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A B S T R A C T

Background: Nationwide restrictions started in Finland in March to prevent the spread of COVID-19, leading
to school and day care closures. The aim of this study is to describe the effect of closures and re-openings on
the respiratory pathogen epidemiology.
Methods: Laboratory-confirmed cases of SARS-CoV-2; respiratory syncytial virus (RSV); influenza (A & B);
parainfluenza-, adeno-, and rhinoviruses; Mycoplasma pneumoniae; and Streptococcus pneumoniae in chil-
dren were collected from the National Infectious Disease Register over the period of 2017�2020. Weekly
incidences (weeks 1 to 35) with 95% confidence intervals (CIs) were calculated per 100 000 children in 2020
and compared by incidence rate ratios (IRRs) to corresponding periods in 2017�2019.
Findings: The lockdown had immediate impact on the incidences of respiratory pathogens except SARS-CoV-
2. Week after the lockdown began IRR was 0�3 (CI 0�3�0�4) and next week the IRR was 0�1 (0�1�0�2). The
incidence of SARS-CoV-2 started to decline eight weeks after the lockdown began. The highest recorded
weekly incidence of SARS-CoV-2 was 7�2/100 000 children. The effect of the lockdown lasted until late sum-
mer. Rhinovirus and SARS-CoV-2 began to increase before the schools or day cares opened in August. The re-
opening of schools seemed to have no impact on the incidence of any pathogen.
Interpretation: Our results suggest that general social distancing, including school and day care closures,
played a crucial role in reducing infections, and the effect lasted for several weeks. The re-opening of
schools and day care centres seems to have had no immediate impact on the incidences of any respira-
tory pathogens.
Funding: This study had no funding source.
© 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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1. Introduction

The Finnish government declared a state of emergency on 16
March 2020 (week 12) due to the COVID-19 pandemic, and a number
of restrictions and recommendations entered into force to prevent
the spread of the pandemic in Finland [1�3]. The main strategy was
reducing in-person contacts and promoting social distancing. The use
of facial masks was not recommended in the spring. Because of the
wide restriction measures, close contacts and group activities among
children decreased notably.
Soon after the onset of the restrictions, the number of all
respiratory infections in children clearly declined [4]. RSV and
influenza seasons were shorter compared to those of the previous
four years [4]. Social restrictions and public health measures (e.g.
social distancing and improved hand hygiene) to prevent COVID-
19 transmission seemed to reduce the spread of seasonal influ-
enza in Japan and China [5�7]. A study from the USA also dem-
onstrated decreased rates of children’s non-respiratory infectious
diseases during social distancing [8]. However, a few previous
reports have described the pathogen-specific incidences of labora-
tory-confirmed respiratory infections in children during and espe-
cially after the lockdown. The aim of this present study was to
describe the effect of implementing and easing broad restrictions
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Research in context

Evidence before this study

Children attending school and day care have been shown to be
an important source of general infection burden in influenza
epidemics. During the COVID-19 pandemic, the role of children
in spreading the virus has been controversial.

Added value of this study

In Finland, the nationwide lockdown restrictions have worked
well in preventing the spread of both SARS-COV-2 and common
respiratory infections in children. In this register study, we
show that opening schools and day care centres did not cause
an increase in the incidences of SARS-COV-2 or rhinovirus and
that their incidences started to increase in the summer before
the opening of day care centres and schools.

Implications of all the available evidence

Although day care centres and schools are important in spread-
ing influenza, their impact seems to be much less in the COVID-
19 pandemic and the spreading of rhinoviruses in the paediat-
ric population.
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on the epidemiology of respiratory pathogens in the nationwide
paediatric population in Finland.

2. Methods

2.1. Materials

In this retrospective register study, we collected the nationwide
weekly numbers of positive SARS-CoV-2 findings in children aged
0� 19 years and those of RSV; influenza viruses (A & B); parainfluenza-
, adeno-, and rhinoviruses; Mycoplasma pneumoniae; and Streptococ-
cus pneumoniae in children aged 0 � 14 over the period of
2017�2020. We grouped the SARS-CoV-2 findings by ages 0 � 9 and
10�19 years old and all other findings by 0� 4, 5� 9, and 10�14 years
olds due the register design. The data were collected from the open-
access National Infectious Disease Register (IDR) maintained by the
Finnish National Institute for Health andWelfare (THL) [9].

All samples were taken on clinical basis. Influenza A/B and RSV
PCR tests are taken also in primary care but multiplex tests are
mainly performed at hospital settings. All tests are PCR tests from
nasopharyngeal swabs but the register does not include the precise
testing methods or the numbers of tests performed. For SARS-CoV-2,
the testing capacity was limited during the first wave of COVID-19 in
the spring of 2020, and only patients with quite severe symptoms
and known exposure to COVID-19 were tested. Testing resources
gradually increased during the summer 2020 and also children with
less severe respiratory symptoms were tested in autumn 2020.
Asymptomatic children have been tested only in some special occa-
sions of large exposures. Overall, the nationwide weekly numbers of
SARS-CoV-2 polymerase chain reaction (PCR) tests performed for all
patients were included to demonstrate the nationwide testing capac-
ity. No research permission is needed to access the open data. All
data has been made available ass supplementary files.

2.3. Restrictions

Due to school closures, basic education was mostly carried out as
distance learning, and the Finnish government recommended that
parents arrange day care at home, if possible, from week 12�20 [2].
Also, public indoor premises were closed, and gatherings of more
than 10 people were restricted. Good hand hygiene was recom-
mended [11], and people were advised to stay home and avoid close
contacts if they had any infection symptoms [12].

Schools were re-opened and the recommendation to arrange
children’s day care at home was annulled on 14 May 2020 (week 20)
[13]. During the lockdown, approximately 78% of the day-care-aged
children were at home, and when the closures lifted, over 62% of the
children returned to day care centres, and 88% of the pupils returned
to contact teaching [14]. Schools were open for two weeks, and the
summer vacation started in week 23. During the school summer
vacation period, the number of children in day care also decreased,
and the number started to increase again at the beginning of August.

Travelling was restricted from March to June. In July and August it
was possible to travel to countries with 14-day SARS-CoV-2 incidence
less than 25/100 000 without quarantine. The limitations on gather-
ings were eased up to a maximum of 50 persons, and public indoor
premises were gradually opened on 1 June 2020 (week 23) [15]. Fur-
thermore, public events with more than 500 persons were allowed
on 1 August 2020 (week 31). After ten weeks of summer vacation,
pupils returned to schools in week 33. From week 33 on, THL recom-
mended facial masks for people over 15 years of age when keeping a
safe distance is not possible [16].
2.4. Statistical methods

Weekly incidences with 95% CIs for pathogens were calculated per
100 000 children from week 1�35 and compared by using incidence
rate ratios (IRRs) to the corresponding weeks in the three previous
years. We used Poisson’s exact regression to calculate the CIs. The
IRRs presented later included all other pathogens than SARS-CoV-2
and the IRR is based on their cumulative combined weekly incidence
comparisons. The population for the age groups in Finland was col-
lected for 2017�2020 from the population records of Statistics Fin-
land [10]. We used IBM SPSS v. 27�0 for the statistical analyses. This
study has been reported according to RECORD guidelines.
4. Results

We collected a total of 40 535 positive microbial findings from the
register. Of these, 8 399 (20�7%) occurred from 1 January 2020 to 31
August 2020, and a total of 32 136 (79�3%) were found during corre-
sponding dates in the reference years (2017�2019). The most com-
mon pathogens recorded in the register were influenza A & B
(43�8%), RSV (32�2%), and rhinovirus (7�9%).

The immediate impact of the lockdown and closures of schools
and day care centres was visible in the incidences of all respiratory
pathogens other than SARS-CoV-2 (Table 1, Figs. 1 and 2). The com-
bined IRR for all respiratory findings was 0�3 (0�3�0�4) one week
after the lockdown was announced and 0�1 (0�1�0�2) at two weeks.
The incidences of parainfluenza- and adenoviruses differed the most
from the reference years (Fig. 2). The impact was visible in all age
groups (Fig. 3). At the beginning of the school and day care closures,
the incidence of SARS-CoV-2 infections in children aged 0 � 19 years
peaked (highest incidence 7�2/100 000, CI 5�8�8�9 in week 15). The
increase ended quickly, and the incidence of SARS-CoV-2 remained
stable until week 19. Incidences of all other respiratory pathogens
remained significantly low during the lockdown (Table 1).

When schools and day care centres were re-opened in week 20,
the number of SARS-CoV-2 findings started to decrease (Fig. 1). The
incidence dropped to 2�5/100 000 in week 20 and remained stable
for a few weeks. The school opening seemed to have no observable
impact on the incidence of SARS-CoV-2 or any other respiratory path-
ogen. The incidences remained lower compared to reference years
(Table 1 and Fig. 2).



Table 1
Weekly incidences with 95% CIs per 100 000 children of any positive laboratory-confirmed respiratory findings in 2020 compared to weekly
mean incidence of 2017�2019 among patients aged 0 to 14 years by IRR with 95% CI. Pathogens included are RSV; influenza (A & B); parain-
fluenza-, adeno-, and rhinoviruses; Mycoplasma pneumoniae; and Streptococcus pneumoniae. SARS-CoV-2 incidences are for patients aged 0
to 19 years.

All respiratory pathogens SARS-CoV-2

2020 2017�2019 2020

Week incidence 95% CI Incidence 95% CI IRR 95% CI Incidence 95% CI

Pre lockdown period
1 44.7 (40.4�49.3) 40.4 (36.3�44.7) 1.1 (1.0�1.3) � �
2 40.8 (36.7�45.2) 35.7 (31.9�39.8) 1.1 (1.0�1.3) � �
3 51.4 (46.8�56.4) 44.2 (40.0�48.7) 1.2 (1.0�1.3) � �
4 65.0 (59.8�70.5) 56.0 (51.2�61.1) 1.2 (1.0�1.3) � �
5 79.0 (73.2�85.1) 62.8 (57.8�68.2) 1.3 (1.1�1.4) � �
6 90.5 (84.3�97.0) 66.8 (61.6�72.3) 1.4 (1.2�1.5) � �
7 97.7 (91.3�104.4) 74.8 (69.3�80.6) 1.3 (1.2�1.4) � �
8 89.4 (83.3�95.9) 71.0 (65.6�76.7) 1.3 (1.1�1.4) � �
9 78.8 (73.0�84.8) 65.0 (59.9�70.5) 1.2 (1.1�1.4) � �
10 83.0 (77.1�89.2) 59.0 (54.1�64.2) 1.4 (1.3�1.6) � �
11 72.2 (66.7�78.0) 53.4 (48.8�58.4) 1.4 (1.2�1.5) � �
Lockdown
12 34.3 (30.6�38.4) 46.5 (42.2�51.1) 0.7 (0.6�0.9) 0.8 (0.4�1.4)
13 11.6 (9.5�14.0) 37.0 (33.2�41.2) 0.3 (0.3�0.4) 1.5 (0.9�2.3)
14 3.9 (2.8�5.4) 33.6 (30.0�37.6) 0.1 (0.1�0.2) 4.3 (3.2�5.6)
15 2.8 (1.8�4.0) 27.0 (23.8�30.6) 0.1 (0.1�0.2) 7.2 (5.8�8.9)
16 1.7 (1.0�2.8) 21.4 (18.6�24.6) 0.1 (0.0�0.1) 5.4 (4.2�6.9)
17 1.0 (0.5�1.9) 19.9 (17.1�23.0) 0.1 (0.0�0.1) 6.5 (5.2�8.1)
18 1.0 (0.5�1.9) 15.3 (12.9�18.0) 0.1 (0.0�0.1) 5.8 (4.6�7.3)
19 1.0 (0.5�1.9) 13.6 (11.3�15.1) 0.1 (0.0�0.1) 7.0 (5.6�8.7)
20 1.1 (0.6�2.0) 12.6 (10.5�15.1) 0.1 (0.0�0.2) 2.5 (1.7�3.5)
Schools and day cares re-opened
21 0.7 (0.3�1.4) 11.4 (9.3�13.7) 0.1 (0.0�0.1) 2.5 (1.7�3.5)
22 0.6 (0.2�1.3) 9.6 (7.7�11.8) 0.1 (0.0�0.1) 2.8 (2.0�3.9)
School summer vacations
23 1.1 (0.6�2.0) 8.8 (7.0�10.9) 0.1 (0.1�0.3) 2.3 (1.6�3.3)
24 0.9 (0.4�1.7) 8.7 (6.9�10.8) 0.1 (0.1�0.2) 1,1 (0.6�1.8)
25 0.8 (0.4�1.8) 4.8 (3.5�6.4) 0.2 (0.1�0.4) 0.3 (0.1�0.8)
26 1.6 (0.9�2.6) 5.7 (4.3�7.4) 0.3 (0.2�0.5) 0.5 (0.2�1.1)
27 1.6 (0.9�2.6) 4.3 (3.1�5.8) 0.4 (0.2�0.7) 1.0 (0.6�1.7)
28 1.4 (0.8�2.3) 4.3 (3.1�5.8) 0.3 (0.2�0.6) 0.6 (0.3�1.2)
29 1.6 (0.9�2.6) 3.0 (2.0�4.4) 0.5 (0.3�1.0) 0.9 (0.4�1.5)
30 2.1 (1.3�3.2) 3.5 (2.4�4.9) 0.6 (0.3�1.1) 1.1 (0.6�1.8)
31 2.5 (1.6�3.8) 4.2 (3.0�5.7) 0.6 (0.4�1.0) 0.8 (0.4�1.4)
Day cares continued
32 1.7 (1.0�2.8) 3.9 (2.8�5.4) 0.4 (0.2�0.8) 1.1 (0.6�1.8)
Schools continued
33 2.3 (1.4�3.5) 4.3 (3.1�5.8) 0.5 (0.3�0.9) 2.5 (1.7�3.5)
34 3.8 (2.7�5.3) 5.8 (4.4�7.6) 0.7 (0.4�1.0) 3.5 (2.6�4.7)
35 1.8 (1.1�2.9) 7.2 (5.6�9.2) 0.3 (0.1�0.4) 4.2 (3.1�5.5)
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During the summer vacation period, the incidence of rhinovirus in
children aged 0 � 4 years began to increase after week 21 (Fig. 3). In
week 24, the incidence of SARS-CoV-2 started to decline again after
the plateau, and the incidence reached the lowest rate in week 25
(0�3/100 000) (Table 1). During the summer, the number of SARS-
CoV-2 infection cases started slowly to increase to the level of
approximately 1�0/100 000.

During the last weeks of summer vacation, a rapid increase in the
number of rhinovirus infections came after week 29, approximately
the same time as in previous years. The increase was seen in the age
group of 0 � 4 years old. In week 31, the incidence of rhinovirus
(2�1/100 000, CI 1�6�3�8) was higher than the incidence of SARS-
CoV-2 (0�8/100 000, CI 0�4�1�4) (Supplement 1). PCR testing for
SARS-CoV-2 increased from week 27, and a sharp increase was seen
after week 31 (Fig. 1).

When schools started after the summer vacation period, the inci-
dence of SARS-CoV-2 (2�5/100 000, CI 1�7�3�5) exceeded the inci-
dence of rhinovirus (1�3/100 000, CI 1.4�3.5) in week 33 (Fig. 1).
Rhinovirus infections kept increasing, but not as much as in reference
years (Fig. 2). Noteworthy changes in other respiratory infectious
pathogens were not seen after the summer vacation.
Discussion

Studies have shown that children attending day care are at higher
risk of infections [17�19], and children are thought to play an impor-
tant role in infection transmission [20]. School closures have been a
non-pharmaceutical intervention in previous influenza pandemics
[3,20], and therefore reducing close contacts of children in day care
centres and schools was a reasonable strategy to diminish the spread
of SARS-CoV-2. According to our study, the restrictions, including the
closure of schools and day care centres, were effective in reducing
the spread of all respiratory pathogens, although the reduction of
SARS-CoV-2 cases began later than for other respiratory pathogens.

The reduced spread of the common infectious pathogens in
children due to the restrictive measures has also been observed
in other studies [21,22]. In the USA, the incidence of streptococcal
pharyngitis and acute otitis media decreased during the school
closures [21]. In France the number of gastroenteritis, common
cold, bronchiolitis and acute otitis media decreased over 70% in
the paediatric population suggesting that especially viral or viral-
induces infections reduced as a result of the national lockdown
[22].



Fig. 1. Incidences of laboratory-confirmed respiratory pathogens in relation to school and day care closures and summer vacation among 0-to-14-year-old patients. SARS-CoV-2
infections among 0-to-19-year-old patients. The grey area presents the numbers of weekly SARS-CoV-2 PCR tests performed in Finland on patients of all ages. Pink boxes indicate
the school and day care closures in the spring and summer vacation periods.

Fig. 2. Weekly incidences of respiratory pathogens in 2020 in comparison to mean weekly incidences from 2017 to 2019. Children aged 0�14 years are included, and for SARS-CoV-
2, children aged 0�19 years are included in the analysis. Pink boxes indicate the school and day care closures in the spring and summer vacation periods.
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Fig. 3. Weekly incidences of respiratory pathogens per 100 000 children grouped by age in 2020. Age groups are 0�4, 5�9 and 10�14 years for RSV; influenza (A & B); parain-
fluenza-, adeno-, and rhinoviruses; Mycoplasma pneumoniae; and Streptococcus pneumoniae. SARS-CoV-2 grouped to 0�9 and 10�19 years due to register design. Pink boxes indi-
cate the school and day care closures in the spring and summer vacation periods.
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Our study demonstrates a sharp decrease in the incidence of influ-
enza and the season ended rapidly in 2020 when comparing to previ-
ous years. Similarly to our results, a study from the USA showed a
98% decrease of positive influenza tests in adults and children during
the lockdown and the number of positive tests remained low during
the interseasonal circulation [23]. In Southern Hemisphere the restric-
tions came into force before the influenza season started and influ-
enza activity kept exceptionally low over the whole influenza season
in 2020 in the adult and paediatric population [23,24]. In addition to
influenza, also positive RSV tests decreased remarkably [24]. In our
study, the findings in the paediatric population were similar.

During the lockdown, SARS-CoV-2 was the prevailing pathogen,
and its incidence decreased as a result of restrictive measures.
Restrictions to prevent the spread of SARS-CoV-2 infections have
been estimated to reduce the number of SARS-CoV-2 infections in
one week, and the effect has been suggested to last for three weeks
after easing restrictions [25]. According to our study, it took eight
weeks before the restrictions affected the number of SARS-CoV-2
infections. One possible explanation for this finding is that in the
spring 2020, testing was performed in Finland only for patients with
clear symptoms (fever, acute respiratory symptoms) and known
exposure to COVID-19 due to the limited testing capacity.

The incidence of SARS-CoV-2 infections started to increase 13
weeks after the school and day care closures were reversed. Other
respiratory pathogens were immediately affected by the restrictions,
and the re-opening of schools in the spring did not cause an increase
in any infection incidences. These differences may account for the
pre-existing immunity to the common viral pathogens and totally
lacking immunity to SARS-CoV-2. The spread of the pathogens may
also react differentially to improved hand hygiene and safety instruc-
tions where children with the slightest infectious symptoms were
ordered to stay at home. Additionally, itmust be noted that even though
schools and day cares returned, the restrictions continued towards
adult population. An increase was seen in the incidence of rhinovirus
among 0 � 4 year olds after the day care centres were re-opened. The
increase continued to be stable through summer vacations.

A recent study from the UK found that returning to schools after
summer vacation was associated with an increase in rhinovirus infec-
tions in adults, and the authors suggested that children play a signifi-
cant role in the spread of rhinovirus among adults [26]. In a study
from Australia including both adult and paediatric population, the
number of positive rhinovirus tests decreased sharply during restric-
tive measures in spring 2020 but started to increase quickly in May
when restrictions to physical distancing were loosened to some
extent [24]. In our study, the increase in the incidence of rhinovirus
in children began in early summer, when school-aged children and
some day-care-aged children were having summer vacation. The
increase in summer was most likely due the lifting of social restric-
tions aimed towards adult population as bars were opened and
restrictions for gatherings were eased. Instead, a rapid increase
occurred before the return to day care centres and schools in August,
but only in children aged 0 � 4. The incidence peaked at the same
time as in previous years, although the increase in the incidence was
not as high as previously. These results suggest that day care centres
and schools may not be the main reason for the spread of rhinovirus.
Furthermore, our previous report showed that the lockdown was
effective in reducing paediatric emergency department visits; the
visit rate normalized during summer vacation [4,27]. Also, the open-
ing of schools and day care centres seemed to have had no influence
on the rates of paediatric emergency department visits [27].

The increasing burden of rhinovirus and SARS-CoV-2 infections
combined with the instructions to test for SARS-CoV-2 even in mild
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upper respiratory infections in children caused heavy congestion in
health care and testing stations in August [28,29]. The testing chaos
caused major delays (up to one week) from test to results, which led
to unnecessary expenses and school and work absences, as the guide-
line was to wait for results in a quarantine-like environment. To pre-
vent this from happening again, it is essential to monitor the
epidemiology of other respiratory pathogens during epidemic situa-
tions and prepare the testing capacity and guidance.

The main strength of this study was the national open-access IDR,
which is updated weekly and gives rapid information on the national
microbial findings. The Finnish legislation mandates that laboratories
report all positive findings to the register. The findings mostly come
from hospitals and secondary/tertiary care paediatric emergency
departments.

As for limitations, the data consist mainly of hospital-based data.
However, the data were collected similarly during the study period.
A further limitation is the absence of nationwide numbers of primary
care and hospital visits due to infectious diseases, since this data will
be available at the earliest in September 2021. Still, this study gives a
good overview of the changes in the epidemiology of respiratory
infectious pathogens in 2020 in relation to previous years. When
interpreting the SARS-CoV-2 findings, it must be noted that the test-
ing capacity was limited in spring 2020 in Finland like in all countries,
which makes clear that our results underestimate the true incidence
of SARS-CoV-2 during the first wave.

One possible limitation for our results is the missing number of
tests performed for other pathogens, since the testing numbers are
not recorded to the register. As the testing capacity was focused on
SARS-CoV-2, it is possible that testing for other pathogens was lim-
ited and therefore the presented incidences could be underestima-
tions. However, all published literature has shown remarkable
reduction in all respiratory infections, and thus we feel our incidences
are the best available estimation and describe the real incidences
rather than limits in testing capacity.

In conclusion, the lockdown and social distancing were effective
at mitigating the spread of respiratory infections. Also, our data sug-
gest that the role of day care centres and schools might be smaller
than previously thought in the transmission of rhinovirus. These
results can be used in further decision-making on school and day
care centre closures in an epidemic situation.
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