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Abstract: Respiratory syncytial virus (RSV) is an important pathogen that causes acute respira-
tory tract infections in children. To understand the epidemiological and clinical characteristics of
RSV in children, we analyzed the RSV diagnostic testing results from the 2014-2018 surveillance
of acute respiratory infections in China. Among children aged <5 years, RSV incidence during
2014-2018 was 17.3% (3449/19,898), and 89.1% of RSV-positive individuals were inpatients. Children
aged < 6 months had a high proportion in RSV infected individual (n = 1234; 35.8%). The highest
RSV detection rate was in winter, RSV-A and RSV-B co-circulated year-round and jointly prevailed
in 2015-2016. Cough was the common symptom of RSV infection 93.2% (3216/3449). Compared
with older children, those aged <6 months were more likely to show breathing difficulty or lung rale
that further developed into bronchopneumonia (p < 0.001). The symptoms such as cough, running
nose, and diarrhea had significant differences between the RSV-A and RSV-B groups. The rate of
RSV co-detection with other viruses or bacteria was 35.4%. Those coinfected with other viruses had a
significantly higher incidence of fever, whereas those coinfected with bacteria had higher incidences
of breathing difficulty and severe pneumonia. Our findings highlight the need for accumulating
epidemiological information for the prevention and control of RSV.
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1. Introduction

Respiratory syncytial virus (RSV), a member of the family Pneumoviridae and genus
Orthopneumovirus [1], is a common cause of acute lower respiratory infection (ALRI) and
a major cause of hospital admissions in young children worldwide. Associated with
significant morbidity and mortality, RSV infections place a substantial burden on healthcare
services in both high- and low-income countries [2].

RSV can be divided into two subgroups (A and B), although it has only one serotype [3].
To date, 15 RSV-A genotypes and 37 RSV-B genotypes have been defined [4,5]. In regions
with a temperate climate, RSV circulation begins in autumn, peaks in winter, and ends
in spring [6,7]. Importantly, the predominant RSV subtype and proportion of infections
caused by each subtype vary, as does the epidemic size and the timing of the RSV season.
According to surveillance data in China, the RSV season onset and peak occur 3-5 weeks
earlier and the RSV season duration is 6 weeks longer in RSV-A-prevailing years than
those observed in RSV-B-prevailing years. Interestingly, not only can RSV-A and RSV-
B predominate alternately, but they can also co-circulate during the same season [8,9].
Therefore, the epidemic onset and offset of an RSV season are difficult to predict because
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the variability in these timings may depend on temperature, humidity, precipitation, and
other environmental and social drivers of seasonality [10].

The clinical manifestations of RSV infection are not sufficiently representative to
distinguish this infection from other respiratory viral infections. When only the upper
respiratory tract is infected, the main symptoms are mild and include fever, rhinorrhea,
cough, and wheezing. However, if the virus invades the lower respiratory tract at the
same time, it can cause severe life-threatening lower respiratory tract involvement, such
as bronchiolitis and pneumonia [11]. Acute respiratory distress syndrome causes 2-3%
of pediatric patients with RSV infection to be admitted to hospitals, and approximately
45% of hospital admissions and in-hospital deaths due to RSV-ALRI occur in children
aged younger than 6 months [12]. Severe RSV infection in infants and young children is
associated with sustained wheezing, asthma, and lung function decline at school age [13].
The clinical effects of viral factors during RSV infection are not clear, and links between
different subtypes and genotypes and disease severity have not been fully confirmed [14,15].
Coinfection with respiratory viral and bacterial pathogens is common [16,17], but there
is no consensus on how the clinical severity of the disease caused by RSV infection is
influenced by the additional infection with another pathogen [18-20].

The prevalence of RSV varies from region to region, and although some studies on
the epidemiology of respiratory infections have recently been reported for local areas
of China [9,21], there have been few articles describing continuous surveillance across
multiple hospitals aimed at understanding the epidemiological and clinical characteristics
of RSV infection. Therefore, we analyzed the epidemiological and clinical examination data
from hospitals in China collected during the period from 2014 to 2018 to gain insight into
the disease severity of RSV infection in pediatric patients (aged <5 years). Such data are
critical for the successful implementation of prevention, control, and treatment strategies
for RSV, and they will also be helpful in guiding the development of an RSV vaccine.

2. Materials and Methods
2.1. Patients and Specimens

In total, 19,898 samples from children aged <5 years with an acute respiratory tract
infection (ARTI) were collected during active surveillance of hospitalized patients with
ARTI in China from January 2014 to December 2018. The inclusion criteria were [17,22]:
(1) at least one of the following abnormal detection results: fever, white blood cell (WBC)
differentials, leukocytosis or leukopenia; and (2) at least one of the following signs or
symptoms: cough, chills, expectoration, nasal congestion, sore throat, chest pain, tachypnea,
and abnormal lung rale. The respiratory samples, including nasopharyngeal swabs and
aspirates, sputum, bronchoalveolar lavage fluid (BALF), pleural effusion, and blood, were
collected prior to the initiation of any therapeutic measures, and they were transported to
the infectious disease surveillance laboratories for testing within 24 h of collection or were
stored at —80 °C until use.

2.2. Detection of Respiratory Pathogens

Eight respiratory viruses, specifically RSV, influenza virus (Flu), parainfluenza virus
(PIV), human metapneumovirus (HMPV), human coronavirus (HCoV), human adenovirus
(HADV), human rhinovirus (HRV), and human bocavirus (HBoV), were detected by PCR
or real-time PCR assays as described previously [21,22]. Briefly, virus DNA and RNA
were extracted from 200 pL of respiratory samples using automated nucleic acid extraction
equipment (i.e., from Roche (Basel, Switzerland)/Qiagen (Hilden, Germany)/bioMerieux
(Marcy-l’Etoile, France)/Applied BioSystems (Waltham, MA, USA)) in accordance with
the manufacturer’s instructions. Reverse transcription of viral RNA was performed using
commercially available kits (i.e., from Invitrogen/Roche/Qiagen/Promega/Takara), and
the real-time PCR procedure was: 95 °C for 10 min, followed by 45 cycles of (95 °C for 15s,
55-60 °C for 1 min) on an ABI7500 Real-time PCR system.
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Blood, nasopharyngeal aspirate, sputum, BALF, and pleural effusion samples were
collected for use in the detection of bacteria (Streptococcus pneumoniae, Staphylococcus aureus,
Klebsiella pneumoniae, Pseudomonas aeruginosa, Streptococcus pyogenes, Haemophilus influenzae,
Legionella pneumophila, Mycoplasma pneumoniae, and Chlamydia pneumoniae) by culture or
PCR. In brief, pour freshly prepared nutrient agar medium into the sterile Petri plates and
allow it to solidify, take an inoculating loop and sterilize it on the flame until it gets red
hot. Then, take the inoculum by using a sterilized inoculating loop and streak over the
solid nutrient media by keeping the plate close to the flame to avoid contamination. After
streaking, incubate the culture plates for 2448 h at a temperature of 35-37 °C [23].Urine
was also collected for use in rapid antigen assays (Gold Immunochromatography Assay)
for detecting L. pneumophila and S. pneumoniae according to the detection step kit (Binax
NOW® Strep A Test) [24].

2.3. Data Collection and Statistical Analysis

Detailed patient demography, epidemiology, clinical information, and laboratory
results, including case history, symptoms, physical signs, and examination results, for each
patient were collected by the staff of sentinel hospitals and laboratories and then reported
through an online data management system established by Chinese Center for Disease
Control and Prevention (China CDC, Beijing, China).

Descriptive statistics included frequency analysis for categorical variables such as
gender, age group, case type, and RSV subtype. Statistical analysis was performed with
Excel software (Microsoft Co., Washington, DC, USA) and SPSS (v18.0, SPSS, Chicago, IL,
USA). The normality of the distribution of continuous variables was tested by a one-sample
Bayesian test. Continuous variables with normal distribution were presented as mean
(standard deviation [SD]) for laboratory tests; age distribution was reported as median
(interquartile range [IQR]). Independent samples Student’s f-test or One-Way ANOVA test
were used, respectively, to compare means of 2 and 3 or more groups of variables normally
distributed. Categorical variables were compared with a chi-squared test or Fisher’s exact
test. A two-sided p-value of <0.05 was considered to indicate statistical significance.

3. Results
3.1. Clinical and Epidemiological Characteristics of RSV-Positive Cases

From the active surveillance of hospitalized patients with ARTIs in China conducted
from 2014 to 2018, we included 19,898 pediatric patients (aged < 5 years). Among the 17.3%
(3449/19898) who were found to be positive for RSV, of these 63.9% (2205/3449) were
boys and 36.1% (1244 /3449) were girls. The median age of the enrolled patients was 0.8
(0.3, 1.8) years. Among the study participants, 35.8% (1234 /3449) were aged <6 months,
21.7% were aged 6-12 months, and 20.2% were aged 1-2 years. The RSV incidence in
infants (aged < 6 months) was much higher than that in older children (p < 0.01). The RSV-
positive patients were 89.1% (3073/3349) and 10.9% (376/3349) detected from inpatients
and outpatients, respectively (Table 1).

The annual distributions of RSV in China are shown in Figure 1. The annual RSV
incidences were 5.4% (1056/19467), 6.4% (777 /12175), 7.8% (536/6906), 6.0% (440/7304),
and 7.0% (640/9147) from 2014 to 2018, respectively. High RSV incidence was found in
the year 2015 (p < 0.05), particularly in the month of December. The percentage of positive
RSV case had significant difference for age (p = 0.025), case type (p < 0.001) and RSV
subtype (p < 0.001), except for sex (p = 0.165) in different study years (Table 1). Importantly,
infection with RSV can be detected nearly year-round, but it occurs mainly from late
autumn through early spring (November to April), with a peak from December to February
each year. RSV-positive cases were rarely observed during the summer months (June to
August) (Figure 1).
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Table 1. Demographic characteristics of study participants by year.

Demographic 2014 2015 2016 2017 2018
Characteristics N = 1056 N =777 N =536 N = 440 N =640 b
Sex (%) 0.165
Male 679 (64.3) 496 (63.8) 363 (67.7) 279 (63.4) 388 (60.6)
Female 377 (35.7) 281 (36.2) 173 (32.3) 161 (36.6) 252 (39.4)
Age, median
(IQR, years) 0.8 (0.3,2.0) 0.8 (0.3,1.7) 0.7 (0.3,1.5) 0.7 (0.3,1.5) 0.9 (0.4,1.9) 0.004
Age (%) 0.025
<6 months 379 (35.9) 276 (35.5) 212 (39.6) 169 (38.4) 198 (30.9)
6-12 months 205 (19.4) 179 (23.0) 110 (20.5) 107 (24.3) 146 (22.8)
1-2 years 211 (20.0) 159 (20.5) 108 (20.1) 73 (16.6) 146 (22.8)
3-5 years 261 (24.7) 163 (21.0) 106 (19.8) 91 (20.7) 150 (23.5)
Case type (%) <0.001
Outpatients 121 (11.5) 69 (8.9) 44 (8.2) 37 (8.4) 105 (16.4)
Inpatients 935 (88.5) 708 (91.1) 492 (91.8) 403 (91.6) 535 (83.6)
RSV subtype <0.001
RSV-A 555 (52.6) 486 (62.5) 144 (26.9) 138 (31.4) 411 (64.2)
RSV-B 322 (30.5) 100 (12.9) 317 (59.1) 195 (44.3) 80 (12.5)
Unclassified type 179 (17.0) 191 (24.6) 75 (14.0) 107 (24.3) 149 (23.3)
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Figure 1. Monthly distribution of RSV-A and RSV-B from January 2014 to December 2018 in China.
The number of RSV-A- or RSV-B-positive patients and the monthly RSV incidence (% of RSV-positive
patients in the indicated month) are shown. (A) The numbers of RSV-A-positive and RSV-B-positive
cases; (B) the monthly incidences of RSV-A and RSV-B.
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The clinical diagnoses of the study participants are listed in Table 2. The common
symptoms of RSV infection were cough (93.2%, 3216/3449), fever (47.7%, 1645/3449), ex-
pectoration (40.2%, 1387/3449), lung rale (37.5%, 1285/3449), runny nose (24.9%, 859/3449),
breathing difficulty (15.8%, 546 /3449), diarrhea (11.7%, 403 /3449) and sore throat (6.5%,
225/3449). In addition, compared with other age groups, children aged 1-2 years had
a significantly higher incidence of fever (75.6%), and those aged 3-5 years had higher
incidences of sore throat (13.4%) and runny nose (31.8%), and children aged <1 year were
more likely to develop symptoms of expectoration, breathing difficulty, diarrhea, and lung
rale. Laboratory tests revealed that children aged 0—6 months had increased risks of pre-
senting with a reduced white blood cell count (3.8 4- 0.5 x 10° /L) and an elevated platelet
count (443.9 + 131.3 x 10? /L) compared with the normal range for infants. Meanwhile,
compared with older RSV-infected children, RSV-infected infants presented with a higher
mean lymphocyte percentage (47.4% =+ 19.8%) and a lower mean neutrophil percentage
(38.2% % 19.1%) (p < 0.001). There was no significant difference in the oxygen saturation
(5a0,) among the age-based groups across the 5 years of the study. In hospitalized chil-
dren, RSV was detected significantly more frequently (46.0%) in children aged 0-2 years
with a diagnosis of bronchiolitis or bronchopneumonia as compared with a diagnosis of
pneumonia (Table 2).

Table 2. Clinical characteristics of RSV-positive children in age group.

. o <6 Months 6-12 Months 1-2 Years 3-5 Years
Variables N (%) N =1234 N =747 N =697 N=771 P
Sex <0.001
Male 812 (65.8) 521 (69.7) 445 (63.8) 427 (55.4)
Female 422 (34.2) 226 (30.3) 252 (36.2) 344 (44.6)
Signs and symptoms
Fever 402 (32.6) 397 (53.1) 527 (75.6) 319 (41.4) <0.001
Cough 1165 (94.4) 699 (93.6) 647 (92.8) 705 (91.4) 0.073
Sore throat 50 (4.1) 35(4.7) 33 (4.7) 107 (13.9) <0.001
Expectoration 509 (41.2) 331 (44.3) 271 (38.9) 276 (35.8) 0.006
Running nose 222 (18.0) 193 (25.8) 199 (28.6) 245 (31.8) <0.001
Breathing difficulty 276 (22.4) 129 (17.3) 75 (10.8) 66 (8.6) <0.001
Diarrhea 190 (15.4) 134 (17.9) 61 (8.8) 18 (2.3) <0.001
Lung rale 480 (81.9) 286 (78.6) 261 (74.8) 258 (71.7) 0.009
Laboratory tests
Sa0; (%) 939487 929+95 93.6 £ 6.1 93.3+11.4 0.681
WBC (x10°/L) 38+05 44401 46+0.1 46+0.1 <0.001
Lymphocyte (%) 4744+ 19.8 442 +£22.0 49.2 £29.7 33.1+18.6 <0.001
Neutrophil (%) 382+19.1 3714220 4554182 48.8 +16.4 <0.001
HGB (g/L) 107.6 £13.1 112.6 £ 16.1 121.0 £15.1 1221+ 125 <0.001
PLT (10°/L) 4439 £131.3 368.3 £97.6 288.0 £ 175.9 305.9 £+ 102.0 <0.001
RSV subtype <0.001
RSV-A 644 (52.2) 394 (52.7) 347 (49.8) 349 (45.3)
RSV-B 407 (33.0) 227 (30.4) 194 (27.8) 186 (24.1)
Unclassified type 183 (14.8) 126 (16.9) 156 (22.4) 236 (30.6)
Clinical diagnosis <0.001
Pneumonia 469 (38.0) 263 (35.2) 254 (36.4) 282 (36.6)
Bronchopneumonia 579 (46.9) 334 (44.7) 319 (45.8) 281 (36.4)
Others 186 (15.1) 150 (20.1) 124 (17.8) 208 (20.7)

3.2. Epidemiological Distribution of RSV Subtypes

Among typed RSV strains, RSV-A was observed as the prevalent (53.3% (1734 /3449))
circulating subtype in China from 2014 to 2018; 29.4% (1014 /3449) of RSV strains were found
to belong to the RSV-B subgroup, while 20.3% (701/3449) could not be typed (Table 3). Most
of the time, the seasonal characteristic observed for RSV-A was similar to that observed for
total RSV, with epidemic peaks from December to January and lower peaks from July to
September. RSV-B showed a 1-month stagger in its epidemic peaks (Figure 1B). During the
study period, RSV-A and RSV-B had dominance alternately: RSV-A was the main subtype
in 2014-2015 and 2017-2018, RSV-B was predominant in 2016-2017, and these two subtypes
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were both epidemic at a high level in 2015-2016. The RSV dominance pattern followed a
trend of 2 years of RSV-A dominance and 1 year of RSV-B dominance.

Table 3. Clinical characteristics of RSV-A positive and RSV-B positive children.

Varisbles N (%) RSV-A Positive RSV-B Postive b
Sex 0.250
Male 1089 (62.8) 659 (65.0)
Female 645 (37.2) 355 (35.0)
Fever (°C) 0.009
<37.3 919 (53.0) 583 (57.5)
37.3-39.1 666 (38.4) 372 (36.7)
>39.1 149 (8.6) 59 (5.8)
Signs and symptoms
Cough 1599 (92.2) 956 (94.3) 0.041
Sore throat 97 (5.6) 61 (6.0) 0.647
Expectoration 748 (43.1) 417 (41.1) 0.303
Running nose 343 (19.8) 242 (23.9) 0.012
Breathing difficulty 319 (18.4) 196 (19.3) 0.546
Diarrhea 212 (12.2) 152 (15.0) 0.039
Lung rale 646 (79.5) 320 (78.2) 0.621
Laboratory tests
Sa0; (%) 93.4 £8.5 942 +9.0 0.200
WBC (x10°/L) 41407 45+05 <0.001
Lymphocyte (%) 485+ 19.8 4214+ 19.5 0.897
Neutrophil (%) 39.8+194 44.0 £19.0 0.250
HGB (g/L) 110.8 £ 16.7 119.2 £ 12.9 0.197
PLT (10°/L) 379.4 £+ 166.2 3532 +124.8 0.012
Pneumonia
Severe 112 (13.8) 53 (13.0) 0.335

In our RSV-positive cases, a high RSV-A positivity rate (52.2% (644/1234)) was ob-
served in infants aged <6 months; additionally, 52.7% (394/747) of RSV cases in children
aged 6-12 months, 49.8% (347/697) of RSV cases in children aged 1-2 years, and 45.3%
(349/771) of RSV cases in children aged 3-5 years were RSV-A positive (Table 2). Male
patients accounted for 62.8% (1089/1734) of RSV-A cases and 65.0% (659/1014) of RSV-B
cases; there was no significant difference in the patient sex between these two RSV subtypes
(p = 0.250). The incidence of the most common RSV symptoms, i.e., sore throat, expecto-
ration, breathing difficulty, and lung rale, did not differ by RSV subgroup (Table 3); only
cough (92.2%), running nose (19.8%), and diarrhea (12.2%) had a lower incidence in the
RSV-A subgroup compared with the RSV-B subgroup (p < 0.05). The laboratory test results
such as WBC (p < 0.001) and PLT (p = 0.012) had been shown to be significant. In addition,
we found no significant differences in the incidence of severe pneumonia between the
RSV-A and RSV-B groups, except that RSV-A may be more likely to cause a fever, especially
a high fever (>39.1 °C).

3.3. Clinical Manifestations of RSV-Positive Cases in Which Other Common Respiratory
Pathogens Were Co-Detected

We assessed the RSV-positive samples for the presence of seven other common respira-
tory disease-causing viruses (Flu, PIV, HMPV, HCoV, HADV, HRV, and HBoV) and bacteria
(S. pneumoniae, S. aureus, K. pneumoniae, P. aeruginosa, Streptococcus pyogenes, H. influenzae, L.
pneumophila, M. pneumoniae, and C. pneumoniae) (Table 4).

3.3.1. Mono RSVs Infection

Among the 3449 patients with RSV, 64.6% (2229 /3449) were infected with only RSV. Of
these, 8.3% (184/2229) exhibited high fever (>39.1 °C). The proportion of patients with signs
and symptoms such as cough, sore throat, expectoration, running nose, breathing difficulty,
diarrhea, and lung rale was 93.8%, 7.1%, 62.2%, 26.9%, 12.3%, 90.1%, and 76.7% respectively.
Additionally, abnormal laboratory tests e.g., SaO, (%) was 92.3% =+ 11.3, Lymphocyte
(%) was 51.9% =+ 22.3, Neutrophil (%) was 38.0% £ 17.6, HGB was 114.7 &+ 14.9 g/L. The
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percentage of positive cases hospitalized was 86.0% (1917/2229) and 8.6% (191/2229) of
patients finally developed into severe pneumonia.

Table 4. Clinical characteristics of patients in whom RSV was co-detected with other common
respiratory viruses and bacteria.

. . . . With
Variables N (%) RI\?Z ?;;;y WSILZ;I;IS WI;:II ]=3a1c7t2e "3 Virus-Bacteria p
N =551
Sex 0.473
Male 1407 (63.1) 330 (66.4) 108 (62.8) 360 (65.3)
Female 822 (36.9) 167 (33.6) 64 (37.2) 191 (34.7)
Age <0.001
<6 months 832 (37.3) 128 (25.8) 78 (45.3) 196 (35.6)
6-12 months 442 (19.8) 119 (23.9) 38(22.1) 148 (26.9)
1-2 years 439 (19.7) 105 (21.1) 37(21.5) 116 (21.1)
3-5 years 516 (23.1) 145 (29.2) 19 (11.0) 91 (16.5)
Fever <0.001
<37.3 1088 (48.8) 205 (41.2) 136 (79.1) 375 (68.1)
37.3-39.1 957 (42.9) 233 (46.9) 31 (18.0) 147 (26.7)
>39.1 184 (8.3) 59 (11.9) 5(2.9) 29 (5.3)
Signs and
symptoms
Cough 2091 (93.8) 431 (86.7) 168 (97.7) 526 (95.5) <0.001
Sore throat 159 (7.1) 44 (8.9) 0(0) 22 (4.0) <0.001
Expectoration 1387 (62.2) 343 (69.0) 53 (30.8) 279 (50.6) <0.001
Running nose 599 (26.9) 91 (18.3) 38 (22.1) 131 (23.8) 0.001
Breathing difficulty 274 (12.3) 94 (18.9) 44 (25.6) 134 (24.3) <0.001
Diarrhea 2008 (90.1) 453 (91.1) 132 (76.7) 453 (82.2) <0.001
Lung rale 878 (76.7) 146 (77.2) 74 (89.2) 55 (77.3) 0.075
Laboratory tests #
Sa0; (%) 923+ 113 942+ 49 95.4 4+ 3.7 95.4 4+ 4.0 0.998
WBC (x10°/L) 42+07 42+07 40+04 43+06 0.308
Lymphocyte (%) 5194223 3334195 53.8 £17.0 40.2+19.8 <0.001
Neutrophil (%) 380+ 17.6 54.3 +22.1 386+ 17.6 423 +18.4 0.002
HGB (g/L) 114.7 £ 149 111.8 £ 16.0 1152 £13.0 115.8 +16.0 0.032
PLT (10°/L) 385.2 4 140.3 364.3 = 118.9 430.2 £ 146.3 329.2 +163.9 <0.001
Case type <0.001
Outpatients 312 (14.0) 45(9.1) 2(1.2) 12 (3.1)
Inpatients 1917 (86.0) 452 (90.9) 170 (98.8) 534 (96.9)
Pneumonia
Severe 191 (8.6) 33 (6.6) 39 (22.7) 81 (14.7) <0.001

# Laboratory tests: percentage of SaO, (oxygen saturation), and blood routine test including WBC (white blood
cell) count, percentage of lymphocyte and Neutrophil, HGB (Hemoglobin) and PLT (platelet count).

3.3.2. Co-Infection of RSVs with Other Viruses

RSV is most prevalent in winter, overlapping with the endemic period of other res-
piratory viruses such as influenza and PIV. In our study, we found that 14.4% (497 /3449)
patients had detected other viruses additionally, most commonly PIV, followed by Flu and
HADV. The proportion of high fever (>39.1 °C) has increased in patients of co-infection of
RSVs with other viruses was 11.9%. The signs and symptoms were 86.7% cough, 8.9% sore
throat, 69.0% expectoration, 18.3% running nose, 18.9% breathing difficulty, 91.1% diarrhea,
and 77.2% lung rale. That is, 90.9% (452/479) of coinfected patients were detected from
inpatients, and the proportion of severe pneumonia was 6.6% (33/479).

3.3.3. Co-Infection of RSVs with Bacteria

There was 5.0% (172/3449) of the patients with RSV had additional detected bacteria,
most commonly S. pneumoniae and H. influenzae. In addition, we found a few cases patients
of 0.7% (24/3449) and 0.2% (7 /3449) were co-infected with mycoplasma and chlamydia.
The proportion of high fever (>39.1 °C) has decreased in patients with co-infection of
RSVs with bacteria was 2.9%. The proportion of patients who had a cough, sore throat,
expectoration, running nose, breathing difficulty, diarrhea, and lung rale was 97.7%, 0%,
30.8%, 22.1%, 25.6%, 76.7%, and 89.2%, respectively. Additionally, Lymphocyte (%) and
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Neutrophil (%) was 51.9% =+ 22.3 and 38.0% =+ 17.6. Importantly, the coinfected patients
were 98.8% (170/172) from inpatients and 22.7% (39/172) were severe pneumonia.

3.3.4. Co-Infection of RSVs with Other Viruses and Bacteria

We then detected varieties of viral and bacterial co-infections. That is, 16.0% (551/3449)
of RSV-positive patients had both other viruses and bacteria co-detected. The proportion
of high fever (>39.1 °C) was 5.3%. The signs and symptoms were 95.5% cough, 4.0% sore
throat, 50.6% expectoration, 23.8% running nose, 24.3% breathing difficulty, 82.2% diarrhea
and 77.3% lung rale. The coinfected patients had a high proportion of severe pneumonia
(96.9%) and inpatients (14.7%).

We analyzed the clinical manifestations of RSV-positive cases with or without coin-
fection and found no correlation was found between pathogen co-detection and patient
sex (p = 0.473). Coinfection with other viruses may be more likely to cause fever compared
with RSV infection alone or RSV coinfection with bacteria, given that 11.9% of patients
coinfected with other respiratory viruses exhibited high fever (>39.1 °C). Infants (aged
<6 months) were the most likely population to be infected with only RSV (37.3%) or to be
coinfected with bacteria (45.3%), whereas children aged 3-5 years were more susceptible to
coinfection with other respiratory viruses (29.2%). The pathogen co-detection rates were
38.1% in inpatients (1156/3073) and 15.9% (59/371) in outpatients, with a significant differ-
ence between these rates inpatients and emergency/outpatients (p < 0.05). Importantly, the
occurrence of the highest rate of RSV co-detection with bacteria (98.9%) in inpatients may
be related to the high incidence of severe pneumonia in this group, which was significantly
higher than that in RSV-single-positive patients (p < 0.05).

4. Discussion

RSV is one of the major pathogens that cause ARTIs with high morbidity and mortality,
especially in children under 5 years of age [25-27]. A better understanding of the epidemi-
ological and clinical characteristics of RSV infection is very important for ARTI prevention
and control. In this study, by using surveillance data on ARTIs from the mainland of China
from 2014 to 2018, we have explored the demographics of patients with RSV (aged < 5 years),
identified the epidemiological and clinical characteristic differences in RSV subgroups and
assessed RSV coinfection with other respiratory viral and bacterial pathogens.

Like similar studies carried out by other groups [26,28], our study analyzed the sex
and age distribution of children (aged < 5 years) who were infected with RSV and found
that boys had a high proportion of RSV infection. Additionally, 35.8% of the patients
with RSV were aged <6 months, demonstrating that boys and infants were particularly
susceptible to RSV infection, although the morbidity needs further analysis. Cough and
fever were common symptoms exhibited by the patients with RSV in our study, followed
by expectoration, runny nose, and breathing difficulty, which is consistent with the findings
of other similar studies [9,29]. In addition, our results show that RSV infections were
more commonly detected in inpatients, with more than 3/4 of the 3449 pediatric patients
in this study being inpatients. RSV infection was more likely to cause pneumonia and
bronchitis [16,22], and by comparing the incidence by age between patients with pneumonia
and those without pneumonia, we found that RSV was the most frequent cause of bronchial
pneumonia in children aged 0-2 years.

Here, we found that RSV circulated year-round, but its peak incidence occurred
during the winter and early spring months, which is consistent with reports from other
regions [30,31]. The annual distribution of RSV during 2014-2018 in China uncovered 2015
as a high epidemic peak year, in which both RSV-A and RSV-B were epidemic at high levels.
Our RSV subtyping analysis revealed that RSV-A was the main subtype in 20142015 and
2017-2018, whereas RSV-B was predominant in 2016-2017. The finding that the RSV year
distribution followed a dominance pattern trend of 2 years for RSV-A and 1 year for RSV-B
is similar to those reported by others [21,32,33]; patterns of RSV-A dominance for 2—4 years
followed by RSV-B dominance for 1 year were also reported in Uruguay and Japan [34,35].
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Data generated from previous studies reveal that a complex interaction of climate factors,
especially temperature and humidity, influences the epidemic pattern. Notably, this study
found no significant differences in the main systemic symptoms or laboratory test results
between the RSV-A and RSV-B groups. Although both RSV-A and RSV-B infected mainly
young children, a higher RSV-A positivity rate was found in infants (aged 0-12 months),
indicating that RSV-A may have a higher pathogenicity for infants.

Coinfection with respiratory viruses and bacteria is a common phenomenon [17,22].
This is because respiratory pathogen activity exhibits a peak, which occurs in the win-
ter /spring seasons [36]. In the present study, 35.4% of the RSV-positive cases RSV had other
detectable viruses or bacteria; PIV and S. pneumoniae were the most frequently detected
coinfection pathogens. Although there are reports that coinfection of respiratory viruses
does not aggravate disease severity [21,37], we found that the pathogen co-detection rate,
particularly the bacteria co-detected rate, was higher in RSV-infected inpatients. Compared
with the RSV alone group, the group coinfected with other viruses had a significantly
higher incidence of fever, and the group coinfected with bacteria had significantly higher
incidences of breathing difficulty and severe pneumonia, indicating that coinfection might
be related to the disease severity for RSV.

This study was subject to several limitations. First, the hospitals in our study are not
evenly distributed throughout the mainland of China; there were fewer samples collected
in west regional hospitals, which affects the representation of regional epidemiological
characteristics. Second, several factors, such as failure to consecutively collect samples and
usage of antibiotics or antiviral drugs prior to treatment, might result in low RSV detection
rates. Third, viral load detection and RSV genotyping were not performed to explore the
molecular epidemiological characteristics of RSV and its relationship with clinical features.

5. Conclusions

This study investigated important epidemiological and clinical characteristics of RSV
in patients aged <5 years with ARTI in China from 2014 to 2018. Our findings, together with
ongoing global studies, may aid in guiding health policies for the prevention and control
of RSV infection and may provide important clues for the administration of antivirals or
vaccines when available.

Author Contributions: Conceptualization, Z.L. and G.EG.; formal analysis, A.Z. and H.Z.; writing—
original draft preparation, H.Z.; writing—review and editing, H.Z., Z.L. and G.EG. All authors have
read and agreed to the published version of the manuscript.

Funding: The work was funded by grants from the National Natural Science Foundation of China
(NSFC) (no. 91846302), China Ministry of Science and Technology (grant no. 2018ZX10713001).

Institutional Review Board Statement: All studies involving human participants were approved
by the Chinese Center for Disease Control and Prevention. The data from patients with acute
respiratory infections were part of continuous public health surveillance that was implemented in
accordance with national surveillance guidelines. After being informed about the research aims, the
parents/guardians of the participants in this study were required to provide only brief verbal consent,
which was recorded in each questionnaire by their physicians.

Informed Consent Statement: Informed consent was obtained from all survey respondents involved
in the study.

Data Availability Statement: The datasets generated and analyzed during this study are not publicly
available owing to the institute’s data security and sharing policy, but they are available from the
corresponding author on reasonable request.

Acknowledgments: We thank Wang Liping in the Chinese Center for Disease Control and Prevention
for providing the data from the surveillance of acute respiratory infections. The views expressed are
those of the authors and do not necessarily represent the policy of the Chinese Center for Disease
Control and Prevention.

Conflicts of Interest: The authors declare no conflict of interest.



Vaccines 2022, 10, 810 10 of 11

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

The Official Website of the International Committee on Taxonomy of Viruses (ICTV). Available online: https://talk.ictvonline.
org/taxonomy/ (accessed on 6 May 2022).

Shi, T.; McAllister, D.A.; O’'Brien, K.L.; Simoes, E.A.F.,; Madhi, S.A.; Gessner, B.D.; Polack, F.P.; Balsells, E.; Acacio, S.; Aguayo, C.;
et al. Global, regional, and national disease burden estimates of acute lower respiratory infections due to respiratory syncytial
virus in young children in 2015: A systematic review and modelling study. Lancet 2017, 390, 946-958. [CrossRef]

Mufson, M.A.; Orvell, C.; Rafnar, B.; Norrby, E. Two distinct subtypes of human respiratory syncytial virus. J. Gen. Virol. 1985, 66,
2111-2124. [CrossRef] [PubMed]

Pangesti, KN.A.; Abd El Ghany, M.; Walsh, M.G.; Kesson, A.M.; Hill-Cawthorne, G.A. Molecular epidemiology of respiratory
syncytial virus. Rev. Med. Virol. 2018, 28, €1968. [CrossRef] [PubMed]

Ahmed, A.; Parveen, S.; Al-Hassinah, S.M.; Al-Amery, S.F. An overview of respiratory syncytial virus infections in Saudi Arabia.
J. Infect. Dev. Ctries. 2018, 12, 929-936. [CrossRef]

Midgley, C.M.; Haynes, A K.; Baumgardner, ].L.; Chommanard, C.; Demas, S.W,; Prill, M.M.; Abedi, G.R.; Curns, A.T.; Watson, ].T.;
Gerber, S.I. Determining the Seasonality of Respiratory Syncytial Virus in the United States: The Impact of Increased Molecular
Testing. J. Infect. Dis. 2017, 216, 345-355. [CrossRef]

Baumeister, E.; Duque, J.; Varela, T.; Palekar, R.; Couto, P,; Savy, V.; Giovacchini, C.; Haynes, A.K.; Rha, B.; Arriola, C.S.; et al.
Timing of respiratory syncytial virus and influenza epidemic activity in five regions of Argentina, 2007-2016. Influenza Other
Respir. Viruses 2019, 13, 10-17. [CrossRef]

Yu, J.; Liu, C.; Xiao, Y.; Xiang, Z.; Zhou, H.; Chen, L.; Shen, K; Xie, Z.; Ren, L.; Wang, J. Respiratory Syncytial Virus Seasonality,
Beijing, China, 2007-2015. Emerg. Infect. Dis. 2019, 25, 1127-1135. [CrossRef]

Ren, K.Y;; Ren, L.; Deng, Y.; Xie, X.H.; Zang, N.; Xie, J.; Luo, Z.X.; Luo, J.; Fu, Z,; Liu, E.; et al. Epidemiological characteristics of
respiratory syncytial virus in hospitalized children with acute lower respiratory tract infection in Chongqing, China, from 2013 to
2018: An analysis of 2066 cases. Zhongguo Dang Dai Er Ke Za Zhi 2021, 23, 67-73. [CrossRef]

Pitzer, V.E.; Viboud, C.; Alonso, W.J.; Wilcox, T.; Metcalf, C.J.; Steiner, C.A.; Haynes, A.K,; Grenfell, B.T. Environmental drivers of
the spatiotemporal dynamics of respiratory syncytial virus in the United States. PLoS Pathog. 2015, 11, e1004591. [CrossRef]
Colosia, A.D.; Yang, J.; Hillson, E.; Mauskopf, J.; Copley-Merriman, C.; Shinde, V.; Stoddard, J. The epidemiology of medically
attended respiratory syncytial virus in older adults in the United States: A systematic review. PLoS ONE 2017, 12, e0182321.
[CrossRef]

Stensballe, L.G.; Devasundaram, J.K.; Simoes, E.A. Respiratory syncytial virus epidemics: The ups and downs of a seasonal virus.
Pediatr. Infect. Dis. ]. 2003, 22, S21-S32. [CrossRef] [PubMed]

Smith, D.K,; Seales, S.; Budzik, C. Respiratory Syncytial Virus Bronchiolitis in Children. Am. Fam. Physician 2017, 95, 94-99.
[PubMed]

Griffiths, C.; Drews, S.J.; Marchant, D.]. Respiratory Syncytial Virus: Infection, Detection, and New Options for Prevention and
Treatment. Clin. Microbiol. Rev. 2017, 30, 277-319. [CrossRef] [PubMed]

Vos, L.M,; Teirlinck, A.C.; Lozano, ].E.; Vega, T.; Donker, G.A.; Hoepelman, A.L; Bont, L.J.; Oosterheert, ].J.; Meijer, A. Use of the
moving epidemic method (MEM) to assess national surveillance data for respiratory syncytial virus (RSV) in the Netherlands,
2005 to 2017. Eurosurveillance 2019, 24, 1800469. [CrossRef]

Oumei, H.; Xuefeng, W.; Jianping, L.; Kunling, S.; Rong, M.; Zhenze, C.; Li, D.; Huimin, Y.; Lining, W.; Zhaolan, L.; et al. Etiology
of community-acquired pneumonia in 1500 hospitalized children. J. Med. Virol. 2018, 90, 421-428. [CrossRef]

Li, Z.].; Zhang, H.Y;; Ren, L.L.; Lu, Q.B.; Ren, X,; Zhang, C.H.; Wang, Y.F,; Lin, S.H.; Zhang, X.A.; Li, ].; et al. Etiological and
epidemiological features of acute respiratory infections in China. Nat. Commun. 2021, 12, 5026. [CrossRef]

Petrarca, L.; Nenna, R.; Frassanito, A.; Pierangeli, A.; Leonardi, S.; Scagnolari, C.; Antonelli, G.; Papoff, P.; Moretti, C.; Midulla, F.
Acute bronchiolitis: Influence of viral co-infection in infants hospitalized over 12 consecutive epidemic seasons. . Med. Virol.
2018, 90, 631-638. [CrossRef]

Richard, N.; Komurian-Pradel, E; Javouhey, E.; Perret, M.; Rajoharison, A.; Bagnaud, A.; Billaud, G.; Vernet, G.; Lina, B.; Floret, D.;
et al. The impact of dual viral infection in infants admitted to a pediatric intensive care unit associated with severe bronchiolitis.
Pediatr. Infect. Dis. ]. 2008, 27, 213-217. [CrossRef]

Papenburg, J.; Hamelin, M.; Ouhoummane, N.; Carbonneau, J.; Ouakki, M.; Raymond, F,; Robitaille, L.; Corbeil, J.; Caouette, G.;
Frenette, L.; et al. Comparison of risk factors for human metapneumovirus and respiratory syncytial virus disease severity in
young children. J. Infect. Dis. 2012, 206, 178-189. [CrossRef]

Luo, HJ.; Huang, X.B.; Zhong, H.L.; Ye, C.X; Tan, X.; Zhou, K,; Yuan, L.; Zhang, S.F,; Zhu, X.; Lin, C.J.; et al. Epidemiological
characteristics and phylogenic analysis of human respiratory syncytial virus in patients with respiratory infections during
2011-2016 in southern China. Int. J. Infect. Dis. 2020, 90, 5-17. [CrossRef]

Feng, L.; Li, Z.; Zhao, S.; Nair, H.; Lai, S.; Xu, W.; Li, M.; Wu, J.; Ren, L.; Liu, W.; et al. Viral etiologies of hospitalized acute lower
respiratory infection patients in China, 2009-2013. PLoS ONE 2014, 9, €99419. [CrossRef] [PubMed]

Herrera, M.; Aguilar, Y.A.; Rueda, Z.V.; Muskus, C.; Vélez, L.A. Comparison of serological methods with PCR-based methods for
the diagnosis of community-acquired pneumonia caused by atypical bacteria. J. Negat. Results Biomed. 2016, 15, 3. [CrossRef]
[PubMed]


https://talk.ictvonline.org/taxonomy/
https://talk.ictvonline.org/taxonomy/
http://doi.org/10.1016/S0140-6736(17)30938-8
http://doi.org/10.1099/0022-1317-66-10-2111
http://www.ncbi.nlm.nih.gov/pubmed/2413163
http://doi.org/10.1002/rmv.1968
http://www.ncbi.nlm.nih.gov/pubmed/29377415
http://doi.org/10.3855/jidc.10736
http://doi.org/10.1093/infdis/jix275
http://doi.org/10.1111/irv.12596
http://doi.org/10.3201/eid2506.180532
http://doi.org/10.7499/j.issn.1008-8830.2007139
http://doi.org/10.1371/journal.ppat.1004591
http://doi.org/10.1371/journal.pone.0182321
http://doi.org/10.1097/01.inf.0000053882.70365.c9
http://www.ncbi.nlm.nih.gov/pubmed/12671449
http://www.ncbi.nlm.nih.gov/pubmed/28084708
http://doi.org/10.1128/CMR.00010-16
http://www.ncbi.nlm.nih.gov/pubmed/27903593
http://doi.org/10.2807/1560-7917.ES.2019.24.20.1800469
http://doi.org/10.1002/jmv.24963
http://doi.org/10.1038/s41467-021-25120-6
http://doi.org/10.1002/jmv.24994
http://doi.org/10.1097/INF.0b013e31815b4935
http://doi.org/10.1093/infdis/jis333
http://doi.org/10.1016/j.ijid.2019.10.009
http://doi.org/10.1371/journal.pone.0099419
http://www.ncbi.nlm.nih.gov/pubmed/24945280
http://doi.org/10.1186/s12952-016-0047-y
http://www.ncbi.nlm.nih.gov/pubmed/26932735

Vaccines 2022, 10, 810 11 of 11

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Heiter, B.J.; Bourbeau, P.P. Comparison of two rapid streptococcal antigen detection assays with culture for diagnosis of
streptococcal pharyngitis. J. Clin. Microbiol. 1995, 33, 1408-1410. [CrossRef] [PubMed]

Yew, S.M.; Tan, K.L.; Yeo, S.K,; Ng, K.P,; Kuan, C.S. Molecular epidemiology of respiratory viruses among Malaysian Young
children with a confirmed respiratory infection during 2014-2015. J. Thorac. Dis. 2019, 11, 4626-4633. [CrossRef]

Wen, X.; Huang, Q.; Tao, H.; Zou, W.; Gao, M.; Guo, H.; Yao, X.; Cui, D.; Wang, X. Clinical characteristics and viral etiologies of
outpatients with acute respiratory infections in Huzhou of China: A retrospective study. BMC Infect. Dis. 2019, 19, 32. [CrossRef]
Liao, X.; Hu, Z.; Liu, W,; Lu, Y.; Chen, D.; Chen, M.; Qiu, S.; Zeng, Z.; Tian, X.; Cui, H.; et al. New Epidemiological and Clinical
Signatures of 18 Pathogens from Respiratory Tract Infections Based on a 5-Year Study. PLoS ONE 2015, 10, e0138684. [CrossRef]
Zhang, L.; Liu, W,; Liu, D.; Chen, D.; Tan, W.; Qiu, S.; Xu, D.; Li, X,; Liu, T.; Zhou, R. Epidemiological and clinical features of
human metapneumovirus in hospitalised paediatric patients with acute respiratory illness: A cross-sectional study in Southern
China, from 2013 to 2016. BMJ Open 2018, 8, €019308. [CrossRef]

Hirsh, S.; Hindiyeh, M.; Kolet, L.; Regev, L.; Sherbany, H.; Yaary, K.; Mendelson, E.; Mandelboim, M. Epidemiological changes of
respiratory syncytial virus (RSV) infections in Israel. PLoS ONE 2014, 9, €90515. [CrossRef]

Bashir, U.; Nisar, N.; Arshad, Y.; Alam, M.M.; Ashraf, A.; Sadia, H.; Kazi, B.M.; Zaidi, S.S. Respiratory syncytial virus and
influenza are the key viral pathogens in children <2 years hospitalized with bronchiolitis and pneumonia in Islamabad Pakistan.
Arch. Virol. 2017, 162, 763-773. [CrossRef]

Slovic, A.; Ivancic-Jelecki, J.; Ljubin-Sternak, S.; Galinovi¢, G.M.; Forcic, D. A molecular epidemiological study of human
respiratory syncytial virus in Croatia, 2011-2014. Infect. Genet. Evol. 2016, 44, 76-84. [CrossRef]

Dong, Y.W,; Dai, L.H.; Ye, W.J.; Chen, X.E,; Dong, L. A molecular epidemiological study of respiratory syncytial virus circulating
in southern Zhejiang Province, China, from 2009 to 2014. Zhongguo Dang Dai Er Ke Za Zhi Chin. ]. Contemp. Pediatr. 2018, 20,
904-910. [CrossRef]

Scott, P.D.; Ochola, R.; Ngama, M.; Okiro, E.A.; Nokes, D.J.; Medley, G.F.; Cane, P.A. Molecular epidemiology of respiratory
syncytial virus in Kilifi district, Kenya. J. Med. Virol. 2004, 74, 344-354. [CrossRef] [PubMed]

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

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

Lu, L; Yan, Y;; Yang, B.; Xiao, Z.; Feng, X.; Wang, Y.; Ji, W.; Mize, M.; Hao, C.; Chen, Z. Epidemiological and clinical profiles of
respiratory syncytial virus infection in hospitalized neonates in Suzhou, China. BMC Infect. Dis. 2015, 15, 431. [CrossRef]
Meskill, S.D.; O’Bryant, S.C. Respiratory Virus Co-infection in Acute Respiratory Infections in Children. Curr. Infect. Dis. Rep.
2020, 22, 3. [CrossRef]


http://doi.org/10.1128/jcm.33.5.1408-1410.1995
http://www.ncbi.nlm.nih.gov/pubmed/7615768
http://doi.org/10.21037/jtd.2019.10.69
http://doi.org/10.1186/s12879-018-3668-6
http://doi.org/10.1371/journal.pone.0138684
http://doi.org/10.1136/bmjopen-2017-019308
http://doi.org/10.1371/journal.pone.0090515
http://doi.org/10.1007/s00705-016-3146-7
http://doi.org/10.1016/j.meegid.2016.06.036
http://doi.org/10.7499/j.issn.1008-8830.2018.11.005
http://doi.org/10.1002/jmv.20183
http://www.ncbi.nlm.nih.gov/pubmed/15332285
http://doi.org/10.1590/S0074-02762005000300001
http://www.ncbi.nlm.nih.gov/pubmed/16113858
http://doi.org/10.1128/JCM.00115-09
http://www.ncbi.nlm.nih.gov/pubmed/19553576
http://doi.org/10.1186/s12879-015-1155-x
http://doi.org/10.1007/s11908-020-0711-8

	Introduction 
	Materials and Methods 
	Patients and Specimens 
	Detection of Respiratory Pathogens 
	Data Collection and Statistical Analysis 

	Results 
	Clinical and Epidemiological Characteristics of RSV-Positive Cases 
	Epidemiological Distribution of RSV Subtypes 
	Clinical Manifestations of RSV-Positive Cases in Which Other Common Respiratory Pathogens Were Co-Detected 
	Mono RSVs Infection 
	Co-Infection of RSVs with Other Viruses 
	Co-Infection of RSVs with Bacteria 
	Co-Infection of RSVs with Other Viruses and Bacteria 


	Discussion 
	Conclusions 
	References

