
BRIEF RESEARCH REPORT
published: 05 November 2021

doi: 10.3389/fped.2021.749641

Frontiers in Pediatrics | www.frontiersin.org 1 November 2021 | Volume 9 | Article 749641

Edited by:

Robert Cohen,

Independent Researcher, Paris,

France

Reviewed by:

Rinawati Rohsiswatmo,

RSUPN Dr. Cipto

Mangunkusumo, Indonesia

Isabelle Hau,

Hospital Center Intercommunal De

Créteil, France

*Correspondence:
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Puronaitė R and Jankauskienė A
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The wide spectrum of COVID-19 symptoms complicates the selection of target groups

for screening. We aimed to compare data of children screened for COVID-19 at

the pediatric emergency department in Vilnius between different phases throughout

1 year (Phase I: March–May, 2020; Phase II: June–September, 2020; and Phase

III: October, 2020–February, 2021) and to evaluate the possible predictors of the

disease. SARS-CoV-2 PCR tests were positive for 2.7% of tested children (248/9,238),

significantly higher during the Phase III (5.5%) compared with the Phase I (0.6%,

p = 0.000) and Phase II (0.3%, p = 0.000). Infants and teenagers (12–17 years)

accounted for a larger proportion of COVID-19 patients (24.6 and 26.2%, respectively)

compared to other age groups: 1–2 years (18.9%), 3–6 years (14.9%), and 7–11 years

(15.3%). There were more COVID-19 cases among children with a known SARS-CoV-2

exposure compared to those who did not declare any contact (18.2 vs. 1.1%, p= 0000).

When symptoms were adjusted for age, gender and known exposure to SARS-CoV-2,

we found that fever (OR 2.66; 95% CI 1.89–3.81), pharyngitis (OR 1.35; 95% CI

1.01–1.80), headache (OR 1.81; 95% CI 1.09–2.90), and anosmia/ageusia (OR 6.47;

95% CI 1.61–22.47) were the most significant predictors.

Conclusion: Although high numbers of testing were maintained throughout the

year, the positive test results were significantly higher during the Phase III. Age

(<1 year, 12–17 years), a history of exposure to SARS-CoV-2 and some symptoms, such

as fever, pharyngitis, headache and anosmia/ageusia could aid in targeting groups for

screening for COVID-19 in children.
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INTRODUCTION

The global spread of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection
caused more than 110 million cases with over 2.4 million deaths worldwide between late December
2019 and February 2021 (1). During this approximate one-year period almost two hundred
thousand (200,000) cases of the coronavirus disease 2019 (COVID-19) were diagnosed in Lithuania,
including over fourteen thousand (14,000) children. Vilnius was a leading region in confirmed
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pediatric cases (32.4%, n = 4,643). There were over 3,000
deaths related to COVID-19 among adults and no deaths among
children in Lithuania (2).

In studies performed to date, most children had mild or
moderate disease (3, 4). Some had severe cases, including
fatalities (5, 6). The symptoms of acute COVID-19 infection
usually mimic other childhood illnesses, primarily respiratory
or gastrointestinal infections (7). Pediatric Inflammatory
Multisystem Syndrome (PIMS), following COVID-19, must also
be differentiated from various bacterial and viral infections as
well as Kawasaki disease (8). This lack of specificity of signs or
symptoms makes screening for identification of SARS-CoV-2
infection in children particularly challenging.

Several COVID-19 management strategies were followed
in Lithuania during the year: quarantine (March–May 2020);
eased restrictions (June–September 2020); and, as a more
threatening second wave began (October 2020), a second lock-
down (November 2020–February 2021). The aim of our study
was to compare data of children screened for COVID-19
during this time and to evaluate the possible predictors of
the disease.

MATERIALS AND METHODS

Patients were recruited retrospectively and prospectively
in a single center, the Vilnius University Hospital Santaros
Klinikos, from March 1, 2020 to February 28, 2021. The study
was approved by the Vilnius Regional Biomedical Research
Ethics Committee (No. 2020/8-1269-737). Children were
screened for SARS-CoV-2 according to the recommendations
of the Ministry of Health, which changed several times
according to the epidemiological situation of COVID-19 in
the country.

In Phase I, at the onset of the pandemic, patients were
screened who presented with acute respiratory infection (sudden
onset with at least one of the following: fever, cough, shortness
of breath) and one of the following: travel within 14 days of the
onset of symptoms to areas with presumed ongoing community
transmission of COVID-19 (different countries); close contact
with a confirmed or suspected case of COVID-19 infection;
and no other reason for the onset of symptoms. In addition,
beginning in May, all children were routinely tested for SARS-
CoV-2 before inpatient admission. The same testing strategy was
used in Phases II and III. Beginning in February 2021, testing
was no longer required for patients with previous COVID-
19 infection, confirmed by SARS-CoV-2 PCR or SARS-CoV-2
antigen testing <90 days prior to hospital admission, or for
patients who tested positive for a serological antibody test <60
days before admission.

Patients under 18 years who were tested for COVID-19 at
the pediatric emergency department (PED) were enrolled in
the study. Patients were either symptomatic for COVID-19
or were admitted to the hospital related to chronic diseases.
Nasopharyngeal swabs were taken and real-time reverse-
transcriptase PCR tests were performed for SARS-CoV-2. The
test samples were taken by several trained doctors.

FIGURE 1 | Stratification of enrolled children.

Basic characteristics (age, gender), source of infection,
clinical symptoms, laboratory results and outcome data
(hospitalized/discharged, recovered/deceased) were obtained
from patients electronic medical records. COVID-19 was
diagnosed by a positive PCR test, while other final diagnoses
were taken from routine doctors’ notes without specified criteria.

We stratified the patients into four groups (A–D) according
to known exposure to SARS-CoV-2 and clinical symptoms:
Group A, known exposure with known symptoms; Group B,
known exposure with no known symptoms; Group C, no known
exposure and known symptoms; and Group D, no known
exposure and no known symptoms (Figure 1). We distinguished
three periods of time, based on the number of COVID-19
cases in the community (2): Phase I: quarantine during the first
wave (March–May 2020); Phase II, eased restrictions as cases
decreased (June–September 2020); and Phase III, the second
wave (October 2020–February 2021). We compared data within
these three time periods, analyzed predictors of COVID-19 in
children and the most common diagnoses among symptomatic
patients that can mimic SARS-CoV-2 infection. In addition,
we looked for the possible cases of PIMS and the outcome of
COVID-19.

Statistical analyses were performed with R version 4.1.0.
Categorical data were presented as frequencies and percentages
and analyzed using Pearson’s chi-square or Fisher’s exact test
where appropriate. For continuous data, medians/interquartile
range (IQR) and ranges were calculated. To compare the
proportions of positive test results in the four groups (A, B,
C, D) during our three periods of the COVID-19 pandemic,
a Cochran–Mantel–Haenszel (CMH) test was used. Univariable
andmultivariable logistic regressionmodels were used to identify
symptoms associated with positive SARS-CoV-2 test results.
Univariable logistic regression analyses were first performed
for all independent variables, with positive SARS-CoV-2 tests.

Frontiers in Pediatrics | www.frontiersin.org 2 November 2021 | Volume 9 | Article 749641

https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles
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FIGURE 2 | Distribution of SARS-CoV-2-positive and SARS-CoV-2-negative cases on a monthly basis.

Multivariable logistic regression models were constructed for
all independent variables, adjusted for age, gender and known
exposure to SARS-CoV-2. Both crude and adjusted odds ratios
with 95% confidence intervals were calculated when fitting
the logistic regression model. A p < 0.05 considered as
statistically significant.

RESULTS

During the first year of the COVID-19 pandemic in Lithuania,
9,238 children were screened for SARS-CoV-2 at the pediatric
emergency department in Vilnius. The median age of those who
were tested was 4.0 years (IQR 1.0–10.0, range 0–17 years).
The gender ratio was 1.14 males to females. SARS-CoV-2 PCR
tests were positive for 2.7% of children (248/9,238). There were
significantly more COVID-19 cases during the Phase III (5.5%,
228/4,125) compared with Phase I (0.6%, 8/1,348; p= 0.000) and
Phase II (0.3%, 12/3,765; p = 0.000). Distribution of SARS-CoV-
2-positive and SARS-CoV-two-negative cases on a monthly basis
is shown in Figure 2.

There were no significant gender differences: 2.8% of girls
(120/4,316) and 2.6% of boys (128/4,922) had positive PCR test
results. The median age of SARS-CoV-2-positive patients was
4.0 years (IQR 1.0–12.0, range 0–17 years). Infants (<1 year)
and teenagers (12–17 years) accounted for a larger proportion of
COVID-19 patients (24.6 and 26.2%, respectively) compared to
other age groups: 1–2 years (18.9%, p= 0.000 and p= 0.001), 3–
6 years (14.9%, p = 0.000 and p = 0.000) and 7–11 years (15.3%,
p= 0.002 and p= 0.037).

There were more COVID-19 cases among children with a
known COVID-19 exposure compared to those who did not

declare any contact (18.2%, 152/835 vs. 1.1%, 96/8,403, p= 0000).
Similarly, there were more COVID-19 cases among symptomatic
children compared to those who were asymptomatic (3.7%,
209/5,268 vs. 1%, 39/3,970, p= 0000).

The most common symptoms of COVID-19 patients
were fever (80.6%, 200/248), pharyngitis (58.1%, 144/248),
cough (27%, 67/248) and rhinorrhoea (21.8%, 54/248).
Shortness of breath and anosmia/ageusia were rare, 4%
(10/248) and 2% (5/248), respectively. Gastrointestinal
symptoms were seen for 13% of COVID-19 patients:
vomiting (12.9%, 32/248), abdominal pain (13.3%, 33/248)
and diarrhea (8.9%, 22/248). Other symptoms included headache
(10.1%, 25/248), weakness/fatigue (5.2%, 13/248), rash (3.6%,
9/248), myalgia (0.8%, 2/248) and seizures (0.4%, 1/248). A
significant proportion of COVID-19 patients (15.8% (39/248))
were asymptomatic.

Most of the tested children (90.9%) fell into groups C and
D (49.1 and 41.8%, respectively). The largest groups contained
the smallest number of COVID-19-positive cases (1.5%, 69/4,542
in Group C and 0.7%, 27/3,861 in Group D). There were
significantly more COVID-19-positive patients in groups A and
B (19.3%, 140/726 and 11.0%, 12/109, respectively), compared
to groups C and D (p=0.000). Moreover, group A contained
significantly more COVID-19 cases than group B (p= 0.037).

Characteristics of SARS-CoV-2-positive subjects during
Phases I–III are shown in Table 1. There were more COVID-19
children with a known contact during Phases I and II compared
with Phases III (p = 0.034). No significant differences between
periods were found when the patients were compared by gender,
age groups or known COVID-19 symptoms. The distribution
of groups A–D among all tested children during the different
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TABLE 1 | Comparison of SARS-CoV-2 positive subjects in Phases I–III.

Characteristics Phase I, n = 8 Phase II, n = 12 Phase III, n = 228 Total, n = 248

(2020.03–2020.05) (2020.06–2020.09) (2020.10–2021.02) (2020.03–2021.02)

Male 3 (37.5) 8 (66.7) 117 (51.3) 128 (51.6)

Female 5 (62.5) 4 (33.3) 111 (48.7) 120 (48.4)

Median age (IQR) 4.0 (0.5–11,25) 11.0 (3.0–16.0) 3.0 (0.25–12.0) 4.0 (1.0–12.0)

<1 year 2 (25) 2 (16.7) 57 (25) 61 (24.6)

1–2 years 1 (12.5) 0 (0) 46 (20.2) 47 (19)

3–6 years 2 (25) 2 (16.7) 33 (14.5) 37 (14.9)

7–11 years 1 (12.5) 3 (25) 34 (14.9) 38 (15.3)

12–17 years 2 (25) 5 (41.7) 58 (25.4) 65 (26.2)

With known exposure* 8 (100) 9 (75) 135 (59.2) 152 (61.3)

Without known exposure 0 (0) 3 (25) 93 (40.8) 96 (38.7)

With known COVID-19 symptoms** 7 (87.5) 7 (58.3) 195 (85.5) 209 (84.3)

Without known COVID-19 symptoms 1 (12.5) 5 (41.7) 33 (14.5) 39 (15.7)

*A history of traveling to affected areas during the last 2 weeks or a close contact with a confirmed or probable COVID-19 case in the last 14 days.

**A sudden onset of at least one of the following: cough, fever, shortness of breath.

periods looks similar, while distribution among COVID-19-
positive patients is different (p< 0.001). In Phase I, all COVID-19
patients except one were in group A. During Phases II and III,
COVID-19 patients were found in all four groups, with a
predominance in group A. There were more COVID-19 patients
from the group B during Phase II and more COVID-19 patients
from group C during Phase III (Supplementary Figure 1).

Univariable logistic regression analyses showed that age (<1
year), known exposure to SARS-CoV-2, fever, cough, rhinorrhea,
pharyngitis, headache, weakness/fatigue, anosmia/ageusia were
associated with a positive SARS-CoV-2 test. When symptoms
were adjusted for age, gender and known exposure to
SARS-CoV-2, we found that fever, pharyngitis, headache
and anosmia/ageusia were the most significant predictors
(Table 2).

Upper respiratory tract infection was diagnosed for 16.3%
(858/5,268) of symptomatic children; lower respiratory tract
infection for 3.9% (204/5,268); infectious gastroenteritis and/or
colitis for 9.6% (702/5,268); unspecified viral infection for 15.5%
(814/5,268); unspecified bacterial infection for 3.1% (162/5,268)
cases. The comparison of the most common diagnoses during
different periods is shown in Supplementary Figure 2. During
Phase I, a majority (80%, 348/433) of children with known
COVID-19 symptoms were also tested for influenza A and B
viruses. Eight children were diagnosed with flu: four children
with influenza A, the other four with influenza B. Each of these
had a negative SARS-CoV-2 PCR test. During Phases II and
III, 48 and 39 children were tested, respectively, and none were
diagnosed with influenza A or B. PIMS was diagnosed in six
tested children, all during Phase III. Only one patient with PIMS
was SARS-CoV-2-positive.

COVID-19 disease was mild to moderate (34.3%, 85/248,
and 72.9%, 156/248, respectively). Only 7 cases (0.9%)
were severe. About one-third of COVID-19 patients were
hospitalized (31%, 77/248). All COVID-19 patients recovered.
No patients died.

DISCUSSION

Our study is one of the few that compares COVID-19 data in
children during different phases of a pandemic. We tested almost
10,000 children of different age groups during a one-year period
at the hospital emergency department. This was possible because
of Lithuania’s extensive country-wide testing program. Although
high numbers of testing were maintained throughout the year
and the distribution of A–D groups among all tested children was
similar, positive test results were significantly higher in Phase III.
Similarly, cases of COVID-19 in children increased throughout
the country, beginning with 56 and 288 cases during Phases I and
II, with a sudden increase to fourteen thousand three (14,003)
cases in Phase III. Children accounted for 3.5, 8.7, and 7.2% of
all COVID-19 cases in Lithuania in Phases I–III, respectively (2).
The numbers of COVID-19-positive children are increasing both
in European countries (9) and the USA. The latter has seen an
increase in lab-confirmed COVID-19 cases in children from 1.7%
in February–April, 2020 to 13.1% in February, 2021 (5, 10).

Our early low numbersmay have resulted from low circulation
of COVID-19 in Lithuania (2) due to the major social contact
restrictions imposed, the first lockdown in the country. Despite
the restrictions being eased in Phase II, the amount of testing
doubled in the hospital and the number of confirmed COVID-
19 cases was minimal. One possible explanation is that this
was due to the warm weather season, as most studies show
an inverse relationship between outdoor temperature and the
transmission of SARS-CoV-2 (11). The second quarantine that
began in November was not as restrictive as the first. Day care
centers were open, the circulation of COVID-19 wasmuch higher
in the country (2) and there were more COVID-19 cases among
children tested at the ED.

Infants (<1 year) and teenagers (12–17 years) accounted
for a larger proportion of COVID-19 patients in our study.
According to CDC, COVID-19 incidence among adolescents
aged 12–17 years was ∼ twice that in children aged 5–11
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TABLE 2 | Predictors of positive SARS-CoV-2 test results.

Characteristic Unadjusted Adjusted*

OR OR 95% CI p-value OR OR 95% CI p-value

Gender (Ref. female)

Male 0.93 0.73–1.20 0.594 - - -

Age group (Ref. < 1 year)

1–2 years 0.44 0.29–0.64 <0.001 - - -

3–6 years 0.40 0.26–0.60 <0.001 - - -

7–11 years 0.53 0.35–0.80 0.003 - - -

12–17 years 0.82 0.82–1.18 0.280 - - -

Known exposure to SARS-CoV-2 (Ref. no)

Yes 19.26 14.77–25.22 <0.001 - - -

Fever > 37.3◦C (Ref. no)

Yes 3.63 2.67–5.05 <0.001 2.66 1.89–3.81 <0.001

Cough (Ref. no)

Yes 2.81 2.09–3.72 <0.001 1.36 0.97–1.87 0.067

Shortness of breath (Ref. no)

Yes 1.27 0.62–2.29 0.467 0.92 0.44–1.76 0.823

Rhinorrhoea (Ref. no)

Yes 2.02 1.47–2.73 <0.001 1.05 0.73–1.48 0.787

Pharyngitis (sore throat/ pharyngeal erythema; Ref. no)

Yes 2.01 1.56–2.61 <0.001 1.35 1.01–1.80 0.046

Gastrointestinal symptoms (Ref. no)

Yes 1.08 0.807–1.42 0.613 0.96 0.73–1.25 0.789

Rash (Ref. no)

Yes 0.63 0.30–1.16 0.176 0.69 0.32–1.31 0.292

Headache (Ref. no)

Yes 2.34 1.49–3.51 <0.001 1.81 1.09–2.90 0.018

Myalgia (Ref. no)

Yes 2.21 0.36–7.31 0.279 1.17 0.17–4.82 0.846

Weakness/Fatigue (Ref. no)

Yes 2.16 1.16–3.69 0.008 1.38 0.69–2.54 0.331

Anosmia/ageusia (Ref. no)

Yes 13.19 4.24–34.8 <0.001 6.47 1.61–22.47 0.005

Seizures (Ref. no)

Yes 0.20 0.01–0.89 0.107 0.24 0.01–1.13 0.162

*Adjusted by age, gender, known exposure to SARS-CoV-2.

years (12). A review of household and community transmission
showed that susceptibility to infection for children younger
than 10 years is estimated to be significantly lower (13). In a
multicenter European study, in which our hospital also took
part in April 2020, about two-thirds of laboratory-confirmed
SARS-CoV-2 patients were among participants younger than
12 months (29%) and older than 10 years (34%; up to 18
years) (3). Another multicenter Italian study found that hospital
admission was inversely related to age among infected children
(14). Thus, in the studies like ours where data are captured from
children who were seen or managed within the hospital setting,
adolescents, and infants seem more vulnerable to COVID-19
infection compared to other age groups. This could be explained
by adolescents having more contacts because of their higher
socialization rate, while the high rate among infants could be

explained by the tendency of parents of infants to promptly
seek medical attention for their children even when symptoms
are mild.

Patient history of exposure to SARS-CoV-2 is of great
importance. A high difference in COVID-19 cases was found
among children with a known COVID-19 exposure compared
to those who had no known contact (18.2 vs. 1.1%). This
difference was significantly greater than the difference between
symptomatic and asymptomatic children (3.7 vs. 1%). At the
start of the pandemic all COVID-19 cases had a contact with
a confirmed COVID-19 family member. Later, as the number
of cases increased, it became difficult to identify all known
contacts and a large proportion of COVID-19 patients (40.8%)
had no known any contact in Phase III. This makes screening
and identifying target groups difficult. For this reason, contact
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identification and tracking should remain one of the highest
priorities in COVID-19 pandemic control.

As the majority (91%) of tested children were without known
exposure to SARS-CoV-2, it was important to search for other
predictors of positive SARS-CoV-2 test results. We observed a
wide range of non-specific symptoms at presentation.Most of our
COVID-19 patients (84.3%) had at least one of the symptoms,
included in ECDC clinical criteria: fever, cough, shortness of
breath or anosmia/ageusia (15). When symptoms were adjusted
for age, gender and known exposure to SARS-CoV-2, we found
that fever, pharyngitis, headache and anosmia/ageusia were the
most significant predictors. All of these symptoms have been
reported in other countries with fever and cough being the
most predominant (4, 16). Different than other studies, we
found sore throat and headache but not cough as predictors,
however clinical significance of an odds ratio for pharyngitis
is weak. The ability to elicit symptoms is naturally limited in
pediatric medicine, especially among infants and young children.
The absence of specific symptoms complicates the selection of
target groups for screening. Routine testing for SARS-CoV-2 is
therefore important due to the difficulty in diagnosing COVID-
19 in children based only on their symptoms. Moreover, some
children present without any symptoms (11, 15). The apparent
need to test children without known COVID-19 symptoms must
be evaluated in the light of cost-effectiveness.

Our data for COVID-19 patients during Phases I and II should
be analyzed with caution because of low number of cases, 8,
and 12, respectively. During Phase III, when we had a higher
number (n = 228) of SARS-CoV-2 positive patients, 14.5% were
asymptomatic. This finding is consistent with other studies, in
which 16–26% of children with COVID-19 were asymptomatic
(4, 16). It is possible that widespread screening would reveal a
higher percentage of COVID-19-positive children among those
who are asymptomatic. We also confirm findings from previous
studies (3, 4, 16–18) that the majority of COVID-19 cases in
children is mild or moderate, without lethal outcome.

The most common diagnoses among symptomatic patients
that can mimic SARS-CoV-2 were upper respiratory tract
infections, infectious gastroenteritis or colitis and other viral
infections. During Phase I, a majority (80%) of children with
known COVID-19 symptoms were also tested for influenza A
and B viruses with only eight cases (2%) diagnosed with flu.
During Phase III we found no cases of flu. This could be due to
a small number of children tested, however, nation-wide there
were 53 times fewer cases of flu (n = 302) compared with the
2019–2020 flu season (n= 16 218) and 164 times fewer compared
with the 2018–2019 flu season (n = 49 677) (19). The last
flu season (2020 autumn/2021 spring) throughout Europe was
most unusual because of inexplicably low numbers of flu cases
comparing with the previous years (20).

The strength of our study is in the high number of children
of various ages tested for COVID-19 with epidemiological and
clinical data over the course of a year over different periods of
time. However, there are limitations. The information presented
in our study is taken from hospital-standardized electronic
admission records, not tailored specifically. Thus, the data may

be subject to inaccuracies and incomplete reporting, as the
entries were made by many specialists. In addition, the statistical
comparison between the periods was limited due to the low
number of positive COVID-19 cases at the onset of the pandemic,
but this just reflects the real epidemiological situation and
emphasizes the differences.

Finally, we conclude that screening for COVID-19 in children
is exceptionally challenging due to the diverse and non-specific
symptoms of infection they present. Age (<1 year, 12–17 years),
a history of exposure to SARS-CoV-2 and certain symptoms,
such as fever, pharyngitis, headache and anosmia/ageusia could
help to select the target groups for screening for COVID-19
in children.
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