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Abstract

Background: Globally, the epidemiology of non-SARS-CoV-2 respiratory viruses like
respiratory syncytial virus (RSV) and influenza virus was remarkably influenced by
the implementation of non-pharmacological interventions (NPIs) during the COVID-
19 pandemic. Our study explored the epidemiological and clinical characteristics of
pediatric patients hospitalized with RSV or influenza infection before and during the
pandemic after relaxation of NPlIs in central China.

Methods: This hospital-based prospective case-series study screened pediatric inpa-
tients (age < 14 years) enrolled with acute respiratory infections (ARI) for RSV or
influenza infection from 2018 to 2021. The changes in positivity rates of viral detec-
tion, epidemiological, and clinical characteristics were analyzed and compared.
Results: Median ages of all eligible ARI patients from 2018-2019 were younger than
those from 2020-2021, so were ages of cases infected with RSV or influenza (RSV:
4.2 months vs. 7.2 months; influenza: 27.3 months vs. 37.0 months). Where the posi-
tivity rate for influenza was considerably decreased in 2020-2021 (1.4%, 27/1964)
as compared with 2018-2019 (2.9%, 94/3275, P < 0.05), it was increased for RSV
(11.4% [372/3275] vs. 13.3% [262/1964], P < 0.05) in the same period. The number
of severe cases for both RSV and influenza infection were also decreased in 2020-
2021 compared with 2018-2019.

Conclusions: The implemented NPIs have had varied impacts on common respiratory
viruses. A more effective prevention strategy for RSV infections in childhood is
needed.
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1 | INTRODUCTION

Since December 2019, the world has been experiencing coronavirus
disease 2019 (COVID-19) pandemic. In China, the nationwide imple-
mented non-pharmaceutical interventions (NPIs) were relaxed in April
2020 when the transmission of COVID-19 was under control.! These
huge public health interventions which caused broad-spectrum
changes in human behavior also affected the activity of other seasonal
respiratory viruses such as respiratory syncytial virus (RSV) and influ-
enza virus, as they share similar routes of transmission as severe acute
respiratory syndrome-coronavirus-2 (SARS-CoV-2). Acute respiratory
infections (ARI) especially viral lower respiratory tract infections, such
as pneumonia and bronchiolitis caused by influenza and RSV are the
leading causes of morbidity and mortality in children younger than
5 years.?

After implementation of NPIs, a remarkable reduction in the cir-
culation of influenza was commonly observed in almost all temperate
zones and some tropical areas of the world.>* However, this changed
activity pattern of these viruses was not synchronous and varied from
place to place. For example, in the winter of 2020, a low transmission
of RSV and a delayed inter-seasonal resurgence was observed in
Australia, Europe, and America.>™? There were several hospital-based
studies from eastern and southern provinces of mainland China, which
noted a high activity of RSV with a typical epidemic season.1®"12
However, no such studies are available, which covered the epidemio-
logical and clinical information of patients from central China.

In this study, we aimed to report the impact of COVID-19 NPIs
on the epidemiology and clinical characteristics of RSV and influenza
infections in hospitalized pediatric patients from central China. Based
on this prospective case-series study, multiple comparisons were

made between these infections before and during the pandemic.

2 | METHODS

21 | Study design and participants

This hospital-based prospective case-series study took place in Henan
Children’s Hospital, Zhengzhou. Zhengzhou is the capital city of
Henan Province in central China with a permanent resident popula-
tion of 2.4 million children aged 0-14 years.'® The first study period
lasted from December 1, 2018, to November 30, 2019 (study year
2018-2019); and the second study period began on December
29, 2020 till October 20, 2021 (study year 2020-2021). The study
had to be suspended for a year from December 2019 to December
2020 due to COVID-19 pandemic.

The study was conducted on the largest campus (East Campus) of
Henan Children’s Hospital where three-fourths of all the inpatients
were admitted. Participants were enrolled in three wards: general
emergency ward, infant ward, and pediatric intensive care unit (PICU)
as per the severity of illness. The PICU and general emergency ward
admitted children aged 6 months to 14 years old, and infants (28 days
to 6 months) were admitted to the infant ward.

All inpatients aged 14 years or less were screened for ARI. The
inclusion criteria for an ARI patient needed: (i) admission to hospital
with new illness onset of suspected ARI within 7 days for patients
aged >3 months and an onset within 10 days for infants aged
<3 months; (ii) manifestation of at least one of respiratory symptoms
including cough, sore throat, rhinorrhea, and congestion of the nasal
mucosa or pharynx; (iii) development of acute fever with an axillary
temperature measured 237.5°C for patients aged >3 months. The
date of iliness onset was defined as the day when the symptom was

first noticed.

2.2 | Definitions

Acute respiratory infection (ARI): A comprising infection caused by
infectious pathogens such as bacteria and viruses leading to acute
inflammation in any part of respiratory system. It is divided into upper
or lower respiratory infection based on anatomy.**

Severe RSV or influenza illness: lliness requiring respiratory-
support with non-invasive positive pressure ventilation (such as high
flow nasal cannula, continuous positive airway pressure [CPAP], bi-
level positive airway pressure [BIPAP]), or invasive ventilation (endo-
tracheal intubation or ECMO), ICU admission or event of in-hospital
death.'®

Relaxation of NPIs: A post-epidemic state in which all provinces
eased their public health measures with relaxation of human mobility,
reopening of schools and businesses, resumption of recreational activ-
ities while maintaining social distancing.

Pre-term birth: Babies are born alive before 37 weeks of preg-
nancy are completed.

2.3 | Sample collection and laboratory test

The enrolled ARI patients were approached for collection of respira-
tory specimens (throat swabs) within 24 h of hospitalization and then
tested within 48 h for RSV and influenza infection by real time-
polymerase chain reaction (RT-PCR). Methods for influenza and RSV

detection are detailed in Supporting Information.

24 | Data collection

Demographics, medical history, underlying conditions such as pre-
term birth, and clinical information (including clinical manifestations,
laboratory findings, chest radiography, and treatment) were extracted
from electronic medical records of the hospital. The extracted data
were recorded using a standardized data dictionary and REDCap sys-
tem (Research Electronic Data Capture, Vanderbilt University,
Nashville, Tennessee, USA) or EpiData v3.1. The data were checked
for completeness and accuracy by the investigators. Information on
birth weight and feeding patterns in the first year of life was also

recorded if available.
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2.5 | Statistical analysis

Continuous variables were described with medians and interquartile
ranges (IQR) and categorical variables were described with frequen-
cies and percentages. Comparisons of RSV or influenza infection char-
acteristics were made using chi-square test. In case of limited data
availability, Fisher's exact test was used, whereas non-normal distrib-
uted continuous variables were compared using Mann-Whitney-
Wilcoxon test. Multivariable logistic regression models were devel-
oped to identify the potential factors associated with severe illness,
calculation of odds ratios (ORs), and 95% confidence intervals. We
first used a univariate regression model for candidate variable selec-
tion (P < 0.1), then performed a forward stepwise model selection
based on Akaike's information criterion (AIC) and likelihood ratio test
to select the explanatory variables in final model. Candidate variables
are listed in the Supporting Information. A P value of <0.05 was con-
sidered statistically significant. All statistical analyses were performed
in R v3.6.3 (R Foundation for Statistical Computing, Vienna, Austria).

3 | RESULTS

3.1 | Characteristics of study population

Throughout the study years, a total of 7093 eligible ARI patients were
admitted in the three wards. Out of these eligible patients, 5250
(74.0%) patients with an informed consent were enrolled in this study.
Remaining 1843 (26.0%) patients were excluded from the study on
guardians’ request. The main reason behind refusal of participation
was the guardians’ unwillingness for their children to receive the
throat swab sampling procedure. Additional 11 patients were
excluded due to incomplete medical records. In the end, 5239 patients
remained in study for the screening of influenza and RSV infection.
These 5239 patients included 3275 patients from 2018-2019 and
1964 patients from 2020-2021 (Figure 1 and Table S1).

Generally, the median age of ARI patients in 2018-2019 was
younger than those enrolled in 2020-2021 (8.0 months, IQR: 2.6-
31.1 vs. 19.0 months, IQR: 6.4-43.0; P < 0.05) (Table 1). Patients from
2020-2021 had a higher proportion of local residents (76.6%) than
those from 2018-2019 (63.1%). The proportion of patients with
underlying conditions also decreased from 13.8% to 7.9% (P < 0.05) in
2020-2021 (Table 1). The most common complications with ARI
patients were pneumonia, bronchitis, and sepsis. These complications
also showed a significant difference between both study years (pneu-
monia: 62.8% vs. 52.9%; bronchitis: 16.4% vs. 26.3%; sepsis: 7.6%

vs. 3.0%) (not shown in tables).

3.2 | Detection of RSV and influenza

Among 3275 patients from study year 2018-2019, 485 (14.8%) cases
were found to be caused by RSV or influenza. These included
372 (11.4%) cases of RSV, 94 (2.9%) cases of influenza, and 19 (0.6%)

cases of co-infection. Since our focus was on the single viral pathogen
infected patients, the data from 19 cases of co-infection were
excluded. The remaining 2790 (85.2%) cases were negative for RSV as
well as influenza. In the second study year 2020-2021, there were
289 (14.7%) cases of RSV or influenza infection. These included
262 (13.3%) cases of RSV and 27 (1.4%) cases of influenza. No cases
of co-infection were detected in this study year (Figure 1). Remaining
1675 (85.3%) patients were found to be negative for both RSV and
influenza. The rate of influenza infections decreased by 51.7% (from
2.9% in 2018-2019 to 1.4% in 2020-2021), while the rate remained
high for RSV infections (11.4% in 2018-2019 vs. 13.3% in 2020-
2021).

As shown in Figure 2, the positivity rate of influenza increased
with an increase in age of children, whereas it decreased for RSV with
an increase in age. In 2020-2021, the RSV positivity rates remained
high in majority of age groups, especially in the group of infants
<4 months (P < 0.05) (Table S2), whereas the rate was lower in the
group of 25-year-olds in 2020-2021 than that of 2018-2019 without
any significant differences. In case of influenza, the positivity rates
remained low in 2020-2021 across all age groups except the group of
4-5 months old.

The temporal distribution of RSV and influenza positive cases in
both study years are shown in Figure 3. We determined, the annual
epidemic season of RSV in 2018-2019 ended with March 2019. The
next season started from mid-October of 2019, with two consecutive
weeks of RSV positivity per week exceeding the threshold of 10%.1¢
Although the RSV season of 2020-2021 ended earlier by the
February 2021, than the March of previous study year, the RSV posi-
tivity rate after end of epidemic season was higher than that observed
in April to September season of 2019 (Table S2). Influenza shared a
similar epidemic season with RSV in 2018-2019. However, no usual
peak was observed in the winter of 2020-2021.

3.3 | Characteristics of RSV and influenza
inpatients

The age distribution for patients with RSV or influenza infection var-
ied between these study years (Table 1). The median age of children
with RSV infection in 2018-2019 was lower than those from 2020-
2021 (4.2 months, IQR: 2.3-12.6 vs. 7.2 months, IQR: 2.7-18.0,
P < 0.05), so were the ones infected with influenza (27.3 months,
IQR: 13.1-52.0 vs. 37.0 months, IQR: 12.0-82.5, P < 0.05). As com-
pared with 2018-2019, fewer RSV-infected patients in 2020-2021
were aged <6 months (58.9% vs. 43.9%), whereas the proportion of
patients with RSV infection increased in the age group of 12 to
<60 months. In patients with influenza, the maximum overall propor-
tion of patients (30.6%) with an infection was observed in the group
of 2- to 5-year-olds. This proportion decreased from 33.0% in 2018-
2019 to 22.2% in 2020-2021. The median age of children infected
with RSV was significantly younger than those infected with influenza
in pooled study years (5.4 months, IQR: 2.4-15.3 vs. 29.1 months,
IQR: 13.0-60.0, P < 0.05).
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11218 pediatric inpatients admitted to 3 study wards of Henan
Children’s Hospital screened for ARI:

6293 (56.1%, 6293/11218) in 2018-2019

4925 (43.9%, 4925/11218) in 2020-2021

1388 (33.6%, 1388/4125) with illness onset for over 7
days (>3 months old) or 10 days (<3 months old)

809 (38.1%, 809/2124) in 2018-2019

579 (28.9%, 579/2001) in 2020-2021

1053 (25.5%, 1053/4125) without fever (>3 months old)

as ARI were excluded:
—>

4125 (36.8%, 4125/11218) patients ineligible

2124 (33.8%, 2124/6293) in 2018-2019
2001 (40.6%, 2001/4925) in 2020-2021

586 (27.6%, 586/2124) in 2018-2019
467 (23.3%, 467/2001) in 2020-2021

918 (22.3%, 918/4125) without any respiratory

A

7093 (63.2%, 7093/11218) ARI patients were eligible for
recruitment:

4169 (66.2%, 4169/6293) in 2018-2019

2924 (59.4%, 2924/4925) in 2020-2021

symptom or sign
549 (25.8%, 549/2124) in 2018-2019
369 (18.4%, 369/2001) in 2020-2021

743 (18.0%, 743/4125) in hospital for over 24 hours
within 14 days before admission

176 (8.3%, 176/2124) in 2018-2019

567 (28.3%, 567/2001) in 2020-2021

» informed consent were excluded:

1843 (26.0%, 1843/7093) patients without

885 (21.2%, 885/4169) in 2018-2019
958 (32.8%, 958/2924) in 2020-2021

23 (0.6%, 23/4125) staying in study departments for less
than 24 hours

4 (0.2%, 4/2124) in 2018-2019

19 (0.9%, 19/2001) in 2020-2021

A

5250 (74.0%, 5250/7093) ARI patients with informed consent
were enrolled :

3284 (78.8%, 3284/4169) in 2018-2019

1966 (67.2%, 1966/2924) in 2020-2021

> record were excluded:
9 (0.3%, 9/3284) in 2018-2019
2 (0.1%, 2/1966) in 2020-2021

11 (0.2%, 11/5250) without complete medical

5239 ARI patients with respiratory samples collected and tested
for RSV and influenza :

3275 in 2018-2019

1964 in 2020-2021

v

v

v

v

634 (12.1%, 634/5239) patients
detected RSV positive:

372 (11.4%, 372/3275) in 2018-2019
262 (13.3%, 262/1964) in 2020-2021

121 (2.3%, 121/5239) patients
detected influenza positive:

94 (2.9%, 94/3275) in 2018-2019
27 (1.4%, 27/1964) in 2020-2021

19 (0.4%, 19/5239) patients detected
both influenza and RSV positive:

19 (0.6%, 19/3275) in 2018-2019

0 (0%, 0/1964) in 2020-2021

4465 (85.2%, 4465/5239) both RSV

and influenza negative patients:

2790 (85.2%, 2790/3275) in 2018-2019
1675 (85.3%, 1675/1964) in 2020-2021

FIGURE 1 Flow chart for the enroliment of pediatric ARl inpatients for detection of RSV and influenza in 2018-2019 and 2020-2021 study.
The 19 RSV and influenza co-infected patients were removed from further analysis, so the box is marked gray, along with RSV and influenza-

negative ARI patients.

In addition to age changes, the distribution of local resident
patients also changed during the pandemic. The proportion of patients
living in Zhengzhou was higher in 2020-2021 than those from 2018-
2019, in patients infected with RSV (82.1% vs. 65.1%, P < 0.05) as
well as influenza (77.8% vs. 58.5%, P < 0.05) (Table 1).

RSV-infected patients from 2020-2021 had a smaller proportion
of patients with underlying conditions than the patients from 2018-
2019 (7.6% [20/262] vs. 12.9% [48/372], P < 0.05). The most com-
mon underlying conditions included pre-term birth (8.9% [33/372] in
2018-2019 and 6.5% [17/262] in 2020-2021) and congenital heart
disease (CHD) (2.4% [9/372] in 2018-2019 and 0.8% [2/262] in
2020-2021). A similar decreasing trend of underlying conditions was
observed in influenza-infected patients (2018-2019: 13.8% [13/94]
vs. 2020-2021: 7.4% [2/27]) (Table S3).

3.4 | Clinical course and disease severity

As shown in Table 2, the median length of hospital stay among RSV
patients was 6.0 days (IQR: 5.0-7.0) in both study years. Whereas
patients with influenza had a longer hospital stay in 2018-2019
(6.0 days, IQR: 5.0-7.0) than 2020-2021 (5.0 days, IQR: 4.0-5.0,
P < 0.05). The proportion of patients with pneumonia complications
(diagnosed by radiographic findings or clinical signs, see Table 2) in
RSV patients decreased slightly from 94.4% in 2018-2019 to 87.0%
in 2020-2021, whereas it remarkably dropped to 33.3% from 71.3%
(P < 0.05) (Table 2) in influenza-infected patients. The clinical presen-
tations and laboratory findings for RSV and influenza-infected
patients were generally similar before and during the pandemic
(Tables S4 and S5).
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FIGURE 2 Age distribution of (A)

positive rates of RSV and influenza- 30 o

infected patients in 2018-2019 and E ;gii:;gi
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20, 2021. (A) RSV-infected patients; -

(B) influenza-infected patients.
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FIGURE 3 Temporal distribution of the numbers and positive rates of RSV and influenza-infected patients in 2018-2019 and 2020-2021
study years. The vertical blue dashed line marked the separation of two study years. No. of RSV cases: 634 (372 in 2018-2019 and 262 in 2020-
2021). No. of influenza cases: 121 (94 in 2018-2019 and 27 in 2020-2021).

The main treatment options for RSV infection relied on support- its proportion was higher in 2018-2019 than 2020-2021 (P < 0.05).
ive care. The proportion of patients receiving any forms of oxygen Antibiotic treatment was often prescribed in both viral infections and
treatment in 2018-2019 (26.6%) was more than those from 2020- their proportions did not differ during the pandemic. Overall, 96.2%

2021 (17.2%, P < 0.05). The influenza-infected patients received the (610/634) of RSV and 95.0% (115/121) influenza-infected patients
well-established antiviral treatment of neuraminidase inhibitors, and received antibiotics. 34.9% (221/634) RSV-infected patients and
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17.4% (21/121) influenza-infected patients were treated with cortico-
steroids (P < 0.05) (Table 2).

7.5% (28/372) cases of RSV-infected patients were identified as
severe cases in 2018-2019 which dropped to 1.9% (5/262) in 2020-
2021. The frequency of non-invasive positive pressure or requirement
of invasive ventilation was higher in 2018-2019 (4.8%) than in 2020-
2021 (1.1%) (P < 0.05). Similar pattern was observed for the number
of ICU admissions (7.3% vs. 1.9%, P < 0.05). The number of severe
influenza cases decreased from 16.0% (15/94) in 2018-2019 to none
in 2020-2021. Similarly, the number of ICU admissions significantly
dropped from 16.0% (15/94) in 2018-2019 to 0% (0/27) in 2020-
2021. In univariate and multivariate analyses, we found the children
with CHD and living outside Zhengzhou were more likely to be associ-

ated with severe outcomes (Tables S6 and S7).

4 | DISCUSSION

Our study reported a significantly reduced influenza activity in 2020-
2021 which was similar to the studies from the United States and the
United Kingdom.*® However, no such impact of COVID-19 was
observed on the RSV activity in central China. In 2020-2021, the RSV
positivity rate in children hospitalized with ARI remained high, in all
groups of patients <5 years as compared to patients from 2018-
2019. A study conducted in Hangzhou, China showed a high RSV pos-
itivity rate in children aged 1 month to 6 years during 2020 than the
patients from 2019.1* Unlike studies from Australia, Brazil, the

United States, or Europe,*’~2°

the peak of RSV season was not
delayed in our study. These changes in RSV and influenza activity pat-
terns observed in our results were consistent with the surveillance
data from 314 sentinel hospitals across mainland China since the
September of 2020.1 And these results were similar to the studies
from Guangdong and Zhejiang province of China.®2 This altered
activity patterns between these viruses hinted that the public health
measures against SARS-CoV-2 had more effective impact on influenza
than RSV.> One plausible reason for this observation could be the
ability of RSV to survive for longer duration out of a host and its abil-
ity to quickly spread via direct contact.”?1?? Additionally, the children
probably could not fully benefit from current preventive measures like
wearing masks, particularly those under 1 year, toward whom face
masks were not recommended.

As compared to 2018-2019, a higher median age was observed
in 2020-2021 in patients of ARI, RSV, and influenza (Table 1). During
the pandemic, a similar older age structure of RSV and influenza
patients was observed in the United States, France, and
Australia.>*?2° One possible explanation for these comparatively
older age structures could be the “immunity debt,” resulting from the
accumulation of immune-naive children due to strict implementation
of NPIs in the first half of 2020. Children in early life are most vulnera-
ble to RSV, influenza, and other respiratory viruses had a lesser
chance of natural exposure to infection. Thus, the infection rates did
not increase until the lockdown was lifted and these children were a

little older.”?* Besides, a higher proportion of eligible ARI patients in

2020-2021 from the age groups of >5 months old led to the enroll-
ment of a little older children which could be another reason for older
RSV-infected patients in our study (Table S1).

Meanwhile, the proportion of severe RSV or influenza illness
was lower in 2020-2021 than 2018-2019. This finding was similar

23725 where

to the studies from Latin America, France, and Shanghai,
RSV or influenza-related disease severity decreased after easing the
NPIs. This changed severity of illness could be attributed to multiple
factors. First, patients living outside Zhengzhou were found to be
associated with an increased severity in our study, as the non-local
patients would travel to Zhengzhou when the illness became serious
and looked for better medical resources. However, in 2020-2021,
although the nationwide NPIs had been relaxed, the dropped mobility
level possibly restricted to non-local patients traveling to Zhengzhou,
especially for children of early age (<6 months).?® Second, a large
proportion of older children enrolled in 2020-2021 also contributed
to a fewer number of ICU admissions or requirement of mechanical
ventilation or in-hospital death, as the younger age was associated
with an increased severity of RSV and influenza infection.?”2®
Additionally, the lack of severe cases of influenza observed in
2020-2021 which could be mainly attributed to the suppression of
influenza activity.

Several limitations to our study should be noted. First, we might
have underestimated the influenza infection. For prevention of noso-
comial infections, rapid antigen tests for influenza (Lateral Flow Immu-
noassay) (Wanfu Biotechnology Co., Ltd, Guangzhou, China;
sensitivity: 52.47%, specificity: 99.41%) were constantly conducted in
all outpatient departments of Henan Children’s Hospital for patients
with influenza-like illness (ILI) (Table S8). For the patients who tested
positive for influenza with an indication of hospitalization, pediatri-
cians would provide a referral option for medical service in infectious
diseases hospital, and only few patients were admitted to the infec-
tious diseases ward in the month of peak epidemic. Since the diagnos-
tic procedures for influenza were consistent before and during
COVID-19 pandemic, our results support the changed activity pattern
of influenza which was consistent with surveillance data from China.
Second, the enrolled ARI patients were little older in 2020-2021,
which could bias the comparison of age structures of patients with
RSV or influenza infection. However, eligible ARI patients in 2020-
2021 with an increased age as compared to 2018-2019 showed, the
study population indeed had an older age structure during the pan-
demic. Earlier studies showed, the young age of patients was associ-
ated with a higher positivity rate of RSV.2? The finding that an older
age structure of enrolled patients and a considerably higher rate of
RSV positivity in 2020-2021 than 2018-2019 strengthened the con-
clusion that, RSV infections remained at a higher level during the
COVID-19 pandemic.

5 | CONCLUSIONS

The NPIs during COVID-19 pandemic had varied impacts on common
respiratory viruses. This was associated with a remarkably reduced
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incidence of influenza, while RSV infections remained at a higher level.
This observation highlighted the need to find a most effective preven-

tive strategy for RSV infections in childhood.
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