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Background: Group A rotaviruses (RVA) are the most frequent single etiological agents of severe diarrhea
ininfants. Since 2006 RVA vaccines have been introduced in national schedules of middle and high income
countries with substantial declines in rotavirus associated disease burden. However, surveillance must
be maintained to, eventually, detect emerging types or variants selected by the new pressure imposed
by vaccination.

I}:"}t’ words: Objectives: To analyze the molecular epidemiology of group A rotavirus after vaccine introduction in the
D(i)a:;,lizs region in the context of data from more than 15 years of continuous surveillance in Buenos Aires.
Vaccines Study design: RVA positive diarrhea samples collected in Buenos Aires from 2008 to 2011 were geno-
Phylogeny typed by RT-PCR. Selected samples were sequenced to gain insight on evolution of common and globally
Argentina emerging human RVA strains.

Results: Lineage Il G12P[8] strain emerged in 2008 in Buenos Aires and shared co-dominancy with G3
strains during 2009. An atypical long lasting circulation of G2P[4] strains since 2004 reached rates around
80% in 2011 in Buenos Aires. Sequencing of the VP7 and VP4 genes of representative G2P[4] isolates
suggests Brazil as the origin of the 2010-2011 strains.
Conclusions: Globally emergent G12 lineage III strains could be established as dominant strains in a very
populated area in two years since emergence. In this work it was also shown that the persistence of
G2P[4] strains during 8 years could be related to massive immunization with the monovalent vaccine in
the region.

© 2014 Elsevier B.V. All rights reserved.

1. Background

Group A rotaviruses (RVA) are the most frequent single etiolog-
ical agents causing severe diarrhea in infants. It has been estimated
that ~453,000 children under 5 years of age die of rotavirus dis-
ease each year worldwide but around 90% of these fatalities occur
in poor regions [1]. Since 2006, two RVA vaccines were licensed in
many countries: Rotarix (GlaxoSmithKline, Research Triangle Park,
NC) and Rotateq (Merck and Co., Whitehouse Station, NJ). Within
the first years following vaccine introduction in national sched-
ules of middle and high income countries, substantial declines in
all-cause gastroenteritis hospitalization and even larger declines in
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rotavirus gastroenteritis hospitalizations among children <5 years
of age have been observed [2]. Despite this, no RVA vaccine has yet
been incorporated in the National Vaccination and Immunization
Program in Argentina. Thereby, vaccination is only administered by
private prescription covering around 7% of the birth cohort on the
basis of sales estimates (E. Lopez, pers. comm.).

Rotaviruses are nonenveloped viruses and their genome con-
sists of 11 double stranded RNA segments. Virus particles possess
a triple-layered icosahedral protein capsid. The two outer capsid
proteins, VP7 and VP4 elicit neutralizing antibodies and form the
basis of a dual classification system in serotypes. The VP7 glycopro-
tein, defines the G types and VP4, a protease-cleaved protein, the P
types [3]. Currently, 27 G genotypes (G1-G27) and 37 P genotypes
(P[1]-P[37]) have been described for RVA [4,5]. To obtain a deeper
insight in rotavirus evolution, all the genomic RNA segments are
similarly analyzed and classified in genotypes [6].
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Studies on strain spreading and phylodynamics showed that
new reassortants including emergent genotypes like G9 and G12
can spread worldwide in approximately one decade [7]. Neverthe-
less, generalization of the RVA vaccine use could eventually impose
a selective pressure on circulating strains, possibly influencing the
future selected variants. As an example, there is a current contro-
versy about the possible influence of massive vaccination with the
monovalent G1P[8] vaccine in Brazil on the observed high preva-
lence levels of G2P[4] strains shortly after vaccine introduction
[8,9]. However, some investigators have considered that G2P[4]
strains naturally appear as dominant strains in a population about
every 10 years, a phenomenon observed when long periods of
surveillance were sustained in a given region [8,10,11].

Latin America was one of the first regions in the world where
vaccination against RVA was implemented and until now, eight
South American countries have introduced the monovalent G1P[8]
vaccine (Rotarix) in their National Immunization Schedules. Stud-
ies from some of these countries have shown significant declines in
RVA related hospitalizations and deaths after vaccine introduction
[12]. Our neighboring country, Brazil, was one of the first taking
this initiative, beginning vaccination in 2006. However, Argentina,
Chile and Uruguay have not yet introduced any RVA vaccine in their
National Immunization Schedules.

2. Objectives

To analyze the molecular epidemiology of group A rotavirus in
Buenos Aires, Argentina and to establish the influence of vaccine
introduction in the region in the context of data from more than 15
years of continuous surveillance.

3. Study design
3.1. Sample collection

Six hundred and sixty three fecal specimens were collected
between January 2008 and December 2011 from children under
5 years of age with acute diarrhea admitted at the Hospital “Dr
Eduardo Oller” in San Francisco Solano (located at 15km from
Buenos Aires city) and Hospital “Dr Ricardo Gutierrez” in Buenos
Aires city. This period included 4 winter seasons in which the peak
of rotavirus prevalence in Buenos Aires occurred from May to July.
Samples were analyzed for the presence of RVA with an in-house
ELISA described elsewhere [13].

3.2. RNA extraction and RT-PCR

Viral RNA was extracted from every rotavirus positive stool
specimen by the silica powder method [14] and stored. Extracted
RNA was denatured at 97 °C for 5min and a first amplification of
VP7 or VP4 segments was performed by RT-PCR with the One-Step
RT-PCR kit (QIAGEN GmbH, Germany) with VP7 or VP4 gene spe-
cific consensus primers. To determine human G and P genotypes,
the first amplicons were submitted to seminested, multiplex PCR
with consensus and type specific primers. For G typing, consensus
primers VP7F and VP7R [15] were used in the first round RT-PCR
and the VP7R consensus primer with a set of G type specific forward
primers in the second round PCR. This set contains specific primers
for the genotypes G1, G2, G4, G8 [16]; genotypes G3, G9, G10 [17]
and genotype G12 [18]. For P typing, consensus primers VP4F and
VP4R [19] were used in the first round RT-PCR and the VP4F primer
with a set of P type specific primers in the second round PCR. This
set contains specific primers for genotypes P[4], P[6], P[9], P[10]
[20], and genotype P[8] [21]. Cycle conditions and visualization of
PCR products were conducted as reported before [11].

3.3. Nucleotide sequence analysis

The VP7 (from 25 samples) and VP4 (from 19 samples) PCR prod-
ucts genotyped as G2 or G12 were gel purified with the QIAquick
gel extraction kit (QIAGEN GmbH, Hilden, Germany) and sequenced
with the automated sequencer ABI3730XL under BigDye termi-
nator cycling conditions (Macrogen Inc., Korea). The nucleotide
sequences presented in this article have been submitted under
GenBank accession nos. KF920553-KF920596.

3.4. Phylogenetic analysis

Phylogenetic trees were reconstructed with the neighbor-
joining method and their evolutionary distance was estimated by
Kimura-2 parameter at the nucleotide level. The bootstrap proba-
bility was calculated for each internal branch of the phylogenetic
trees with 1000 times of resampling. These analyses were con-
ducted by using the program MEGA version 5.1 [22].

4. Results
4.1. Genotype frequency fluctuation

The present results along with previous findings [11,13,23]
complete 16 years of continuous genotype surveillance in highly
populated areas of Greater Buenos Aires, Argentina. Such infor-
mation allowed us to establish the natural pattern of fluctuations
in genotype frequencies in this area for the prevaccination era
(1996-2007) in a previous report [11].

In the present study conducted from 2008 to 2011, 21.0% of the
fecal specimens screened by ELISA were positive for RVA (Table 1)
and the results from genotyping performed on these positive sam-
ples are depicted in Table 2. From the total of typified samples,
11.5% were mixed infections (Table 1), while 6.4% were G or P non
typeables. Two remarkable features are evident for this period: first,
G12 strains emerged in 2008, reaching the highest frequency in
2009 (44.0%) and second, the high rate of G2 strains in 2011 (85.3%)
after 8 years of almost continuous circulation. Different to previ-
ously characterized G12 strains detected at low frequencies from
1999 to 2007, in the period reported here this genotype emerged at
higher rates in 2008, became dominant in 2009, and persisted dur-
ing 2010 but was not detected in 2011 in our collection. G2 strains
were detected at medium to high rates from 2004 to 2008, were
not detected in 2009 and reemerged in 2010. In this way, in a lapse
of 8 years, two phases of G2 circulating strains can be described
according to whether they were isolated before or after 2009.

In 2011 the genotype combination G2P[4] became dominant
reaching a frequency of 78.3%, displacing the G3P[8] and G12P[8]
genotypes. It is also of note, the detection of G3P[8] as codominant
strains in 2008 and 2009 and as the most prevalent strains in 2010
Table 3. This tendency was also detected by the National Rotavirus
Surveillance System [24] and is, to the best of our knowledge, the
first time that the G3 genotype is detected at high rates in Buenos
Aires since middle of the 1990s.

4.2. Nucleotide phylogenetic analysis

G12 strains. A total of 16 G12 strains from our collection were
analyzed by VP7 gene sequencing (1 from 2007, 2 from 2008, 11
from 2009 and 2 from 2010). Through phylogenetic analysis of
these sequences, as well as of other Argentine, South American and
global representative G12 strains, it was observed that the Buenos
Aires strains from 2008 to 2010 belonged to the VP7 lineage III. This
group appeared clearly separated from the group of strains from
our collection isolated in the period 1999-2007 (Fig. 1) previously
characterized as G12 VP7 lineage II, most of them combined with
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Table 1
Incidence of group A rotavirus from 2008 to 2011 in Buenos Aires.
Year No. of positive samples/no. of samples tested (%)
2008 2009 2010 2011 Total
RVA infections 36/194 (18.6) 19/163(11.7) 15/79 (19.0) 69/227 (30.4) 139/663 (21.0)
RVA mixed infections 4/36 (11.1) 5/19 (26.3) 2/15(13.3) 5/69(7.2) 16/139(11.5)
RVA - group A rotavirus.
Table 2
Distribution and frequency of G and P genotypes of group A rotavirus from 2008 to 2011 detected in Buenos Aires.
Genotype 2008 2009 2010 2011 Total no. % Over the
4-year period
No. of samples % No. of samples % No. of samples % No. of samples %
G1 6 15.0 1 4.0 1 5.9 0 0.0 8 5.1
G2 3 7.5 0 0.0 5 294 64 85.3 72 459
G3 10 25.0 12 48.0 8 47.0 8 10.7 38 24.2
G4 7 17.5 0 0.0 0 0.0 0 0.0 7 4.4
G9 9 225 1 4.0 1 5.9 2 2.7 13 8.3
G12 4 10.0 11 44.0 2 11.8 0 0.0 17 10.8
GNT 1 2.5 0 0.0 0 0.0 1 13 2 13
Total 40 100.0 25 100.0 17 100.0 75 100.0 157 100.0
P[4] 1 2.8 0 0.0 6 40.0 58 84.1 65 46.8
P[6] 1 2.8 0 0.0 0 0.0 0 0.0 1 0.7
P[8] 25 69.4 16 84.2 9 60.0 5 7.2 55 39.6
P[9] 1 2.8 0 0.0 0 0.0 0 0.0 1 0.7
PNT 8 222 3 15.8 0 0.0 6 8.7 17 12.2
Total 36 100.0 19 100.0 15 100.0 69 100.0 139 100.0

PNT - P not typeable.
GNT - G not typeable.

P[9][11,23,25]. Two additional G12 lineage Il strains from 2002 and
2007 sequenced in this work and not previously reported were also
included in this analysis.

The VP4 gene was sequenced for a group of samples charac-
terized as single infections by G12P[8] strains to avoid confusing

or ambiguous data from mixed infections. There were 6 samples
satisfying this condition and all of them were from 2009. Phylo-
genetic examination indicated that the sequences belonged to the
lineage III of the P[8] genotype but clustered in 3 separate groups
supported by high bootstrap rates. A first group including strain

Table 3
Distribution and frequency of G and P genotype combinations of group A rotavirus from 2008 to 2011 detected in Buenos Aires.
Strain 2008 2009 2010 2011 Total no. % Over the
4-year period
No. % No. % No. % No. %
G1P[8] 4 11.1 4 29
G1P[6] 1 2.8 1 0.7
G2P[4] 1 2.8 4 26.7 54 783 59 424
G2P[8] 3 43 3 2.2
G2PNT 1 2.8 3 43 4 29
G3P[4] 1 6.7 1 0.7
G3P[8] 6 16.7 6 31.6 5 333 1 1.4 18 129
G3PNT 4 11.1 1 53 2 29 7 5.0
G4P[8] 7 194 7 5.0
GIP[8] 5 139 1 6.7 6 4.3
GOPNT 2 5.6 1 53 3 22
G12P[8] 6 31.6 2 133 8 5.8
GNTP[4] 1 1.4 1 0.7
GNTP[9] 1 2.8 1 0.7
G1+3P[8] 1 6.7 1 0.7
G1+12P[8] 1 2.8 1 0.7
G2 +3P[4] 1 6.7 2 29 3 2.2
G2 +3P[8] 1 1.4 1 0.7
G2+12P[8] 1 2.8 1 0.7
G3+9PNT 1 1.4 1 0.7
G3+12P[8] 4 21.1 4 29
G9+12P[8] 1 2.8 1 0.7
G9+12PNT 1 2.8 1 0.7
G1+3+12PNT 1 53 1 0.7
G2+3+9P[4] 1 1.4 1 0.7
Total 36 100.0 19 100.0 16 100.0 61 100.0 132 100.0

PNT - P not typeable.
GNT - G not typeable.
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Fig. 1. Phylogenetic analysis of G12 strains. The tree was constructed from nucleotide sequences of VP7 genes of G12 rotavirus strains obtained from the GeneBank database.
The lineages are indicated on the right and the bootstrap values are shown at the branch nodes (values <65% are not shown). The Argentine strains analyzed in this study are
shown in boldface. Strains are named according to the nomenclature proposed by the Rotavirus Classification Working Group.

Arg2668 (bootstrap value: 99), a second group including strain
Arg2765 (bootstrap value: 90) and a third group including strains
Arg2712, Arg2713, Arg2717 and Arg2766 (bootstrap value: 99). In
a fourth group of the same lineage clustered 2 VP4 sequences from
G4P|[8] strains and 1 from G1P[8], circulating in our region in 2008
(Fig. 2).

G2 strains. A total of 9 sequences of the VP7 gene were obtained
from samples characterized as G2P[4]. Three of them were from
2007 and 6 from 2010 and 2011, representative of both phases of
circulating G2 strains mentioned above. Phylogenetic analysis indi-
cated that all the sequences in this collection belonged to the G2
lineage Il but segregated in different clusters. Strains from 1997 [11]
and 2007 are more related with each other than to the 2010-2011
group containing 6 almost identical VP7 sequences (Fig. 3). Inter-
estingly, strains circulating in Brazil in 2008 and 2009 are closely
related to this group, which emerged in Argentina in 2010. In a sim-
ilar way, some sequences from strains circulating in Brazil in 2005
and 2006 appeared closely related to Argentine strains isolated in
2007 (Fig. 3).

The VP4 gene from 10 samples characterized as G2P[4] were
sequenced. From these, 3 were from 2007, 1 from 2008, 3 from 2010
and 3 from 2011. All the sequences belonged to the P[4] lineage
V. Phylogenetic analysis confirmed the relationships established
on the basis of the VP7 gene of the Argentine strains with each
other and with Brazilian strains (Fig. 4). It needs to be highlighted
that Figs. 3 and 4 include sequences from the period 2005-2009
from Brazil which are representative of a larger group of strains
with almost identical sequences [26]. Additionally, all available
sequences in the GenBank were used for phylogenetic analysis but,
in the sake of understandability, only representatives of the most
closely related sequences are shown in the figures.

5. Discussion

Three genotype constellations have been defined for human
RVA: Wa-like, DS-1-like and AU-1-like, being the first two much
more common in epidemiologic studies while the last one is
rarely found [27]. In general, Wa-like RVA include genotype
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Fig. 2. Phylogenetic analysis of P[8] strains. The tree was constructed from nucleotide sequences of VP4 genes of P[8] rotavirus strains obtained from the GeneBank database.
The lineages are indicated on the right and the bootstrap values are shown at the branch nodes (values <65% are not shown). The Argentine strains analyzed in this study are
shown in boldface. Strains are named according to the nomenclature proposed by the Rotavirus Classification Working Group.

combinations of G1, G3, G4, or G9 with P[8] (like Rotarix
strain) while the DS-1-like RVA typically include the genotype
combination of G2 with P[4]. Phylodynamic studies have deter-
mined that new strains can spread worldwide in a relatively
short time of 10 years [7]. Different G12 strains emerged in
several countries during the second half of the 1990s and it
was previously demonstrated that the introduction in Argentina
of AU-1-like, VP7 lineage Il G12P[9] strains, was most prob-
ably from Far East countries [23,25]. As shown here, these
strains circulated at low rates in Buenos Aires until 2007
and were replaced by lineage Il G12P[8] strains in 2008.
These last emerging rotavirus strains were also detected at
national level by a National Surveillance System study [24]
in which the strains were characterized as G12-P[8]-11-R1-
C1-M1-A1-N1-T1-E1-H1, a common human Wa-like genotype
constellation. Differently to the AU-1-like G12P[9] strains, these
strains were detected at medium to high frequencies in Buenos
Aires during three consecutive seasons, suggesting that the

G12P[8] strains that emerged in 2008 in Argentina might
represent a more cosmopolitan biologically fit G12 strain, well
adapted to spread among humans [7,23-25,28]. Thereby, close
surveillance should be maintained on this putative globally emer-
gent genotype.

High levels of efficacy and effectiveness of the monovalent
vaccine against G2P[4] strains were demonstrated in several stud-
ies but some concerns and controversy still remain [9,29,30]. For
example, some results suggest that immunity wanes in the second
year of life in vaccinated children. Assuming this, generalization
of the monovalent vaccine use could hypothetically select G2P[4]
(or different DS-1-like strains), increasing the abundance of these
strains in the environment as they are excreted during apparent
or subclinical infections. In some studies a cycle of recurrence
was described for G2P[4] strains about every 10 years [8-10] and
the observed increase in South America during the past years
has been attributed to this normal fluctuation [8,11]. We showed
here a striking and atypically long prevalence period of G2P[4]
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Fig. 3. Phylogenetic analysis of G2 strains. The tree was constructed from nucleotide sequences of VP7 genes of G2 rotavirus strains obtained from the GeneBank database.
The lineages are indicated on the right and the bootstrap values are shown at the branch nodes (values <65% are not shown). The Argentine strains analyzed in this study are
shown in boldface. Strains are named according to the nomenclature proposed by the Rotavirus Classification Working Group.

strains in Buenos Aires in 2 phases since 2004, with reemerging
strains becoming highly prevalent in 2010-2011. After just 1 year
of absence in 2009, these strains reached almost 30% of the G
types detected in 2010 and around 80% in 2011. The VP4 and VP7
sequences from these strains circulating in 2010 and 2011 were
highly similar to a subgroup of strains circulating in Brazil in 2008
and 2009. These results are consistent with the hypothesis that
these G2P[4] strains were introduced from Brazil.

The analysis of deduced amino acid sequences of the B, C and F
antigenic regions on VP7 showed only one consistent substitution
(242 S — N)between strains circulating in both phases in Argentina.
This change is also shared by strains circulating in Brazil after 2006
(data not shown). It is difficult to link this kind of changes to strain
selection by vaccine induced immunity. Significant changes in neu-
tralization assay titers of sera from vaccinated individuals against
both variants of G2 strains or against two reassortants bearing
both VP7 variants in a common genome background could help
clarify this point. However, since T or B epitopes on several rotavirus

proteins not related to classical VP7 neutralization regions, could
be implicated in cross-protection elicited by a Wa-like vaccine
strain against DS-1 like infecting strains [31,32], it would be
very interesting to extend the analysis to a complete genome
comparison.

Neighboring countries in the Southern Cone of Latin America
are epidemiologically connected and the circulation of strains is
shared to some extent as clearly illustrated by the introduction
of unusual G12P[9] strains in Argentina and their ulterior passage
to subsequent spread to Brazil and Paraguay [7,23,33,34]. Hence,
it is possible that the relative abundance of DS-1-like or decline
of Wa-like strains in the largest and most populated country of
our region could introduce a bias on the usual serotype substitu-
tion. Argentina, as a country without universal vaccination, may be
acting as an amplifier of this effect visualized through the strik-
ing reduction in prevalence of G1P[8] strains and the persistence
of G2P[4] in the past few years. To determine if this is a bias
of the normal fluctuation of genotype frequencies caused by the
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Fig. 4. Phylogenetic analysis of P[4] strains. The tree was constructed from nucleotide sequences of VP4 genes of P[4] rotavirus strains obtained from the GeneBank database.
The lineages are indicated on the right and the bootstrap values are shown at the branch nodes (values <65% are not shown). The Argentine strains analyzed in this study are
shown in boldface. Strains are named according to the nomenclature proposed by the Rotavirus Classification Working Group.

monovalent vaccine selection, further follow-up of genotypes in
Brazil and other regional countries will be required. Furthermore,
strain characterization by full genome sequencing of Argentine and
Brazilian strains will allow us to confirm the identity and origin of
rotaviruses spreading in the region.
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