirkwood et al., 2007, 2008, 2009, 2010,
2011; Li et al., 2009; Maiklang et al., 2012; Stupka et al., 2012; Pietsch et al., 2009, 2011;
Thongprachum et al., 2013; Wang et al., 2009, 2011; Zeng et al., 2010). Genotype G4P[8]
strains were reported to prevail in a few countries worldwide (e.g., Ivory Coast, Estonia,
Greece, Hungary, and Russia) typically during a single epidemic season, and G4P[8] strains
were also predominant at some Australian RV1 sites (Akoua-Koffi et al., 2014; Karamoko
and Dabonne, 2013; Kirkwood et al., 2007, 2008, 2009, 2010, 2011; Koukou et al., 2011,
Léaszl6 et al., 2012; Soeorg et al., 2012; Trimis et al., 2011; Zhirakovskaya et al., 2012).
Finally, many countries worldwide reported transient increase in the frequency of genotypes
G9P[8] and G12P[8] that emerged during the 1990s, including some high vaccine coverage
areas within the USA (Fig. 2).

3. Minority and novel wild-type RVA strains

No globally emerging new strains were identified in the past six years, but several locally or
regionally important strains were recognized including some with partially or fully
heterotypic serotypes compared to the two vaccines (Fig. 2). One example is GOP[4] strains
identified in Guatemala and Bangladesh during 2009-2010 and 2011, respectively (Quaye et
al., 2013; Afrad et al., 2013). G12P[6] strains predominated in Nepal between 2007 and
2011 and in Malawi in 2007, G1P[6] and/or G2P[6] prevailed in some study years in
Columbia, Gambia and Irag, and G4P[6]s were locally important in some regions of
Hungary and South Korea during 2008 (Ahmed et al., 2013; Ansari et al., 2013; Gauchan et
al., 2013; Jeong et al., 2011; Kwambana et al., 2014; LészI6 et al., 2012; Pelaez-Carvajal et
al., 2014; Sherchand et al., 2009, 2012; Steele et al., 2012). Another example of a regionally
emerging genotype is G6P[6], recently reported in several African countries among
genotyped strains (prevalence range 3.4-17.6%) (Nordgren et al., 2012a,b; Page et al.,
2014). In addition, phylogenetic analyses identified a possible epidemiological linkage
between African and European G6P[6] strains (Nordgren et al., 2012b; laniro et al., 2013).
A bovine RVA related human strain, G10P[14], was described in several individuals of an
aboriginal population in Australia vaccinated with RV1 (Cowley et al., 2013).
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Two VP4 genotypes, P[6] and P[11], were originally associated with asymptomatic
infections on neonatal wards (Das et al., 1994; Gentsch et al., 1993; Dunn et al., 1993;
Sukumaran et al., 1992; Gorziglia et al., 1986). Subsequent studies, however, found P[6] to
be very common among pathogenic strains. The most salient example is the high prevalence
of genotype P[6] among RV patients in many sub-Saharan countries of Africa (Todd et al.,
2010). RVA strains bearing genotype P[11], have been also detected in children with
diarrhea in several countries worldwide, including India, Pakistan, Estonia, Slovenia, and
Italy (Table 2).

In previous comprehensive reviews which collected and published data from the pre
licensure period, at least 74 G—P combinations were identified. In studies of published data
for the 2007-2012 period, an additional 11 new antigen combinations were identified, each
from sporadic cases. These included a G14P[24] strain from the USA that contained simian-,
equine- and bovine RVA related genes in the whole genomic configuration, a G3P[25] strain
and a G5P[19] from Taiwan both carrying porcine RVA related genes in their genomes, two
G6P[1] strains from Pakistan closely related to bovine RVA strains in their VP4 and VP7
genes, a G10P[15] rotavirus identified in China that shared over 99% VP4 and VVP7 gene
sequence identities with ovine rotaviruses, two G8P[9] detected in Australia, a G2P[3] strain
from Turkey, a G2P[14] strain from Gambia, a G3P[24] from the USA, a G1P[5] strain from
Bangladesh, and a G2P[5] strain from Mali (Breiman et al., 2012; Hwang et al., 2012;
Kirkwood et al., 2011; Kwambana et al., 2014; Staat et al., 2011; Tamim et al., 2013; Tapisiz
etal., 2011; Weinberg et al., 2013; Zhang et al., 2012). Some of the rare strains were
detected from diarrheic patients during vaccine trials and the shared genotypes with vaccine
strains indicate a possible vaccine strain origin (Table 2).

4. Detection and evolution of vaccine strains in patients with diarrhea

The mechanisms of attenuation and potential reversion to regain the virulent phenotype of
rotavirus vaccine strains are unknown. A temporal association between vaccination and
diarrhea in a low proportion of vaccinees has been documented in large vaccine trials as well
as during strain surveillance in the post licensure period (Payne et al., 2010; Bowen and
Payne, 2012; Boom et al., 2012; Donato et al., 2012). In addition, vaccine derived strains
have been described in contacts of vaccinees and even in patients without history of
vaccination or apparent contact with a vaccinated infant. For some of these cases only
RV1/RV5 derived strains but no other common enteropathogens were detected, suggesting
that the vaccine strains could have (re)gained a pathogenic phenotype.

Concerning putative RV5 derived vaccine strains, several G6 and/or P[5] RVAS were
identified in RV5 vaccine trials suggestive of vaccine origin of the identified strains in
infants. The G6 VVP7 and P[5] VP4 genotypes are components of the RV5 vaccine and are
co-expressed with the human-derived P[8] VP4 and G1-G4 VVP7 antigens, respectively, as
individual reassortants (Fig. 3A). Of note is that in these vaccine trials no further analysis
was conducted to provide evidence for the possible bovine parental RVA strain (i.e. WC3)
origin of the G6 VP7 or the P[5] VP4 antigens (Breiman et al., 2012). Following the
introduction of RV5 in routine vaccination programs, only few authors have reported
detailed molecular analysis of vaccine derived strains. For example, Payne et al. (2010) used
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a genome sequencing approach to demonstrate that the identified G1P[8] strain detected in a
30 month old US child suffering from diarrhea was fully RV5 vaccine origin. Because both
G1 VP7 and P[8] VP4 specificities are expressed on separate reassortants of the pentavalent
vaccine, identification of a single G1P[8] strain is consistent with reassortment between two
RV5 vaccine strains. Boom et al. (2012) described four RV5 derived vaccine strains by
partial genome sequencing (including only VP3, VP4, VVP6 and VP7 genes). Donato et al.
(2012) described 13 RV5 derived strains from Australian patients by targeting only four
genes (VP3, VP4, VP6 and VP7). Of these, four patients were found to shed vaccine derived
(vd) G1P[8] reassortants. Hemming and Vesikari (2012, 2014) reported several vdG1P[8]
strains in diarrheic patients from Finland by sequencing of selected genes; one report from
Finland raised the possibility that vaccine-derived strains may be acquired from the
community. Bucardo et al. (2012) demonstrated for the first time the possible rescue of a
RV5 origin NSP2 gene in wild-type G1P[8] strains detected in two Nicaraguan children.
Altogether, some data indicate that vdG1P[8] reassortants of the RV5 strains might be more
transmissible and more virulent in humans than the original vaccine component strains
individually.

With regard to RV1 origin strains, Rose et al. (2013) reported several cases from Brazil
demonstrating natural reassortment events between the RV1 vaccine strain and wild-type
strains (Fig. 3B). Among the reassortants identified were two mono-reassortant strains; one
strain carried an RV1 derived VP1 gene on the configuration of a wild-type strain and
another strain carried a wild-type derived VP2 gene on the configuration of the RV1 vaccine
strain. Another reassortant strain carried the VP2, NSP1 and NSP5 gene from a wild-type
strain, whereas the remaining genes were of RV1 vaccine strain origin. In addition, Boom et
al. (2012), in their aforementioned paper, reported a RV1 associated case by sequencing of
the VP7, VP4 and NSP2 genes, where the affected child was non-vaccinated and had no
contact history with a vaccinated child.

5. Concluding remarks

In a previous review, we described the decline of the historically dominant G1P[8] strains
over time between 1996 and 2007, and the simultaneous global emergence of G9P[8] and
G12P[8] strains (Banyai et al., 2012). Analysis of new data in the vaccine post licensure
period indicates the resurgence of G1P[8] strains to become the most prevalent genotype in
many countries worldwide although not to levels described in earlier reviews. The sustained
predominance of G2P[4] strains reported in the Americas and parts of Europe and Australia,
where RV1 vaccine is used in national immunization programs, raised concerns whether this
strain that is fully heterotypic to the G1P[8] strain in RV1 was being selected because of
vaccine pressure (Grimwood and Kirkwood, 2008; Matthijnssens et al., 2009, 2012).
However, contemporary data from other countries in the same regions with low rates of RV1
use as well as from countries using RV5 indicates sustained prevalence of G2P[4] strains in
these countries as well, diminishing the initial concern that a fully heterotypic strain may
overwhelm a highly vaccinated population. Nevertheless, the very high prevalence of G2P[4]
strains reported in some countries after implementation of RV1 vaccination is highly
unusual, and this issue requires further monitoring.

Infect Genet Evol. Author manuscript; available in PMC 2021 March 19.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Doro et al.

Page 7

Although the emergence and transient predominance of fully heterotypic strains in countries
using either RV1 or RV5 were observed, in several instances fully or partially homotypic
strains replaced these fully heterotypic strains over several years post-vaccine
implementation. Furthermore, many pre-licensure and post-licensure studies have shown
that both RV1 and RV5 have high effectiveness against non-vaccine strains (Justino et al.,
2011; Yen et al., 2011; Braeckman et al., 2012; Cortese et al., 2013; Patel et al., 2013).
Despite these reassuring findings, it is important to note that among the 60 countries which
introduced RV1 and/or RV5 in national immunization programs (PATH, 2014), only a few
have so far reported detailed, longitudinal strain prevalence data, and thus it is not possible
to exclude the possibility of some strain selection related to vaccine pressure over several
years after vaccine implementation.

Regardless, an important question that we need to ask is what the implication of a putative
vaccine use associated strain selection would be? Currently there is no conclusive evidence
associating RVA genotype and disease severity. Furthermore, although from a historical
perspective it may be very unusual for genotype G2P[4] to predominate for several years,
one needs to remember that a single genotype, G1P[8], predominated over several
consecutive years in many countries during the 1980s to late 1990s (Hull et al., 2011; Banyai
et al., 2009a,b; Arista et al., 2006). In some studies the long term prevalence of G1P[8]
strains was linked to antigenic drift and intra-typic shift leading to new combinations of
different co-circulating G1 VP7 and P[8] VP4 variants (lineages) (Banyai et al., 2009a,b;
Arista et al., 2006). Natural fluctuation of the common RVA strains during consecutive
seasons may attest to their fitness; however, vaccine breakthrough events may result from
lineage changes in VP4, VVP7 and other rotavirus genes. Recent sequencing studies have
identified marked intra-typic heterogeneity even within G2P[4] strains, thus their unusual
epidemiology in high vaccine use countries need to be reconsidered in relation to the
emergence of the novel genetic and antigenic variants of G2P[4] strains (Do et al., 2014;
Dennis et al., 2014; Donato et al., 2014; Giammanco et al., 2014).

With continued enhanced RVA surveillance in the post-licensure period additional new
genotypes were identified in humans, most typically from sporadic cases. Sequencing of
several genes or the full genomes of many of these strains often uncovered relationships with
animal RVAs. Animal origin RVAs identified, for example, were the bovine/ovine origin G6,
G8, and P[14] specificities (de Rougemont et al., 2011;Wu et al., 2012; Swiatek et al., 2010;
Steyer et al., 2009; Cowley et al., 2013; Mullick et al., 2013), the porcine origin G5, P[6],
and P[19] genotypes (Mladenova et al., 2012; Komoto et al., 2013; Hwang et al., 2012; Wu
et al., 2011b), the feline/canine origin G3, P[3] and P[9] specificities (Luchs et al., 2012;
Hwang et al., 2011), and more interestingly the putative equine origin G14 specificity
(Weinberg et al., 2012, 2013). Phylogenetic analyses of sporadic rare strains in the
respective studies were not consistent with regard to the epidemiological relationships
among the spatially isolated cases. For example, human RVA strains carrying the P[3] and
P[9] VP4 genotype specificities detected in different locations appear to be more similar to
each other and often to the putative canine and feline hosts (Luchs et al., 2012; Hwang et al.,
2011), whereas bovine/ovine-like P[14] or porcine-like P[6], P[19] and P[25] strains
detected at various geographic locations appear to be more diverse genetically (Wu et al.,
2011a,b; Mladenova et al., 2012). So far, very few strains have been characterized in
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sufficient detail; therefore one cannot make conclusions about possible differences in the
driving forces of these specificities in their respective host species. Nonetheless, all these
findings raise the possibility that rare RVA genotypes detected in humans originate from
local gene pools harbored by one or multiple animal host species with humans merely a
heterologous dead end host for these rare strains, whereas other strains might have some
limited potential for human-to-human transmissibility and thus, are able more readily to
disperse geographically.

Whereas the mechanisms and the potential implications of possible selection of heterotypic
strains by vaccine pressure, including those that are currently considered uncommon remain
to be understood, evidence has been published that vaccine strains may exchange genetic
material with wild type strains (Bucardo et al., 2012; Rose et al., 2013). Such mechanisms
were identified for both vaccines indicating that either single-gene or multi-gene
reassortment could lead to new strains potentially pathogenic to infants. Although
mechanisms of attenuation and reversion still await exploration, the detection of vaccine
strain derived genes in virulent reassortant wild-type strains during the post licensure
surveillance period has implications for routine surveillance methods. The laboratory
protocol recommended for strain monitoring relies on amplified fragment length
polymorphism driven by genotype specific primers (WHO, 2009b). However, currently used
primer cocktails do not contain some of the genotype specificities expressed by RV5.
Furthermore, this approach cannot be used to differentiate vaccine and wild-type strains.
Alternative methods may be needed, particularly because typing primers may cross react
with heterotypic strains and emergence of new sequence variants may lead to reduced
reactivity with the homotypic primer. Furthermore, the number of individual typing primers
in a cocktail is another limiting factor. One possible alternative to address these issues is to
use unbiased massively parallel sequencing of whole genomes to obtain new insight into
mechanisms of evolution within and between field RVA strains and vaccine strains.

In conclusion, the post-vaccine introduction strain prevalence data in countries using either
RV1 or RV5 do not show any consistent pattern indicative of selection pressure resulting
from vaccine use. The six genotype combinations responsible for a majority of infections in
most of the world remained medically important during 2007-2012. Only a few putative
novel candidates for possible new pandemics were identified, including some rapidly
spreading genotypes, such as G6P[6] and G9P[4], in Africa and Latin America, respectively,
whose genetically closely related counterparts have been identified in several continents.
The question of whether strain evolution over the long term will result in declining vaccine
effectiveness to particular types or whether escape mutants due to completely novel gene
constellations will emerge is still open. The observed dominance of the fully heterotypic
G2P[4] strains in some countries in some years following RV1 vaccination is unusual,
however, and this issue requires further monitoring. As more post-vaccine implementation
data on strain diversity become available from many low-income countries in Africa that
have recently introduced either RV1 or RV5 in routine childhood immunization programs
and from high and middle income countries that have been using for vaccines for several
years, further evidence of vaccine selection pressure on circulating rotavirus strains should
be examined.
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Fig. 1.
Geographical distribution of medically important RVA strains between 2007 and 2012.

WHO regions are highlighted by various colors; dark shade shows countries providing data
from any given region. In addition to the six globally common G-P combinations, regionally
common, unusual and rare strains are also shown and referred to as ‘Other’. Mixed infection
with multiple G and/or P types and non-typeable strains were not included in the
calculations.
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a particular G-P combination. Diagonal color patterns indicate two different G-P
combinations circulated at similar great prevalence. The dates when universal RVA
vaccination was implemented in a given country and the prefererred RVA vaccine are

indicated where
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A Neutralization antigen combinations of the five
RVS5 vaccine strains:

G1P[5], G2P[5], G3P[5], G4P[5], G6P[8]
VP7 -G1,G2,G3
G4, G6

I

XX VP4-P[5],P[8]

=
—_——
—
=

Payne et al., 2010 Hemming et al., 2012, 2013 Donato et al., 2012 Boom et al., 2012

Reassortant strains:
reassortment between
a ‘wild-type’ and a
‘vaccine’ RVS strain

Bucardo et al., 2012

Vaccine strains AND

Vaccine-derived
reassortant strains, e.g.

G1P[8]

Neutralization antigen combination of the RV1

B vaccine strains:
G1P[8]
VP7 - G1 =
\_/ TS VP4-Pig]
A‘ ———— Vaccine strains
Rose et al., 2013 Boom et al.,, 2012

Reassortant strains:
reassortment between
a ‘wild-type’ and a
‘vaccine’ RV1 strain

Rose et al., 2013

Fig. 3.
Evolution of RV vaccines. The virions and the parental genomic constellations of RV1 and

RV5 are shown in orange and green, respectively. Wild type strains are represented by blue
color. Missing sequence information is shown as empty bars.
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