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Abstract Human respiratory syncytial virus (RSV) is
recognized as a leading pathogen responsible for severe
respiratory infections in the pediatric population, particu-
larly in infants and young children. A previous study by the
same study group revealed that the RSV BA strain was
prevalent in southwestern China in epidemic seasons from
2008 to 2009. The aim of this study was to investigate the
epidemiology of RSV in the following two years, the
genetic variability of the G gene, and mutations at the
276th amino acid in the fusion (F) protein of RSV strains.
Nine BA substrains were found in 16 subgroup B viruses
by phylogenetic analysis. The G gene of genotype BA was
predicted to encode proteins with five different lengths.
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The findings indicate that subgroup A and B RSVs alter-
nately circulate in southwestern China and that genotype
BA strains appear to be the long-term circulating ones.
These epidemiological data may help in future vaccine
design and further investigation of G protein function.

Introduction

Human respiratory syncytial virus (RSV), a member of the
genus Pneumovirus in the family Paramyxoviridae, is
recognized as a leading pathogen responsible for severe
respiratory infections in the pediatric population, particu-
larly in infants and young children [1]. RSV is estimated to
infect 64 million people and cause 160,000 deaths every
year. This virus causes regular seasonal epidemics, usually
in the winter in temperate countries or during the rainy
season in tropical areas [2]. A peculiar aspect of RSV is
that the RSV-induced immune response does not confer
long-lasting protection, which is why reinfection is com-
mon throughout life [3].

RSV strains are separated into two major subgroups
(A and B) based on antigenic differences. The main dif-
ferences between RSV groups A and B are found in the
attachment glycoprotein G, and the RSV G protein shows
the highest degree of divergence, both between and within
the two groups. The G protein is a type II glycoprotein that
consists of 289-299 amino acids. It has two hypervariable
regions in the extracellular domain, leading to much higher
variability than other proteins, both between and within the
major antigenic groups of RSV. Diversity occurs mainly in
the G ectodomain, which has only 44 % amino acid
sequence identity between the two subgroups, as compared
to 83 % for the transmembrane and cytoplasmic domains
[4]. It has been suggested that the antigenic differences
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within this protein are the main cause of repeated RSV
infections [4, 5]. In addition, positive selection for amino
acid changes has been observed in the two hypervariable
regions of the G protein ectodomain [6, 7]. One of the
hypervariable regions is located in the C-terminal region
and contains multiple epitopes recognized by monoclonal
antibodies, suggesting that immune selection of new vari-
ants by antibodies may contribute to the generation of RSV
diversity. This is also seen in the diversity of the F protein.
Since the start of the clinical use of a monoclonal antibody
against F protein, palivizumab (PZ), a panel of variants has
been described with or without resistance to PZ [8, 9]. An
alteration at amino acid 276, which is very close to the
epitope recognized by PZ, is suspected to be involved in
the generation of PZ resistance. The distribution of this
genetic mutation in circulating viruses and its clinical
significance remain unknown.

Recent studies have demonstrated a worldwide preva-
lence of RSV of very distinct genotypes with temporal
rather than geographical clustering. However, less infor-
mation is available on the distribution pattern of epidemic
RSV strains in China. In our previous study, during three
consecutive epidemic periods (2006-2009), we showed the
genetic diversity of the G gene and identified the pre-
dominance of a distinct strain, genotype BA RSV, in
southwestern China [10]. In the current study, we attempt
to describe the epidemiologic features of RSV in
2009-2011 and the genetic variability of the G gene in
circulating virus strains.

Materials and methods
Collection of specimens

Nasopharyngeal aspirates (NPAs) were obtained from
children with symptoms of acute respiratory infections
(ARIs) on three fixed days during the week after admission
to the Children’s Hospital of Chongqing Medical Univer-
sity from April 2009 to March 2011. ARIs were diagnosed
according to the criteria developed by the World Health
Organization. The specimens were immediately added to
tubes on ice containing 3 ml of cold viral transport medium
(phosphate-buffered saline [PBS], 100 U/ul penicillin,
100 pg/ml streptomycin) and transported to the virology
lab within 4-6 h. Upon arrival, the specimens were vor-
texed and centrifuged at 1,500xg for 10 min at 4 °C. The
supernatants of the specimens were collected and stored at
—70 °C, followed by RNA extraction. The whole protocol
was approved by the Ethics and Research Council of
Children’s Hospital of Chongqing Medical University, and
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informed consent was obtained from the patient’s parents
or guardians.

RNA extraction and cDNA synthesis

Total RNA was extracted from 140 pl of the supernatants
of the clinical specimens using an RNeasy Mini Kit
(QIAGEN, Hilden, Germany) according to the manufac-
turer’s instructions. Total RNA was reverse transcribed
into cDNA using a PrimeScript RT kit (TaKaRa, Japan).
The synthesis of cDNA was carried out for 15 min at
37 °C, followed by 5 s at 80 °C, and the cDNA was stored
at —20 °C and subsequently used to amplify the G and F
genes and determine their genotypes.

PCR amplification and sequencing of the F gene

The F gene was amplified using the primers F622For
(5-GTTACCTATTGTGAACAAGC-3’) and FI1225Rev
(5’-GCTGCTTACATCTGTTTTTG-3") [11], which span-
ned the F gene from nucleotides 622 to 1225 and yielded a
603-bp fragment after amplification at 50 °C for 45 min,
95 °C for 15 min, 40 cycles of 94 °C for 30 s, 60 °C for 30 s
and 72 °C for 1 min followed by a final step at 72 °C for
5 min. The PCR products were purified by agarose gel
electrophoresis using a QIAquick Gel Extraction Kit (QIA-
GEN, Hilden, Germany) and then sequenced on an ABI 3100
sequencer (Applied Biosystems, Foster City, CA, USA).

Subgroup identification by PCR

Subgroup-specific products were amplified with 5’ primer
P1, subgroup-A-specific 3’ primer P2, and subgroup-B-
specific 3’ primer P3 [12]. Three pul of cDNA was added to
a 23-ul PCR master mix containing 1.5 mM MgCl,,
200 pM deoxynucleoside triphosphates, 1.5 U of Taqg DNA
polymerase, and 50 pM each primer. Amplification was
carried out at 94 °C for 2 min, followed by 35 cycles of
94 °C for 1 min, 55 °C for 1 min and 72 °C for 1 min,
with a final extension for 5 min at 72 °C. The expected
amplicon size for subgroup A and B was 250 and 341 bp,
respectively. The PCR products were subjected to 1.5 %
agarose gel electrophoresis, stained with GoldView nucleic
acid stain (SBS Genetech), and visualized under UV light.
The viruses detected were designated by city/group/year of
isolation/isolate number.

PCR amplification of the C-terminal half of the G gene

A number of subgroup A and B RSV-positive samples
were selected for amplification of the G gene by PCR. The
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primer GA480 (5’-ACAAACCACCAAACAAACCC-3’,
corresponding to bases 480 to 499 of the G gene of strain
A2) or GB496 (5’-GATGATTACCATTTTGAAGTGT
TCA-3’, corresponding to bases 496 to 520 of the G gene
of strain CHI18537) and primer F164 (5’ -GTTATGA-
CACTGGTATACCAACC-3’, corresponding to bases 164
to 186 of the F gene of strain 18537, with one mismatch in
the G gene of strain A2) were used. 3 pl of cDNA was
added to a 22-pl PCR master mix containing 1.5 mM
MgCl,, 200 pM deoxynucleoside triphosphates, 1.5 U of
Taq DNA polymerase, and 50 pM each primer. Amplifi-
cation was carried out at 94 °C for 3 min, followed by 35
cycles of 94 °C for 1 min, 57 °C for 1 min, and 72 °C for
1 min, with a final extension for 10 min at 72 °C. The PCR
products were subjected to agarose gel electrophoresis and
purified using a QIAquick Gel Extraction Kit (QIAGEN)
according to the manufacturer’s instructions. The purified
PCR products were sequenced directly.

Phylogenetic analysis

The nucleotide and amino acid sequences of subgroup A
and B viruses were edited manually independently using
the BioEdit program (version 7.0.1) and compared with the
available human RSV sequences in the GenBank database
using the ClustalX program (version 1.81) [13]. Phyloge-
netic trees were constructed by the neighbor-joining
method using the MEGA (version 3.1) software [14]. The
statistical significance of the tree topology was tested by
bootstrapping (1,000 replicates).

Phylogenetic trees were constructed using the nine
subgroup A viruses based on 270 nucleotides of the
C-terminal variable region of the G gene, and these
sequences were compared to the sequences of G gene of 25
reference strains representing all known subgroup A
genotypes (eight genotypes) available in GenBank. These
sequences included strain A2 and isolates from South
Africa (SA), the United States (TX, MO, AL, NY), Kenya
(Ken), Canada (CN), and elsewhere [4, 5, 15-19].

For subgroup B viruses, phylogenetic trees were con-
structed using the sequence of 16 subgroup A viruses in this
study along with reference sequences of 31 strains repre-
senting all known genotypes by using 252 nucleotides from
the C-terminal variable region of the G gene. The sequences
were selected so that the representatives of each genotype of
subgroup B viruses (nine genotypes) included strain
CH18537 and isolates from South Africa; the United States
(MO, NY, Rochester, CH, AL); Buenos Aires, Argentina
(BA); Niigata, Japan (NG); Quebec, Canada (QUE); Bel-
gium (BE); Montevideo, Uruguay (MON); Beijing; South
Africa (SA); and elsewhere [4, 5, 15, 17, 18, 20, 21].

Results
Specimen collection and epidemiology of RSV

From April 2009 to March 2011, 921 specimens were
collected from patients with ARIs, among which 210
(22.8 %) were found to be positive for RSV by RT-PCR.
Strains of subgroups A and B were identified in 75
(35.7 %) and 134 (63.8 %) specimens, respectively, and
viruses of both subgroups were found in one specimen
0.5 %).

The majority of RSV-positive individuals were younger
than 6 months of age and accounted for 50.0 % of RSV-
positive  samples. RSV-positive individuals aged
6—12 months, 1-2 years and 2-5 years accounted for
24.3 %, 12.9 % and 8 % of positive samples, respectively.
The rates of RSV infection in the two consecutive epidemic
seasons were 19.8 % and 28.0 %, respectively. The RSV
outbreak activity in Chongqing was high in November,
December, and January and reached a peak in December.
The detection rate of RSV infection declined in April, and
RSV infection was not found in May and July 2009. The
predominant strain of RSV in the epidemic season
2009-2010 belonged to subgroup B, and the rate of sub-
group B RSV infection was as high as 78.0 % (92/118) at
this time. The rates for subgroup A and B RSV infection in
the epidemic season 2010-2011 were 54.3 % and 45.7 %,
respectively (Fig. 1).

Clinical symptoms were observed in all 210 patients
with RSV infection. The major clinical symptoms included
fever (n=67; 31.9 %), cough (n=198; 94.3 %), wheezing
(n=150; 71.4 %), and cyanosis (n=156; 74.3 %). The RSV-
infected patients were diagnosed with bronchiolitis (n=85;
40.5 %), bronchopneumonia (n=63; 30.0 %), interstitial
pneumonia (n=47; 22.4 %), bronchialasthma exacerbation
(n=24; 11.4 %), asthmatic bronchitis (n=5; 2.4 %) and
bronchitis (n=3; 1.4 %).

Analysis of the F gene

A total of 45 subgroup A (n=30) and B (n=15) viruses were
selected for amplification and sequencing of a fragment of
the F gene. In a large proportion of subgroup A viruses
(56.7 %, 17/30), asparagine (N) was changed to serine
(S) at amino acid 276 of the F protein. However, this was
not found in 15 subgroup B viruses. Of the patients infected
with the suspected mutated virus, nine were males (52.9 %,
9/17). The majority (64.7 %) of these patients were
younger than 6 months of age. Notably, none of these
patients had a history of PZ treatment, indicating that the
genetic alteration was not related to the use of PZ.
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Phylogenetic analysis and genotyping

Sequences of the second variable region of the G genes of 9
subgroup A and 16 subgroup B strains obtained in this
study were used for phylogenetic analysis. The results
revealed that all nine subgroup A viruses were clustered
into genotype GA2 (Fig. 2).

Between the prototype strain A2 and the Chinese sub-
group A viruses, the rates of divergence were 10.6 % to
14.7 % at the nucleotide level and 17.5 to 23.6 % at the
amino acid level. Differences at the nucleotide level and at
the amino acid level were observed among the Chinese
subgroup A viruses, which were 8.8 % and 5.7 %,
respectively.

Two genotypes were identified among the 16 subgroup
B strains: seven with genotype GB2 and nine with geno-
type BA (Fig. 2). Eight genotype BA strains were the same
as the originally identified genotype, which has a
60-nucleotide duplication in the second variable region of
the G gene [17, 22, 23]. Interestingly, the BA-like strain
(Chongqing/B/10/11) had a 42-nucleotide duplication in
the second variable region and an 18-nucleotide deletion in
the middle of the 60-nucleotide duplication region. In
addition, a six-nucleotide deletion after residue 489 was
seen in five BA-like strains, resulting in a two-amino-acid
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deletion, which had also been identified in our previous
study. The rates of divergence between the Chinese B
strains and the prototypic genotype B strain CH18537 were
7.1-11.7 % at the nucleotide level and 12.5-20.3 % at the
amino acid level. Up to 8.7 % nucleotide differences and
up to 23.0 % amino acid differences were observed in the
subgroup B strains. There were 2.4-5.7 % divergence at
the nucleotide level and 4.7-14.9 % divergence at the
amino acid level between the BA strains and prototypic
genotype BA strain BA/4128/99B. The prototypic geno-
type B2 strain CH93-9B and the genotype B2 strains
showed 2.7-3.7 % divergence at the nucleotide level and
8.9-9.2 % divergence at the amino acid level. The rate of
divergence at the nucleotide level and at the amino acid
level was 1.8 % and 5.9 %, respectively, between the
genotype B2 strains and H5598 and H5601, which were the
first GB2 strains detected in mainland China in December
2004.

Amino acid analysis

The predicted amino acid sequences of the subgroup A and
subgroup B strains were compared with those of the pro-
totype strains A2 and CHI18537, respectively (Fig. 3).
Eight out of nine Chinese subgroup A viruses had the same
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Fig. 2 Phylogenetic trees of nucleotide sequences from the second
variable region of the G gene of Chinese subgroup A (A) and
subgroup B (B) RSV. Bootstrap values greater than 50 % are shown
at the branch nodes. The value represents the bootstrap probability.
The genotypes are indicated on the right by brackets. Reference
sequences describing each genotype (genotypes GA1l to GA7, SAAL,
GB1 to GB4, SAB1 and SAB3) were obtained from the GenBank

amino acids as the prototypic strain A2. A two-amino acid
insertion was observed in the strain Chongqing/A/11/24,
which led to the strain having 300 amino acids.

There were significant differences in the lengths of the
deduced G protein amino acid sequences among the sub-
group B viruses. The predicted complete G protein
sequences of the Chinese subgroup B viruses had six dif-
ferent lengths (292, 294, 295, 306, 312 and 315 amino
acids) (Fig. 3). Differences in G protein length were

database and included in the tree. Additional sequences from around
the world were included in the comparison by selecting representa-
tives of distinct clusters found in previous studies and selecting isolate
sequences from GenBank that gave the best hits in BLAST searches
with each of the Chinese clusters. Prototype strains (strain A2 for
subgroup A and strain CH18537 for subgroup B) were used as the
outgroup sequences

attributed to alternative termination codons and the pres-
ence of in-frame duplication, deletion, and insertion.
Among the 16 subgroup B viruses, five were found to
possess a G protein with 295 amino acids, five were found
to have a G protein with 312 amino acids, and two were
found to have a G protein with 294 and 315 amino acids,
respectively. Only three viruses were found to have a G
protein with 306 amino acids. Three different sizes of G
protein (306, 312 and 315 amino acids) were detected in
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<4 Fig. 3 Deduced amino acid sequence alignments of the second

variable region of the G gene of Chinese subgroup A (A) and B
(B) RSV. Alignments relative to the sequences of prototype strain A2
and prototype B strain CH18537 are shown. The relative lengths
(number of amino acids [aa]) of these regions are indicated in
parentheses on the right

the nine genotype BA strains. With the exception of the
Chongqing/B/10/11 strain, which had a G protein with 306
amino acids, the genotype BA strains had G proteins with
312 (n=5) or 315 (n=3) amino acids. In addition, a six-
nucleotide deletion was found after residue 489 in five
genotype BA strains, resulting a in two-amino acid dele-
tion. The same deletion was observed in all seven genotype
GB?2 strains.

Nucleotide sequence accession numbers

The GenBank accession numbers of the nucleotide
sequences obtained in the present study are JX885106 to
JX885130.

Discussion

RSV is the most common pathogen causing lower respi-
ratory tract infections in infants and young children [S].
The present study is an epidemiological description of RSV
infections in the past two years. A total of 921 samples
were collected from April 2009 to March 2011. In this
study, 210 (22.8 %) were positive for RSV, which is
consistent with the previous report from April 2006 to
March 2009, in which 439 (31.7 %) were positive for RSV
in 1,387 specimens from April 2006 to March 2009. In this
study, most infected individuals were infants aged
0-6 months, accounting for 50.0 % of all samples, and
individuals aged 612 months accounted for 24.3 %. There
was no significant difference in age distribution, clinical
manifestations, or seasonality of RSV infections in south-
western China compared to developed countries. The
molecular epidemiology of RSV has largely been per-
formed in developed countries [21, 24-27]; therefore, the
present study, together with the previous one, shows the
circulating patterns of RSV strains over the last five con-
secutive epidemic seasons, from April 2006 to March 2011,
which may improve the understanding of RSV epidemi-
ology in the countries with a large population.

A genetic alteration, asparagine (N) to serine (S) at
position 276 in the F protein, has been observed recently.
This study detected a lineage harboring an N276S mutation
in 56.7 % of subgroup A RSV sequences from isolates
collected from April 2009 to March 2011. A similar pro-
portion of the same mutation was seen in subgroup A

viruses in Canada, where the rates of the N276S mutation
were 44.4 % during 2008-2009 and 100 % during
2009-2010 [28]. In the present study, of 30 subgroup A
viruses detected, 17 were found to have N276S in the F
protein, but the alteration was not completely the same in 15
subgroup B viruses. Adams et al. [29] have proposed that
this mutation from asparagine (N) to serine (S) adjacent to
the A epitope at position 276 in the F protein for subgroup A
RSV could also confer partial resistance to PZ. In a sub-
sequent study [8], it was reported that the variant N276S
was detected in both subgroup A and B RSV. Moreover,
variant N276S in subgroup A and B RSV did not confer
resistance to PZ, and thus was a possible polymorphism [§].
At the same mutation site, more than half of subgroup A
viruses showed the variant N276S. Interestingly, none of
the infected individuals had a history of PZ administration.
These findings suggest that this mutation is a spontaneous
one and unlikely to be associated with PZ resistance.

Most of studies on the pattern of circulation of RSV
have shown that subgroup A and B viruses co-circulate in
the same area during epidemic periods and have various
patterns of predominance [10, 15, 17, 19]. In a previous
study in Chongqing, subgroup A viruses were predominant
during two epidemic seasons (2006-2008), while subgroup
B viruses prevailed during the subsequent 2008-2009
epidemic season. In the present study, subgroup B viruses
predominated during the epidemic season 2009-2010.
However, in the epidemic season 2010-2011, the rates for
subgroup A and B viruses were 54.3 % and 45.7 %,
respectively. The same pattern of RSV circulation was
noted in a past epidemic season (2005-2006) in Beijing,
China. In a community, a shift in the prevalence of an RSV
group can occur at different time intervals, and different
patterns of prevalence of subgroup A and B viruses have
been described. Similar patterns of circulation of RSV
groups have been reported in Niigata, Japan, where the
subgroup B RSV was predominant in the 2002-2003 epi-
demic season, but there was a shift to subgroup A viruses in
2003-2007 [27]. However, in Kenya, Uruguay, and the
United States, subgroup B RSV became predominant after
two consecutive seasons, with a high prevalence of sub-
group A infections [24, 29, 30]. The shift of RSV groups
correlated in part with the variability of the G gene.

In the present study, genotype GA2 strains remained the
dominant RSV genotype in two consecutive epidemic
seasons, which is similar to what was observed in a pre-
vious study (2006-2009) in Chongqing. Thus, we propose
that genotype GA2 strains were predominant in Chongqing
in the last five consecutive epidemic seasons (2006-2011),
which was consistent with the results in other geographic
areas, including Beijing, China [17, 31-33]. These findings
show that genotype GA2 strains were the most common
genotype in subgroup A RSV.
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In terms of subgroup B viruses, seven strains with
genotype GB2 and nine strains with genotype BA were
identified from April 2009 to March 2011. The high fre-
quency of the BA strain in the subgroup B viruses was
similar to findings in the previous study from April 2006 to
March 2009 in Chongqing, in which 20 strains with
genotype BA, 7 with genotype GB1 and 3 with genotype
GB3 were identified in 30 subgroup B RSV strains.

The genotype BA strain, with a 60-nucleotide duplica-
tion in the G gene, was first identified in Argentina in 1999
[18]. In recent years, Shobugawa et al. [27] and Agrawal
et al. [22] also identified 143 and 22 genotype BA strains in
Japan and eastern India, respectively. In mainland China,
the BA strain was first identified in Beijing in 2004. We
identified genotype BA RSV in December 2007 in Chon-
gqing, China [10]. Genotype BA of RSV rapidly became the
dominant one in the 2008-2009 epidemic season. No
studies were found that tracked this new subgroup B
genotype in mainland China since then. In the present study,
genotype BA RSV continued to account for the majority of
subgroup B RSV, which was consistent with other studies
conducted in other countries such as Argentina and India
[17, 23], which showed that genotype BA RSV has been
prevalent for at least 10 years since 1999. The predomi-
nance of genotype BA RSV at least in subgroup B may
suggest a selective advantage of genotype BA RSV over
RSV with other genotypes, but the mechanism is unknown.
An antigenic change in the G protein and avoidance of the
host immune response may be associated with the selective
advantage [23]. It is possible that the additional residues
significantly modify the antigenic characteristics of the G
protein, allowing escape from neutralization by antibodies
in humans as a result of previous infections. An additional
possibility is that the duplication affects G-protein-medi-
ated attachment of the viruses to host cells, thereby
enhancing the fitness of the virus.

The predicted G proteins of the subgroup B RSV had six
different lengths (292, 294, 295, 306, 312 and 315 amino
acids). The mechanisms responsible for this variability
include amino acid substitution, insertion, deletion, dupli-
cation, and change in stop codon usage. Six nucleotides
were deleted after residue 489 in five out of nine strains
with genotype BA and in all seven strains with genotype
GB2, which resulted in a two-amino-acid deletion. Agra-
wal et al. [22] reported that six nucleotides were deleted
after residue 489 for all 22 strains with genotype BA in the
2005-2006 epidemic season in eastern India. Zhang et al.
[10] found the same nucleotide deletion in 15 out of 20
strains with genotype BA. The findings reinforce the notion
of the transfer of viruses within close communities and
reveal that this deletion exists all the time.

In conclusion, different groups of RSVs co-circulated in
southwestern China from 2006 to 2011, probably in an

@ Springer

alternating pattern. Genotype BA of RSV with a
60-nucleotide insertion and a few more variations in the
duplication is the dominant genotype in the subgroup B
RSV. These findings may improve our understanding of the
molecular epidemiology of RSV in mainland China and aid
in the further investigation of G protein function and vac-
cine development in the future.
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