Xie et al. Virology Journal (2024) 21:62 Vi ro|ogy Journal
https://doi.org/10.1186/512985-024-02336-8

Check for
updates

Seasonality of respiratory syncytial virus
infection in children hospitalized with acute
lower respiratory tract infections in Hunan,
China, 2013-2022

Le-Yun Xie'", Tao Wang'", Tian Yu"", Xian Hu', Le Yang', Li-Li Zhong', Bing Zhang' and Sai-Zhen Zeng'"

Abstract

Background In China, respiratory syncytial virus (RSV) infections traditionally occur during the spring and winter
seasons. However, a shift in the seasonal trend was noted in 2020-2022, during the coronavirus disease 2019 (COVID-
19) pandemic.

Methods This study investigated the seasonal characteristics of RSV infection in children hospitalized with acute
lower respiratory tract infections (ALRTIs). The RSV epidemic season was defined as RSV positivity in > 10% of the
hospitalized ALRTI cases each week. Nine RSV seasons were identified between 2013 and 2022, and nonlinear
ordinary least squares regression models were used to assess the differences in year-to-year epidemic seasonality
trends.

Results We enrolled 49,658 hospitalized children diagnosed with ALRTIs over a 9-year period, and the RSV antigen-
positive rate was 15.2% (n=7,566/49,658). Between 2013 and 2022, the average onset and end of the RSV season
occurred in week 44 (late October) and week 17 of the following year, respectively, with a typical duration of 27
weeks. However, at the onset of the COVID-19 pandemic, the usual spring RSV peak did not occur. Instead, the 2020
epidemic started in week 32, and RSV seasonality persisted into 2021, lasting for an unprecedented 87 weeks before
concluding in March 2022.

Conclusions RSV seasonality was disrupted during the COVID-19 pandemic, and the season exhibited an
unusually prolonged duration. These findings may provide valuable insights for clinical practice and public health
considerations.
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Background

Globally, respiratory syncytial virus (RSV) is a prevalent
cause of acute lower respiratory tract infections (ALRTIs)
in childhood, and contributes significantly to hospital
admissions among young children. This places a sub-
stantial burden on healthcare services. Nearly half of the
worldwide disease burden associated with RSV occurs
in just five countries: Pakistan, India, Nigeria, Indonesia,
and China. In China, the estimated annual hospitaliza-
tions for infants and young children due to RSV infection
range from 215,000 to 500,000 [1].

RSV activity exhibits a seasonal pattern in most
regions, and its seasonal epidemics are a leading cause
of hospitalization and mortality globally, particularly due
to bronchiolitis and pneumonia [2, 3]. The RSV season
is typically characterized by an RSV rate exceeding the
defined threshold for a specific duration. RSV infection
incidence peaks during winter and spring in temper-
ate regions and during rainy seasons in tropical regions.
The RSV season commences between March and June in
countries in the Southern hemisphere and between Sep-
tember and December in the Northern hemisphere [4].
A study reported the long-term time-series data of medi-
cally attended first-time RSV infection among young
children. From 2010 to 2019, the monthly incidence rate
of medically attended RSV infection in children aged 0-5
years of the United States followed a consistent seasonal
pattern: rising from September to November, peaking
from December to January, then dropping from February
to April, with sustained low rate during May to August
[5]. Another study found that states with colder, drier
weather and a large seasonal swing in potential evapo-
transpiration tended to experience an alternating pattern
of “early-big” RSV epidemics one year followed by a “late-
small” epidemic the next year [6]. In China, the incidence
of RSV infection typically peaks between November and
February of the following year [7].

Several RSV vaccine candidates and monoclonal anti-
bodies are currently in the advanced clinical development
stage [8]. Therefore, prevention of RSV transmission
remains a promising strategy to control seasonal epi-
demics. Prior to the COVID-19 pandemic, RSV epide-
miology adhered to a seasonal pattern worldwide [3].
Interestingly, the COVID-19 pandemic has significantly
influenced RSV epidemiology, with many countries expe-
riencing an absence of RSV infections during the first
pandemic winter [9]. A delayed summer epidemic was
observed in various locations worldwide [10-12]. The
success in preventing RSV infections was attributed to
the strict implementation of non-pharmacological public
health interventions targeting COVID-19. Concerns have
been raised regarding potential severe RSV epidemics in
the future due to “immunity debt,” a term that describes
reduced protective immunity resulting from prolonged
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periods of low exposure to a pathogen, rendering a
greater proportion of the population susceptible to the
disease [13, 14].

China bears a significant burden of RSV infection [15],
but few studies have assessed the seasonality or trends
of RSV infections. Furthermore, during the COVID-19
outbreak, limited availability of epidemiological sur-
veillance data for other respiratory viruses could have
impeded the implementation of therapy and prophylactic
interventions for RSV. The present study retrospectively
examined available surveillance data for RSV in children
hospitalized with ALRTT in Hunan, China, between 2013
and 2022. It evaluated seasonal changes in RSV infections
both before and after the COVID-19 pandemic.

Methods

Population and methods

This retrospective study spanned a 9-year period from
July 1, 2013, to June 30, 2022. All children hospitalized
with ALRTI were included in the RSV epidemiological
surveillance program conducted at the Children’s Medi-
cal Center of Hunan Provincial People’s Hospital (The
First Affiliated Hospital of Hunan Normal University).
Samples were collected after obtaining informed con-
sent from the parents or guardians of each child, and the
research protocol received approval from the hospital’s
ethics review committee.

The collected data included the date of hospital admis-
sion, demographic information, disease severity, length
of hospital stay, and the cost of stay in pediatric wards.
Recorded complications included congenital heart dis-
ease, malnutrition, premature birth, chronic lung disease,
anemia, and asthma. We collected China’s GDP per habi-
tant in the study period to compare the cost with an aver-
age outcome (2013, US $7020; 2014, US $7636; 2015, US
$8016; 2016, US $8094; 2017, US $8817; 2018, US $9905;
2019, US $10,143; 2020, US $10,408; 2021, US $12,617;
and 2022, US $12,720, respectively).

Experimental process Nasopharyngeal swabs were
obtained within 24 h of hospitalization for virological
diagnosis. Nasopharyngeal aspirate specimens of the
enrolled children were collected by trained nurses after
admission and were transported immediately to the clini-
cal laboratory center. Seven common pathogens included
respiratory syncytial virus (RSV), adenovirus (ADV),
influenza virus A (Flu A), influenza virus B (Flu B), and
parainfluenza virus types 1-3 (PIV1-3). For the DFA,
the cell pellets from the NPS samples were suspended in
several drops of sterile phosphate-buffered saline, and the
resulting cell suspension was spotted onto an acetone-
cleaned slide. An anti-RSV monoclonal antibody labeled
with fluorescein isothiocyanate from the D3 UltraTM
DFA Respiratory Virus Screening & ID Kit (Diagnostic
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Hybrids Inc., Athens, OH, USA) was used for RSV identi-
fication using the DFA and was conducted by professional
staff following standard operating procedures.

Definitions The “monitoring year” was defined as July 1
(week 27) to June 30 of the subsequent year. All enrolled
hospitalized patients were 14 years of age or younger,
admitted for ALRT]I, and diagnosed based on clinical and
radiologic findings. Eligible children exhibited an illness
characterized by an acute or worsened cough as the pri-
mary or dominant symptom, or lower respiratory tract
infection symptoms lasting less than 28 days. Exclusion
criteria were children with immunosuppression related
to solid organ or hematopoietic stem cell transplantation,
chemotherapy, tumors, hematological diseases, a history
of HIV, steroid treatment for more than 30 days, or immu-
nosuppressant treatment.

RSV positivity rate was defined as the number of posi-
tive RSV specimens divided by the total number of
specimens, multiplied by 100. Seasons were categorized
as winter (weeks 49 to 9 of the following year), spring
(weeks 10-22), summer (weeks 23-35), and autumn
(weeks 36—48). Five age groups were defined: 28 days to
5 months, 6-11 months, 12—23 months, 24—-59 months,
and =60 months.

The RSV season was defined as consecutive weeks
during which the percentage of RSV testing positive per
week exceeded a 10% threshold [7, 16—18]. The onset
week was the first of two consecutive weeks when the
weekly percentage of specimens testing positive for RSV
was >10%, with at least 20 specimens tested per week.
The offset week was the last of two consecutive weeks
when the weekly percentage of specimens testing positive
for RSV was >10%, without any gap weeks.
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Statistical analysis

Data were compiled using Excel 2016 software (Micro-
soft Corp., Redmond, WA, USA) and analyzed using R
software (version 3.5.2). Count data are presented as per-
centages, and group comparisons were conducted using
the x* test. The Kruskal-Wallis test was used to analyze
non-normally distributed data. P-values<0.05 were con-
sidered statistically significant.

Based on the US Centers for Disease Control and Pre-
vention guidelines, the RSV season was defined as the
period during which the weekly rate of RSV-positive tests
exceeded 10% for several consecutive weeks [7, 16—18]. A
logistic regression model (incorporating sine and cosine
functions of the illness onset week) was fitted to indi-
vidual patient data, preserving a seasonal curve as pre-
viously described [19]. Python software and nonlinear
least square curve fitting were utilized for fitting a cosine
curve.

Results

Patient characteristics

Between July 1, 2013, and June 30, 2022, 49,658 hospi-
talized children diagnosed with ALRTI were included
in the study (Fig. 1). Among them, 30,413 were males
(61.2%) and 19,245 were females (38.8%), with a male-
to-female ratio of approximately 1.6:1. The age range of
the children was 1-168 months, with a median age of 16
months (interquartile range [IQR]: 6-38 months). Chil-
dren aged <5 years constituted 90.2% of the study sample.
The median length of hospital stay was 6 days (IQR: 5-8
days), and the median cost of hospitalization was 961
dollars (IQR: 770-1,318 dollars). A significant decline
in the number of hospitalized ALRTI patients occurred
after the severe acute respiratory syndrome coronavirus

In total, 100,973 children (28 days-13 years of age) were
admitted to hospital from July 1, 2013 to June 30, 2022

49,085 (48.6%, 49085/100973) were

inconsistent with the diagnosis

51,888 children with a primary diagnosis of acute lower

respiratory tract infection (ALRTI)

89/2230) known to be
ssed *

2,230 (4.3%, 2230/51,888) childs >
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49,658 children were recruited into the study unavailable
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Fig. 1 Flow chart for the enroliment of pediatric ALRTI inpatients for detection of RSV in July 1, 2013 - June 30, 2022 study. #: immunosuppressed was
defined as having received a solid organ or hematopoietic stem cell transplant, undergoing chemotherapy, having a history of human immunodeficiency
virus, or using steroids for > 30 days. Abbreviation: ALRTI, acute lower respiratory tract infection; RSV, respiratory syncytial virus
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2 (SARS-CoV-2) outbreak in China in February 2020,
coupled with the implementation of non-pharmaceuti-
cal interventions (NPIs). In February, March, and April
2020, there were 52, 56, and 39 ALRTI-related hospital-
izations, compared to 659, 744, and 660 cases in the cor-
responding months in 2019, respectively. This marked a
decrease of 92.1%, 92.4%, and 94.1%, respectively. During
2019-2020, 2020-2021, and 2021-2022, the number of
ALRTI hospitalizations decreased significant (P<0.01)
compared to 2018-2019, with reductions of 36%, 39%,
and 43%, respectively (Table 1).

Clinical and epidemiological characteristics of RSV-positive
cases
The RSV  antigen-positive rate was  15.2%
(n=7,566/49,658), with 4,805 cases among boys and
2,761 among girls. The median age of RSV-positive
patients was 9 months (IQR: 4-20 months), with
33.8% (n=2,556/7,566) of the patients aged <6 months,
and the RSV-positive rate gradually decreased with
increasing age. Among RSV-positive patients, 16.3%
(n=1,236/7,566) presented with a concurrent disease or
condition upon admission. The most common conditions
included prematurity (n=523/7,566; 6.9%), congenital
heart disease (n=356/7,566; 4.7%), asthma (n=220/7,566;
2.9%), anemia (n=97/7,566; 1.3%), chronic lung disease
(n=28/7,566; < 1%), and malnutrition (n=12/7,566; <
1%) (Table 2). The RSV-positive rate also declined signifi-
cantly after the SARS-CoV-2 outbreak in China in Febru-
ary 2020. In February, March, and April 2020, there were
12, 3, and 0 RSV-positive cases, compared to 221, 145,
and 38 cases, in 2019, respectively, marking decreases of
94.6%, 97.9%, and 100%, respectively (Table 2; Figs. 2 and
3). The epidemiology of the other virus infection in the
enrolled patients was present in supplementary Table 1.
Other virus co-infections with RSV were present in sup-
plementary Table 2.

The annual incidence of RSV from 2013 to 2014

to 2021-2022 was 15.8% (n=839/5,304), 12.5%
(n=797/6,366), 11.3% (n=656/5,786), 12.3%
(n=811/6,617), 14.9% (n=831/5,595), 15.8%
(n=1,121/7,104), 13.1% (n=596/4,561), 24.6%

(n=1,060/4,305), and 21.3% (n=855/4,020), respectively.
The highest rate occurred in 2020-2021, followed by
2021-2022 (Fig. 2).

RSV can be detected throughout the year. During
the study period, the overall detection rate was high-
est in winter (26.7%) and lowest in summer (6.5%).
Seasonal variation was evident during different years.
During 2016-2017, 2017-2018, and 2018-2019, RSV was
detected most frequently in winter, followed by autumn,
and the detection rate was lowest in summer. In Febru-
ary 2020, at the onset of the COVID-19 pandemic, the
RSV detection rate suddenly dropped. Only four cases

Table 1 Demographic characteristics of hospitalized children with pneumonia, Hunan, China, July 1, 2013-June 30, 2022

P value

X2/H

Total

2021-2022
No. (%)
4020

2020-2021
No. (%)

4305

2019-2020
No. (%)
4561

2018-2019
No. (%)
7104

2017-2018
No. (%)
5595

2016-2017
No. (%)

6617

2015-2016
No. (%)
5786

2014-2015
No. (%)

6366

2013-2014
No. (%)
5304

Characteristics

49,658

No. patients

<0.001
<0.001
<0.001

189

43
1311.484

1616.005

30413 (61.2)
16 (6, 38)

2378(59.2)

28(10,48)

2596 (60.3)
20 (9, 40) °

2690 (59.0)

24.(10,44) °

4282 (60.3)
16 (7, 38)

3989 (62.7)  3551(61.4) 4080 (61.7) 3463 (61.9)
14 (6, 36)

13(6,33)

3384 (63.8)
13 (6, 30)

Gender, male

13 (6, 35)

13(5,35)

Age, months

Age group, months

10,583 (21.3)
9496 (19.1)

534(133)

651 (15.1)

690 (15.1)

1480 (20.8)
1335(18.8)
1522 (21.4)
1961 (27.6)

806 (11.3)

1302 (23.3)
1167 (20.9)
1222 (21.8)
1361 (24.3)

543 (9.7)

1820 (27.5)
1258 (19.0)
1243 (18.8)
1720 (26.0)
576 (8.7)
6(5,8)

1317 (22.8)
1233 (21.3)
1138 (19.7)
1613 (27.9)
485 (8.4)
6(5,8)

1590 (25.0)
1313 (20.6)
1319 (20.7)
1682 (26.4)

462 (7.3)

1199 (22.6)
1223 (23.1)

610 (15.2)
669 (16.6)

693 (16.1)

664 (14.6)

6-11

10,181 (20.5)
14,523 (29.2)
4875 (9.8)
6(5,8)

1010 (23.5)
1639 (38.1)
312(7.2)
5(,7)

861 (18.9)
1719 (37.7)
627 (13.7)
6(5,7)

1197 (22.6)
1303 (24.6)
382(7.2)
7(6,9)

12-23
24-59

1525 (37.9)
682 (17.0)
6(5,7)

<0.001
<0.001

1746.879

6(5,7)

6(5,8)

7(5,8)

LOS
Hospital costs, $

961 (770,1318) 843.718

1071 (866,

1559)

922 (750,

914 (741,
1236)

977 (769,
1408)

999 (797,
1383)

925 (744,
1250)

967 (783,
1298)

986 (792,
1337)

894 (722,
1185)

1234)

355(5.6) 369 (64) 437 (6.6) 475 (8.5) 600 (8.4) 153 (34) 156 (3.6) 142 (3.5) 2871 (5.8) 308.732  <0.001

184 (3.5)

Admission into PICU,

days
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<0.001

24

201.1

381 (6.6) 457 (6.9) 492 (8.8) 712 (10.0) 209 (4.6) 190 (4.4) 181 (4.5) 3502 (7.1)

498 (7.8)

382(7.2)
Note: The data of age, months, LOS, and hospital costs were presented with a median (P25, P75). No. (%), which stands for patient number (percentage). LOS means length of stay. PICU means pediatric intensive care unit. $

Severe pneumonia

means US dollar. 2P<0.05, for comparison of median age in 2019-2020 with other groups; °P<0.05, for comparison of median age in 2020-2021 with other groups; °P<0.05, for comparison of median age in 2021-2022 with

other groups (exclude 2020-2021)
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were detected in the spring of 2020, marking the lowest
number in recent years (RSV-positive rate of 1.8%). From
the summer of 2020 onward, the RSV detection rate
remained consistently high, reaching an unprecedented
peak in the summer of 2021 that persisted until the end
of spring 2022 (Fig. 4).

The age of RSV-positive cases (P=0.025), age distribu-
tion, average length of hospital stays, PICU admission
rate, proportion of severe pneumonia cases, and hospital-
ization expenses exhibited significant differences among
study years (Table 2). The percentage of children that
need PCIU and severe pneumonia cases present a trend
of reduction during the pandemic. Interestingly, the age
distribution of RSV-positive children differed between
2020 and 2021 and 2021-2022, with a significantly
greater number of positive cases in the 24-59 months
age group compared to the <6 months age group. The
median age of infected children was 14 and 15 months
for the periods of 2020-2021 and 2021-2022, respec-
tively, with the median age significantly lower from 2013
to 2014 to 2019-2020.

RSV infection trends

The monitoring year was determined based on the
trough in the RSV cycle. Between 2013 and 2022, the
surveillance year commenced on July 1 (27th week of epi-
demiology) and concluded on June 30 (26th week) of the
subsequent year. Using our model, we identified nine dis-
tinct RSV seasons during the study period. The R? value
for our curve-fitting model, utilizing RSV data, exceeded
0.95. This indicated the effectiveness of the cosine model
in predicting and evaluating the seasonal characteristics
of RSV in Hunan. Based on a 10% cut-off point and the
fitted seasonal curve, we analyzed various parameters for
each of the 9 years: the start of the RSV season (the ini-
tial 2 consecutive weeks with an RSV-positive rate >10%),
the duration of the season, the peak week, the end of the
season, and the proportion of RSV-positive cases (Figs. 5
and 6).

Figure 5 presents the weeks of the epidemic clusters of
RSV infection detected per season. During 2013-2014,
2014-2015, and 2015-2016, the RSV season commenced
in late autumn and lasted for 24—25 weeks, concluding in
late spring of the subsequent year. By contrast, the onset
of the RSV season in 2016—2017 and 2017-2018 occurred
11-15 weeks earlier, beginning between late summer and
early autumn and lasting for 32-34 weeks, concluding
at the end of the following spring. The epidemic clusters
of the 2018-2019 seasons were observed between week
45 of 2018 and week 12 of 2019 (November 4—March
23). RSV epidemics during the 6 surveillance years pre-
ceding the COVID-19 pandemic (2013-2019) typically
commenced in October (week 44), peaked in Decem-
ber (week 53), and lasted a median of 27 weeks before

Page 5 of 11

concluding in April (week 17). Around 81.7% of the RSV-
positive cases occurred during the official RSV season.
Figure 6 demonstrates that the fitting curve was generally
consistent with the actual trend in RSV cases.

However, cluster weeks during the 2019-2020 sea-
sons were of short duration. Based on the 10% epidemic
threshold, no seasonal RSV epidemic was observed dur-
ing the spring of 2020 due to the COVID-19 pandemic
and associated NPIs. By contrast, the 2020-21 epidemic
commenced 12 weeks earlier (August 4), peaked in Feb-
ruary (2021) and January (2022), and lasted for 87 weeks
before concluding in March 2022. The peak percentage
of RSV-positive results was higher than that during pre-
pandemic seasons (Figs. 3 and 5, and 6). The COVID-
19 pandemic significantly influenced the RSV season
in Hunan, with a brief decline in incidence during the
spring of 2020, followed by a rapid recovery in the sum-
mer of the same year.

Discussion

The present study explored the surveillance data for
RSV-related ALRTI in Hunan, China, and assessed the
seasonality of RSV. On average, the RSV season initiated
around the calendar week 44 (mid-October) and spanned
27 weeks, concluding by week 17 of the following year
(late April). This seasonal pattern was consistent with
that reported in Beijing, China [7]. A global overview of
RSV seasonality indicated that, in the majority of coun-
tries, the commencement, conclusion, and peak of RSV
activity typically varied by only 1-3 weeks from season
to season [20]. The United States exhibited RSV season
patterns, beginning in October, peaking in December
or early February, and lasting a median of 27-31 weeks
before concluding in March-April, a pattern consistent
with our study [21]. Another study found that some states
(e.g. Colorado, Iowa, California in the 1990s) exhibited
biennial patterns of alternating “early-big” epidemics in/
around January of even-numbered years and “late-small”
epidemics in/around February of odd-numbered years
[6]. The impact of RSV subgroup on seasonal severity
remains a subject of controversy [22]. Monitoring data
for Beijing, China, revealed that RSV infection preva-
lence was highest in winter and spring among children
in northern China from 2007 to 2015. China reported
that RSV seasons occurred 3—5 weeks earlier and lasted
6 weeks longer in RSV subgroup A-dominant years com-
pared to subgroup B-dominant years [7].

China, a northern hemisphere country, exhibits a well-
established RSV circulation pattern with peak incidences
in winter months and declines in early spring [7]. How-
ever, the emergence and spread of SARS-CoV-2 and
subsequent mitigation measures have led to widespread
social disruption, influencing the seasonal circulation
patterns of respiratory viruses [9, 23-25]. In our study,
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the total number of children hospitalized for ALRTIs
decreased significantly starting in 2020. Despite similar
overall detection rates of RSV compared to before, RSV
decreased significantly after the outbreak, reaching his-
torically low levels in the spring of 2020. A previous study
reported that the monthly incidence rate of first-time
medically attended RSV infection in children aged 0-5

years followed a consistent seasonal pattern from 2010
to 2019. The seasonal variation disappeared in 2020 and
returned in 2021 but started earlier and reached a histor-
ically high rate of 2182 cases per 10,000 000 person-days
in November 2022 [5]. A similar trend has been observed
in several countries [9, 25, 26]. During the COVID-19
era, the interaction between RSV and SARS-CoV-2 has
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been widely discussed, with a viral interference effect and
the implementation of NPIs proposed as explanations for
these findings [25-28]. During the 2009 influenza pan-
demic, where large-scale NPIs were not implemented,
there was an associated delay in the onset of the RSV
season by an average of 0.58 months [29]. In Hongkong,
with the occurrence of pandemic influenza A (HIN1)
2009 virus during the traditional summer peak for RSV
in 2009, the RSV summer peak was not observed. In
March 2010, the spring peak returned, the summer peak
was again absent subsequently, and abnormal early rise
of RSV activity was observed in the winter of 2010 that
remained until the summer of 2011 [30]. A previous
study [27] suggested that rhinovirus may have delayed
the introduction of the pandemic virus into Europe, and
conversely, the pandemic virus may have interfered with
RSV epidemics. In March 2019, an adenovirus outbreak
in Hunan Province concluded the RSV season nearly 1
month earlier than in previous years. These findings col-
lectively suggest potential interference between viruses.

As public health and social measures were gradually
lifted, the resurgence of RSV became a significant con-
cern, drawing attention from experts globally. Model-
ing studies in the US have initiated exploration into the
impact of increased population susceptibility due to min-
imal RSV and influenza virus infections in 2020-2021
on the magnitude of subsequent seasons [31]. Lina et al.
in Tokyo, Japan, also expressed similar concerns using
an epidemic model [32]. The abnormal reemergence of
RSV during the COVID-19 era was also observed dur-
ing the summer months in 2021 in northern hemisphere
countries, including America [21], Israel [28], England
[9], Japan [33], and China (Beijing, Shanghai) [34, 35].
Compared to these countries and cities, the summer
peak of RSV in the post-COVID-19 phase occurred ear-
lier and persisted longer in Hunan, China. Following the
nationwide lockdown on January 23, 2020, there was a
drop in the RSV detection rate. Even after the easing of
the national lockdown on May 10, 2020, RSV detection
remained low compared to the previous year. Approxi-
mately 2 weeks after the concurrent reopening of state
primary and secondary schools in early September, there
was a sharp increase in RSV detections, lasting for 87
weeks and concluding in the spring of 2022. Through
continuous surveillance, it was observed that the RSV
detection rates surpassed the historical levels of 2013—
2019. In addition, the median age of RSV-infected chil-
dren during the recovery phase was higher, with a greater
number of children aged 24—59 months.

Several factors contribute to RSV seasonality and
resurgence. First, the NPIs was lifted or relaxed. With
the unblocking of Wuhan on April 8, 2020, the imple-
mentation of the national NPIs policy and the gradual
migration of the population may have promoted the
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spread of the RSV virus. Li et al. [36] suggested that the
full reopening of schools was the predominant risk fac-
tor for RSV rebound, increasing the risk by as much as
23-fold. Second, immunity debt may also be one of the
important reasons. In the absence of an RSV vaccine,
partial and transient immunity is naturally and spontane-
ously achieved each year by two mechanisms: infection
or transplacental transfer of maternal RSV antibodies.
Because of a widespread lack of exposure to RSV, par-
ticularly in younger cohorts, resulting in the build-up of
an increased pool of susceptible. We also found that the
median age of RSV-infected children during the recov-
ery phase was elder, with the number of children aged
24 to 59 months, which may be the cumulative effect
of susceptible groups. Waning maternal immunity due
to low RSV exposure and the consequent decrease in
transplacental RSV antibody transfer may have contrib-
uted to increased RSV infections also. Third, other fac-
tors may also be involved. The infection pattern of RSV
resurgence remains different from that prior to 2019
and importantly significantly higher, suggesting the pos-
sibility that COVID-19 or COVID-related risk factors
including lasting impact on immune systems that may
partially account for high RSV incidence rates in young
children. The observed resurgence reported by Foley et
al. occurred following months of relaxed social distanc-
ing measures (not immediately following relaxation of
measures) [10]. The studies showed that, in the context
of reinforced public health measures in adults, maintain-
ing children’s communities open (with reinforcement
of social distancing and mandatory face masks since 6
years old) had low impact on RSV infections. Other fac-
tors which are believed to influence the epidemiology
of respiratory viruses such as temperature, humidity,
crowding in school classrooms and viral co-infections or
superinfections may also influence the chances of RSV
epidemics. High temperatures decrease the risk for RSV
rebound, with every 5 °C increase reducing the risk by
37%. The full reopening of schools could override the
counter-effect of high temperatures, explaining the out-
of-season RSV epidemics during the COVID-19 pan-
demic seen in our study. The increase in numbers and the
change in median age suggest that the expanded cohort
of RSV-naive patients, including an increased number of
older children coupled with waning population immunity
[37], may have contributed to the resurgence. Our data
underline the greater fragility of RSV control in the pop-
ulation: a slight relaxation of public health measures was
concomitant to the resurgence of RSV in Hunan.

The present study observed a significant increase in
RSV-related hospital admissions during 2020-21 and
2021-22 compared to preceding years. Despite the sub-
stantial surge in case numbers, the outcomes for hospital-
ized RSV cases during the COVID-19 outbreak appeared
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to be less severe. Analysis of data on ICU admission, and
the incidence of severe pneumonia revealed a descend
in the severity of ALRTI caused by RSV. Studies in Italy
have reported that the severity of RSV-associated disease
during the delayed season was comparable to that dur-
ing the previous season based on respiratory support and
PICU admissions [38]. Similarly, studies from Shang-
hai [34], Beijing [35], and Western Australia [12] have
reported a decrease in the severity of the delayed RSV
seasons during COVID-19 compared to previous sea-
sons. Conversely, a study from the USA reported more
severe RSV-related disease in infants during the COVID-
19 pandemic [39]. As for the decrease in the severity of
the disease in this study, it may be related to the older
median age of infected children, who have larger airways
and better immune function. In addition, the descent of
co-infection may also help to reduce the severity of the
disease.

This study also had some limitations. First, it focused
exclusively on ALRTTI inpatients who had undergone a
nasopharyngeal examination. Second, it is a single-cen-
ter study, and it would be more convincing if the data
were from different centers. Third, we did not analyze
the link between other viral or bacterial co-infections
and RSV resurgence. The circulation of multiple respi-
ratory viruses may have resulted in a high level of inter-
actions between viruses, including an increase in viral
co-infections or superinfections. In addition, RSV typ-
ing 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 retrospective.

Conclusions

We enrolled 49,658 hospitalized children diagnosed with
ALRTIs over a 9-year period, spanning both before and
during the COVID-19 epidemic, to assess RSV preva-
lence. COVID-19 has influenced the transmission pat-
tern of RSV since 2020, and the patients in our study
exhibited distinct demographic and clinical changes
in the context of COVID-19. RSV seasonality was dis-
rupted during the COVID-19 pandemic, and the sea-
son exhibited an unusually prolonged duration. Despite
these observations, RSV still warrants great attention to
prevent unusual rebounds and unexpected impacts. In
addition to future investigations and the development of
passive and active immunization, thorough surveillance
of RSV variation remains crucial as we transition into the
post-COVID-19 era.
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