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Abstract

The objective of this study is to investigate the epidemiological and clinical characteristics of the acute respiratory tract
infections (ARTI) caused by respiratory syncytial virus (RSV) among the population of all age categories in Beijing, China.
Outpatients and inpatients with ARTI were enrolled from 35 sentinel hospitals in Beijing between March 2015 and February
2019. They were interviewed and their medical records were collected using a standardized form. Their respiratory speci-
mens were collected and tested for the nucleic acid of RSV. The RSV-positive specimens were further genotyped into RSV-A
and RSV-B groups. A total of 29,923 cases were included in this study. RSV was detected in 623 (2%, 623/29923) patients,
with 391 (62.8%) genotypd as RSV-A, 126 (20.2%) as RSV-B, and 106 (17.0%) untyped. The RSV epidemic season usually
occurred between October and March covering approximately 90% of annual RSV infections. The RSV-infected children
aged < 5 years accounted for 52.2% of the total RSV infections with cough and fever as the most common manifestations. The
RSV-infected elderly adults aged > 60 years have the second largest proportion (25.2%) with dyspnea and lymphocytopenia
as the most common manifestations and showed an elevated rate of hospitalization, an increased rate of ICU admission,
an extended length of hospital stay, and an elevated mortality compared to the RSV-infected children. The RSV infections
aged > 60 years old, as the second largest population of the total annual RSV infections, usually developed worse outcomes
than children and should be taken seriously.

Keywords Respiratory syncytial virus - Respiratory infection - Surveillance - Respiratory pathogen - Epidemiological
characteristics - Clinical characteristics

Introduction

Respiratory syncytial virus (RSV) is one of the most impor-
tant pathogens leading to severe lower respiratory tract infec-
tions in children. It causes 2.7-3.8 million hospitalizations
and 94,600-149,400 deaths among children under 5 years
of age each year [1]. It can also result in severe respiratory
infections in high-risk adults or elderly healthy individu-
als [2]. There were annual 17,358 deaths attributed to RSV
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infection in the USA, and more than half of which were the
elderly adults aged 65 years or older [3].

Generally, RSV infection has no distinguishable clinical
presentations, which vary from asymptomatic carriage to
acute respiratory distress. Unlike influenza, there is a consid-
erable proportion of RSV-infected children who present no
fever during their illness course [4], which made RSV surveil-
lance become more challenging. RSV prevalence presented
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a distinct seasonality, although regional variation occurred.
In countries with temperate climate, RSV often circulated
throughout the winter season and peaked between Decem-
ber and January, whereas in tropical countries, RSV usually
breaks out during hot, humid, rainy days in the summer sea-
son. Its two genotypes (RSV-A and RSV-B) predominated
alternatively or co-circulated in a single epidemic season [5].

RSV infection has raised widely public health concern
and the related surveillance has been conducted in many
countries. RSV was included into the National Respiratory
and Enteric Virus Surveillance System in the USA since
1989 [6, 7] and included into the National Epidemiological
Surveillance System for Infectious Diseases since 2003 [8].
The European Union has initiated RSV surveillance using
the existing influenza surveillance network since 2003 [9,
10]. The USA also launched the Global Disease Detection
project in 2004, which conducted a surveillance for influenza
virus and RSV in multiple countries all over the world [11].
The World Health Organization started the RSV surveil-
lance program using the global influenza network in 2017
[12]. The Beijing Respiratory Pathogen Surveillance System
(RPSS), a regional surveillance program covering 11 res-
piratory viruses including RSV and 15 respiratory bacteria,
was conducted since 2010. However, a nationwide RSV sur-
veillance network has not been established in China so far.

There were several studies on RSV prevalence in China.
Most of them focused on RSV infections among children and
considered that the RSV infections accounted for 17-33%
of patients with community-acquired pneumonia among
Chinese children during the RSV epidemic season [13, 14].
RSV infection among elderly population has been confirmed
to be associated with a higher risk of severe illness [2],
whereas the reports on RSV prevalence among the adults
in China, especially among the elderly people, are very
limited. While China is the most populous country glob-
ally and the problem of population aging is becoming more
prevalent, the proportion of the RSV-infected elderly adults
will probably increase in the coming years. Moreover, there
is no licensed RSV vaccine available. Palivizumab is the
only prophylaxis biological product approved by the Food
and Drug Administration in the USA for use in infants at
high risk of severe RSV infection [15], while it has not been
approved by the Chinese Food and Drug Administration.
So, it is becoming more urgent to obtain the systemic and
comprehensive insights into RSV infections among elderly
adults applying long-term, representative RSV surveillance
program in China.

Based on the Beijing Respiratory Pathogen Surveillance
System, this study intended to cover a more complete illness
profile of respiratory infections caused by RSV (including
acute upper respiratory tract infection, non-severe pneumo-
nia, and severe pneumonia), including patients of all age
categories who presented at or were admitted to 35 sentinel
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hospitals in Beijing, and conduct a systematic and compre-
hensive exploration of the prevalence of RSV in Beijing
between 2015 and 2019.

Population and methods
Ethics statement

This study was approved by the Ethics Committee at Bei-
jing Center for Disease Prevention and Control. The writ-
ten informed consent was obtained from each of enrollees
(or their guardians if appropriate) after we declared the
nature, purpose, procedures, and potential health impact
regarding this study. Patients were required to provide con-
sent by themselves if their age and health condition were
appropriate.

Study population

The RPSS network included 35 public sentinel hospitals of
different level, which were located in all of 16 districts in Bei-
jing. The patients were enrolled if they visited any one of the
sentinel hospitals for acute upper respiratory tract infection
(AURTI) or community-acquired pneumonia (CAP) between
March 1, 2015, and February 28. Each sentinel hospital was
required to enroll more than 20 qualified patients per month
as possible in line with the sample size determined by the
study. AURTI patients were included if they presented with
fever and/or respiratory symptoms, e.g., cough, sputum
production, and sore throat. CAP patients were included if
they had evidence of CAP according to the guidelines for
the diagnosis and treatment of adult community-acquired
pneumonia in China (2016 edition) and the guidelines for
the management of community-acquired pneumonia in chil-
dren (the revised edition of 2013) [16—18]. Namely, CAP was
defined as a new or aggravated infiltrate in chest radiographs
obtained within 72 h before or after presentation, which was
accompanied by one of the following clinical characteristics:
new cough or sputum production, aggravated underlying res-
piratory disease, fever (>37.8 °C), hypothermia (<35.6 °C),
leukocytosis (> 10 x 109/L), leukopenia (<4 x 109/L), or pul-
monary consolidation or moist rale.

Patients were excluded if they had been hospital-
ized recently (<28 days for immunocompetent patients
and <90 days for immunocompromised patients), had
already been enrolled in the RPSS study within the previous
28 days, or had a clear alternative diagnosis of a respiratory
disorder. We also excluded patients if they had lung cancer
or tuberculosis, pneumoconiosis, noninfectious interstitial
lung disease, pulmonary edema, pulmonary atelectasis,
pulmonary thromboembolism, pulmonary infiltration with
eosinophilia, or pulmonary vasculitis.
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CAP patients were further classified as severe CAP
(SCAP) and non-severe CAP (NSCAP) based on illness
severity according to the criteria provided previously [19].

Specimen and data collection

All cases were investigated by their physicians after enroll-
ment using a uniform questionnaire, including demographic
data, epidemiological data, clinical manifestation, radio-
graphical imaging data, and laboratory data. The comorbid-
ity referred to 11 illness obtained before the acute respira-
tory infection as follows: asthma, bronchitis/bronchiolitis,
chronic obstructive pneumonia disease, diabetes, hyper-
tension, heart disease, chronic renal disease, chronic liver
disease, malignancy, and stroke. All questionnaires were
transferred to the Beijing Center for Disease Prevention and
Control (BJCDC) for data cleaning and statistical analyses.

Respiratory specimens were collected as early as possible
(upon presentation for outpatient or within 72 h of admission
for inpatients), including at least one of the following speci-
men kinds: pharyngeal swabs, nasopharyngeal aspirates, spu-
tum, pleural effusion, tracheal aspirates, or bronchoalveolar
lavage fluid. All specimens were transferred to the laboratory
in BICDC under a frozen condition for etiological testing.

Laboratory examination

Total nucleic acids (RNA and DNA) were extracted from the
respiratory specimens using an automated equipment in accord-
ance with the manufacturer’s instructions (Thermo Scientific™
KingFisher™ Flex Magnetic Particle Processors, Thermo
Fisher, MA, USA). A real-time PCR-based commercial diag-
nostic kit (Multiplex Combined Real-time PCR Detection Kit
for Respiratory Viruses, Jiangsu Uninovo Biological Technol-
ogy Co. Ltd., Jiangsu, China) was used for the test for RSV on
the extracted nucleic acids. RSV-positive samples were further
genotyped into RSV group A (RSV-A) or RSV group B (RSV-
B) using a commercial kit (Duplex Real-Time PCR Kit for RSV,
Beijing Kinghawk Pharmaceutical Co., Ltd., Beijing, China).

Statistical analysis

Continuous variables were presented as median (interquartile
range, IQR) and compared between different groups with the
Kruskal-Wallis test; categorical variables were presented as
numbers (%), and comparisons between different groups were
done by the ? test or Fisher’s exact test. A two-sided o of less
than 0.05 was considered statistically significant. Cases with
missing data of a variable were excluded out of the statistical
analyses on this variable. All data were entered independently
by two technicians using EpiData 3.1 (Odense, Denmark). All
statistical analyses were done using SPSS statistical software
version 19.0 (SPSS Inc., Chicago, IL, USA).

Results
Demographic characteristics

Between March 1, 2015, and February 28, 2019, a total of
29,923 cases were finally included in this study, of which
8586 (29%) were with AURTI; 16,121 (54%) were with non-
severe CAP (NSCAP); 4139 (14%) were with SCAP; and
1074 (4%) were with bronchitis (3 missing final diagnostic
information). Male cases accounted for 56% (16,668) (93
missing gender information).

The youngest was 1 month old, and the oldest was
104 years old with a median age of 38 years old (IQR: 8-68,
120 patients missing age information).

RSV was detected in 623 (2%, 623/29923) enrolled
patients, including 92 (15%, 92/623) patients with AURTI,
429 (69%, 429/623) with NSCAP, and 92 (15%, 92/623) with
SCAP (10 missing diagnostic information). Among overall
RSV-infected patients, 352 (57%) were male (4 missing gen-
der information), the minimum age was 1 month old, and the
maximum was 101 years old with a median age of 4 years old
(IQR: 1-60 years old, three cases without age information).

Of the 623 RSV-positive cases, 391 (62.8%) were geno-
typed as RSV-A, 126 (20.2%) were genotyped as RSV-B,
and 106 (17.0%) were not genotyped successfully.

Seasonality of RSV infections in Beijing

We observed an annual RSV epidemic around winter from
March 2015 to February 2019. RSV-positive rate began to
rise in October, peaked in December or January, and fell to
background level in April, with about 90% of RSV infections
occurring during the epidemic season (from October to March)
(Fig. 1A). This epidemic season advanced or was postponed by
about 1 month in different years. RSV-A and RSV-B co-circu-
lated each year during the study period with RSV-A remaining
a predominant proportion (62.8%) (Fig. 1B).

Comparison of RSV prevalence among different
age-groups

The RSV-positive rate peaked to 6.07% in the 0—4-year group,
then dramatically fell to 1.51% in the 5-17-year group, hovered
at 0.76% in the 18-59-year group, and increased to1.57% again
in the group with 60 years or older. RSV infections in the 0—4-
year group accounted for 52% of the overall RSV infections, fol-
lowed by those among the elderly adults aged 60 years or older
(25%). Both of RSV-A and RSV-B were detected in the four age
groups with RSV-A remaining a dominant percentage (Fig. 2A).

There were similar trends among four age groups that
pneumonia patients (NSCAP and SCAP) exhibited a higher
RSV-positive rate than AURTI patients (Fig. 3A). RSV-A
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Fig. 1 RSV seasonality in
Beijing. A The average percent-
age of RSV-positive cases per
month among the tested cases
in Beijing from March 2015

to February 2019. Gray bars
denote the tested cases per
month, blue bars denote the
RSV-positive cases per month,
and the brown line denotes the
average percentage of RSV-pos-
itive cases per month among the
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and RSV-B were both detected in each illness category of
patients per age group, with RSV-A remaining an approxi-
mate dominant proportion (Fig. 3B).

Comparison of clinical manifestations
and laboratory findings of RSV-infected patients
of different age groups

Among the 623 RSV-infected patients, the medical data
were collected successfully from only 597. The proportion
of cases with > 1 comorbidity was 2.9% in the 0—4 years old
group, 0% in 5-17 years old group, 22.4% in 18-44 years
old group, and 57.2% in > 60 years old group, approximately
increasing as age (p <0.001). Among the children with 0
to 4 years of age, the most common symptoms were cough
(95.8%), fever (87.8%), sputum production (61.0%), rhinor-
rhea (42.9%), nasal congestion (33.5%), dyspnea (12.3%),
and sore throat (11.6%), whereas among the adults with
60 years of age or older, the most common symptoms were
cough (88.8%), sputum production (82.9%), fever (74.8%),
dyspnea (52.6%), sore throat (18.4%), and rhinorrhea
(17.1%). Notably, more than half of RSV-infected patients
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aged > 60 years eventually developed dyspnea in their clini-
cal course (52.6%; Table 1). The proportion was significantly
higher than that of RSV-infected patients aged <4 years
(p<0.001).

There were many differences in blood analysis between
the younger children and the elderly adults with RSV.
The elderly patients frequently developed lymphopenia
(5.1% for 0—4 years, 41.5% for > 60 years, p<0.001),
neutrophilia (15.1% for 0-4 years, 71.2% for > 60 years,
p<0.001), and an elevated C-reactive protein (CRP;
23.2% for 0—4 years, 73.6% for > 60 years, p<0.001).
Whereas the younger children were more likely to
develop elevated aspartate aminotransferase (AST; 34.9%
for 0-4 years, 13% for > 60 years, p <0.001) and/or an
elevated creatine kinase MB fraction (CKMB; 30.4% for
04 years, 2.5% for > 60 years, p<0.001) (Table 2).

Radiographic findings showed that the proportion of
pneumonia among the overall RSV infections was asso-
ciated with the age of the patient (23.2% for 0—4 years,
59.2% for > 60 years, p <0.001). Furthermore, about 50%
of the abnormal radiographic findings involved bilateral
lung (Table 2).
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ness severity in Beijing from March 2015 to February 2019. The
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denotes untyped RSV. RSV, respiratory syncytial virus. AURTI, acute
upper respiratory tract infection. NSCAP, non-severe community-
acquired pneumonia. SCAP, severe community-acquired pneumonia

Comparisons of treatments and outcome measures
of RSV-infected patients of different age groups

A total of 390 RSV infections (65%, 390/597) were inpa-
tients in this study. The median time from illness onset to
hospital admission of these inpatients was similar among
four age groups (varied within 2.5-3.5 days, p=0.065),
whereas the hospitalization rates among the four age groups
differed significantly as follows: 65.5% (0—4 years), 52.5%
(5-17 years), 48.7% (18—44 years), and 78.3% (> 60 years)
(p<0.001). The hospitalization rate of the > 60 years old
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group was significantly higher than those of other three
groups (versus 0—4 years: p=0.005; versus 5-17 years:
p<0.001; versus 18-59 years: p<0.001). Moreover, the
median length of hospital stay was also extended signifi-
cantly when age increased as follows: 7 days (0-4 years:
IQR 6-9 days), 8 days (5-17 years: IQR 5-11 days), 10 days
(18-59 years: IQR 7-15 days), and 12 days (> 60 years:
IQR 8.5-16 days) (p <0.001). The rate of ICU admission
among the four age groups differed obviously as follows:
0.6% (04 years), 0.0% (5-17 years), 10.5% (18-59 years),
and 15.1% (> 60 years) (p<0.001). So in terms of the rate
of hospitalization, the length of hospital stay, and the rate of
ICU admission, the patients with > 60 years old all reached
the highest among the four age groups (Table 3).

Compared with the children aged 0—4 years, the rates of
antibiotic use (60.7%, 74.4%, p<0.001), oxygen support
therapy (12.6%, 62.5%, p<0.001), and mechanical venti-
lation (8.4%, 12.5%, p=0.035) among the elderly patients
aged > 60 years were all significantly increased. However,
the rates of vasoactive drug administration, corticosteroid
use, and antiviral therapy among the four age groups were
similar. A total of eight (8/597) RSV-infected patients were
treated with extracorporeal membrane oxygenation (ECMO
in this study), and only one case, a 63-year-old man, died in
hospitalization (Table 3).

The most frequent complication among RSV-infected
children was acute myocardial injury (9% in 0—4 years
group, 6.8% in 5-17 years group), whereas that among
RSV-infected adults was respiratory failure (11.8% in
18-59 years group, 15.8% in > 60 years group). The RSV
infections among adults with > 60 years of age resulted
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Table 1 Demographic and clinical characteristics of 597 patients infected with RSV

04 yr 5-17 yr 18-59 yr >60 yr p-value
n=310 n=59 n=76 n=152
Demographics and clinical characteristics
Female 124 (40%) 26 (44.1%) 36 (47.4%) 70 (46.1%) 0.506
Inpatient 203 (65.5%) 31 (52.5%) 37 (48.7%) 119 (78.3%) <0.001
Time from illness onset to hospital admission, days 3.5 (2-5) 3 (1-6) 2.5 (1-6) 3 (1-6) 0.065
Comorbidity 9 (2.9%) (0%) 17 (22.4%) 87 (57.2%) <0.001
Asthma 1(0.3%) 0 (0%) 6 (7.9%) 7 (4.6%) <0.001
Bronchitis/bronchiolitis 1(0.3%) 0 (0%) 1(1.3%) 12 (7.9%) <0.001
Chronic obstructive pneumonia disease 0 (0%) 0 (0%) 3 (3.9%) 13 (8.6%) <0.001
Diabetes 1(0.3%) 0 (0%) 5 (6.6%) 24 (15.8%) <0.001
Hypertension 2 (0.6%) 0 (0%) 9 (11.8%) 52 (34.2%) <0.001
Heart disease 4 (1.3%) 0 (0%) 1(1.3%) 35 (23%) <0.001
Chronic renal disease 1(0.3%) 0 (0%) 2 (2.6%) 2 (1.3%) 0.143
Chronic liver disease 0(0%) 0 (0%) 0 (0%) 1(0.7%) 0.481
Malignancy 2 (0.6%) 0 (0%) 0 (0%) 6 (3.9%) 0.034
Stroke 0 (0%) 0 (0%) 1(1.3%) 16 (10.5%) <0.001
Symptoms and signs
Fever (temperature >37.3 °C) 267/304 (87.8%) 57/58 (98.3%) 67/75 (89.3%) 113/151 (74.8%) <0.001
Temperature, °C
<373 37/304 (12.2%) 1/58 (1.7%) 8/75 (10.7%) 38/151 (25.2%) <0.001
37.3-37.9 21/304 (6.9%) 3/58 (5.2%) 4/75 (5.3%) 21/151 (13.9%)
38-38.9 129/304 (42.4%) 25/58 (43.1%)  41/75 (54.7%) 59/151 (39.1%)
>39 117/304 (38.5%) 29/58 (50%) 22/75 (29.3%) 33/151 (21.9%)
Sore throat 36 (11.6%) 20 (33.9%) 27 (35.5%) 28 (18.4%) <0.001
Cough 297 (95.8%) 52 (88.1%) 66 (86.8%) 135 (88.8%) 0.003
Sputum production 189 (61%) 37 (62.7%) 55 (72.4%) 126 (82.9%) <0.001
Hemoptysis 2 (0.6%) 0(0%) 2 (2.6%) 4 (2.6%) 0.138
Chest pain 1(0.3%) 1(1.7%) 5(6.6%) 7 (4.6%) 0.001
Dyspnea 38 (12.3%) 0 (0%) 21 (27.6%) 80 (52.6%) <0.001
Nasal congestion 104 (33.5%) 18 (30.5%) 9(11.8%) 12 (7.9%) <0.001
Rhinorrhea 133 (42.9%) 23 (39%) 22 (28.9%) 26 (17.1%) <0.001
Headache 1(0.3%) 4(6.8%) 8 (10.5%) 7 (4.6%) <0.001
Fatigue 2 (0.6%) 3(5.1%) 11 (14.5%) 11 (7.2%) <0.001
Myalgia 0 (0%) 0 (0%) 3(3.9%) 5(3.3%) 0.002
Diarrhea 11 (3.5%) 0 (0%) 1(1.3%) 4 (2.6%) 0.534
Abdominal pain 6 (1.9%) 0 (0%) 4(5.3%) 2 (1.3%) 0.175
Nausea or vomiting 14 (4.5%) 1(1.7%) 2 (2.6%) 4 (2.6%) 0.717
Oliguria 1 (0.3%) 0 (0%) 0 (0%) 1 (0.7%) 0.731
Disturbance of consciousness 0 (0%) 0 (0%) 3 (3.9%) 11 (7.2%) <0.001
Abnormal respiratory rate, beats/min 116/237 (48.9%) 5/46 (10.9%) 6/65 (9.2%) 10/137 (7.3%) <0.001

Data are median (IQR) or n (%). p-values were calculated by Kruskal-Wallis test, XZ test, or Fisher’s exact test, as appropriate

in organ failures more frequently than the other three
younger age groups, e.g., respiratory failure (15.8%),
heart failure (13.2%), and renal failure (5.9%). A total of
five RSV-infected adults (0.8%, 5/597) eventually devel-
oped acute respiratory distress syndrome (ARDS) in this
study, two in the 18-59 age group and three in the > 60
age group. (Table 3).
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The median time from onset to discharge was 11 days
(IQR 9-14 days) in 0—4 years old group, 13 days (IQR
10-17 days) in 5-17 years age group, 13 days (IQR
11-18 days) in 18—-44 years old group, and 16 days (IQR
12-20 days) in > 60 years old group and was extended sig-
nificantly as age increased (p <0.001). A total of 10 deaths
in hospital (1.7%, 10/597) were observed in this study. Two
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Table 2 Laboratory and radiographic findings of 597 patients infected with RSV
04 yr 5-17 yr 18-59 yr >60 yr p-value
n=310 n=59 n=76 n=152
Laboratory findings
White blood cell count, X 109 per L 7.98 (6-10.8) 8.0 (6.4-10.4) 7.3 (5.5-10.0) 7.5 (5.9-10.7) 0.485
<4 6/280 (2.1%) 149 (0%) 7771 (9.9%) 10/145 (6.9%) 0.037
4-10 189/280 (67.5%) 35/49 (71.4%) 47171 (66.2%) 92/145 (63.4%)
>10 85/280 (30.4%) 14/49 (28.6%) 17/71 (23.9%) 43/145 (29.7%)
Lymphocyte count, X 109 per L 3244 2.05 (1.225-2.875) 1.4 (0.9-2.15) 1.1 (0.7-1.7) <0.001
<1000 14/277 (5.1%) 8/48 (16.7%) 19/68 (27.9%) 54/130 (41.5%) <0.001
Neutrophil proportion, % 49 (32.0-62.5) 64.9 (58.1-74.0) 72.8 (57.3-83.3) 76.5 (67.6-84.3) <0.001
<50 138/271 (50.9%) 7/49 (14.3%) 11/70 (15.7%) 5/139 (3.6%) <0.001
50-69% 92/271 (33.9%) 24/49 (49%) 19/70 (27.1%) 35/139 (25.2%)
>70% 41/271 (15.1%) 18/49 (36.7%) 40/70 (57.1%) 99/139 (71.2%)
Platelet count, x 109 per L 294 (225-368.5) 292 (225-355.5) 200 (166.25-260) 197 (154-246) <0.001
<100 1/285 (0.4%) /51 (0%) 4/69 (5.8%) 10/154 (6.5%) <0.001
Creatinine, umol/L 22 (18.6-26.9) 36.9 (29.7-39.8) 60 (51-78) 69.5 (56.5-87.6) <0.001
>133 /98 (0%) /16 (0%) 125 (0%) 7/94 (7.4%) 0.02
Blood urea nitrogen, mmol/L 2.8 (2.1-3.625) 2.7 (2.34) 4.6 (2.95-6.025) 5.1 (3.9-7.55) <0.001
>7.14 2/101 (2%) 1/15 (6.7%) 2/26 (1.7%) 27/90 (30%) <0.001
Alanine aminotransferase, U/L 20 (14-28) 13 (10-37.5) 22 (11.5-36.5) 16 (11-26) 0.174
Aspartate aminotransferase, U/L 34.5 (28.75-44) 27 (20-31.5) 24 (17-34) 21 (17-32.75) <0.001
>40 37/106 (34.9%) 2/17 (11.8%) 4/26 (15.4%) 12/92 (13%) 0.001
Creatine kinase, U/L 77 (52.8-119.0) 81 (50.0-105.3) 78 (55.0-131.8) 77 (45.0-134.0) 0.951
Creatine kinase MB fraction, U/L 21 (15.5-29) 19.5 (14-21) 10.5 (2.8-17.3) 10 (5.3-14.0) <0.001
>25 31/102 (30.4%) 3/17 (17.6%) 2/19 (10.5%) 2/79 2.5%) <0.001
Sodium, mmol/L 137.5 (136-139) 139 (136-139.1) 138 (135.5-142) 138 (135-140) 0.619
Erythrocyte sedimentation rate, mm/hour 21 (15.5-29.3) 42 (14-59) 24.5 (15.8-48.8) 35 (25-60) 0.267
C-reactive protein, mg/L 8 (6-8) 9 (8-80) 18.55 (12.25-120.175) 26 (8.5-81.8) <0.001
>10 13/56 (23.2%) 3/7 (42.9%) 14/16 (87.5%) 39/53 (73.6%) <0.001
Procalcitonin, ng/mL 0.15 (0.1-0.39) 0.39 (0.25-0.64) 0.055 (0.02-0.1675) 0.09 (0.05-0.31) 0.019
The arterial partial pressure of oxygen 97 (77.25-105.25) 96 (91-98) 82 (65-98) 92 (74-96) 0.099
Saturation of arterial blood oxygen, % 97 (92-99) 94.5 (89-97) 94 (88-99) 94 (88-98) 0.135
<90 6/35 (17.1%) 2/8 (25%) 7/23 (30.4%) 33/105 (31.4%) 0.346
Radiographic findings
Unilateral involvement of chest radiographs 40 (12.9%) 12 (20.3%) 16 (21.1%) 46 (30.3%) <0.001
Bilateral involvement of chest radiographs 32 (10.3%) 4 (6.8%) 19 25%) 44 (28.9%)

Data are median (IQR) or n (%). As appropriate, p-values were calculated by the Kruskal-Wallis test, Xz test, or Fisher’s exact test

occurred in the 18-59 years age group (mortality 6.7%)
and eight in the > 60 years age group (mortality 7.8%). The
median times from onset to death of the two age groups were
10.5 days (IQR 2-19 days) and 15.5 days (9.3-21.8 days),
respectively (Table 3).

Discussion

This study explored the epidemic characteristics and clini-
cal features of RSV infections in Beijing, China, between
2015 and 2019 using a multiple center based surveillance

and reported three major findings: first, the RSV preva-
lence exhibited a typical seasonality in Beijing until 2019;
second, the elderly aged > 60 years, serving as another
high-morbidity population besides young children, usu-
ally developed more severe outcomes than the children
aged < 5 years; and third, the elderly RSV-infected patients
more frequently developed dyspnea and lymphocytopenia,
while the child RSV-infected patients under 5 years old
more commonly presented tachypnea and neutropenia.
These findings could promote a comprehensive insight
into the illness and contribute to policy-making of RSV
prevention and control.
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Table 3 Treatments and outcomes of 597 patients infected with RSV

04 yr 5-17 yr 18-59 yr >60 yr p-value
n=310 n=59 n=76 n=152
Treatments
Vasoactive drug 6 (1.9%) 1(1.7%) 1(1.3%) 6 (3.9%) 0.573
Antiviral treatment 19 (6.1%) 1(1.7%) 7 (9.2%) 7 (4.6%) 0.288
Antibiotics 188 (60.6%) 30 (50.8%) 35 (46.1%) 113 (74.3%) <0.001
Corticosteroids 61 (19.7%) 11 (18.6%) 10 (13.2%) 24 (15.8%) 0.509
Oxygen therapy 39 (12.6%) 2 (3.4%) 27 (35.5%) 95 (62.5%) <0.001
Mechanical ventilation 26 (8.4%) 0 (0%) 6 (7.9%) 19 (12.5%) 0.035
Noninvasive 25 (8.1%) 0 (0%) 4(5.3%) 7 (4.6%) <0.001
Invasive 1(0.3%) 0 (0%) 2 (2.6%) 12 (7.9%)
ECMO 1(0.3%) 4(6.8%) 1(1.3%) 2 (1.3%) 0.006
Complications
ARDS 0 (0%) 0 (0%) 2 (2.6%) 3(2%) 0.03
Respiratory failure 24 (1.7%) 0 (0%) 9 (11.8%) 24 (15.8%) 0.002
Liver failure 2 (0.6%) 0 (0%) 3(3.9%) 5(3.3%) 0.042
Kidney failure 0 (0%) 0 (0%) 2 (2.6%) 9 (5.9%) <0.001
Dehydration 0 (0%) 0 (0%) 0 (0%) 1(0.7%) 0.481
Myocardial injury 28 (9%) 4 (6.8%) 1(1.3%) 4 (2.6%) 0.01
Heart failure 0 (0%) 0 (0%) 2 (2.6%) 20 (13.2%) <0.001
Disseminated intravascular coagulation 0(0%) 0(0%) 0 (0%) 1(0.7%) 0.481
Complications in the nerve system 0(0%) 0(0%) 1(1.3%) 3(2%) 0.057
Disease severity status
AURTI 42 (13.5%) 16 (27.1%) 22 (28.9%) 8(5.3%) <0.001
NSCAP 213 (68.7%) 39 (66.1%) 46 (60.5%) 112 (73.7%)
SCAP 49 (15.8%) 3(5.1%) 7 (9.2%) 28 (18.4%)
Other 6 (1.9%) 1(1.7%) 1(1.3%) 4 (2.6%)
ICU admission 2 (0.6%) 0 (0%) 8 (10.5%) 23 (15.1%) <0.001
Discharge from hospital 182/182 (100%) 27/27 (100%) 28/30 (93.3%) 94/102 (92.2%) 0.001
Death in hospital 0/182 (0%) 0/27 (0%) 2/30 (6.7%) 8/102 (7.8%)
Hospital length of stay (days) 7 (6-9) 8 (5-11) 10 (7-15) 12 (8.5-16) <0.001
Time from illness onset to discharge (days) 11 (9-14) 13 (10-17) 13 (11-18) 16 (12-20) <0.001
Time from illness onset to death (days) ) (-) 10.5 (2-19) 15.5(9.3-21.8) 0.694

Data are median (IQR) or n (%). As appropriate, p-values were calculated by the Kruskal-Wallis test, X2 test, or Fisher’s exact test. ECMO,
extracorporeal membrane oxygenation. ARDS, acute respiratory distress syndrome. /CU, intensive care unit. AURTI, acute upper respiratory
tract infection. NSCAP, non-severe community-acquired pneumonia. SCAP, severe community-acquired pneumonia

As to the seasonality of RSV prevalence in Beijing,
China. Yu et al. [20] has reported that RSV epidemic sea-
son started in October, ended in April in Beijing from 2007
to 2015, and peaked in January. The RSV season that they
reported approximately ended later by 1 month than that
we reported. However, given that the deviation by about
1 month of RSV epidemic season usually occurred among
different years, the two independent studies could be con-
sidered to be consistent in this point. We also revealed that
the seasonality of RSV epidemic has been remaining a stable
pattern in Beijing during the past 13-year periods when inte-
grating these findings together. Yu et al. [20] observed that
RSV-A and RSV-B co-circulated and predominated alterna-
tively in different years in Beijing from 2007 to 2015, while

@ Springer

our sequential study showed that RSV-A has been remaining
a dominant proportion since 2015, although RSV-B were
also detected in each year. This distinct findings in this study
meant that RSV-A prevalence increased since 2015. Another
study [21] of ours also found that RSV epidemics in Bei-
jing were significantly ameliorated when COVID-19 pan-
demic occurred. This meant that the RSV epidemic pattern
was firstly profoundly influenced by the artificial measures
against COVID-19.

This study showed that the RSV-positive rate was high-
est in children under 5 years of age (6.07%), followed by
the elderly adults aged > 60 years (1.57%). Ren et al. [22]
reported that the RSV-positive rate among the individuals
aged > 66 years with acute respiratory tract infection (ARTI)
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in Beijing reached 2% during 2005-2007. Feng et al. [13]
reported that the average of RSV-positive rates was also 2%
among patients with ARTI aged > 65 years from 22 prov-
inces in China from 2009 to 2013. These two estimates
are slightly higher than ours, probably due to the inclusion
of the population with 60-64 years of age in our study. In
addition, we revealed that the ARTI patients with RSV
aged > 60 years accounted for 25.2% of the total RSV infec-
tions, only after the children under 5 years of age (52.0%),
which showed that the elderly people aged > 60 years were
another key population that should be focused on. As there
is the largest population in China worldwide, and its aging
population is becoming more prevalent, the proportion of the
RSV-positive patients aged > 60 years will increase further
as the body of the population with > 60 years old enlarges
continuously.

There was a significant difference in the clinical char-
acteristics of RSV-infected patients among the populations
of different age groups in Beijing. RSV-infected adults
with > 60 years of age developed dyspnea and lymphocy-
topenia more frequently and were more commonly compli-
cated by respiratory failure, heart failure, and kidney fail-
ure compared to other age group. Whereas neutrophlia and
elevated C-reactive protein were also commonly observed,
which indicated that there was probably co-infecting res-
piratory bacteria that played a cooperative role in the patho-
genesis of RSV infection among the elderly adults. In con-
trast, RSV-infected children under 5 years of age developed
tachypnea and neutropenia more frequently and were more
commonly complicated by acute myocardial injury com-
pared to other age group. The similar findings had also been
reported by Ling Gong et al. [23]. They observed that more
than 60% of the hospitalized children with RSV infection
exhibited elevated aspartate aminotransferase and creatine
kinase-MB form with a rate of myocardial injury of 10%.

We also observed that multiple illness-severity—related
indicators of the RSV infections among the elderly adult
aged > 60 years all became significantly worse than those
among other younger age groups, including the rate of hos-
pitalization, the rate of ICU admission, the rate of death in
hospital, and the hospital length of stay. This worse out-
come for the elderly RSV patients was probably attributed
to the fact that more than half of RSV infections in elderly
adults aged > 60 years had underlying disease. Another
study of ours had showed that underlying disease, abnor-
mally elevated respiratory rate, and lymphocytopenia were
the independent risk factors for the development of severe
RSV pneumonia [24].

The length of hospital stay of RSV-infected patients
with > 60 years (12 days) in this study was shorter than that
of the RSV-infected elderly adults in South Korea (20 days)
[25]. The hospital mortality of RSV-infected patients
aged > 60 years (7.8%) was approximately consistent with

that of RSV-infected patients aged > 65 years in the USA
(8%) [2], but lower than that of RSV-infected patients
aged > 65 years in South Korea [25], and also lower than
what Ling Cheng et al. [26] reported (the 30-day mortal-
ity of 14% among the elderly adults [96% aged > 50 years
old] with RSV pneumonia). These differences were probably
contributed to some confounding factors in different studies,
such as local medical levels and baseline medical condi-
tion of the included patients. Notably, a total of eight RSV-
infected patients with severe pneumonia were given ECMO
therapy in this study, and finally seven cases recovered, and
only one died, which indicated a benefit of the ECMO sup-
port for the critic RSV infection.

Although we took multiple measures to guarantee a bet-
ter representativeness of this study, e.g., including 35 sen-
tinel hospitals of different level with an overall catchment
of more than 20 million of residents in Beijing; covering
moderate, severe, and critical illness; and study period last-
ing for 4 consecutive RSV epidemic seasons, there were still
some limitations in this study. First, the RPSS network was
originally designed for pneumonia surveillance, which artifi-
cially increased the ratio of pneumonia cases among the total
included ARTI cases and probably resulted in an overestima-
tion of the mortality of RSV infection. Second, co-existing
bacterium infections were not assessed, which occurred in
the elderly adult more commonly. This co-infection probably
confused us in understanding the outcomes of RSV infec-
tion. Third, although we collected samples before the initia-
tion of therapeutic measures as possible as we can, there
was still a slight proportion of patients who had received
treatment at home before visiting the sentinel hospitals. This
probably took an impact on the RSV detection rate.

In summary, the RSV epidemic season in Beijing usu-
ally occurred between October and March, covering 90% of
annual RSV infections. The RSV infections in the elderly
people aged > 60 years old, as the second largest propor-
tion of total RSV infections only after children under 5 years
old, usually developed worse outcomes and should be taken
seriously.

Acknowledgements We would like to thank all physicians from 35
sentinel hospitals in Beijing for patient enrollment and collecting medi-
cal data and specimens and the staff from 16 district CDCs in Beijing
for quality control of obtained specimens and questionnaires and partial
specimen testing.

Author contribution LM, GC, and ZY did data analysis and prepared
the manuscript. HF and XWB conducted the study design and reviewed
the manuscript. LM, GC, WX, LY, LQ, LAH, WYT, LMZ, and DM
tested the specimens.

Funding This study was supported by the Beijing Municipal Science
and Technology Commission (Z151100003915140) and the National
Major Science and Technology Project for Control and Prevention of
Major Infectious Diseases of China (2017Z2X10103004).

@ Springer



1396 European Journal of Clinical Microbiology & Infectious Diseases (2022) 41:1387-1397

Declarations

Ethics approval This study was approved by the Ethics Committee at
Beijing Center for Disease Prevention and Control.

Consent to participate The written informed consent was obtained
from each of enrollees (or their guardians if appropriate) after we
declared the nature, purpose, procedures, and potential health impact
regarding this study. Patients were required to provide consent by them-
selves if their age and medical condition were appropriate.

Conflict of interest The authors declare no competing interests.

References

1. Shi T, McAllister DA, O’Brien KL et al (2017) Global, regional,
and national disease burden estimates of acute lower respira-
tory infections due to respiratory syncytial virus in young chil-
dren in 2015: a systematic review and modelling study. Lancet
390(10098):946-958

2. Falsey AR, Hennessey PA, Formica MA, Cox C, Walsh EE (2005)
Respiratory syncytial virus infection in elderly and high-risk
adults. N Engl J Med 352(17):1749-1759

3. Thompson WW, Shay DK, Weintraub E, Brammer L, Cox N,
Anderson LJ et al (2003) Mortality associated with influenza
and respiratory syncytial virus in the United States. JAMA
289:179-186

4. Saha S, Pandey BG, Choudekar A, Krishnan A, Gerber SI, Rai
SK et al (2015) Evaluation of case definitions for estimation of
respiratory syncytial virus associated hospitalizations among
children in a rural community of northern India. J Glob Health
5:010419

5. Nam HH, Ison MG (2019) Respiratory syncytial virus infection
in adults. BMJ 366:15021

6. Panozzo CA, Stockman LJ, Curns AT, Anderson LJ (2010) Use of
respiratory syncytial virus surveillance data to optimize the timing
of immunoprophylaxis. Pediatrics 126(1):e116-e123

7. Rose EB, Wheatley A, Langley G, Gerber S, Haynes A (2018)
Respiratory syncytial virus seasonality - United States, 2014—
2017. MMWR Morb Mortal Wkly Rep 67(2):71-76

8. Kanou K, Arima Y, Kinoshita H et al (2018) Respiratory syncytial
virus surveillance system in Japan: assessment of recent trends,
2008-2015. Jpn J Infect Dis 71(3):250-255

9. Meerhoff TJ, Fleming D, Smith A et al (2006) Surveillance rec-
ommendations based on an exploratory analysis of respiratory
syncytial virus reports derived from the European Influenza Sur-
veillance System. BMC Infect Dis 6:128

10. Broberg EK, Waris M, Johansen K, Snacken R, Penttinen P (2018)
European Influenza Surveillance Network. Seasonality and geo-
graphical spread of respiratory syncytial virus epidemics in 15
European countries, 2010 to 2016. Euro Surveill 23(5):17-00284

11. Breiman RF, Van Beneden CA, Farnon EC (2013) Surveillance
for respiratory infections in low- and middle-income countries:
experience from the Centers for Disease Control and Prevention’s
Global Disease Detection International Emerging Infections Pro-
gram. J Infect Dis 208(Suppl 3):S167-S172

12. World Health Organization (2016) WHO technical meeting
on piloting RSV surveillance based on the global influenza

@ Springer

surveillance and response system. https://www.who.int/publi
cations/i/item/who-technical-meeting-on-piloting-rsv-surveillan
ce-based-on-the-global-influenza-surveillance-and-response-sys-
tem-june-2016. Accessed 5 Oct 2022

13. Feng L, LiZ, Zhao S et al (2014) Viral etiologies of hospitalized
acute lower respiratory infection patients in China, 2009-2013.
PLoS ONE 9(6):99419

14. Huo X, Fang B, Liu L et al (2013) Clinical and epidemiologic
characteristics of respiratory syncytial virus infection among
children aged <5 years, Jingzhou City, China, 2011. J Infect Dis
208(Suppl 3):S184-S188

15. Resch B, Egger B, Kurath-Koller S, Urlesberger B (2017) Res-
piratory syncytial virus hospitalizations in infants of 28 weeks
gestational age and less in the palivizumab era. Int J Infect Dis
57:50-53

16. Chinese Thoracic Society C (2013) The guideline of diagnosis
and treatment for community acquired pneumonia among adults
in China. Chin Pract J Rural Doctor 20(2):11-15

17. Respiratory Group (2013) Pediatrics Society of Chinese Medical
Association ECoCJoP. Guidelines for management of community
acquired pneumonia in children (the revised edition of 2013) (I).
51:745-752

18. Respiratory Group (2013) Pediatrics Society of Chinese Medical
Association ECoCJoP. Guidelines for management of community
acquired pneumonia in children (the revised edition of 2013) (II)
51:856-862

19. Gong C, Zhang T, Luo M et al (2018) Distribution of the atypical
pathogens of community-acquired pneumonia to disease severity.
J Thorac Dis 10(11):5991-6001

20. YulJ, Liu C, Xiao Y et al (2019) Respiratory syncytial virus
seasonality, Beijing, China, 2007-2015. Emerg Infect Dis
25(6):1127-1135

21. Dong M, Luo M, Li A et al (2021) Changes in the pathogenic
spectrum of acute respiratory tract infections during the COVID-
19 epidemic in Beijing, China: a large-scale active surveillance
study. J Infect 83(5):607—635

22. Ren L, Gonzalez R, Wang Z et al (2009) Prevalence of human
respiratory viruses in adults with acute respiratory tract infections
in Beijing, 2005-2007. Clin Microbiol Infect 15(12):1146-1153

23. Gong L, Wu C, Lu M et al (2021) Analysis of incidence and
clinical characteristics of RSV infection in hospitalized children:
a retrospective study. Risk Manag Healthc Policy 14:1525-1531

24. Gong C, Wang X, Luo M et al (2020) Risk factors of severe
respiratory syncytial virus pneumonia. Disease Surveillance
35:613-617

25. YoonJG, NohJY, Choi WS, Park JJ, Suh YB, Song JY et al (2020)
Clinical characteristics and disease burden of respiratory syncytial
virus infection among hospitalized adults. Sci Rep 10:12106

26. Chen L, Han X, Li Y, Zhang C, Xing X (2021) Comparison of
clinical characteristics and outcomes between respiratory syncy-
tial virus and influenza-related pneumonia in China from 2013 to
2019. Eur J Clin Microbiol Infect Dis 40(8):1633—-1643

Publisher's note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor holds exclusive rights to this article under
a publishing agreement with the author(s) or other rightsholder(s);
author self-archiving of the accepted manuscript version of this article
is solely governed by the terms of such publishing agreement and
applicable law.


https://www.who.int/publications/i/item/who-technical-meeting-on-piloting-rsv-surveillance-based-on-the-global-influenza-surveillance-and-response-system-june-2016
https://www.who.int/publications/i/item/who-technical-meeting-on-piloting-rsv-surveillance-based-on-the-global-influenza-surveillance-and-response-system-june-2016
https://www.who.int/publications/i/item/who-technical-meeting-on-piloting-rsv-surveillance-based-on-the-global-influenza-surveillance-and-response-system-june-2016
https://www.who.int/publications/i/item/who-technical-meeting-on-piloting-rsv-surveillance-based-on-the-global-influenza-surveillance-and-response-system-june-2016

European Journal of Clinical Microbiology & Infectious Diseases (2022) 41:1387-1397 1397

Authors and Affiliations

Ming Luo’ - Cheng Gong' - Yan Zhang? - Xue Wang' - Yang Liu® - Qing Luo'* - Maozhong Li' - Aihua Li' -
Yiting Wang" - Mei Dong' - Wenbo Xu? - Fang Huang'

Institute for Immunization and Prevention, Beijing Center Tongzhou Center for Disease Prevention

for Disease Prevention and Control & Beijing Research and Control, 1st Luhe Middle School North Road,

Center for Preventive Medicine, 16th Hepingli Middle Road, Tongzhou District, Beijing 101100, China

Dongcheng District, Beijing 100013, China 4 College of Public Health, Capital Medical University, No.10
2 National Institute for Viral Disease Control and Prevention, West, You’anmen Avenue, Fengtai District, Beijing 100069,

Chinese Center for Disease Control and Prevention, 155th China

Changbai Road, Changping District, Beijing 102206, China

@ Springer



	Comparison of infections with respiratory syncytial virus between children and adults: a multicenter surveillance from 2015 to 2019 in Beijing, China
	Abstract
	Introduction
	Population and methods
	Ethics statement
	Study population
	Specimen and data collection
	Laboratory examination
	Statistical analysis

	Results
	Demographic characteristics
	Seasonality of RSV infections in Beijing
	Comparison of RSV prevalence among different age-groups
	Comparison of clinical manifestations and laboratory findings of RSV-infected patients of different age groups
	Comparisons of treatments and outcome measures of RSV-infected patients of different age groups

	Discussion
	Acknowledgements 
	References


