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Background.  A study of respiratory syncytial virus-A (RSV A) genotype ON1 genetic variability and clinical severity in infants 
hospitalized with bronchiolitis over 6 epidemic seasons (2012–2013 to 2017–2018) was carried out.

Methods.  From prospectively enrolled term infants hospitalized for bronchiolitis, samples positive for RSV A ON1 (N = 139) 
were sequenced in the second half of the G gene. Patients’ clinical data were obtained from medical files and each infant was assigned 
a clinical severity score. ANOVA comparison and adjusted multinomial logistic regression were used to evaluate clinical severity 
score and clinical parameters.

Results.  The phylogenetic analysis of 54 strains showed 3 distinct clades; sequences in the last 2 seasons differed from pre-
vious seasons. The most divergent and numerous cluster of 2017–2018 strains was characterized by a novel pattern of amino acid 
changes, some in antigenic sites. Several amino acid changes altered predicted glycosylation sites, with acquisition of around 10 new 
O-glycosylation sites. Clinical severity of bronchiolitis increased in 2016–2017 and 2017–2018 and changed according to the epi-
demic seasons only.

Conclusions.  Amino acid changes in the hypervariable part of G protein may have altered functions and/or changed its immu-
nogenicity, leading to an impact on disease severity.
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Bronchiolitis is the most frequent lower respiratory tract viral infec-
tion in infants younger than 12 months of age and the main cause 
of hospitalization in this age group [1–3]. Around 150 million new 
cases of bronchiolitis are diagnosed each year, with 2%–3% of af-
fected children requiring hospital admission [4]. The typical sea-
sonal pattern of bronchiolitis that occurs between November and 
May reflects the activity of respiratory syncytial virus (RSV) [3].

RSV is an enveloped, single-stranded, negative-sense RNA 
virus of the Pneumoviridae family. The genome encodes 11 
proteins, among which the external glycoproteins G and F are 
involved in attachment and entry into the host cells [5]. The 
G extracellular part is composed of a central conserved do-
main and 2 hypervariable regions presenting many N- and 
O-glycosylation sites, which contribute to antigenicity [5, 6]. 
Reactions with monoclonal antibodies classify RSV into subtypes 

A  and B and sequencing of the second hypervariable region 
of the G gene differentiates RSV A and RSV B into 13 and 20 
genotypes, respectively [5, 6]. The subtypes A  and B usually 
cocirculate during epidemic seasons, with predominance of 
RSV A worldwide [5, 6]. Variability of the RSV genome causes 
the emergence of new clades, which may cocirculate or replace 
the previous circulating viral strains. RSV A ON1, which is char-
acterized by the duplication of 23 amino acids in the C-terminal 
region of the G protein, was first detected in Ontario, Canada, in 
2010 [7] and rapidly spread replacing the previously circulating 
RSV A genotypes [8–12]. Many authors questioned whether the 
fitness advantage of ON1 was due to a differential replication 
ability and/or to a more rapid evolutionary rate than other RSV 
genotypes [7–13]. In its first years of circulation in Rome, we 
reported that ON1 bronchiolitis had a mild clinical course [8]. 
Moreover, we recently demonstrated in a large and homoge-
neous cohort of infants hospitalized with bronchiolitis in Rome, 
Italy over 12 epidemic seasons, that RSV A ON1 was first de-
tected in the 2011–2012 season, replaced the previously circu-
lating RSV A NA1 since 2012–2013, and we confirmed that it 
caused a milder form of bronchiolitis compared to the previous 
RSV A strain, NA1 [14]. However, more clinical and virological 
data on ON1 infections over several years are needed. Of par-
ticular interest is whether the increased fitness of this virus is 
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associated with increased severity and immune evasion, factors 
important in strategies for vaccine development.

We aimed to explore genetic variability of RSV A ON1 strains 
infecting infants hospitalized with bronchiolitis over 6 epidemic 
seasons. We also analyzed patients’ data to verify if ON1 varia-
bility was associated with change in disease severity.

METHODS

Study Group

We prospectively enrolled infants hospitalized for bronchiolitis 
in the pediatric emergency department, Sapienza University of 
Rome, during the epidemic seasons 2012–2013 to 2017–2018. 
Bronchiolitis was defined as the first lower respiratory tract in-
fection in infants <12 months old, characterized by a history of 
upper respiratory tract infection followed by the onset of cough, 
respiratory distress, and diffuse crackles on chest auscultation 
[1]. Infants with underlying chronic diseases (eg, cystic fibrosis, 
congenital heart disease, and immunodeficiency) or prema-
turity were excluded. Demographic and clinical data were 
obtained from parents with a structured questionnaire and 
from medical files. At admission to the hospital, physicians as-
signed to each infant a clinical severity score ranging from 0 to 
8. The score consists of the sum of 4 parameters: 1, respiratory 
rate (0 = <40, 1 = 40–60, 2 = >60 breaths/min); 2, oxygen satu-
ration on room air (SaO2) (0 = >95%, 1 = 90%–95%, 2 = <90%); 
3, presence of retractions (0 = absent, 1 = mild, 2 = severe); and 
4, ability to tolerate oral feeding (0 = normal, 1 = <75% of the 
usual food intake, 2 = intravenous rehydration), as previously 
described [1]. Bronchiolitis was classified according to the clin-
ical severity score as mild (score 0–3), moderate (score 4–5), 
and severe (score 6–8).

In line with confidentiality requirements, the database was 
anonymized and the ethic committees of Policlinico Umberto 
I approved the study (Prot. 107/12) after informed consent was 
obtained from infants’ parents.

RSV Detection and Phylogenetic Analysis

Within 1 day after hospitalization, infants underwent a naso-
pharyngeal wash (NPW). Samples were delivered on ice within 
1–2 hours to the virology laboratory and divided into 2 ali-
quots: one was used for nucleic acid extraction and the other 
was stored at −80°C for further analysis. Fourteen respiratory 
viruses (RSV, influenza virus A/B, coronaviruses OC43, 229E, 
NL-63, HUK1, adenovirus, rhinovirus, parainfluenza 1–3, 
metapneumovirus, and bocavirus) were tested with reverse 
transcriptase polymerase chain reactions (RT-PCR) as previ-
ously described [15]. Samples positive for RSV were sequenced 
in part of the G conserved region and the second hypervariable 
region up to the stop codon (380 nt; amino acids 172–297) as 
previously described [8]. There were 139 RSV A-positive sam-
ples, ON1 genotype, and sequences were aligned with reference 
sequences using Bioedit v7.1.3 to identify sequencing errors 

that were removed and redundant sequences that were grouped. 
The final dataset comprised 54 unique ON1 sequences isolated 
in Rome during 6 epidemic seasons from 2012–2013 to 2017–
2018 and 4 reference strains, that is the first Ontario strain 
(ON1-1.1), the divergent genotype ON1-1.2 first detected in 
Ancona [8], the closest ON1 ancestor NA1 [7], and the refer-
ence genotype GA2 [8]. The best-fit evolutionary model and 
parameters were selected using Model Test on Mega 6.06 [16]: 
accordingly, the phylogenetic tree was constructed using the 
maximum likelihood method based on the Tamura-Nei model 
and a discrete Gamma distribution with 5 categories (+G) to 
model evolutionary rate differences among sites, with bootstrap 
values of 1000. The average p distance value (ie, the proportion 
of nucleotide sites that differ between sequences) of the ON1 
strains over the 6 epidemic seasons was calculated by pairwise 
comparison in Mega 6.06.

The bioinformatic tools NetNGlyc and NetOGlyc 
(http://www.cbs.dtu.dk/services) were used to predict N- and 
O-linked glycosylation sites in ON1 amino acid sequences.

Statistical Analysis

Binary variables, such as sex, ethnicity, familiar atopy, passive 
smoking exposure, breastfeeding, and type of birth, were com-
pared in the different epidemic seasons using univariate logistic 
regression model and post hoc comparison of the coefficients 
of the epidemic season. To evaluate which quantitative variables 
(such as age, gestational age, and birth weight) significantly 
varied across epidemic seasons, we used a univariate regression 
model and post hoc comparison of the coefficients of the epi-
demic season. The clinical severity score was treated as a 3-cat-
egorical variable. Multinomial logistic regression was used to 
evaluate whether the clinical severity score changed across ep-
idemic seasons and to control the evolution of the clinical se-
verity score in the different epidemic seasons for confounding 
variables (sex, age, ethnicity, gestational age, type of birth, 
birth weight, familiar atopy, passive smoking exposure, breast-
feeding, and type of birth). The first epidemic season was set 
as the corner point in the standard ANOVA parameterization. 
We used a stepwise selection step and biologically plausible ap-
proaches. P values less than .05 were considered statistically 
significant. Statistical data were analyzed using R Statistical 
Software [17].

RESULTS

RSV Detection and Subtype Distribution

Infants hospitalized with bronchiolitis were prospectively tested 
for respiratory viruses over 6 epidemic seasons (October–May 
2012–2013 to October–May 2017–2018). After excluding pa-
tients with no available data because of refusals of consent or 
coinfections with other respiratory viruses, of the 283 NPW 
samples positive for RSV, 218 were successfully sequenced, re-
sulting in 144 RSV A ON1 and 74 RSV B. RSV A dominated in 
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all seasons with the exception of 2014–2015 when the number 
of RSV B cases was slightly higher (Supplementary Figure 1). Of 
the 144 cases with RSV A ON1, 139 were suitable to be analyzed 
in this study.

Sequence Analysis

Sequences of the second half of the G gene obtained from NPW 
samples of the 139 enrolled patients were aligned with BioEdit 
and identified as ON1 strains by the presence of the insertion. 
Nineteen sequences were not further analyzed because of poor 
chromatograms and/or mixed signals due to coinfections with 
different ON1 strains. Of the 139 sequences, 120 were exam-
ined and identical sequences of the same epidemic season were 
grouped; phylogenetic analysis was performed on a dataset of 
54 study sequences and 4 reference strains.

The nucleotide alignment showed complete identity in 
the central conserved domain, containing the CX3C motif 
and the heparin binding site (residues 184 to 198); as ex-
pected, many nucleotide substitutions were found in the 
hypervariable region. As a first measure of ON1 genomic var-
iability, we calculated the average p distance in each epidemic 
season and between each epidemic season and the following 
one (Table 1). Both analyses suggested an increasing genetic 
divergence of ON1 strains over the study period. Moreover, 
using a linear regression model, we proved that the within-
group p distances showed a significant increasing trend 
across the epidemic seasons (P value < .001).

Phylogenetic reconstruction of study sequences and reference 
strains in Figure 1 shows that numerous variants of the ON1 gen-
otype appeared since 2012 and clustered into at least 3 distinct 
clades. The first clade of strains is derived from sequences iden-
tical to the ON1 reference strain [7], now named ON1-1.1 [13]. 
A subgenotype, named ON1-1.2, differentiated early [8, 13]; study 
strains similar to ON1-1.2, present in Rome since the 2012–2013 
epidemic season, constitute a second clade (Figure  1). A  third 
clade of sequences originated from ON1-1.2 starting from the 
2015–2016 epidemic season and continued to diversify (Figure 1). 
Interestingly, strains of the 2016–2017 and 2017–2018 seasons dis-
tributed in all clades in the phylogenetic tree and clustered apart 
from those of the previous epidemic seasons (Figure 1), consistent 
with their higher genetic divergence.

Analysis of Amino Acid Substitutions and Predicted Glycosylation Sites

In order to appreciate changes in the G protein potentially as-
sociated with different phenotypes, ON1 amino acid sequences 
of the hypervariable tract (amino acids 200–321) stratified by 
clade were aligned with Bioedit v7.1.3 (Figure 2). The changes 
L274P in the positively selected site 274 and L298P at the corre-
sponding position in the insertion (Figure 2) were characteristic 
of the ON1-1.2 subgenotype [8]. The likely third subgenotype 
ON1-1.3 was characterized by the distinctive changes I243S and 
E262K (Figure  2), while retaining L274P and L298P in most 
isolates. Other changes appeared in the known hypervariable 
sites [18] or were unique mutations found in a single epidemic 
season; overall, amino acid changes were more abundant in the 
more recent strains. We could identify signature amino acid 
residues in the most divergent cluster derived from ON1-1.1 
(circled in red in Figure 1), which are composed of 4 unique 
sequences found in 11 clinical isolates of the 2017–2018 season; 
the 6 signature changes (T200P, P215L, N255D, S275N, V279I, 
and E295V) are boxed in red in Figure 2. T200P is a substitu-
tion, never previously reported, located in a well-characterized 
antigenic region [19, 20], where the replacement of the con-
served polar amino acid threonine with the hydrophobic pro-
line might have altered the epitope. Substitutions S275N, V279I, 
and E295V that are placed either in the duplicated tract (S275N, 
V279I) or in the insertion (E295V), contribute to make the ho-
mologous tracts different from each other. Similarly, in ON1-
1.2 and ON1-1.3 recent isolates, several other substitutions 
render the homologous tracts different, perhaps contributing to 
antigenic escape [21].

Next, amino acid sequences were submitted to online bio-
informatics tools (NetNGlyc and NetOGlyc) to predict N- and 
O-linked glycosylation sites. Substitutions T320I (in 2014–
2015) and T320A (in 2016–2017 and 2017–2018) caused the 
loss of 1 predicted NetNGlyc site with respect to all other ON1 
strains (dotted boxes in Figure 2). ON1-1.1 strains with higher 
genetic distances (mostly in the epidemic seasons 2016–2017 
and 2017–2018, Figure  2) acquired around 5 NetOGlyc sites. 
Furthermore, strains belonging to the ON1 divergent lineage 
ON1-1.2 were characterized by the acquisition of around 10 
NetOGlyc sites for a total of 40–46 sites in comparison to 31–35 
predicted sites in the first ON1-1.1 strains.

Table 1.  Between and Within Group Average Distance Estimation 

Epidemic Seasons p Distance Within Group Epidemic Seasons p Distance Between Groups

2012–2013 0.012 2012–2013 vs 2013–2014 0.013

2013–2014 0.009 2013–2014 vs 2014–2015 0.014

2014–2015 0.016 2014–2015 vs 2015–2016 0.026

2015–2016 0.014 2015–2016 vs 2016–2017 0.023

2016–2017 0.025 2016–2017 vs 2017–2018 0.035

2017–2018 0.039  
The average P distance among nucleotide sequences of the 6 epidemic seasons was calculated by pairwise comparison using Tamura-Nei model, gamma distributed including transitions 
and transversions, in MEGA 6.
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Analysis of Patients’ Demographic and Clinical Data

To appreciate any variation in pathogenicity of ON1 isolates, 
we analyzed demographic and familial data of the 139 enrolled 
ON1-infected infants (median age, 2.1 months; age range, 0.53–
9.2 months; 74 males) hospitalized with bronchiolitis.

Over the epidemic seasons 2012–2013 to 2017–2018, no dif-
ferences were found when comparing age, sex, ethnicity, gesta-
tional age, type of birth, birth weight, familiar atopy, and passive 
smoking exposure among the seasons, except for a significant 
increase in the percentage of breastfeed infants during the last 
3 seasons (Table 2). Nonetheless, the number and percentage of 
patients with severe bronchiolitis differed significantly among 
seasons, particularly in the last 2 seasons (Figure 3). The multi-
nomial logistic regression model, accounting for all potentially 

confounding factors (sex, age, ethnicity, gestational age, type of 
birth, birth weight, atopic predisposition, smoke exposure, and 
breastfeeding), showed that the clinical severity score changed 
according to the epidemic seasons and none of the other factors 
affected its increase (Table 3).

To further test the effect of ON1 variability, we included in the 
multivariate analysis the within-group p distances as predictors 
instead of the epidemic season and obtained overlapping results 
(data not shown). Furthermore, we grouped sequences of the 
ON1 RM cases into mild (score 0–3), moderate (score 4–5), 
and severe (score 6–8), and to each case we attributed the me-
dian p distance within-group value of the corresponding season 
(values shown in Table 1). Comparing the values of severe cases 
to those of mild and moderate cases, demonstrated that severe 
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Figure 1.  Phylogenetic analysis of the second half of the G gene of respiratory syncytial virus (RSV) ON1 strains circulating in Rome, November 2012–April 2018. The 
dataset included 54 unique ON1 sequences isolated in Rome during the 6 epidemic seasons and 4 reference strains. Rome sequences are identified by year (2 digits), month 
(2 digits), and sample number (2 or 3 digits). If more than 3 identical strains were found, their total number is indicated after the dot following the strain identification. The 
phylogenetic tree is drawn to scale; scale bar shows the number of substitutions per site. Branches in green identify sequences from 2016–2017 and 2017–2018 seasons. The 
divergent clade derived from ON1-1.1, in 2017–2018 season, is circled in red. Name and GenBank accession numbers of RSV reference strains are: ON67-1210A (JN257693) 
for ON1-1.1; 1302-319AN (KC858211) for ON1-1.2; WI/629-Q0284/10 (JF920053) for NA1; and CH57 (AF065258) for GA2.
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cases were associated with significantly higher gene p distances 
compared to mild and moderate cases (P value = .0002, Kruskal-
Wallis test). This comparison is illustrated in Supplementary 
Figure 2.

Indeed, individuals in a season with a large within-group p 
distance were more likely to be classified as severe than those 
with smaller p distances.

DISCUSSION

This cohort is the first, to our knowledge, describing RSV 
A ON1 variability and analyzing demographic and clinical data 
of infants hospitalized with bronchiolitis over 6 epidemic sea-
sons. We identified new ON1 strains and found that the clinical 
severity of RSV A  ON1 bronchiolitis progressively increased 
from epidemic season 2012–2013 to 2017–2018. In particular, 

ON1
–1.1

ON1
–1.2

40–46
O–Glyc

31–36
O–Glyc

ON1
–1.3

Figure 2.  Alignments of the second hypervariable tract of the G protein sequences of respiratory syncytial virus-A (RSV A) ON1 with the amino acid (aa) substitutions and 
the N- and O-linked glycosylation sites. Alignments of 54 unique Rome sequences, aa position 200–321, are shown relative to the ON67-1210A (JN257693) used as the ref-
erence strain for ON1-1.1. Dots indicate aa identical to ON1-1.1; aa are colored according to Bioedit v7.1.3 color codes for ease in visual identification of aa polymorphisms. 
The duplicated tracts (23 of the 24 aa insertion) are shown in rectangles. The NTTK N-glycosylation predicted sites are boxed in light blue: the dotted box indicates the site 
not fully conserved among study strains. Vertical red boxes indicate the 6 signature substitutions found in the divergent 2017–2018 clade derived from ON1-1.1.

Table 2.  Demographic and Familial Data of 139 Respiratory Syncytial Virus-A (RSV A) ON1-positive Patients Hospitalized With Bronchiolitis During the 
Epidemic Seasons From 2012–2013 to 2017–2018 by ANOVA Comparison

Characteristic 2012–2013 2013–2014 2014–2015 2015–2016 2016–2017 2017–2018 P Value

No. of ON1-positive patients 24 13 17 30 22 33  

Age, mo, mean (SD) 2.44  (1.51) 1.85 (1.21) 2.13 (1.03) 2.37 (0.85) 2.64 (1.87) 2.88 (1.68) .08

Male sex, n/N (%) 16/24 (66.7) 8/13 (61.5) 5/17 (29.4) 17/30 (56.7) 9/22 (40.9) 19/33 (57.6) .46

Caucasian, n/N (%) 22/24 (91.7) 11/13 (84.6) 16/17 (94.1) 25/30 (83.3) 20/22 (90.9) 26/33 (78.8) .23

Gestational age, wk, mean (SD) 38.96 (1.23) 39.15 (1.28) 39.18 (1.24) 39.1 (1.18) 38.64 (0.95) 38.81 (1.26) .30

Cesarean delivery, n/N (%) 7/24 (29.2) 7/13 (53.8) 9/17 (52.9) 18/30 (60) 10/22 (45.5) 14/30 (46.7) .34

Birthweight, kg, mean (SD) 3.229 (0.43) 3.340 (0.42) 3.303 (0.36) 3.233 (0.45) 3.083 (0.37) 3.297 (0.43) .75

Familial atopy, n/N (%) 13/24 (54.2) 5/13 (38.5) 10/16 (62.5) 16/28 (57.1) 16/21 (76.2) 23/32 (71.9) .25

Smoke exposure, n/N (%) 12/24 (50) 8/13 (61.5) 9/17 (52.9) 17/27 (63) 10/21 (47.6) 9/32 (28.1) .08

Breast feeding, n/N (%) 9/24 (37.5) 5/13 (38.5) 7/17 (41.2) 20/30 (66.7) 15/22 (68.2) 22/30 (73.3) .001
Abbreviation: n/N, number/total number RSV A ON1-positive patients with data available.
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we demonstrated a significant higher clinical severity score in 
the last 2 analyzed seasons (2016–2017 and 2017–2018), with a 
higher prevalence of severe forms of bronchiolitis. The hypoth-
esis that these differences had been affected by potential clinical 
confounders was rejected by the demonstration that sex, eth-
nicity, familiar atopy, passive smoking exposure, breastfeeding, 
and type of birth did not differ over time. Taken together, our 
results may suggest that the divergence of ON1 strains was asso-
ciated with the increase of bronchiolitis clinical severity.

Over the study period, the only RSV A genotype circulating 
in Rome was ON1; isolates distributed in 3 distinct clades and 
showed increasing genetic divergence from 2012–2013 to 2017–
2018 seasons. Interestingly, the third and more recent clade may 
represent the evolution of a local variant because no identical 
sequences were present in the NCBI database. Diversification at 
the local level has been reported and is thought to help ON1 to 
be maintained in a population over different seasons [10, 12, 13, 
21]. The high frequency of amino acid substitution, reported in 
different RSV genotypes, is typical of the second hypervariable 
region of the G protein [5]. Nonetheless, over the 6 epidemic 

seasons of this study, an increasing number of amino acid sub-
stitutions was documented in this tract, particularly in the 
duplicated tracts and in the C-terminal portion of the G pro-
tein, which could contribute to immune escape and/or to in-
creased virulence [21]. Recently, an ON1 variant circulating in 
the Netherlands, characterized by a set of 8 novel amino acid 
substitutions and changes in the N-glycosylation sites of the G 
protein, was associated with more severe infections during the 
2016–2017 season [22]. That strain disappeared in the subse-
quent season and was not detected in Rome, nor by other re-
searchers, up to now; similarly, in this study, divergent strains 
associated with increased severity were not detected in Rome in 
the 2018–2019 winter season (data not shown).

In addition to amino acid substitutions in divergent isolates, 
we showed the acquisition of about 10 predicted NetO-Glyc 
sites, which would make recent ON1 strains more similar to 
the ancestors GA2 and NA1 [7, 10, 11]. O-linked glycosylation 
sites are important determinant in the infectious cycle of the 
enveloped, negative-sense single-stranded RNA viruses and 
for antigenic recognition [23]; particularly for RSV, positive 
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Figure 3.  Percentage of patients for each group of clinical severity scores during the epidemic seasons 2012–2013 to 2017–2018. The severity scores (range 0–8) were 
stratified as mild (0–3), moderate (4–5), and severe (6–8). The P values for comparison among the epidemic seasons were > .05 for mild and moderate groups and < .001 for 
the severe group (by ANOVA comparison).

Table 3.  Results of the Multinomial Logistic Model Adjusted for Potentially Confounding Factors Evaluating the Clinical Severity Score of Respiratory 
Syncytial Virus-A (RSV A) ON1-Positive Patients Hospitalized With Bronchiolitis During Epidemic Seasons From 2012–2013 to 2017–2018

Epidemic Season Estimate Odds Ratio Confidence Interval P Value

2013–2014 −0.452 0.636 .154–2.535 .522

2014–2015 0.653 1.922 .565–6.657 .297

2015–2016 0.363 1.438 .469–4.457 .526

2016–2017 2.071 7.932 2.522–26.185 .0005

2017–2018 1.899 6.672 2.097–22.161 .0001
Potentially confounding factors were sex, age, ethnicity, gestational age, type of birth, birth weight, familial atopy, smoke exposure, and breastfeeding. The first epidemic season, 2012–2013, 
was set as the corner point in the ANOVA parameterization.
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selection of certain O-glycans in the second hypervariable 
region of the G protein has been shown in response to immune 
pressure [19]. In particular, during infections of mucosal layers, 
viral O-linked glycans have been shown to trigger an innate an-
tiviral immune response, characterized by secretion of the che-
mokine CXCL10 and subsequent recruitment of neutrophils 
[24]. CXCL10 is abundant in bronchoalveolar lavages from in-
fants with RSV severe bronchiolitis [25]. Bronchiolitis severity 
is determined by a complex interaction among viral factors and 
host immune response [1–3, 6, 26]. Well-known clinical fac-
tors affecting severity of bronchiolitis are passive smoking ex-
posure, lower birth weight, young age and lower weight, lower 
gestational age, male sex, and birth by cesarean section [27–31]. 
Our analysis demonstrated that none of these risk factors for 
severe bronchiolitis seemed to influence clinical severity in 
our patients. In fact, during the epidemic seasons 2012–2013 
to 2017–2018, no differences were observed for sex, age at ad-
mission, ethnicity, type of birth, birth weight, gestational age, 
exposure to smoke, and family history of atopy. The only rele-
vant difference was an increase in the rate of breastfed infants 
starting from the epidemic season 2015–2016, but it was not 
implicated in the variation of clinical severity according to the 
multinomial logistic regression.

With our data we were able to describe an increase in the 
severity of bronchiolitis in the last 2 epidemic seasons together 
with the spread of new strains of RSV ON1 with some crit-
ical genetic modifications. There were no changes in the hos-
pital setting (nurses and doctors of the emergency department, 
devices, admission criteria for hospitalization, and transfer to 
intensive care unit) during the study period and none of the 
analyzed demographic and clinical characteristics of the study 
population could explain the increased severity of bronchiolitis. 
According to these results, we are sufficiently confident to cor-
relate the severity of the disease to the novel ON1 strains. Of 
course, we could not attribute the increased severity only to a 
single G protein modification, because differences in disease 
are not necessarily related to variation in the second half of the 
G gene (the sequence used to classify RSV genotypes) but may 
well be associated with other genomic tracts. Indeed, other un-
studied viral factors may influence the disease course, together 
with the infants’ immune response and other host factors. In 
this regard, De Vincenzo et  al showed that some adults with 
low titers of anti-RSV neutralizing antibodies were protected 
from an intranasal challenge with RSV, while others with high 
antibody levels were not [32]. Hence, we cannot exclude that 
an exaggerated immunological protection to RSV, amplified by 
increasing antibodies produced over time in the mothers that 
were transferred to the babies, may have influenced the clinical 
course of our patients. Significant progresses in understanding 
the relationship between strain variability and disease severity 
will hopefully come from sequencing RSV whole-genome and 
characterizing the patients’ specific immune response.

The strength of our study is that we prospectively enrolled a 
well-characterized cohort of hospitalized infants younger than 
12  months, with a clinical diagnosis of bronchiolitis, without 
underlying chronic diseases, and with ON1 single infections, 
thus narrowing the impact of other variables. In fact, most pre-
vious studies described ON1 genetic modifications without any 
relation with clinical parameters [11–13, 21] or examined dif-
ferent acute respiratory illness and patients’ age together or for 
a more limited time period [8–10, 33–35].

The single-center nature of this cohort represents a limitation 
of the study. Nevertheless, we were uniquely able to control the 
hospital setting and the strict adherence to the inclusion criteria 
for bronchiolitis diagnosis. Another obvious limitation is the lack 
of F gene sequencing, due to the limited availability of NPW speci-
mens, which would have completed the picture of ON1 variability.

In conclusion, this large study provides important insights 
into ON1 strains causing hospitalization for bronchiolitis over 
6 epidemic seasons and highlights potential association with 
clinical severity. These data on RSV variability strengthen the 
concept that RSV variants may represent a threat and should 
be monitored at a local level. RSV virological surveillance may 
contribute to understanding its pathogenicity and to the defini-
tion of control strategies in human infections better than previ-
ously accomplished in animal or in cell culture models.
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