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1 | INTRODUCTION

The outbreak of coronavirus disease 2019 (COVID-19), which was
caused by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), emerged in Wuhan, China, at the end of 2019.? Following its
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Abstract

Nonpharmaceutical interventions (NPIs) taken to combat the coronavirus disease
2019 (COVID-19) pandemic have not only decreased the spread of severe acute
respiratory syndrome coronavirus 2 but also have had an impact on the prevalence
of other common viruses. This study aimed to investigate the long-term impact of
NPIs on common respiratory and enteric viruses among children in Shanghai, China,
as NPIs were relaxed after June 2020. The laboratory results and clinical data of
outpatient children with acute respiratory tract infections (ARTI) and acute
gastroenteritis (AGE) were analyzed and compared between the post-COVID-19
period (from June 2020 to January 2022) and pre-COVID-19 period (from June
2018 to January 2020). A total of 107 453 patients were enrolled from June 2018
to January 2022, including 43 190 patients with ARTI and 64 263 patients with
AGE. The positive rates of most viruses decreased during the post-COVID-19
period, with the greatest decrease for influenza A (-0.94%), followed by
adenoviruses (AdV) (-61.54%), rotaviruses (-48.17%), and influenza B (-40%).
However, the positive rates of respiratory syncytial virus (RSV) and enteric AdV
increased during the post-COVID-19 period as the NPIs were relaxed. Besides
this, in the summer of 2021, an unexpected out-of-season resurgence of RSV
activity was observed, and the resurgence was more prominent among children
older than 5 years. The effectiveness of the current relaxed NPIs in control of
common respiratory and enteric viruses was variable. Relaxation of NPIs might

lead to the resurgence of common viruses.
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rapid spread, the World Health Organization declared COVID-19 to
be a pandemic on March 11, 2020.2

In China, the government enforced comprehensive and stringent
nonpharmaceutical interventions (NPIs), such as social distancing,

increased hand hygiene, mask-wearing, working from home, and
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school closures, to reduce the transmission of SARS-CoV-2 at the
early stage of the epidemic.® These interventions have proven
effective in reducing the spread of SARS-CoV-2 in many contexts.*~®
In addition to COVID-19, NPIs may also reduce the transmission of
other infectious diseases disseminated through airborne or fecal-oral
transmission routes, such as the common cold, seasonal influenza,
bronchiolitis, gastroenteritis, and acute otitis.>?1°

In June 2020, NPIs in Shanghai, China, were gradually relaxed;
schools and commercial activities were reopened, and people were
allowed to engage in limited public gatherings. However, “relaxed
NPIs” including physical distancing and mask-wearing was still
mandatory in public places. The extent of NPIs in this stage was
markedly different from that in the early pandemic phase of COVID-
19 when a series of strict NPIs had been implemented.

Acute respiratory tract infections (ARTI) and acute gastro-
enteritis (AGE) are the most common conditions in the field of
pediatrics. The etiology of ARTI and AGE is diverse and complex, and
it may vary according to age, season, and region.''? Viruses
including influenza virus (Flu), respiratory syncytial virus (RSV),
adenoviruses (AdV), and rotaviruses (RVs) play important roles in
these infectious diseases. Understanding the possible influence of the
COVID-19 NPI period on the incidence of these respiratory and
enteric viruses remains a key question for the broader public health
impact of the pandemic. Previous studies have explored the impact of
the COVID-19-related NPIs on respiratory infections, with most of
the studies focusing on the early phase of the COVID-19 outbreak,
when strict NPIs were adopted.”1%13-1¢ However, the long-term
impact of the relaxed NPIs adopted in the post-COVID-19 period
(from June 2020) on the circulation of common respiratory and
enteric viruses has not been comprehensively assessed.

In this study, we reported and discussed the transmission pattern of
common viruses among outpatient children with ARTI and AGE in
Shanghai, before and after the outbreak of COVID-19. We focused
primarily on the comparison between the post-COVID-19 period (from
June 2020 to January 2022, 20 months) and the pre-COVID-19 period
(from June 2018 to January 2020, 20 months), with the aim to investigate
the long-term effects of the “relaxed NPIs” on the epidemiology of

common respiratory and enteric viruses among children.

2 | METHODS

2.1 | Study design
To explore the changing pattern of common respiratory and enteric
viruses among outpatient children before and after the COVID-19
pandemic, the laboratory results and clinical data of pediatric patients
with ARTIl and AGE in the outpatient clinic at Children's Hospital of Fudan
University from June 1, 2018, to January 31, 2022, were analyzed.

A patient was considered to have an ARTI if at least two of the
following clinical manifestations occurred during the week before
them presenting: fever, cough, nasal obstruction, expectoration,

sneeze, and dyspnea. AGE was defined as the occurrence of
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>3 diarrheal stools or 22 episodes of vomiting, or one episode of
both diarrhea and vomiting in the last 24 h, with the symptoms lasting
for a maximum of seven days.

All of the outpatients meeting the definition of ARTI or AEG in
the defined study period and receiving virological tests were enrolled
in the analysis. The decision as to whether a virological diagnostic
test was necessary was made by the attending physician. Enrolled
outpatients with fever were also tested for SARS-CoV-2 RNA by
using real-time reverse transcription-polymerase chain reaction
(RT-PCR) from June 2, 2020.

According to the timeline of NPIs for containing the COVID-19
epidemic in China, we defined three periods: the “pre-COVID-19”
period, from June 1, 2018 to January 31, 2020 (20 months) without
nationwide NPIs; the “COVID-19 pandemic” period, from February 1,
2020 to May 31, 2020 (4 months), when strict nationwide NPIs were
implemented and schools were closed; and the “post-COVID-19”
period, from June 1, 2020 to January 31, 2022 (20 months), when
nationwide NPIs were relaxed and schools were reopened. The patients
were divided into two groups according to their age: <5 years and 25
years. Demographic and clinical data from all of the enrolled patients

were obtained from their electronic medical records.

2.2 | Specimen collection and testing
Nasopharyngeal swabs were collected from all of the enrolled
outpatients with ARTI by trained staff following standard operating
procedures. Fresh stool samples were collected from the enrolled
outpatients with AGE. The specimens were immediately transferred
to the in-house clinical laboratory for virus detection.

Nasopharyngeal swabs were tested by chromatographic immu-
noassay for four respiratory viruses, including FIuA, FluB, RSV, and
AdV. FIuA and FluB were detected using the SD Bioline Influenza
Antigen Kit (Standard Diagnostics). RSV and AdV were tested using
the CerTest RSV-Adenovirus Resp Blister Kit (CerTest Biotec), which
detects an RSV fusion protein and the AdV hexon antigen, common
in all respiratory infection serotypes.

Stool samples were tested by chromatographic immunoassay for
RV and enteric AdV using Rotavirus/AdV Antigen Kits (Wantai
Biopharm). The kit for enteric AdV detects AdV serotypes 40 and 41,
which are the main serotypes in pediatric gastroenteritis.

If any one of the targeted viruses was detected in the specimens,
the patient was considered positive for that virus. In cases where two
viruses were detected in the same clinical sample, respective viruses

were counted individually.

2.3 | Statistical analysis

Categorical variables were expressed as numbers (%). As the continuous
variable (age) in our study was not normally distributed, it was expressed
as median (interquartile range [IQR]) and compared using the Mann-
Whitney U test between the pre-COVID-19 and the post-COVID-19
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periods. The proportions for categorical variables (detection rate of virus,
sex) were compared using the x? test. The percentage change in the
positive rate between the pre-COVID-19 and the post-COVID-19
periods was calculated as follows: 100% x [P(post) — P(pre)]/P(pre), where
the P(post) indicates the positive rate during the post-COVID-19 period,
and P(pre) indicates the positive rate during the pre-COVID-19 period. All
of the tests were two-tailed, and a p<0.05 represented statistical
significance. The statistical analyses were conducted in SPSS version 21.0
software (IBM).

3 | RESULTS

3.1 | Changes in the recruited patients

During the whole study period, a total of 107 453 patients who met
the inclusion criteria were enrolled, including 43 190 patients with

TABLE 1
periods.
Whole study period Pre- COVID-19
(44 months)® (20 months)®
ARTI

Demographics

ARTI and 64 263 patients with AGE. The median age of the patients
was 21 months (IQR: 9 months-3 years), and 57.1% were male.
Compared with the pre-COVID-19 period, the number of patients
with ARTI and AGE decreased strongly by 54.1% and 32.2%,
respectively, during the post-COVID-19 period. The proportion of
males also decreased slightly and the median age of patients with
ARTI and AGE increased (Table 1). From June 2, 2020, to January 31,
2022, a total of 11017 patients with ARTI and 9670 patients with
AGE were tested for SARS-CoV-2 RNA by real-time RT-PCR. None of
these subjects was SARS-CoV-2 RNA positive.

3.2 | Changes in the positive rates of viruses

The overall positive rates of viruses significantly decreased by 43.9%
among the patients with ARTI (from 22.7% during pre-COVID-19%
to 12.8% during post-COVID-19, p <0.001), and by 36.3% among

Comparison of demographic characteristics and positive rates (%) of viruses between the pre-COVID-19 and post-COVID-19

COVID-19 pandemic  Post- COVID-19

Total patients
Male sex, n (%)
Age, median

Virus detection, n (%)
RSV
Adv
FluA
FluB
Total

AGE

Demographics
Total patients
Male sex, n (%)
Age, median

Virus detection, n (%)
RV
Enteric AdV

Total

43190
23715 (54.9)

2y(15mto4y)

3763 (8.7)
136 (0.3)
2895 (6.7)
1708 (4.0)
8355 (19.3)

64263
37585 (58.5)
15m (7 mto 3y)

9793 (15.2)
2773 (4.3)
11928 (18.6)

28913
16 067 (55.6)
2y(13mto4y)

2496 (8.6)
114 (0.4)
2743 (9.5)
1353 (4.7)
6573 (22.7)

37034
21932 (59.2)
12m(@émto2y)

7067 (19.1)
1578 (4.3)
8155 (22.0)

(4 months)® (20 months)? Change® p°
1004 13273 -54.1%

549 (54.7) 7099 (53.3) -3.8% <0.001
17m (9 mto4dy) 3y(2Imto5y) 1y <0.001
29 (2.9) 1238 (9.3) 8.0% 0.020
2(0.2) 20 (0.2) -61.8% <0.001
38 (3.8) 114 (0.9) -90.9% <0.001
22 (2.2) 333 (2.5) -46.4% <0.001
89 (8.9) 1693 (12.8) -43.9% <0.001

2122 25107 -32.2%

1216 (57.3) 14437 (57.5) -2.9% <0.001
8m(3-21m) 22m(10mto4dy) 10 m <0.001
244 (11.1) 2482 (9.9) -48.2% <0.001

14 (0.7) 1181 (4.7) 10.4% 0.009
253 (11.9) 3520 (14.0) -36.3% <0.001

Abbreviations: AdV, adenoviruses; AGE, acute gastroenteritis; ARTI, acute respiratory tract infections; COVID-19, coronavirus disease 2019; FIuA,
influenza A virus; FluB, influenza B virus; m, months; RSV, respiratory syncytial virus; RV, rotaviruses; y, years.
#Whole study period: June 1, 2018 to January 31, 2022; pre-COVID-19 period: June 1, 2018 to January 31, 2020; COVID-19 pandemic: February 1-May
31, 2020 (school closure); and post-COVID-19 period: June 1, 2020 to January 31, 2022.
PComparison between the pre-COVID-19 and post-COVID-19 periods. The changes are reported as relative differences in percentages for virus
detections and sex; relative differences in numbers for total patients; and differences between median ages for age.
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TABLE 2 Coinfections were detected in outpatient children with
ARTI and AGE
COVID-19
Pre-COVID-19 pandemic Post-COVID-19
(20 months)? (4 months)® (20 months)?
ARTI, n (%)
Total 133 (0.5) 2(0.2) 12 (0.1)
RSV + FIuA 85 2 0
RSV + FluB 42 0 6
FIuA +FluB 3 0 5
AdV + FluB 2 0 0
AdV + FluA 1 0 0
RSV + AdV 0 0 1
AGE, n (%)
RV + enteric 490 (1.3) 5(0.2) 143 (0.6)
AdV

Abbreviations: AdV, adenoviruses; AGE, acute gastroenteritis; ARTI, acute
respiratory tract infections; COVID-19, coronavirus disease 2019; FIuA,
influenza A virus; FluB, influenza B virus; RSV, respiratory syncytial virus;
RV, rotaviruses.

2Pre-COVID-19: June 1, 2018 to January 31, 2020; COVID-19 pandemic:
February 1- May 31, 2020 (school closure); and post-COVID-19: June 1,
2020 to January 31, 2022.

patients with AGE (from 22.0% to 14.0%, p < 0.001). Except for RSV
and enteric AdV, each virus exhibited a sharp decrease in the positive
rate during the post-COVID-19 period compared with the pre-
COVID-19 period. The greatest decrease was observed for FIuA
(=90.9%), followed by AdV (-61.8%), RV (-48.2%), and FluB (-46.4%)
(all p < 0.001). Slight increases in the positive rates were observed for
RSV (from 8.6% to 9.3%, p =0.020) and enteric AdV (from 4.3% to
4.7%, p =0.009) (Table 1).

In patients with ARTI, the coinfection rate of two viruses
decreased from 0.5% (133/28 913) during the pre-COVID-19 period
to 0.1% (12/13273) during the post-COVID-19 period. The
combination “RSV + FIuA” was the most frequent during the pre-
COVID-19 period. However, “RSV + FluB” became the most common
combination during the post-COVID-19 period due to the low
prevalence of FIUA. In patients with AGE, the coinfection rate of RV
and enteric AdV (“RV+enteric AdV”) decreased from 1.3% (490/
37 034) to 0.6% (143/25 107) (Table 2).

3.3 | Changes in seasonality of viruses
We evaluated the monthly percentage of specimens positive for each
virus, as shown in Figure 1 for the enrolled patients. The changes in
seasonality among viruses were variable.

RSV had a high prevalence in winter and was almost not detected
from May to July during the pre-COVID-19 period. In the first year
when NPIs were adopted (February 2020 to January 2021), the

4699
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seasonality of RSV did not change, although the prevalence was
suppressed. However, the seasonality changed greatly in the second
year (February 2021 to January 2022), where RSV was detected
throughout the year and peaked in summer.

FIuA peaked in winter during the pre-COVID-19 period, whereas
the annual peak was interrupted after the NPIs were adopted. The
observed FIuA prevalence declined sharply and was reduced to near
zero during the post-COVID-19 period. FIuB detections occurred
throughout the year and peaked in April 2019 and January 2020,
during the pre-COVID-19 period. Similar to FIuA, the prevalence of
FluB was suppressed during the post-COVID-19 period, except for a
weak resurgence in the second half of 2021.

AdV and enteric AdV did not demonstrate a clear seasonal
pattern in our study. AdV was detected sporadically during the pre-
COVID-19 period. In the first year when NPIs were adopted, AdV
almost disappeared. However, with the relaxation of NPls, it resurged
sporadically in the second year. Enteric AdV was detected through-
out the whole study period, with the lowest incidence during the
COVID-19 pandemic. A rebound of enteric AdV was observed soon
after NPIs had been relaxed during the post-COVID-19 period.

Compared with the pre-COVID-19 period, the seasonality of RV
did not change, and the positive rate also peaked in the winter
months during the post-COVID-19 period.

34 |
and sex

Change pattern in the positive rates by age

We analyzed the extent of change for RSV and enteric AdV by age.
The increase in RSV detections was observed to a greater extent
among older children (25 years). Compared with the pre-COVID-19
period, the positive rate of enteric AdV increased among children
younger than 5 years during the post-COVID-19 period; however, it
was reduced among older children (Figure 2A). For the other viruses,
the reduction in their positive rates showed no significant difference
in terms of age (Figure 2A). There was no significant difference
between males and females for all of the investigated viruses
(Figure 2B).

4 | DISCUSSION

The COVID-19-related NPIs implemented to contain the spread of
SARS-CoV-2 are already beginning to affect the transmission of other
common viruses. Many studies have explored the impact of NPIs on
non-SARS-CoV-2 viral infections.*®> '8 However, most of the studies
have not considered the period following the relaxation of NPIs.
Understanding how the transmission dynamics of non-SARS-CoV-2
viral infections changed under the conditions of relaxed NPlIs is of
great significance for public health in the post-COVID-19 era. Our
study explored the transmission pattern of common respiratory and
enteric viruses using data from a large number of outpatient children
(>100 000) with ARTI and AGE from June 2018 to January 2022 in
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FIGURE 1 Seasonal activity of respiratory and enteric viruses over the study period. (A) RV and RSV; (B) FIuA and FluB; and (C) enteric AdV
and AdV (respiratory infection). Gray block represents the period of the “COVID-19 pandemic” when strict nationwide NPIs were implemented
and schools were closed. AdV, adenoviruses; COVID-19, coronavirus disease 2019; FluA, influenza virus A; FluB, influenza virus B; NPI,
nonpharmaceutical intervention; RSV, respiratory syncytial virus; RV, rotaviruses.
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FIGURE 2 Percent change in the positive rate during the post-COVID-19 period compared with the pre-COVID-19 period and stratified by
age and sex. (A) Percent change by age and (B) percent change by sex. AdV, adenoviruses; COVID-19, coronavirus disease 2019; FluA, influenza
virus A; FluB, influenza virus B; RSV, respiratory syncytial virus; RV, rotaviruses.

Shanghai. We found that the intensity and seasonality of these
viruses were changed alongside the implementation and subsequent
relaxation of NPIs.

In the post-COVID-19 period, the number of enrolled patients
with ARTI and AGE was dramatically reduced compared with that in
the pre-COVID-19 period. This phenomenon might be ubiquitous. A
nationwide study on children's outpatient visits before and during the
first wave of the COVID-19 pandemic in Germany showed that
outpatient visits associated with diagnosed infections fell markedly
by 51%.1° Studies from other countries have vyielded similar
findings.>142%21 These infectious diseases, including ARTI and
AGE, are predominantly transmitted through droplets, aerosols,
physical contact, or via the fecal-oral route. We suspect that the
relaxed NPIs, including wearing a mask, securing physical distance,
and washing hands, have led to a greatly reduced transmission of
ARTI and AGE. However, the decrease in the number of patients with
AGE was smaller than that for ARTI (-32.2% vs. -54.1%, respec-
tively). This suggests that the current relaxed NPIs for COVID-19 are
more effective for airborne transmission than for fecal-oral
transmission. To elucidate the cause of the observed reduction in
pediatric emergency department visits, a study conducted in the
Netherlands showed that the largest reduction was observed for
communicable infections (76%), whereas the reduction in non-
infectious diagnoses was smaller (36%), which means that the main
reason for the reduction in pediatric visits was the decrease in
transmissible infections due to the adoption of NPIs, and care
avoidance could have contributed as well.? In addition, limited
access to diagnostics due to suspension of nonemergency services in
health facilities and massive mobility restrictions during COVID-19
might also contribute to the reduction in the number of enrolled
patients, thus the reported patients with ARTI and AGE during this
period could be underestimated.

The positive rates of FIuA, FluB, AdV, and RV were significantly
lower during the post-COVID-19 period. We observed persistently
low FIUuA activity throughout the pandemic, even under much less
stringent NPIs. Of note, up to January 2022, no season peaks of FIUA
occurred during the post-COVID-19 period. Earlier reports from
other countries have shown similar situations.>>"2¢ These results
demonstrated that the current NPIs, including international mobility
restriction and mask-wearing, could be highly effective against
influenza. A previous study found that surgical face masks signifi-
cantly reduced the detection of Flu RNA in respiratory droplets,
indicating that surgical face masks could prevent the transmission of
Flu from symptomatic individuals.?” This positive effect in the short
term is welcome. However, the lack of immune stimulation due to the
reduced circulation of influenza and the related reduced vaccine
uptake may induce an “immunity debt,” which could have negative
consequences and may lead to a large outbreak in the future.?®
Further studies are needed to better understand how the immunity
debt affects the epidemiology of influenza.

RV infections are a leading cause of severe, dehydrating
gastroenteritis in children.*>?? In the present study, the overall
proportion of RV-positive samples from children with AGE decreased
from 19.1% in the pre-COVID-19 period to 9.9% in the post-COVID-
19 period. In contrast to the Flu, the seasonality of RV was not
changed in the post-COVID-19 period, with a high prevalence
remaining in the winter months. The suppression of RV activity
during the COVID-19 pandemic has been reported in many other
countries, such as Japan,'® the United States° Australia,®* and
Germany.2 RV is transmitted predominantly through the fecal-oral
route and mainly by close person-to-person contact.?’ Although the
NPIs at the public level were relaxed, some NPIs at the individual
level, such as mask-wearing, social distancing, and hand hygiene,

were still in place. It seems reasonable to assume that the NPIs may
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have interrupted the transmission of RV. However, a caveat must be
acknowledged that we were unable to rule out the influence of
vaccine shedding on the results. The RV vaccine is a live-attenuated
vaccine that replicates in the gut, leading to the vaccine virus being
shed in the stools of vaccinated individuals. Therefore, the detection
of RV in infants is not necessarily an indication of infection and may
be due to vaccine shedding.®®

We found that not all viruses were effectively controlled by the
current NPIs. The overall proportion of RSV-positive samples
increased in the post-COVID-19 period. This is directly due to the
out-of-season resurgence of RSV activity in the summer of 2021
when NPIs were largely relaxed. Similar resurgences were also seen
in Australia and the United States.3*35 The expanded cohort of RSV-
naive children during the COVID-19 pandemic with massive stringent
NPIs adopted might have contributed to the resurgence.?® Besides,
during the lockdown, children were exposed to different pathogens
at lower frequencies, which might affect the development of “trained
immunity.”®® The attenuated innate immune responses might result
in higher vulnerability to viruses such as RSV in the post-COVID-19
period. Notably, in our study, the rebound of RSV was more drastic
among older children (25 years). The study from Australia suggested
that compared with the pre-pandemic period, children hospitalized
for RSV during the COVID-19 pandemic were significantly older.?*
By the age of 2, over 80% of children have experienced at least one
RSV infection, and two-thirds of these occurred in the first year of
life. Following infection, protection generated is short-lived and
incomplete, allowing RSV to reinfect the host throughout their life.
The low prevalence of RSV in 2020 may have resulted in a waning of
protection against RSV in older children, leading to their increased
susceptibility to reinfection.®”® A better understanding of how RSV
epidemics would evolve at this stage of COVID-19 requires
continuous surveillance.

In our study, the prevalence of enteric AdV resurged quickly
after NPIs had been relaxed in the post-COVID-19 period, with high
detection rates in the second half of 2021. However, a study
conducted in Germany reported that the positivity rates of enteric
AdV decreased, and no resurgence was observed during the COVID-
19 pandemic (up to March 2021).3° The main reason for this
discrepancy is probably the lack of full-year data for 2021. A possible
explanation for the quick resurgence is that AdV is a nonenveloped
virus, which is generally considered more resistant to disinfectants,
including alcohol. This viral characteristic might hamper the preven-
tion of infection with the current relaxed NPIs for COVID-19.

There are some limitations to the study. First, although the
number of enrolled patients was high enough to draw valid
conclusions, this was a single-center study in Shanghai, and the
changing pattern might be different in other countries or in other
regions of China. Additional investigations from other regions are
needed to better understand the future dynamics of these common
circulating viruses in children. Second, it should be noted that the
dramatically reduced admission rate during the COVID-19 pandemic
might have influenced the results in an unknown direction. Although

our results were based on a test-positive rate which should be less

sensitive to the number of enrolled patients, it cannot be ruled out
that the pandemic has shifted the profile of people who seek medical
assistance for ARTI and AGE, which might lead to Berkson's bias.
Third, the antigen-based assays used in this study might display lower
sensitivity and specificity as compared to nucleic acid-based assays.
Thus, the interpretation of the results must be cautious, especially
when compared with studies using PCR-based assays. Finally,
common viruses causing ARTI and AGE in children, such as rhinovirus
and norovirus, were not included in our study, which might have

underestimated the real burden of viral infections.

5 | CONCLUSION

Our findings indicate that the effectiveness of the relaxed NPIs in
control of common respiratory and enteric viruses among pediatric
patients is variable. The current NPIs have effectively suppressed the
circulation of FIuA and RV; however, their impact on other common
viruses is much more limited, especially for RSV and enteric AdV. In
the long term, we should be cautious of a possible out-of-season
resurgence of FluA, due to the buildup of susceptibility during the
control periods. It is important to continue surveillance for these
common viruses at this stage of the COVID-19 pandemic, to evaluate
the long-term impacts of NPIs on the circulation of common viruses

among children.
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