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SARS-CoV-2 Infections in Icelandic Children
Close Follow-Up of All Confirmed Cases in a Nationwide Study
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Introduction: Children are less likely to acquire SARS-CoV-2 infections
than adults and when infected, usually have milder disease. True infection
and complication rates are, however, difficult to ascertain. In Iceland, a strict
test, trace and isolate policy was maintained from the start of the pandemic
and offers more accurate information of the number of truly infected chil-
dren in a nationwide study.

Material and methods: All children with positive PCR for SARS-CoV-2
infections from February 28, 2020 to August 31, 2021 were followed up
through telephone consultations for at least 14 days and their symptoms
were registered. Symptom severity and duration were categorized based on
age groups and the source of infection was registered.

Results: A total of 1749 children were infected with SARS-CoV-2 in 3
waves of infections. All waves had similar disease severity whereas the
incidence was 5-fold higher in the third wave (3.5 vs. 0.73/1000 chil-
dren/month). No children had severe symptoms, 81 (4.6%) had moderate
symptoms, 1287 (73.9%) had mild and 374 (21.5%) were asymptomatic.
Symptoms from upper (n = 839, 48%) and lower respiratory tract (n = 744,
43%) were most common. Median duration of symptoms was 5 days and
adolescents had a higher risk of prolonged duration [OR:1.84 (1.39-2.43)].
Nineteen (1.1%) children needed medical attention, but no child was hospi-
talized. The source of infection was a household member in 65% of cases.
Discussion: During the first 3 waves of the pandemic, SARS-CoV-2 infec-
tions in Icelandic children were mild and none were hospitalized. The most
common symptoms were respiratory symptoms followed by fever, headache
and tiredness. This study helps shed light on true complication rates of chil-
dren with confirmed SARS-CoV-2 infection.
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From a pediatric perspective, clinical severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) infections are less
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likely to occur when compared with adults' and most infections
have been mild.>* With changes in dominating virus variants and
increasing vaccination coverage, children may be more susceptible
to infection.* The first reports from China showed that the overall
infection rate in children was very low compared with adults (8 vs.
164/100.000) although the total number of truly infected children
is hard to measure when mass testing is not performed.’ In a meta-
analysis of 1810 pediatric COVID-19 cases, 85% had mild disease.
In reports and meta-analyses, the severe disease has been reported
in 5% and mortality rates between 0 and 0.3%.%7 Young age (<2
years) and nonwhite ethnicity were associated with an increased
risk of hospital admission. A study reported that from 9478 pediat-
ric hospital admissions due to COVID-19 in the US, 85 died and a
4-fold risk of death was observed if the patients had severe congen-
ital heart disease.® Pediatric intensive care units in countries with
high rates of COVID-19 infection have been highly occupied by
children with complications due to COVID-19, including multisys-
tem inflammatory syndrome in children (MIS-C).%?

The reason for an overall milder disease in children has not
been fully explained. Suggestions of the role of the number and/or
function of the ACE receptor in the respiratory mucosa have been
made, as they are often present in lower numbers in young chil-
dren.>!° Also, recent infection with other coronaviruses may provide
some cross-reactive T-cell immunity.’ In addition, lower levels of pro-
inflammatory cytokines such as IL-6 may decrease the risk of acute
respiratory distress syndrome, a well-known complication in adults.’

Iceland had the good fortune of having developed very strin-
gent control of infected patients through isolation and quarantine
of exposed individuals as well as mass testing of the population—a
factor likely to reduce community spread.'' A total of 1749 children
had tested positive for SARS-CoV-19 until August 31st and all of
them were monitored closely by hospital staff through regular con-
tacts, telephone calls (TC) and physical assessment if needed dur-
ing their time in isolation. When a TC raised a concern of clinical
symptoms, the children were assessed at the emergency department
(ED) of the Children’s Hospital Iceland.

Many previous studies are limited by bias due to varying
selection criteria when describing COVID-19 incidence and clinical
presentations. The present study however describes the whole pediat-
ric COVID-19 cohort in Iceland and is less subject to bias due to the
composition of the well-defined Icelandic population and health care
infrastructure and may help filling gaps of valid data on SARS-CoV-2
infections in children using well-defined criteria. The study describes
the incidence, source of infection, clinical symptom severity and
duration, complications and outcomes but was performed before the
emergence of the omicron variant of the SARS-CoV-2 virus.

PATIENTS, MATERIALS AND METHODS

Time Period

The study describes the period from February 28, 2020 until
31st of August 2021.
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Database

Through electronic databases, all children who tested
positive for SARS-CoV-2 were included in a follow-up clinic.
Their parents received a TC at the time of diagnosis and a first
TC questionnaire was completed. Demographic information and
previous medical history were collected as well as a source of
infection, if known. While still symptomatic, a TC was carried
out every 1-2 days, and a standard list of questions on clinical
symptoms was answered. Once asymptomatic, a TC every 3—4
days was performed with the same list of questions until the
child was free from isolation. According to the decision from
the health authorities, isolation was required for all infected
children for at least 14 days from confirmation of the infection
and could only be lifted if the child had been asymptomatic for
7 days.

When analyzing the data, the age groups were defined
as younger than 6 months, 6 months—3 years, 4-7 years, 8§—13
years and 14—17 years old. Age was counted in months up to
12 months and in whole years in all children older than 1 year.
When calculating age-standardized incidence, children were
categorized into three groups, 0-3, 4-13 and 14-17-year-
olds. The population data were obtained from Statistics Ice-
land."

When analyzing the duration of symptoms, the data were
analyzed both as continuous variables as well as categorized as <2
days, 3—9 days and 10 days or longer.

1000
900
800
700
600
500
400
300
200
100

Number of SARS-CoV-2 cases

0

W 1st wave March’20-June’20

® 2nd wave July'20-May‘21

Three waves of the pandemic were defined as March—June
2020 (1st wave), July 2020—May 2021 (2nd wave) and June—August
2021 (3rd wave) as shown in Fig. 1.

Case Definition and Sampling

Cases were defined as individuals younger than 18 years of
age and qPCR positive for SARS-CoV-2. A cycle threshold level of
<35 was defined as a positive result. Samples with a cycle thresh-
old level of 35-40 were categorized as inconclusive by the national
reference microbiology laboratory and repeat testing was recom-
mended on the following day. Symptomatic infection was defined
as any of the symptoms listed in Table 1. Days with symptoms were
counted as the total number of days with symptoms (including the
first and last day of symptoms).

All laboratory-confirmed cases were diagnosed at the
National reference laboratory at the Landspitali University Hospital,
Department of Clinical Microbiology or the laboratory of Decode
Genetics using conventional gPCR methods for SARS-CoV-2 RNA
in naso- and/or oropharyngeal swabs."* Cases were identified through
targeted testing of: (1) suspected cases due to symptomatic children
in quarantine. (2) Symptomatic children attending health care facili-
ties. (3) Open invitation for screening regardless of symptoms.

Most samples were collected at a defined COVID sampling
center in Reykjavik. Other samples were collected from the ED of
the Children’s Hospital Reykjavik and smaller health care centers
outside the most populated areas (Reykjavik and surroundings).

n=854 |

m 3rd wave June’21-August’21

FIGURE 1. Number of SARS-CoV-2 infections in Icelandic children from March 2020-August 2021 Three waves of COVID-19
disease in children in Iceland from March 2020-August 2021. The third wave was dominated by the delta variant of SARS-
CoV-2. The median age of children infected with SARS-CoV-2 was 12 years in the first wave and 10 years in both subsequent
waves. The mean age-standardized incidence per 1000 children/month was 0.73 during the first wave, 0.73 in the second

wave and 3.5/1000 children/month during the third wave.
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Nationwide Study on SARS-CoV-2 in Iceland

TABLE 1.
infection

List of registered symptoms from SARS-CoV-2

Categories of symptoms from SARS-CoV-2 infection

Upper respiratory (sore throat, runny nose)
Lower respiratory (cough, shortness of breath)
Abdominal (Diarrhea, vomiting, abdominal pain)
Fever

Headache

Muscle and/or body ache

Tiredness/Malaise

Loss of smell and taste

Loss of appetite

Other”

*Light sensitivity, ear pain, dizziness, chills, irritability.

WHO criteria for the classification of disease severity were
applied where the criteria for moderate symptoms were fever, cough and
dyspnea for adolescents and cough and dyspnea for younger children.'

The source of infection was classified as household, school,
leisure (after school and out-of-home activities) or unknown.

Ethics

The study was approved by the National Bioethics Com-
mittee of Iceland (ref: 21-065-S1) and The Institutional Research
Committee at Landspitali University Hospital The sample collec-
tion was performed on behalf of Icelandic health authorities in
agreement with the Act no. 19/1997 on Health Security and Com-
municable Diseases. Data analysis was performed using study
numbers with no personally identifiable information.

Statistical Analysis

The data were expressed as median (with range) or number
(percentage). Mann-Whitney U test was used for the comparison
of numerical variables and the x* test for categorical variables. A
P-value of <0.05 was considered statistically significant. A multi-
variable regression model was used to test for the effects of age and
sex on disease severity. The models were adjusted for confound-
ers as shown in the models. A likelihood ratio was calculated and
expressed as odds ratios (OR) with 95% confidence intervals. The
software Stata (StataCorp, College Station, Texas) version 13.1 was
used for statistical analysis.

RESULTS

A total of 1749 children were diagnosed with SARS-CoV-2
infection during the study period. Overall, the age-standardized inci-
dence was 21.5/1000 children. The overall annual incidence was
10.9/1000, 21.5/1000 and 31.8/1000 children for children younger than
4 years old, 4-13 and 14—17-year-olds, respectively. Nineteen (1.1%)
patients needed clinical assessment at the Children’s Hospital Emer-
gency Department. No patient required specific treatment (antiviral
treatment, corticosteroids or monoclonal antibodies) and there were no
hospital admissions. Three were treated with a course of oral antibiotics
for a presumed bacterial infection. No child was diagnosed with MIS-C.

Demographics

Of the 1749 cases, 919 (52.5%) were male. Children
younger than 18 years were 16% of all confirmed COVID-19 cases
in Iceland at the completion of data collection (August 2021). The
median age of the children was 10 years (range: 1 week—17 years),
433 (24.8%) were older than 13 years of age and 19 children were
younger than 6 months. A total of 96 children had underlying con-
ditions (5.5%) which were asthma (only counted in children older
than 2 years of age), congenital heart disease or heart failure, type
1 diabetes mellitus, cerebral palsy, immunodeficiency, or trisomy
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21. Data on symptoms was missing for 7 children. Asymptomatic
children were 373 (21.5%). Of symptomatic children, upper and
lower respiratory symptoms were most common and were observed
in 48.1% and 42.5%, respectively of all patients. Fever (34%) and
headache (30%) were also commonly reported. Abdominal pain,
vomiting or diarrhea were reported in 27% as shown in Fig. 2.

Symptom Severity and Duration

Asymptomatic infection was common in 4-7- and
8—13-year-olds where 31% and 24.4% respectively had no symp-
toms of infection (Fig. 3). Mild symptoms were reported in 1287
(73.9%) children whereas 81 (4.6%) had moderate symptoms.
No child had severe symptoms. Of the 81 children with moder-
ate symptoms, 7 (8.6%) had underlying illness. Underlying medi-
cal conditions were not associated with risk of moderate symptoms
where 7/96 (7.3%) children with a medical condition had moder-
ate symptoms compared with 74/1646 (4.5%) previously healthy
children (P = 0.45). Infants <6 months of age were few (n = 19)
and were asymptomatic or had mild disease. The risk of moderate
symptoms was similar in all age groups as shown in Table 2.

Overall, the median duration of illness was 5 days (range:1—
33). In total, 210 (12.1%) had symptoms for fewer than 2 days,
864 (49.6%) for 2-9 days and 277 (15.9%) for 10 days or more.
An association between age and duration of symptoms was found
where adolescents were significantly more likely to have symptoms
for 210 days of longer duration (OR: 1.84, P <0.001). The opposite
was found for children aged 4—7 years who were significantly less
likely to have symptoms =10 days as shown in Table 3.

Source of Infection

The source of infection was known in 91% of the cases and
1142 were infected in the household (65.3%). In 219 (12.5%) cases,
the source of infection was at school or day-care and 231 (13.2%)
in leisure activities. For 157 children (9.0%), the source of infection
was unknown. For children infected at school or leisure, no infor-
mation was available whether the children were infected from staff
or other pupils. Most of the 157 children with no known source of
infection were registered towards the end of the study period where
infections were becoming more widespread.

There was no correlation found between symptom severity
and source of infection when using logistic regression modelling
(data not shown).

Disease Severity and Different Waves of the
Pandemic

Three waves of SARS-CoV-2 infections were defined as
shown in Fig. 1. In the third wave of infections, the delta variant
was dominating. During the 3rd wave, 854 children were diagnosed
with SARS-CoV-2 infection despite a much shorter time period
than the 2nd wave, which had 715 infections. No significant dif-
ferences were observed between the waves in terms of the age of
infected children, disease severity or symptom duration. The range
of observed symptoms between the 3 waves can be seen in Table
and Figure, Supplemental Digital Content 1; http://links.lww.com/
INF/E765 and 2; http://links.lww.com/INF/E765.

DISCUSSION

In this nationwide study of all children infected in Iceland
during the first 18 months of the COVID-19 pandemic (until August
31st, 2021), we found that overall, the symptoms were relatively
mild, of short duration and with few complications. No child was
admitted to hospital and only 19 needed medical assessment at the
Children’s Hospital. Three children were treated with oral antibiot-
ics for presumed bacterial infections. A trend towards more severe
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SARS- CoV-2 symptoms in children
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FIGURE 2. Registered symptoms of SARS-CoV-2 infections in 1742 Icelandic children until the end of August 2021.
Upper respiratory symptoms were: sore throat and runny nose. Lower respiratory symptoms: cough, shortness of
breath. Abdominal symptoms: diarrhea, vomiting, abdominal pain. Other: light sensitivity, ear pain, dizziness, chills,
irritability.

Symptom severity of SARS-CoV-2 by age groups
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FIGURE 3. Symptom severity of SARS-CoV-2 infection in Icelandic children. Classification of severity of SARS-CoV-2 infection
in 1742 Icelandic children. No child had severe symptom:s.
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Table 2. Odds ratio of higher symptom severity in children with SARS-CoV-2

infection

OR of moderate
N =381 N =1271 N =97 symptoms (95% CI)

Age category Asymptomatic —no (%) Mild —no (%) Moderate —no (%)

<6 months 3(0.8) 16 (1.3) 0(0.0) N/A

6 months—3 years 45 (12.0) 176 (13.7) 11(13.6) 1.05 (0.56-1.97)

4-7 years 116 (31.0) 214 (16.6) 12 (14.8) 0.91 (0.52-1.59)

8-13 years 156 (41.7) 529 (41.1) 31(38.3) 0.82 (0.52-1.28)

14-17 years 54 (14.4) 352 (27.4) 27 (33.3) 1.37 (0.85-2.20)
Sex — no (%)

Female 173 (46.3) 613 (47.6) 42 (51.9) 1.12 (0.73-1.72)

Male 201 (53.7) 674 (52.4) 39 (48.2) 0.90 (0.58-1.38)

No children were severely or critically ill. Data was missing for 7 children.

OR: Odds ratios calculated by binary logistic regression modelling where the reference value was moderate disease. Models

were adjusted by source of infection.
Cl indicates confidence interval.

symptoms in adolescents is in concordance with other reports.'>1¢
According to the WHO definition of disease severity, none of the
1749 cases had severe or critical illness.

The source of infection was known for a large part of our
cohort (91%) and was from other household members in two-third
of cases. Source was school, day-care or in leisure activities in a
quarter of the cases, but it is unknown if the infections was con-
tracted from teachers/staff or other children. This strongly indicates
that spread is common from adults to children and that spread from
other children was probably less common. This is in line with other
reports where children are considered less likely to spread the infec-
tion.!” Around 20% of the children were asymptomatic throughout
the course of infection, but symptomatic children mostly had con-
ventional symptoms of upper respiratory viral infections.

Although this sample size of children is not very large, it has
the strong advantage of representing all children with confirmed
SARS-CoV-2 infection and most of truly infected children in Ice-
land during the study period. The source of infection in almost all
infected adults and children was traceable due to the strict test,
trace, and isolate policy of the Icelandic health authorities at the
time. During the study period, most children as well as most adults,
who were diagnosed with infection, were already in quarantine and
unlikely that many pediatric infections will have been undetected.
This cohort also reflects an unselected group of all children with
confirmed infections rather than only hospitalized children as in
most other studies and therefore helps shed light on the true rates
of complications and serious disease in children. There are without
doubt some additional asymptomatic cases that were not identi-
fied, but according to a serologic survey conducted on randomly
selected 30,000 Icelanders in the first half of 2020, only 0.6% of

Table 3. Symptoms from SARS-SCoV-2 infection in
children lasting 10 days or longer

Age OR of symptoms lasting >10 days 95% CI

<6m 1.82 0.65-5.13
6m-3y 1.03 0.79-1.32
4y-Ty 0.46 0.31-0.68
8y-13y 0.91 0.70-1.18
14y-17y 1.84 1.39-2.43

Odds ratio (OR) and Confidence intervals (CI) of the risk of symptoms lasting
10 days or more based on age category: OR: Odds ratios calculated by binary logistic
regression modelling where the reference value was age group. Models were adjusted
by sex, severity, and source of infection.

M indicates month; y, years.

© 2022 Wolters Kluwer Health, Inc. All rights reserved.

participants had seroconverted but a minority of that cohort were
children.! Tt also supports suggestions that the disease course was
mild in children during the study period and almost all could be
managed at home without need for direct medical care. Reflect-
ing the population composition in Iceland, most children in our
cohort were however of white Caucasian ethnicity which might
bias the results toward a milder disease course.'®!” The fact that in
our cohort of more than 1700 pediatric patients, no child needed
hospital admission suggests that hospital admission rates in this
age groups are no higher than 0.1%-0.3% as reported in a Norwe-
gian study.?’ The delta variant, dominating the third wave, did not
seem to cause more serious illness in younger children although the
ability to better transmit between individuals is probably actual as
seen by the rapid rise of cases in a short space of time.?! This trend
towards a much higher infectivity rate and accumulation of large
groups of children being infected in a short space of time with the
emergence of the omicron variant of SARS-CoV-2 has since mate-
rialized in the first weeks of 2022.

Adolescents 16—17 years old in Iceland were offered
COVID-19 vaccination in April-May 2021, with excellent uptake
and 2 dose vaccination rates surpassed 90%. This may have con-
tributed to fewer infections and milder disease course in this age
group toward the end of our study period. No children aged 12—15
years of age were fully vaccinated during the study period although
since then around 85% of children >12 years are currently vac-
cinated.

A study reporting a cohort of children from the region
Aragon in Spain shows similar results to ours although hospitali-
zations were more common (0.5%) and 10% of admitted patients
were admitted to intensive care units.??> These differences may
reflect that a larger group of unidentified but infected children
were not included in the Spanish cohort which affects the rates of
hospitalizations. Also, different ethnicity of the cohort could be of
importance.

A US study reported that overall mortality in children admit-
ted to hospital with COVID-19 was around 1% and up to 4% in
children with severe congenital heart disease.® Using these numbers
of mortality on our cohort, where the admission rates of all infected
children are likely to be close to 0.1%, leads to an estimated overall
mortality in the pediatric cohort of around 1/100.000 infected. A
contributing factor is that no child was diagnosed with MIS-C.>**

The role of children in transmission has been debated, and
although most experts agree that school and preschool closures
should be avoided, if possible, many children have suffered from dis-
rupted school activities aimed at halting the spread of the virus. The
benefits of such closures remain unproven. Vaccination programs
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for children 12—17-year-olds have been very successful with low
rates of adverse reaction and effectiveness rates of 92%.% In highly
vaccinated communities, such as Iceland, children younger than 12
years are currently the largest group of unvaccinated individuals.
This might lead to a different role of children in the spread of dis-
ease and younger children may maintain circulation of the virus by
serving as a reservoir.”® The decision, whether to vaccinate younger
children, is however complex and warrants consideration of several
factors as summarized by Zimmerman et al.?’

One of the limitations of our study is that the description and
registration of symptoms are done through telephone consultations
between medical personnel and parents rather than direct clinical
contact and this may cause some inaccuracy. In addition, daily TC
from health care professionals were made to gather information and
give advice. This may well have led to early intervention or advice,
decreasing the risk of further deterioration. This may have reduced
the risk of development of more severe symptoms and almost cer-
tainly reduced the number of children that needed medical care at
the hospital. Also, information on the source of infection was miss-
ing in 157 cases which may influence interpretation of the impor-
tance of the source on population transmission dynamics. The
registration of underlying medical illness was only based on the
discussion with parents and not confirmed by access to the child’s
medical records. In our study, correlation of the viral load (cycle
threshold level) and symptom severity was not studied. It is possi-
ble that some of the asymptomatic children had false positive tests
which would bias the results toward a larger asymptomatic group.
These numbers are however likely to be very small due to high
specificity of the assay used by the national reference laboratory.?®

To conclude, this is a nationwide study on the symptoms
in children with SARS-CoV-2 infection and describes the symp-
toms of all children tested positive through rigorous tracing and
testing. This study helps shed light on the true frequency of com-
plications in pediatric SARS-CoV-2 infections and supports the
observation that COVID-19 disease in children generally causes
nonsevere symptoms and despite around half the cases were dur-
ing a delta variant of SARS-CoV-2, no hospital admissions were
needed although transmission was clearly more potent than in pre-
vious variants.
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