Respiratory Syncytial Virus incidence and typing in the last 6
seasons in the north of Spain (Asturias). Genetic characterization
during the SARS-Cov-2 pandemic

Santiago melon!, Susana Rojo!, Zulema Pérez-Martinez!, José Marfa Gonzailez Albal, Jose

Boga!, Cristina Ochoa-Varela!, Maria Agustina Alonso Alvarez?, Carmen Pérez Fonseca?,

Marta Marfa Garcia Clemente?, José Gutierrez Rodriguez?, Estibaliz Garrido Garcia?,
Mercedes Rodriguez-Pérez!, and Marta Alvarez-Arguelles!

"Hospital Universitario Central de Asturias Laboratorio de Medicina,
2Hospital Universitario Central de Asturias
3Instituto de Investigacion Sanitaria del Principado de Asturias

September 7, 2023

Abstract

Respiratory syncytial virus is associated with lower respiratory tract infections. As several types and genotypes can circulate
at the same time, genomic characterisation is important for timely epidemiological control and treatment measures. In the last
6 seasons (2017-2023), 191236 nasopharyngeal swabs were processed for respiratory viruses. The incidence of RSV reached 7%
in the pre-pandemic season. RSV was most frequent in children under 5 years of age (12.6%), but was also significant in those
over 70 years of age (5.63%). The measures taken to control SARS-Cov2 infection were useful for RSV control and the incidence
decreased to 1.8%, but caused a change in the types. Pre-pandemic, the majority circulating types were RSV-B/RSV-B/RSV-A
and in pandemic it was RSV-B/RSV-B. In the last season, RSV-B and RSV-A were detected in the same proportion. Genetic

characterization showed three new clades. This has been taken into account in order to take the correct measures.

Introduction

Respiratory Syncytial Virus (RSV) is a common viral pathogen that causes 64 million acute respiratory
infections annually'. RSV is considered as a major cause of lower respiratory tract infections amongst young
children, elderly and immunocompromised adults worldwide®?®, and is a frequent cause of hospitalization®”.
In a recent systematic analysis, it was associated to 6.6 million of acute lower respiratory infection, where
more than 1 million were hospitalized and 10000 dead in the hospital®. For example, in the United States,
RSV infections cause between 58,000 and 80,000 hospitalizations each year in children under 5 years of age
and between 60,000 and 160,000 in adults over 65 years of age®.

Based on the differences in the nucleotide sequence in the G protein, RSV is divided into 45 genotypes.
RSV-A has 15 genotypes whereas RSV-B has 30 genotypes. Different RSV genotypes exhibit different
pathogenicities. In the same period and area, different RSV genotypes can be co-epidemic, but most epi-
demics are dominated by one of the subgroups or genotypes'®. In the context of COVID-19 pandemic with
resulting quarantine and barrier measures, a drastic reduction of RSV infections has been observed in Europe
and North America'. Genetic characterization of RSV by direct sequencing of sub-genomic regions or full
genomic sequencing will be an important part of RSV surveillance to monitor potential antigenic changes in
the circulating viruses that might affect the efficacy of future immunization strategies. In general, the pre-
ferred RSV surveillance will be an active sentinel system, with both primary care and hospital patients being



systematically sampled and tested for RSV!'!. At present, data concerning the molecular epidemiological
characteristics of RSV subtypes are limited!?.

No effective therapy or vaccine is available to date, but vaccine candidates and monoclonal antibodies are
in late clinical development®. Lately, a new monoclonal antibody (nirsevimab) has been approved!':'4. The
effectiveness of these therapies may vary depending on the type of virus. Therefore, the reporting of RSV
cases and the etiological diagnosis of the genotype are very important for planning future public health
measures and allow appropriate treatment of the patient and avoidance of unnecessary therapies (such as
antibiotics)1®.

Here, we conducted a study detecting and genotyping RSV, circulating in clinical samples in Asturias from
2017 to 2022. The aim of this study is to know the incidence and distribution of RSV types and to enrich
the data of epidemiological molecular studies on RSV in Spain.

Materials and Methods
Samples and patients

Between September 2017 to January 2023, 191236 nasopharyngeal swabs were collected from the same
number of patients to determine the etiology of acute respiratory infection, 50026 before SARS-CoV-2
pandemic (2017-19) and 141216 after (2020-22).

These samples correspond to 11301 children under one year of age, 36811 children aged 1 to 5 years, 17270
children aged 6 to 15 years, 80299 adults aged 16 to 70 years and 44918 adults aged 70 years and over.

Laboratory diagnosis

The samples were divided into two aliquots according to laboratory protocols. The first (1ml) was used for
conventional monolayer cell culture (MRC-5 and mix of LLC-MK2, A549 and Hep-2), while the second (500
ul) was used for viral nucleic acid detection.

Nucleic acids extraction and virus detection.

Nucleic acids were extracted and purificated by using the automated nucleic acid purifier Magnapure (Roche
Diagnostics SL, Swizertland) following manufacturer ‘s instructions. Extracted nucleic acids were resuspended
in a final volume of 70 ul.

RSV genome was detected and quantificated by a multiplex real time reverse transcription polymerase chain
reaction rt-RT-PCR for Influenzavirus A and B and RSV using type-specific primer pairs and MGB probes
(Table 1) and the TagMan Fast 1-Step Master Mix (Life technologies, CA). RT-PCR was performed with 5
wl of extracted nucleic acids in a final volume of 10 pl as follows: 50°/10°, 95°/7, 45 cycles of 95°/5” and
60°/33”.

In addition, the human 8-globin gene was quantified in each sample in order to evaluate sample quality and
to calculate normalized viral load in copies/10% cells.

Table 1. Primers and probe used for detection of Influenza A (IA), Influenza B (IB) and RSV (types A and
B) and sequencing

Target Primer/probe Sequence (5’ > 37)
Detection TA TA-TR-S GACCRATCCTGTCACCTCTGAC
IA-TR-A AGGGCATTYTGGACAAAKCGTC]



Target Primer/probe Sequence (5° > 3’)
TA-FAM TGCAGTCCTCGCTCACTGGGCAC
IB IB-TR-S AACATGGTAGTGAAACTGGGTG/
IB-TR-A CAGCATGCGCATTTTGGAT
IB-NED AYAACCAGATGATGGTYAAA
RSV-A RSVA-TR-S GCCAGTGGCATTGCTGTAT
RSVA-TR-A CTGACTACGGCCTTGTTTGT
RSV-B RSVB-TR-S GCAAGTGGTATAGCTGTAT
RSVB-TR-A CTGACTACAGCTTTGTTTGT
RSV-A & RSV-B RSV-VIC AGAAGTGAACAAGATCAA
Typing RSV-A RSVA-TR-S GCCAGTGGCATTGCTGTAT
RSVA-TR-A CGGCCTTGTTTGTGGATAGT
RSV-B RSVB-TR-S GCAAGTGGTATAGCTGTA
RSVB-TR-A TGACTACAGCTTTGTTTGTAGAC
RSV-A & RSV-B RSV-VIC AGAAGTGAACAAGATCAA

Sequencing First round VSR-TIP2021-G-S GCAAATGCAACCATGTCCAA
VSR-TIP2021-G-A AACTGCACTACATGTCGATTGGT
Second round VSRA-G-Fwd GAAGTGTTCAACTTTGTACC
VSRB-G-Fwd AAGATGATTACCATTTTGAAGT
VSRA/B-G-Rev CAACTCCATTGTTATTGCC
RSV typing

Two different RT-PCR assays, which include the VIC-labeled MGB probe and two primers for RSV-A or
RSV-B separately (Table 1), were carried out to characterize RSV type (A and B) with the same amplification

conditions that above.

RSV characterization

During 2021 and 2022, 116 RSV positive samples under 25 Ct were randomly chosen and genotyped by
Sanger sequencing method. A fragment of the G gene was amplified by a nested-PCR. The first round of
amplification was carried out using the OneStep RT-PCR kit (EURx, Poland) and specific outer primers
(Table 3). Five microliters of extracted viral genome were added to 20 ul of a RT-PCR mixture according to
the manufacturer’s instructions. Amplification was performed using a GeneAmp PCR, system 9600 thermal
cycler (Applied Byosistems, USA) with the following conditions: 48°/45’) 95°/2’, 40 cycles of 95°/30”-

55°/307-72°/30”, and 72°/10’.



To increase sensibility, a second round of amplification was carried out. Three microliters of the previous
amplification reaction were added to 22 pl of a PCR mixture containing 0.5 pmol of specific inner primers
(Table 1), 50 uM of each dNTPs (Gibco BRL, Carlsbad, CA, USA), and 1 U of Tag DNA polymerase (Gibco
BRL) in PCR buffer (1x) supplied by manufacturer. The amplification protocol was as follows: 95°/5’, 40
cycles of 95°2/307-55°/307-72°/30”, and 72°/10’.

PCR products were analyzed by agarose gel electrophoresis, extracted by using Montage DNA Gel Extraction
Kit (Millipore, USA) and sequenced with Big Dye Terminator Cycle Sequencing Kit (Applied Biosystems,
USA) supplemented with inner primers using an ABI 3130 genetic analyzer (Applied Biosystems, USA).

Demographic data (age and sex) from those patients are in File S1.
Phylogenetic reconstructions

Nucleotide sequences were translated and aligned using the MUSCLE algorithm implemented in MEGA.
Sequences (147 to 396 nucleotides) generated in this work have been deposited in GenBank with the following
accession numbers:OR493270-OR493385.

For type characterization, phylogenetic trees were constructed using ModelFinder, tree reconstruction and
ultrafast bootstrap (1000 replicates) with IQ-TREE 2.1.3. RSV reference sequences used were in File S2.
The best-fit nucleotide substitution model GTR+F+G4 was identified according to Bayesian information
criterion. Bootstrap values were estimated using the SH test and ultrafast bootstrap with 1000 replicates.
To identify the phylogenetic relationship, 8373 G gene sequences type A and 5339 type B available in the
GenBank database (one sequence of each type used for the Basic Local Alignment Search Tool (BLAST)
in March 2023) were used (File S2). Transmission clusters were defined as viral sequences circulating in
Asturias grouped into a single and well supported monophyletic clade with >90% bootstrap values. To
search for mutations, the sequences were compared with ON1 (JN257693) and BA9 (DQ227395).

Statistical analyses

Statistical tests were performed using GraphPad InStat v.3 (GraphPad Software, USA). These tests were
considered significant when p value was <0.05.

Results
Incidence and subtypes of RSV

Of the 191236 samples tested in the 6 seasons, 6203 (3.3%) were positive. From them, 1433 (23.1%) were
typed as RSV-A, and 3492 (56,3%) as RSV-B. Table 2 and Figure 1 show the incidence by season and age,
and types found.

Table 2. Number and Rate of RSV detected each season by age and types (A/B).

<1 year
Seasons old 1-5 years 6-15 years 16-70 years >70 years Total
S12017-18 335/1704 375/3848 75/1605 207/3160 183/1998 1175/12315
(19,7%) (9.7%) (4,7%) (6,6%) (9.2%) - (9,5%)
6A/175B 2A/185B 0A/37B 4A/107B /91B 12A/595B
S2 2018-19 384/1991 386/4944 43/1958 163/4040 202/3083 1178/16016
(19,3%) (7,8%) (2,2%) - (4,0%) (6,6%) (7,4%)
11A/344B 8A/341B /32B 1A/128B 1A/171B 21A/1016B
S3 2019-20 364/1664 528/4600 45/2395 148/8642 150/4414 1235/21695
(21,9%) (11,5%) (1,9%) (3,4%) (3,4%) (5,7%)
206A/45B 310A/90B 21A/3B 59A/20B 58A/26B 655A/184B
S4 2020-21 65/1616 269/7347 3/2906 12/3240 9/1497 358/16606
(4,0%) (3,7%) (0,1%) (0,4%) 0A (0,6%) -/9B  (2.2%)
3A/60B 12A/240B 2A/1B /11B 17A/321B



<1 year

Seasons old 1-5 years 6-15 years 16-70 years >70 years Total

S5 2021-22 200/2901 610/10770 26/5549 43/53568 21/28372 900/101160
(6,9%) (5,7%) (0,5%) (0,1%) (0,1%) (0,9%)
21A/170B 29A/538B 1A/20B 5A/33B -/20B 56A/781B

S6 2022-J23 327/1425 638/5302 93/2857 117/7649 183/5554 1358/22787
(22,9%) (12,0%) (3,3%) (1,5%) (3,3%) (6,0%)
157A/156B 343A/263B 52A/32B 41A/60B T9A /84B 672A/595B

Total 1675/11301 2805/36811 285/17270 690/80299 748/44918 6203/190579
(14,8%) (7,6%) (1,7%) (0,9%) (1,7%) (3,3%)
404A/950B T04A/1657B 76A/125B 110A/359B 138A/401B 1433A/3492B

S: Season; J: January

In the three pre-pandemic SARS-Cov-2 seasons 3587 (7.1%) of the samples had RSV, and in the pandemic
seasons 2616 (1.8%) (p<0.0001).

On the other hand, RSV was detected in 3480 (9.1%) children under 6 years of age and in 1438 (1.14%)
adults over 15 years of age (p<0.0001).

Finally, type A accounted for 1.97% in S1, 2.2% in S2, 78.6% in S3, 5.02% in S4, 6.69% in S5 and 53% in
S6 (p<0.0001).

Figure 1. Incidence of RSV by season and age (A) or types (B).
RSV genotypes

Phylogenetic analysis of 116 sequenced RSV isolates showed that 51 RSV-A (9 from 2021 and 42 from 2022)
viruses belong to the ON1 /genotype and 65 RSV-B (24 from 2021 and 41 from 2022) viruses belong to BA9
(Figure S1).

The ON1 was divided into two major clades and four small clades. The first major clades were related to
strains from Kenia 2015, France 2021 and USA 2022 (30 patients), and the second to Netherlands 2021,
Slovenia 2021 and France 2022 (15 patients). The small clades were related to strains from Bangladesh 2012
(1 patient), China 2018 (1 patient), Slovenia 2021(1 patients), USA 2022 (3 patients) (Figure 2A).

The BA9 was divided in one major clade related to strains from China 2019, Japan 2019, Italy 2021, USA
2021 Australia 2022, and Austria 2022 (22 patients 2021/ 41 patients 2022), and in two small clades all of
2021 related to strains from Germany 2017, Spain 2018, Thailand 2019 and China 2020 (1 patient), China
2021(1 patient) (Figure 2B).
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Figure 2 . Phylogenetic tree of genomes of RSV-A (A) and RSV-B (B) from Asturias (black circles) and
NCBI. The geographical origins of the NCBI sequences phylogenetically related to those of Asturias are

In 2021, a new RVS-B sublineage spread in Asturias, characterized by the S263G mutation). In 2022, two
new sublineages from ON1 spread in Asturias, one characterized by the S299I mutation (n=8) and the other
by the K205N and Y280H mutations (n=26) (Table 3, Figure 3).

Table 3. Characteristics of the sublineages identified during 2021-22 in Asturias (Spain).

Sublineage n Detection date Sex Sex Age (years) Age (years) Age (years) Age (
Female Male <1 1-5 6-15 16-70

ON1+K205N+Y280H 26 31/10/2022 14 12 ) 11 5 2

ON1+452991 8 13/11/2022 2 6 2 2 2 1
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Figure 3. A) New ONI1 sublineage that spread in Asturias, characterized by the K205N and Y280H
mutations. B) New ON1 sublineage that spread in Asturias, characterized by the S299I mutation. C) New
BA9 sublineage that spread in Asturias, characterized by the S263G mutation. All of them identified with
red branches.

Discussion

Respiratory Syncytial virus is the most common cause of serious respiratory infection in infants. Reinfections
occur commonly, including in older adults'®. In recent years, the importance and severity of RSV infections
in children as well as adults has been demonstrated and appreciated'-”. RSV-associated in-hospital mortal-
ity increases exponentially with age, posing a greater risk for older adults, particularly frail and high-risk
patients®?1718 Moreover, RSV infection may result in greater morbidity and mortality among older hos-
pitalized adults than influenza'®. RSV can also causes substantial outpatient illness with lower respiratory
tract involvement. Belongia et al found the virus in the 11% of patients?’. In a previous job in our Hospital
this incidences reached 14% when children was principally studied?!.

It has been already reported that during the SARS-Cov2 pandemic, mitigation measures were associated
with marked reductions in non-COVID-19 respiratory infections®?22. In this study, the overall incidence over
6 seasons was 3.3%, but a large difference was observed before and after the pandemic: in the first three
seasons, the incidence reached 7.1% and decreased to 1.8% during the pandemic years

RSV was more common in children (9.1%) than in adults (1.14%), but can be found in any age group.
Moreover, if we analyze the first two seasons (before the pandemic), the incidence in those over 70 years of
age is similar to that in children aged one to five years. And the incidence is not negligible in the rest of the
age groups. As noted above, the measures taken during the pandemic reduced viral transmission, especially
in adults, where more pressure and control was exerted. The return to normality, even with the lessons
learned, suggests that the incidence of RSV infection is likely to rise again.



RSV may be associated with escalation in respiratory support and an increased level of support in living
situation at discharge??. RSV disease burden in adults aged more than 60 years in high-income countries
is higher than previously estimated?*. RSV hospitalizations were associated with increased attributable
short-term and long-term healthcare costs!. Therefore, interventions that could prevent RSV may reduce
healthcare burden. Understanding the clinical features and symptomatology of RSV infection can help to
address the challenges related to case identification and management and allows for the implementation of
appropriate preventive measures. For example, in this study incidence decreased from 5.6% pre-pandemic
to 0.6% during SARS-Cov2 pandemic.

Since two types and several genotypes have been described and the behaviour of each may be different, an
exact classification is necessary. Types RSV-A and RSV-B are simultaneously present in most outbreaks, but
RSV-A is associated with severe disease. In RSV-A dominant years typically started, reached its peak and
lasted than in RSV-B dominant years®2°. Several distinct genotypes within these types predominate within
a community; the dominant strains shift yearly, perhaps accounting for frequent reinfections?®26. Previous
RSV infection does not appear to protect against reinfection?”. On the other hand, several substitutions
in fusion protein reduce nirvesimab susceptibility?®, the new monoclonal antibody approved to immunize
against RSV.

In this job, RSV-A and RSV-B were found simultaneously, but with very different incidence. In the first
two seasons, RSV-B was predominant, but in 2019 (pre-pandemic SARS-Cov-2) there was a subtype shift
and RSV-A was detected in 78% of cases, suggesting greater severity of symptoms. The measures taken
in the pandemic significantly reduced respiratory infections, as discussed above®?? .In the first two years
of the pandemic a new subtype shift was observed and again RSV-B became dominant. In the last season
(2022-23) epidemiological control measures were again relaxed and both subtypes were observed to circulate
in the same proportions.

Next season we will have to watch out whether RSV-A (or certain genotypes of this type) replaces RSV-B,
as suggested by other studies??3?, as a worsening of symptoms is to be expected. This is why

sequencing of viral strains is relevant not only for taxonomic purposes, but in order to better understand
the epidemiology as well as the development of therapeutic and preventive strategies.

The genotyping analysis of RSV was used to characterize which genotypes circulated in Asturias and to
investigate whether phylogenetic clusters occurred in the study period.

RSV genotypes ON1 (type A) and BA9 (type B) became the predominant genotypes worldwide from 2015
and were the only genotypes detected in the period 2021-2022 in Asturias. Variants of these genotypes are
constantly generated, so it is necessary to identify them3'. Numerous variants of the ON1 genotype have
been reported worldwide, with various amino acid substitutions3?33. In a last study in USA in 2023, Goya
et al did not find specific changes3*.

In Asturias, in the ON1 genotype, the gain of the K205N mutation that was only found in two NCBI strains
(ON237320 Argentina 2017 and KX827403 Guatemala 2013) and the Y280H mutation (common in the world
and found in Spain) formed a separate sublineage in 26 sequences. This variant was found in 2022 in a similar
number of men and women, mostly being under 6 years of age. Besides, the gain of the S299I mutation in 8
sequences found in strains without duplication of ON1 (KT765684-KT 765686, OK458608-OK458615 Kenia
2006-2010) generated another new sublineage. This variant was found in 2022 mostly in men, also mostly
in children less than 6 years of age, but not exclusively.

From VRS-B, in Europe the BA9 genotype is always the predominant, as was also reported in Catalonia
( Spain)323°. In Asturias, in 12 sequences the BA9 genotype, the gain of the mutation S263G, that was
only found in two NCBI strains (OK078747 Pakistan 2010 and MH606068 Croatia 2017), formed a separate
sublineage. This variant was found in 2021 in women under 6 years of age; it continued to be disseminated
in 2022 in people over 65 years of age mainly in men.

Therefore these new sublinages can be found in any group of individuals. On the other hand, variants



without these mutations were previously detected in Asturias, supporting the idea that they were locally
generated, in contrast to the finding of Goya et al®%.

When the GenBank sequences were examined, no new mutations were observed, but rare mutations appeared
in new lineages, which could be limited to local transmission. New substitutions may contribute to antigenic
escape, promote transmissibility, or be the result of the founder effect in a vulnerable population. There-
fore, performing genotypic characterisation studies locally and sharing them with the rest of the scientific
community should be a practice to be implemented in the control of this type of infections.

Limitations of the study are that few clinical data were available, that the number of patients sequenced
is limited, that changes in the frequency of circulation of RSV genotypes in previous seasons cannot be
addressed and that the analysis was based only on a fragment of the G gene.

Conclusion

In summary, although RSV was more frequent in children, it can infect at any age. Both subtypes (RSV-
A and RSV-B) were found with B/B/A/B/B/A-B pattern. Genomic analyses did not detect any novel
mutations, but did detect the emergence of new lineages with rare mutations in the data available to date.
These lineages may influence the preventive treatments that are attempted.

This study provides an overview of the genetic variation of circulating RSV strains in Asturias with the
identification of new ON1 and BA9 lineages. Ongoing and long-term molecular epidemiological studies for
the detection of circulating and emerging genotypes in combination with clinical data are needed to gain a
better understanding of the underlying genetic and antigenic mechanisms of RSV infection.
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