
Epidemiological features and genetic variation of human respiratory
syncytial virus (HRSV) infection in Chungnam, Korea.

Kwisung Park1#, Donguk Kim1,2#, Jeongmin Seong3, Inchul Shin1, Jayoung Hong1, Seongmin Park1,
Shien-Young Kang2, Hyekyung Lee4*

1Chungcheongnam-Do Health and Environment Research Institute, Daejeon, Korea
2College of Veterinary Medicine, Chungbuk National University, Cheongju, Korea
3Department of Dental Hygiene, College of Health Science, Kangwon National University, Samcheok, Korea
4Department of Nursing, College of Nursing and Health, Kongju National University, Gonju, Korea
#These authors contributed equally to this work

Abstract

We investigated the epidemiological patterns and genetic variation of Human Respiratory Syncytial
Virus (HRSV) isolated from Chungnam, Korea, during 2011-2014. It was screened 3,531
nasopharyngeal aspirate samples from patients with acute respiratory symptoms for HRSV and other
respiratory viruses by real-time reverse-transcription polymerase chain reaction. Temporal distribution
of the HRSV epidemic showed seasonal prevalence for early winter and mainly founded in children’s
less than 3 years of age. Ninety-two (29.8%) HRSV-positive patients were co-infected with other
respiratory viruses including human rhinovirus, adenovirus, and human bocavirus. In phylogenetic
analysis of the isolated strains based on G-protein gene sequences, only one isolate (CN-
A013-11/07-2011/Korea) was the GA5 genotype, 17 were the NA1 genotype, and all strains isolated after
2012 belonged to the ON1 genotype among the 47 HRSV-A strains. All 18 HRSV-B strains isolated in
this study belonged to the BA4 genotype. Continued studies on HRSV epidemiology and genetic
diversity of circulating HRSV isolates are necessary to facilitate the development of efficacious vaccines
and antiviral agents.
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Introduction
Human Respiratory Syncytial Virus (HRSV) is the second
most common cause of acute respiratory infection in infants
and young children, and is found mainly from late fall to spring
in temperate countries [1,2]. Most infants experience HRSV
infection in the first year of life, and nearly all are infected by 2
years of age [3]. HRSV, a member of the Pneumovirus genus
of the Paramyxoviridae family, was first identified in 1956 [4].
The enveloped HRSV has a negative-sense, non-segmented
single-stranded RNA genome that encodes for 11 distinct
proteins, including Fusion Protein (F-protein) and attachment
(G-protein) Glycoproteins that are capable of binding host cell
receptors and are often targeted by the body’s antibody
responses [5]. HRSV strains are classed into 2 major
genogroups (A and B) based on the G-protein gene sequence,
which is the main site of diversifying selection in the genome.
As such, molecular analysis of the G-protein gene has been
used to determine the HRSV genotype and to characterize
diversity in HRSV strains [6,7]. Based on this method, HRSV-

A is divided into 11 genotypes (e.g., GA1-7, SAA1, NA1-2,
and ON1) and HRSV-B into 23 genotypes (e.g., GB1-4,
SAB1-4, URU1-2, BA1-12, and THB). Various viral genotypes
co-circulate in epidemic seasons, but a new genotype can
replace previously dominant strains [1,8]. Since no HRSV
vaccine is currently available, the on-going regional
surveillance and molecular characterization of circulating
HRSV strains are necessary for vaccine and antiviral agent
development [9]. In this study, we report an overview of the
epidemiology and genetic diversity of HRSV isolates
circulating within Chungnam, Korea, during a 4-year period
from 2011 to 2014.

Materials and Methods

Sample collection
The samples used in this study were collected under the
guidelines of the Korea Influenza and Respiratory Viruses
Surveillance System with written informed consent. Between
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January 2011 and December 2014, a total of 3,531
nasopharyngeal specimens were obtained from patients
presenting with symptoms of acute respiratory tract disease
admitted to the local hospital in Chungnam province, Korea.
Nasopharyngeal swabs were collected in 3 mL of universal
viral transport medium (BD, Maryland, USA) and stored at
-70ºC prior to analysis.

Figure 1. Seasonal distribution of HRSV incidence. Data represent
the rate of HRSV infection in Chungnam, Korea, between 2011 and
2014.

Figure 2. Age distribution of HRSV cases in Chungnam, Korea, from
2011 to 2014.

Real-time reverse transcription (RT) polymerase
chain reaction (PCR)
Viral RNA was extracted from nasopharyngeal specimens
using the Maxwell 16 Viral Total Nucleic Acid Purification kit
(Promega, Madison, USA) per the manufacturer’s instructions.
Viral RNA was eluted in 50 μL of elution buffer and stored at
-70ºC. Samples were screened for the presence of 14 common
viral respiratory pathogens with the following manufacturer’s
instructions by commercial real-time PCR kit (Kogene
Biotech; Seoul, Korea); Adenovirus (ADV), Human Bocavirus
(HBoV), Parainfluenza Virus (PIV) Type 1/2/3, Human
Metapneumovirus (HMPV), Human Coronavirus (HCoV)
229E/OC43/NL63, Human Rhinovirus (HRV), influenza A/B
and HRSV A/B.

RT-PCR and sequencing
HRSV-A and B positive RNA samples were subjected to G-
protein gene amplification by RT-PCR using the Access RT-
PCR system (Promega, Madison, USA) per the manufacturer’s
instructions with the following published primer sets: ABG490

located in the G-protein region (5'-
ATGATTWYCAYTTTGAAGTGTTC-3') and F164 located in
F-protein region (5'-GTTATGACACTGGTATACCAACC-3')
[10]. RT-PCR was conducted under the following conditions:
RT at 45ºC for 45 min and PCR at 95ºC for 5 min, 35 cycles
(94ºC for 45 sec, 50ºC for 45 sec and 72ºC for 1 min) and 72ºC
for 7 min.

PCR products were purified using the QIA quick PCR
purification kit (Qiagen, Germany). Purified DNA was added
in a reaction mixture containing 2 μL of Big Dye terminator
reaction mix (ABI Prism Big Dye Terminator Cycle
Sequencing Kit; Perkin-Elmer Applied Bio systems, USA) and
2 pmol of sense or antisense primer. Sequencing reactions were
subjected to initial denaturation at 94ºC for 1 min and 25
cycles consisting of 94ºC for 10 sec, 50ºC for 5 sec, and 60ºC
for 4 min in a Gene Amp PCR system 2700 (Applied Bio
systems). PCR products were purified by precipitation in 100%
cold ethanol and 3 M sodium-acetate (pH 5.8) and then loaded
on an automated 3100 Genetic Analyser (Applied Bio
systems).

Figure 3. Total portion of patients co-infected with other respiratory
viruses in Chungnam, Korea, during 2011-2014.

Phylogenetic analysis
G-protein gene sequences for 47 HRSV-A isolates and 18
HRSV-B isolates were compared with the reference sequences
using Clustal W version. 2.1 [11]. Phylogenetic relationships
among the isolates and reference strains were determined using
MEGA software version. 6.0. Maximum composite likelihood
was used as the substitution method, followed by the
neighbour-joining method to reconstruct the phylogenetic tree
[12]. The reliability of the constructed phylogenetic tree was
determined by bootstrap re-sampling of 1,000 replicates.

Nucleotide sequence accession numbers
The HRSV candidate sequences reported here were deposited
in the GenBank sequence database: accession numbers
KU681134-KU681172, KU245519-KU245529, and
KU724059-KU724073.
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Figure 4. Phylogenetic analysis of the G protein second variable
region in HRSV-A isolates. G protein nucleotide sequences (255 bp)
of HRSV-A isolates were assessed for genetic variation. Strains
isolated in this study are indicated with a square and named
according to the sampling locality (CN: Chungnam), genotype, the
number of the isolate and the year of isolation (shown as two digits).
Only bootstrap values >70% are shown. Bar shows a genetic
distance of 0.02 and 0.01, respectively.

Results

Epidemiological features of HRSV
The current study investigated the epidemic patterns and
genetic diversity of HRSV isolates circulating within
Chungnam, Korea, from 2011 to 2014. For this, 3,531 samples
were obtained from patients presenting with acute respiratory
symptoms, under the guidelines of the Korea Influenza and
Respiratory Viruses Surveillance System. HRSV-positive
isolates were subjected to G-protein gene sequencing and
analysis. A total of 309 HRSV strains were identified: 92
isolates in 2011, 84 isolates in 2012, 91 isolates in 2013, and

42 isolates in 2014 as shown in Table 1. In this period, the
annual peak of HRSV infection occurred during the early
winter season, with incidences peaking from September to
December (16.8%-31.9%) and high incidence being noted in
November (31.9%) as shown in Figure 1. The majority of
patients infected with HRSV were children under 3 years of
age, accounting for 89.3% of all cases: 9.1% for infants aged 0
year, 36.6% for infants aged 1 year, 30.4% for children aged 2
years, and 13.2% for children aged 3 years as shown in Figure
2. The male-to-female ratio of infected individuals was 1.27:1.
Co-infection with other respiratory viruses was detected in 92
patients (29.8%), and included HRV (46 samples), ADV (24
samples), HBoV (12 samples), HCoV (6 samples), and PIV (4
samples) as shown in Figure 3.

Figure 5. Phylogenetic analysis of the G protein second variable
region in HRSV-B isolates. G protein nucleotide sequences (327 bp)
of HRSV-B isolates were assessed for genetic variation. Strains
isolated in this study are indicated with a square and named
according to the sampling locality (CN: Chungnam), genotype, the
number of the isolate and the year of isolation (shown as two digits).
Only bootstrap values >70% are shown. Bar shows a genetic
distance of 0.02 and 0.01, respectively.

Phylogenetic analysis of HRSV-A and B
Sixty-five partial G-protein nucleotide sequences from isolates
obtained in this study were used to construct phylogenetic trees
(HRSV-A and -B) with reference strains deposited in the
GenBank database as shown in Figure 4. In the HRSV-A
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phylogenetic analysis, 255 bp G-protein nucleotide sequences
from 47 randomly selected strains were used to construct a
phylogenetic tree with 30 references of the same type obtained
from GenBank database. The HRSV-A strains were
categorized into 11 distinct genetic groups, which were
supported by high bootstrap values and previously reported
clusters, including GA1-7 [3,13], NA1-2 [1], SAA1 [14], and
ON1 [15]. Specifically, the 47 HRSV-A strains isolated in our
study belonged to three previously defined clusters, GA5 (1
isolate), NA1 (17 isolates), and ON1 genotypes (29 isolates).
Of note, strains isolated in 2011 showed an 8.8-12.2% and
10.1-18.8% nucleotide divergence from the GA5 and ON1
genotypes, respectively.

The HRSV-B phylogenetic analysis used 327 bp G-protein
nucleotide sequences from 18 randomly selected HRSV-B to
construct a phylogenetic tree with sequences from 38 reference
strains obtained from the GenBank database as shown in
Figure 5. Strains were categorized into 12 distinct genetic
groups, which were supported by high bootstrap values and
previously reported clusters, including BA1-6 [16], GB1-4
[13], and SAB1-3 [14]. All 18 HRSV-B strains isolated in our
study belonged to BA-4 genotype.

Table 1. The number of RSV detected in Chungnam Korea by age
distribution from 2011 to 2014.

Age No. of samples (Positive number)

2011 2012 2013 2014 Total

No. Rate (%)

0 11 (2) 68 (9) 46 (8) 23 (9) 148 (28) 18.92

1 188 (40) 180 (27) 159 (35) 123 (11) 650 (113) 17.38

2 155 (20) 183 (31) 204 (30) 96 (13) 638 (94) 14.73

3 134 (20) 94 (10) 128 (10) 61 (1) 417 (41) 9.83

4 98 (1) 76 (2) 62 (5) 25 (1) 261 (9) 3.45

5 58 (3) 63 (1) 46 (1) 25 (0) 192 (5) 2.6

6 37 (0) 34 (2) 45 (0) 26 (3) 142 (5) 3.52

7 31 (2) 28 (0) 28 (0) 10 (0) 97 (2) 2.06

8 33 (0) 24 (0) 17 (1) 9 (0) 83 (1) 1.2

9 16 (0) 23 (1) 21 (0) 14 (0) 74 (1) 1.35

10 15 (0) 14 (0) 20 (0) 10 (1) 59 (1) 1.69

Nov-20 42 (2) 64 (0) 42 (0) 69 (0) 217 (2) 0.92

21-40 43 (0) 57 (0) 50 (1) 91 (1) 241 (2) 0.83

41-60 34 (0) 44 (1) 42 (0) 82 (2) 202 (3) 1.49

>60 32 (2) 44 (0) 23 (0) 11 (0) 110 (2) 1.82

Total 927 (92) 996 (84) 933 (91) 675 (42) 3531 (309) 8.75

Discussion
HRSV is a leading cause of acute respiratory syndrome among
children and immunocompromised adults worldwide [17,18].

Of patients presenting with acute respiratory symptoms, 8.75%
were HRSV-positive, the majority of which were less than 3
years of age in this study. Similarly, HRSV infection incidence
was reported to be 8.9% among hospitalized patients in
Thailand [19], with an increased incidence in children less than
5 years of age [9]. Several previous studies demonstrate that
HRSV-associated acute respiratory syndrome occurs mainly
from late fall to winter season [9,20,21], consistent with our
data. Moreover, 92 HRSV-positive patients were co-infected
with additional respiratory viruses, including HRV, ADV,
HBoV, HCoV, and PIV’s. Advances in diagnostic methods
have increased the cases of co-detection, and its clinical
significance should be interpreted cautiously [22].
Phylogenetic analysis of 47 selected HRSV-A isolates revealed
their associations with the previously defined genotypes GA5,
NA1, and ON1. The HRSV GA5 genotype include strains
isolated in Europe, Uruguay, and USA in early 1990’s [23,24],
and only one Korean isolate from our study showed
phylogenetic similarity to this genotype (CN-
A013-11/07-2011/Korea). NA1 genotype strains diverged from
the GA2 genotype, leading to widespread HRSV-A outbreaks
in Niigata, Japan, since 2006 [1] and in Chungnam, Korea, in
2011. Analysis of HRSV-A strains isolated in Ontario, Canada
during winter 2010-2011 delineated separation of the ON1
genotype from NA1 as a result of a 72-nucleotide duplication
in the G-protein C-terminus [15], and this genotype
predominated in Chungnam from 2012 to 2014. HRSV may
evolve with a distinct pattern determined by viral strain, host,
and local characteristics. Particularly, HRSV-A strains with
genetic replacement of the G protein were isolated in the same
region through successive epidemics [25].

All 18 HRSV-B strains isolated in our study belonged to the
BA4 genotype, which harbours 60-nucleotide duplication in
the G-protein gene [26]. The BA1-6 genotypes were classified
in genetic analysis of G-protein in HRSV-B isolates collected
in Buenos Aires, Argentina, in 1999 [26]. BA4 strains have
circulated worldwide since 2001 and display a high mutation
rate [27,28]; thus, the rapid worldwide spread of the BA
genotype may indicate a selective advantage over other
circulating strains [29]. There were distinct lineages of the G
protein among both subgroups A and B between geographic
regions, and it suggested the positive immune selection in the
same region [25].

Recently, it was reported for a vaccine study using HRSV G
protein fragment in order to represent a candidate immunogen
for HRSV vaccine [30]. The analysis of HRSV epidemiology
and G-protein gene variability in the isolates from Chungnam,
Korea revealed the patterns of genetic variation, and therefore
it is believed that this research may be useful in the future
development of vaccines and anti-viral therapies against HRSV
infection.
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