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1  |  INTRODUC TION

The World Health Organization (WHO) declared COVID-19 a global 
pandemic on 11 March 2020, and this triggered a range of restric-
tive measures, from social distancing to full lockdowns. Finland went 
into lockdown on 16 March, schools were closed, and travel and so-
cial distancing restrictions were put in place. Face masks were not 
required. These restrictions were relaxed during the summer, and 
schools opened on 14 May, but face mask recommendations came 

into force for people aged 15 years plus in August when rates started 
to rise. The second wave restrictions in the autumn were mainly 
aimed at adults and based on regional infection rates (Appendix S1).

Several studies have shown that the restrictive measures during 
the first wave of COVID-19 in spring 2020 reduced the rates of 
other infections, such as respiratory infections, acute otitis media 
and gastroenteritis.1–5 The overall number of emergency visits and 
hospitalisations due to respiratory infectious diseases decreased 
globally in children.2,6–8 The same was true for asthma,9–11 and this 
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Abstract
Aim: Nationwide lockdowns and social restrictions during the COVID-19 pandemic 
have reduced childhood infections. We assessed how many items of systemic anti-
biotics and asthma medicines were dispensed to children aged 0−12 years in Finland 
before and during the pandemic and analysed the reimbursement costs.
Methods: The data came from the national Finnish register of reimbursable prescrip-
tions, which is maintained by the country's Social Insurance Institution. It included 
all prescriptions for antibiotics and asthma medicines dispensed to children aged 
0−12 years in 2019 and 2020. Prescription rates per 1000 children were calculated for 
each quarter and compared using rate ratios and 95% confidence intervals (95% CI).
Results: Overall dispensing for antibiotics decreased by 55.3% and was most promi-
nent for macrolides for children aged 0−5 years (59.6%, 95% CI 60.9%−58.2%). Asthma 
medicines decreased by 19.8%, and the most prominent reduction was in short-acting 
beta-agonists for children aged 0−5 years (35.2%, 95% CI 36.1%−34.2%). These re-
duced reimbursement costs by 3.4 million Euros from 2019 to 2020.
Conclusion: This nationwide study showed that the number of antibiotics and asthma 
medicines decreased by 59.6% and 19.8% respectively from 2019 to 2020, generating 
a cost saving of 3.4 million Euros.
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effect seemed to last after lockdowns in autumn 2020.11 In addition, 
asthma control appeared to improve in about 20%–30% of children 
during spring 2020, based on an Italian study and a global survey of 
practitioners.12,13

The number of antibiotics that were prescribed and dispensed 
fell during the spring 2020 lockdown in northern Italy, which had a 
higher number of COVID-19 cases than Finland and longer restric-
tions.14,15 Gagliotti et al. studied prescriptions that were dispensed 
to the general Italian population from March to May 2020 and reim-
bursed by a regional health authority in northern Italy. They found 
that systemic antibiotics decreased during lockdown, and systemic 
antibacterial medication showed a remarkable reduction in chil-
dren when they compared the data to the same period in 2018 and 
2019.14 Torretta et al. remotely followed 102 children who were 
prone to otitis media and were managed by a tertiary outpatient 
clinic in Milan, Italy, using telemedicine. They found that there was 
a significant reduction in systemic antibiotic treatments when they 
compared the lockdown period of February to April 2020 to the 
same period in 2019.15

The aim of this study was to evaluate whether reduced infection 
rates were reflected by a decline in the number of systemic antibiot-
ics and asthma medicines dispensed to children aged 0–12 in Finland 
in 2020. We also compared the number of primary care visits in chil-
dren in 2020 to those in 2019. Finally, we examined what impact any 
changes in dispensing levels had on reimbursement rates.

2  |  MATERIAL S AND METHODS

2.1  |  Materials

We collected the data for this retrospective register study from na-
tionwide open-access registers. All Finnish children are eligible to re-
ceive free public health care, and their parents can receive partial or 
full reimbursement on any prescriptions that are dispensed. This re-
imbursement is discounted from the price of the medicines when the 
items are dispensed in the pharmacy, and the pharmacy then claims 
back the discount from the Social Insurance Institution of Finland. 
The information on medical drug use was collected from the regis-
ter of reimbursed prescription medicines, which is maintained by the 
institution.16 The open-access data were provided in quarters. The 
data included the number of prescriptions for antibiotics and asthma 
medicine that were dispensed for children aged 0–12 years in 2019 
and 2020 and subsequently reimbursed. The data covered prescrip-
tions from primary, secondary, tertiary and private care institutions. 
The age groups were based on the design of the register. Systemic 
antibiotics included all antibacterial medications for systemic use 
with an Anatomical Therapeutic Chemical code of J01. Asthma med-
icines included all medicines used for obstructive airway diseases 
with a code of R03. The grouping of the systemic antibiotics and 
asthma medicines is provided in Appendix S2.

We collected the number of primary care visits by children from 
the Care Register maintained by the Finnish Institute for Health and 

Welfare.17 This register data had some limitations, due to low re-
porting quality, but it have been estimated to cover more than 60% 
of such visits.18 We gathered data for primary care visits from 2019 
to 2020 for children aged 0–14 years, as this was the age range used 
in the register. This differed from the 0 to 12 years used in the regis-
ter of reimbursed prescription medicines and the Care Register. The 
overall population of children in each age group in 2019 and 2020 
was collected from Statistics Finland and used as nominators in the 
analysis.19Local ethical committee approval was not needed, due to 
the open-access register-based study design and because the data 
were collected without the need for any identifying information. The 
original data used in this study are available on request.

2.2  |  Methods

We calculated prescription (dispensed medicines from pharmacy) 
rates from reimbursed medicines per 1000 children and the changes 
between 2019 and 2020 with 95% confidence intervals (95% CI). 
Furthermore, we conducted age- stratified analyses for children 
aged 0–5 and 6–12 years. These age groups were based on openly 
available register data. We have presented the primary care visit 
data for children aged 0–14  years as a 14  days rolling average, in 
order to estimate the trends in visit rates and to minimise the daily 
variations between weeks with lower visit rates during weekends 
and holidays.

Trimethoprim and sulfadiazine were excluded from the analyses 
because there was a change in the reimbursement status for these 
medicines in 2020, and this meant that it was not possible to com-
pare the data between the two years. We conducted all analyses 
using SPSS, version 27.0 (IBM Corp).

2.3  |  Restrictions

The year 2020 was divided into four quarters due to the use of 
group-level register data. The first quarter from 1 January to 31 

Key notes

•	 COVID-19 restrictions have decreased childhood infec-
tions, and we compared how many systemic antibiot-
ics and asthma medicines were dispensed in Finland in 
2019 and 2020.

•	 Antibiotics decreased by 55.3%, and the changes 
were most prominent for macrolides for children aged 
0−5  years and asthma medicines decreased by 19.8% 
and were highest for short-acting beta-agonists for chil-
dren aged 0−5 years.

•	 These reduced reimbursement costs by 3.4 million Euros 
from 2019 to 2020.



378  |    HAAPANEN et al.

March included the time before the pandemic and the beginning 
of the lockdown from 16 March, when schools closed. The second 
quarter from 1 April to 30 June included the lockdown and the re-
laxation of the first restrictions from 14 May, when schools opened 
again. The third quarter from 1 July to 30 September included the 
relaxed restrictions during the summer and the beginning of the re-
gional restrictions from September. The fourth quarter included the 
regional restrictions for the rest of the year. A more precise descrip-
tion of the implemented restrictions is provided in Appendix S1.

3  |  RESULTS

3.1  |  Antibiotics

The data comprised 331,857 dispensed prescriptions for courses 
of antibiotics. Of these, 69.1% were dispensed in 2019 and 30.9% 
in 2020. The total reimbursable expenses were 1,956,154 Euros in 
2020 and 4,295,412 Euros in 2019, which was a saving of 2.3 mil-
lion Euros (54.5%). The most common antibiotic in 2019–2020 was 
amoxicillin, which accounted for 55.4% of the antibiotics dispensed. 
Less than a third of these (30.1%) were dispensed in 2020. The 
number of dispensed prescriptions for all antibiotics fell by 55.3% 
in 2020. The biggest decrease was for macrolides (59.2%), and the 
smallest was for cephalosporins (31.7%).

Dispensed antibiotics per 1000 children aged 0–5  years de-
creased by 55.9% (95% CI 56.3%–55.5%) in 2020 (Table 1), and the 
highest reduction was for macrolides (59.6%, 95% CI 60.9%–58.2%). 
In children aged 6–12  years, the overall antibiotic dispensing rate 
reduced by 51.9% in 2020 (95% CI 52.4%–51.3%) and dispensed 
prescriptions for amoxicillin decreased the most, by 57.6% (95% CI 
58.4%–56.8%).

Furthermore, the number of dispensed prescriptions in 2020 was 
lowest in the second quarter in all antibiotic groups, with the excep-
tion of the group for other antibiotics (Figure 1). The overall decrease 
in the second quarter was 84.4% compared with the same quarter in 
2019. The number of dispensed prescriptions slightly increased in the 
third quarter in all antibiotic groups, but decreased again in the fourth 
quarter for amoxicillin, cephalosporins and other antibiotics (Figure 1).

3.2  |  Asthma medicines

A total of 337,911 asthma medicine items were dispensed in 2019–
2020: 55.5% in 2019 and 44.5% in 2020. Total reimbursable ex-
penses in 2020 were 2,948,815 Euros and 3,830,713 Euros in 2019, 
which was a saving of 0.88 million Euros (23.0%). Overall, the num-
ber of dispensed asthma medicines decreased in 2020, except for 
the group of other asthma medicines, which was higher than in 2019. 
The most commonly dispensed medicines were short-acting beta-
agonists, which accounted for 46.2% of the asthma medicine items. 
Of those, 42.1% were dispensed in 2020. The number of asthma 
medicine prescriptions dispensed decreased by 19.8% in 2020 and 
the number of short-acting beta-agonist prescriptions dispensed re-
duced the most, by 27.3%.

The number of asthma medicine prescriptions dispensed per 
1,000 children decreased by 28.8% (95% CI 29.6%–28.1%) for chil-
dren aged between 0 and 5 years and decreased by 10.4% (95% CI 
11.2%–9.6%) for children aged between 6 and 12  years (Table  2). 
The number of dispensed short-acting beta-agonist prescriptions 
decreased most for children aged between 0 and 5  years (35.2%, 
95% CI 36.1%–34.2%) and for children aged between and −12 years 
(16.6%, 95% CI 17.7%–15.4%).

In the first quarter of 2020, the number of asthma medicine 
prescriptions that were dispensed was 19.6% higher than in 2019 
(Figure 2). In the second quarter, the number of dispensed prescrip-
tions was at its lowest in all other groups, except for Montelukast in 
2020. The overall decrease in the second quarter was 49.9%. After 
quarter one, the number of prescriptions that were dispensed mainly 
remained lower in 2020 than in 2019.

The total savings in reimbursement costs for systemic antibi-
otics and asthma medication in Finland for children aged 0–12 was 
3.4 million Euros in 2020.

3.3  |  Primary care visits

Children aged 0–14  years made 7,909,388 primary care visits in 
2019–2020: 48.0% were in 2020 and 52.0% were in 2019. In 2020, 
the number of visits decreased below the 2019 level in the second 

TA B L E  1  Antibiotics dispensed per 1000 children in 2019 and 2020 in Finland

0–5 years 6–12 years

2019 2020 Change 95% CI 2019 2020 Change 95% CI

All antibiotics 444.9 196.1 −55.9% −56.3% to −55.5% 205.5 98.9 −51.9% −52.4% to −51.3%

Amoxicillin 289.8 129.8 −55.2% −55.7% to −54.7% 85.7 36.4 −57.6% −58.4% to −56.8%

Amoxicillin +clavulanic acid 112.5 48.7 −56.7% −57.5% to −55.8% 28.3 13.1 −53.7% −55.2% to −52.2%

Cephalosporins 1.3 0.6 −50.9% −58.7% to −41.6% 34.8 24.0 −31.0% −32.7% to −29.2%

Macrolides 39.4 15.9 −59.6% −60.9% to −58.2% 20.1 8.8 −56.5% −58.1% to −54.8%

Other 2.0 1.0 −47.3% −54.0% to −39.6% 36.7 16.7 −54.5% −55.7% to −53.2%

Note: 95% CI; 95% confidence intervals.
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quarter, but were higher than 2019 during the third and fourth quar-
ters (Figure 3).

4  |  DISCUSSION

Our results demonstrate that the first lockdown reduced the dis-
pensing rates for systemic antibiotics and most of the asthma 
medicines available for Finnish children aged 0–12  years. These 
reductions lasted for the rest of 2020 and led to major savings in 
reimbursement costs in 2020, of 3.4 million Euros. Due to the lock-
down and the reorganisation of healthcare resources, the number of 
primary care visits temporarily decreased below the 2019 level from 

March to June 2020, but recovered from August onwards and were 
then higher in 2020 than in 2019.

The use of antibiotics has become an increasingly important 
topic since the onset of the pandemic, as antimicrobial resistance 
has increased due to the overuse of antibiotics in patients with 
COVID-19.20,21 The lower number of all systemic antibiotics that 
were dispensed in Finland in our study indicates that this overuse 
was unlikely to be due to children aged 0–12 years. Moreover, the 
greatest reduction was seen in macrolides, which are indicated for 
atypical pneumonia and pertussis, but are sometimes used for other 
respiratory infections.22

In addition to common side effects, such as diarrhoea and 
rashes, antibiotics may also cause long-term harm for children. 

F I G U R E  1  Number of dispensed antibiotic items for children aged 0–12 years in 2019 and 2020 in Finland [Colour figure can be viewed 
at wileyonlinelibrary.com]
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TA B L E  2  Asthma medicine items dispensed per 1000 children in 2019 and 2020 in Finland

0–5 years 6–12 years

2019 2020 Change 95% CI 2019 2020 Change 95% CI

All asthma medicines 264.1 188.0 −28.8% −29.6% to −28.1% 240.4 215.3 −10.4% −11.2% to −9.6%

Short-acting beta-agonists 147.0 95.3 −35.2% −36.1% to −34.2% 101.8 84.9 −16.6% −17.7% to −15.4%

Inhaled corticosteroids 80.3 63.7 −20.6% −22.1% to −19.1% 78.8 72.5 −7.9% −9.3% to −6.5%

Inhaled corticosteroids+long-
acting beta-agonists

15.8 14.3 −9.6% −13.2% to −5.8% 36.9 38.3 3.7% 1.5% to 6.0%

Montelukast 20.7 14.3 −30.9% −33.5% to −28.2% 22.5 18.9 −15.7% −18.1% to −13.2%

Other 0.3 0.4 23.1% −5.5% to 60.4% 0.4 0.6 36.1% 12.7% to 64.4%

Note: 95% CI; 95% confidence intervals.

F I G U R E  2  Number of dispensed asthma medicine items for children aged 0–12 years in 2019 and 2020 in Finland [Colour figure can be 
viewed at wileyonlinelibrary.com]
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It has been suggested that changes in the microbiome due to 
using antibiotics during childhood have been associated with in-
creased risks of asthma,23,24 obesity25,26 and appendicitis.27 As 
every course of antibiotics also increases the risk of antimicrobial 
resistance, reducing the use of systemic antibiotics can be seen 
as a positive effect of lockdown and social restrictions due to 
COVID-19.

Our study demonstrated that the number of asthma medicine 
prescriptions that were dispensed was higher in early 2020 than 
in 2019. An Italian study reported that parents or family paediatri-
cians were more likely to spontaneously modify children's asthma 
maintenance therapy in the spring 2020 than the same period in 
2019.12 The children who increased their use of asthma medicines 
in March 2020 had poorer asthma control than in March 2019.12 
Also, during the first wave of the pandemic, it was thought that 
people with moderate-to-severe asthma might face a higher risk of 
severe COVID-19 disease,28 and this may have increased the use of 
asthma medicines. Thus, the increase in the first quarter in our study 
may have been due to worse asthma control and the fear of severe 
COVID-19 disease in early 2020. Overall, the most prominent re-
duction since the lockdown was in short-acting beta-agonists. These 
are used to treat acute symptoms, typically dyspnoea or wheezing, 
and the decrease in their use suggests that there were lower rates of 
asthma exacerbations and wheezing episodes in 2020 after the start 
of the first lockdown.

The decline in the number of dispensed medicines might have 
been due to the impaired capacity of primary care resources during 
the pandemic, rather than a real reduced need for the medicines. 
Secondary and tertiary care capacity remained unchanged for chil-
dren during the pandemic. However, to assess this, we included pri-
mary care visit rates and found an increase in the number of visits 
since August 2020. Despite this, the number of dispensed items still 
remained lower than in the previous year. These findings suggest 
that the decreased number of antibiotics was due to reduced infec-
tion rates, rather than a lack of primary healthcare resources. The 
incidence of COVID-19 decreased rapidly in May 2020, bringing 

Finland's first wave to an end,29 and primary care visits returned to 
normal levels in June 2020. The restrictions were less strict during 
the second wave in autumn 2020, but the number of systemic anti-
biotics and asthma medicines remained lower than in the previous 
year.

4.1  |  Strengths and limitations

One of the strengths of this study was that the nationwide register 
of reimbursable prescription medicines contained all the medicines 
that were dispensed by pharmacies. All Finnish citizens have equal 
access to health care. Medicine costs are partly covered, depending 
on the reimbursement status of the medicine, and citizens do not 
need private health insurance to gain these discounts. In addition, 
all prescriptions that are dispensed are recorded in the register in-
dependently of the patient's insurance status or whether they were 
prescribed by the primary, secondary, tertiary or private sectors.

A limitation of this study was that we analysed prescriptions 
that were dispensed by Finnish pharmacies. We were not able to 
determine the indications for the prescriptions, whether there were 
medicines that were prescribed but not dispensed or whether the 
prescribed medication was used. In addition, the open-access reg-
ister did not contain information on the duration of the antibiotic 
treatment prescribed. The data for this study were gathered from 
open-access registers due to their prompt availability and the fact 
that daily data will not be available until the end of the year.

5  |  CONCLUSION

Lockdowns and social restrictions during the first and second waves 
of COVID-19 in Finland led to significant reductions in antibiotics 
and asthma medicines dispensed to children aged 0–12 years. In turn, 
this led to large reductions in reimbursement rates. The reductions 
in dispensing were not due to insufficient primary care resources.

F I G U R E  3  Nationwide 14 days rolling 
mean visit rate for children aged 0–
14 years in primary health care from 2019 
to 2020 in Finland [Colour figure can be 
viewed at wileyonlinelibrary.com]
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