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Original Research

Human respiratory syncytial virus (RSV) is one of the 
most common causes of severe acute respiratory 
infection (SARI) among children worldwide. 

Most children have at least one episode of RSV infection 
by the age of 2 years, and 5% of these cases require 
hospitalization.1 RSV belongs to the recently defined 
family Pneumoviridae, genus Orthopneumovirus, and 
consists of a single-stranded, negative-sense RNA 
genome packaged in a lipid envelope. It has about 15.2 kb 
and contains 10 genes encoding 11 viral proteins. The 
external glycoproteins F and G are the two primary 
antigens for viral attachment and make a syncytial form.2 
The G protein, especially in the second hypervariable 
region (HVR), is highly genetically diverse and under 
selection pressure, and thus is used for the molecular 
characterization of RSV strains.3

RSV is classified into two subgroups – RSV-A and 
RSV-B – based on the difference in the second HVR of 
the G gene. Currently, RSV-A is divided into 12 genotypes 
(GA1–7, SAA1, NA1–2, ON1–2), and RSV-B is divided 
into 32 genotypes (GB1–5, BA1–14, SAB1–4, URU1–2, 
NZB1–2, BA-CCA, BA-CCB, BA-C, CBB, CB1).4 In many 
countries, the predominant genotypes are RSV-A ON1, 
with a 72-nucleotide duplication in the HVR of the G 
gene, and RSV-B BA, with a 60-nucleotide duplication in 
the HVR of the G gene.5

RSV infections range in severity from common cold 
symptoms to severe, acute symptoms, including pneu-
monia or bronchiolitis requiring hospitalization. It has 
been estimated that 2.8–4.3 million children with RSV 
infection are admitted to hospital each year worldwide, 
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Objective: Human respiratory syncytial virus (RSV) is a primary cause of paediatric severe acute respiratory infection (SARI) 
worldwide, especially in developing countries. We investigated the genetic characteristics of RSV in northern Viet Nam to 
determine the prevalence and distribution of subtypes as well as the diversity and transmission patterns of genotypes.

Methods: In two facilities, from January 2017 to December 2020, 1563 clinical specimens were collected from paediatric 
patients hospitalized with SARI and tested for RSV. Selected positive samples underwent sequencing analysis targeting the 
second hypervariable region of the G gene using next-generation sequencing.

Results: The RSV positivity rate was 28.02% (438/1563 samples), and prevalence was highest in children aged <1 year 
(43.84%; 192/438). Subtype RSV-A accounted for 53.42% (234/438) of cases, RSV-B for 45.89% (201/438), and there 
was coinfection in 0.68% (3/438). Both subtypes cocirculated and peaked during August–September in each year of the 
study. Phylogenetic analysis showed that RSV-A samples belonged to the ON1 genotype, which has three subgenotypes: 
ON1.1, ON1.2 and ON1.3. However, we did not find the 72-nucleotide duplication in the second hypervariable region of the 
G gene, a characteristic of genotype ON1, in any RSV-A samples. RSV-B samples belonged to genotype BA9.

Discussion: Our results provide additional molecular characterization of RSV infections in Viet Nam. Specially, our study is 
the first to report the absence of the 72-nucleotide duplication in the G gene of RSV-A genotype ON1 in Viet Nam, which 
may help in understanding the genetic evolution of RSV and be useful for vaccine development in the future.
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Screening and subtyping

Viral RNA was extracted directly from the specimens 
using the QIAamp Viral RNA Mini Kit (QIAGEN, Hilden, 
Germany), according to the manufacturer’s instructions. 
All samples were screened for RSV using real-time re-
verse transcription–polymerase chain reaction (RT-PCR), 
with primer and probe sequences following the protocol 
of the United States Centers for Disease Control and 
Prevention.10 Subtyping of the RSV strains was achieved 
using publicly available primers and probes based on the 
highly conserved genomic regions on the N gene for the 
subgroups RSV-A and RSV-B.11 SuperScript III Platinum 
One-Step qRT-PCR reagent (Invitrogen, ThermoFisher 
Scientific, Waltham, MA, USA) was used with a thermo-
cycler appropriate to each protocol.

Sequencing the second highly variable region 
of the G gene

Specimens that were positive for RSV were selected for 
sequencing by subtype, age, sex, collection year and 
hospital. Viral RNA for screening and subtyping was 
transcribed to copy DNA using the SuperScript IV First-
Strand synthesis system (Invitrogen). Conventional 
PCR targeting of the second HVR was performed using 
Platinum SuperFi II Green PCR Master Mix (Invitrogen) 
and primers as described by Hibino et al.12

PCR products were purified with ExoSAP-IT PCR 
Product Cleanup Reagent (ThermoFisher Scientific) and 
diluted to 0.2 ng/μL. The library used for sequencing 
followed the protocol of the Nextera XT DNA Library 
Preparation Kit (Illumina, San Diego, CA, USA). The final 
concentration of the library was 60 pM for elution into 
the cartridge of the Illumina iSeq 100 System.

Phylogenetic tree and genotyping analyses

Sequencing data were primarily analysed using CLC 
Genomics WorkBench v. 11.0 (QIAGEN). First, the 
FASTQ file was quality controlled, and then the low-
quality sequences and the noise in the 3′ and 5′ 
terminals were trimmed. After trimming, all reads were 
mapped with representative subtype references to 
create final consensus. The nucleotide and amino acid 
substitutions of the second HVR of all RSV-A and RSV-B 
strains in this study were compared with, respectively, 
those of the prototype lineage ON1 (GenBank acces-

and approximately 66 000–199 000 children aged 
<5 years die, particularly in developing countries.6 Human 
RSV has a seasonal epidemic pattern similar to that of 
influenza. In Europe, northern Asia and North America, 
the seasonal RSV epidemic occurs in the winter and early 
spring months.7 By contrast, in tropical countries, RSV 
cases are seen year-round and peak during the rainy 
season or in the months with the lowest temperatures 
and highest rainfall.8

Research on RSV in Viet Nam has been limited, 
mostly completed before 2016 and focused on coinfec-
tions with other respiratory pathogens. Surveillance data 
show that RSV usually occurs in the winter, when the 
temperature in the northern region is lowest.9 However, 
that research spanned only 1–2 years, and the majority of 
research was conducted in central and southern Viet Nam. 
The objective of this study was to analyse the circulation 
of RSV in northern Viet Nam during 2017–2020 and 
to investigate the genetic variability of the second HVR 
of the G gene to characterize the evolution of RSV in  
Viet Nam.

METHODS

Sample collection

The study was conducted from January 2017 to  
December 2020 in a paediatric hospital in Hanoi and a 
general hospital in Quang Ninh province. Children aged  
<16 years who were admitted with SARI were enrolled. 
The definition of SARI followed World Health Organization 
guidelines: fever of ≥38 °C, cough, onset of symptoms 
within the past 10 days and illness requiring hospitaliza-
tion.9 Written consent for study enrolment was obtained 
from children’s parents or legal guardians. Demographic 
data were recorded on a surveillance questionnaire.

Specimens of nasopharyngeal aspirate and nose–
throat swabs were collected from children with SARI 
1 day after hospital admission. A maximum of 10 new 
children were selected weekly for specimen collection in 
each hospital. Specimens were stored in a viral transport 
medium at −20 °C until they could be transferred to the 
National Institute of Hygiene and Epidemiology for test-
ing. All samples were collected for routine surveillance of 
respiratory viruses under Decision No. 4608/QD-BYT of 
the Ministry of Health, Viet Nam, which governs ethical 
conduct during research, among other areas.
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was about four times higher than that in the group aged  
>5 years (P <0.05). Although RSV positivity in males 
was higher than in females, this difference was not sig-
nificant (Table 1).

Prevalence of RSV subtypes and genotypes

Both RSV subtypes cocirculated between 2017 and 
2020. During 2017 and 2018, there were similar propor-
tions of each subtype, at around 50%. Conversely, during 
2019 and 2020, RSV-A and RSV-B circulated alternately, 
with RSV-B predominant in 2019 and RSV-A in 2020. 
In 2017, 3/185 patients (1.62%) were coinfected with 
both subtypes (Table 1). During the study period, there 
was no significant difference in the rate of infection with 
RSV-A or RSV-B.

The frequency of RSV infection increased beginning 
every July (month 7), peaking at approximately 40% of 
tested samples in August–September (months 8 and 
9), then falling for the rest of the year (Fig. 1). In 2017 
and 2018, there was cocirculation of both subtypes of 
RSV, with peaks in August of both years. A similar time 
trend was seen in 2019, although RSV-B predominantly 
circulated. In contrast, in 2020, infection with RSV-A 
accounted for the highest proportion of cases, while the 
rate of infection with RSV-B was almost unchanged dur-
ing the peak period.

Altogether, 105 sequences of the second HVR 
of the G gene were obtained. Phylogenetic analysis 
revealed that all Vietnamese RSV-A strains (n = 55) 
belonged to the ON1 genotype (Fig. 2a) and clustered 
with RSV sequences from Italy, Myanmar, Taiwan (China) 
and Thailand. ON1 samples identified in Viet Nam 
during the 2017–2020 seasons were located in three 
lineages: ON1.1, ON1.2 and ON1.3. Although the 
phylogenetic tree characterized Vietnamese RSV-A as be-
longing to genotype ON1, these sequences did not have  
the 72-nucleotide duplication between amino acids 284 
and 307 (GQEETLHSTTSEGYLSPSQVYTTS) (Fig. 3a).

Most of the Vietnamese sequences had the amino 
acid substitution N255D (24/55) or E262K (10/55), 
both of which are characteristic of strains belonging to 
subgenotype ON1.2. Moreover, the specimens in sub-
genotype ON1.1 shared the same substitutions: H258Q 
and H266L. Only one substitution, Y304H, was seen in 
several strains in both the ON1.1 and ON1.2 lineages. 

sion number JN257693) and BA9 (GenBank accession 
number AY333364).

Phylogenetic trees of the G gene’s second HVR 
were generated using maximum likelihood estima-
tion with MEGA (Molecular Evolutionary Genetics 
Analysis) v. 10 software (https://www.megasoftware.net/). 
Bootstrap probabilities were calculated with 1000 repli-
cations to evaluate confidence estimates. Genotypes were 
assigned with a 72-nucleotide duplication in RSV-A and  
60-nucleotide duplication in RSV-B in the second HVR, 
as in ON1 and BA, respectively. Known genotype se-
quences from other countries were used as references for 
more accuracy. Subgenotypes for RSV-A and genotypes 
for RSV-B were identified using reference sequences 
from, respectively, Myanmar and Taiwan (China).5,6 
All Vietnamese RSV sequences were submitted to the 
Global Initiative on Sharing All Influenza Data (GISAID)
database (accession numbers EPI_ISL_16051837 to 
EPI_ISL_16051941).

Statistical analyses

Patients’ information and test results were imported 
into Filemaker Pro software (Claris, Apple, Cupertino, 
CA, USA). These data were stored and analysed by the 
National Institute of Hygiene and Epidemiology. Stata v. 
14 (StataCorp, College Station, TX, USA) and Microsoft 
Excel software (Microsoft, Redmond, WA, USA) were 
used for testing epidemiological characteristics and 
graphing RSV surveillance data. P values <0.05 were 
considered statistically significant.

RESULTS

Circulation of RSV

During the study period (2017–2020), 1563 specimens 
were collected and 438 (28.02%) tested positive for 
RSV. The number of samples in each year was not similar, 
with the highest number in 2017 (512) and the lowest in 
2020 (263). The RSV positivity rate in 2017 was much 
higher than the rate in other years, at 36.13% (Table 1). 
The difference in the rate of RSV screening each year was 
statistically significant (P <0.05).

The highest numbers of positive cases occurred in 
children aged <1 year and those aged 1 to <2 years. 
The rate of RSV positivity in the youngest age group 
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Mongolia and Taiwan (China) and shared six substitutions 
(L223P, S247P, T254I, T2701, V271A, I281T).

DISCUSSION

In this study, we investigated the circulation of RSV 
and its genotypic variations in the second HVR during 
2017–2020 in northern Viet Nam. The RSV prevalence 
in children with SARI was 28.02% during these 4 years. 
This rate was similar to that in Myanmar (24.5%),6 but 
higher than that in China (16%)13 and Thailand (13.2%),14 
and lower than in Brazil (56%).1 The rate of RSV infection 

All RSV-A specimens in subgroup ON1.3 had one major 
amino acid substitution: L274P.

The results of the phylogenetic tree for the 50 RSV-B 
samples showed that they belonged to the BA9 genotype 
(Fig. 2b). All Vietnamese sequences had the insertion 
of a 60-nucleotide duplication, which means that 20 
amino acids (TERDTSTSQSTVLDTTTSKH) were inserted 
in positions 260–279 (Fig. 3b). The Vietnamese BA9 
viruses had two different G protein lengths, of 312 and 
319 amino acids. All Vietnamese RSV-B sequences were 
in the same group as sequences from Argentina, England, 

Table 1. Number of samples tested for respiratory syncytial virus (RSV), positivity rate, subtype prevalence and 
distribution of RSV-positive cases by age group and sex in paediatric cases of severe acute respiratory 
infection, two sentinel sites in northern Viet Nam, 2017–2020

Characteristic
Yeara

2017 2018 2019 2020 2017–2020

No. of samples tested

Total
512/1563
(32.76)

420/1563
(26.87)

368/1563
(23.54)

263/1563 
(16.83)

1563/1563
(100)

RSV+
185/512
(36.13)

109/420 
(25.95)

77/368
(20.92)

66/263
(25.10)

438/1563
(28.02)

RSV−
327/512
(63.87)

311/420
(74.05)

291/368
(79.08)

197/263
(74.90)

1125/1563
(71.98)

Subtype

No. of subtyped 
samples

185/185
(100)

109/109
(100)

77/77
(100)

66/66
(100)

438/438
(100)

RSV-A
99/185
(53.51)

59/109
(54.13)

30/77
(38.96)

45/66
(68.18)

234/438
(53.42)

RSV-B
83/185
(44.86)

50/109
(45.87)

47/77
(60.26)

21/66
(31.82)

201/438
(45.89)

RSV-A and 
RSV-B

3/185
(1.62)

0/109
(0)

0/77
(0)

0/66
(0)

3/438
(0.68)

Age (years) of RSV+ cases 

<1
118/185
(63.78)

54/109
(49.54)

9/77
(11.54)

11/66
(16.67)

192/438
(43.84)

1 to <2
44/185
(23.78)

40/109
(36.70)

13/77
(16.67)

23/66
(34.85)

120/438
(27.40)

2 to <5
16/185
(8.65)

13/109
(11.93)

26/77
(33.33)

25/66
(37.88)

80/438
(18.26)

≥5
7/185
(3.78)

2/109
(1.83)

29/77
(37.66)

7/66
(10.61)

46/438
(10.50)

Sex of RSV+ cases

Male
117/185
(63.24)

64/109
(58.72)

40/77
(51.28)

36/66
(54.55)

257/438
(58.67)

Female
68/185
(36.76)

45/109
(41.28)

37/77
(48.05)

30/66
(45.45)

181/438
(41.32)

RSV: respiratory syncytial virus.
a Values are numbers (%).
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and RSV-B in eight seasons, while neither reached 
60% in the remaining six seasons.17 In 2017, RSV-A 
predominated in Argentina (91% of samples) and the 
United Kingdom of Great Britain and Northern Ireland 
(62.5%), while RSV-B predominated in Australia (75%), 
India (98%), South Africa (64.4%) and Thailand (57%).8 
These results show no clear patterns in dominant subtype 
by season or geography, and highlight the need for more 
countries to collect data on subtypes to better understand 
their global circulation.

The coronavirus disease (COVID-19) pandemic not 
only led to a worldwide health crisis but also had a great 
impact on the circulation of other respiratory viruses, 
including RSV. According to a report from New Zealand, 
the number of paediatric hospitalizations for SARI and the 
number of single RSV or influenza infections decreased 
significantly during the pandemic.18 In Thailand, the 
seasonal RSV peak was delayed by 2 months in 2020,19 

and in the Republic of Korea, the rates of RSV and influ-
enza positivity were close to zero in the first half of the 
2020–2021 season, their seasonal peak.20 However, in 
the 2020 season in Viet Nam, the rate of RSV positivity 
was 25.1%, with RSV-A predominant and peaking in 
September. By comparison, morbidity from RSV-B was 
stable at around 10%. In 2020, the prevalence of RSV 
did not change much despite the COVID-19 pandemic. 
The Government of Viet Nam had implemented strict 

in children in central Viet Nam during 2007–2012 was 
26.8%,15 whereas SARI specimens from five representa-
tive locations in Viet Nam during 2012–2016 showed 
that the rate of RSV positivity was 22.8%.16 The RSV 
positivity rate among paediatric patients in Viet Nam 
seemed to fluctuate at around 20–30%, depending on 
the study location and time of sample collection.

These studies showed diversity in the rate of RSV 
positivity by age. In our study, the difference in RSV posi-
tivity was statistically significant between children <2 
years and those >5 years. This means that children <2 
years have a higher risk of infection than those >5 years 
(P <0.05). This trend was also seen in other research, 
where the strongest risk factor for RSV infection was 
age.13

Some previous studies have found no correlation 
between subtypes and circulation or disease sever-
ity, whereas others have shown that RSV-A was more 
common and virulent than RSV-B.1 In Viet Nam, there 
has not been much reporting on the surveillance of RSV 
subtypes. During our study, RSV-A and RSV-B circulated 
in parallel during 2017–2020, and cocirculated during 
the first 2 years. In one analysis of the Netherlands, New 
Zealand, Portugal and South Africa, out of 24 seasons 
during 2010–2019 with RSV subtype data available, 
RSV-A showed at least 60% dominance in 10 seasons 

Fig. 1. Number of samples tested and proportion positive for respiratory syncytial virus (RSV) subtypes A and 
B and coinfection with RSV-A and RSV-B in paediatric cases of severe acute respiratory infection, two 
sentinel sites in northern Viet Nam, 2017–2020
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Fig. 2. Phylogenetic analysis of the second hypervariable region of the G gene in Vietnamese respiratory 
syncytial virus (RSV) subtypes (a) A and (b) B from paediatric cases of severe acute respiratory infection, 
two sentinel sites in northern Viet Nam, 2017–2020a

a b 

a Reference sequences of known genotypes of RSV detected during the 2017, 2018, 2019 and 2020 seasons are indicated in, respectively, purple, brown,  
   green and blue.
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was classified based on the phylogenetic tree. The ON1 
genotype was first identified in Canada in 2010, with 
a 72-nucleotide insertion in the second HVR of the G 
gene.6 This genotype subsequently spread rapidly across 
the world. However, in this study, the strains that lost 
the 72-nucleotide duplication in the second HVR of the 
G gene were still classified as RSV-A ON1. These results 
differ from most previous research,3,4 which found that 
the ON1 strain had a duplication region in the second 
HVR of the G gene.

Analysis of worldwide nucleotide sequences of the 
second HVR and the complete G gene have suggested 
a high similarity between the ON1 and NA1 genotypes  
(p-distance = 0.029).22 Therefore, phylogenetic tree 
analysis indicated that ON1 does not constitute a separate 
genotype from NA1. ON1 was within the NA1 genotype 
despite showing distinct genetic characteristics, including 
the 72-nucleotide duplication. The lost duplication region in 
our RSV sequences was identified as belonging to the ON1 

border control measures to limit the spread of COVID-19, 
resulting in only 1551 confirmed cases and 35 deaths 
reported nationally by late January 2021, most of them in 
southern Viet Nam.21 Business operations, manufactur-
ing, travel and study were not greatly affected. Children 
attended school on-site for the entire academic year, 
except for 2 weeks of lockdown in April 2020. Although 
the number of samples tested for RSV was low during 
the first half of 2020 due to the public’s avoidance of 
hospitals caring for COVID-19 patients, the percentage of 
positive samples was largely unchanged throughout the 
year (Fig. 1), suggesting that the COVID-19 pandemic 
may have only weakly affected RSV prevalence in north-
ern Viet Nam. However, our study period included only 
the first year of the pandemic; RSV data from subsequent 
years of the pandemic should be analysed as well.

The molecular epidemiological testing conducted 
in this study showed that the predominant RSV-A 
subtype was associated with the ON1 genotype, which 

a Identical amino acids are indicated by dots. The stop codon is indicated by an asterisk. The boxed areas indicate the duplication regions.

Fig. 3. Alignment of deduced amino acids of representative samples of Vietnamese respiratory syncytial virus 
(RSV) (a) subtype A genotype ON1 compared with prototype lineage JN257693 (GenBank accession 
number) and (b) RSV-B genotype BA9 compared with prototype lineage AY333364 from paediatric 
cases of severe acute respiratory infection, two sentinel sites in northern Viet Nam, 2017–2020a
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genomic sequencing is necessary to further analyse the 
molecular characteristics of RSV in northern Viet Nam.

The 28.02% RSV positivity rate among paediatric 
SARI cases in the present study was similar to rates 
found in Viet Nam previously. Children <1 year had 
the highest positivity rate. RSV circulated year-round 
and reached a peak of nearly 40% sample positivity 
during August–September every year. Both RSV-A and 
RSV-B were seen during 2017–2020, with RSV-B 
predominant in 2019 and RSV-A predominant in 2020. 
RSV-A sequences belonged to genotype ON1 in three 
lineages (ON1.1, ON1.2, ON1.3), and RSV-B sequences 
belonged to genotype BA9. Although all Vietnamese 
RSV-A samples in this study were genotype ON1, they 
did not have the 72-nucleotide duplication in the second 
HVR of the G gene, which differentiates them from find-
ings in previous research in Viet Nam. This is the first 
report of the new ON1 genotype without the duplication 
in Viet Nam.
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