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Abstract
Background: Most children have a mild course of acute COVID-19, but only a few mainly non-controlled
studies with small sample size, have evaluated the long-term recovery from SARS-CoV-2 infection in
children (‘long COVID’).

Methods: We conducted a nationwide cohort study of 37,522 children age 0-17 years with RT-PCR veri�ed
SARS-CoV-2 infection and a control group of 78,037 randomly selected children. An electronic
questionnaire was sent to both groups of children from March 24th until May 9th 2021.

Results: Long COVID symptoms were reported by 12-51% of SARS-CoV-2 infected children. Among pre-
school children, fatigue Risk Difference (RD) 0.05 (CI 0.04-0.06), loss of smell RD 0.01 (CI 0.01-0.01), loss
of taste RD 0.01 (CI 0.01-0.02) and muscle weakness RD 0.01 (CI 0.00-0.01) were statistically signi�cant
symptoms of ‘long COVID’.

Among school children the most signi�cant symptoms were loss of smell RD 0.12 (CI 0.12-0.13), loss of
taste RD 0.10 (CI 0.09-0.10), fatigue RD 0.05 (CI 0.05-0.06), respiratory problems RD 0.03 (CI 0.03-0.04),
dizziness RD 0.02 (CI 0.02-0.03), muscle weakness RD 0.02 (CI 0.01-0.02), and chest pain RD 0.01 (CI
0.01-0.01). 

Children in the control group experienced signi�cantly more concentration di�culties, headache, muscle-
and joint pain, cough, nausea, diarrhea and fever than the SARS-CoV-2 infected. In most children ‘long
COVID’ symptoms resolved within 1-5 months.

Conclusions: This study provides new evidence of ‘long COVID’ symptoms in children.

Trial registration number: The study was approved by The Danish Health Data Authority and registered at
Central Denmark region (# 1-16-02-621-20).

Introduction
Compared to adults children have a milder course of acute COVID-19 [1, 2]. Moreover, SARS-CoV-2
prevalence is lower in the pediatric population. Hence, pediatric cases constitute 11.8% (age 0–17 years),
15.6% (age 0–18 years) and 10% (age 0–19 years) in USA, Italy, and Denmark, respectively [3–5]. In
Denmark only 0.08% of children with COVID-19 needed hospitalization[6]. Worldwide, deaths from COVID-
19 in children also remains rare, at 0.17 per 100.000 population, comprising 0.48% of the estimated total
mortality from all causes in a normal year[7].

As the cumulated incidence of SARS-CoV-2 infection increases, a growing concern arises on persistent
multiorgan symptoms after the acute infection, commonly known as ‘long COVID’. Long COVID is used to
describe signs and symptoms that continue or develop after acute COVID-19, and are not explained by an
alternative diagnosis. According to NICE guideline, ‘long COVID’ includes both on-going symptomatic
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COVID-19 (from 4 to 12 weeks after acute covid-19) and post-COVID-19 syndrome (12 weeks or more
after acute covid-19)[8].

There are increasing reports on ‘long COVID’ in adults[2, 9–12]. However, only a few studies have
evaluated the long-term recovery from COVID-19 in children[13–16]. Only one study included a control
group[16], and common for all studies is a small sample size. These studies reported that 4–53% of
children experienced post-acute COVID-19 symptoms[13–16] including insomnia, respiratory symptoms,
nasal congestion, fatigue, muscle and joint pain, concentration di�culties and loss of smell and
taste[13–16]. The lack of pediatric studies, demonstrate a need for further epidemiological data
collection in order to quantify and characterize ‘long COVID’ in non-hospitalized children.

The aim of this study was to document the prevalence, symptoms and duration of ‘long COVID’ in a
nationwide cohort of SARS-CoV-2 infected children < 18 years. A control group of children who had not
been tested positive for SARS-CoV-2 was included for evaluation of symptom relation to SARS-CoV-2
infection.

Materials And Methods
We conducted a national cohort study of 37,522 children age 0–17 years with veri�ed SARS-CoV-2
infection by polymerase chain reaction (RT-PCR) and a control group of 78,037 randomly selected
children. The study was approved by The Danish Health Data Authority and registered at Central
Denmark region (# 1-16-02-621-20). Ethical approval was not required.

At birth or time of immigration, all Danish citizens are assigned a unique personal identi�cation number
registered in the Danish Civil Population Register[17]. This is used in all healthcare contacts, facilitating
con�dential linkage between registers in Denmark. For the present study, The Danish Health Data
Authority linked social security numbers from all Danish children to the national microbiology database.
This linkage generated a complete list of all Danish children age 0–17 years with RT-PCR veri�ed SARS-
CoV-2 infection at any date between January 27th 2020 and March 19th 2021.

An electronic questionnaire (REDCap) was sent to all SARS-CoV-2 positive children as well as to the
control group from March 24th until May 9th 2021. The questionnaire was sent out twice during this
period, including a reminder after 7–10 days. Both groups of children had a four-week response time.

The SARS-CoV-2 positive group had the questionnaire sent directly to the parents’ secure and private
digital post-box (e-boks), which is linked to social security numbers. Adolescents from 15 years received
the questionnaire themselves due to legal rights, with advice to �ll it out with parental support. The
questionnaire was sent out to 6.674 children age 0–5 years, and 30.848 age 6–17 years.

For the control group the questionnaire was sent out to parents of children age 0–17 years, who attended
public school or day-care in �ve municipalities in Denmark (Aalborg, Herning, Aarhus, Randers and
Frederiksberg). The parents received the questionnaire directly by the school or day-care’s online
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communication platform. A total of 45,240 school children (age 6–17 years) and 32,797 children in day-
care (age 0–5 years) received the questionnaire. In order to exclude children who had been tested positive
for SARS-CoV-2 from the control group, previous SARS-CoV-2 infection was addressed in the �rst
question with termination of the rest of the questionnaire if con�rmed.

The questionnaire for both groups consisted of identical questions regarding demographic information, a
history of chronic illness, medication and symptoms lasting for more than four weeks (S1). For children 9
years and older the WHO-5 well-being index questions were included[18].

Statistical analysis
Statistical analysis was done using StataMP 17.

Binomial regressions were �tted to estimate risk difference (RD) in percentage point with 95% con�dence
interval for each long covid symptom as a function of SARS-CoV-2.

Unpaired two-sample t test with unequal variances was used to determine if there was a signi�cant
difference between the means of two groups (α = 0.05).

Results
Of the 37,522 SARS-CoV-2 infected children, a total of 16,836 (44.9%) responses were returned (44.6%
age 0–5 years and 39.1% age 6–17 years). In the control group, a total of 16,620 (21.3%) responded to
the questionnaire (21% age 0–5 years and 18.3% age 6–17 years).

Mean age for children 0–5 years was 2.7 years (SARS-CoV-2 positive) and 2.8 years (control group),
mean difference − 0.1 (CI -0.17- -0.02). Mean age for children 6–17 years was 12.0 years (SARS-CoV-2
positive) and 10.5 years (control group), mean difference 1.5 (CI 1.41–1.59).

Questionnaires were excluded from analyses in case of missing data regarding symptoms, age or gender
of the child. When answering the questionnaire some of the adolescents had turned 18 years since the
date of their SARS-CoV-2 positive PCR test, these were excluded from the analysis. Moreover, respondents
with less than four weeks from PCR testing, were also excluded from the analysis of ‘long COVID’. A total
of 15.041 SARS-CoV-2 positive children and 15.080 children in the control group were eligible for
inclusion in the study (Fig. 1).

Depending on age, 12–51% of veri�ed SARS-CoV-2 infected children experienced symptoms four weeks
or more after being diagnosed with SARS-CoV-2-infection (Fig. 2). The number of SARS-CoV-2 infected
children, who experienced ‘long COVID’ symptoms increased with increasing age (Fig. 2). The most
common ‘long COVID’ symptoms were fatigue, loss of smell, and loss of taste, headache, and
concentration di�culties (Fig. 3).
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In the control group, 15–38% (depending on age) experienced symptoms lasting more than 4 weeks. In
this group of children, the most commonly reported symptoms were concentration di�culties, cough,
headache and fatigue (Fig. 3). Five percent of children in both groups suffered from a chronic disease,
mainly a respiratory diagnosis (51% of the SARS-CoV-2 children with a chronic disease).

In order to compare the SARS-CoV-2-group to the control group, the children were divided into two age
groups: pre-school 0–5 years and school children 6–17 years, and risk differences were estimated (RD).
This comparison was made in order to evaluate the impact of confounders such as other infections,
school lockdown and social distancing during the COVID-19 pandemic.

Among pre-school children, fatigue RD 0.05 (CI 0.04–0.06), loss of smell RD 0.01 (CI 0.01–0.01), loss of
taste RD 0.01 (CI 0.01–0.02) and muscle weakness RD 0.01 (CI 0.0-0.01) were statistically signi�cant
symptoms of ‘long COVID’ (Fig. 4 and S2). Correspondently, the most signi�cant reported ‘long COVID’
symptoms in school children were loss of smell RD 0.12(CI 0.12–0.13), loss of taste RD 0.10 (CI 0.09–
0.10), and fatigue RD 0.05 (CI 0.05–0.06). The risk difference was less but still signi�cant in reported
respiratory problems RD 0.03 (CI 0.03–0.04), dizziness RD 0.02 (CI 0.02–0.03), muscle weakness RD 0.02
(CI 0.01–0.02), and chest pain RD 0.01 (CI 0.01–0.01) (Fig. 4 and S2).

Seven percent of the previously SARS-CoV-2 infected children, who experienced ‘long COVID’ symptoms,
were asymptomatic during the acute infection.

Surprisingly, symptoms with duration of more than 4 weeks were also common in the control group.
Children age 0–5 years experienced signi�cantly more cough, fever, concentration di�culties, and
diarrhea than children in the SARS-CoV-2 group. Correspondently, 6–17 year old controls were more prone
to concentration di�culties, headache, nausea, muscle- and joint pain, cough, diarrhea and fever than
their previously SARS-CoV-2 positive peers (Fig. 4 and S2).

Follow-up time from veri�ed SARS-CoV-2 to time of questionnaire completion differed from child to child.
Thus an exact duration of symptoms in all participants cannot be reported by this study. However,
depending on age, symptoms resolved in a minimum of 54–75% of children within 1–5 months (Fig. 5,
panel A). Thirty-nine percent of previously SARS-CoV-2 infected respondents reported having ongoing
symptoms. The duration of these ongoing symptoms was addressed by calculation of difference
between the known date of veri�ed SARS-CoV-2 infection and the questionnaire response date. Length of
follow-up for the children reporting on-going symptoms are illustrated in Fig. 5, panel B.

The well-being of children older than 9 years was evaluated by WHO5 in order to analyze whether
symptoms could re�ect a low sense of well being, and as such not a direct effect of SARS-CoV-2
infection. Comparing the control group to the whole cohort of SARS-CoV-2 infected children documented,
that previously SARS-CoV-2 infected had a higher sense of well-being compared to the control group,
WHO-score difference 4 (CI 3.5–4.8). However, children in both groups, who experienced symptoms, had a
worse sense of well being compared to children within the same group but without symptoms, SARS-CoV-
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2 positive: WHO-score difference 12 (CI 11.1–12.8) control group: WHO-score difference 17.2 (CI 16.2–
18.3).

Discussion
To our knowledge this is the �rst study to document prevalence, symptoms and duration of long covid in
such a large national cohort study comparing RT-PCR veri�ed SARS-COV-2 infected children to a control
group of randomly selected children, who have not previously been tested positive for SARS-CoV-2.

In the present study, 12–51% of SARS-CoV-2 positive children experienced ‘long COVID’ symptoms. The
age distribution of symptoms differed with older school children being more frequently affected
compared to younger school- and preschool children. However, from an identical list of symptoms, 15–
38% of children in the control group also reported symptoms lasting 4 weeks or more. Two previous
pediatric studies reported that between 8–66% of children experience ‘long COVID’ symptoms [14, 15].
However, none of these studies included a control group. One pediatric study included a control group, but
only had a sample size of 77 children experiencing symptoms lasting for more than 28 days[16], and as
such could be categorized as ‘long COVID’ symptoms according to NICE guideline[8].

Comparing the responses from SARS-CoV-2 infected children to a control group, we found that the most
common statistically signi�cant ‘long COVID’ symptoms were fatigue, loss of smell and loss of taste, and
to a lesser extend muscle weakness, chest pain, dizziness and respiratory problems. Loss of smell and
taste have previously been reported as symptoms among SARS-CoV-2 positive adolescents [13] and
adults[19].

During the COVID-19 pandemic governmental interventions have been introduced in order to reduce
transmission of SARS-CoV-2. Quarantine regimes, increased hand hygiene, school and daycare lock
down, closure of sports and leisure activities, and social distancing are among the numerous
interventions. Reports have raised concern on the negative impact of these social implications on
children’s mental health[20]. Bearing this in mind it is crucial to compare reported long covid symptoms in
previously SARS-CoV-2 positive children to a cohort representative of the background population.
Describing ‘long COVID’ in a pediatric population without a control group could otherwise overestimate
‘long COVID’ symptoms.

Concentration di�culties, headache, muscle- and joint pain, cough, nausea, diarrhea and fever, have
previously been described as ‘long COVID’ symptoms of SARS-CoV-2 infection in children in non-
controlled trials[14, 15, 21]. However, we found that these symptoms were statistically more signi�cant in
the control group. Our study also documented that children in the control group had a lower WHO-5score
compared to SARS-CoV-2 positive children. Therefore, it should be considered whether concentration
di�culties, headache, muscle- and joint pain as well as nausea, could be symptoms re�ecting the
negative impact of the social implications of the pandemic on children’s mental and physical health. The
reason for reports of more frequent fever occurrence in a randomly selected control group can only be
speculated, since questions on speci�c method of temperature evaluation or accompanying symptoms
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were not included. In general, the �rst year of the pandemic have had a remarkably low incidence of
otherwise high incidence infections, such as respiratory syncytial virus and in�uenza virus[22, 23]. We
would therefore have expected a low occurrence of fever.

The duration of ‘long COVID’ symptoms is an important issue to address with implications for the
children and families. In our pediatric cohort, most children recovered within a maximum of 1–5 months.
Recovery time of 2 weeks-3 months have previously been described in non-controlled pediatric studies[14,
15].

We aimed to document whether ‘long COVID’ symptoms could re�ect isolation, corona restrictions and
lock downs. Our analysis showed that children presenting with ‘long COVID’ symptoms reported a higher
sense of well being compared to children with symptoms who have never been tested positive for SARS-
CoV-2. As such, fatigue, loss of smell and loss of taste, muscle weakness, chest pain, dizziness ad
respiratory problems cannot be assigned to psychological sequelae of social restrictions but must be
recognized as ‘long COVID’ symptoms.

There are signi�cant limitations to this observational study. Firstly, our questionnaire was not validated in
a larger pilot study. Moreover, data relies on participants' retrospectively parent- or self-reported
symptoms with a risk of recall bias. However, SARS-CoV-2 is an infection with increased focus in society.
As such, participants have possibly been extremely aware of symptoms during their infection, and
therefore recall bias is assumed to be minimal. Secondly, the control group might include children who
have had SARS-CoV-2 infection without having undergone testing. This is a risk since children have no or
only few symptoms of acute COVID-19. Moreover, parents might be more reluctant to let children undergo
testing due to the invasive and unpleasant procedure. Children in the control group have never been
tested positive for SARS-CoV-2. Nevertheless, seroprevalence data suggest an infection rate of 2–3 times
higher than corresponding PCR results in the pediatric population[24]. The potential presence of children
with previous SARS-CoV-2 infection in the control group would underestimate the symptoms of ‘long
COVID’. Thirdly, it could be speculated that children in the control group and the SARS-CoV-2 group who
experience symptoms are more eager to respond to the questionnaire than asymptomatic children. This
could lead to selection bias and result in an overestimation of reported symptoms. However, the study
may also suffer from non-response bias where non-symptomatic controls may be under-represented. The
number of children answering the questionnaire was higher among SARS-CoV-2 positive children than in
the control group (44.9% versus 21.3%). The higher response rate in the group of children with previous
SARS-CoV-2 infection could be expected since these children and families might have higher awareness
on potential ‘long COVID’ symptoms, and a potential increased desire for knowledge about long covid.
However, in both groups, the children who answered the questionnaire were an equal age distribution of
the children who received the questionnaire.

The strengths of this study are primarily the large sample size and inclusion of a control group.
Additionally, the Danish Health Data Authority has a nationwide coverage, and all Danish citizens have
universal tax-funded health insurance. Therefore our study population did not rely on access to health-
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care services, and RT-PCR tests for SARS-CoV-2 are free of charge in Denmark minimizing selection-bias.
The infection status of all SARS-CoV-2 positive children has been established by nationally validated RT-
PCR, eliminating major misclassi�cation of infection status. Moreover, the results of the SARS-CoV-2 test
are linked to the unique personal identi�cation number registered in the Danish Civil Population
Register[17] and the national microbiology database making it a complete cohort of SARS-CoV-2 infected
children below 18 years from the start of the pandemic in Denmark until 19th of March 2021.

The control group consists of randomly selected children age 0–17 years from �ve municipalities that
include both larger cities as well as rural areas. As such, the control group is considered to represent the
general Danish population of children. The strengths mentioned above increase the generalizability of our
results. However, it is important to consider that an observational study based on a questionnaire with
subjective responses and without objective examination of the children, can only provide us with one
piece of the puzzle. Further studies are needed to increase knowledge of ‘long COVID’ in the pediatric
population.

In conclusion, to date this study is the largest study on post acute effects in SARS-CoV-2 positive children
also including a control group. It provides new evidence that symptoms of ‘long COVID’ in children are
fatigue, loss of smell and loss of taste, dizziness, muscle weakness, chest pain and respiratory problems.
These symptoms cannot be assigned to psychological sequelae of social restrictions. Symptoms such as
concentration di�culties, headache, muscle- and joint pain as well as nausea may be related to other
factors than SARS-CoV-2 infection. In most cases ‘long COVID’ symptoms resolve within 1–5 months.
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Figure 1

CONSORT Flow chart of study participants Permission to use this image was given by co-author Maria
Knudsen, who created the �gure.
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Figure 2

Prevalence of long COVID symptoms. Percentage of SARS-CoV-2 infected children reporting at least one
long COVID symptom (red bars) or reporting no symptoms (blue bars). Data are presented as total
population of SARS-CoV-2 infected children (upper panel) and by gender (Girls -middle panel, Boys -lower
panel). Permission to use this image was given by co-author Maria Knudsen, who created the �gure.
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Figure 3

Heatmap illustrating reported symptoms lasting for more than 4 weeks by SARS-CoV-2 infected children
(upper panel) and controls (lower panel). The numbers represent percentage of children reporting the
given symptom by one-year age groups. Permission to use this image was given by co-author Maria
Knudsen, who created the �gure.
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Figure 4

Comparison of symptom prevalence in SARS-CoV-2 infected children and the control group indicated by
risk differences (RD) with 95% con�dence interval and p-values. Panel A: comparison of children 0-17
years. Panel B: Sub-group comparison of pre-school children, 0-5 years. Panel C: Sub-group comparison
of School children, 6-17 years. Permission to use this image was given by co-author Maria Knudsen, who
created the �gure.
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Figure 5

Duration of symptoms from date of positive RT-PCR SARS-CoV-2 test until date for questionnaire
completion by one-year age groups. In the upper panel the dark green bars represent percentage of
children who reported that their symptoms had not resolved at time of questionnaire completion. The
follow-up time of these children´s on-ongoing symptoms are illustrated in the lower panel. Permission to
use this image was given by co-author Maria Knudsen, who created the �gure.
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