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Abstract
Background. In 2015, Argentina included RotarixTM monovalent vaccine for universal administration and
it showed a sharp decline in all-cause and rotavirus-con�rmed cases as well as an immediate
predominance of the G2P[4] genotype. The aim of this study was to analyze the impact of rotavirus
vaccination on disease burden and genotype distribution in our country following its introduction.

Methods. Prevalence and seasonality of laboratory-con�rmed rotavirus cases data were assessed.
Analyses of circulating genotypes were performed by conventional binary characterization (G and P
typing). Phylogenetic study of VP7 gene was performed from emergent unusual strains.

Results. During 2017-2018, 1183 rotavirus cases (13.2%) were detected and prevalence was uniform
among different age subgroups. Weekly distribution showed a raise of con�rmed cases around late July
and early August. In 2017 the most frequently detected genotypes were G2P[4] and G3P[8]. However, in
2018 G12P[8] genotype increased and it was detected at a high rate. Noteworthy, the detection of
uncommon G9P[4] and G8P[8] strains (bearing DS-1-like genetic backbones) was observed at moderate
rates.

Conclusions. Following four years of this strategy, the prevalence of rotavirus remained low in children
under 5 years of age with a shift of the seasonal peak in early spring. The emergence of uncommon
genotypes was due to introduction of new strains rather than to reassortment of local strains. Continuous
monitoring of rotavirus burden of disease and genotype distribution provides useful evidence to evaluate
existing immunization strategies and to contribute in the development of new vaccines as well.

1. Background
Since live oral rotavirus vaccines were approved and licensed, numerous countries had progressively
incorporated them into their National Immunization Programs and continuous monitoring efforts to
assess the impact of this strategy have been encouraged [1]. Also, surveillance studies indicate that
rotavirus vaccines have signi�cantly reduced speci�c hospital admissions and deaths, and overall direct
and indirect burden of disease associated with acute diarrhea, as well [2]. Nonetheless, one of the
questions that raise more concern is how these vaccines impact on several aspects of viral evolution
such as genotype switching and the emergence of escape mutants [3].

Despite the great diversity of rotavirus strains, only six G/P associations (G1P[8], G2P[4], G3P[8], G4P[8],
G9P[8] and G12P[8]) largely predominate in humans worldwide at present [4, 5]. However, based on the
degree of overall genomic RNA homologies, it has been stated that there are two main genotypes
antigenically distant comprising these frequent G/P associations: genotype 1 (or Wa-like strains, mostly
bearing P[8] genotype, such as G1P[8], G3P[8], G4P[8], G9P[8] and G12P[8]), and genotype 2 (or DS-1-like
strains, mostly bearing P[4] genotypes, such as G2P[4]) [6]. On the other hand, as universal vaccine
introduction represents a key phenomenon of selective pressure, several countries had experienced rapid
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changes in their genotype distribution with an increased diversity and the emergence of uncommon
strains [7–9].

In Argentina efforts have been dedicated to sustain continuous and systematic rotavirus surveillance for
extensive portrayal of the pre-vaccination scenario: overall prevalence of 25–30% with highest frequency
of detection in children under 2 years, and an autumn/winter seasonality [10, 11]. Also, genotype
distribution has been extensively described with co-circulation and interannual �uctuation mostly among
common strains [10–13]. In 2015, Rotarix™ monovalent vaccine (human G1P[8]) was included for
universal administration and its �rst impact study showed a sharp decrease on all-cause and rotavirus-
con�rmed cases and an immediate predominance of the G2P[4] genotype [14]. To assess the continuity
of this intervention over time, the aim of this study is to analyze the impact of rotavirus vaccination on
the burden of disease and genotype distribution in our country during the 2017–2018 period.

2. Methods
In Argentina, all-cause acute diarrhoea cases are included in the list of Mandatory Noti�cation Events.
The Argentinean Health Surveillance System (SNVS 2.0; www.sisa.msal.gov.ar), which depends on the
National Ministry of Health, is an online software that collects clinical and laboratory-based noti�cations
to provide a framework for national health policies. This study represented an observational, cross-
sectional, ecological analysis of laboratory con�rmed rotavirus cases in children under 5 years of age,
reported to the SNVS 2.0 in Argentina during 2017–2018.

2.1 Rotavirus laboratory con�rmed cases
Data were extracted from the Viral Diarrhea Noti�cation Module of the SNVS 2.0. Brie�y, hospital
laboratories distributed nationwide upload a weekly condensed report of the total number of rotavirus
tests performed and the number of positives by either ELISA or immunochromatography, classi�ed by
age group. To ensure constant coverage, we used data from laboratories that had been reporting for at
least 44 out of the 52 epidemiological weeks (EWs, ~ 85%) per year to the National Reference Laboratory
during the studied period. Seasonal peak was de�ned as the three consecutive week period with the
highest number of rotavirus cases. The proportion of positive tests was calculated from positive and
negative rotavirus cases.

2.2 Rotavirus circulating genotypes
Analyses of circulating genotypes were performed on the rotavirus-positive stool specimens that hospital
laboratories were able to submit to the National Reference Laboratory according to rotavirus surveillance
protocols. Conventional binary characterization of the outermost capsid genes (VP7 and VP4 for G and P
typing, respectively) used a hemi-nested multiplex RT-PCR as previously described [11]. Brie�y, the entire
VP7 gene was �rst ampli�ed with Beg9/End9 pair of primers and the second ampli�cation was done with
9Con1, 9T-1, 9T-2, 9T-3, 9T-4, and 9T9B set of primers. For VP4 ampli�cation, Con3/Con2 pair of primers
and 1T-1, 2T-1, 3T-1, 4T-1, and 5T-1 set of primers were used for the �rst and second ampli�cation,

http://www.sisa.msal.gov.ar/
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respectively. The �rst-round amplicons of untyped G-types were further analyzed by nested PCR using
sets of G12 type-speci�c primers for the VP7 gene. If positive VP7 and/or VP4 genes �rst-round
amplicons remained untyped, were further sequenced using Beg9/End9 and Con3/Con2 pair of primers,
respectively. For global quality assurance, 25% of different strains for VP7 and VP4 genes were randomly
selected for partial nucleotide sequencing and further con�rmation using the BLAST program [15]. Also,
we ampli�ed and sequenced the 11 gene segments from a randomly selected subset of representative
samples of the unusual G/P strains to obtain additional information on the genetic backbone as
previously described [16]. Genotype assignment was performed using the RotaC v2.0 online software tool
[17].

2.3 Phylogenetic analyses of VP7 gene from emergent
unusual strains
In order to assess more insightful information about the phylogenetic relationships of the G9 and G8
genotypes detected in this study, analyses of the VP7 nucleotide sequences were conducted. Therefore,
we selected �ve representative sequences from each G-type, other Argentinean G8 and G9 sequences
previously detected in Argentina, as well as different worldwide relevant strains available in GenBank.
BioEdit v7.0.1 was used to perform the alignments [18]. The model of base substitution was estimated
using the ModelFinder module from the IQ-TREE web server according to the Akaike Information Criterion.
Maximum Likelihood phylogenetic trees were obtained using the IQ-TREE web server, with TPM3u and
HKY as substitution models for G9 and G8 strains, respectively, and gamma-distributed rate variation
among sites [19]. Ultrafast Bootstrap approximation (UFBoot; 1000 replicates) was used for phylogenetic
grouping branch support [20]. All the VP7 genes sequenced in this study for phylogenetic analyses were
submitted to GenBank and assigned the following accession numbers MN921184-921185 (G8 strains
detected in 2010 associated with P[6]), MN921193-921197 (G8 strains detected in 2018 associated with
P[8]), MN921186-921187 (G9 strains detected in 2016 associated with P[8]), and MN921188-921192 (G9
strains detected in 2017 associated with P[4]). This study was approved by the Ethics Committee of
Instituto Nacional de Enfermedades Virales Humanas INEVH-ANLIS “Dr. Julio I. Maiztegui”.

3. Results

3.1 Prevalence and seasonality of laboratory-con�rmed
rotavirus cases
During 2017–2018, 1183 rotavirus cases (13.2%) were detected among 8976 tests and no signi�cant
differences were observed between both years. Most of the tests were run for children under 1 year old,
but prevalence was uniform among the different under-5-years-old age subgroups (Table 1). Regarding
weekly distribution, the increase of con�rmed cases was observed around epidemiological week 35 (late
August and early September) for both years. In 2017 this increase lasted until the end of November with
uneven peaks. Conversely, only one de�nite peak was observed around EWs 35–37 in the next year
(Fig. 1).
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Table 1
Rotavirus frequency of detection and age group distribution in Argentina, 2017–2018

  2017   2018

Agea No. of tests RVA (+) % RFP   No. of tests RVA (+) % RFP

< 1 year 1996 247 12.4 42.2   1754 227 12.9 41.3

1 year 1337 181 13.5 28.3   1300 166 12.8 30.6

2–4 years 1392 191 13.7 29.5   1197 171 14.3 28.1

Total 4725 619 13.1 100.0   4251 564 13.3 100.0

a<1 y indicates under 1 year; RFP, relative frequency proportion.

3.2 Group A rotavirus circulating genotypes
Of the positive rotavirus samples that some hospital laboratories from the surveillance network were able
to send to the National Reference Laboratory, 168 and 171 were suitable for G- and P-genotyping for 2017
and 2018, respectively (which represents ~ 95% of submitted samples for each year). Overall analyses for
both years also showed that G1P[8] remained practically undetected and G9P[8] circulated at a constant
frequency around 10%. In 2017, G2P[4] (27.4%) and G3P[8] (25.0%) were the most frequently detected
strains at moderate rates, followed by G12P[8] (18.5%). Noteworthy, the detection of uncommon G9P[4]
genotype, only previously detected in one sporadic case in 2013, was observed at 14.9%. The following
year, G2P[4] declined abruptly until practically undetected (0.6%) and G3P[8] also showed a signi�cant
decrease (9.4%). G12P[8] genotype increased and became the most frequently detected genotype at a
high rate (47.4%). Uncommon G9P[4] strain was not detected during 2018. Surprisingly, G8P[8] was the
second most frequently detected genotype, a considered uncommon strain which was never detected in
Argentina before. Also, the number of samples in which G- and P- type could not be determined due to
lack of ampli�cation of �rst-round product represented ~ 10% in 2018. Circulating genotype distribution is
listed in Table 2.
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Table 2
Circulating rotavirus genotypes in Argentina. 2017–2018

RVA genotype 2017a (%; n = 168) 2018a (%; n = 171)

G1P[8] 1.2 0.0

G2P[4] 27.4 0.6

G3P[8] 25.0 9.4

G4P[8] 0.5 0.0

G8P[8] 0.0 18.1

G9P[4] 14.9 0.0

G9P[8] 8.3 8.8

G12P[8] 18.5 47.4

Other G/P typesb 3.0 5.8

Mixed infections 0.0 0.0

Untypeable strainsc 1.2 9.9

Total 100.0 100.0

a Most prevalent genotypes for each year are in bold and uncommon emergent strains are underlined.

b ‘Other G/P types’ category includes samples that were partially G/P typed (i.e., GxP[NT] and
GNTP[x]) and G/P associations that were only sporadically detected (frequency of detection below
0.2%).

c ‘Untypeable strains’ category represents those rotavirus positive samples by ELISA or
immunocromatography in which �rst-round amplicons could not be ampli�ed for further genotyping
nor sequencing.

3.3 Genomic and phylogenetic analysis of unusual
emergent strains
Additional genetic background analyses (near full genome genotyping) from a randomly selected subset
of representative samples showed that the unusual emergent strains bore the G9P[4]-I2-R2-C2-M2-A2-N2-
T2-E6-H2 and G8P[8]-I2-R2-C2-M2-A2-N2-T2-E2-H2 constellations, respectively.

Phylogenetic analyses of VP7 gene from G9 strains showed that they belonged to major lineage III, and
clustered with other G9 strains bearing P[4] genotype. Noteworthy, Argentinean strains were more closely
related to the G9P[4] strains detected in Italy during 2016 and India during 2009–2013 than to the ones
that circulated in Latin America in 2009–2010 (Fig. 2a). The strains detected in this study showed 99.3%
of identity at both nucleotide and amino acid level with Italian strains, and 99.1% and 99.0% with Indian
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strains at nucleotide and amino acid level, respectively. Conversely, 98.2% and 98.5% of identity at
nucleotide and amino acid level respectively, was observed between Argentinean and Latin American
G9P[4] strains. Also, comparison of VP7 gene among emergent strains reported in this study and G9P[8]
strains recently circulating in Argentina in 2016 revealed 96.1% and 96.5% of identity at nucleotide and
amino acid level, respectively. Analyses of the VP7 antigenic sites revealed that few amino acid changes
were detected among the Argentinean strains G9P[4] reported in this study: 2 with Latin American strains
(D100N and S221N), 1 with Argentinean G9P[8] from 2016 (S221N) and no changes with the Italian and
Indian strains (data not shown).

On the other hand, VP7 gene analyses of G8 strains showed that they belonged to lineage IV and
clustered with other G8P[8] strains that have been circulating worldwide since 2013 (Fig. 2b). The most
closely related strains were those reported in South Korea in 2017 (99.7% of identity at both nucleotide
and amino acid level) and Chile in 2016 (99.5% and 99.2% of identity at nucleotide and amino acid level,
respectively). Regarding antigenic sites, no changes in the VP7 deduced amino acid sequences were
observed among the Argentinean and the South Korean and Chilean strains (data not shown). In
Argentina, G8 strains infecting humans were only detected sporadically in association with P[6] in 2010.
However, phylogenetic analyses of VP7 gene showed that these strains belonged to lineage V (Fig. 2b)
and 86.2% and 91.7% of identity at nucleotide and amino acid level, respectively.

4. Discussion
Argentina was one of the latest countries to adopt universal rotavirus vaccination in the Americas.
However, rapid and successful results were observed regarding burden of diarrheal disease [14].
Following four years of this strategy, the prevalence of rotavirus remained low in children under 5 years of
age in comparison with the previous study [14]. These �ndings oppose to other experiences that had
described an increase in the laboratory con�rmed cases every two years [21]. Also, the frequency of
detection in older age subgroups (i.e., 2–4 years) was slightly higher than in the under 1 year old. This
could be explained by the fact that the number of older susceptible children in the ongoing years since
the vaccine introduction is still high.

Temporal distribution of laboratory con�rmed rotavirus cases showed �uctuations. Thus, it seems
di�cult to determine a clear seasonal pattern because minor differences in the absolute number of cases
may in�uence the results of this distribution given that the detection frequency of rotavirus has
decreased signi�cantly. Nonetheless, the largest amount of weekly cases was observed to be shifted to
the spring season in comparison with the pre vaccination period.

Regarding molecular characterization analyses, co-circulation and annual �uctuation were observed. The
genotypes G2P[4] and G3P[8], which were the most prevalent in 2016 after vaccine introduction, showed
downward trend. Noteworthy, G2P[4] sharply decreased before becoming almost undetected. On the other
hand, G12P[8] increased and accounted for around half of the circulating genotypes and G9P[8] has been
persistently detected around 8–9% by 2018. It is important to highlight the increase in non-typeable
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strains reaching around 10% in 2018. These samples have been con�rmed by ELISA but with our
available molecular methods they could not further amplify VP7 or partial VP4 genes. Thus, some of
these could have been false positive samples. Considering that viral diversity has been reported to
increase in those countries with a post-vaccination setting [7], it would be interesting to study these
samples with a more sensitive PCR work�ow to verify results from antigen testing in the future. Also,
current genotyping strategies should be updated more regularly based on the circulating strains [22].
Furthermore, if full genome genotyping cannot be performed for all the positive rotavirus samples, it
would be useful to implement the genotyping of other gene segments (i.e., VP6, NSP4) to provide
additional information of the genomic constellations that are circulating [23, 24].

The most outstanding �ndings in this study were the detection of two uncommon rotavirus strains at
moderate frequencies that had circulated very sporadically or even had never been identi�ed before. In
the Americas, the G9P[4] genotype was sporadically reported in several countries, such as Brazil and the
United States [8, 25]. On the other hand, Guatemala, Honduras, Mexico, Colombia and Bolivia have
detected these strains at a relative frequency greater than 10% in the last decade [26–28]. However,
phylogenetic analyses showed that Argentinean G9P[4] were more closely related to certain strains
recently detected in Italy and India [29, 30] than to the ones circulating in our region.

The G8 genotype has been found in cattle and other species of the Artiodactyla order [31, 32]. In general,
it has been highly prevalent in different countries in Africa but recently has also been detected in South
Asia and Europe [33–36]. In Latin America, it has been sporadically detected in humans in association
with P[4] and P[6] in Brazil, P[6] in Argentina, P[14] in Venezuela, and P[1] in Paraguay, these latter two
related with interspecies transmission [37–39]. As G8P[8], it was identi�ed in several countries of Central
America and recently in Chile during a community diarrheal surveillance [40, 41]. Identity analyses of
Argentinean G8P[8] detected in this study showed that they were more closely related to South Korean
strains detected in 2017 [Truong et al., unpublished] than to those circulating in the neighboring Chile.

All things considered, in both cases our initial �ndings suggest that the emergence of G9P[4] and G8P[8]
strains could be due to the introduction of new strains, rather than to reassortment events from G9P[8] or
G8P[6] strains previously circulating in our country. Although more nucleotide sequences data from Latin
American countries are required to understand the origin of these strains’ introduction, these analyses
provide useful evidence for the hypothesis that rotavirus geographical spread dynamic is more complex
than we can estimate.

While there has been a sharp decrease of G2P[4], the uncommon strains detected at moderate
frequencies bore the genotype 2 genomic constellation. This observation can be explained by the
depletion of population of individuals susceptible to G2P[4] after the sudden increase of this genotype in
the �rst years after universal vaccination [14]. However, other strains that are more antigenically distant
from the monovalent vaccine strain may still persist and prevail among residual cases. The high
frequency of detection of these strains also suggests more e�cient spreading mechanisms than other
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unusual G/P genotypes, and even than other G9P[4] and G8P[6] previously described. Thus, this may
represent a starting point for further studies of adaptability in some uncommon strains.

Considering that the epidemiology of rotavirus has changed, it is important to support ongoing
surveillance to assess whether the outcomes of this intervention remain stable, with a speci�c focus on
the genotype diversity to add evidence for evaluation of current immunization strategies and to contribute
in the development of new vaccines.

5. Conclusions
In this study we assessed the impact of universal rotavirus vaccination in laboratory-con�rmed cases and
genotype distribution in Argentina during 2017–2018. Since vaccine introduction, the frequency of
detection of rotavirus cases reduced around 50% comparing to the pre vaccination period. Noteworthy,
two uncommon strains (G9P[4] and G8P[8]) were detected at relatively high frequency. Phylogenetic
analyses revealed that these VP7 nucleotide sequences were more related to strains circulating in Europe
and South Asia than to others circulating in the American region. Continuous rotavirus monitoring proves
to be necessary for evaluation of current immunization strategies.
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Figure 1

Weekly distribution of laboratory-con�rmed rotavirus cases in children under 5 years of age in Argentina,
pre-vaccination period (2012-2014, mean and range), 2017, and 2018. Lines indicate the number of
rotavirus-con�rmed cases noti�ed to SNVS 2.0 according to epidemiological week (EW) (reference code
provided).

Figure 2

Phylogenetic analysis of Argentinean G9P[4] and G8P[8] strains detected during 2017-2018. Maximum-
likelihood phylogenetic trees of rotavirus VP7 gene of Argentinean (A) G9P[4], (B) G8P[8] and other
relevant strains were created by using the TPM3u and HKY models, respectively and gamma-distributed
rate variation among sites. Ultrafast Bootstrap values (>85) from 1,000 replicates are shown on the
nodes. GenBank accession numbers are shown. Scale bars indicate genetic distance (nucleotide
substitutions/site). (A) G9P[4] strains detected in this study are marked with a �lled square and previous
G9P[8] previously circulating in Argentina with a �lled circle. (B) Argentinean G8P[8] strains detected in
this study are marked with a �lled square and other G8 previously circulating in Argentina with a �lled
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circle. In both cases, clusters in which Argentinean G9 and G8 strains grouped are indicated in different
colors.


