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ARTICLE INFO ABSTRACT

Keywords: Human respiratory syncytial virus (RSV) is responsible of lower respiratory tract infections which may be severe
Human respiratory syncytial virus in infants, elderly and immunocompromised adults. Europe and North-American countries have observed a
RSV

massive reduction of RSV incidence during the 2020-2021 winter season. Using a systematic RSV detection
coupled to SARS-CoV-2 for all adult patients admitted at the Foch hospital (Suresnes, France) between January
and March 2021 (n = 11,324), only eight RSV infections in patients with prolonged RNA shedding were diag-
nosed. RSV whole-genome sequencing revealed that six and two patients were infected by RSV groups A and B,
respectively. RSV carriage lasted from 7 to at least 30 days disregarding of RSV lineage. The most prolonged RSV
shedding was observed in an asymptomatic patient. We detected novel patient-specific non-synonymous muta-
tions in the G glycoprotein gene, including a double identical mutation in the repeated region for one patient. No
additional mutation occurred in the RSV genome over the course of infection in the four patients tested for. In
conclusion, our results suggest that the temporal shift in the RSV epidemic is not likely to be explained by the
emergence of a high frequency, unreported variant. Moreover, prolonged RSV carriages in asymptomatic patients

Whole-genome sequencing
Temporal dynamics
RT-PCR

could play a role in virus spread.

Human respiratory syncytial virus (RSV) is considered as a major
cause of lower respiratory tract infections amongst young children,
elderly and immunocompromised adults worldwide (Falsey et al., 2005;
Shi et al., 2017). RSV infections mostly occur seasonally from November
to March in the Northern hemisphere and from April to October in the
Southern hemisphere (Obando-Pacheco et al., 2018). No effective
therapy or approved vaccine is available to date, but vaccine candidates
and monoclonal antibodies are in late clinical development (Doma-
chowske et al, 2021). RSV is a non-segmented, single-stranded,
negative-sense RNA human Orthopneumovirus of ~15.2 kb in length
encoding 11 viral proteins, including the G and F surface glycoproteins
that mediate viral entry and are major targets of human immune re-
sponses (Levine et al., 1987; McLellan et al., 2013; Yin et al., 2006). RSV
infections fall into two co-circulating groups which diverged approxi-
mately 350 years ago, named A and B (Mufson et al., 1985). Several RSV
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A and B sublineages are disseminated in human populations with some
periodic shifts in predominance that are supposedly explained by the
dynamics of population immunity (Botosso et al., 2009; Goya et al.,
2020). In the late ‘90 s, a G glycoprotein gene variant was detected in
RSV group B isolates from Buenos Aires (Argentina) harboring an exact
duplication of 60 nucleotides in the second hypervariable region (2HR)
of the G glycoprotein (Trento et al., 2003). In 2010, a similar duplication
event of 72 nucleotides was identified in RSV group A isolates from
Ontario province (Canada) (Eshaghi et al., 2012). These G-duplicated
RSV lineages have largely spread worldwide and are now fixed in
populations.

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 during the 2020-2021 late
winter season (Casalegno et al., 2021; Hodjat et al., 2021). Here, we
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performed a systematic RSV detection coupled to SARS-CoV-2 by
RT-PCR on nasopharyngeal swab (NPS) for patients (n = 11.324)
admitted at Foch hospital (Suresnes, France) between January 1st and
March 31st, 2021. NPS were processed with the Alinity M RESP-4-Plex
(Abbott Molecular, Des Plaines, United States) assay which allows the
detection of SARS-CoV-2, RSV, influenza A and B viruses. RSV detection
was considered positive following manufacturer’s recommendations,
and a CT value < 40. Only eight RSV infections in adults (named patients
A to H), later transferred to the intensive care unit, were detected
(Table 1). The median age of the RSV-positive patients was 65 [range:
36-72]. Two patients (C and D) were asymptomatic (both tested before
admission for planned surgery), while the symptomatic patients
exhibited at least one other respiratory disease except one. All symp-
tomatic patients recovered from the infection. The CT value of the first
RSV-positive RT-PCR ranged from 15 to 27, then decreased over the
infection (Fig. 1). The median duration of RSV detection was 13 days
[range: 7-30]. Four patients (B, D, G and H) were still RSV-positive on
discharge, including an asymptomatic RSV-positive patient after 30 days
of follow-up, leading to under-estimated RSV carriage duration. Previ-
ous studies already reported prolonged RSV carriages but in symptom-
atic patients, reaching 50 days in a symptomatic allogeneic bone
marrow transplant recipient (de Lima et al., 2014; Richardson et al.,
2016). Such prolonged RSV carriages in asymptomatic patients, as it is
the case here, may likely have a role in virus spread. In this study,
although we cannot discard viral transmission between the two
asymptomatic patients and their respective families or other individuals
during hospital visits, a transmission with other patients and hospital
staff was however unlikely because i) a systematic test for all patients
was done on days 2 and 7 of hospital stay and then every 7 days; and ii)
we did not identify hospital transmission around the RSV-positive
patients.

Next-generation sequencing (NGS) was used to retrieve the genome
sequence of RSV through a hybrid capture-based approach. For that,
viral RNA was first extracted using a MagNA Pure LC 2.0 system (Roche,
Mannheim, Germany) with the MagNA Pure LC Total Nucleic Acid Kit-
Large Volume reagent kit following supplier’s recommendations. Up to
100 ng of RNA was taken for the preparation of libraries using the
Mlumina RNA Prep with Enrichment (L) Tagmentation kit (Illumina,
Inc). Purified ¢cDNA was tagmented using Enrichment Bead-Linked
Transposomes, then the fragments were purified and amplified to add
P7 and P5 adapters for dual indexing. Amplified samples were enriched
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Fig. 1. CT values for detection of RSV over hospital stay for each adult
patient. A CT > 40 was considered as RSV-negative. Each color is associated to
a patient. The shape indicates whether the patient was symptomatic or
asymptomatic.

as single-plex reactions using the Respiratory Virus Oligos Panel v2
(Illumina, Catalog n0.20044311). Products were sequenced on a Miseq
system (Illumina, Inc). From NGS data, we first looked for the RSV
groups and sublineages (using the genotype definition proposed by
Goya et al. (2020)). Raw sequence reads were mapped on RSV A
(GenBank accession: NC_001803.1) and B (AY353550.1) reference ge-
nomes using the BWA-MEM algorithm (default parameters) (Li and
Durbin, 2009). Note that we manually edited these reference genomes to
include the duplication of 72 and 60 nucleotides in the 2HR region of the
G glycoprotein gene in RSV groups A and B, respectively. Aligned reads
were processed using SAMtools v.1.434 (Danecek et al., 2021). Coverage
statistics using BEDtools v.2.26.0 (Quinlan and Hall, 2010) revealed that
six patients were infected by RSV group A, and two patients carried RSV
group B infection (Table 1). A maximum-likelihood phylogenetic tree
based on the ectodomain of G glycoprotein, sufficient to elucidate the

Table 1
Clinical characteristics of the eight patients.
Patient ~Age Sex  Predisposing Respiratory disease Other predisposing Symptomatic ~ Follow-up Duration of RSV
condition conditions (days)* positive PCR lineage
(days) **
A 62 F Yes Diffuse interstitial lung disease Epilepsie Yes 19 16 A
Obstructive sleep apnea
syndrome
B 68 F Yes None Colorectal cancer Yes 11 11 A
Ventricular extrasystole
C 71 F Yes None Glioblastoma No 18 13 A
D 61 M Yes None Multiple tumor-like brain No 30 30 A
lesions
E 36 F Yes Smoking-related desquamative Gastroesophageal reflux Yes 14 7 A
interstitial pneumonia disease
Autoimmune pancreatitis
and thyroiditis
F 81 M Yes Smoking-related chronic Ischemic heart disease Yes 19 8 B
obstructive pulmonary disease Atrial fibrillation
G 58 M Yes Smoking-related chronic Ischemic heart disease Yes 18 18 A
obstructive pulmonary disease
H 72 F Yes Smoking-related chronic Rheumatoid arthritis Yes 13 13 B

obstructive pulmonary disease
Bronchiectasis

* From symptom onset to hospital discharge.
" After symptom onset in symptomatic individual or after first positive PCR in asymptomatic individual.
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RSV sublineage (Goya et al., 2020), with already published
sublineage-annotated sequences was produced (Supplementary Method
1). Mutational signatures showed that five patients (A, B, C, E and G)
were infected by the sublineage GA2.3.6b of RSV group A, while the
sixth RSV-positive group A patient (D) was infected by the lineage
GAZ2.3.5 (Supplementary Fig. 1). For the two patients infected by RSV
group B (patients F and H), the phylogeny clearly evidenced RSV
belonged to the GB5.0.5a sublineage. All these sublineages circulated in
human populations in recent years (Goya et al., 2020).

For four patients, two to three RSV samples were sequenced at
different time points of the infection (two to five days interval; Sup-
plementary Table 1). However, we did not detect acquisition of RSV
mutations over the infection course.

We next compared the produced consensus sequences with the
closest RSV whole-genome sequences available in the GenBank database
and searched for mutations in the G and F surface glycoproteins. To
ascertain that each consensus sequence we produced did not include
mapping errors, raw reads were aligned on the consensus sequence, then
the consensus was corrected if needed. We observed that the RSV group
A genomes from this study were closely related to those collected during
the 2017-2020 period across the United Kingdom, Spain and the
Netherlands (Lin et al., 2021), with identity percentages ranging from
99.62% to 99.73%. All the amino acid positions that differed with the
RSV group A reference genes are indicated in the Supplementary Fig. 2.
RSV infection from the patient D harbored the R151H mutation in the G
protein, close to its central conserved domain that interacts with
neutralizing antibodies (Fedechkin et al., 2020), and commonly found in
recent isolates of 2021 deposited on GenBank (on 24th August 2022).
RSV infection from the patient A had an accumulation of additional
mutations in the G protein compared to others (H67Y, V225A, and
N273H). While H67Y and V225A have been previously reported in 2019
and 2021, the N273H mutation was not detected on GenBank-deposited
sequences nor in the literature to date, and have the particularity to be
also present in the G-duplicated insertion that appeared in 2010. Such
double mutations in the duplication motif have been deposited on the
GenBank database, but the cause and frequency of such events remain to
be determined. Finally, all the samples harbored the mutation K209R,
associated with a decreased G protein cleavage (Corry et al., 2016). In
total, 46 distinct mutations were detected in the G protein (excluding the
G-duplicated site). No unreported mutation than in the G protein (n = 11
mutations).

Following the same strategy for RSV group B sequences, our
consensus sequences were closely related to those reported in Kilifi
(Kenya, East Africa) during the 2015-2017 period (Kamau et al., 2020),
sharing from 99.54 to 99.56% identity. As for RSV group A, all the amino
acid positions that differed with the RSV group B reference genes are
given in the Supplementary Fig. 3. By screening GenBank sequences and
PubMed articles, we evidenced the presence of one novel
non-synonymous mutation in the G protein for each patient, T92I and
K224N, among a total of 42 non-synonymous mutations (excluding the
G-duplicated site). The role of the newly identified mutations in the
extracellular region of the protein requires further investigations,
including concerning susceptibility to monoclonal antibodies. No novel
mutations were observed in the F glycoprotein gene, which contained a
total of 8 mutations.

This study presents two major impediments. First, we only worked
on a very limited number of patients, therefore, we cannot ascertain if
differences in viral shedding between viral lineages occurs. And second,
since no sample was included from November and December 2020, we
cannot directly address changes in RSV circulation frequency compared
with the observed peak of RSV circulation in previous seasons, although
this information was already reported in some other studies (Casalegno
et al., 2021; Hodjat et al., 2021).

To conclude, genomic analyses did not detect any novel mutations
present at high frequency in our samples, suggesting that the temporal
shift in the RSV epidemic may not likely be explained by the emergence
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of unreported variants. Rather, we believe that non-pharmaceutical in-
terventions due to the COVID-19 pandemic, including barrier gestures,
the use of masks in public spaces and the national lockdowns introduced
between November and December 2020 in most European countries,
were able to strongly contribute in limiting the spread of the virus
during the winter period. Additional RSV sequencings during the same
period time are however required to confirm this observation.
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