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Abstract

Objective: In this study, we aimed to investigate the clinical epidemiology of lower respiratory

tract infections with different respiratory syncytial virus (RSV) subtypes in hospitalized children in

Suzhou and their correlation with climatic and environmental factors.

Method: In this retrospective cross-sectional study, we collected nasopharyngeal secretion

samples from children hospitalized with acute lower respiratory tract infection. We collected

the clinical data of children with RSV infection, and compared and analyzed their epidemiological

characteristics.

Results: RSV-B was the dominant strain in 2016. In 2018, RSV-A was the dominant strain. The

positive detection rate of RSV-A was negatively correlated with monthly mean temperature,

monthly mean wind speed, total monthly rainfall, and O3 concentration and positively correlated

with PM2.5, PM10, and NO2, SO2, and CO concentrations. The positive detection rate of RSV-B

was negatively correlated with monthly average temperature, monthly total rainfall, monthly

sunshine duration, and O3 concentration and positively correlated with CO concentration.

Conclusions: RSV-A was the main subtype detected in this study. The positive detection rate of

RSV-A was related to temperature, wind speed, rainfall, PM2.5. PM10, and NO2, SO2, CO, and O3
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concentrations. The positive detection rate of RSV-B was related to temperature, rainfall, sun-

shine time, and O3 concentration.
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Introduction

Respiratory syncytial virus (RSV) belongs
to the Paramyxoviridae family of respirato-
ry viruses. Its envelope is composed of four

proteins related to the lipid bilayer: matrix
protein, hydrophobic small protein, and
two glycosylated surface proteins (F and
G). When F protein binds to the cell sur-

face, conformational changes occur, result-
ing in fusion of the virus with the host cell
membrane. The G protein is a type II gly-
coprotein comprising approximately 300

amino acids (depending on the virus
strain), with a single C-terminal hydropho-
bic domain and a large number of glu-
cans.1,2 According to the genetic

characteristics of the G protein and its
response to antibodies, RSV can be divided
into two different subtypes: RSV-A and
RSV-B.2 The clinical severity of RSV infec-

tion varies. Capillary bronchitis with
wheezing is the main manifestation; howev-
er, severe pneumonia, pleural effusion, and
respiratory failure may occur in severe

cases. In this a retrospective study, we
aimed to retrospectively analyze the clinical
data of children with RSV infection from
2016 to 2018 by subtyping sputum samples.

We sought to summarize the clinical epide-
miological characteristics of the two sub-
types and the correlation between the
different subtypes with climate and environ-
mental factors. Our findings could provide

additional scientific evidence for the pre-
vention and control of RSV as well as
development of an effective vaccine against
RSV infection.

Methods

Patients

In this study, we selected patients according
to the following inclusion criteria: (1) age 1
to 15 years, and (2) clinical diagnosis of
lower respiratory tract infection (LRTI).3

Patients with the following conditions were
excluded: immunodeficiency disease, con-
genital heart disease, severe malnutrition
or anemia, failure to detect the RSV sub-
type, and incomplete baseline data. From
among children meeting the criteria for
selection, 389 were excluded owing to fail-
ure to detect the RSV subtype and incom-
plete baseline data. We randomly selected
RSV-positive children with detailed data,
such as general characteristics and clinical
manifestations, and compared the demo-
graphic and clinical characteristics between
patients infected with two subtypes.

This study was approved by the ethics
committee of Children’s Hospital of
Soochow University (No: 2018LW016:
2018-08-30). After being informed about
the study procedures, parents of the includ-
ed children provided signed informed con-
sent for their child’s participation in the
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study and nasopharyngeal secretion sam-

pling. The reporting of this study con-

formed to the STROBE guidelines.4

Meteorological data collection

Suzhou is located in the northern subtropi-

cal monsoon marine climate zone. It is

warm, humid, and rainy, with an obvious

monsoon season and four distinct annual

seasons. Winter and summer are long

whereas spring and autumn are short. The

annual average temperature is approximate-

ly 17�C, annual precipitation is approxi-

mately 1300mm, the frost-free period is

around 230 days, and there are approxi-

mately 2000 hours of sunshine in Suzhou.

We divided the whole year into four seasons:

winter from January to March, spring from

April to June, summer from July to

September, and autumn from October to

December. As the main seasonal character-

istics, the rainy season in Suzhou occurs

during the transition from spring to

summer, and typhoons are more likely

from the end of summer to early autumn;

the precipitation from March to August

accounts for 63% of the annual rainfall.

The meteorological data from 2016 to

2018 used in this study were obtained from

the Suzhou Meteorological Bureau. The

geographic location of the meteorological

observatory is 120�E and 31�N. The data

included monthly average temperature

(�C), monthly relative humidity (%), total

monthly rainfall (mm), monthly sunshine

(hours), monthly average wind speed

(m/s), and the concentrations of the follow-

ing air pollutants: particulate matter of

aerodynamic diameter less than 2.5mm
(PM2.5; mg/m3), particulate matter of aero-

dynamic diameter less than 10 mm (PM10;

mg/m3), nitrogen dioxide (NO2; mg/m3),

sulfur dioxide (SO2; mg/m
3), ozone (O3; mg/

m3), and carbon monoxide (CO; mg/m3).

Collection of nasopharyngeal secretion
samples

For each patient, a disposable aseptic
sputum aspiration tube was inserted
through the nasal cavity at least 6 cm
below the pharynx to collect samples of
nasopharyngeal secretions. The samples
were diluted with 2mL of sterile normal
saline, mixed with oscillation, and then
sent for testing. After centrifugation, the
pellet was retained and suspended for later
use. Qualified specimens were considered
those with >25 white blood cells/low-
power field and >10 squamous cells/low-
power field, using a fluorescent microscope
(Leica, Germany). All nasopharyngeal
secretions were tested within 24 hours of
hospital admission.

Detection of RSV subtype and other
viruses

An RNA extraction kit was used (Beijing
Tiangen Biochemical Technology Co.,
Ltd.) to extract nucleic acid from nasopha-
ryngeal secretion samples. The extracted
RNA was reverse-transcribed to DNA
with reference to the reverse transcription
reaction system for nucleic acids. The total
reaction conditions were as follows: pre-
denaturation at 65�C for 5 minutes, dena-
turation at 37�C for 60 minutes, and
termination at 70�C for 15 minutes. Then,
real-time reverse transcription polymerase
chain reaction (RT-PCR) was used for
nucleic acid amplification. The primers
and probes (Shanghai Sangon
Bioengineering Co., Ltd.) were as follows.

RSV-AF: 5-AGATCACTTCTGTCA
TCCAGCAA-30,

RSV-AR: 5-TTCTGCACATCATAA
TTAGGAG-30,

RSV-A probes: CACCATCCAACGGA
GCACAGGAGAT,

RSV-BF: 5-AAGATGCAAATCATAA
ATTCACAGGA-30,
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RSV-BR: 5-TGATATCCAGCATCT

TTAAGTA-30,
RSV-B probes: TTTCCCTTCCTAACC

TGGA-CATA.

The reaction conditions of PCR amplifi-

cation were as follows: initial denaturation

at 95�C for 5 minutes, 95�C for 15 s, and

55�C for 30 s for 40 cycles, followed by

37�C for 5 s. The subtype A gene amplifi-

cation target fragment was 277 bp, and the

subtype B gene target fragment was 863 bp.

LightCyler 480 software was used for real-

time data collection and subtype analysis

(Roche, Basel, Switzerland). The positive

determination criterion was an amplifica-

tion curve with a typical S-type. The

number of cycles when the fluorescence

signal in the reaction tube reached a set

threshold was � 40.
Other common respiratory viruses were

detected in nasopharyngeal aspirate speci-

mens using RT-PCR; these included influ-

enza virus A, influenza virus B,

parainfluenza virus (PIV) I, PIV II, PIV

III, and adenovirus, human metapneumovi-

rus, rhinovirus, and human bocavirus.

Statistical analysis

We used IBM SPSS 22.0 software for sta-

tistical analysis of the data (IBM Corp.,

Armonk, NY, USA). Categorical data are

expressed as n (%), and the chi-square test

was used. Measurement data are expressed

as mean� standard deviation or median

with interquartile range. The t-test was

used when the data had a normal distribu-

tion, and the nonparametric test was used

when the data had a non-normal distribu-

tion. Pearson correlation analysis was used

to investigate correlations with climate and

environmental factors that had a normal

distribution; Spearman correlation analysis

was used with a non-normal distribution.

We analyzed the interaction of meteorolog-

ical factors and the inclusion/exclusion of

independent variables using multiple step-
wise regression. A P value< 0.05 indicated
statistical significance.

Results

Epidemiological characteristics of patients
with RSV subtype infection

In this study, 1157 children (718 boys
[62.06%] and 439 girls [37.94%]) hospital-
ized with RSV-induced LRTI at the
Children’s Hospital of Soochow
University, Suzhou, China from January
2016 to December 2018 were included.
The sex ratio was 1.64:1, and the average
age was 5 (2–13) months. Among the 1157
children with RSV infection from January
2016 to December 2018, 699 had RSV-A,
accounting for 60.41%; 458 had RSV-B,
accounting for 39.59%. Among them,
RSV-B was the dominant strain in 2016
(21.6% vs. 45.6%, v2¼ 12.834, P¼ 0.01).
No statistically significant difference was
found in the distribution of the two sub-
types in 2017 (28.8% vs. 39.5%,
v2¼ 2.677). In 2018, RSV-A was the domi-
nant strain (49.6% vs 14.8% v2¼ 27.920,
P< 0.001). Overall, the RSV-A subtype
showed an upward trend, and the RSV-B
subtype showed a downward trend. Both
subtypes had a higher incidence in spring
and winter (91.09%) and the difference in
the distribution between RSV-A and RSV-
B in spring, summer, autumn, and winter
was not statistically significant (v2¼ 1.657,
v2¼ 0.205, v2¼ 0.082, and v2¼ 2.422,
respectively), as shown in Table 1.

The age group with the highest incidence
of RSV-A and RSV-B infection was �3
years, particularly age �6 months. No sta-
tistically significant difference was observed
in the distribution of RSV-A and RSV-B
subtypes for each age group, as shown in
Table 2.

A total of 353 children with LTRI and a
definite RSV subtype classification from
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2016 to 2018 were randomly selected.
Among them, 202 (57.22%) had RSV-A
and 151 (42.78%) had RSV-B. We com-
pared the demographic and clinical charac-
teristics between the two subtypes. No
statistically significant differences were
observed in sex, age, and personal history,
such as birth mode, term, eczema history,
wheezing history, and allergy history
among children with different RSV sub-
types, as shown in Table 3.

Comparison of clinical manifestations

All children with confirmed RSV infection
had clinical manifestations, such as cough,
wheezing, and fever. No statistically signif-
icant difference was observed in clinical
manifestations, prehospital course, and the
duration of hospitalization between chil-
dren with the two RSV subtypes (Table 3).

To further analyze the RSV subtypes and
their correlation with environmental factors,
we used Suzhou Bureau of Meteorology cli-
mate and environmental data for the Suzhou
area during 2016 to 2018 (temperature,
humidity, rainfall, sunshine, wind speed,

PM2.5, PM10, and O3, SO2, NO2, and CO

concentrations). The monthly distribution

of infections with the two RSV subtypes

and climate and environmental factors are

shown in Tables 4, 5, and 6.
The monthly RSV-A positive rate was

negatively correlated with monthly mean

air temperature, monthly mean wind speed,

monthly total rainfall, and O3 concentration

(r¼�0.586, P< 0.001; r¼�0.612,

P¼<0.001; r¼�0.500, P¼ 0.002; and

r¼�0.644, P< 0.001, respectively) and pos-

itively correlated with PM2.5, PM10, and

concentrations of NO2, SO2, and CO

(r¼ 0.664, P< 0.001; r¼ 0.609, P< 0.001;

r¼ 0.725, P< 0.001; r¼ 0.496, P¼ 0.002;

and r¼ 0.632, P< 0.001, respectively).

However, monthly RSV-A positivity was

not correlated with monthly relative humid-

ity and sunshine hours.
We then used multiple stepwise regres-

sion analysis to examine the effect of inter-

action between various climate and

environmental factors. The results sug-

gested that monthly mean temperature

(adjusted R2¼ 0.551, regression coefficient

Table 1. Comparison of the distribution of respiratory syncytial virus (RSV) subtypes RSV-A and RSV-B in
children during different seasons.

RSV-A (n¼ 699) RSV-B (n¼ 458) v2 P value

Spring, n (%) 265 (37.91) 214 (46.72) 1.657 0.252

Summer, n (%) 13 (1.86) 13 (2.84) 0.205 1.000

Autumn, n (%) 45 (6.44) 32 (6.99) 0.082 1.000

Winter, n (%) 376 (53.79) 199 (43.45) 2.422 0.157

Table 2. Comparison of the distribution of RSV-A and RSV-B infection among children of different ages.

Age RSV-A (n¼ 699) RSV-B (n¼ 458) v2 P value

�6 months, n (%) 379 (54.22) 277 (60.48) 0.734 0.475

�1 year, n (%) 115 (16.45) 73 (15.94) 0.000 1.000

�3 years, n (%) 181 (25.89) 96 (21.96) 0.439 0.620

�5 years, n (%) 21 (3.00) 10 (2.18) 0.205 1.000

>5 years, n (%) 3 (0.43) 2 (0.44) 0.000 1.000

RSV, respiratory syncytial virus.
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�0.927, t¼�0.358, P¼ 0.001) and SO2

concentration (adjusted R2¼ 0.895, regres-
sion coefficient 0.527, t¼ 2.704, P¼ 0.011)
had a significant effect on the RSV-A pos-
itive detection rate. The positive RSV-B
detection rate was negatively correlated
with monthly mean temperature, total
monthly rainfall, monthly sunshine dura-
tion, and O3 concentration (r¼�0.573,
P< 0.001; r¼�0.366, P¼ 0.028;
r¼�0.402, P¼ 0.015; and r¼�0.595,
P< 0.001, respectively) and positively cor-
related with the CO concentration
(r¼ 0.554, P< 0.001), but not with monthly
relative humidity, average wind speed,
PM2.5, PM10, and NO2 and SO2 concen-
trations. We conducted multiple regression
analysis to investigate the effect of interac-
tion between various climatic factors on the
results, which suggested that the monthly
mean temperature (adjusted R2¼ 0.572,
regression coefficient �1.051, t¼�1.457,
P< 0.001) and O3 concentration (adjusted
R2¼ 0.505, regression coefficient �0.659,
t¼�2.683, P¼ 0.011) had a significant

effect on the positive detection rate of
RSV-B. The results of regression analysis
for the two RSV subtypes showed that
monthly mean temperature had a signifi-
cant influence on positive detection rates
of the two RSV subtypes, as shown in
Table 7.

Discussion

RSV infection is a common cause of LRTI
in infants and young children.5 It is also the
leading cause of hospitalization for respira-
tory virus infections among children aged
less than 5 years worldwide. 6,7 In this
study, among children hospitalized with
RSV infection from 2016 to 2018, a high
proportion were aged under 1 year. The
age group <6 months accounted for the
highest proportion of patients hospitalized
owing to RSV infection. With increasing
age, the proportion of hospitalized children
with RSV infection was significantly
decreased, indicating that RSV infection
occurred mostly in the age group <6

Table 3. Comparison of general data and clinical manifestations in children infected with respiratory
syncytial virus (RSV) subtypes RSV-A and RSV-B.

Characteristics RSV-A (N¼ 202) RSV-B (N¼ 151) v2 /Z value P value

Age (months), mean (range) 4 (2.00–11.25) 3 (2.00–7.00) �1.684 0.092

Birth weight (kg), mean (range) 3.3 (2.89–3.65) 3.3 (2.95–3.65) �0.496 0.62

Sex (male/female), n 129/73 104/47 0.968 0.364

Cesarean delivery, n 84 74 1.925 0.194

Full term, n 177 134 0.103 0.748

History of eczema, n 105 77 0.034 0.914

History of shortness of breath, n 27 23 0.273 0.645

History of allergy, n 28 19 0.122 0.754

Cough, n 200 147 0.615 0.655

Wheezing, n 148 102 1.134 0.291

Fever, n 51 32 0.79 0.447

Duration before admission

(days)*, mean (range)

5.0 (4.0–8.0) 5.0 (4.0–7.0) �0.457 0.648

Length of hospital stay

(days), mean� SD

8.24� 2.09 8.39� 2.79 �0.081 0.935

*Duration of clinical manifestations, such as cough, wheezing, fever, vomiting, and shortness of breath before

hospitalization.

SD, standard deviation.
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months. However, no statistically signifi-

cant difference was found in the distribu-

tion of RSV-A and RSV-B infections

among children in the five age groups.

According to a report by Xiaoqing et al,8

among 128 children with LRTI from 2006

to 2007 in Fuzhou, the largest proportion of

RSV-positive patients was those aged< 1

Table 4. Monthly distribution of different respiratory syncytial virus (RSV) subtypes and correlation with
climatic factors from 2016 to 2018.

Year,

month Cases, N

RSV-A

n (%)

RSV-B

n (%)

Average

temperature

(�C)

Relative

humidity

(%)

Rainfall

(mm)

Sunshine

time

(hours)

Average

wind speed

(m/s)

2016

1 74 31 (41.9) 16 (21.6) 4.2 73 71.9 80.1 2.7

2 56 30 (53.6) 21 (37.5) 7.2 64 30 157.9 2.9

3 39 12 (30.8) 16 (41.0) 11.4 67 46.3 121.3 3

4 6 4 (66.7) 2 (33.3) 17.4 74 186.9 126.3 3

5 2 1 (50.0) 1 (50.0) 20.8 76 192.5 122.3 3

6 0 0 (0.0) 0 (0.0) 24.4 83 400.8 87 2.6

7 1 0 (0.0) 0 (0.0) 30.1 75 283.6 176.5 2.7

8 12 3 (25.0) 3 (25.0) 29.9 69 31.9 238.7 3

9 28 7 (25.0) 13 (46.4) 24.7 76 260 130.3 2.5

10 61 9 (14.8) 36 (59.0) 19.9 83 282.9 42.6 2.5

11 108 21 (19.4) 57 (52.8) 12.8 80 131.8 87 2.3

12 102 33 (32.3) 44 (43.1) 8.9 74 55.5 120.5 2.4

2017

1 82 18 (22.0) 34 (41.4) 6.4 74 67.3 104.5 2.5

2 87 12 (13.8) 65 (74.7) 7 65 28.9 130.7 2.5

3 44 9 (20.5) 30 (68.2) 10.7 67 74.1 129.2 2.9

4 6 2 (33.3) 3 (50.0) 18 63 90.4 169.6 2.9

5 0 0 (0.0) 0 (0.0) 22.7 65 83 186.9 3.1

6 0 0 (0.0) 0 (0.0) 24.5 75 201.8 84.5 2.6

7 0 0 (0.0) 0 (0.0) 32.1 66 46.4 210.6 2.6

8 1 0 (0.0) 1 (100.0) 29.7 75 283.7 169.4 2.9

9 18 2 (11.1) 8 (44.4) 24.3 79 230.8 93.6 2.3

10 52 30 (57.7) 14 (26.9) 18.6 76 53.3 102.6 2.6

11 95 50 (52.6) 13 (13.7) 13.4 72 48.7 95.2 2.3

12 122 78 (63.9) 13 (9.8) 6.9 65 16.2 140.3 2.2

2018

1 107 31 (29.0) 14 (13.1) 4.2 76 29.8 125.6 1.7

2 72 42 (58.3) 10 (13.9) 6.4 82 113.8 82.9 2.4

3 78 45 (57.7) 8 (10.3) 11.2 70 82.7 175.7 2.4

4 18 3 (16.7) 7 (38.9) 16 60 51.7 241.5 2.6

5 5 3 (60.0) 0 (0.0) 21.8 74 126.2 178.3 2.7

6 0 0 (0.0) 0 (0.0) 24.6 81 229.3 110.2 2.2

7 0 0 (0.0) 0 (0.0) 32.3 63 74.7 321.5 2.5

8 11 5 (45.5) 4 (36.4) 31.5 69 89 256.3 2.9

9 36 28 (77.8) 3 (8.3) 25.2 69 85.7 179.9 2.5

10 64 47 (73.4) 11 (17.2) 19.7 68 257.1 177.8 2.4

11 52 36 (69.2) 2 (3.8) 13.7 62 19.3 165 1.6

12 96 72 (75.0) 9 (9.4) 16.3 62 47.2 159 1.4
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Table 5. Monthly distribution of different RSV subtypes and correlation with environmental factors from
2016 to 2018.

Year,

month

Cases,

N

RSV-A

n (%)

RSV-B

n (%)

PM2.5

(mg/m3)

PM10

(mg/m3)

NO2

(mg/m3)

SO2

(mg/m3)

O3

(mg/m3)

CO

(mg/m3)

2016

1 74 31 (41.9) 16 (21.6) 70.5 108 57 28 56 1.1

2 56 30 (53.6) 21 (37.5) 58.8 95 42 21 78 0.92

3 39 12 (30.8) 16 (41.0) 59.1 97 51 24 97 0.89

4 6 4 (66.7) 2 (33.3) 50.5 85 51 20 123 0.93

5 2 1 (50.0) 1 (50.0) 44.4 79 38 16 124 0.87

6 0 0 (0.0) 0 (0.0) 40 53 34 14 114 0.81

7 1 0 (0.0) 0 (0.0) 31.9 57 31 16 123 0.81

8 12 3 (25.0) 3 (25.0) 22.6 43 26 17 124 0.65

9 28 7 (25.0) 13 (46.4) 33.1 58 36 16 113 0.78

10 61 9 (14.8) 36 (59.0) 24.7 46 33 15 74 0.71

11 108 21 (19.4) 57 (52.8) 47.4 82 50 20 57 0.98

12 102 33 (32.3) 44 (43.1) 66.9 100 54 21 60 1.03

2017

1 82 18 (22.0) 34 (41.4) 59 47 49 18 46 0.96

2 87 12 (13.8) 65 (74.7) 63 39 47 17 28 0.92

3 44 9 (20.5) 30 (68.2) 52 31 48 16 80 0.85

4 6 2 (33.3) 3 (50.0) 48 76 51 16 94 0.91

5 0 0 (0.0) 0 (0.0) 33 74 38 13 102 0.7

6 0 0 (0.0) 0 (0.0) 30 47 37 9 87 0.68

7 0 0 (0.0) 0 (0.0) 13 49 33 10 86 0.62

8 1 0 (0.0) 1 (100.0) 25 40 29 9 87 0.74

9 18 2 (11.1) 8 (44.4) 28 43 43 10 66 0.78

10 52 30 (57.7) 14 (26.9) 28 44 41 13 62 0.76

11 95 50 (52.6) 13 (13.7) 47 76 65 16 40 0.97

12 122 78 (63.9) 13 (9.8) 70 96 74 19 29 1.13

2018

1 107 31 (29.0) 14 (13.1) 94 124 58 43 45 1.3

2 72 42 (58.3) 10 (13.9) 56 72 34 22 66 0.7

3 78 45 (57.7) 8 (10.3) 61 98 52 35 89 0.8

4 18 3 (16.7) 7 (38.9) 56 92 44 40 134 0.7

5 5 3 (60.0) 0 (0.0) 48 73 34 29 112 0.7

6 0 0 (0.0) 0 (0.0) 48 72 34 25 103 0.7

7 0 0 (0.0) 0 (0.0) 33 64 32 30 134 0.6

8 11 5 (45.5) 4 (36.4) 32 61 28 28 129 0.7

9 36 28 (77.8) 3 (8.3) 36 61 34 28 104 0.8

10 64 47 (73.4) 11 (17.2) 46 74 40 27 95 0.8

11 52 36 (69.2) 2 (3.8) 84 138 60 47 68 1

12 96 72 (75.0) 9 (9.4) 134 174 69 64 48 1.4

RSV, respiratory syncytial virus; PM2.5, particulate matter of aerodynamic diameter less than 2.5 lm; PM10, particulate

matter of aerodynamic diameter less than 10 lm; NO2, nitrogen dioxide; SO2, sulfur dioxide; O3, ozone; CO, carbon

monoxide.
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year (35%). In that study, no significant

difference was found in the distribution of

different subtypes, with the RSV-A subtype

as the dominant strain. Ping et al. reported

no differences in the distribution of the two

RSV subtypes according to sex and age

among 500 children from the Chongqing

Three Gorges Central Hospital between

2014 and 2015.9 RSV infections occur

more frequently in younger age groups

because infants and young children, espe-

cially premature infants, are in a continuous

stage of development of all organ systems,

the speed of which is slow and differs for

each system. Infants and young children

have relatively few antibodies against RSV

Table 6. Average values of various meteorological factors from 2016 to 2018.

Climate and environmental factors Mean� standard deviation

Monthly average temperature (�C) 18.03� 8.68

Monthly relative humidity (%) 71.44� 6.51

Total monthly rainfall (mm) 122.37� 98.67

Monthly sunshine duration (hours) 146.70� 57.74

Monthly mean wind speed (m/s) 2.54� 0.39

PM2.5 (mg/m3) 49.28� 22.98

PM10 (mg/m3) 74.11� 30.40

NO2 (mg/m
3) 43.81� 12.02

SO2 (mg/m
3) 22.56� 11.68

O3 (mg/m3) 85.47� 30.81

CO (mg/m3) 0.85� 0.18

PM2.5, particulate matter of aerodynamic diameter less than 2.5 mm; PM10, particulate matter of

aerodynamic diameter less than 10 mm; NO2, nitrogen dioxide; SO2, sulfur dioxide; O3, ozone; CO,

carbon monoxide.

Table 7. Correlation between different RSV subtypes and climate and environmental factors from 2016 to
2018.

Climate and

environmental factors

RSV-A RSV-B

Correlation

coefficient P value

Correlation

coefficient P value

Monthly average temperature (�C) �0.586 <0.001 �0.573 <0.001

Monthly relative humidity (%) �0.207 0.225 0.095 0.580

Total monthly rainfall (mm) �0.500 0.002 �0.366 0.028

Monthly sunshine duration (hours) �0.181 0.290 �0.402 0.015

Monthly mean wind speed (m/s) �0.612 <0.001 �0.119 0.490

PM2.5 (mg/m3) 0.664 <0.001 0.210 0.219

PM10 (mg/m3) 0.609 <0.001 �0.076 0.661

NO2 (mg/m
3) 0.725 <0.001 0.289 0.087

SO2 (mg/m
3) 0.496 0.002 0.117 0.496

O3 (mg/m
3) �0.644 <0.001 �0.595 <0.001

CO (mg/m3) 0.632 <0.001 0.554 <0.001

RSV, respiratory syncytial virus; PM2.5, particulate matter of aerodynamic diameter less than 2.5 lm; PM10, particulate

matter of aerodynamic diameter less than 10 lm; NO2, nitrogen dioxide; SO2, sulfur dioxide; O3, ozone; CO, carbon

monoxide.
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G and F glycoproteins, such as immuno-
globulin G (IgM), IgG, and secretory
sIgA. Fetal immunity is mainly derived
from maternal IgG transmitted via the pla-
centa, which reacts with RSV antigen and
exerts the role of immune regulation by
recruiting and activating various inflamma-
tory cells. However, IgG antibodies can
decline to a minimum within 3 to 5
months after birth, resulting in low
immune defense among children of this
age, which greatly increases the possibility
of infection with various pathogenic agents.
A recent epidemiological investigation
showed that the regional prevalence of
RSV alternated between the two subtypes,
and one subtype was dominant during each
epidemic season.10 Jian et al. summarized
the prevalence of RSV subtypes in Suzhou
from 2006 to 2012. The results showed that
November to March of the following year
(winter and spring seasons) was the period
with the highest incidence of RSV infection.
During the high-incidence season, subtype
A was dominant in all years, accounting for
95.98% of infections in 2011 to 2012, except
for 2009 to 2010 when subtype B accounted
for 87.50% of infections.11 Our study
showed that the RSV epidemic in the
Suzhou area from 2016 to 2018 was charac-
terized by the two subtypes alternating with
each other; the RSV-A subtype was domi-
nant in 2018. In an investigation of the
prevalence of RSV infection during five epi-
demic seasons from 1998 to 2003 in
Yokohama, Japan, Saikusa et al. reported
that, except in 2000/2001 and 2002/2003,
the B subtype was the dominant strain;
the A subtype predominated in the remain-
ing years.12 Schnabel et al. conducted epi-
demiological studies in New York over a
period of 15 years and found that, apart
from 4 years in which both subtypes were
prevalent and 2 years in which subtype B
was dominant, subtype A predominated in
the remaining 9 years. This indicates that
both RSV subtypes were prevalent in this

region, with RSV-A the dominant sub-
type.13 All these findings are consistent
with the results of our study. However,
research has also been conducted of RSV-
B epidemics and cross-circulation of the
two subtypes in China and abroad. The
results of Zhou’s study indicated that sub-
type B was the dominant strain in RSV
infections among children in Chongqing
from 2014 to 2015.9 The RSV-B subtype
has been reported in Uruguay, Denmark,
and Turkey.14–16 Hibino et al. also reported
that 744 samples from RSV-positive chil-
dren were collected from 2012 to 2015,
among which 400 (53.7%) were the RSV-
A subtype and 172 (23.1%) were the RSV-B
subtype; the two subtypes were alternately
dominant during the following seasons.17

Muelenaer et al. reported that the antibody
response to RSV-A after infection was
more cross-reactive than the response to
RSV-B.18 Previous studies have shown
that RSV-A homologous reinfection is
more frequent, in comparison with RSV-
B, which is owing to the higher degree of
differentiation between the genotype of
RSV-A and the specificity of RSV-B-
induced subpopulations; the immune
response is more complete and durable
than that of RSV-A.19–22 Some scholars
believe that overall, the RSV-A subtype is
an epidemic strain, which might be related
to the pathogenicity of the two subtypes.
Subtype B often presents as a subclinical
condition or asymptomatic infection where-
as subtype A is more pathogenic than sub-
type B. However, scholars also believe that
many genetic variations exist within the
genotype of RSV-A, especially in relation
to the role of amino acid substitution in
the F and G glycoproteins, which leads to
the A subtype becoming an epidemic strain
in most regions. More detailed typing of the
RSV subtype depends on the G-protein
gene, that is, on the highly variable C-ter-
minal region of the nucleotide sequence of
the G-protein gene.23 The G protein of the
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two subtypes induces different protective
antibodies and there is no cross-protection
among these antibodies; the amino acid
sequences of different genotypes of the
same subtype are also different, resulting
in different pathogenicities that induce dif-
ferent immune defense mechanisms.
Therefore, the same RSV subtype can
appear repeatedly or even become
epidemic.

The relationship between the RSV sub-
type and severity of clinical illness has been
a focus of research for some time, and view-
points differ regarding variation in the
severity of disease by subtype in different
regions. Our study findings suggested that
there were no significant differences in the
clinical manifestations and severity of dis-
ease between the two subtypes in Suzhou.
However, these results may be biased owing
to the small sample size and lack of infor-
mation on children with severe pneumonia,
which are limitations of this study. Reports
from cohort studies on the association
between RSV subtypes and clinical severity
have also been related to the age range of
children. Older children might experience a
second or third recurrent RSV infection
rather than a first primary infection; older
children are also less likely to develop more
severe clinical illness.7,24 Changes in the
coding proteins of the virus itself (except
the G and F proteins) might also have an
impact on pathogenicity and severity, but
their importance is still under investigation.
Further studies are needed to determine
whether changes in the amino acid sequen-
ces of RSV proteins contribute to changes
in the antigenic characteristics of the virus,
leading to different degrees of disease
severity.

Analysis of the correlation between dif-
ferent RSV subtypes with climate and envi-
ronmental factors showed that the detection
rates of different RSV subtypes were corre-
lated with temperature, wind speed, rainfall,
and sunshine duration, to some extent.

In particular, temperature had a significant
influence on the positive detection rates of
RSV. This was consistent with the results of
previous studies.25–27 Suzhou is located in
the transitional area between subtropical
and warm temperate zones. Both of these
zones have southern and northern climate
characteristics, that is, large differences in
temperature between the four seasons. In
summer, the high temperatures, dry climate,
and long sunshine duration may inactivate
RSV or make virus-laden aerosols less likely
to spread.26 Ultimately, the virus can easily
colonize the respiratory mucosa and repro-
duce. However, low temperatures can cause
vasoconstriction in the nasal mucosa, which
is more conducive to the discharge of airway
secretions. We found that relative humidity
had no correlation with RSV subtype, which
was different from results reported by
Jiansheng et al. in Wuanzhou, Fujian
Province, China.28 This might be because
Fujian is located in the subtropical marine
monsoon climate zone whereas Suzhou is in
the East Asian monsoon climate zone, with
little change in annual relative humidity
(71.44� 6.51%).

The analysis of the relationship of differ-
ent subtypes with climatic and environmen-
tal factors indicated that the RSV-A
positive detection rate was positively corre-
lated with PM2.5, PM10, and NO2, SO2,
and CO concentrations in the air, but neg-
atively correlated with the O3 concentra-
tion. The positive RSV-B detection rate
was more negatively correlated with the
O3 concentration but had no significant
correlation with other air pollutants. In
particular, O3 and SO2 concentrations had
a significant impact on the RSV detection
rate. It is speculated that this might be
owing to the protective effect of O3 in the
atmosphere, which absorbs ultraviolet light
and converts it into heat energy to maintain
the stratospheric temperature. High tem-
peratures are not conducive to RSV surviv-
al. Additionally, as a strong oxidant, O3
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might react directly with RSV and other
viruses, destroying the genetic material of
the virus and various enzymes, thereby pre-
venting virus replication. After long-term
exposure, SO2 causes strong irritation of
the respiratory mucosa, mucosal conges-
tion, edema, and inflammatory exudation.
This results in increased airway secretion
discharge and destruction of the mucosal
structure, which is conducive to the adhe-
sion and replication of RSV. PM2.5 and
PM10 are fine particulate matter in the air
that can be inhaled and deposited in the
lungs. After long-term exposure to PM2.5
and PM10, the integrity of the mucosal sur-
face in the respiratory tract is destroyed,
leading to increased probability of a respi-
ratory inflammatory response. The deposi-
tion of air pollutants mainly causes damage
to the host’s immune system, interfering
with the immune system’s ability to fight
pathogens. Shi et al.29 studied pathological
changes and inflammatory responses in the
lung tissue of rats with airway exposure to
PM2.5. The trachea and alveoli of the mice
showed a large amount of inflammatory
cell infiltration, accompanied by consider-
able thickening of the alveolar wall. Levels
of immune proteins in bronchoalveolar
lavage fluid (BALF), including monocyte
chemoattractant protein-1 and macrophage
inflammatory protein-1, as well as lactate
dehydrogenase (LDH) activity, were also
significantly increased. Increased levels of
total protein and LDH activity in BALF
revealed increased cytotoxicity and lung
permeability in alveolar epithelial cells.
Those authors also reported that PM2.5
induced DNA methylation, which affects a
series of cellular biological processes and
aggravates the pathophysiological process
of airway inflammation by mediating cellu-
lar signal transduction.29

Vaccine research can be said to be at its
most active at present. Vaccines currently
being developed can be roughly divided
into two categories: non-replicating

vaccines (live-attenuated vaccines and
DNA vaccines) and replicating vaccines
(formalin-inactivated vaccines and subunit
vaccines).30 Clinical applications have
shown that after vaccination with live-
attenuated vaccines, infants aged 1 to 2
months mainly produce serum and nasal
antibodies, limited to IgA, which mainly
interact with G protein; however, the neu-
tralizing activity does not increase. Among
infants older than 6 months, these vaccines
have a wide range of immunogenicity. Live-
attenuated vaccines do not cause fever or
lower respiratory tract diseases; however,
the virus must be properly diluted and
attenuated. Additionally, the genetic stabil-
ity of these vaccines needs to be further
improved.31 Nevertheless, these studies pro-
vide important evidence for the feasibility
of immunizing infants and young children
with live virus vaccines.

One limitation of this study is that cli-
mate data prior to hospital admission for
RSV were not analyzed using statistical
modeling, so only associations could be dis-
cerned. Additionally, sample size calcula-
tion was not performed; the limited
sample size may affect the statistical signif-
icance of the results.

Conclusion

The clinical epidemiological characteristics
of RSV subtypes in Suzhou have rarely
been reported. In this study, we obtained
the clinical data of children with RSV infec-
tion and explored differences between the
two RSV subtypes in terms of epidemiolog-
ical characteristics, clinical manifestations,
and disease severity. Our findings can pro-
vide a clinical basis for prevention and con-
trol of RSV in the Suzhou region. The main
treatment after RSV infection is symptom-
atic support management. A few drugs are
currently used to prevent or treat RSV
infections. Many drugs are still in clinical
trials, and no safe and effective vaccine is
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available for clinical use. Hence, controlling
RSV remains a formidable challenge.
Investigation of the etiological characteris-
tics, immune mechanisms, epidemiological
characteristics, and correlation with climat-
ic and environmental factors of RSV sub-
types can provide a scientific basis for the
early prevention and control of RSV infec-
tion in children.
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