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1 | INTRODUCTION

Abstract

Aim: Emergency room admissions have decreased globally during the COVID-19 pan-
demic, particularly for respiratory diseases. We evaluated hospital admissions for res-
piratory diseases in the first year of the Italian pandemic and compared them with the
corresponding period in 2016-2017.

Methods: The study was carried out at the Sapienza University in Rome, Italy, and
covered 9 March to 28 February 2020-2021 and 2016-2017. We tested 85 hospital-
ised children who were negative for the virus that causes COVID-19 in 2020-2021
and compared them with 476 hospitalised children from 2016-2017, as we had also
tested nasal washing samples for 14 respiratory viruses during that period.

Results: Hospitalisations for acute respiratory tract infections were 82.2% lower in
2020-2021 than 2016-2017. The respiratory syncytial virus (RSV) and several other
viruses were detected less frequently during the pandemic. An extraordinary finding
was that rhinoviruses remained seasonal. In 2020-2021, we detected a virus in 54.1%
of the hospitalised children: rhinoviruses in 41, RSV in 4 and other viruses in 1. This
was significantly lower than the 71.6% in 2016-2017: RSV in 130, rhinoviruses in 128
and other viruses in 83.

Conclusion: Pandemic measures dramatically reduced childhood respiratory infec-

tions, particularly RSV, but were less effective at reducing rhinoviruses.
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pathogens include influenza viruses, the respiratory syncytial virus
(RSV), rhinoviruses, endemic coronaviruses and adenoviruses. For

Viral infectious diseases can have severe outcomes in humans, example, there are more than 150 million new cases of bronchioli-

particularly respiratory infections. The major viral respiratory tis every year worldwide, with an increasing trend in the number of

Abbreviations: PCR, polymerase chain reaction; RSV, respiratory syncytial virus; RT-PCTR, reverse transcriptase polymerase chain reaction; SARS-CoV-2, severe acute respiratory

syndrome coronavirus 2.
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medical visits.»? The scientific community has never faced a larger
threat of novel emerging viruses, together with the changing be-
haviour of long-standing viruses. The discovery of the severe acute
respiratory syndrome coronavirus in 2002 and the Middle East res-
piratory syndrome coronavirus in 2012 highlight how behavioural
changes, travel, trade and climate change can contribute to viral out-
breaks. Infections from both of these coronaviruses were very low
in children, with less than 50 cases reported in the literature and a
milder clinical presentation than in adults.®

The novel severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) has spread rapidly worldwide, raising major global
concerns.* It was declared a pandemic on 11 March 2020 by the
World Health Organization (WHO). Evidence has since confirmed
that the SARS-CoV-2 infection is less frequent and less severe in
children than adults.’ A number of preventive strategies have been
adopted by the Italian Government to contain the SARS-CoV-2 pan-
demic, and this started with a strict lockdown from 9 March 2020.
Residents were expected to wear masks from 6 years of age and
simple hygiene measures, such as hand washing, were implemented.
Mass closures followed, including all schools, factories, pubs, shop-
ping malls and restaurants. Supermarkets remained open, providing
daily necessities. Workers were encouraged to work from home if
they could. People could only break the quarantine rules in excep-
tional circumstances. These preventive measures were relaxed on
3 May 2020. Factories, shopping malls, pubs and restaurants re-
opened, but all schools remained closed. People were allowed to
leave their home, their region, visit their parents and take summer
holidays. On 14 September 2020, schools reopened in the Lazio
region, where this study took place, and children resumed normal
activities. Face masks and hand washing were put in place in schools
in an effort to prevent the spread of SARS-CoV-2.

Our previous study of 15 hospitals in 8 Italian regions reported
an average decrease of 81% in paediatric emergency room admis-
sions from the 9 March to 3 May 2020 lockdown period. There was
also an 86% decrease in respiratory diseases.® We hypothesised
that social distancing and simple hygiene measures had drastically
reduced the circulation of communicable diseases in the air. Data
from the northern hemisphere showed a significant decrease in re-
spiratory infections in children after the lockdown.”*# Interestingly,
reports suggested that the spread of SARS-CoV-2 in adults did not
affect trends in viral infections from 1 February to 12 April 2020 in
Italy.!® Furthermore, data suggested that rhinoviruses had not been
stopped by the preventive measures that were put in place.*®

The hypothesis behind this study was that the strategies to pre-
vent the SARS-CoV-2 virus that causes COVID-19 may have changed
the epidemiology of existing respiratory viruses and may have influ-
enced the clinical severity of respiratory diseases in children. A 1-year
surveillance study was established to assess respiratory viral infec-
tions in children hospitalised at the Sapienza University of Rome in
Italy. Our aim was to evaluate 14 respiratory viruses from the begin-
ning of the lockdown period, namely 9 March 2020 to 28 February
2021, and then compare that data with the corresponding period
in 2016-2017. We chose those particular years because we had

Key Notes

e We compared respiratory viruses in 85 children who
were hospitalised for respiratory diseases during the
first year of the Italian pandemic, but were COVID-19
free, with 476 children from the same period in
2016-2017.

e Hospitalisations decreased by 82.2% from 2016-2017
to 2020-2021, and children with viruses fell from 71.6%
to 54.5%.

e Pandemic restrictions greatly reduced respiratory syn-
cytial infections, but an extraordinary finding was that
rhinoviruses remained seasonal.

collected nasal washing samples for each child admitted with acute
respiratory tract infections to our hospital during that period. They
had been tested for the same 14 respiratory viruses that we tested

for in 2020-2021, which enabled us to compare both study periods.

2 | MATERIALS AND METHODS

We consecutively enrolled children aged 0-18 (mean age
1.7 + 0.4 years) who were admitted to the Department of Maternal,
Infantile and Urological Sciences of the Sapienza University in Rome,
Italy, from 9 March 2020 to 28 February 2021, with acute respira-
tory tract infections. These included bronchiolitis, asthmatic bron-
chitis and pneumonia. We retrospectively analysed data from the
corresponding period in 2016-2017 and compared the total number
of hospitalisations for respiratory diseases and viral aetiology in the
pandemic and earlier control group.

The ethics committee of Policlinico Umberto | approved the
study (Prot. 107/12). Informed consent was obtained from the in-
fants' parents prior to collecting the clinical and anamnestic data
and the nasal washing samples. Specific approval for that data to be
included in this study was not required.

The children underwent nasal washing within 24 h of hospitalisa-
tion, and all the samples were delivered to the virology laboratory, on
ice, within 1-2 h. A panel of nested polymerase chain reaction (PCR)
and reverse transcriptase PCR (RT-PCR) assays was developed in
order to detect 14 respiratory viruses. These comprised RSV, influenza
viruses A and B, coronaviruses OC43, 229E, NL-63 and HUK1, adeno-
viruses, rhinoviruses, parainfluenza viruses 1-3, bocavirus and metap-
neumovirus.” During the 2020-2021 pandemic season, children were
only enrolled if their RT-PCR test was negative for SARS-CoV-2.18

2.1 | Study periods

We analysed the differences in the study outcomes during three
different time periods in 2020-2021. The first was the strict
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lockdown period from 9 March to 3 May 2020. The second was
from 4 May to 13 September 2020, when the restrictions were
more relaxed, but the schools were still closed. The third was from
14 September 2020 to 28 February 2021, when the restriction
was still more relaxed and the schools were open. The children
were divided into four groups, based on their viral aetiology. The
three viral groups were as follows: RSV, rhinoviruses and other
viruses, comprising influenza viruses A and B, coronaviruses hCoV
0OC43, 229E, NL-63 and HUK1, adenoviruses, parainfluenza vi-
ruses 1-3 1-3, bocaviruses and metapneumoviruses. The fourth
was a virus-negative group.

We used SPSS version 25 (IBM Corp) to analyse the data. The
chi-squared test was used to compare the hospitalisations related
to acute respiratory tract infections and the viral aetiology between
the 2020-2021 and 2016-2017 time periods.

3 | RESULTS

When we compared the pandemic and pre-pandemic periods, we
saw a dramatic 82.2% reduction in total hospitalisations for acute
respiratory tract infections, from 476 in 2016-2017 to 85 in 2020-
2021. RSV and other viruses were detected infrequently in 2020-
2021. In contrast, rhinovirus-related admissions were lower in the
spring months of March to May 2020, but then they peaked in the
autumn and winter months of September to December 2020. They
then showed a second peak in February 2021 (Figure 1). When we
compared the data for the circulation of respiratory viruses, these
were drastically reduced during the strict lockdown from March to
early May 2020 and the more relaxed period from May to August
2020 when some restrictions were still in place, but schools were
still closed. Once schools reopened, but some restrictions remained,
the only viruses that were isolated by the tests were rhinoviruses
(Figure 1).

In 2020-2021, we detected a virus in 46/85 (54.1%) hospitalised
children: rhinovirus in 41 (48.2%), RSV in 4 (4.7%) and other viruses
in 1 (1.2%). Rhinovirus-related admissions were less frequent from
March to May 2020, but showed a first peak from September to
December 2020 and a second peak in February 2021 (Figure 1). The
cases of RSV were detected in March, April, October and November
2020, and 1 bocavirus was detected in March 2020 (Figure 1).

Our retrospective review of 2016-2017 showed that viruses
were isolated in 341/476 (71.6%) hospitalised children: RSVs in 130
(38.1%), rhinoviruses in 128 (37.5%) and other viruses in 83 (24.4%).
RSVs were detected in two patients in March 2016, 1 in May 2016
and 1 in October 2016, but the peak in the infection rate was from
November 2016 to February 2017, when the other 126 RSVs were
recorded. Rhinoviruses were present throughout the observational
period, with the exception of August 2016. The other viruses' cate-
gory comprised influenza viruses in 28 children, the bocavirus in 24,
hCoV in 16, metapneumovirus in 13 and the adenovirus in 2. These
were detected throughout the year, showing a peak from December
2016 to February 2017 (Figure 1).
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FIGURE 1 Distribution of viral infections from 9 March to 28
February, 2016-2017 (pre-pandemic) and 2020-2021 (pandemic).
The white area indicates when schools were closed and the grey
area indicates when schools were open. The strict lockdown period
lasted from 9 March to 3 May 2020, and this was followed by 2
periods of more relaxed restrictions. (A) 2016-2017. Schools were
opened until June 2016 and then from September 2016 until the
end of the observational period. (B) 2020-2021. Schools were
closed during the strict lockdown period and summer and reopened
from September 2020 until the end of the observational period

4 | DISCUSSION

During this 1-year surveillance study, which started at the begin-
ning of the strict lockdown in Italy, on 9 March 2020 and ran until
28 February 2021, we evaluated 14 respiratory viruses in children
hospitalised at the Sapienza University Hospital in Rome, lItaly.
We found a dramatic reduction in the detection of respiratory
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viruses when we compared that pandemic period to the same pe-
riod in 2016-2017. Our results echoed the findings of other stud-
ies.120 There was a particular reduction in the number of RSVs,
which almost disappeared in 2020-2021. However, rhinoviruses
were the exception to that rule and continued to infect children
during this period.

The COVID-19 pandemic, and the lockdowns and social distanc-
ing strategies that have aimed to contain the virus have changed
people's behaviour to a great extent. SARS-CoV-2 spreads in ex-
actly the same way as other respiratory viruses, namely through
droplets when an infected person coughs, sneezes or talks. The pre-
ventive measures that have been applied worldwide have achieved
their goal. However, they have also changed the status quo, as they
have had a collateral effect on other respiratory viruses. Whenever
a novel acute respiratory infection is identified, the WHO recom-
mends the highest available level of infection control precautions,
even before the nature of the virus and mode of transmission has
been clarified. These include the enhanced hygiene measures, social
distancing and face masks that led to the decrease in emergency
room admissions, hospitalisations and, in particular, the reductions
in respiratory diseases during lockdown periods.7 It is worth not-
ing that severe respiratory infections, and bronchiolitis epidemics
in particular, were at a historical low during the second wave of
COVID-19 in Italy, from November to March. The same pattern was
seen in other countries.?!

An extraordinary result of our study was that when we
tested for 14 viruses, we found that rhinoviruses were the
most frequently detected in hospitalised children during the 1-
year surveillance period from lockdown on 9 March 2020 to 28
February 2021. Rhinoviruses are small naked viruses, which
measure 27-30 nm and are members of the Enterovirus genus of
the Picornaviridae family. They are the major causes of common
colds, and their role in causing lower respiratory tract infections
has also been recognised.22 The reappearance of rhinoviruses
in adults in September 2021 coincided with schools reopening,
which was consistent with children being a major reservoir for
rhinovirus infections.?%?324 We do not know why rhinoviruses
have the capacity to overcome respiratory hygiene measures, but
several features that are unique to rhinoviruses may play a role
in this. First of all, the absence of an outer lipid envelope makes
rhinoviruses less vulnerable to both soap and lipophilic sanitisers.
Secondly, the icosahedral virions in rhinoviruses are compact and
can survive drying,?> which means that they are more stable on
surfaces.?® Moreover, rhinoviruses particle shedding has mainly
been detected in aerosols with a smaller diameter than 4-5 pum.
In contrast, influenza viruses, endemic coronaviruses and SARS-
CoV-2 are enveloped virus particles with spherical or filamen-
tous shapes, which are approximately 100 nm in diameter. They
are mainly found in aerosolised respiratory fluid droplets that are
>5 um in diameter.?’ Unfortunately, research has shown that sur-
gical masks are unable to effectively reduce the emission of rhino-
virus particles into the environment, either as respiratory droplets
or as aerosols.?® In addition, the most common manifestation

of rhinovirus infections is the common cold. A large number of
children who have no symptoms, or just a few symptoms, are ex-
pected to attend school and can spread the virus.* Itis interesting
to note that from May to August 2020, when preventive strategies
were relaxed but schools remained closed, we did not register any
rhinovirus peak. This was in contrast with the 2016-2017 period.
We can speculate that the relatively low efficacy of surgical masks
in the general population, combined with the reduced social dis-
tancing that was frequently seen in schools, allowed rhinoviruses
to spread. On the contrary, it has been suggested that rhinovirus
infections may produce a protective effect against SARS-CoV-2
infections, possibly through viral interference. This could have al-
tered the course of the ongoing COVID-19 pandemic.*® This hy-
pothesis has been supported by two studies that reported that
rhinovirus infections blocked influenza virus infections by stimu-
lating an antiviral defence mechanism in the airway mucosa.??3°
This study had some limitations. Firstly, this was a single-centre
study. We compared respiratory viral infections in children hospi-
talised in 2020-2021 with those hospitalised in 2016-2017, when a
similar surveillance study was performed. However, we do not have
similar data about viral aetiology during other epidemic seasons. In
addition, children were supposed to wear face masks during school
hours from 6 years of age, but this was not directly monitored. Finally,
we evaluated several preventive measures simultaneously, so it is dif-

ficult to draw inferences about the efficacy of the individual measures.

5 | CONCLUSION

This study demonstrated a remarkable beneficial effect of the
COVID-19 preventive measures on child health. Hospitalisations for
acute respiratory tract infections were 82.2% lower in 2020-2021
than 2016-2017, and RSVs and several other viruses were detected
less frequently during the pandemic. An extraordinary finding was
that rhinoviruses remained seasonal. Based on these findings, we
suggest that a substantial number of viral infections were prevented.
This information should be used to reinforce preventive measures,

particularly those related to at-risk children.
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