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a b s t r a c t

Background: Human respiratory syncytial virus (RSV) is the most important viral pathogen in children.
However, its epidemic patterns and co-infection characteristics are not fully understood.
Objectives: We attempted to determine the level of genetic variation of RSV, and describe the prevalence
and co-infection characteristics of RSV in Hangzhou during two epidemic seasons.
Study design: Single respiratory samples from 1820 pediatric patients were screened for RSV and geno-
typed by RT-PCR and sequencing. In all RSV positive specimens, we screened for viruses and atypical
bacteria. Demographic and clinical information was recorded and analyzed.
Results: A total of 34.5% and 3.8% of samples from acute lower respiratory tract infections (ALRI) and
influenza-like illness (ILI) were positive for RSV, respectively. Phylogenetic analysis revealed that 61.1%
of the selected 167 RSV strains were NA1, 31.1% were BA, 3.6% were ON1, 2.4% were CB1, and 1.8% were
NA3. A new genotype, BA11 was identified, which comprised 98.1% of BA strains in this study, while
the rest were BA10. A total of 36.4% and 9.1% of RSV-positive children with ALRI and ILI respectively
were found to be co-infected. Rhinovirus was the most common additional respiratory virus, followed
by human metapneumovirus. Except for fever, no significant differences in other clinical presentation
between the RSV mono-infection and co-infection groups were observed.
Conclusions: The circulating RSV strains had high genetic variability with RSV-B showing a more local
pattern. In ALRI cases, co-infection of RSV with other viruses or atypical bacteria has no significant effect
on the clinical presentation except fever.

© 2015 Elsevier B.V. All rights reserved.

1. Background

Human respiratory syncytial virus (RSV) is the most important
viral agent of acute respiratory infections in infants, young children
and immunocompromised and elderly individuals [1,2]. RSV can be
rapidly transmitted within childcare institutions [3]. Infection with
RSV can result in mild to severe illness, including lower respiratory
syndromes such as bronchiolitis and pneumonia. It has been esti-
mated that nearly all two-year-old children have been infected [4].
The attachment G glycoprotein (G protein), a type II glycoprotein,
is the most variable region both within and between the major
RSV genotypes [5]. The G protein contains 2 hypervariable regions
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(HVR), with the second HVR (HVR2), located at the C-terminal end,
which is widely used to study the genetic diversity of RSV [6,7].
To date, 13 RSV-A genotypes, GA1-GA7 [8,9], SAA1 [10], NA1-NA4
[11,12], and ON1 [13], and 22 RSV-B genotypes, GB1-GB4 [8], BA1-
BA6 [14], BA7-BA10 [15], SAB1-SAB3 [10], SAB4[16], URU1-URU2
[17], CB1, and BA-C [12] have been identified based on sequence
analyses of HVR2. The frequent appearance of new genotypes may
facilitate RSV evasion of existing herd immunity, further influenc-
ing disease severity, causing repeated infections and even larger
outbreaks [11,18].

The study of the genetic variability of RSV is necessary to better
understand its molecular epidemiology. The relationship between
the clinical symptoms and co-infection of RSV with other pathogens
has been evaluated in previous studies with different approaches
and conclusions [19–21]. Moreover, there is little information avail-
able on RSV infection among children with influenza -like illness
(ILI) and on the distribution pattern of RSV epidemic strains in
Hangzhou, Southeast China.

http://dx.doi.org/10.1016/j.jcv.2015.05.015
1386-6532/© 2015 Elsevier B.V. All rights reserved.

dx.doi.org/10.1016/j.jcv.2015.05.015
http://www.sciencedirect.com/science/journal/13866532
http://www.elsevier.com/locate/jcv
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jcv.2015.05.015&domain=pdf
mailto:yuxin-fen@163.com
dx.doi.org/10.1016/j.jcv.2015.05.015


2 X. Yu et al. / Journal of Clinical Virology 69 (2015) 1–6

Fig. 1. Monthly distribution of RSV infections in ALRI (A) and ILI (B).

2. Objectives

We attempted to describe the prevalence, clinical, molecular
and co-infection characteristics of RSV in children with acute lower
respiratory tract infections (ALRI) and influenza-like illness (ILI) in
Hangzhou, China.

3. Study design

3.1. Patients and specimens

Samples were collected from April 2011 to March 2013. 652
lower respiratory tract aspirates were collected from children
(inpatients) admitted with symptoms of ALRI. 1168 throat swabs
were collected from children (outpatients) with symptoms of
influenza-like illness. All the samples are collected every week in
The Chindren’s Hospital Zhejiang University School of Medicine,
China. Informed consent was obtained from the parents of all chil-
dren who provided specimens. All specimens were collected and
transported immediately to the laboratory at Hangzhou Center for
Disease Control and Prevention, and stored at −80 ◦C prior to test-
ing. Demographic and clinical data were recorded.

3.2. Nucleotide extraction and cDNA synthesis

Viral RNA was extracted from 200 �L of each specimen, using
the QIAamp viral RNA minikits (Qiagen, Germany). Viral DNA was
extracted from 200 �L of each specimen, using the QIAamp viral
DNA minikits (Qiagen, Germany). RNA and DNA were eluted in
50 �L of Qiagen TE buffer respectively and stored at -80◦C until
analyzed. cDNA was synthesized using random hexamer primers
with PrimeScript II 1st Strand cDNA Synthesis Kit (Takara, Dalian,
China).

3.3. Virus detection

For RSV screening, Real time PCR was performed,
with subgroup-specific primers and probes used to
amplify N gene as described elsewhere [22]. Primers
RSVGF (5′-TCACTTTGAAGTGTTCAACT-3′) and RSVGR (5′-
GGCAACTCCATTGTTATTTG-3′) were used to amplify RSV G
protein for both genotype A and B strains in All RSV positive
specimens [23]. All RSV positive specimens were screened for
human metapneumo-virus (HMPV), influenza virus A and B (FluA
and FluB), parainfluenza virus types 1 to 3 (PIV1 to 3), human rhi-
noviruses (HRV), and human coronaviruses (HCoVs: 229E, OC43,
NL63, and HKU1), saffold virus (SAFV), adenovirus (ADV), human
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Table 1
Subgroup distribution of RSV A and RSV B infections in children with ALRI or ILI from 2011 to 2013.

Epidemic season No. of samples No. (%) of RSV
positive samples

No. (%) of RSV cases
by subgroup:

No. of RSV-A
genotypes (N = 111)

No. of RSV-B
genotypes (N = 56)

RSV A RSV B ON1 NA1 NA3 CB1 BA10 BA11

ALRI 2011–2012 372 147(39.5) 137(93.2) 10(6.8) 1 91 2 2 1 6
2012–2013 280 78(27.9) 14(17.9) 64(82.1) 5 7 1 2 0 43
Total 652 225(34.5) 151(67.1) 74(32.9) 6 98 3 4 1 49

ILI 2011–2012 582 17(2.9) 16(94.1) 1(5.9) 0 4 0 0 0 0
2012–2013 586 26(4.4) 2(7.7) 24(92.3) 0 0 0 0 0 2
Total 1168 44(3.9) 19(43.2) 25(56.8) 0 4 0 0 0 2

bocavirus (HBoV) and mycoplasma pneumonia (MP), chlamydia
pneumonia (CP) using real time PCR [22,24–30].

3.4. Sequencing and phylogenetic analysis

All RSV positive PCR products were sequenced by Sangon
Biotech (Shanghai) Co., Ltd. Nucleotide sequences of reference
strains were obtained from GenBank and used to construct align-
ments and phylogeny. The nucleotide and amino acid sequences
of the group A and B viruses were aligned separately with RSV
reference strains by using ClustalX 1.81. Phylogenetic trees were
constructed by the neighbor-joining method using MEGA 5.0. Sta-
tistical significance of tree topologies was tested by bootstrapping
(1000 replicates).

3.5. Statistical analysis

Significant differences in rates between various groups were
tested with a chi-square test, a P value of <0.05 was considered to
be statistically significant. Analyses were performed with SPSS17.0
software.

3.6. Nucleotide sequence accession numbers

Representative HVR2 sequences used in this study were submit-
ted to GenBank under accession numbers KP336492 to KP336546.

4. Results

4.1. Patient characteristics

A total of 1820 children were tested for RSV in this study. The
ages of children ranged from 1 month to 11 years. The majority of
patients (92.8%) were under 5 years old. The ratio of boys to girls
was 1.61:1, and the ratio of inpatients to outpatients was 1:1.79.

4.2. RSV distribution

We found that 34.5% (225/652) and 3.8% (44/168) of samples
from ALRI and ILI cases, respectively, were positive for RSV and
the difference between the two groups was significant (p < 0.001).
While the epidemic season and epidemic peak of RSV were simi-
lar in the two groups. The majority of cases (71.6%) were reported
in the winter to spring months (November to March) (Fig. 1). All
samples were determined as group A or group B by real time RT-
PCR: 169 samples were identified as RSV A positive, and 99 samples
were identified as RSV B positive. RSV A strains were predomi-
nant in the 2011–2012 epidemic season, accounting for 93.0% of
cases. The predominant strains changed from group A to group B
(76.7%) during the 2012–2013 period. RSV-A and RSV-B were co-
circulating during these two RSV seasons. From 268 RSV positive
samples, 167HVR2 sequences were obtained for subgroup anal-
ysis. The failure in the amplification of viral genomic fragments

in the other samples may be due to low viral loads or varia-
tions in primer binding sites. 111 RSV A specimens and 56 RSV
B specimens were sequenced successfully. Subgroup distribution
of RSV A and RSV B infections in children with ALRI or ILI is shown
(Table 1).

4.3. Phylogenetic analysis of RSV

HVR2 sequences obtained in the present study were aligned
with the HVR2 sequences of other reported strains found in Gen-
Bank (Fig. 2). Phylogenetic analysis revealed that the 111 subgroup
A strains clustered into three groups: 6 strains with a 72-nucleotide
duplication clustered as the ON1 genotype, 3 strains clustered as
the NA3 genotype, 102 strains clustered as the NA1 genotype. The
nucleotide and amino acid homologies among the strains ranged
from 90.9 to 100% and 79.7 to 100%, respectively. The 56 subgroup
B strains clustered into three groups: 4 were placed in the CB1 geno-
type, 1 was placed in the BA10 genotype, and 51 strains which did
not cluster with other BA strains with a high bootstrap value, were
placed in a new genotype, BA11, for RSV-B (Fig 2). Major nodes
with bootstrap values of >50% were considered a cluster [15]. Boot-
strap value of cluster BA11 was 74%. Furthermore, the maximum
p-distance of cluster BA11 was 0.027. The nucleotide and amino
acid homologies among these group B viruses were from 79.8 to
100% and from 65.7 to 100%, respectively. The BA11 strains shared
95.8 to 100% nucleotide identity and 96.1 to 100% amino acid iden-
tity.

4.4. Co-infection with the other respiratory viruses and atypical
bacteria

36.4 % (82/225) of all RSV-positive hospitalized children with
ALRI were found to be co-infected with at least one of the other
respiratory viruses or atypical bacteria, and 9.1% (4/44) of RSV-
positive outpatient with ILI were found to be co-infected (Table 2).
The difference in the two groups was significant (p < 0.001).
In total, the highest co-infection rate of RSV was with HRV
(24/82), the second-highest was with HMPV (18/82), but there
were no significant differences (p = 0.283). Co-infections of RSV
with saffold virus, human coronavirus 229E and PIV were also
observed. Double infections were most frequent in ALRI, with
triple and quadruple infections being common. Combinations of
pathogens in the co-infections were various, and no obvious pat-
terns observed.

4.5. Clinical characteristics of RSV infection

Complete information on the clinical characteristics was avail-
able for the 225 RSV positive patients, and all were suffering
from ALRI. The most frequent clinical findings among RSV-positive
patients were cough (95%), fever (57%), and wheezing (50%). Chest
radiographs were obtained from 101 RSV-positive patients, and
93 showed abnormal findings: 53 patients had intrapulmonary
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Fig. 2. Phylogenetic trees of RSV group A (A) and group B (B) nucleotide sequences from the second variable region of the G protein. Reference strains obtained from GenBank
are marked with �.

punctate and patchy shadows, 39 displayed coarse lung markings,
and 1 had lobar infiltrations. Except for fever, there were no sig-
nificant differences with respect to other clinical presentations
observed in RSV-positive children (Table 3). Fever rate was signif-
icantly higher among the co-infection group (p < 0.001). Although
infection rates had no significant difference between the two age
groups, patients in the younger groups (≤12 months old) were more
prone to be co-infected with other respiratory viruses and atypical
bacteria (p = 0.051).

5. Discussion

While RSV infection was shown to be often associated with acute
respiratory tract infections (ARTI), there is less knowledge about
RSV infection among children with influenza-like illness (ILI). In
this study higher rates of RSV infections were found in children
with ALRI (34.5%) compared to children with ILI (3.8%). Similar rates
for ALRI patients were found in other studies [29,31,32], while for
ILI the rates in Hangzhou were lower than found in a study of

Table 2
Co-infection of RSV with other viruses and atypical bacteria.

Viruses No. of samples Viruses No. of samples Viruses No. of samples

ALRIa RSV + HRV 17 RSV + ADV 2 RSV + SAFV + HMPV 2
RSV + HMPV 12 RSV + MP + CP 3 RSV + HRV + HMPV 1
RSV + SAFV 10 RSV + HBoV 1 RSV + ADV + MP 2
RSV + 229E 5 RSV + HMPV + Mp 1 RSV + ADV + HBoV 1
RSV + PIV 5 RSV + HRV + PIV 4 RSV + PIV + ADV 1
RSV + MP 6 RSV + Flu + HMPV 2 RSV + Flu + SAFV + MP 1
RSV + Flu 2 RSV + HRV + HBoV 2 RSV + Flu + SAFV + ADV 1

ILIb RSV + HRV 1 RSV + PIV 1 RSV + Flu 2

a 82 Co-infections among 225 RSV positive samples in ALRI.
b 4 Co-infections among 44 RSV positive samples in ILI.
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Table 3
Comparison of clinical manifestations in the RSV Mono-infection group and co-infection group with ALRI

Characteristic No. (%) of patients in group with: P value

Mono-infection(n = 143) Co-infection(n = 82)

Age(MO)
>12 127(88.8) 65(79.3) 0.051a

≤12 16(11.2) 17(20.7)

Symptoms
Cough 140(97.9) 81(98.8) 1.000b

Fever 34(23.8) 48(58.5) 0.000a

Shortness of breath 60(42.0) 34(41.5) 0.942a

Abnormality of lung Identified by X-ray 117(81.8) 71(86.6) 0.353a

Congenital heart disease 17(11.9) 12(14.6) 0.554a

Complication
Pneumonia 123(86.0) 76(92.7) 0.132a

Respiratory failure 10(7.0) 7(8.5) 0.673a

Hepatic insufficiency 7(4.9) 4(4.9) 1.000b

a Chi-square test.
b Continuity correction.

children with fever and respiratory symptoms conducted in Shang-
hai, China: 3.8% versus7.6%, respectively [33].

The clinical implications of multiple viral infections remain
controversial. Several studies have shown that respiratory virus co-
infection may increase the clinical severity of RSV disease [20,34],
whereas other studies have reported opposite findings[19,21,31].
Franz et al. [34] reported that RSV/non-RSV co-infection was more
strongly associated with pneumonia than RSV single infection.
Harada et al. [20] reported that the association with moderate-to-
severe nonpneumonic ARI cases was stronger with RSV/non-RSV
respiratory virus co-infection than with RSV mono-infection. While
equivalent clinical severity was observed between children with
single RSV virus infection and virus co-infection [19]. Our study
shows a significant difference found in fever rates between mono-
infected and co-infected groups of RSV-positive patients, while
there was no difference found in fever rates reported by Zhang
et al., [31]. These differences may be attributable to variations in
clinical settings, study populations, the type of clinical sample, the
seasonality of circulating viruses and even bacteria co-infections.

Analysis of the genotype distribution of Hangzhou showed that
six RSV genotypes were found in the two epidemic seasons studied.
Most of Hangzhou RSV-A strains were classified as NA1 genotype.
Similar situations were reported in Italy, Beijing and Shanghai of
China during the same period [12,33,35]. Most of BA viruses in
this study further clustered with BA11, a new genotype within BA
lineage. BA11 genotype is not associated with large outbreaks in
the community. Since during the second RSV season (2012–2013),
when this strain predominated, morbidity levels were relatively
low. Only BA9 and BA10 strains were detected in Shanghai and
Beijing, during the same period. CB1 and NA3 are newly found
genotypes identified in Beijing, and also detected in Shanghai and
Hangzhou, but were not found to circulate in Belgium and Italy
[35,36]. It may indicate that RSVB distributions have more regional
characteristics.

ON1 genotype carries the ON1-specific 24-amino acid repeat,
and represents a newly characterized RSV genotype identified in
Canada in December 2010 [13]. Since then, it was detected spo-
radically in other regions (e.g., China, Korea, South Africa, Italy)
[12,37,38]. Our lab found 6 ON1 strains. One was detected early in
2011. It is interesting to point out that ON1 genotype strains appear
to have emerged during the same period. The precise geographic
distribution of ON1 genotype still awaits further elucidation. By
early 2013, ON1 strains had spread so efficiently that they had
nearly replaced other RSV-A strains in Italy [35]. In Hangzhou, we
have only collected the samples from January to March in 2013.
Among the 38 RSV positive strains, there were only 6 RSV-A strains,

among them, 5 were successfully sequenced and all belonged to
the ON1 genotype. This result suggests that the ON1 genotype has
become the dominant genotype of RSV-A in Hangzhou.

Our study may indicate that the novel RSV variants have a fairly
rapid global spread, and RSV-B showed a more local pattern. Sim-
ilar patterns were observed in Kilifi, Kenya[39], the 27 novel Kilifi
RSV genomes (11 RSVA and 16 RSVB) were used to assess local
versus global RSV variety. Kilifi RSV strains are similar to strains
that circulate in other regions of the world and reveal only lim-
ited local evolution. Phylogenetic clustering appeared to be more
influenced by time of virus sample collection than by geographi-
cal location. Also, Agoti CN et al. [39] indicated that RSVB variants
may spread less efficiently, with a higher variation, which is specific
for local. Our study clarified this phenomenon, it may have strong
consequences on the efficacy of any RSV vaccine used locally.

The deduced amino acid homologies of HVR2 in HRV-A were
79.7 to 100%, and two different G protein lengths (86 amino acids
(aa), 110 aa) were observed; Among all group B strains, the deduced
amino acid homologies in HVR2 were 65.7 to 100% and four dif-
ferent G protein lengths (80 aa, 83 aa, 86 aa, and 100 aa) were
observed. These results demonstrate that subgroup B viruses dis-
play more mechanisms of variation in the G gene than subgroup
A viruses. Similar amino acid homologies were also observed by
Zhang and colleagues [31]. The variation was greatest among the
four CB1 strains where three different lengths of the protein G were
found (80aa, 83aa and 86aa). This prompts further RSV monitoring,
particularly of CB1 genotype.

RSV is a very important pathogen in children with ALRI in
Hangzhou, China. Since the present study was limited to a period
of two years, additional consecutive investigations should be
conducted in order to provide useful information about RSV preva-
lence, variation and control.
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