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Abstract

Screening for COVID-19 is based on clinical and epidemiological factors. Children infected with SARS-CoV-2 may
have a few or many non-specific symptoms or may be asymptomatic. The aim of this study was to analyze clinical
features and exposure to SARS-CoV-2 characteristics of children screened for COVID-19 at the pediatric emergency
department in Vilnius during the first 3 months (March—May) of the COVID-19 pandemic in Lithuania. SARS-CoV-2
PCR was positive for 0.6% (8/1348) of all screened children and for 0.9% (7/811) of symptomatic patients, more among
children with fever and cough (2.6%, 4/154). There were also COVID-19 cases among children without cough but with
other respiratory symptoms (0.5%, 2/409) or gastrointestinal symptoms (1.2%, 3/257). Only one child with positive
SARS-CoV-2 did not meet COVID-19 clinical criteria—he presented with vomiting and dehydration only. All COVID-
19 cases (n = 8) had a contact with a confirmed COVID-19 family member. There were no COVID-19 cases among
children without known exposure to SARS-CoV-2 or among asymptomatic children.

Conclusion: Screening for COVID-19 in children is exceptionally challenging due to the diverse and non-specific
symptoms of infection they present. Testing strategies should not only focus on the typical COVID-19 symptoms of
fever or cough, but also include other symptoms, especially gastrointestinal symptoms, which are also important. The
greatest attention should be paid to known exposure to SARS-CoV-2, especially in family clusters. Screening of
asymptomatic children with no known exposure should be weighed for medical necessity and cost-effectiveness.

What is Known:

* Diagnosis of COVID-19 in children is challenging because the disease does not always manifest with typical symptoms.

What is New:

* Children in our study who did not have symptoms of acute infection and contact with another person infected with COVID-19 were not diagnosed with
COVID-19, so the benefit of PCR testing is questionable. Such testing may only be useful for infection control purposes, and to limit intra-hospital
transmission.
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Abbreviations

COVID-19 Coronavirus disease 2019

PCR Polymerase chain reaction

PED Pediatric emergency department

SARS-CoV-2 Severe acute respiratory syndrome
coronavirus 2

WHO World Health Organization

Introduction

Since initially identified in Wuhan, China, in December 2019,
coronavirus disease 2019 (COVID-19), which is caused by
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), has rapidly spread all around the world and was de-
clared a worldwide pandemic by WHO in March 2020 [1].
More than 8 million people were confirmed to have COVID-
19 and over 400,000 people have died from the novel corona-
virus in less than 6 months [2].

Lithuania was also affected by this global virus spread. On
February 28, the first case of COVID-19 was confirmed in a
woman who arrived from Italy. On March 18, the first case of
local transmission of the virus was confirmed. During three
spring months, there were 1670 cases diagnosed with
COVID-19, including 53 children. There were 70 deaths re-
ported among adults and no deaths among children. Vilnius
was a leading city in Lithuania’s confirmed cases [3].

Screening for COVID-19 is based on clinical and epidemi-
ological factors. Children infected with SARS-CoV-2 may
have a few or many non-specific symptoms or may be asymp-
tomatic [4, 5]. Although severe cases of COVID-19, including
fatal cases, have been reported, most children appear to have
mild or moderate disease [4, 6]. The symptoms of acute
COVID-19 infection usually mimic other childhood illnesses,
mostly respiratory or gastrointestinal infections. The lack of
specificity of signs or symptoms makes screening for identi-
fication of SARS-CoV-2 in children particularly challenging.
Our aim was to analyze clinical features and exposure to
SARS-CoV-2 characteristics of children screened for
COVID-19 at the pediatric emergency department in Vilnius.

Materials and methods

For this retrospective, single-center study, patients were re-
cruited from March 1 to May 31, 2020, at Vilnius University
Hospital Santaros Klinikos. 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 epidemio-
logical situation of COVID-19 in the country (Table 1). At the
beginning of March, children with flu-like symptoms were
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initially tested for influenza A and B viruses. If the tests were
positive and children had no known exposure to SARS-CoV-
2, testing for COVID-19 was not performed.

Those patients under 18 years who tested for COVID-19 at
the pediatric emergency department (PED) were enrolled in
the study. Nasopharyngeal swabs were taken and real-time
reverse-transcriptase polymerase chain reaction (PCR) tests
were performed for all enrolled patients. The test samples
were taken by several trained doctors. Children were excluded
if the test was done as a repeat for an already-diagnosed
COVID-19 case.

We stratified the patients into four groups (A—D) according
clinical symptoms and exposure to SARS-CoV-2 (Fig. 1).
Testing of asymptomatic children (group B and D) was per-
formed for epidemiological reasons (to control the spread of
COVID-19 in the hospital as well as in the community).
Testing of symptomatic children (group A and C) was per-
formed for establishing etiology but mainly for epidemiolog-
ical reasons as well. Basic characteristics, source of infection,
clinical signs and symptoms, laboratory results, and outcome
data were obtained from the patients’ electronic medical re-
cords. COVID-19 was diagnosed by a positive PCR while
other final diagnoses (for example, upper respiratory tract in-
fection, and infectious gastroenteritis) were taken from routine
notes without specified criteria.

Statistical analysis

Statistical analyses were performed with IBM SPSS statistical
software version 22. Categorical data were presented as fre-
quencies and percentages, and analyzed using Pearson’s chi-
square or Fisher’s exact test where appropriate. For continu-
ous data, medians/interquartile range (IQR) and ranges were
calculated. Likelihood ratios (LRs) were calculated with 95%
confidence intervals (CIs).

Results

During the first 3 months of the COVID-19 pandemic in
Lithuania, 1348 children were screened for SARS-CoV-2 at
the pediatric emergency department in Vilnius. The median
age of the tested patients was 4.0 years (IQR 1.3—10.5, range
0-17 years). The sex ratio was 1.24 males to every female.
SARS-CoV-2 PCR tests were positive for 0.6% of children
(8/1348): 0.8% of girls (5/603) and 0.4% of boys (3/745). The
median age of the SARS-CoV-2 positive patients was 4.5
years (IQR 1.0-11.8, range 0—12 years). COVID-19 was di-
agnosed for 0.8% of tested infants (2/267), 0.3% of toddlers
(1/320), 1.0% of preschool-age children (2/200), and 0.5% of
school-aged children (3/561).
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Table 1 COVID-19 testing
strategy during March-May 2020 Date

Daily new confirmed

Testing strategy in Lithuania

COVID-19 cases in

Lithuania®
Early March <10
Early April 10-90
Early May 3-35

Patients with acute respiratory infection (sudden onset with
at least one of the following: fever, cough, shortness of
breath)

And one of the following:

- During the 14 days prior to onset of symptoms were
traveling to areas with presumed ongoing community
transmission of COVID-19 (China, North Italy, Hong
Kong, Japan, Iran, South Korea, Singapore)

- Were in close contact with a confirmed or suspected case
of COVID-19 infection.

Patients with acute respiratory infection (sudden onset with
at least one of the following: fever, cough, shortness of
breath)

And one of the following:

- During the 14 days prior to onset of symptoms were
traveling to areas with presumed ongoing community
transmission of COVID-19 (different countries)

- Were in close contact with a confirmed or suspected case
of COVID-19 infection

- No other reasons of onset symptoms

Any child who came with fever to pediatric emergency
department

As above
Additional:

- Any child requiring hospital admission and his
representative, who stays in the hospital

- Follow-up on confirmed COVID-19 pediatric patients

# Official statistics portal. COVID-19 related population and business statistics, https://osp.stat.gov.lt/en

A majority of COVID-19 cases were diagnosed among
children with known exposure to SARS-CoV-2 and with
known COVID-19 symptoms (group A, Table 2). Only one
child testing positive for SARS-CoV-2 (in group B) did not
meet COVID-19 clinical criteria recommended by European
Centre for Disease Prevention and Control (ECDC)—he pre-
sented with vomiting and dehydration only. There were no
confirmed COVID-19 cases among children without known
exposure to SARS-CoV-2 (groups C and D).

Distribution of groups A—D was calculated on a weekly
basis, as shown in Fig. 2. Over time, total testing volumes
increased significantly with a decrease of COVID-19 positive
patients: during 9-15 calendar weeks five COVID-19 cases
from 292 tested children were found, contrary to 16-22 cal-
endar weeks, when 1056 children were tested and only three
COVID-19 cases were found (p = 0.005). Fewer children with
known exposure to SARS-CoV-2 were tested over time (78 vs
37 in group A and 15 vs 7 in group B during 9-15 vs 16-22
weeks, respectively) with a high increase of tested children
without known exposure to SARS-CoV-2 (155 vs 541 in
group C and 44 vs 471 in group D during 9-15 vs 16-22
weeks, respectively).

More than half of tested patients (811/1348, 60.2%) had
known COVID-19 symptoms: fever (785/811, 96.8%), cough
(178/811, 21.9%), or shortness of breath (16/811, 2.0%).
SARS-CoV-2 PCR was positive for 0.9% (7/811) of symp-
tomatic patients, more among children with fever and cough
(2.6%, 4/154). The symptom that increased the likelihood to
have a positive SARS-CoV-2 PCR the most was cough (pos-
itive LR, 6.1 [95% CI, 1.6-26.0], p = 0.015). Nevertheless,
COVID-19 was diagnosed among children without cough but
with fever and other respiratory symptoms (0.3%, 1/295) or
with fever and gastrointestinal symptoms (0.9%, 2/224).
There were no COVID-19 patients among children with short-
ness of breath (0/23), with the only symptom of fever (0/24) or
among those with cough but without fever (0/17). Only one
child (patient 8, Table 3) with symptoms inconsistent with
COVID-19 clinical criteria had positive SARS-CoV-2 PCR.
There were no COVID-19 cases among asymptomatic
children.

During March and April, a majority of children with
known COVID-19 symptoms were also tested for influenza
A and B viruses: 82% (83/101) and 80% (265/332), respec-
tively. In March, 9.6% (8/83) of tested symptomatic children
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Fig. 1 Stratification of enrolled
children. The single asterisk
indicates a history of travelling to
affected areas during the last 2
weeks or a close contact with a v
conﬁrme.d or probable COVID‘- Exposure 0 SARS-CoV-2*
19 case in the last 14 days, while

the double asterisks mean a

sudden onset of at least one of the

following: cough, fever, shortness Yes (n=137) No (n=1211)
of breath

A4 A4

[ With known COVID-19 symptoms** ] [ With known COVID-19 symptoms** ]

Children tested for COVID-19
(n=1348)

Yes No Yes No
A 4 A 4 A A
Group A Group B Group C Group D
(n=115) (n=22) (n=696) (n=515)

* a history of travelling to affected areas during the last two 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

Table 2 Exposure and clinical characteristics of children in different groups (A-D)

Characteristics Group A Group B Group C Group D
N=115 N=22 N =696 N=515

Median age (IQR) 3.0(1.2-9.2) 6.0 (2.3-10.4) 2.3 (1.0-7.5) 7.4 (2.8-12.7)

Female (no. (%)) 59 (51.3) 7 (31.8) 318 (45.7) 219 (42.5)

Exposure to SARS-CoV-2 (no. (%))

A history of travel in affected areas 34 (29.6) 10 (45.5) - -

Family cluster® 11(9.6) 4(18.2) - -

Contact with other® confirmed case 6(5.2) 14.5) - -

Contact with other® suspected case 64 (55.7) 7(31.8) - -

Signs and symptoms (no. (%))
Fever > 37.3 °C and:

- Cough =+ shortness of breath 57 (49.6) - 107 (15.4) -
- Rhinorrhea + pharyngeal erythema 30 (26.1) - 265 (38.1) -
- Gastrointestinal symptomsd 18 (15.6) - 206 (29.6) -
- Other symptoms® 54.3) - 82 (11.8) -
Only fever > 37.3 °C 1(0.9) - 23(3.3) -
Cough without fever 4 (3.5) - 13 (1.9) -
Positive COVID-19 PCR (no. (%)) 7 (6.1)* 1(4.5) 0* 0*

IOR interquartile range, PCR polymerase chain reaction

#Significant differences were found between group A and group C (p = 0.000) and between group A and group D (p = 0.000)
P A contact with a suspected or confirmed family member

¢ A contact with a suspected or confirmed case, except a family member

4 Gastrointestinal symptoms: vomiting, diarrhea, abdominal pain

¢ Other symptoms: rash, headache, other pain, drowsiness
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Fig. 2 Distribution of A—D
groups on a weekly basis. The

asterisk indicates COVID-19 100
positive cases. Group A, cases

with known exposure to SARS- 90
CoV-2 and with known COVID-

19 symptoms; group B, cases 80

with known exposure to SARS-
CoV-2 but without known
COVID-19 symptoms; group C,
cases without known exposure to
SARS-CoV-2 but with known
COVID-19 symptoms; group D,
cases without known exposure to
SARS-CoV-2 and without known
COVID-19 symptoms
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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. There were no influenza cases in
April and May (Fig. 3). Upper respiratory tract infection was
diagnosed for 14.8% (120/811) of symptomatic children; low-
er respiratory tract infection, 3.9% (32/811); infectious gastro-
enteritis and/or colitis, 9.6% (78/811); unspecified viral infec-
tion, 29.6% (240/811); unspecified bacterial infection, 7.8%
(63/811).

Exposure to SARS-CoV-2 was known for 137 patients
(10.2%). Of these, COVID-19 was diagnosed for 5.8%
(8/137). Household transmission was the main source of ex-
posure, with half of the children (53.3%, 8/15) having a his-
tory of family cluster positive for SARS-CoV-2. A history of
travel in affected areas was not as significant, with only 4.5%
(2/44) of these patients positive for SARS-CoV-2.

All COVID-19 patients had clinical symptoms and
COVID-19 positive family members (Table 3). The disease
was mild to moderate. One boy was hospitalized because of
suspected appendicitis; three children were admitted to the
hospital for few days for observation. None was admitted to
a pediatric intensive care unit. All COVID-19 patients had a
good outcome. None had an underlying disease. No patients
died.

The details of one case are worth noting because it illus-
trates something out of the ordinary. A 4-year-old boy (patient
7) came to the hospital following a 2-day history of fever (up

to 39 °C), abdominal pain, and vomiting. He had no respira-
tory symptoms. Abdominal ultrasound suspected appendicitis
and he underwent an appendectomy. The pathology con-
firmed acute appendicitis. COVID-19 was also diagnosed in
this patient by a SARS-CoV-2 PCR, as his father and grand-
father had confirmed COVID-19.

Discussion

To our knowledge, this is the first reported data on COVID-19
screening among children from Eastern Europe. We tested a
high number of children in different age groups during a short
period of time and found that SARS-CoV-2 PCR testing was
positive for 0.6% of all screened children and for 0.9% of
symptomatic patients, most frequently among children with
fever and cough (2.6%). Other countries reported different
results. During the same period, 367 children were tested for
SARS-CoV-2 at the pediatric emergency unit in Milan. The
testing strategy was very similar and 33 (9%) patients were
diagnosed with COVID-19. Another study included 365 chil-
dren screened for SARS-CoV-2 within 30 hospitals in Madrid
during March with 41 patients (11.2%) having positive PCR
test results. Patients with a significant disease who were ad-
mitted, or likely to be admitted, or patients with signs or symp-
toms compatible with COVID-19 and the risk of complica-
tions due to baseline disease were included [7]. Similarly, a
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Fig. 3 Children tested for
influenza A and B viruses,
March—May 2020 80

70
60

50

Number of cases
.

French prospective study was conducted in April and all hos-
pitalized children (n = 438) were screened for COVID-19.
SARS-CoV-2 PCR was positive for 22 patients (5.0%) [8].
As we have evidence from Kohns Vasconcelos et al. [9] that
testing strategies evolved very similarly across Europe, we can
conclude that the differences between countries and our low
numbers were determined by low circulation of COVID-19 in
Lithuania due to early imposed major social contact restric-
tions during lockdown in the country and not by different
testing methods, strategies, or patient approaches.

Children of all ages can get COVID-19, starting with
neonates [10]. Our youngest patient was 6 months old and
patients distributed in all age groups. 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) [5]. We did not see any age predominance in
affected children, probably due to an overall low number
of COVID-19 positive patients.

During the spring months of 2020, a high number of chil-
dren presented to the PED with symptoms compatible with
COVID-19. This new infection began at the end of the flu
season in our country. At the beginning, a majority of children
who were tested for SARS-CoV-2 were also tested for influ-
enza A and B viruses. Flu was diagnosed only in March.
Meanwhile, there were more COVID-19 cases from mid-
March to mid-April. However, we found only a few cases of
flu among children enrolled in this study. According to our
COVID-19 testing strategy, a majority of influenza cases (n =
84) in March were diagnosed among children with flu-like
symptoms who did not have exposure to SARS-CoV-2; there-
fore, they were tested only for influenza viruses and were not
included in our study. Unfortunately, this limits a comparison
of COVID-19 and flu. We expect the coming season to be a
considerable challenge, when more cases of both infections
are expected at the same time.

mPositive (influenza A or B) @ Negative (both)

20 21 22

12 13 14 15 16 17 18 19
Calendar weeks of 2020 year

The wide spectrum of COVID-19 symptoms complicates
the selection of target groups for screening. We primarily dif-
ferentiated between respiratory and gastrointestinal infections.
We found more positive SARS-CoV-2 PCR results among
children with typical COVID-19 symptoms (fever and cough),
“a discreet respiratory illness cluster,” as described by Swann
et al. [11]. However, there were also COVID-19 cases among
children without cough, but with other respiratory or gastro-
intestinal symptoms. Differently from Swann et al., we had
children only with acute COVID-19 infection and had no
patients with “mucocutaneous inflammation” or “neurological
cluster” [11]. One child did not meet the COVID-19 clinical
criteria recommended by European Centre for Disease
Prevention and Control (ECDC) [12], presenting with
vomiting and dehydration only. Increasingly, data suggest that
gastrointestinal symptoms play an important role in children
[13—15]. In our study, four of eight COVID-19 positive pa-
tients had gastrointestinal symptoms, and three with no respi-
ratory symptoms. Only a few studies have reported SARS-
CoV-2 positive children with gastrointestinal symptoms and
without respiratory symptoms [15, 16]. Our results confirm
that COVID-19 symptoms in children are diverse and non-
specific just like some other viral infections. Fortunately, test-
ing is available for SARS-CoV-2. Otherwise, it would be al-
most impossible to diagnose COVID-19 in children based
only on their symptoms. Confirming causative agent
(SARS-CoV-2) is important for timely implementation of
strict measures (such as self-isolation, contact isolation, and
personal protection equipment for staff) to control the spread
of COVID-19 in the hospital as well as in the community,
especially to more vulnerable groups.

In addition, we reported an unusual case of acute appendi-
citis in a child with COVID-19. Tullie L. et al. reported eight
children with COVID-19 presenting at a single center in the
UK with symptoms of atypical appendicitis (fever, abdominal
pain, diarrhea, and vomiting). All children had imaging
confirming terminal ileitis and no surgical intervention was

@ Springer



2144

Eur J Pediatr (2021) 180:2137-2145

required [13]. In our case, it is hard to tell whether the patient’s
SARS-CoV-2 caused gastrointestinal symptoms or had an
acute appendicitis concomitantly with asymptomatic
COVID-19.

We also found that SARS-CoV-2 PCR results were nega-
tive for all the children who had no symptoms compatible with
COVID-19 infection, otherwise we had no asymptomatic chil-
dren at the start of the pandemic. This raises the question of
cost-effectiveness in the need to test children without symp-
toms and without an epidemiologically significant anamnesis
(a close contact with a confirmed case). However, according
to other studies, 16-26% of children with COVID-19 were
asymptomatic [5, 6]. Our findings may be due to low virus
circulation in the country, as the day care centers and schools
were closed. Besides, our patients without known COVID-19
symptoms were children with cancer or other chronic disease
who were hospitalized to continue the treatment. This group
of patients carefully followed the rules and avoided any con-
tact with sick persons, and this could have contributed to the
results.

In our study, total testing volumes increased significantly
over time with a high increase of tested children without
known exposure to SARS-CoV-2 and we found no COVID-
19 cases in this group (both symptomatic and asymptomatic).
All COVID-19 cases had a contact with a confirmed COVID-
19 family member. Thus, a history of exposure to SARS-
CoV-2, especially in family clusters, is of great importance.
A recent systematic review showed that a secondary attack
ranges from 4.6 to 90.0%, and a meta-analysis indicated the
risk of household transmission to be about 10 times higher
than that from other contacts [17].

Our study is limited in that it is retrospective and conducted
in a single clinical center. However, the strategy of testing was
defined by the Ministry of Health of Lithuania and was similar
in all the settings countrywide. Although a high number of
children were tested for SARS-CoV-2, only a few cases of
COVID-19 were found. Due to the low number of positive
COVID-19 cases, the resulting statistical analysis is limited.
Additionally, it was difficult to identify significant relation-
ships from the data and represent the population.

Conclusion

Screening for COVID-19 in children is exceptionally chal-
lenging due to the diverse and non-specific symptoms of in-
fection they present. Testing strategies should not only focus
on the typical COVID-19 symptoms of fever or cough, but
include other symptoms, especially gastrointestinal symp-
toms, which are also important. Screening of asymptomatic
children should be weighed for medical necessity and cost-
effectiveness. Systemic testing was only useful for limiting
intra-hospital and intra-community transmission. The greatest
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attention should be paid to known exposure to SARS-CoV-2,
especially in family clusters. In order to better understand the
epidemiological situation among children in Lithuania, we
plan to continue the study comparing data during different
pandemic periods.
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