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Abstract
Human respiratory syncytial virus (RSV) is a major pathogen of acute lower respiratory tract infection among young

children. To investigate the prevalence and genetic characteristics of RSV in China, we performed a molecular epi-

demiological study during 2015–2019. A total of 964 RSV-positive specimens were identified from 5529 enrolled patients

during a multi-center study. RSV subgroup A (RSV-A) was the predominant subgroup during this research period except in

2016. Totally, 535 sequences of the second hypervariable region (HVR-2) of the G gene were obtained. Combined with

182 Chinese sequences from GenBank, phylogenetic trees showed that 521 RSV-A sequences fell in genotypes ON1 (512),

NA1 (6) and GA5 (3), respectively; while 196 RSV-B sequences fell in BA9 (193) and SAB4 (3). ON1 and BA9 were the

only genotypes after December 2015. Genotypes ON1 and BA9 can be separated into 10 and 7 lineages, respectively. The

HVR-2 of genotype ON1 had six amino acid changes with a frequency more than 10%, while two substitutions H258Q and

H266L were co-occurrences. The HVR-2 of genotype BA9 had nine amino acid substitutions with a frequency more than

10%, while the sequences with T290I and T312I were all from 2018 to 2019. One N-glycosylation site at 237 was

identified among ON1 sequences, while two N-glycosylation sites (296 and 310) were identified in the 60-nucleotide

duplication region of BA9. To conclusion, ON1 and BA9 were the predominant genotypes in China during 2015–2019. For

the genotypes ON1 and BA9, the G gene exhibited relatively high diversity and evolved continuously.
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Introduction

Human respiratory syncytial virus (RSV) is a major

pathogen of acute lower respiratory tract infection

(ALRTI) among young children (Nair et al. 2010; Shi et al.

2017), especially, the infants younger than five years of

age. RSV infection can lead to hospitalization and death in

children, especially in infants born prematurely, with

congenital diseases, or immunocompromised (Welliver

2003). In 2015, models estimated that RSV caused about

33.1 million episodes of ALRTI worldwide, resulted in

about 3.2 million hospital admissions, and 59,600 in-hos-

pital deaths in children younger than 5 years. Most of these

deaths were in developing countries (Nair et al. 2010;

Nolan et al. 2015; Shi et al. 2017). In China, RSV was also

the majority viral pathogen in children aged\ 2 years with

ALRTI, which accounted for 17.0% (Feng et al. 2014).

As a member of the family Pneumoviridae, RSV is a

non-segmented, negative-sense single-stranded RNA virus

with an approximately 15.2 kb genome that encodes 11

structural and non-structural proteins (Canedo-Marroquin

et al. 2017; Rima et al. 2017). The structural protein G is a

glycoprotein, responsible for the viral attachment to the

host cell. The genome of protein G contains two hyper-

variable regions (HVR-1 and HVR-2) in the ectodomain,

while the C-terminal region exhibits the greatest genetic

diversity and is widely used for the genotypes subdividing

(Cane and Pringle 1995; Cane 1997). RSV is divided into

RSV subgroup A (RSV-A) and B (RSV-B), which shows

clear phylogenetic divergence (Mufson et al. 1985; John-

son et al. 1987). To date, at least 15 RSV-A genotypes

[GA1–GA7 (Peret et al. 2000), SAA1 (Venter et al. 2001),

CB-A(Baek et al. 2012), NA1–NA4 (Cui et al. 2013) and

ON1–ON2 (Eshaghi et al. 2012; Gimferrer et al. 2019)]

and 30 RSVB genotypes [GB1–GB4 (Peret et al. 2000),

SAB1–SAB4 (Arnott et al. 2011), URU1–URU2 (Blanc

et al. 2005), BA1–BA14 (Dapat et al. 2010; Baek et al.

2012; Etemadi et al. 2013; Bashir et al. 2017; Gimferrer

et al. 2019), CB1 (Cui et al. 2013), GB5 (Ren et al. 2015),

BA-C, BA-CCA, BA-CCB (Zheng et al. 2017), NZB1–

NZB2 (Matheson et al. 2006), and CBB (Baek et al. 2012)]

were reported.

Clarifying the molecular epidemiologic characteristic of

the predominant RSV genotypes is important to obtain new

insight into how RSV persistently causes frequent re-

infections, epidemics and provide data for RSV prevention

and vaccine development. The molecular epidemiology,

circulation pattern, and evolution of different RSV geno-

types of China before 2014 have been reported in previous

studies (Song et al. 2017a; Song et al. 2017b). The results

showed that ON1 replaced the NA1 as the predominant

genotype of RSV-A during 2013–2015, while the BA9 was

the main genotypes of RSV-B circulating between 2008

and 2014. However, the molecular epidemiology of RSV-A

and -B genotypes after 2015 has not been studied exten-

sively. The present multi-center prospective study was

conducted to clarify the genetic diversity and circulating

pattern of prevalent genotypes present in the mainland of

China during 2015–2019.

Materials and Methods

Sample Collection and RSV Detection

From January 2015 to December 2019, respiratory samples

were collected from patients hospitalized with community-

acquired pneumonia (CAP) in a multi-center study that

involved 14 hospitals of 11 provinces or municipalities

(Beijing, Chongqing, Jilin, Hebei, Ningxia, Zhejiang,

Guizhou, Liaoning, Shanghai, Heilongjiang and Guang-

dong). The eligible participants were younger than

18 years. Nasopharyngeal swabs were collected on

admission and frozen at - 80 �C. Total DNA/RNA from

clinical samples were extracted by using QIAamp MinE-

lute Virus Spin Kit (Qiagen, Hilden, Germany) according

to the manufacturer’s instructions. Multiplex real-time

PCR assay was used to detect RSV-A, RSV-B, and other

respiratory viruses (Multiplex Real-Time PCR Diagnostic

Kit for Rapid Detection of 15 respiratory viruses; XABT,

Beijing, China).

Sequence Determination of RSV G Gene

For RSV-positive samples, the HVR-2 sequence of RSV

G gene was amplified by SuperScriptTM III One-Step RT-

PCR System (Invitrogen, Carlsbad CA, USA, cat:

12574018) using the primer pairs RSV-A-G-F/RSV-G-R

(RSV-A-G-F: GAAGTGTTCAACTTTGTACC; RSV-G-

R: CAACTCCATTGTTATTTGCC) and RSVB-G-F/RSV-

G-R (RSVB-G-F: AAGATGATTACCATTTTGAAGT;

RSV-G-R: CAACTCCATTGTTATTTGCC) (Peret et al.

1998; Zhang et al. 2007). These sequences were submitted

to GenBank with the accession numbers from MW527490–

MW528024 (Supplementary Table S1).

Genetic Characterization and Phylogenetic
Analysis

Multiple sequence alignments, pairwise distance and phy-

logenetic analyses were all conducted by using MEGA

software (Version 6.06, Sudhir Kumar, Arizona State

University, Tempe, AZ, USA). The genetic diversity and

sequence identities were determined by BioEdit software

(Version 7.2.5).
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For the phylogenetic analysis, a total of 191 HVR-2

sequences from China (including 168 RSV-A and 14 RSV-B

collected between January 2015 and December 2019, and 2

RSV-A and 7 RSV-B collected between 2008 and 2012), as

well as 93 sequences worldwide with genotype information

were retrieved from GenBank database (Supplementary

Table S2). The phylogenetic tree was generated according

to the neighbor-joining method, while the Kimura 2-pa-

rameter model was used. The bootstrap method with 1000

replicates was used to estimate the reliability of phyloge-

netic inference, while only the values over 70% were

shown in each tree.

Glycosylation Analysis

N-linked and O-linked amino acid glycosylation sites in the

HVR-2 of G protein were predicted by the NetNGlyc 1.0

server (http://www.cbs.dtu.dk/services/NetNGlyc/) and the

NetOGlyc 4.0 server (http://www.cbs.dtu.dk/services/

NetOGlyc/) respectively. The potential N-linked glycosy-

lation site was defined as N-X-S/T (where X was not Pro);

while the S/T residues were the potential O-linked sugar

acceptors.

Statistical Analysis

The data were analyzed using GraphPad Prism software

(version 5.00, GraphPad, La Jolla, CA, USA). Differences

in the co-detection rates of different age groups were

evaluated by Chi-squared Test. A P-value of \ 0.05 was

considered indicative of a statistically significant difference

between values.

Results

Sample Information

A total of 964 (17.44%, 964/5529) RSV positive samples

were identified from 5529 enrolled patients between Jan-

uary 2015 and December 2019 from 14 hospitals located in

Beijing, Shanghai, Chongqing, Jilin, Hebei, Ningxia,

Zhejiang, Guizhou, Liaoning, Heilongjiang and Guang-

dong provinces. Over the total research period, RSV-A was

predominant, except in 2016 (Fig. 1). The ages of these

patients ranged from 1 month to 13 years with a median

age of 3.5 years. The male-to-female ratio was 1.92:1 (634

boys and 330 girls).

Of these 964 RSV positive samples, 524 (54.36%)

samples were identified as RSV-A, 183 (18.98%) samples

were identified as RSV-B, 23 (2.39%) samples were

identified as both RSV-A and B, and 234 (24.27%) samples

were not tested due to insufficient specimen volume. Some

other respiratory viruses were also detected in 311

(32.26%) RSV positive samples, while the co-detection

rates were 37.60%, 29.51% and 34.78% in RSV-A, RSV-B

and RSV-A & -B, respectively. The main respiratory

viruses co-detected with RSV were Enterovirus/Rhinovirus

(EV/HRV) (149, 15.46%), Bocavirus (HBoV) (72, 7.47%),

Adenovirus (AdV) (49, 5.08%), Parainfluenza (PIV) (41,

4.25%), Human Metapneumovirus (hMPV) (40, 4.15%)

and Influenza Virus (Flu) (40, 4.15%). The co-detection

rates were 30.40% (176/579), 36.25% (95/262), 27.55%

(27/98), and 52.00% (13/25) in the ages of B 1 year,

1–3 years, 3–6 years, and [ 6 years, respectively

(P\ 0.05).

Phylogenetic Analysis of RSV G Gene HVR-2
Sequences

A total of 535 RSV HVR-2 sequences of G gene was

obtained in this study, including 353 RSV-A and 182 RSV-B.

Combined with the 182 sequences (168 RSV-A and 14

RSV-B) retrieved from GenBank between 2015 and 2019,

717 HVR-2 sequences of G gene were performed molec-

ular phylogenetic analysis (Table 1 and 2).

Phylogenetic analysis of 521 RSV-A sequences showed

that 512 (98.27%) fell within genotype ON1 with the mean

genetic distance of 0.029, 6 (1.15%) within genotype NA1

with the mean genetic distance of 0.052, and 3 (0.58%)

within genotype GA5 with the mean genetic distance of

0.040. Almost all the RSV-B sequences clustered into BA9

genotype (193, 98.47%) with a mean genetic distance of

0.025; except three sequences were clustered into genotype

SAB4 (mean genetic distance of 0.020). Only genotypes

ON1 and BA9 were detected after December 2015 in this

study.

For the genotype ON1, all the sequences after 2015

formed 10 lineages presenting temporal distribution. Most

of the sequences from 2015–2016 were clustered together

and formed lineage 1, 3–6, and 10; while most of the

sequences from 2017–2019 formed lineage 2 and 7. Con-

sistent with genotype ON1, the majority of BA9 sequences

from 2017–2019 formed a new lineage 7, while these

sequences from 2015–2016 separated into other 6 lineages

(Fig. 1).

Variation of the Deduced Amino Acid Sequence

The deduced protein lengths of the RSV-A HVR-2 were 86

(genotypes NA1), 87 (genotypes GA5) and 110 (genotype

ON1) amino acids, respectively. All the RSV-A sequences

from China between 2015 and 2019 were analyzed to

determine the amino acid variations (Fig. 2). Seventy-three

amino acid changes were detected in the 512 sequences of

HVR-2 of genotype ON1 compared with the reference
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(ON67-1210, GenBank accession number: JN257693). For

the frequency of the amino acid changes, 35 sites were more

than 1%, however, other 38 sites with frequency less than

1% were not shown. Only 13 sites more than 5% were

identified [V225A (8.20%), T245A (5.27%), T249I

(30.47%), H258Q (23.83%), E262K (38.28%), H266L

(23.83%), E271K (6.25%), L274P (17.97%), E286K

(6.45%), Y297H (7.42%), L298P (18.36%), Y304H

(8.59%), L310P (5.86%)], which contained 6 sites more than

10% in them (Fig. 2). All the 196 sequences with amino

acid change E262K clustered into lineage 10, including all

the 156 sequences with amino acid changes T249I. For the

196 sequences, 161, 12, 6 and 17 of them were from 2015,

2016, 2017 and 2018 respectively. Almost all the sequences

with amino acid changes H258Q and H266L were from

Beijing, Zhejiang, Ningxia, Guangdong and Jilin munici-

pality/provinces between 2017 and 2019, except 5 from

Zhejiang and Fujian provinces in 2015. The two substitu-

tions were co-occurrences, while all sequences with these

two substitutions clustered into lineage 7 (Fig. 1).

For the genotype NA1, there were 10 specific amino

acid changes compared with the reference sequence
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Fig. 1 The phylogenetic dendrogram based on the Chinese RSV

sequences from 2015 to 2019 and reference sequences with genotype

information worldwide. A, B Detailed phylogenetic trees of the RSV-A

and RSV-B taxa were analyzed, respectively. The neighbour-joining

method was used to infer the topology by the MGEA 6.06 software.

The percentage of bootstrap values (percentage of 1000

pseudoreplicate datasets) over 70% are shown at the nodes of the

trees. Filled circles with different colors indicate the all the Chinese

sequences from different years (red 2015, yellow 2016, purple 2017,

green 2018, blue 2019). The scale bars represent substitutions per

base pair per indicated horizontal distance.
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(NG-016-04, GenBank accession number: AB470478)

from Japan in 2004. Specific amino acid substitutions were

P222S (66.67%), D237N (100%), N251Y (50.00%),

N260S (100%), T269S (33.33%), N273Y (83.33%) and

L274P (33.33%). Compared with the reference sequence

(Mon/1/01, GenBank accession number: AF516135) from

Uruguay in 2001, there were 7 amino acid changes in the

genotype GA5, including E224D (66.67%), T227I

(66.67%), E232D (66.67%), T243I (100%), S267L

(33.33%) (Fig. 2).

The amino acid variations analyses were also performed

on the HVR-2 regions of RSV-B protein G between 2015

and 2019 (Fig. 2). There were 5 and 44 amino acid sub-

stitutions in SAB4 and BA9, compared with their respec-

tive reference sequences (Cam2009-0351, GenBank

accession number: JN119976 and BA/100/04, GenBank

accession number: DQ227395). For the amino acid chan-

ges frequency of the genotype BA9, 14 sites were more

than 5% and 9 sites were more than 10% (Fig. 2). Com-

pared with the reference (DQ227395), the deduced 20

amino acid duplicated regions of all genotype BA9

sequences have 10 amino acid substitutions, containing

R262G (2.07%), P264T/A (98.45%, 1.55%), L267S/P

(98.45%, 1.55%), I270T (3.63%), A271V (16.06%),

T275A (2.07%), T276A (5.18%), S269F (1.04%), L272P

(1.55%) and D273N (1.55%) (Fig. 2). All the sequences

with amino acid changes T290I and T312I were from 2018

and 2019, which clustered into lineage 7 (Fig. 1). The

amino acid change P237H (8.81%) was only observed in

17 sequences from Hebei Province between 2015 and

2016, which belonged to the lineage 1 (Fig. 1). For the

genotype SAB4, specific amino acid substitutions were

found at P216Q (33.33%), T229A (66.67%), E258K

(66.67%), I280T (100%) and F287S (33.33%).

Glycosylation Sites of the Deduced Amino Acid
Sequence

N-X-S/T, where X was not Pro, was identified as the

N-glycosylation site. Three predicted N-glycosylation sites

(237, 250 and 294) were relatively conserved among the

genotype GA5 between 2015 and 2019. For the genotype

NA1, three predicted potential N-glycosylation sites were

located at 237, 251 and 294, while N251Y amino acid

substitution was identified in 50% of the sequences,

respectively. In contrast, only one N-glycosylation site 237

was identified among the genotype ON1 sequences. For the

RSV-B, two N-glycosylation sites were identified and

conserved among all the sequences of genotypes SAB4 and

BA9 in this study. The sites were 276 and 290 for the

genotype SAB4, while for the genotype BA9 sequences the

sites were 296 and 310.

The protein G also contains numbers of serine and

threonine residues which are potential O-glycosylation

sites (Wertz et al. 1985). Analysis of the HVR-2 predicted

2–10 potential O-glycosylation sites among genotype ON1

sequences, and 12–24 potential O-glycosylation sites

among genotype BA9 sequences between 2015 and 2019

(G-scores: 0.5–0.9) (Supplementary Table S3 and S4). The

amino acid positions most likely to have O-glycosylation

are T219, T220, T227, T228, T231, S270, S275, S277,

T281, S283 for genotype ON1 (refer to GYYF-57), and

T218, T222, T227, T228, T232, T236, T240, T244, S245,

T246, S249, T250, T255, S257, T260, S265, T280, T281,

S285, T294, S297, T298, T300, S304 for genotype BA9

(refer to ZJ-293).

Discussion

RSV is an important pathogen of global distribution. It is

the most frequently identified agent of ALRTI in children,

especially in hospitalized patients younger than 5 years.

Table 1 Distribution of RSV-A G gene HVR-2 sequences collected in the mainland of China from 2015 to 2019.

Province/

Municipality

Beijing Chongqing Jilin Hebei Ningxia Zhejiang Guizhou Liaoning Guangdong Fujian Gansu Total

2015 23 (23) 1 (1) 66 (0) 23 (23) 11 (11) 116 (116) 66 (28) 10 (0) 316 (202)

2016 2 (2) 5 (5) 9 (9) 16 (16)

2017 1 (1) 1 (1) 3 (3) 5 (5) 3 (3) 16 (16) 1 (0) 30 (29)

2018 16 (16) 1 (1) 31 (31) 29 (29) 1 (1) 53 (10) 131 (88)

2019 18 (18) 10 (0) 28 (18)

Total 60 (60) 1 (1) 66 (0) 28 (28) 13 (13) 159 (159) 34 (34) 4 (4) 145 (54) 10 (0) 2 (0) 521 (353)

Numbers shown are the sum of sequences collected in this study (shown in parentheses) and retrieved from GenBank database.
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For the paucity of information on molecular epidemiology,

the present multi-center prospective study was conducted

to investigate the genetic diversity and circulating pattern

of prevalent RSV genotypes present in the mainland of

China during 2015–2019. A total of 5529 samples from

CAP patients were collected, and 964 (17.44%) of the

enrolled patients were identified to be positive for RSV.

There are conflicting reports regarding the associations

of different groups and genotypes with the severity of RSV

infection (Yoshihara et al. 2016; Laham et al. 2017; Otieno

et al. 2017; Vandini et al. 2017). Due to lacking enough

clinical feature records, the data in this study were also not

sufficiently conclusive for considering the association

between genotypes and the severity of disease. The co-

infection of RSV with other respiratory viruses is common

in many hospitalized children with ALRTI. The clinical

implications of multiple viral infections remain contro-

versial. Some studies showed that multiple respiratory

virus co-infection might increase the clinical severity of

RSV disease, whereas other studies suggested no influence

on clinical manifestation (Richard et al. 2008; Franz et al.

2010; Papenburg et al. 2012; Harada et al. 2013; Mazur

et al. 2017). It warrants further study about viral co-

infection. In this study, co-infection with RSV and other

respiratory viruses was detected in 311 hospitalized chil-

dren, which accounted for 32.26% of all the RSV associ-

ated ALRTI. The co-detection rate of RSV-A with other

respiratory viruses was slightly higher than the rate of

RSVB (P\ 0.05). The main co-infected viruses were EV/

HRV, HBoV, AdV, PIV, hMPV and Flu. The co-detection

rate was 52.00% in the patients older than 6 years, which

was significantly higher than other age groups.

The genotypes ON1 and BA contained 72 and 60 bp

duplication in the HVR-2 of the G gene (Trento et al.

2006; Eshaghi et al. 2012). The ON1 had become the

predominant genotype and spread all over the world after it

was first detected in Canada in 2010. In China, the geno-

type ON1 became more and more prevalent since detected

in Shanghai in February 2011, and replaced the genotype

NA1 to become the predominant RSV-A genotype during

2013–2015 (Song et al. 2017b). The first BA variant was

isolated in Madrid in 1998. Then, the genotype BA had

spread globally and evolved into 14 genotypes (Trento

et al. 2010; Gimferrer et al. 2016; Abrego et al. 2017).

After first detected in 2006, the genotype BA9 became the

predominant genotype of RSVB in China during

2008–2014 (Song et al. 2017a). In this study, genotypes

ON1 (307), NA1 (6), GA5 (3) of RSV-A and genotypes

BA9 (102), SAB4 (3) of RSV-B were found in 2015, while

the ON1 and BA9 were the predominant genotypes

accounting for 97.15% and 97.14%, respectively. After

December 2015, genotypes ON1 and BA9 had completely

replaced other RSV genotypes. The lengtheningTa
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modification in G glycoprotein probably reflects an evo-

lutionary advantage, which may be the reason for the

spreading and replacing of genotypes ON1 and BA9.

The protein G, as an attachment protein, plays a critical

role in virus entry into the host cells. It can affect human

immune responses and facilitate viral evasion, which is

also a significant candidate for RSV vaccine and antibody

development (Chirkova et al. 2013). The variations at the

protein G are also the marker to trace the origin of infec-

tion. Therefore, it is of great importance to identify the

amino acid variations of the circulating genotypes.

Compared with the reference sequence (ON67-1210),

six sites were identified with the frequency of the amino

acid changes more than 10% in the sequences of HVR-2 of

genotype ON1 between 2015 and 2019. The amino acid

substitutions T249I and E262K have been reported in the

previous study (Song et al. 2017b), while the H258Q

(23.83%), H266L (23.83%), L274P (17.97%), L298P

(18.36%) are reported for the first time. Interestingly, all

the sequences with amino acid changes H258Q and H266L

were co-occurrences, and clustered into the same lineage.

The T290I and T312I were new amino acid changes in

genotype BA9 between 2018 and 2019, while all the

sequences with these two changes clustered into a new

lineage. The amino acid change P237H (8.81%) had certain

geographical limitations, which were observed only in 17

sequences from Hebei Province between 2015 and 2016.

The virus evasion from host immune response recogni-

tion may be mediated by the presence of N- and O-linked

glycans on the G protein. The antigenicity of RSV protein

G can be severely affected by the pattern and frequency of

N- and O-linked carbohydrate side chains (Palomo et al.

1991; Khan et al. 2015; Haider et al. 2018). For the pre-

dominant genotype ON1, only one conserved N-glycosy-

lation site was identified in position 237. All the genotype

BA9 in this study have two conserved N-glycosylation sites

at position 296 and 310 of the 60-nucleotide duplication

region. These results showed that N-linked glycosylation

sites on the protein G did not affect the antigenic alter-

ations of RSV.

In conclusion, this is a multi-center molecular epi-

demiologic study of the RSV in China between 2015 and

2019. The result suggested that the ON1 and BA9 were the

predominant genotypes for RSV-A and RSV-B respec-

tively. Meanwhile, only ON1 and BA9 genotypes have

been detected after December 2015 in this study. For the

genotypes ON1 and BA9, the G gene exhibited relatively

high diversity and could be separated into 10 and 7 lin-

eages, respectively. The temporal and geographical factors

may play a role in RSV genetic evolution. For the rapid
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Fig. 2 Summary of amino acid changes and frequencies in HVR-2 of

the G gene of genotype GA5 (n = 3), NA1 (n = 6), ON1 (n = 512),

SAB4 (n = 3), and BA9 (n = 193) comparing with their reference

sequences. The earliest sequence of each genotype was used as the

reference (GA5: Mon/1/01, AF516135; NA1: NG-016–04,

AB470478; ON1: ON67-1210, JN257693; SAB4: Cam2009-0351,

JN119976; BA9: BA/100/04, DQ227395). Only sites with a substi-

tution frequency of more than 2% are indicated. For the RSV-A ON1

and RSV-B BA9 genotypes, these substitution frequency more than

5% or 10% were marked with orange and red label, respectively.
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evolution and widespread transmission of this virus, con-

tinued surveillance needs to be conducted to illustrate the

molecular characterization of the emerging genotypes of

RSV.

Acknowledgements This work was supported by the National Sci-

ence and Technology Major Projects (Grant Number

2017ZX10104001-005-010, 2017ZX10103004-004) and the CAMS

Innovation Fund for Medical Sciences (CIFMS) (Grant Number

2019-I2M-5-026). These sponsors had no role in the study design,

data analysis, manuscript preparation, or decision to publish.

Author Contributions XC and ZX conceived and designed the

experiments. XC, YZ, WW and MZ performed the experiments. XC,

CL, SA, GL, RJ, BX, YZ, AC and LL contributed specimens and

analyzed the data. XC and ZX contributed to the writing of the

manuscript. All authors reviewed the manuscript.

Compliance with Ethics Guidelines

Conflict of interest The authors declare that they have no conflict of

interest.

Animal and Human Rights Statement This study was approved by the

Medical Ethics Committee of the Beijing Children’s Hospital, affil-

iated to Capital Medical University and informed consent was

obtained. All procedures were conducted according to the guidelines

(ethics number 2014-99 and 2017-k-15).

References

Abrego LE, Delfraro A, Franco D, Castillo J, Castillo M, Moreno B,

Lopez-Verges S, Pascale JM, Arbiza J (2017) Genetic variability

of human respiratory syncytial virus group B in Panama reveals

a novel genotype BA14. J Med Virol 89:1734–1742

Arnott A, Vong S, Mardy S, Chu S, Naughtin M, Sovann L, Buecher

C, Beaute J, Rith S, Borand L, Asgari N, Frutos R, Guillard B,

Touch S, Deubel V, Buchy P (2011) A study of the genetic

variability of human respiratory syncytial virus (HRSV) in

Cambodia reveals the existence of a new HRSV group B

genotype. J Clin Microbiol 49:3504–3513

Baek YH, Choi EH, Song MS, Pascua PN, Kwon HI, Park SJ, Lee JH,

Woo SI, Ahn BH, Han HS, Hahn YS, Shin KS, Jang HL, Kim

SY, Choi YK (2012) Prevalence and genetic characterization of

respiratory syncytial virus (RSV) in hospitalized children in

Korea. Arch Virol 157:1039–1050

Bashir U, Nisar N, Mahmood N, Alam MM, Sadia H, Zaidi SS (2017)

Molecular detection and characterization of respiratory syncytial

virus B genotypes circulating in Pakistani children. Infect Genet

Evol 47:125–131

Blanc A, Delfraro A, Frabasile S, Arbiza J (2005) Genotypes of

respiratory syncytial virus group B identified in Uruguay. Arch

Virol 150:603–609

Cane PA (1997) Analysis of linear epitopes recognised by the primary

human antibody response to a variable region of the attachment

(G) protein of respiratory syncytial virus. J Med Virol

51:297–304

Cane PA, Pringle CR (1995) Evolution of subgroup A respiratory

syncytial virus: evidence for progressive accumulation of amino

acid changes in the attachment protein. J Virol 69:2918–2925

Canedo-Marroquin G, Acevedo-Acevedo O, Rey-Jurado E, Saavedra

JM, Lay MK, Bueno SM, Riedel CA, Kalergis AM (2017)

Modulation of host immunity by human respiratory syncytial

virus virulence factors: a synergic inhibition of both innate and

adaptive immunity. Front Cell Infect Microbiol 7:367

Chirkova T, Boyoglu-Barnum S, Gaston KA, Malik FM, Trau SP,

Oomens AG, Anderson LJ (2013) Respiratory syncytial virus G

protein CX3C motif impairs human airway epithelial and

immune cell responses. J Virol 87:13466–13479

Cui G, Zhu R, Qian Y, Deng J, Zhao L, Sun Y, Wang F (2013)

Genetic variation in attachment glycoprotein genes of human

respiratory syncytial virus subgroups a and B in children in

recent five consecutive years. PLoS ONE 8:e75020

Dapat IC, Shobugawa Y, Sano Y, Saito R, Sasaki A, Suzuki Y, Kumaki

A, Zaraket H, Dapat C, Oguma T, Yamaguchi M, Suzuki H (2010)

New genotypes within respiratory syncytial virus group B

genotype BA in Niigata, Japan. J Clin Microbiol 48:3423–3427

Eshaghi A, Duvvuri VR, Lai R, Nadarajah JT, Li A, Patel SN, Low

DE, Gubbay JB (2012) Genetic variability of human respiratory

syncytial virus A strains circulating in Ontario: a novel genotype

with a 72 nucleotide G gene duplication. PLoS ONE 7:e32807

Etemadi MR, Sekawi Z, Othman N, Lye MS, Moghaddam FY (2013)

Circulation of human respiratory syncytial virus strains among

hospitalized children with acute lower respiratory infection in

malaysia. Evol Bioinform Online 9:151–161

Feng L, Li Z, Zhao S, Nair H, Lai S, Xu W, Li M, Wu J, Ren L, Liu

W, Yuan Z, Chen Y, Wang X, Zhao Z, Zhang H, Li F, Ye X, Li

S, Feikin D, Yu H, Yang W (2014) Viral etiologies of

hospitalized acute lower respiratory infection patients in China,

2009–2013. PLoS ONE 9:e99419

Franz A, Adams O, Willems R, Bonzel L, Neuhausen N, Schweizer-Krantz

S, Ruggeberg JU, Willers R, Henrich B, Schroten H, Tenenbaum T

(2010) Correlation of viral load of respiratory pathogens and co-

infections with disease severity in children hospitalized for lower

respiratory tract infection. J Clin Virol 48:239–245

Gimferrer L, Andres C, Campins M, Codina MG, Rodrigo JA,

Melendo S, Martin MC, Fuentes F, Saiz MR, Esperalba J,

Bruguera A, Vilca LM, Armadans L, Pumarola T, Anton A

(2016) Circulation of a novel human respiratory syncytial virus

Group B genotype during the 2014–2015 season in Catalonia

(Spain). Clin Microbiol Infect 22:e95–98

Gimferrer L, Vila J, Pinana M, Andres C, Rodrigo-Pendas JA,

Peremiquel-Trillas P, Codina MG, MD CM, Esperalba J, Fuentes

F, Rubio S, Campins-Marti M, Pumarola T, Anton A (2019)

Virological surveillance of human respiratory syncytial virus A

and B at a tertiary hospital in Catalonia (Spain) during five

consecutive seasons (2013–2018). Future Microbiol 14:373–381

Haider MSH, Khan WH, Deeba F, Ali S, Ahmed A, Naqvi IH, Dohare

R, Alsenaidy HA, Alsenaidy AM, Broor S, Parveen S (2018)

BA9 lineage of respiratory syncytial virus from across the globe

and its evolutionary dynamics. PLoS ONE 13:e0193525

Harada Y, Kinoshita F, Yoshida LM, Minh LN, Suzuki M, Morimoto

K, Toku Y, Tomimasu K, Moriuchi H, Ariyoshi K (2013) Does

respiratory virus coinfection increases the clinical severity of

acute respiratory infection among children infected with respi-

ratory syncytial virus? Pediatr Infect Dis J 32:441–445

Johnson PR, Spriggs MK, Olmsted RA, Collins PL (1987) The G

glycoprotein of human respiratory syncytial viruses of subgroups

A and B: extensive sequence divergence between antigenically

related proteins. Proc Natl Acad Sci USA 84:5625–5629

Khan W, Shrungaram RVLN, Broor S, Parveen S (2015) Glycosy-

lation studies of G-protein of BA genotype of group B human

respiratory syncytial virus in mammalian cells. Eur Respir J.

https://doi.org/10.1183/13993003.congress-2015.PA2673

Laham FR, Mansbach JM, Piedra PA, Hasegawa K, Sullivan AF,

Espinola JA, Camargo CA Jr (2017) Clinical profiles of

respiratory syncytial virus subtypes A AND B among children

hospitalized with bronchiolitis. Pediatr Infect Dis J 36:808–810

1482 Virologica Sinica

123

https://doi.org/10.1183/13993003.congress-2015.PA2673


Matheson JW, Rich FJ, Cohet C, Grimwood K, Huang QS, Penny D,

Hendy MD, Kirman JR (2006) Distinct patterns of evolution

between respiratory syncytial virus subgroups A and B from

New Zealand isolates collected over thirty-seven years. J Med

Virol 78:1354–1364

Mazur NI, Bont L, Cohen AL (2017) Severity of respiratory syncytial

virus lower respiratory tract infection with viral coinfection in

HIV-uninfected children . Clin Infect Dis 65:357–357

Mufson MA, Orvell C, Rafnar B, Norrby E (1985) Two distinct

subtypes of human respiratory syncytial virus. J Gen Virol

66:2111–2124

Nair H, Nokes DJ, Gessner BD, Dherani M, Madhi SA, Singleton RJ,

O’Brien KL, Roca A, Wright PF, Bruce N, Chandran A,

Theodoratou E, Sutanto A, Sedyaningsih ER, Ngama M, Mun-

ywoki PK, Kartasasmita C, Simoes EA, Rudan I, Weber MW,

Campbell H (2010) Global burden of acute lower respiratory

infections due to respiratory syncytial virus in young children: a

systematic review and meta-analysis. Lancet 375:1545–1555

Nolan T, Borja-Tabora C, Lopez P, Weckx L, Ulloa-Gutierrez R,

Lazcano-Ponce E, Kerdpanich A, Weber MA, de Los M, Santos

A, Tinoco JC, Safadi MA, Seng LF, Hernandez-de Mezerville

M, Faingezicht I, Cruz-Valdez A, Feng Y, Li P, Durviaux S,

Haars G, Roy-Ghanta S, Vaughn DW, Taylor S (2015)

Prevalence and incidence of respiratory syncytial virus and

other respiratory viral infections in children aged 6 months to 10

years with influenza-like illness enrolled in a randomized trial.

Clin Infect Dis 60:e80-89

Otieno JR, Kamau EM, Agoti CN, Lewa C, Otieno G, Bett A, Ngama

M, Cane PA, Nokes DJ (2017) Spread and evolution of

respiratory syncytial virus A genotype ON1, Coastal Kenya,

2010–2015. Emerg Infect Dis 23:264–271

Palomo C, Garcia-Barreno B, Penas C, Melero JA (1991) The G

protein of human respiratory syncytial virus: significance of

carbohydrate side-chains and the C-terminal end to its anti-

genicity. J Gen Virol 72:669–675

Papenburg J, Hamelin ME, Ouhoummane N, Carbonneau J, Ouakki

M, Raymond F, Robitaille L, Corbeil J, Caouette G, Frenette L,

De Serres G, Boivin G (2012) Comparison of risk factors for

human metapneumovirus and respiratory syncytial virus disease

severity in young children. J Infect Dis 206:178–189

Peret TC, Hall CB, Schnabel KC, Golub JA, Anderson LJ (1998)

Circulation patterns of genetically distinct group A and B strains

of human respiratory syncytial virus in a community. J Gen Virol

79:2221–2229

Peret TCT, Hall CB, Hammond GW, Piedra PA, Storch GA,

Sullender WM, Tsou C, Anderson LJ (2000) Circulation patterns

of group A and B human respiratory syncytial virus genotypes in

5 communities in North America. J Infect Dis 181:1891–1896

Ren L, Xiao Q, Zhou L, Xia Q, Liu E (2015) Molecular character-

ization of human respiratory syncytial virus subtype B: a novel

genotype of subtype B circulating in China. J Med Virol 87:1–9

Richard N, Komurian-Pradel F, Javouhey E, Perret M, Rajoharison A,

Bagnaud A, Billaud G, Vernet G, Lina B, Floret D, Paranhos-

Baccala G (2008) The impact of dual viral infection in infants

admitted to a pediatric intensive care unit associated with severe

bronchiolitis. Pediatr Infect Dis J 27:213–217

Rima B, Collins P, Easton A, Fouchier R, Kurath G, Lamb RA, Lee

B, Maisner A, Rota P, Wang L, Ictv Report C (2017) ICTV virus

taxonomy profile: pneumoviridae. J Gen Virol 98:2912–2913

Shi T, McAllister DA, O’Brien KL, Simoes EAF, Madhi SA, Gessner

BD, Polack FP, Balsells E, Acacio S, Aguayo C, Alassani I, Ali

A, Antonio M, Awasthi S, Awori JO, Azziz-Baumgartner E,

Baggett HC, Baillie VL, Balmaseda A, Barahona A, Basnet S,

Bassat Q, Basualdo W, Bigogo G, Bont L, Breiman RF, Brooks

WA, Broor S, Bruce N, Bruden D, Buchy P, Campbell S,

Carosone-Link P, Chadha M, Chipeta J, Chou M, Clara W,

Cohen C, de Cuellar E, Dang DA, Dash-Yandag B, Deloria-

Knoll M, Dherani M, Eap T, Ebruke BE, Echavarria M, de

Freitas Lazaro Emediato CC, Fasce RA, Feikin DR, Feng L,

Gentile A, Gordon A, Goswami D, Goyet S, Groome M, Halasa

N, Hirve S, Homaira N, Howie SRC, Jara J, Jroundi I,

Kartasasmita CB, Khuri-Bulos N, Kotloff KL, Krishnan A,

Libster R, Lopez O, Lucero MG, Lucion F, Lupisan SP, Marcone

DN, McCracken JP, Mejia M, Moisi JC, Montgomery JM,

Moore DP, Moraleda C, Moyes J, Munywoki P, Mutyara K,

Nicol MP, Nokes DJ, Nymadawa P, da Costa Oliveira MT,

Oshitani H, Pandey N, Paranhos-Baccala G, Phillips LN, Picot

VS, Rahman M, Rakoto-Andrianarivelo M, Rasmussen ZA, Rath

BA, Robinson A, Romero C, Russomando G, Salimi V,

Sawatwong P, Scheltema N, Schweiger B, Scott JAG, Seiden-

berg P, Shen K, Singleton R, Sotomayor V, Strand TA, Sutanto

A, Sylla M, Tapia MD, Thamthitiwat S, Thomas ED, Tokarz R,

Turner C, Venter M, Waicharoen S, Wang J, Watthanaworawit

W, Yoshida LM, Yu H, Zar HJ, Campbell H, Nair H, Network

RSVGE (2017) Global, regional, and national disease burden

estimates of acute lower respiratory infections due to respiratory

syncytial virus in young children in 2015: a systematic review

and modelling study. Lancet 390:946–958

Song J, Wang H, Shi J, Cui A, Huang Y, Sun L, Xiang X, Ma C, Yu

P, Yang Z, Li Q, Ng TI, Zhang Y, Zhang R, Xu W (2017a)

Emergence of BA9 genotype of human respiratory syncytial

virus subgroup B in China from 2006 to 2014. Sci Rep 7:16765

Song J, Zhang Y, Wang H, Shi J, Sun L, Zhang X, Yang Z, Guan W,

Zhang H, Yu P, Xie Z, Cui A, Ng TI, Xu W (2017b) Emergence

of ON1 genotype of human respiratory syncytial virus subgroup

A in China between 2011 and 2015. Sci Rep 7:5501

Trento A, Casas I, Calderon A, Garcia-Garcia ML, Calvo C, Perez-

Brena P, Melero JA (2010) Ten years of global evolution of the

human respiratory syncytial virus BA genotype with a 60-nu-

cleotide duplication in the G protein gene. J Virol 84:7500–7512

Trento A, Viegas M, Galiano M, Videla C, Carballal G, Mistchenko AS,

Melero JA (2006) Natural history of human respiratory syncytial

virus inferred from phylogenetic analysis of the attachment (G) gly-

coprotein with a 60-nucleotide duplication. J Virol 80:975–984

Vandini S, Biagi C, Lanari M (2017) Respiratory syncytial virus: the

influence of serotype and genotype variability on clinical course

of infection. Int J Mol Sci 18:1717

Venter M, Madhi SA, Tiemessen CT, Schoub BD (2001) Genetic

diversity and molecular epidemiology of respiratory syncytial

virus over four consecutive seasons in South Africa: identification

of new subgroup A and B genotypes. J Gen Virol 82:2117–2124

Welliver RC (2003) Review of epidemiology and clinical risk factors

for severe respiratory syncytial virus (RSV) infection. J Pediatr

143:S112-117

Wertz GW, Collins PL, Huang Y, Gruber C, Levine S, Ball LA

(1985) Nucleotide sequence of the G protein gene of human

respiratory syncytial virus reveals an unusual type of viral

membrane protein. Proc Natl Acad Sci USA 82:4075–4079

Yoshihara K, Le MN, Okamoto M, Wadagni AC, Nguyen HA,

Toizumi M, Pham E, Suzuki M, Nguyen AT, Oshitani H,

Ariyoshi K, Moriuchi H, Hashizume M, Dang DA, Yoshida LM

(2016) Association of RSV-A ON1 genotype with increased

pediatric acute lower respiratory tract infection in Vietnam. Sci

Rep 6:27856

Zhang Y, Xu W, Shen K, Xie Z, Sun L, Lu Q, Liu C, Liang G, Beeler

JA, Anderson LJ (2007) Genetic variability of group A and B

human respiratory syncytial viruses isolated from 3 provinces in

China. Arch Virol 152:1425–1434

Zheng Y, Liu L, Wang S, Li Z, Hou M, Li J, Yu XF, Zhang W, Hua S

(2017) Prevailing genotype distribution and characteristics of

human respiratory syncytial virus in northeastern China. J Med

Virol 89:222–233

X. Chen et al.: Molecular Epidemiology of RSV in China between 2015 and 2019 1483

123


	A multi-center study on Molecular Epidemiology of Human Respiratory Syncytial Virus from Children with Acute Lower Respiratory Tract Infections in the Mainland of China between 2015 and 2019
	Abstract
	Introduction
	Materials and Methods
	Sample Collection and RSV Detection
	Sequence Determination of RSV G Gene
	Genetic Characterization and Phylogenetic Analysis
	Glycosylation Analysis
	Statistical Analysis

	Results
	Sample Information
	Phylogenetic Analysis of RSV G Gene HVR-2 Sequences
	Variation of the Deduced Amino Acid Sequence
	Glycosylation Sites of the Deduced Amino Acid Sequence

	Discussion
	Acknowledgements
	Author Contributions
	References




