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Abstract
There is a considerable burden of children being hospitalized due to infectious diseases worldwide. The COVID-19 pandemic 
provided a unique opportunity to examine effects of worldwide efforts to control spread of infection. We aimed to investigate overall 
age-specific hospitalizations due to viral and bacterial infections and diseases triggered by respiratory tract infections during and 
after lockdown. This nationwide register–based observational study included children from 29 days to 17 years old hospitalized in 
all Danish pediatric emergency departments during the years 2015–2021. Main outcomes were ICD-10 diagnoses for infectious 
diseases and infection triggered illnesses. Fluctuations in hospitalization events were explored using figures with weekly events 
per 100,000. Total events followed a predictable pattern during 2015–2019. In 2020–2021, there was a drop in hospital encounters 
after lockdowns and surge after reopenings. In 2021, there was a surge of hospital encounters in the late summer due to respiratory 
syncytial virus infections and asthmatic bronchitis mostly in infants from 29 days to 2 years. For the infectious diseases, there was 
a dramatic decrease in events after lockdowns and immediate increase in cases that followed the same pattern of previous years 
after reopenings. Bacterial infections, like urinary tract infections, sepsis, and meningitis followed a steady pattern throughout all 
calendar-years.

Conclusions: Nationwide efforts to minimize infectious disease spread like lockdowns have a preventative and period last-
ing effect but reopenings/reunions result in surges of infectious diseases. This might be due to children not getting immunized 
steadily thereby increasing the pool of possible hosts for potential viral infections.

What is Known:
• There is a seasonal fluctuation in viral/respiratory infections in children with higher infection rates in the winter and lower rates in the summer.
• RSV infection is a major source of concern.
What is New:
• Major lockdowns and reopenings disrupt the seasonal fluctuations which can result in high surges in infections that increases the burden of 

children emergency departments and the risk of serious complications.
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RSV  Respiratory syncytial virus
RTI  Respiratory tract infections
Events  Short and long pediatric emergency hospi-

talization contacts
URTI  Upper respiratory tract infections
UTI  Urinary tract infections

Introduction

Worldwide, there is a considerable burden of children being 
hospitalized, morbidity, and mortality due to viral respira-
tory tract infections (RTI) and infectious diseases in general 
[1–4]. Lower RTIs (viral and bacterial) are the number one 
infectious cause of death in children worldwide [1]. Children 
below 3 years of age are at risk of having several infec-
tion related hospitalizations [5]. Respiratory syncytial virus 
infection (RSV) is one of the major causes of hospital admis-
sions in children under 5 years of age [6, 7]. Early childhood 
RTIs are associated to childhood and early adulthood asthma 
[8]. There is a considerable burden of urinary tract infections 
(UTI) that are some of the most frequent bacterial infec-
tions in infants and children with an overall prevalence of 
7% among infants with fever [9].

Research on efforts to control or minimize spread of viral 
respiratory infections is scarce and of low quality because 
of general low compliance with interventions [10, 11]. The 
Coronavirus disease (COVID-19) pandemic provided a 
unique opportunity to explore effects and consequences of 
country wide efforts to attempt infectious disease control 
through major lockdowns, social distancing, and increase 
of sanitary precautions on the general spread of infections, 
infectious disease patterns, and infectious disease mortality 
[12].

We aimed to investigate overall and age-specific short 
and long pediatric emergency hospitalization contacts 
(events) due to both viral and bacterial infections and dis-
eases triggered by infections during and after lockdowns 
during the pandemic compared to five calendar-years before 
(2015–2021).

Materials and methods

Setting

This nationwide register–based observational study used 
information from Danish registers. The Danish Civil Reg-
istration System provided birth dates, deaths, sex, and 
migration status [13]. The Danish National Patient Regis-
ter provided data on pediatric emergency hospitalization 
events with main diagnoses according to the International 

Statistical Classification of Diseases and Related Health 
Problems, 10th Revision (ICD-10) [14]. The Danish nation-
wide register setup has previously been described in detail 
[15].

Subjects and variables

All children living in Denmark aged 29 days to 17 years and 
364 days were included from 2015 to 2021. Data on migration 
and death were adjusted for each year on the 31st of December 
the previous year until 2019. Migration data after 2019 was 
not available at the time of the study, but the yearly migration 
numbers were so small in Denmark that it was considered to 
not affect results.

Nationwide emergency hospital events were used as an inclu-
sion criterion, and all planned admissions and outpatient con-
tacts were excluded. Hospital events included both short visits 
for assessment and longer stays in the hospital. Multiple events 
for one child were accepted to assess hospital burden, but only 
the first contact in each day for the same patient was included. 
Multiple observations for a series of overlapping hospital events 
were considered as one and combined as one in-date and one 
out-date. Overlapping events could occur when children were 
transferred between hospitals, e.g., to a tertiary center for more 
intensive care and then transferred back to a secondary hospital.

Main outcomes were ICD-10 diagnoses for infectious dis-
eases and diseases triggered by infections and were chosen 
as presented in Online Table 1.

Statistical analysis

Descriptive data was calculated for each year. Data was 
stratified by sex and age groups. Age groups were defined 
as < 1, 1–2, 3–5, 6–14, and 15–17 years. The chi-squared test 
was used on weekly and yearly events comparing calendar-
years; 2021 and 2020 to the mean of pre-pandemic years 
2015–2019 and Poisson regression was done comparing dif-
ferences between sexes in 2019–2021.

Weekly rates of events per 100,000 children were calcu-
lated for each calendar-year. Rates for weekly total events 
(total events, including all primary ICD-10 diagnoses in 
children and adolescents), weekly rates for infection diag-
noses (infection events, including primary ICD-10 diagno-
ses for bacterial, viral, parasitic, and fungal infections in 
children and adolescents), and weekly rates for each prede-
fined condition (ICD-10 diagnoses for asthma, asthmatic 
bronchitis (AB), RSV, UTI, gastrointestinal infections (GI), 
pneumonia and meningitis/encephalitis, sepsis and osteoar-
ticular infections combined as (SI)) were plotted in figures 
for each calendar-year and specifically for 2020–2021 with 
a clear marking of time of lockdown and time of reopen-
ing/reunion in Denmark. Reopening markings were shown 
when specifically, schools were reopened. Weekly events < 4 
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were all adjusted to equal 4 in the figures to adhere to the 
data anonymity requirements from Statistics Denmark. Data 
management and statistical analysis were performed using 
R, v. 4.0.3 [16].

The political definition of Lockdown and reopening in 
Denmark is presented in Online Supplements.

Results

In total, 2,640,942 hospital events were recorded during 
the study period (2015–2021); 1,417,571 (53.7%) boys 
and 1,223,371 (46.3%) girls. In 2020 and 2021, there were 
187,771 (53.6%) and 195,069 (53.9%) events respectively 
for boys and 162,278 (46.4%) and 166,550 (46.3%) events 
respectively for girls. Total events in year 2020 and 2021 
were significantly lower compared to 2015–2019, P < 0.001.

Infection events in total and stratified by sex and prede-
fined condition in calendar-years 2015–2021 are presented 
in Table 1. Notably, infection events in calendar-years 2020 
and 2021 were lower in total and for boys and girls compared 
to pre-pandemic years (P < 0.001). In all calendar-years, 
there were more events for boys than for girls by around 
5000–6000.

Total pediatric emergency hospital events 
and infection events

All emergency hospital events in years 2015–2021 are displayed in 
Fig. 1 and show similar trends and patterns for years 2015–2019.

In calendar-year 2020, Fig. 1 shows the year started off in 
the winter with event rates following those of pre-pandemic 
years but around week 11 total event (P < 0.001) rates and 
infection events (P < 0.001) fell drastically and reached 
the lowest level in week 13 (total P < 0.001 and infection 
P < 0.001). From there, the curve rose again to around week 
24 from where events (infection and total) largely followed 
the patterns of pre-pandemic years. After week 45, 2020 
infection event rates stayed around the same level while pre-
vious calendar-years’ rates rose gradually.

Figure 1 shows that the year 2021 began with low rates, 
around half those of the previous calendar-years in total (week 
1 P < 0.001) and infection (week 1 P < 0.001) events, then 
slowly increased during the spring to around week 15. From 
then, the curve for 2021 followed trends of pre-pandemic 
years until week 32–34 where we observed a rise in events 
most dramatic in the infection events curve (P < 0.001 for 
weeks 32–34). After week 41, the total events curve returned 
to following pre-pandemic patterns.

Table 1  Total infection hospital emergency encounter events for children stratified by sex and selected predefined condition in 2015–2021

URTI Upper respiratory tract infections, Skin skin infections, Eye eye infections, Ear ear infections, IBD inflammatory bowel disease, AB asth-
matic bronchitis, RSV respiratory syncytial virus, UTI urinary tract infections, GI gastrointestinal infections and SI meningitis/encephalitis, sep-
sis, and osteoarticular infections combined.

Variables Levels Calendar-Years Total

2015 2016 2017 2018 2019 2020 2021

Total 
Infections

74,739 79,365 79,874 74,958 77,495 49,978 66,161 502,570

Sex Male 40,930 
(54.8)

43,444 
(54.7)

43,638 
(54.6)

41,012 
(54.7)

42,471 
(54.8)

27,638 
(55.3)

36,783 
(55.6)

275,916 
(54.9)

Female 33,809 
(45.2)

35,921 
(45.3)

36,236 
(45.4)

33,946 
(45.3)

35,024 
(45.2)

22,340 
(44.7)

29,378 
(44.4)

226,654 
(45.1)

Condition URTI 29,663 
(39.7)

30,863 
(38.9)

32,610 
(40.8)

31,546 
(42.1)

33,172 
(42.8)

22,993 
(46.0)

26,555 
(40.1)

207,402 
(41.3)

Pneumonia 6842 (9.2) 7173 (9.0) 5848 (7.3) 4754 (6.3) 4621 (6.0) 2107 (4.2) 3237 (4.9) 34,582 (6.9)
Skin 5690 (7.6) 5780 (7.3) 6447 (8.1) 5860 (7.8) 5669 (7.3) 4451 (8.9) 4332 (6.5) 38,229 (7.6)
SI 887 (1.2) 860 (1.1) 854 (1.1) 790 (1.1) 680 (0.9) 514 (1.0) 518 (0.8) 5103 (1.0)
Asthma 4426 (5.9) 4691 (5.9) 3646 (4.6) 3063 (4.1) 3628 (4.7) 2949 (5.9) 3289 (5.0) 25,692 (5.1)
UTI 2123 (2.8) 2104 (2.7) 2190 (2.7) 2204 (2.9) 2075 (2.7) 2137 (4.3) 2058 (3.1) 14,891 (3.0)
GI 7987 (10.7) 8058 (10.2) 8594 (10.8) 7929 (10.6) 9302 (12.0) 3575 (7.2) 6596 (10.0) 52,041 (10.4)
Eye 1408 (1.9) 3538 (4.5) 4425 (5.5) 3963 (5.3) 3342 (4.3) 1520 (3.0) 2338 (3.5) 20,534 (4.1)
Ear 7596 (10.2) 7223 (9.1) 7776 (9.7) 7169 (9.6) 7038 (9.1) 4552 (9.1) 5418 (8.2) 46,772 (9.3)
AB 5339 (7.1) 6017 (7.6) 4905 (6.1) 4705 (6.3) 4617 (6.0) 3020 (6.0) 5024 (7.6) 33,627 (6.7)
RSV 2277 (3.0) 2703 (3.4) 2273 (2.8) 2724 (3.6) 3084 (4.0) 1676 (3.4) 5723 (8.7) 20,460 (4.1)
COVID-19 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 186 (0.4) 773 (1.2) 959 (0.2)
IBD 501 (0.7) 355 (0.4) 306 (0.4) 251 (0.3) 267 (0.3) 298 (0.6) 300 (0.5) 2278 (0.5)
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All RTI event rates during 2015–2021 are shown in Online 
Figure 3.

Infection events stratified by sex and age

Figure 2 shows infection event rates in years 2015–2021 strat-
ified by sex and age groups. In pre-pandemic years, event 
rates were the highest in < 1-year-old children with rates up to 
1400/100,000 in the winter for boys. Event rates were lowest 
in 6–14-year-olds and in the 15–17-year-old boys’ group with 
rates only reaching 25–50/100,000 in pre-pandemic years in 
the summer. The seasonal trend seemed to be more expressed 
in up to the 6–14 years’ groups. There were higher event rates 
for boys up to 3–5 years, and then, it looked like boys’ and 
girls’ events were equal in the 6–14 years group. There were 
higher event rates for girls in 15–17-year-olds.

Lockdown in 2020 reduced infection rates most for 
children up to 5 years old and had least effect on events 
for 15–17-year-olds. Reopening in 2020 resulted in spikes 
most obvious in 3–14-year-olds. Another spike in events was 
observed in 2020 mostly for the 6–17-year-olds in week 34.

Lockdown in 2021 had an effect for all groups apart from 
the last with 15–17-year-olds. Reopening in 2021 resulted 
in curves following the same trends as pre-pandemic years 
in all groups apart from < 1 to 2-year-olds (P = 0.005) where 
there was a rise in event rates to around 1400/100,000 for 
boys < 1  year in week 34 and to 750/100,000 for boys 
1–2 years old in week 34. Similar patterns were observed 
for girls in these age groups.

Selected predefined events

Figure 3 presents graphs for each predefined condition’s 
event rate in 2020. The calendar-year started off with 
high event rates for GI’s (13/100,000) and respiratory ill-
nesses like pneumonia (13/100,000), AB (> 15/100,000), 
asthma (9/100,000), and RSV infection (> 15/100,000) and 
in week 13 which was 2 weeks after lockdown the rates 
decreased to around 3 cases per 100,000. There were spikes 
in asthma cases in week 25 and spikes in both asthma and 
AB in weeks 33–44. UTI’s stayed on the same levels around 
4/100,000 the entire calendar-year.

Fig. 1  Infection hospital 
emergency event rates and total 
weekly hospital emergency 
event rates for children and 
adolescents during 2015–2021. 
Solid lines marking lockdowns. 
Dotted lines marking reopen-
ings. Specifically, school 
reopenings are marked
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Figure 3 also depicts predefined conditions’ event rates 
for the calendar-year 2021. Here, GI event rates increased 
from around 5/100,000 to reach a peak around week 18 of 
18/100,000 then declined again to 7/100,000 by week 30. 
By the end of the calendar-year, there was another peak in 
GI events of about 15/100,000. The curve for RSV showed 
rates around zero in the beginning of the calendar-year that 
increased from week 25 to reach rates around 50/100,000 
by week 38. The remaining conditions’ rates seemed to 
increase gradually after the first and second reopening. AB 

mirrors the RSV spike and tops in week 35–40 with around 
23/100,000 events per week.

Comparatively, Fig. 3 also has rates for the most common 
conditions in 2019 that showed a rise in GI events weeks 
3–24 with rates reaching more than 35/100,000 per week in 
the peak. The respiratory illnesses in 2019 showed the same 
levels in the beginning of the calendar-year, but there was a 
slower decline in cases for pneumonia, RSV infection, and 
AB whereas asthma rates stayed under 12/100,000 the whole 
calendar-year. From week 43, there was an increase in rates 

Fig. 2  Total weekly infections hospital emergency events stratified by sex and age group in years 2015–2021. Solid lines marking lockdowns and 
dotted lines marking reopenings. Specifically, school reopenings are marked
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for airway infections for the rest of 2019 that was not seen 
in the winter of years 2020 or 2021.

A difference was found for all respiratory illnesses in week 
43 between the average admission of years 2015–2019 and 
years 2020 and 2021 respectively (P < 0.001).

Figures for years 2021, 2020, and 2019 were done (Online 
supplements) for the rarest conditions (Inflammatory bowel 
disease, COVID-19, and SI) and weekly rates stayed constant 
around 0–2 cases per 100,000 for all three calendar-years. In 
2021, there was a rise in COVID-19 events to around 11/100,000 
per week.

Discussion

This nationwide register–based observational study explored 
all Danish pediatric emergency hospital events in total and 
in particular events due to infections and diseases triggered 
by infections, during and after lockdown (week 11–16 in 
2020 and week 50 in 2020 to weeks 6 and 14 in 2021), com-
pared to trends in pre-pandemic years (2015–2019). Before 
the pandemic, there was a seasonal trend in hospital events 
showing higher rates during winter times and lower rates in 
the summer especially for respiratory tract diseases. During 
the pandemic (2020–2021) and shortly after major lock-
downs, there was a trend of decreasing event rates that flared 
up to normal patterns shortly after reopening of schools 
(week 16 in 2020 and weeks 6 and 14 in 2021) in total and 
in infection events. Lockdowns and reopenings resulted 
in out of season surges in RTIs like RSV infection most 

likely due to non-stable immunization of susceptible hosts. 
Boys were more likely to have infection events than girls 
until age 6–14 where older girls were more likely to have 
infection events. Upper respiratory tract infections (URTI)/
viral infections seemed to be responsible for most pediatric 
event trends during the study period. Bacterial infections, 
aside from pneumonia, had a constant rate throughout all 
calendar-years.

Trends in pre‑pandemic years

In this study, there was a trend of less overall hospitaliza-
tion events during the summer holidays in Denmark. There 
was also a clear trend of seasonal variations in RTIs and 
pulmonary diseases like asthma and AB event rates in pre-
pandemic years. This is a well-known trend in Denmark as 
well as in other countries [4–7, 17, 18].

Lockdown and reopening effects on total 
and infection events

Event rates/hospitalizations were largely affected by lock-
downs in 2020. As expected, rates decreased shortly after 
schools were closed (week 11). The effect appeared stronger 
in the total events graph, but this graph included all injuries 
and psychiatric events as well that were affected by lock-
downs and reopenings [19]. Lockdowns also reduced hospi-
talizations in the USA especially for communicable diseases 
like RTIs [20]. URTIs were by far the most common in this 
study as in other studies [4].

Fig. 3  Weekly infectious hospital emergency event rates for selected 
predefined infection events for children and adolescents during 2019, 
2020, and 2021. GI is gastroenteritis. RSV is respiratory syncytial 

virus. AB is asthmatic bronchitis. UTI is urinary tract infection. Solid 
lines are marking lockdowns. Dotted lines are marking reopenings
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We found a definite effect of lockdown on infection rates 
which was also found by others [12, 20, 21]. The infection 
rate stayed steady during late autumn and winter and did 
not increase like previous calendar-years. This could be 
explained by hand washing, social distance, sanitizing sur-
faces, being more outside, children playing in small groups 
that did not mix, etc. as was recommended by the govern-
ment. A modest effect of handwashing and an effect of sani-
tizing objects and surfaces was found [10, 11]. Social dis-
tance in addition to other measures showed reduced contact 
and therefore reduced incidence of COVID-19 [12].

Infection rate in year 2021 started to increase right after 
the first reopening where students in 1st-4th grade were 
back in school and accelerated after the second reopening 
where all remaining students were 50% back in school 
(Online Fig. 2). Event rates began following trends of pre-
pandemic years just 2 weeks after reopening. Other coun-
tries also observed returns to normal patterns immediately 
after reopenings [22].

Infection events in year 2021 increased drastically from 
week 32 (Summer) to heights not seen before. Figure 2 
shows that the most affected group was children < 1 years 
and then children 1–2 years. Children < 1 years old were 
probably not immunized slowly since birth during 2020 
where infection rates were unusually low, and when they 
were exposed to these unknown viruses, they started get-
ting ill over a very short period [23]. Another explanation 
could be simply their age, as children < 1 year are more at 
risk of hospitalization because of infectious disease than 
older children [5, 24]. RSV infection and AB were mostly 
responsible for the surge in events (Fig. 3). Here, we could 
theorize that the group of children 1–2 years old were 
those likely admitted because of AB and children < 1 year 
old were more likely affected by RSV infection which has 
been observed before [25].

Most of the year 2021 after reopening, apart from the 
surge in the late summer, followed the curve of pre-pandemic 
years where in 2020 events stayed steady. A report from the 
same period in Denmark showed that people stopped uphold-
ing other measures of transmission control as strictly as in the 
beginning of the pandemic [26].

Events stratified by sex

Events were in general higher for boys than girls in all calen-
dar-years as shown in other studies in Denmark (1997–2015) 
although that difference disappeared in older children [4, 7]. Sug-
gested explanations for this are differences in immunity response 
and/or differences in anatomical build, e.g., it has been shown 
that pre-pubertal boys have smaller airways than girls [27].

Viral/respiratory infections and infection triggered 
conditions

Effects of lockdown were also apparent in the curves for 
our predefined conditions (Fig. 3). GI event rates mostly 
followed the same trend in year 2020 as other viral infec-
tions. There seemed to be a spring outbreak of GI infections 
in years 2019 and 2021 which has been seen before [5, 28].

In year 2020, it was clear that asthma and AB rates 
dropped immediately after lockdown in week 11 then spiked 
probably as a result of the grass pollen season and the after 
school holiday reunion in the spring and summer respec-
tively. In year 2021 though, events rose gradually after the 
first and second reopenings to peak in week 45 for asthma 
and week 40 for AB. It is well-known that asthma can be 
triggered by viral infections and the definition of AB is that 
it occurs during viral RTIs which explains the increase in 
event rates following trends of viral infections [29].

There was an unusual surge in RSV infection in the late 
summer of year 2021. RSV infection season is usually in the 
winter as seen before [6, 7]. But our results, in congruence with 
others’, showed that other factors than the season had a larger 
effect on RSV infection rates’ rising, maybe the host suscep-
tibility to infection either because of no prior immunization 
and/or low age thus a worse response to infection [23, 30, 31].

Viral vs. bacterial infections

Other bacterial infections than pneumonia did not fluc-
tuate seasonally in our data. We did not show any pattern 
changes in rates between pre-pandemic and pandemic years. 
This might be explained by transmission ways as studies 
have shown that unknown host factors rather than exposure 
account for most of the risk of infection in children [5]. In the 
USA, declines in emergency hospital visits were observed in 
2020 for septicemia and UTI’s compared to the same period 
in 2019 [20]. This could propose the question that fear of 
contagion might have kept people away from the hospital 
more in the USA than in Denmark [32]. Pneumonia showed 
a more seasonal trend like other RTIs which might be because 
children mostly have viral pneumonia or opportunistic bacte-
rial pneumonias because of viral infections [33].

Strengths and limitations

This study included all children hospital emergency con-
tacts in Denmark which minimized selection bias. The study 
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period was long as we included observations for 2 calendar-
years (2020–2021) of the COVID-19 pandemic compared 
with 5 calendar-years before (2015–2019). This helped to 
validate the data and highlighted strong trends that were not 
affected by small periods of change. Using rates for events 
calculated per 100,000, allowed for comparing results to 
other studies in smaller/larger populations.

A limitation is that details on hospitalizations were not 
available in the registers. This allowed for examining overall 
trends but slight changes in rates were not explained. Migra-
tion data for 2020–2021 was not available, so there might 
be a slight overestimation of rates in these calendar-years 
as migration was adjusted for previous calendar-years. Dur-
ing the pandemic, some pediatric emergency departments 
used telemedicine to evaluate patients’ need for a hospital 
visit. This might have prevented more hospital events and 
an underestimation of our event rates as telemedicine events 
were not included.

Conclusion

Generally, there was a seasonal fluctuation of infections 
with more infections during the winter. Lockdowns were 
an effective measure to bring down emergency infection 
rates and had a period lasting effect, but reopenings made 
for an instant return to regular infection patterns. RTIs 
and/or viral infections were seasonal in pre-pandemic 
years, but other types of infections did not follow a sea-
sonal trend. Lockdowns and reopenings disrupted seasonal 
trends of respiratory infections like RSV infections result-
ing in large surges of infections out of season most likely 
due to unsteady immunization.
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