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Abstract 

Globally, the human respiratory syncytial virus (RSV) is one of the major causes of lower respiratory tract infections (LRTIs) in chil-
dren. The scarcity of complete genome data limits our understanding of RSV spatiotemporal distribution, evolution, and viral variant 
emergence. Nasopharyngeal samples collected from hospitalized pediatric patients from Buenos Aires tested positive for RSV LRTI 
during four consecutive outbreaks (2014–2017) were randomly subsampled for RSV complete genome sequencing. Phylodynamic stud-
ies and viral population characterization of genomic variability, diversity, and migration of viruses to and from Argentina during the 
study period were performed. Our sequencing effort resulted in one of the largest collections of RSV genomes from a given loca-
tion (141 RSV-A and 135 RSV-B) published so far. RSV-B was dominant during the 2014–2016 outbreaks (60 per cent of cases) but was 
abruptly replaced by RSV-A in 2017, with RSV-A accounting for 90 per cent of sequenced samples. A significant decrease in RSV genomic 
diversity—represented by both a reduction in genetic lineages detected and the predominance of viral variants defined by signature 
amino acids—was observed in Buenos Aires in 2016, the year prior to the RSV subgroup predominance replacement. Multiple introduc-
tions to Buenos Aires were detected, some with persistent detection over seasons, and also, RSV was observed to migrate from Buenos 
Aires to other countries. Our results suggest that the decrease in viral diversity may have allowed the dramatic predominance switch 
from RSV-B to RSV-A in 2017. The immune pressure generated against circulating viruses with limited diversity during a given outbreak 
may have created a fertile ground for an antigenically divergent RSV variant to be introduced and successfully spread in the subsequent 
outbreak. Overall, our RSV genomic analysis of intra- and inter-outbreak diversity provides an opportunity to better understand the 
epochal evolutionary dynamics of RSV.
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Introduction
Human respiratory syncytial virus (RSV) is the leading cause of 
acute lower respiratory tract infection (LRTI) in children globally 
(Shi et al. 2017). Recently reclassified as an orthopneumovirus 
in the pneumoviridae family, RSV is a non-segmented negative-
strand RNA virus whose genome (∼15,000 nucleotide) contains ten 
genes that encode eleven proteins (Rima et al. 2017). Two anti-
genic subgroups (RSV-A and RSV-B) can be distinguished by poly-
clonal and monoclonal antibodies (Coates, Alling, and Chanock 
1966; Anderson et al. 1985). Despite its significant disease burden 
and public health importance, there is no approved RSV vac-
cine although there are several RSV vaccine candidates (Mazur 
et al. 2018). Palivizumab, a monoclonal antibody against the fusion

protein (F), one of the two surface glycoproteins, is the only pro-
phylactic treatment available (Beeler and van Wyke Coelingh 1989; 
Johnson et al. 1997). The other glycoprotein is the attachment 
glycoprotein (G). F and G are the main targets of the anti-RSV 
humoral immune response. Still, the G protein has the highest 

degree of variability at both the amino acid and nucleotide levels 

(Knipe and Howley 2013). Historically, the G gene has been exten-

sively used for RSV genotype classification (Peret et al. 1998; Venter 

et al. 2001; Goya et al. 2020; Muñoz-Escalante et al. 2021). Within 
the two major antigenic subgroups of RSV (RSV-A and RSV-B), a 
diverse range of genotypes can co-circulate in a given outbreak 
and replace each other (Schobel et al. 2016; Viegas, Goya, and 
Mistchenko 2016). Interestingly, over a short time, genotypes can 
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replace the pre-existing ones and become predominant (Viegas, 
Goya, and Mistchenko 2016; Otieno et al. 2018; Kamau et al. 2020).

RSV acquires genomic and antigenic diversity mainly by accu-
mulating point mutations (genetic drift) and, to a lesser extent, 
by small nucleotide insertions and deletions that usually do not 
generate frameshifts (Knipe and Howley 2013). Interestingly, a 
twenty-amino acid duplication in the C-terminal of the RSV-B G 
protein was reported in Buenos Aires in 1999 (BA strains). Later, at 
a similar genome location, a twenty-four-amino acid duplication 
in RSV-A (ON1 strains) emerged in 2010 (Trento et al. 2006; Eshaghi 
et al. 2012). Since their independent emergence, the BA and ON1 
strains became the only ones circulating as they have displaced 
all other RSV strains, suggesting a selective advantage of the G 
protein duplication (van Niekerk and Venter 2011; Viegas, Goya, 
and Mistchenko 2016; Otieno et al. 2018). In vitro experiments in 
RSV-B have shown that the duplication in the G gene may increase 
viral fitness by improving viral protein attachment to the host cell 
(Hotard et al. 2015).

While extensive sequence data are available to study the evo-
lutionary dynamics of the RSV G gene (and to some extent F gene), 
overall RSV genome sequencing efforts are far limited compared 
to other RNA viruses (e.g. influenza or Severe Acute Respiratory 
Syndrome Coronavirus 2 (SARS-CoV-2)). Few studies were based 
on RSV complete genome sequences, and none focused on the 
South American region (Rebuffo-Scheer et al. 2011; Schobel et al. 
2016; Otieno et al. 2018; Trovão et al. 2021). This relative paucity 
of sequences from a broad spatiotemporal origin, combined with a 
lack of associated clinical metadata, impedes our effort to under-
stand the (1) global sequence diversity, circulation patterns, and 
seasonality; (2) emergence of new genotypes; (3) association with 
disease severity; (4) role of other genes in the viral evolution; and 
(5) epistatic interactions and co-evolution of viral genes of RSV 
(Lyons and Lauring 2018). With many vaccine candidates in var-
ious stages of clinical trials, it is now of greater importance to 
surveil RSV circulation and genomic diversity for rational vaccine 
development (Mazur et al. 2018).

The current work addresses the epidemiological and evolution-
ary dynamics of RSV in the metropolitan area of Buenos Aires, 
Argentina, the second largest metropolitan city in South Amer-
ica. Recent reports show significant changes in seasonality pat-
terns of RSV after the implementation of public health measures, 
e.g. social distancing and masking, after the Corona Virus Disease-
19 (COVID-19) pandemic (Dolores et al. 2022; Saravanos et al. 
2022), and this study establishes the pre-pandemic baseline for 
South America RSV seasonality. Additionally, our data show intra- 
and inter-outbreak RSV sequence diversity driving viral subgroup 
switch and overall provides an opportunity to better understand 
the epochal evolutionary dynamics of RSV.

Materials and methods
Ethics statement
The project was reviewed and approved by the Medical Ethics 
and Research Committees of Ricardo Gutiérrez Children’s Hospi-
tal, Buenos Aires, Argentina (Institutional Review Board No. 17.21). 
As the samples were anonymized, parental informed consent was 
not requested.

Clinical samples and data collection
Nasopharyngeal aspirates (NPAs) were obtained from children 
under 15 years of age hospitalized with acute LRTI for diagnostic 
purposes. Clinical samples were tested by immunofluorescence 
assay for RSV, influenza A and B (Flu A and FluB, respectively), 

parainfluenza (PIV) 1, 2, and 3, and adenovirus (AdV) as part of 
the routine hospital diagnosis. Retrospective random subsampling 
for 403 samples was performed from RSV-positive NPAs collected 
between 2014 and 2017 (∼20 per cent of RSV-positive samples 
per year) for whole-genome sequencing (WGS). All samples were 
stored at −70˚C until RNA extraction.

Viral RNA extraction and WGS
The method for RSV WGS was performed as described previously 
(Schobel et al. 2016). In brief, the extraction of viral RNA from the 
NPA was performed using the QIAamp Viral RNA Mini Kit (Qiagen). 
cDNA was generated using the SuperScript III First-Strand Syn-
thesis System (Thermo Fisher) using the four pooled forward RSV 
primers. Four independent PCR reactions were performed from 
the cDNA product to generate four overlapping ∼4 kb amplicons 
covering the entire genome. Amplicons were quantified using the 
SYBR Green double stranded DNA detection assay (SYBR Green I 
Nucleic Acid Gel Stain; Thermo Fisher) and pooled before library 
preparation using the NEBNext Ultra II FS DNA Library Prep Kit for 
Illumina. Libraries were sequenced using a 2 × 250 paired-end run 
in an Illumina MiSeq sequencer at the VANTAGE core, Vanderbilt 
University Medical Center.

Assembly and annotation of viral consensus genomes
Raw data were demultiplexed by barcode. Raw FASTQ file quality 
was assessed with FastQC (Babraham Bioinformatics 2022). Bar-
codes and primer sequences were trimmed using Cutadapt (Mar-
tin 2011). Trimmomatic was used for quality filtering of FASTQ: 
right and left read’s ends were trimmed according to the FastQC 
assessment of raw data, and reads with length lower than fifty and 
quality lower than Q20 were removed (Bolger, Lohse, and Usadel 
2014). FastQC assessments were also performed on the filtered 
FASTQ files. BWA-MEM was used for the mapping assembly using 
either subgroup RSV-A or RSV-B (GenBank accession numbers: 
KY883567 and KY883569, respectively) as the reference sequence, 
depending on the sample subgroup assignment (Li and Durbin 
2009). The mapping quality was visualized using Tablet software, 
mainly around known G gene duplications, before extracting the 
final majority consensus genome sequence using samtools and 
bcftools (Milne et al. 2013; Danecek et al. 2021).

Sequence data availability
RSV WGS generated in this study was submitted to EpiRSV 
(GISAID) (ID: EPI_ISL_1074025–EPI_ISL_1074300) and GenBank (ID: 
ON237083–ON237358).

Phylogenetic and phylodynamic analyses
Genotyping was performed based on the G gene sequence using 
the reference alignments (Goya et al. 2020). After alignment 
using multiple sequence comparison by log-expectation (MUS-
CLE), the most suitable nucleotide substitution model for each 
dataset was selected with IQ-TREE v1.6.11 software according 
to the Akaike information criterion (Edgar 2004; Nguyen et al. 
2015; Kalyaanamoorthy et al. 2017). Then, maximum-likelihood 
(ML) trees were inferred with IQ-TREE v1.6.11 software with 1,000 
ultrafast bootstrap replicates plus SH-like approximate likelihood 
ratio test as statistical support (SH-alrt) (Hoang et al. 2018). Sta-
tistical values ≥80 per cent were considered for well-supported 
phylogenetic clades.

The evolutionary rate calculation and effective population size 
(Ne) calculation of the analyzed RSV sequences were performed 
with BEAST package v1.10.4 and Tracer v1 7 (Rambaut et al. 2018; 
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Figure 1. Seasonality of RSV cases in children hospitalized with lower respiratory tract infection in Buenos Aires between 2014 and 2017. (A) A 
cumulative bar graph of the number of positive cases of respiratory viruses detected per month per year. Dotted lines represent the minimum and 
maximum temperatures recorded per month per year published by the Argentine National Weather Service. (B) The seasonality of the RSV-positive 
cases for subgroups A and B.

Suchard et al. 2018). The Bayesian phylogeographic diffusion anal-
ysis in discrete space was performed to study the migration of the 
ON1 and BA Argentine RSV genomes. For the analysis, in addition 
to the Argentine genomes, reference genomes downloaded from 
GenBank were included: 272 RSV-A genomes (270 ON1 genomes 
and 2 non-ON1 genomes) and 375 BA genomes (Supplementary 
Table S1). The selection of those reference genomes was phylo-
genetically based: from a phylogenetic tree with all ON1 and BA 
genomes published up to December 2021, the sequences asso-
ciated with the Argentine clades were selected by weighing the 
geographic representation and collection dates between 2010 and 
2018 (Supplementary trees RSV-A and RSV-B). All the alignments 
were performed with MUSCLE and were visually inspected to 
detect and correct bioinformatic artifacts. The phylogeographic 
inference was performed with BEAST package v1.10.4, setting 
a strict molecular clock and Coalescent Bayesian Skyline tree 
prior. More than 100 million generations of Markov Chain Monte 
Carlo were performed with an appropriate sample frequency to 
obtain 10,000 sampled trees. The convergence of the analysis was 
assessed by estimating the effective sampling size after a 10 per 
cent burn-in using Tracer v1.7 and evaluating the highest pos-
terior density (HPD) interval (95 per cent HPD) (Rambaut et al. 
2018). TreeAnnotator was used to summarize the information 
from a sample of trees produced by BEAST onto a single tree (the 
maximum clade credibility tree). Phylogenetic clades were con-
sidered statistically well supported when a posterior probability
was ≥0.8.

Results
Viral epidemiology during four consecutive 
outbreaks in Buenos Aires
A total of 7,845 NPAs from hospitalized children with LRTI at 
Ricardo Gutiérrez Children’s Hospital between 2014 and 2017 were 
analyzed by immunofluorescence assay. Of these samples, 1,818 
NPAs tested positive for a virus, with an average of 454 viral-

positive cases per year (383–487 cases). RSV was the most predom-

inant virus every year, representing an average of 70.4 per cent of 

the positive cases per year, followed by PIV-3 (15.5 per cent), Flu 

A (6.6 per cent), and AdV (5.1 per cent). PIV-1, PIV-2, and Flu B 

reached less than 1 per cent of the total positive cases. Coinfec-

tions were detected in twelve RSV-positive cases: eight RSV and 

PIV-3, three RSV and Flu A, and one RSV and AdV. Figure 1A shows 

the seasonal pattern of RSV, showing RSV incidences and temper-

ature during a given month. The peak of RSV cases overlapped 

with the winter when the minimum temperature was lower than 

10∘C in a given month (in June in most years).

A total of 403 RSV-positive NPAs were randomly selected with-

out filtering them by viral load value (Ct) to reach 20 per cent of 
yearly cases. Complete or almost complete RSV genomes were 
obtained for a total of 286 samples (71 per cent of samples 
attempted to sequence) with coverage greater than 99 per cent, 
covering the whole open reading frames and with an average 
depth of coverage of 13038.5X (range: 544.9x - 13038.5X), and 
the sequences covered the complete open reading frames of the 
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Figure 2. RSV-A and RSV-B genotyping. Maximum-likelihood trees for RSV genotyping based on the G gene for RSV-A (A) and RSV-B (B). Genotypes and 
sub-genotypes are detailed at the right of each tree. Color in branches denoted genetic lineages where Argentine sequences were associated. Colored 
dots at the tips indicate the Argentine sequences per year. Yellow highlight in phylogenetic clades denotes the RSV viral variants (see details in the 
manuscript). Statistical support (SH-alrt/ultrafast (UF)-Bootstrap) is shown in phylogenetic nodes of ON1 or BA clades, genetic lineages where 
Argentine sequences are associated, and the viral variants. Bar plots below the phylogenetic trees show the seasonality of the genetic lineages 
detected in Buenos Aires between 2014 and 2017 for RSV-A (C) and RSV-B (D). The number of cases of each genetic lineage detected per month per year 
is detailed.

virus genomes (Supplementary Table S2). The final number of RSV 
genomes per year was seventy-four from 2014, seventy-three from 
2015, sixty-eight from 2016, and seventy-one from 2017, and the 
total number of RSV-A and RSV-B sequenced was similar (141 RSV-
A and 135 RSV-B). Nevertheless, the analysis per year showed that 
subgroup B predominated from 2014 to 2016 with 60 per cent of the 
cases, but in 2017, it was displaced by subgroup A, which increased 
from 40 per cent prior year to 90 per cent of the total analyzed 
cases in 2017 (Fig. 1B). The seasonality analysis showed the co-
circulation of both RSV subgroups with nearly overlapped annual 
epidemiological peaks.

Genetic diversity of RSV within and between 
outbreaks
The RSV genotyping analysis showed that all RSV-A Argen-
tine strains were classified as the GA2 genotype and GA2.3 
sub-genotype, with multiple genetic lineages. Except for three 
sequences, all the RSV-A sequences had the characteristic 72-
nt duplication in the G gene (ON1 strains). Most classified in 
the GA2.3.5 genetic lineage and the others were classified in the 
ON1 divergent lineages, i.e. GA2.3.6a and GA2.3.6b (Fig. 2A). The 
three sequences without the 72-nt duplications in the G gene 
were detected in 2015 and were classified as the GA2.3.4 genetic 
lineage. Similarly, all RSV-B study sequences had the 60-nt dupli-
cation in the C-terminal (BA strains) and were classified as the 
GB5 genotype, GB5.0 sub-genotype with multiple genetic lineages 
GB5.0.2 and GB5.0.4a, and the divergent GB5.0.5a and GB5.0.4c
(Fig. 2B).

The seasonality of the genetic lineages showed that not all of 
them were co-circulated (Fig. 2C and D). While the RSV-A genetic 
lineage GA2.3.5 predominated during the entire study period, for 
RSV-B, GB5.0.4c predominated during 2014 and co-circulated with 
GB5.0.4a in 2015, and finally, both GB5.0.4a and GB5.0.4c were sub-
sequently replaced by GB5.0.5a in 2016. After 2017, GB5.0.5a was 
the only RSV-B lineage detected although the number of RSV-B 
cases in 2017 was minimal as that year was dominated by RSV-A, 
comprising 90 per cent of the cases.

Well-supported monophyletic clades of Argentine sequences 
were detected mainly from a specific annual outbreak. The char-
acterization of those Argentine clades was assessed by defining 
their signature amino acids to better comprehend those viral vari-
ants and how they were locally replaced across the years (Harvey 
et al. 2021). Within the study dataset, the most frequent amino 
acid in each subgroup’s alignment (A or B) was used as the refer-
ence amino acid to identify the viral variant-defining amino acids 
in Argentina. Multiple viral variants were placed in the GA2.3.5 
lineage (named A2016-I, A2017-I, and A2017-II to highlight the 
RSV subgroup and the year of detection) and the GB5.0.5a lineage 
(named B2016-I) clustering to specific annual outbreaks (Fig. 2 
and Table 1). 

While A2016-I and B2016-I included sequences mainly from the 
2016 outbreak, A2016-I represented 52 per cent of RSV-A cases in 
2016, and B2016-I represented 78 per cent of the RSV-B instances 
in the same year. The A2016-I variant had signature amino acids 
in the G and L protein sequences, while the B2016-I variant had 
signature amino acids in the SH, G, N, P M2-2, and L protein 
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Table 1. Variant-specific signature amino acids in RSV.

Lineage Viral variant (# seq) N P SH G M2-2 L

GA2.3.5 A2016-I
(11 seq)

– – – Ser105Pro + Pro222Gln
+ Thr249Ile + Tyr273His
+ Asn318Thr

– Ser141Pro + Ile234Val

A2017-I
(14 seq)

– – – – – Asn143Asp + Thr179Ser
+ Ile1653Val + Lys1661Asn

A2017-II
(47 seq)

– – – K134I + I243S + E262K – Asp1731Gly

GB5.0.5a B2016-I
(33 seq)

Ile65Val Glu68Asp Asn64Asp Thr220Pro Ile82Met Ile1716Val + Asn1727Thr
+ Phe1982Leu

The haplotypes of amino acid substitutions that characterize the predominant viral variants described in 2016 and 2017 are shown. The genetic lineage, the 
number of sequences, and the variant-specific signature amino acids in each viral protein (when appropriate) are detailed for each viral variant. The ‘+’ symbol 
indicates that all the amino acid substitutions together are present in that viral variant.

sequences. During the 2017 outbreak, A2017-I comprised 21 per 
cent, and A2017-II comprised 73 per cent of the RSV-A cases. The 
A2017-I variant had specific variant-defining substitutions in the 
L protein and A2017-II in the G and L proteins. All the variants 
of RSV-A (A2016-I, A2017-I, and A2017-II) had divergent origins, 
despite being classified in the same genetic lineage (Fig. 2A).

RSV evolutionary rate and effective population 
size dynamics
The evolutionary rates estimated for the RSV genomes in 
this study were similar for both subgroups: RSV-A: 7.6 × 10−4

subs/site/year (95 per cent HPD: 6.63 × 10−4 to 8.58 × 10−4) and 
RSV-B: 7.7 × 10−4 subs/site/year (95 per cent HPD: 6.66 × 10−4 to 
8.77 × 10−4), similarly to previously reported global RSV evolu-
tionary rates (Trovão et al. 2021). Similar to published findings, 
evolutionary rates per Open Reading Frame showed a range from 
6 × 10−4 to 4 × 10−3 subs/site/year, where the highest evolution-
ary rate was found in the G gene with 2.86 × 10−3 subs/site/year 
(95 per cent HPD: 2.27 × 10−3 to 3.43 × 10−3) for RSV-A and 3.93 × 10−3

subs/site/year (95 per cent HPD: 2.84 × 10−3 to 5.06 × 10−3) for RSV-B 
(Supplementary Fig. S1) (Schobel et al. 2016).

Demographic reconstruction for the analyzed Argentine RSV 
sequences showed an annual pattern of the effective popula-
tion size (Ne; interpreted as a measure of viral diversity) with a 
maximum by the middle of each year (during the winter) and a 
minimum at the end of the year (during the summer) (Fig. 2). 
In addition, despite the annual fluctuation, a general decrease 
was observed during the entire analyzed period in which the Ne 
at the end of 2017 was significantly lower for both subgroups
(Fig. 2).

Evidence of multiple RSV introductions and local 
persistence of RSV in Buenos Aires
To understand if RSV introductions to Argentina coincided with 
the decrease in viral diversity in Buenos Aires, as found in Fig. 3, 
and the abrupt change in the prevalence of viral subgroups 
detected between 2016 and 2017, Bayesian phylogeographic infer-
ences were performed. Our analysis showed that the Argentine 
sequences were associated with sequences from multiple coun-
tries, suggesting multiple viral introductions to Buenos Aires each 
year. In addition, some of those introduced viruses were detected 
for extended periods and circulated locally, as evidenced by the 
presence of sequences over multiple annual outbreaks. For exam-
ple, a total of fourteen introductions of RSV-A were detected, 
of which five introductions were persistently detected (Fig. 4, 
Supplementary Fig. S2, Table S2). Similarly, thirteen introductions 
were detected for RSV-B, from which nine were detected for more 

than one annual epidemiological outbreak (Fig. 4, Supplementary 
Fig. S3, Table S3). To support our findings, we further analyzed 
the monophyly of the RSV introductions in Argentina by ML infer-
ence of the G gene, including all the G gene sequences available 
in GenBank up to December 2020 (Supplementary phylogenetic
trees).

The locations of the most recent common ancestor (MRCA) 
for most introductions of both RSV-A and RSV-B were the USA 
and Australia. However, bias in the global RSV genome sharing in 
public databases leads to uncertainty degree in the actual loca-
tion of MRCA. In some cases, the time of the MRCA (tMRCA) 
of the introductions occurred several years before the Argentine 
sequences were detected. For example, the tMRCA in introduction 
#1 (Table 3) was 5 years before the detection of the first RSV-
B sequence in Buenos Aires, likely evidencing the limitation of 
the surveillance of this study that began in 2014. On the other 
hand, other introductions were detected months after the inferred 
tMRCA; for example, introduction #10 of RSV-B was detected 3 
months after the tMRCA (Table 3). Interestingly, the number of 
introductions detected decreased over time. 

A detailed analysis of the RSV viral variants in our study (Fig. 2, 
Table 1) showed that A2016-I and A2017-I for RSV-A (#6 and #4 
from Table 2, respectively) and B2016-I for RSV-B (#13 from Table 3) 
arose from single different introductions to the country. A2016-
I and B2016-I were introduced in mid-2015, a year before their 
detection. A2016-I was not detected in other countries, but B2016-
I was detected in the UK in 2017 and the Netherlands in 2018. 
A2017-I was also detected in Australia in 2016, Spain in 2018, the 
UK in 2018, and the Netherlands in 2018. On the other hand, the 
A2017-II variant was introduced multiple times to Buenos Aires 
(#12, #13, and #14 in Table 2, Supplementary Fig. S2), all cases 
closely related to a monophyletic clade with high statistical sup-
port, suggesting that the A2017-II variant had been circulating 
globally. Specifically, A2017-II was introduced in Buenos Aires for 
the first time in mid-2013 (#14 in Table 2, Supplementary Fig. S2). 
Detailed analyses showed that the variants with the same specific 
sequence substitutions identified in this study were also identified 
from other countries (Supplementary Table S3).

Discussion
Despite being associated with subsequent early-life recurrent 
wheezing and asthma and one of the most significant pathogens 
causing LRTIs in children, there are very few studies on RSV 
molecular epidemiology and evolutionary dynamics using com-
plete genome sequences (Ding et al. 2020). This study utilizes 
one of the largest collections of complete RSV genomes reported 
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Figure 3. The phylodynamics of RSV in Buenos Aires between 2014 and 2017. The reconstruction of the effective population size (Ne) concerning the 
time for RSV circulating in Buenos Aires. The lines show the median value, and the colored areas denote the 95 per cent HPD ranges (light blue: RSV-A 
and orange: RSV-B).

Figure 4. The Bayesian phylogeographic discrete analysis. Maximum clade credibility tree for RSV-A and RSV-B. The branches’ colors represent the 
MRCA’s location (described in the legend). Black dots in the nodes denote statistical support above 0.7 posterior probability. The time scale in years is 
detailed at the bottom. The viral introductions described in this study are marked with an arrow and identified with a number (details in Table 2). RSV 
viral variants discussed in the text are highlighted in orange, including the variant name at the top. Complete full-detailed phylogeographic trees are 
in the Supplementary material.

from a given location to understand RSV seasonality and molec-
ular evolution in one of the major metropolitan cities in the 
southern hemisphere, Buenos Aires, over four consecutive annual 
outbreaks (2014–2017). Our epidemiologic analysis showed RSV to 
be the most frequently identified virus in children hospitalized 

with LRTI, with higher incidences during the winter season of 
the southern hemisphere (June to September) (Tang and Loh 
2014; Gentile et al. 2019). There were multiple RSV introduc-
tions from other countries, where some of the introduced viruses 
persisted locally over multiple annual epidemics (Viegas, Goya, 
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Table 2. RSV-A introductions detected in Buenos Aires.

# tMRCA (95% HPD) No. of ARG sequences Collection year of ARG Introduced from (PP) Genetic lineage Viral variant

1 2013.25 (2012.88–2013.65) 7 2014, 2015, and 2017 USA (0.90) GA2.3.5 –
2 2011.52 (2011.19–2011.96) 2 2014 USA (0.82) GA2.3.5 –
3 2013.21 (2012.84–2013.51) 6 2014 and 2015 USA (0.51) and Argentina (0.46) GA2.3.5 –
4 2015.41 (2015.11–2015.69) 13 2017 Argentina (0.92*) GA2.3.6a A2017-I
5 2013.78 (2013.50–2014.03) 4 2014 USA (0.86) GA2.3.5 –
6 2015.65 (2015.20–2015.85) 13 2016 and 2017 USA (0.99) GA2.3.5 A2016-I
7 2013.21 (2012.75–2013.68) 2 2015 USA (1) GA2.3.5 –
8 2014.16 (2014.00–2014.35) 3 2014 USA (1) GA2.3.5 –
9 2013.89 (2013.59–2014.17) 2 2014 USA (1) GA2.3.5 –
10 2012.56 (2012.17–2012.89) 8 2014 and 2015 USA (0.9) GA2.3.5 –
11 2016.18 (2015.98–2016.33) 2 2016 Australia (0.97) GA2.3.5 –
12 2016.13 (2015.80–2016.44) 13 2017 Australia (0.59) GA2.3.5 A2017-II
13 2016.7 (2016.46–2016.94) 8 2017 Argentina (1*) GA2.3.5 A2017-II
14 2013.49 (2013.17–2013.94) 18 2015, 2016, and 2017 Argentina (0.95*) GA2.3.5 A2017-II

The characterization of each viral introduction indicated in Fig. 4 (also in Supplementary Fig. S2) is described. The table details the tMRCA with the 95 per cent 
HDP range, the number of Argentine (ARG) sequences, and their collection years. The location of the MRCA and the posterior probability of the ancestral state (PP) 
are given in the ‘Introduced from’ column. When the support was similar for two locations, both countries are reported. The symbol * indicates that the low 
statistical support of the ancestral node to the introduction did not allow the identification of the probable origin location. Finally, the genetic lineage associated 
and, when appropriate, the viral variant are also given.

Table 3. RSV-B introductions detected in Buenos Aires.

# tMRCA (95% HPD) No. of ARG sequences Collection date of ARG Introduced from (PP) Genetic lineage Viral variant

1 2009.02 (2008.47–2009.64) 7 2014 Argentina (0.82*) GB5.0.2 –
2 2013.32 (2012.97–2013.62) 8 2014 and 2015 Australia (0.47) and Nicaragua (0.29) GB5.0.4c –
3 2015.15 (2012.97–2013.62) 2 2015 USA (0.67) GB5.0.4c –
4 2013.46 (2013.19–2013.71) 4 2014 and 2015 USA (0.87) GB5.0.4c –
5 2014.20 (2014.08–2014.30) 7 2014 USA (0.61) GB5.0.4c –
6 2009.69 (2009.19–2010.18) 6 2014 and 2015 Argentina (0.80*) GB5.0.4c –
7 2014.1 (2013.99–2014.19) 11 2014 and 2015 Argentina (1*) GB5.0.4c –
8 2014.76 (2014.55–2014.91) 11 2014 and 2015 Argentina (1*) GB5.0.4a –
9 2014.87 (2014.63–2015.07) 5 2015 and 2016 Argentina (0.87*) GB5.0.4a –
10 2014.17 (2014.03–2014.27) 6 2014 and 2015 Australia (0.99) GB5.0.5a –
11 2014.81 (2014.53–2015.06) 5 2015 and 2017 Australia (0.99) GB5.0.5a –
12 2014.28 (2013.93–2014.68) 3 2015 and 2017 Australia (0.99) GB5.0.5a –
13 2015.46 (2015.17–2015.70) 35 2016 Australia (0.72) GB5.0.5a B2016-I

The characterization of each viral introduction indicated in Fig. 4 (also in Supplementary Fig. S3) is described. The table details the tMRCA with the 95 per cent 
HDP range, the number of Argentine (ARG) sequences, and their collection years. The location of the MRCA and the posterior probability of the ancestral state (PP) 
are given in the ‘Introduced from’ column. When the support was similar for two locations, both countries were reported. The symbol * indicates that the low 
statistical support of the ancestral node to the introduction did not allow to identify the probable location of origin. Finally, the genetic lineage associated and, 
when appropriate, the viral variant are also given.

and Mistchenko 2016). There was an abrupt switch in the RSV 
subgroup from RSV-B dominance from 2014 to 2016 to RSV-A 
dominance in 2017. Interestingly, prior to the subgroup switch, a 
significant decrease in the overall circulating RSV diversity was 
detected.

While RSV subgroup dominance switched between RSV-A and 
RSV-B, as previously reported, at any given time, both subgroups 
can co-circulate in the same localities (Salimi et al. 2016; Rojo et al. 
2017). Reports from the USA and Germany also found RSV-B pre-
dominance up to 2016, while in other countries (Colombia, Aus-
tralia, South Africa, and India), the opposite was found (Ruzin et al. 
2018; Streng et al. 2019; Chadha et al. 2020; Londono-Avendano 
et al. 2021; Robertson et al. 2021). However, none of the pub-
lished studies showed such a dramatic switch of RSV-B to RSV-A 
in 2017, highlighting complex local versus global epidemiological 
dynamics of RSV transmission.

A twenty-amino acid duplication in the RSV-B C-terminal of 
the G protein first emerged in 1999 in Buenos Aires, named BA 
strains. Since 2005, these BA strains have completely replaced 
non-duplicated RSV-B (Trento et al. 2006), suggesting a selective 
advantage, which has been confirmed using in vitro studies 

(Hotard et al. 2015). Similarly, RSV-A acquired a twenty-four-
amino acid duplication in almost the same region of the G protein, 
first identified in Ontario, Canada (ON1 strain) in 2010, which 
now dominates RSV-A global circulation (Goya et al. 2020). In 
the present study of Argentine genomes, all except three RSV-
A genomes had the G gene duplication (ON1 strain), and all the 
three non-ON1 strains were found only during the 2015 outbreak, 
clustering in the GA2.3.4 genetic lineage (the ancestor from which 
the ON1 strains diverged). Our findings concur with what others 
have reported, demonstrating the diminishing presence of non-
ON1 strains in global circulation (Lee et al. 2021; Valley-Omar 
et al. 2022). This result suggests that the ON1 strains completely 
replaced all other non-duplicated RSV-A viruses globally around 
2015–2016. However, this hypothesis should be tested using a 
comprehensive global RSV genomic surveillance study.

We also reported a decrease in the genetic diversity of circu-
lating RSV in Buenos Aires throughout the analysis period. Not 
only did we observe a decline in the number of genetic lineages 
detected, but there was a viral homogeneity given by the detec-
tion and predominance of viral variants defined by signature 
amino acids (A2016-I, A2017-I, and A2017-II in RSV-A and B2016-I
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in RSV-B). Most of these variant-defining substitutions were 
located in either the G (attachment glycoprotein) or the L (RNA-
polymerase RNA-dependent) proteins. However, none of these 
unique amino acid substitutions have been previously linked to 
viral mutations that affect viral fitness, such as transmission, 
antiviral escape, or disease severity (Bakker et al. 2013; Knipe and 
Howley 2013; Galloux et al. 2015; Gilman et al. 2019). Future exper-
imental work is needed to confirm whether some or any of these 
mutations have any selective advantage, similar to what has been 
found for other viruses such as influenza and SARS-CoV-2 (Cotter, 
Jin, and Chen 2014; Zhang et al. 2020). Interestingly, none of the 
variant-defining substitutions were in the F protein, the target 
protein of the only prophylactic treatment based on monoclonal 
antibodies against RSV.

The effective population size (Ne) accounts for both the via-
bility of the observed population and the environmental stochas-
ticity, which include, for example, environmental factors such 
as transmission bottlenecks and the introduction or emergence 
of new viral variants (Pearson 2013). The Ne oscillated between 
annual seasons but also generally decreased over the study period, 
and this decrease was more pronounced in RSV-B. In the period 
analyzed, annual periodicity was reflected by increased genetic 
diversity during the winter seasons, with higher transmission 
rates and viral introductions from other parts of the world.

Phylogeographic analyses showed that viral variants were 
introduced from out of the country, some as one introduction, 
while other variants were introduced multiple times. The A2016-I, 
A2017-I, and B2016-I viral variants were introduced to the region 
during the 2015 outbreak but were detected in 2016. A2017-II was 
introduced for the first time in 2013 but was reintroduced multiple 
times in the following seasons. Except for a few instances, most 
viral variant cases expanded dramatically after the introduction 
in one given outbreak and were replaced by another introduction 
during the next annual epidemic. The dramatic expansion (>50 per 
cent of total cases) of the RSV-B variant B2016-I in 2016 reduced 
the overall local viral genetic diversity and potentially created a 
fertile ground for the introduction/emergence of the genetically 
divergent variants A2017-I and A2017-II during the next outbreak 
(2017).

Based on our findings, we hypothesize that the annual viral 
variant replacement or even the RSV subgroup switch may be 
associated with a decrease in the overall viral diversity during the 
prior outbreak. There could be multiple factors simultaneously 
or independently driving it. For example, (1) the locally persisted 
virus over an outbreak was introduced early in the RSV outbreak 
and had an increased advantage in transmission locally, a phe-
nomenon defined as the founder effect (Díez-Fuertes et al. 2021). 
(2) The genetic drift and accumulation of mutations eventually 
improve the viral fitness and transmission, displacing the other 
viral variants, a process called clonal interference or the ‘selec-
tive sweeps’ described in the case of influenza A virus (Strelkowa 
and Lässig 2012). In addition, some substitutions might not be 
directly beneficial but rather as an epistatic interaction or merely a 
genetic hitchhiking (Kaplan, Hudson, and Langley 1989). (3) Herd 
immunity (immune pressure from the community) can act as a 
bottleneck for the virus circulating in a specific annual outbreak 
(Agoti et al. 2012). For example, the circulation of a single vari-
ant for a prolonged period in a community could induce herd 
immunity against that variant. The introduction of an antigeni-
cally different variant or subtype (with selective advantage) can 
force the prior circulating variant to extinction and replacement. 
Although the immunity generated against RSV after infection is 
not long lasting and reinfections occur throughout life (Falsey, 

Singh, and Walsh 2006), it is most likely long enough to mount 
selection pressure on the RSV during the subsequent outbreak.

To support part of our hypothesis, with the COVID-19 pan-
demic, new factors, such as the mitigation measures implemented 
against the pandemic, served as a bottleneck. Consequently, a 
significant decrease in RSV cases was reported in 2020, even reach-
ing non-detection in several countries, such as Argentina (Dolores 
et al. 2022). In 2021, RSV reemerged in Argentina with a delayed 
seasonal activity, a lower number of cases than usual, and a 
low viral diversity led by the viral introduction from other coun-
tries (Dolores et al. 2022).However, it is worth mentioning that 
the results from this study need to be confirmed with a compre-
hensive global genomic epidemiologic study in the future. RSV 
surveillance in outpatients and asymptomatic cases should take 
greater importance, considering the possibility of persistent circu-
lation. To explain how a viral introduction would remain in a given 
community from one annual outbreak to the next, in the context 
of decreasing case detection during the inter-outbreak period, it is 
critical to identify which age groups may be potential reservoirs 
of the virus. Additionally, immunosuppressed patients may also 
serve as reservoirs of RSV with prolonged infection and intra-host 
viral evolution, as has been reported (Grad et al. 2014).

While our findings cannot be generalized, as it was only 
focused on pediatric patients hospitalized in Buenos Aires, future 
studies in this region and elsewhere will allow us to identify if the 
described patterns are repeated or location specific. Additionally, 
our findings are contingent on improving the spatiotemporal rep-
resentation of RSV genomes in public databases (Supplementary 
Fig. S4). Here, we reported the study of the largest dataset of RSV 
genomes in South America, describing the evolutionary dynam-
ics of RSV in Buenos Aires and improving our understanding 
of RSV diversity from one annual outbreak to the next. This 
study shows how genomic surveillance and detailed evolution-
ary analysis are essential to understanding future viral out-
breaks and how circulating viral diversity may determine the RSV 
molecular epidemiology profile from one annual outbreak to the
next.

Supplementary data
Supplementary data are available at Virus Evolution online.
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