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Objective: This study aimed to explore the epidemiological trend and clinical characteristics of respiratory syncytial virus (RSV)
infection among inpatient children with lower respiratory tract infection (LRTI) before and during the coronavirus disease 2019
(COVID-19) pandemic.

Methods: A retrospective study of inpatients with LRTI was conducted at the Department of Pulmonology, The Children’s Hospital,
Zhejiang University School of Medicine (Hangzhou, China) from January 2019 to December 2021. All respiratory specimens were
tested for common respiratory pathogens. The clinical data in children with RSV-induced LRTTI in the past three years were collected
and analyzed.

Results: A total of 11,290 patients were enrolled, and RSV positive cases were 402 (7.6%), 288 (9.6%), 415 (13.8%) in 2019, 2020,
2021, respectively, with a significant statistical difference of the RSV positive rate among the three groups (p < 0.001). Most patients
were under 2-year old, especially under 1-year old, and the median age of patients was 4 months, 5 months, 6 months in 2019, 2020,
2021, respectively, with a tendency to increase in age. In terms of the seasonal distribution, most patients of LRTI with RSV infection
were admitted in winter, while in 2021 compared with in 2019, the cases significantly reduced in winter and increased in autumn. From
2019 to 2021, there was an increase in autumn trend year by year.

Conclusion: RSV infection was still an important cause of hospitalization in children with LRTI after the outbreak of COVID-19, and
its proportion increased gradually. LRTI caused by RSV is still more common in infants under 1-year old, but there is a trend of
increasing in older children. What deserves the attention of pediatricians and Center for Disease Control is that the incidence of RSV
infection continues to rise in autumn, and the difference in seasonal distribution is narrowed.
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Introduction
Acute respiratory infections are common among children worldwide. Lower respiratory tract infection (LRTI) caused by
respiratory syncytial virus (RSV) is the main cause of hospitalization in children under 1 year of age and causes
approximately 200,000 deaths among children aged less than five years, which mostly happened in resource-constrained
countries." While COVID-19 pandemic has drastically changed the epidemiology of other viral respiratory infections,
including RSV.** Worldwide, the autumn and winter RSV epidemics have virtually disappeared in 2020, and in some
countries in the Southern Hemisphere like South Africa or Australia, the RSV season has moved to spring, marking an
unprecedented phenomenon.’

In China, the government has enforced comprehensive and stringent non-pharmaceutical interventions (NPIs) since
the pandemic, such as social distancing, enhanced hand hygiene, mask-wearing, working from home and school closures,
to reduce the transmission of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) at the early stage of the
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epidemic.* In most cities of China, NPIs were strictly implemented in the first half of 2020. For example, in Hangzhou,
working from home, school closings and public cultural or entertainment venue closures had been implemented for
several months. It was not until 2021 that interventions to close schools and other public places throughout the whole
society were canceled, but the “relaxed NPIs” including physical distancing and mask-wearing were still mandatory in
public places. If SARS-CoV-2 positive cases occur, the certain area would be designated as a high-risk area, where
stringent NPIs would be implemented. Up to now, the relaxed NPIs and NPIs in high-risk areas are still being
implemented, which may become normalized during the pandemic. These interventions were quite different from
those in many other countries, which might have a significant impact on the epidemiology of other respiratory viruses
in both children and adults. Therefore, it is necessary to understand whether the epidemiological trend of RSV infection
in China is different from that in other countries after the outbreak of COVID-19 pandemic.

Understanding the epidemiological trend of RSV is of great significance to the health of young children as it is the
main pathogen of LRTI in infants. Recently, some studies have focused on the trend of respiratory viruses during the
pandemic period in China,>® but they are mainly based on laboratory results and lack of analysis of consecutive years of
clinical data. In this study, we reported and discussed the transmission pattern and clinical characteristics of RSV among
inpatient children with LRTI in Hangzhou, before and after the outbreak of COVID-19. We focused primarily on the
comparison of clinical data for three consecutive years, with the aim to investigate the long-term effects of the China’s
epidemic prevention and control measures on the epidemiology of RSV among inpatient children with LRTI.

Materials and Methods

Study Design

To explore the epidemiological trend of RSV among inpatient children with LRTI before and during the COVID-19
pandemic, all patients who met the criteria were continuously recruited at the Children’s Hospital of Zhejiang University
School of Medicine from January 1, 2019 to December 31, 2021. The inclusion criteria were as follows: (1) patients
more than 28 days and under 18 years old; (2) diagnosed with LRTI, presenting with fever and lower respiratory tract
symptoms, such as tachypnea, nonproductive cough, wheeze, and increased breath sound,” as well as one of the
conditions for signs of LRTI (rales or wheezes) or chest imaging findings (bronchitis or pneumonia) to be met,
including the diagnosis of pneumonia, bronchitis, bronchiolitis and prolonged pneumonia; (3) Admission to respiratory
ward during 1 January 2019 to 31 December 2021. We excluded children with underlying diseases, such as congenital
heart disease, immune deficiency, and chronic lung disease. Respiratory pathogens of all enrolled patients were
analyzed. Among them, the clinical data of RSV positive children, including age, gender, length of stay (LOS), season
distribution, co-infected pathogens and diagnosis were comprehensively analyzed to evaluate the impact of the
pandemic on them.

Measurement

Respiratory specimens (pharyngeal swabs or nasopharyngeal aspirates) were collected from all of the enrolled inpatients
with LRTI by trained staff following standard operating procedures. The specimens were tested by direct immunofluor-
escence (DIF) test for seven respiratory viruses, including RSV, influenza virus A (Flu A), influenza virus B (Flu B),
adenovirus (ADV), Para-influenza virus 1 (PIV-1), Parainfluenza virus 2 (PIV-2), Para-influenza virus 3 (PIV-3), by
Polymerase chain reaction (PCR) for Mycoplasma pneumonia (MP), Chlamydia trachomatis (CT), and by bacteria
culture for bacteria. If RSV was detected, the patient was considered positive for RSV and was enrolled for further
analysis. Meanwhile, the co-infection was evaluated according to the test results of other pathogens.

According to the year of admission, we defined three groups: 2019, 2020 and 2021. 2019 is considered the “pre-
COVID-19” period, without nationwide NPIs; 2020 and 2021 are the “post- COVID-19” period, including “COVID-19
pandemic” period, when stringent NPIs or relaxed NPIs were implemented. Under the current COVID-19 prevention
measures in China, there is no clear boundary between the “COVID-19 pandemic” period and the “post-COVID-19”
period, but the observation study for three consecutive years can reflect the trend of RSV infection after the outbreak of
COVID-19.
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Data Processing and Statistical Analyses

Categorical variables were expressed as numbers (%). The ages and length of stay (LOS) of the patients were expressed
as medians and interquartile ranges (IQR), as they were not normally distributed. y2 tests and rank-sum tests were used
when making comparisons among respective groups. A p value below 0.05 was considered to indicate a statistically
significant difference. We performed statistical analysis with SPSS version 24.0.

Results

Overall

During the whole study period, a total of 11,290 patients who met the inclusion criteria were enrolled, including 5271
in 2019, 3006 in 2020, and 3013 in 2021. RSV positive cases were 402 (7.6%), 288 (9.6%), 415 (13.8%) in 2019, 2020,
2021, respectively, with a significant statistical difference of the RSV positive rate among the three groups (p < 0.001).
The characteristics of LRTI with RSV infection in 2019 to 2021 are shown in Table 1. The patients in 2021 (median
age: 6 months) were older than those in 2019 (median age: 4 months). There was no difference in gender and in LOS

Table | Characteristics of LRTI with RSV Infection in 2019 to 2021

Characteristics 2019 (n=402) 2020 (n=288) 2021 (n=415) P value
Ratio of RSV infection to total of LRTI patients 7.6% (402/5271) 9.6% (288/3006)* 13.8% (415/3013)*° <0.001
Age (month), median (IQR) 4.0(6.0) 5.0(9.0) 6.0(9.0* <0.001
Age stratification (month), n (%) 0.001
<12, n (%) 338(84.7%) 220(77.8%)* 343(82.7%)°
12-24, n (%) 31(7.8%) 46(16.0%)* 28(6.7%)°
24-60, n (%) 28(7.0%) 19(6.6%) 43(10.4%)
>60, n (%) 2(0.5%) 3(1.0%) 1(0.2%)
Gender (male: female) 1.9:1 2.0:1 2.2:1 0.568
LOS (day), median (IQR) 5.0(4.0) 5.0(4.0) 5.0(3.0) 0.090
Diagnosis of LRTI, n (%) <0.001
Bronchiolitis 46(11.4%) 37(12.8%) 80(19.6%)*°
Bronchitis pneumonia 235(58.5%) 150(52.1%) 250(61.1%)°
Bronchitis 10(2.5%) 14(4.9%) 12(2.9%)
Prolonged pneumonia 15(3.7%) 6(2.1%) 6(1.5%)*
Sever pneumonia 96(23.5%) 81(28.1%) 61(14.9%)*
Co-infection, n(%) 96(23.9%) 42(14.6%)* 45(10.8%)* <0.001
Co-infected viruses, n(%) 43(10.7%) 13(4.5%)* 6(1.4%)*° <0.001

Flu A 7(1.7%) 2(0.7%) 0(0.0%)

Flu B 2(0.5%) 1(0.3%) 0(0.0%)

ADV 29(7.2%) 5(1.7%) 0(0.0%)*

PIV-1 0(0.0%) 0(0.0%) 0(0.0%)

PIV-2 0(0.0%) 0(0.0%) 0(0.0%)

PIV-3 8(2.0%) 5(1.7%) 6(1.4%)

(Continued)
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Table 1 (Continued).

Characteristics 2019 (n=402) 2020 (n=288) 2021 (n=415) P value
Co-infected MP, n (%) 14(3.5%) 6(2.1%) 4(1.0%)* 0.048
Co-infected CT, n (%) 1(0.2%) 2(0.7%) 7(1.7%) 0.086
Co-infected bacteria, n (%) 48(11.9%) 24(8.3%) 35(8.4%) 0.159

S. pneumoniae 11(22.9%) 6(24.0%) 13(36.1%)

M. catarrhalis 9(18.8%) 10(40.0%) 2(5.6%)°

S. aureus 8(16.7%) 0(0.0%) 3(8.3%)

H. influenzae 8(16.7%) 2(8.0%) 9(25.0%)

E. coli 4(8.3%) 4(16.0%) 3(8.3%)

K. pneumoniae 4(8.3%) 1(4.0%) 3(8.3%)

E. aerogenes 2(4.2%) 0(0.0%) 0(0.0%)

P. aeruginosa 1(4.2%) 0(0.0%) 0(0.0%)

R. ornithinolytica 1(4.2%) 0(0.0%) 0(0.0%)

A. baumannii 0(0.0%) 1(4.0%) 0(0.0%)

K. oxytoca 0(0.0%) 1(4.0%) 0(0.0%)

S. intermedius 0(0.0%) 0(0.0%) 1(2.8%)

E. cloacae 0(0.0%) 0(0.0%) 1(2.8%)

S. marcescens 0(0.0%) 0(0.0%) 1(2.8%)
Seasonal distribution, n (%) <0.001

Winter (Dec.~Feb.) 310(77.1%) 224(77.8%) 175(42.2%)>°

Spring (Mar.~May.) 45(11.2%) 9(3.1%)* 29(7.0%)*°

Summer (Jun.~Aug.) 11(2.7%) 5(1.7%) 71(17.1%)*®

Autumn (Sep.~Nov.) 36(9.0%) 50(17.4%)* 140(33.7%)*°

Notes: *Represents that P<0.05 compared to group 2019; ®Represents that P<0.05 compared to group 2020.

among patients in three groups. In terms of diagnosis, bronchopneumonia accounted for the largest proportion,
followed by bronchiolitis in all three years. In the assessment of disease severity, the proportion of severe pneumonia
in 2019, 2020 and 2021 was 23.5%, 28.1% and 14.9%, respectively, with a statistically different between 2020 and
2021. The cases of co-infection with other pathogens were 96 (23.9%), 42 (14.6%) and 45 (10.8%) in 2019, 2020 and
2021, respectively. From 2019 to 2021, the co-infection rate gradually decreased. From the specific pathogen of co-
infection, bacterial infection was the most common, especially Streptococcus pneumoniae, Moraxella catarrhalis,
Staphylococcus aureus, Haemophilus influenzae, Escherichia coli, and Pseudomonas aeruginosa. In addition, other co-
infected bacteria included Enterobacter aerogenes, Pseudomonas aeruginosa and Raoul ornithinolytica in 2019,
Acinetobacter baumannii and Klebsiella acidogenes in 2020, and Streptococcus intermedius, Enterobacter cloacae,
and Serratia marcescens in 2021. The incidence of co-infections with other respiratory viruses was the lowest in 2021.
The incidence of co-infections with viruses decreased year by year and with a statistical difference. Co-infection with
ADV and MP was significantly lower in 2021 than in 2019. Age stratification and seasonal distribution were described
in detail below.

6832 e Infection and Drug Resistance 2022:15

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Qiu et al

Age Stratification

All patients were divided into 5 grades according to their age, which were <12 months, 12-24 months, 24-60 months and
>60 months. Most patients were under 2 years old, especially under 1-year old, accounting for 77.8%—-84.7%. In 2020,
compared with the other two groups, the number of patients <12 months was less, and the number of patients aged from
12 to 24 months was more, with a statistical difference. There were more children aged 24-60 months in 2021, and the
proportion was even higher than that of children aged 12-24 months (Figure 1).

Seasonal Distribution

We defined December to February as winter, March to May as spring, June to August as summer, and September to November
as autumn. Depending on when the patients were admitted, they were divided into 4 admission periods, winter, spring, summer
and autumn. It showed that the incidence was highest in winter, while in 2021 compared with the other two groups, it was
significantly reduced, with a statistical difference. Instead, in 2021, there was an increase of the incidence in autumn, almost
equal to that in winter. The number of patients in spring was the lowest in 2020 and the largest in 2019, with statistical
differences between every two groups. In summer, the number of cases in 2021 was the largest, which was significantly higher
than the other two groups, with a statistical difference. It is worth noting that from 2019 to 2021, there was an increasing trend
in autumn year by year (Figure 2).

Based on the distribution of cases in every month, RSV is the respiratory virus with a seasonal distribution pattern with
more positive cases in the winter months, before the COVID-19 pandemic. In 2019, RSV detection declined sharply since
February and remained at low levels until the autumn (October) and then increased steadily. The positive cases of September
to November 2020 were even higher than that in 2019. In 2021, the seasonal distribution trend is significantly different from
the previous two years, before entering the winter peak period, an obvious peak period in September was seen (Figure 3).

Discussion

The present study promotes our understanding of epidemic trend and clinical characteristics of RSV infection before and
after COVID-19 pandemic, and the three consecutive years of clinical data also presented the epidemic trend under
different prevention and control interventions. Epidemic prevention measures vary in different countries and regions, and
our results showed the prevalence of RSV in southeast China before and after the pandemic.

Mitigation of the COVID-19 pandemic has necessitated extraordinary changes to community behavior at a population
level and affected the transmission of endemic respiratory pathogens.® Reports from around the world have revealed up
to a 98% reduction in RSV cases during the pandemic.® It is reasonable to hypothesize that the restrictive measures
adopted to reduce SARS-CoV-2 diffusion had an impact on other respiratory viruses with similar routes of infection. The
major interventions at a global level were NPIs, such as stay-at-home orders, social distancing, hand hygiene and
mandatory face masks. All of these interventions contribute to reduce RSV transmission through droplets and contact

10

through dirty hands and fomites. = Specifically, hand washing reduces the virus’ capability to infect the host, disrupting

the viral envelope, face masks block RSV transmission through droplets, and social distancing reduces the chances to
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Figure | Proportion of different age groups in RSV positive children in 2019, 2020 and 2021.
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Figure 2 Proportion of RSV positive children in different seasons in 2019, 2020 and 2021 and the total cases of each year.
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Figure 3 The monthly distribution of RSV positive cases in 2019, 2020 and 2021.

have contact with infected people.'' Besides, during the severe period of COVID-19, people’s visit to hospitals for
emergencies and face-to-face outpatient clinic visits were delayed, and most patients did not want to present to hospitals
due to mild clinical issues. These also explain the phenomenon of sharp decline in RSV cases in February 2020 and the
highest proportion of severe pneumonia in 2020 found in our study. The resurgence of RSV infection after the pandemic
has raised a concern.>'? An Australian study suggested that COVID-19 public health measures were associated with
suppression of the 2020 southern hemisphere respiratory syncytial virus (RSV) season, and an unseasonal resurgence of
RSV infections was observed after the relaxation of interventions.'? It was likely driven by a buildup in population
susceptibility coupled with relaxed community behaviors.

Since early 2020, Hangzhou has always asked to maintain social distances, hand hygiene and wearing masks. Once
a SARS-CoV-2 positive case is found, local areas are required to work from home, and close the school. However, from
the results of the present study, the RSV infection rate did not decrease due to NPIs. Instead, it has increased year by year.
It should be pointed out that there were 40% fewer illnesses evaluated in 2020 and 2021 compared to 2019, which may
be related to the stricter admission criteria for patients under the pandemic situation and the NPIs taken under the
pandemic. However, the increased RSV infection proportion in children with LRTI indicated that children with RSV
infection had a higher need for hospitalization.

Based on the comparison of three consecutive years of data, the clinical characteristics of RSV infection were
different before and during the pandemic. RSV infections mainly occurred in children under 1-year old, and we observed
a modest increase in the median age of children (6 vs 4 months). It is worth noting that the percentage of children aged 2
to 5 years in 2021 was slightly increased compared with previous years, which is consistent with some previous findings.
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Saravanos et al observed a paradoxical increase in the frequency of RSV infections in children aged 2 to 4 years in 2020
compared with previous years, and they believed that a lower threshold for respiratory virus testing in the context of the
COVID-19 pandemic likely contributed to the increases in RSV-related disease and older age distribution.'? Children
with respiratory symptoms get increased testing during the pandemic, and whether the increase of RSV infection in older
children is a trend after COVID-19 pandemic is worthy of further study.

We found decreased proportion of severe pneumonia in children of post-COVID-19 period (in 2021) compared with
pre-COVID-19 period (in 2019). Recently published studies from Europe and Australia provide further evidence that the
delayed RSV epidemic was no more severe than previous seasons based on an examination of clinical outcomes,
including length of stay and intensive care requirement.'>'* However, the proportion of severe pneumonia in our
study was higher in 2020, which may be related to stricter admission criteria during the severe period of the pandemic.
Ongoing research is needed to understand the impact of disrupted RSV transmission on disease severity in different
settings and over time.

Our study analyzed the combined pathogens of LRTI caused by RSV but did not separately analyze the trend of other
respiratory viruses before and during the pandemic. The co-infection rate of Flu, ADV, PIV and MP with RSV decreased
in post-COVID-2019 period, especially ADV and MP, with a statistical difference. Similar to the result as our study,
some studies analyzed the epidemiological trend of common respiratory viruses indicated that compared with RSV, the
suppression of Flu virus was more obvious during the pandemic.>'* It is suggested that the transmission dynamics of Flu
and RSV may be different. Influenza virus circulation may be more sensitive to COVID-19-related public health
measures, in particular global travel restrictions, than RSV.® From our research, it should be considered that Flu, ADV
and MP might be more sensitive to social health measures than RSV. It should be noted that in the three consecutive
years before and after the pandemic, many RSV positive children were co-infected with bacteria, which may be related to
the fact that most children with RSV infection were young and were prone to secondary bacterial infection. It also
suggested that social health measures might have little effect on bacterial infections.

RSV circulation may not be as sensitive to COVID-19 related public health measures, in particular global travel
restrictions, as other respiratory virus, and the reasons deserve further investigation. The studies in Australia observed
a striking predominance of RSV-A in 2020, and it likely continued to circulate at low levels in the population during
COVID-19 restrictions.'*'® It has been reported that a localized inflammatory response could be induced after infection
with the Flu, while circulation of the Flu in 2020 was suppressed.'®!” Therefore, it can be explained that RSV could be
the predominant respiratory virus and should be monitored more diligently in children in the future.

From Figure 3, RSV-positive cases was suppressed in the spring of 2020, when the most restrictive NPIs were
enforced, and recovered by autumn, when the relaxed-NPIs were still sustained, indicating that the relaxed-NPIs were
ineffective in inhibiting RSV transmission. The positive cases increased in autumn every year, and a peak of incidence
occurred in the autumn of 2021, reflecting the changes in the peak season of RSV after the pandemic, which needs to
attract the attention of pediatricians. At present, there were few studies on RSV for more than three consecutive years
after the outbreak, and it is not sure whether it will become another peak of RSV in autumn in China. However, from the
present study, we can see that the seasonal difference of RSV infection is gradually narrowing.

Strengths of our study include use of a large sample of database for three consecutive years, combined with clinical
data, and stratified by age and disease severity to compare the trends of RSV before and after the pandemic.
A limitation of the study is that stricter admission criteria during the outbreak may create selection bias. Second, it
is a single-center study, and it would be more convincing if the data were from different centers. In addition, RSV
typing was absent and we failed to explore the mechanism of changes in clinical characteristics and epidemic trend of
RSV infection after the epidemic, which was limited by our laboratory testing methods and the fact that the study was
a retrospective study.

Conclusion

In conclusion, RSV infection was still an important cause of hospitalization in children with LRTI after the outbreak of
COVID-19, and its proportion increased gradually. LRTI caused by RSV was still more common in infants under 1-year
old, but there is a trend of increasing in older children. It is worth noting that the incidence of RSV infection increased
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continuously in autumn, and the seasonal distribution difference narrowed. COVID-19-related public health measures
taken in China may continue to have an impact on the circulation of RSV, and our study may suggest future epidemics. It
should emphasize the need for robust RSV surveillance to support policy decisions and research related to RSV
prophylaxis, future vaccines, and non-pharmaceutical prevention strategies considering the important position of RSV
in infantile LRTI.
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