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Prevalence and Clinical Characteristics of Human
Respiratory Syncytial Virus in Chinese Adults
With Acute Respiratory Tract Infection
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Respiratory syncytial virus (RSV) is a leading
cause of respiratory tract illnesses worldwide.
Although the prevalence and clinical manifesta-
tions of the two subtypes, RSV-A and RSV-B,
have been studied in some detail in infants and
young children, they have not been determined
in adults. To evaluate the prevalence of the
RSV subtypes and disease severity between
RSV-A and RSV-B infections in adults, nasal
and throat swabs that were collected from
patients >15 years old who sought medical
care for acute respiratory infections at the Fever
Clinic of the Peking Union Medical College Hos-
pital in Beijing, China between May 2005 and
April 2010. The samples were tested for RSV in-
fection using PCR and sequencing analysis.
RSV was detected in 95 (1%) of the adult
patients, of whom 53 (55.8%) were positive for
RSV-A and 42 (44.2%) for RSV-B. The incidence
of RSV infections increased with age
(x> = 37.17, P = 1.66E—07). Demographic data
and clinical manifestations of RSV-A were simi-
lar to those of RSV-B. Although RSV-A and
RSV-B co-circulated during the 2005-2006 and
2008-2009 seasons, RSV-A was predominant in
the 2006-2008 seasons, whereas RSV-B was
predominant in the 2009-2010 season. Upper
respiratory tract infections were diagnosed in
most RSV-infected patients (n = 80, 84.2%),
and three patients suffered from pulmonary in-
fection. This is the first study to provide data
on the prevalence and clinical manifestations of
RSV subgroups among Chinese adults with
fever and acute illness, over five successive
epidemic seasons. J. Med. Virol. 85:348-
353, 2013. © 2012 Wiley Periodicals, Inc.
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INTRODUCTION

Human respiratory syncytial virus (RSV) is the
cause of many respiratory tract illnesses, particularly
in infants and young children, leading to a large med-
ical, and economic burden worldwide. RSV is an
enveloped, single-stranded, negative-sense RNA virus
belonging to the genus Pneumovirus of the Paramyxo-
viridae family. Based on its reactions with monoclonal
antibodies and on the genetic characteristics of the at-
tachment protein (the protein G), RSV can be divided
into the subgroups A and B [Mufson et al., 1985].
Although RSV-A and -B can co-circulate in children in
a community, the prevalence of each subgroup may
shift yearly and can vary among different communi-
ties [Coggins et al., 1998; Scott et al., 2004; Arbiza
et al., 2005; Sato et al., 2005; Deng et al., 2006;
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Zlateva et al., 2007; Shobugawa et al., 2009; Zhang
et al., 2010].

In adults, RSV generally causes mild upper respira-
tory tract symptoms [O’Shea et al., 2007; Peter and
James, 2007; Huang et al., 2009]. However, RSV
infection produces severe respiratory tract illness in
susceptible adult populations including in the elderly,
the immunocompromised, and in those with severe
underlying pathology [Falsey and Walsh, 2000;
Johnstone et al., 2008]. It is not known if the preva-
lence of the RSV subgroups varies and if disease
severity is similar between adults with RSV-A and
RSV-B infections.

To evaluate the prevalence and clinical presenta-
tions of RSV infections in adults, reverse transcrip-
tase PCR (RT-PCR) assays were performed on clinical
specimens collected from patients >15 years old who
sought medical care for acute respiratory infections at
the Fever Clinic of the Peking Union Medical College
Hospital in Beijing, China between May 2005 and
April 2010. Epidemiological characteristics and clinical
manifestations of the infection were also evaluated.

MATERIALS AND METHODS
Subjects and Clinical Samples

This study was part of a larger, long-term study
of the prevalence of respiratory viral infections in
Beijing, China [Ren et al., 2009; Xiang et al., 2010;
Ren et al., 2011; Guo et al.,, 2012; Li et al., 2012;
Xiang et al., 2012]. The study was approved by the
Ethical Review Board of the Institute of Pathogen Bi-
ology, Chinese Academy of Medical Sciences. Written
informed consent was obtained from each participant.
Clinical specimens were collected from patients with
acute respiratory infection when they first sought
medical care (prior to their being admitted to a specif-
ic unit of the hospital) at the Fever Clinic of the
Peking Union Medical College Hospital, a large com-
prehensive hospital for medical treatment, teaching,
and scientific research in Beijing. According to the
regulations for management of acute respiratory
infection in China, all patients with acute fever must
be screened at a Fever Clinic before being received by
a specific medical department in a hospital. A total
white-blood cell count less than 10 x 10%/L may sug-
gest the presence of viral infections [Ruuskanen et al.,
2011]. Thus, to exclude typical bacterial infections
and include potential viral infections, patients >15
years old were included in this study if they presented
with: (1) acute fever (body temperature >38°C); (2)
white-blood cell count <10 x 109/L; and (3) respirato-
ry symptoms such as coughing and wheezing. On av-
erage, about 22 patients met these criteria each day
during the study period. Every day during the study
period, physicians blindly collected specimens from
5 to 10 patients meeting the enrollment criteria, with-
out considering age, sex, ethnicity, and other symp-
toms. Nasal and throat swabs were collected from
each patient, and both swabs were pooled in one tube
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containing virus transport medium (VTM; Copan,
Brescia, Italy). Sampling was performed every day
from May 2005 to April 2010, except in July and
November 2005. The samples were stored at —80°C
prior to being analyzed.

Physicians collected and recorded information from
each recruited patient using a standardized question-
naire, which preserved anonymity of the patients. In-
formation collected included demographic data,
disease history, body temperature, antibiotic treat-
ment or prophylaxis before visit, specific symptoms,
physical signs, results of laboratory tests, chest
X-rays, and preliminary clinical diagnosis. Collected
information was placed into a database for statistical
analysis. Disease severity was assessed according to
the Guidelines for Surveillance of Severe Acute Respi-
ratory Infections at Sentinel Hospitals (2011) issued
by the Chinese Ministry of Health (http:/www.moh.
gov.cn/publicfiles/business/htmlfiles/mohjbyfkzj/s3577/
201102/50590.htm).

Detection of RSV and Other
Common Respiratory Viruses

Multiplex reverse transcriptase polymerase chain
reaction (RT-PCR) or single RT-PCR assays were used
to detect RSV and other viruses, including human
parainfluenza virus, influenza virus, enterovirus, hu-
man coronaviruses (229E, NL63, HKU1, and OC43),
metapneumovirus, adenovirus, and rhinovirus, as de-
scribed previously [Ren et al., 2009]. Primers target-
ing the highly conserved fusion protein gene were
used for RSV typing as described previously [Coiras
et al., 2003]. RSV-A and -B were distinguished by the
size of PCR products: 363 bp for RSV-A and 611 bp
for RSV-B. Specific amplification of the fusion protein
genes was confirmed by sequence analysis of the PCR
products. An internal control was used to monitor effi-
cient extraction and amplification of viral nucleic
acids. Strict controls were also used during nucleic
acid extraction and PCR analysis to monitor for cross-
contamination.

Statistical Analysis

Gender or age groups, prevalence by year, and de-
mographic and clinical characteristics of the different
RSV subgroups were compared using the chi-square
test (x? test). P-values <0.05 were considered statisti-
cally significant.

RESULTS
RSV Detection in Clinical Specimens

A total of 9,871 patients (4,547 males and 5,324
females) ranging from 15 to 97 years of age (median
age of 30 years) were included in this study. RT-PCR
analysis identified 95 (1%) patients (42 males and 53
females) positive for RSV. The detection rate did
not differ significantly between males and females
(x% = 0.13, P = 0.72). RSV-positive patients ranged in
age from 17 to 83 years (median age of 40 years). Of
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Fig. 1. Frequency of RSV detected in adult patients with fever and respiratory illness in Beijing,
China. Numbers of RSV-A and RSV-B positive samples (columns) and percentage of total detection

rate of RSV (line) are shown for each age group.

the RSV-positive patients, 53 (55.8%) tested positive
for RSV-A and 42 (44.2%) for RSV-B (Fig. 1). RSV-
positive patients were previously healthy, and none
had co-morbidities.

The detection rate of RSV increased with age, with
a significantly higher incidence in patients >60 years
old than in other age groups (x*=37.17, P =
1.66E—07). Incidence of RSV was about seven times
higher in patients >60 years old (2.5%) than in
patients 15-24 years old (0.4%; Fig. 1).

The rate of RSV infection fluctuated significantly
each year throughout the study period and the detec-
tion rates are significantly higher in the 2009-2010
season than in other seasons (x> = 38.68, P = 8.12E—08).
The rate decreased from 0.9% in the 2005-2006 sea-
son (May 2005 to April 2006) to 0.2% in the 2006—
2007 season (May 2006 to April 2007). It then in-
creased to 1.4% in the 2007—2008 season (May 2007 to
April 2008), decreased to 1.1% in the 2008-2009 sea-
son (May 2008 to April 2009), and increased to 1.9%
in the 2009—-2010 season (May 2009 to April 2010).

RSV was most prevalent in November through
March (73.7%), and was seldom detected in May
through August (8.4%). The prevalence of RSV-A
and RSV-B infections differed yearly (Fig. 2). RSV-A
accounted for 100% of RSV infections in the 2006—
2007 and 2007-2008 seasons. RSV-B accounted for
60% of the RSV infections in the 2005-2006 and
2008-2009 seasons and for 70% of the infections in
the 2009-2010 season. RSV B was not detected from
March 2006 through August 2008.

Co-Infection With RSV and Other
Respiratory Tract Viruses

Co-infections with other respiratory viruses were
detected in 23 (24.2%) of the RSV-positive patients.
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Influenza virus was most frequently detected with
RSV (n =14, 14.6%), followed by human parain-
fluenza virus (n = 4, 4.2%), rhinovirus (n = 4, 4.2%),
and adenovirus (n = 2, 2.1%). One patient was con-
comitantly infected with RSV-A, influenza virus B,
and rhinovirus. Of the co-infected patients, 10 were
positive for RSV-A and 13 were positive for RSV-B.
The difference in co-infection rate was not significant
between patients infected with RSV-A and RSV-B
(x> =1.86,P = 0.17).

Clinical Manifestations of Patients With RSV-A or
RSV-B Infection

To characterize the clinical manifestations cause by
each RSV subtype, only the clinical manifestations of
patients with single RSV infections were analyzed
(Table I). In addition to fever, the major symptoms of
RSV single infections included pharyngeal congestion,
headache, chills, myalgia, rhinorrhea, sore throat,
and cough. Sixty patients (83.3%) were diagnosed
with upper respiratory tract infections, and three
patients (4.2%) were diagnosed with pulmonary infec-
tions. According to x? analysis, median age, gender ra-
tio, the rates at which clinical manifestations
appeared, and diagnosis did differ significantly be-
tween patients infected with RSV-A and patients
infected with RSV-B (Table I). Although patients
infected with RSV-A reported a higher incidence of
chills than patients infected with RSV-B, the differ-
ence was not statistically significant (x% = 3.18,
P =10.07).

DISCUSSION

Here, the prevalence of RSV infections was investi-
gated in adult patients with acute respiratory
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Fig. 2. Seasonal distribution of RSV-A and RSV-B in adults with fever and respiratory illness. RT-
PCR analysis was used to detect the RSV-A and RSV-B subgroups in clinical samples. Numbers of
RSV-A and RSV-B positive samples and percentage of total detection rate of RSV are shown for each

indicated month.

infection when they first sought medical care at the
Fever Clinic of the Peking Union Medical College Hos-
pital in Beijing, China between May 2005 and
April 2010. This is the first study that characterizes
the incidence of RSV subgroups in Chinese adults
with fever and respiratory illness. The results of this
study indicate that RSV-A accounts for more cases of
RSV infection (55.8%) than RSV-B (44.2%) in the
study population. The ratio of RSV-A in this study is
lower than that reported in Chinese children, in
whom RSV-A accounts for 73.7% of the RSV infections
in Beijing [Deng et al., 2006] and for 79.5% of the

RSV infections in Chongqing [Zhang et al., 2010]. Two
factors may account for this disparity: (1) the subjects
recruited in this study were adult outpatients, where-
as those in other studies were mainly hospitalized
children [Deng et al., 2006; Zhang et al., 2010]; and
(2) samples were collected during different time peri-
ods. Zhang et al. [2010] collected nasopharyngeal aspi-
rates from April 2006 to March 2009, whereas Deng
et al. [2006] collected nasopharyngeal aspirates and
throat swabs from November 2000 to March 2006.
This study also showed that the fluctuating preva-
lence patterns of the RSV subgroups in the study

TABLE I. Demographic and Clinical Manifestations Observed in RSV-Infected Adults

RSV-A RSV-B
(N =43) (N = 29) P values
Age, median (range) 45 (18-83) 46 (20-75) 0.68
Male 19 (44.2%) 13 (44.8%) 0.96
Symptoms and signs
Pharyngeal congestion 40 (93.0%) 26 (89.7%) 0.61
Chills 36 (83.7%) 19 (65.5%) 0.07
Headache 32 (74.4%) 23 (79.3%) 0.63
Myalgia 30 (69.8%) 17 (58.6%) 0.33
Rhinorrhea 26 (60.5%) 17 (58.6%) 0.88
Sore throat 26 (60.5%) 16 (55.2%) 0.66
Cough 23 (563.5%) 18 (62.1%) 0.47
Sneezing 19 (44.2%) 13 (44.8%) 0.96
Expectoration 16 (37.2%) 11 (37.9%) 0.95
Rigors 6 (14.0%) 2 (6.9%) ND*
Swelling of tonsils 3 (7.0%) 3 (10.3%) ND
Abnormal breath sounds on auscultation 1(2.3%) 0 ND
Preliminary clinical diagnosis
Upper respiratory tract infection 36 (83.7%) 24 (82.8%) 0.91
Pulmonary infection 1(2.3%) 2 (6.7%) ND

*ND, The group in which N < 5 was not included in statistical analyses.
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population are similar to the patterns observed in
children worldwide [Coggins et al., 1998; Scott et al.,
2004; Arbiza et al., 2005; Sato et al., 2005; Zlateva
et al., 2007; Shobugawa et al., 2009; Zhang et al.,
2010]. In this study, RSV-A and RSV-B co-circulated
during the 2005-2006 and 2008—2009 seasons. RSV-A
was predominant in the 2006-2007 and 2007-2008
seasons, whereas RSV-B was predominant in the
2009-2010 season. Additionally, RSV infection
appeared with an alternating high and low biennial
rhythm in the study population. Similar rhythms
have been observed in children from Beijing, China
[Deng et al., 2006] and Chile [Avendano et al., 2003].
The dominance of RSV-A and RSV-B has also been
reported to alternate biennially in Japan [Sato et al.,
2005]. A pattern in which RSV-A predominated for
2 years and RSV-B predominated for 1 year was
reported in Chongqing, China [Zhang et al., 2010],
Belgium [Zlateva et al.,, 2007], the United States
[Coggins et al., 1998], and Kenya [Scott et al., 2004].
In Uruguay, two to four consecutive years of RSV-A
predominance were followed by 1 year of RSV-B
predominance [Arbiza et al., 2005]. Similarly, RSV-B
predominance for 1 year was followed by 4 years
of RSV-A predominance in Japan [Shobugawa et al.,
2009].

Reports on differing virulence between RSV-A and
RSV-B are controversial [van Drunen Littel-van den
Hurk and Watkiss, 2012]. It has been shown that
RSV-A is more likely than RSV-B to cause severe dis-
ease in hospitalized infants in two previous studies
[McConnochie et al., 1990; Walsh et al., 1997]. In con-
trast, this study indicates that the clinical manifesta-
tions of RSV-A and RSV-B are very similar in Chinese
adults with fever and respiratory illness. All of the
RSV-positive patients identified in this study had
mild acute respiratory infections. The disparity may
be attributed to the subjects recruited. Hospitalized
infants, who had severe respiratory infection even re-
quiring mechanical ventilation, were recruited in the
two previous studies [McConnochie et al., 1990; Walsh
et al., 1997], whereas only adult outpatients with
fever and acute respiratory illness were investigated
in this study.

Additional caveats in interpreting the results of this
study include the PCR analysis and the study group.
The use of multiplex PCR rather than singleplex PCR
to detect RSV in adults may not be optimal, as viral
titers are considerably lower in adults than in infants.
Limitations in the study population should also be
considered. Because the outpatients could not be
traced, patients who deteriorated due to worsening
RSV infections may have been missed in the study,
possibly resulting in an underestimate of disease
severity. Additionally, due to the small number of
RSV-positive patients in this study, a larger cohort of
patients is needed to characterize the clinical manifes-
tations of infections by each RSV subgroup. Although
these points might be worth noting, they do not
detract from the overall conclusions of this study.
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Despite its limitations, this is the first study that
provides data on the prevalence and clinical manifes-
tations of RSV-A and RSV-B infections in Chinese
adults with fever and acute illness over five successive
epidemic seasons. Although the clinical manifesta-
tions of RSV-A and RSV-B are similar in this study,
RSV-A infection occurs with higher frequency than
RSV-B infection in Chinese adults with fever and
respiratory illness. This research also highlights the
alternating rhythm of RSV-A and RSV-B predomi-
nance and provides baseline data for the surveillance
of RSV infection in China.

ACKNOWLEDGMENTS

We thank the clinicians of the Fever Clinic Depart-
ment of the Peking Union Medical College Hospital
for their assistance in sampling.

REFERENCES

Arbiza J, Delfraro A, Frabasile S. 2005. Molecular epidemiology of
human respiratory syncytial virus in Uruguay: 1985-2001—A
review. Mem Inst Oswaldo Cruz 100:221-230.

Avendafio LF, Palomino MA, Larrafiaga C. 2003. Surveillance for
respiratory syncytial virus in infants hospitalized for acute lower
respiratory infection in Chile (1989 to 2000). J Clin Microbiol
41:4879-4882.

Coggins WB, Lefkowitz EJ, Sullender WM. 1998. Genetic variability
among group A and group B respiratory syncytial viruses in a
children’s hospital. J Clin Microbiol 36:3552—-3557.

Coiras MT, Pérez-Brena P, Garcia ML, Casas I. 2003. Simultaneous
detection of influenza A, B, and C viruses, respiratory syncytial
virus, and adenoviruses in clinical samples by multiplex reverse
transcription nested-PCR assay. J Med Virol 69:132—-144.

Deng J, Qian Y, Zhu R, Wang F, Zhao L. 2006. Surveillance for
respiratory syncytial virus subtypes A and B in children with
acute respiratory infections in Beijing during 2000 to 2006
seasons Chin J Pediatr 44:924-927.

Falsey AR, Walsh EE. 2000. Respiratory syncytial virus infection in
adults. Clin Microbiol Rev 13:371-384.

Guo L, Gonzalez R, Zhou H, Wu C, Vernet G, Wang Z, Wang J.
2012. Detection of three human adenovirus species in adults
with acute respiratory infection in China. Eur J Clin Microbiol
Infect Dis 31:1051-1058.

Huang FL, Chen PY, Shi ZY, Chan CH, Huang SK. 2009.
An unusual respiratory syncytial virus nosocomial outbreak in
an adult psychiatry ward. Jpn J Infect Dis 62:61-62.

Johnstone J, Majumdar SR, Fox JD, Marrie TdJ. 2008. Viral infection
in adults hospitalized with community-acquired pneumonia:
Prevalence, pathogens, and presentation. Chest 134:1141-1148.

Li J, Wang Z, Gonzalez R, Xiao Y, Zhou H, Zhang J, Paranhos-
Baccala G, Vernet G, Jin Q, Wang J. 2012. Atypical prevalence
of human metapneumovirus in adults with acute respiratory
tract infection in Beijing, China. J Infect 64:96-103.

McConnochie KM, Hall CB, Walsh EE, Roghmann KJ. 1990. Varia-
tion in severity of respiratory syncytial virus infections with
subtype. J Pediatr 117:52-62.

Mufson MA, Orvell C, Rafnar B, Norrby E. 1985. Two distinct
subtypes of human respiratory syncytial virus. J Gen Virol 66:
2111-2124.

O’Shea MK, Pipkin C, Cane PA, Gray GC. 2007. Respiratory syncy-
tial virus: An important cause of acute respiratory illness among
young adults undergoing military training. Influenza Other
Respir Viruses 1:193-197.

Peter LC, James EC, Jr. 2007. Respiratory syncytial virus and
metapneumovirus. In: Knipe DM, Howley PM, editors. Fields
virology. 5th edition. Philadelphia: Lippincott Williams &
Wilkins, pp 1626-1627.

Ren L, Gonzalez R, Wang Z, Xiang Z, Wang Y, Zhou H, Li J, Xiao Y,
Yang Q, Zhang J, Chen L, Wang W, Li Y, Li T, Meng X,
Zhang Y, Vernet G, Paranhos-Baccala G, Chen J, Jin Q, Wang J.



Human Respiratory Syncytial Virus Infection in Adults

2009. Prevalence of human respiratory viruses in adults with
acute respiratory tract infections in Beijing, 2005-2007. Clin
Microbiol Infect 15:1146-1153.

Ren L, Gonzalez R, Xu J, Xiao Y, Li Y, Zhou H, Li J, Yang Q, Zhang
J, Chen L, Wang W, Vernet G, Paranhos-Baccala G, Wang Z,
Wang J. 2011. Prevalence of human coronaviruses in adults with
acute respiratory tract infections in Beijing, China J Med Virol
83:291-297.

Ruuskanen O, Lahti E, Jennings LC, Murdoch DR. 2011. Viral
pneumonia. Lancet 377:1264—1275.

Sato M, Saito R, Sakai T, Sano Y, Nishikawa M, Sasaki A,
Shobugawa Y, Gejyo F, Suzuki H. 2005. Molecular epidemiology
of respiratory syncytial virus infections among children with
acute respiratory symptoms in a community over three seasons.
J Clin Microbiol 43:36—40.

Scott PD, Ochola R, Ngama M, Okiro EA, Nokes DJ, Medley GF,
Cane PA. 2004. Molecular epidemiology of respiratory syncytial
virus in Kilifi District, Kenya. J Med Virol 74:344—-354.

Shobugawa Y, Saito R, Sano Y, Zaraket H, Suzuki Y, Kumaki A,
Dapat I, Oguma T, Yamaguchi M, Suzuki H. 2009. Emerging
genotypes of human respiratory syncytial virus subgroup A
among patients in Japan. J Clin Microbiol 47:2475-2482.

353

van Drunen Littel-van den Hurk S, Watkiss ER. 2012. Pathogenesis
of respiratory syncytial virus. Curr Opin Virol 2:300-305.

Walsh EE, McConnochie KM, Long CE, Hall CB. 1997. Severity of
respiratory syncytial virus infection is related to virus strain.
J Infect Dis 175:814-820.

Xiang Z, Gonzalez R, Wang Z, Xiao Y, Chen L, Li T, Vernet G,
Paranhos-Baccala G, Jin Q, Wang J. 2010. Human rhinoviruses
in Chinese adults with acute respiratory tract infection. J Infect
61:289-298.

Xiang Z, Richard G, Wang Z, Ren L, Xiao Y, Li J, Vernet G,
Paranhos-Baccala G, Jin Q, Wang J. 2012. Coxsackievirus A21,
enterovirus 68 and acute respiratory tract infection, China.
Emerg Infect Dis 18:821-824.

Zhang ZY, Du LN, Chen X, Zhao Y, Liu EM, Yang XQ, Zhao XD.
2010. Genetic variability of respiratory syncytial viruses (RSV)
prevalent in Southwestern China from 2006 to 2009: Emergence
of subgroup B and A RSV as dominant strains. J Clin Microbiol
48:1201-1207.

Zlateva KT, Vijgen L, Dekeersmaeker N, Naranjo C, Van Ranst M.
2007. Subgroup prevalence and genotype circulation patterns of
human respiratory syncytial virus in Belgium during ten succes-
sive epidemic seasons. J Clin Microbiol 45:3022-3030.

J. Med. Virol. DOI 10.1002/jmv



