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Abstract

Background This study aimed to reveal the differences between coronavirus disease 2019 (COVID-19) infections and non-
COVID-19 respiratory tract infections in pediatric patients.

Methods Sixty pediatric patients admitted to the hospital between March 11, 2020 and April 15, 2020 with respiratory tract
infections were evaluated retrospectively. Among them, 20 patients with reverse transcription-polymerase chain reaction
(RT-PCR) tests and chest computed tomography (CT) examinations were included in the study. According to the RT-PCR
test results, the patients were divided into the COVID-19 and non-COVID-19 groups. The clinical observations, laboratory
results, and radiological features from the two groups were then compared.

Results According to the RT-PCR test results, 12 patients were assigned to the COVID-19 group and 8 to the non-COVID-19
group. There were no significant differences between the two groups in terms of clinical or laboratory features. In terms of
radiological features, the presence of bronchiectasis and peribronchial thickening was statistically significantly higher in the
non-COVID-19 group (P=0.010 and P=0.010, respectively).

Conclusions In pediatric cases, diagnosing COVID-19 using radiological imaging methods plays an important role in deter-
mining the correct treatment approach by eliminating the possibility of other infections.
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Introduction

Early diagnosis and social isolation both play important
roles in controlling coronavirus disease 19 (COVID-19)
pandemic. For diagnosis, isolating the severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) with a reverse
transcription-polymerase chain reaction (RT-PCR) is the
reference test, and lung involvement and its severity can be
demonstrated with diagnostic imaging [1]. Symptoms in
pediatric cases are non-specific, so other respiratory patho-
gens should be considered in the differential diagnosis [2].
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In cases suspected for COVID-19, isolation of the causative
agent in swab samples is the reference test for diagnosis,
but sampling is not always easy in pediatric cases owing to
technical limitations. Imaging methods are useful for deter-
mining the extent of lung involvement in COVID-19 and
making differential diagnoses possible [1, 2].

The present study aimed to compare the radiological
presentation of lung involvement in COVID-19 and in other
respiratory tract infections in pediatric cases confirmed by
a laboratory test.

Methods
Patients

This retrospective study was conducted at Marmara Univer-
sity Pendik Training and Research Hospital between March
11th and April 15th, 2020. Sixty symptomatic pediatric
cases suspected with COVID-19 infection were included into
the study. After evaluating the clinical and laboratory results,
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imaging methods were used in some cases in case of clinical
necessity. If radiological imaging was performed in pediatric
cases, a posteroanterior (PA) chest radiograph (CXR) was
preferred first. If this radiograph is not adequate for diag-
nosis, patients with at least one of the Ministry of Health’s
imaging criteria (fever >38 °C, respiratory rate > 22/min,
saturation of peripheral oxygen (SpO,) <93% or severe res-
piratory distress) underwent low-dose chest CT scan [3].
Of the 60 patients admitted to the hospital with symp-
toms of an upper respiratory tract infection, 20 patients with
an RT-PCR test for COVID-19, respiratory panel for non-
COVID-19 upper respiratory tract infections, and chest CT
examination were included in the final analysis. In this study,
RT-PCR tests for COVID-19 and respiratory panel tests for
non-COVID-19 upper respiratory tract infections were given
to all cases. In order to increase the test accuracy rate in the
pediatric group, the COVID-19 RT-PCR test was repeated
three times; and the cases with at least one positive test were
considered COVID-19 positive. According to the test results,
the cases were divided into two groups: an RT-PCR test pos-
itive infection group (referred to as the COVID-19 group)
and an RT-PCR test negative non-infection group (referred
to as the non-COVID-19 group). In the non-COVID-19
group, the infectious agent was determined by performing
an in-group analysis. This study was approved by the local
ethical committee of the hospital (protocol no: 09.2020.565).

Image acquisition

The possible effects of radiation exposure on the children
were explained in detail and written consent was obtained
from their legal guardians. All patients underwent high-
resolution low-dose chest CT examinations using a 128-
CT scanner (Ingenuity Core 128, Philips Healthcare) with
exposure parameters of 80-100 kV and 50 mAs, without
the use of contrast media. The area between the lung apex
and the diaphragm was scanned in the axial plane, in the
supine position with free breathing. The resulting images
were reconstructed with 1.5 mm and 4 mm collimation.

CT image analysis

The images were evaluated without knowledge of the
clinical and laboratory results at a workstation (INFINITT
Healthcare Co., Ltd.) by two radiologists with three and four
years of experience and by a senior radiologist with 20 years
of pediatric radiology experience. The number, localization,
distribution, and appearance of lesions were noted by con-
sensus, along with any other parenchymal and extrapulmo-
nary findings. All chest CT images were classified as typical,
indeterminate, atypical, or negative for COVID-19 pneu-
monia according to Radiological Society of North America
(RSNA) classification [4].
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Statistical analysis

Descriptive analysis was used to define the characteristics
of patients. Continuous random variables were expressed
as mean =+ standard deviation and categorical variables
were expressed as percentages. Two discrete random vari-
ables were compared using the chi-square test or Fisher’s
exact test. Continuous variables were compared with the
Mann—Whitney U test. P values of < 0.05 were considered
statistically significant. SPSS software (version 17, IBM
Corporation) was used for the statistical analysis.

Results
Patients’ clinical data

Six of the 20 patients included in the study were followed
up due to a history of previous diseases [neuroblastoma
(1), medulloblastoma (2), ataxia-telangiectasia (2), Down
syndrome (1)]. Twelve of the 20 patients included in the
study had a positive RT-PCR test for COVID-19, while
eight patients had negative results. Viral or bacterial
factors were confirmed by laboratory tests in the eight
patients without COVID-19. Epstein—Bar virus (EBV) was
indicated as a factor in one patient (12.5%), Methicillin-
resistant Staphylococcus aureus (MRSA) in one patient
(12.5%), rhinovirus/enterovirus in one (12.5%), respira-
tory syncytial virus (RSV) in two (25.0%), Acinetobacter
baumannii and Pseudomonas aeruginosa in one (12.5%),
and influenza type B in two (25.0%).

The COVID-19 group included 12 pediatric
patients aged between two and 17 years (mean =+ SD,
11.9 +5.8 years), and the non-COVID-19 group included
eight pediatric patients aged between one and nine years
(mean + SD, 4.2 +2.9 years) (P=0.016). There were
seven males and five females in the COVID-19 group,
and four males and four females in the non-COVID-19
group (P =0.535). The demographic data and clini-
cal and laboratory results for the patients are shown in
Table 1.

On admission, 33.3% (4/12) of the COVID-19 group
had a fever, 91.7% (11/12) had a dry cough, and 58.3%
(7/12) had dyspnea. In the non-COVID-19 group, 75.0%
(6/8) had a fever, 75.0% (6/8) had a dry cough, and 62.5%
(5/8) had dyspnea. There was no significant difference
in the symptoms of fever, dry cough, and dyspnea from
the symptoms on admission of the patients in these two
groups (P=0.085, P=0.344, and P=0.612, respectively)
(Table 1).

No significant difference was found between the white
blood cell (WBC), lymphocyte, and C-reactive protein
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Table 1 Demographic, clinical and laboratory data in cases Table 2 Radiological findings in cases
Variables COVID-19 (n=12) Non- P CT feature analysis COVID-19 Non- P
COVID-19 (n="T) COVID-19
(n=38) (n=5)
Patient demographics Lung involvement
Age (mean + SD) 11.9+5.8 42429 0.016 Unilateral 2 (28.6%) 0 (0%) 0.318
Gender (M/F) 715 4/4 0.535 Bilateral 5 (71.4%) 5 (100%)
Clinic findings Lung involvement
Fever (>37.3°C) 4 (33.3%) 6 (75.0%) 0.085 Upper 4 (57.1%) 3(60.0%)  0.689
Dry cough 11 (91.7%) 6 (75.0%) 0.344 Middle 3 (42.9%) 4(80.0%)  0.247
Dyspnea 7 (58.3%) 5(62.5%) 0.612 Lower 5(71.4%) 5 (100%) 0.318
Laboratory tests Distribution of lesions
White blood Cell (normal range: 4-10x 10*/uL) Peripheral and central 2 (28.6%) 3 (60%) 0.311
Low 3 (25%) 0 (0%) 0.428 Peripheral 5 (71.4%) 2 (40%)
Normal 7 (58.3%) 6 (75.0%) Appearance of lesions
High 2 (16.7%) 2 (25.0%) Ground glass opacity (GGO) 4 (57.1%) 5 (100%) 0.159
Lymphocyte (normal range: 1-4 X 10*/mm?) Consolidation 3 (42.9%) 4 (80.0%)  0.247
Low 2 (16.7%) 2 (25.0%) 1.000 CT parenchymal findings
Normal 9 (75.0%) 5 (62.5%) Vascular enlargement 0 (0%) 0 (0%) -
High 1(8.3%) 1(12.5%) Reticular pattern 1 (14.3%) 1 (20.0%) 0.682
CRP (normal range: 0.00-0.50 mg/L) Bronchiectasis 0 (0%) 4 (80%) 0.01
Normal 3(25%) 2 (25%) 0.704 Bronchial wall thickening 0(0%) 4 (80%) 0.01
High 9 (75%) 6 (75%) Subpleural curvilinear lines 0 (0%) 0 (0%) -
SD standard deviation, M/F male/female, CRP C-reactive protein Air bronchogram 2(28.6%) 3 (60.0%) 0311
’ ’ Fibrous band 4 (57.1%) 3 (60.0%) 0.689
Crazy-paving pattern 2 (28.6%) 0 (0%) 0.318
Halo sign 3 (42.9%) 0 (0%) 0.159
(CRP) values of .the two groups (P=0.428, P=1.00, Reversed halo sign 0.(0%) 0 (0%) B
P=0.704, respectively) (Table 1). Cavitation 0 (0%) 0 (0%) B
.. Tree-in-budd 0 (0%) 2 (40.0%) 0.152
CT characteristics Air bubble sign 0 (0%) 120.0%) 0417
) o . Nodules 3 (42.9%) 1(200%) 0424
According to the RSNA cla551ﬁcat10n, three cases (25.0%) I g rapulmonary manifestation
the COVID-19 group were typlc.al, four F33.3%) were atypi- Pleural thickening 0. (0%) 1200%) 0417
cal, and five (4'1 .7%? were negative. No indeterminate cases Lymphadenopathy 0.(0%) 0. (0%) _
were detected in this group. In the non-COVID-19 group, Pleural effusion 0(0%) 2(400%) 0152
one case (12.5%) was typical, foqr ('50.0%) were atypical, RSNA classification
and three (37.5%) We.re nejgative. Similarly, no indeterminate 1: Typical 3 (25%) 1(12.5%)  0.851
cases were detected in this group (P=0.851). 2: Indeterminate 0 (0%) 0 (0%)
.We performed a subgroup analysis of seven patients 3: Atypical 4(333%) 4(50%)
with laboratory-confirmed COVID-19 and an abnormal 4: Negative 5(41.7%) 3 (37.5%)

chest CT and five patients in the non-COVID-19 group
who had an abnormal chest CT. The CT results from the
COVID-19 and non-COVID-19 subgroups are shown in
Table 2. Five (71.4%) of the COVID-19 cases had bilat-
eral lung involvement and two (28.6%) had unilateral
lung involvement. The lesions were distributed in the
lower zone in five patients (71.4%), in the upper zone in
four (57.1%), and in the middle zone in three (42.9%). In
five patients (71.4%), the lesions were located peripher-
ally, and in two (28.6%) they were located both periph-
erally and centrally. Ground-glass opacities (GGO) and
fibrous band formations were seen in four cases (57.1%),

CT computed tomography, RSNA Radiological Society of North
America

consolidations, halo signs, and nodules in three (42.9%),
and crazy-paving patterns and air bronchograms in two
(28.6%). A reticular pattern was observed in one case
(14.3%). Evaluation of the CT results showed none of the
following parenchymal findings: vascular thickening, air
bubble sign, inverse halo sign, mediastinal lymphadenopa-
thy, pericardial effusion, pleural thickening and effusion,
emphysema, bronchiectasis and peribronchial thickening,
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Fig.1 An eight-year-old laboratory-confirmed male COVID-19
patient presented with cough and respiratory distress upon admission.
The chest CT obtained on the second day of symptoms shows con-
solidation accompanied by peripheral weighted ground glass opaci-
ties bilaterally

Fig.2. A 16-month-old laboratory-confirmed male COVID-19
patient was admitted to hospital with fever and cough. The chest CT
images obtained on the first day of symptoms showed the presence of
consolidation and ground glass opacities bilaterally in the lower lobes

tree-in-bud, cavitation, subpleural curvilinear lines. Chest
CT findings of two COVID-19 cases are shown in Figs. 1,
2.

The subgroup analysis showed that bilateral lung involve-
ment was present in all five non-COVID-19 cases (100%),
and none had unilateral involvement. Regarding distribution
of the lesions, the lower zone was involved in five cases
(100%), the upper zone in three (60.0%), and the middle
zone in four (80.0%). Lesions were located peripherally in
two of the cases (40%) and both peripherally and centrally
in three of the cases (60%). GGO were found in five cases
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(100%), consolidation in four (80.0%), reticular patterns,
pleural thickening, the air bubble sign, and a nodule in one
(20.0%), air bronchogram and fibrous band formation in
three (60.0%), bronchiectasis and peribronchial thickening in
four (80%), and pleural effusion in two (40.0%). The evalu-
ation of the CT parenchymal findings showed that vascular
thickening, the halo and reverse halo signs, mediastinal lym-
phadenopathy, pericardial effusion, emphysema, cavitation,
and subpleural curvilinear streaking were not detected in
any of the cases. Chest CT of a non-COVID-19 patient is
shown in Fig. 3.

Bronchiectasis and peribronchial thickening were statisti-
cally different between the COVID-19 and non-COVID-19
groups (P=0.010 and P=0.010, respectively), although no
statistically significant differences were found between the
other results (Table 2).

Discussion

Although chest CT imaging plays an important role in the
evaluation of pediatric COVID-19 patients, there is limited
information regarding the results. Because results of clinical
and laboratory tests for COVID-19 are non-specific, imag-
ing modalities significantly improve the diagnostic process.
When deciding to use radiological imaging in pediatric
patients with suspected COVID-19, the sensitivity and spec-
ificity of the examinations, precision and availability of RT-
PCR tests, radiation dose, and clinical/laboratory findings

Fig.3 A five-month-old male patient was admitted to hospital with
cough and respiratory distress. Widespread bronchiectasis, peribron-
chial thickening, and nodular ground glass opacities were observed
bilaterally. COVID-19 was excluded with three negative RT-PCR test
and respiratory panel tests confirmed the respiratory syncytial virus
(RSV)
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should be evaluated together [5]. This study evaluated pedi-
atric patients with suspected COVID-19 who had clinical
tests and CT imaging at the time of their initial admission
to hospital.

The results showed no significant difference in symptoms
on admission between the COVID-19 case group, which was
positive for the SARS-CoV2 by RT-PCR test, and the non-
COVID-19 case group, which was negative for the SARS-
CoV2 by RT-PCR test. In addition, there was no significant
difference between the two groups in terms of the measured
laboratory parameters, such as WBC, lymphocyte count, and
CRP. These results showed the similarities between the two
groups in terms of clinical and laboratory results and indi-
cate that isolation of the agent and imaging is necessary for
differential diagnosis.

This study found that, from the CT images, the most
common abnormalities from seven pediatric patients with
positive COVID-19 RT-PCR tests and with abnormal chest
CT scans were GGO and/or consolidative opacities bilater-
ally and peripherally in the lower lobes. This was similar
to the results of other studies [2, 6]. The “halo sign” (GGO
surrounding focal consolidation) was seen in three (42.9%)
of the COVID-19 positive pediatric patients. In a previous
study, Xia et al. found this abnormality in 50% of patients,
describing it as an early CT finding in pediatric patients [2].
In the present study, the halo sign was seen in patients in
the early stages of COVID-19 infection (the first 4 days),
although it was not seen in any of the patients in the non-
COVID-19 group. However, no significant difference was
found between the two groups in terms of the presence of the
halo sign. We suggest that the presence of this sign could be
studied further in larger patient groups (taking into account
clinical considerations) and that more evaluations could be
made.

SARS-CoV-2 uses an angiotensin-converting enzyme-2
(ACE2) cell receptor when entering human cells [7]. This
new virus primarily damages the lung interstitium and sub-
sequently causes parenchymal changes [8]. This study found
that there was a significant difference between bronchiectasis
and bronchial wall thickening in COVID-19 and in other
viral/bacterial infections. The absence of these two findings
in the COVID-19 group supported the pathophysiology as
described in the literature. Methicillin-resistant Staphylococ-
cus aureus (MRSA) and Acinetobacter/Pseudomonas were
isolated in one patient, with bronchial wall thickening/bron-
chiectasis seen on CT images in the non-COVID-19 group,
and RSV in two of the patients. MRSA and Acinetobacter/
Pseudomonas were isolated in pediatric patients with known
diseases (cystic fibrosis (CF) and ataxia-telangiectasia (AT),
respectively), and bronchial wall thickening and bronchiec-
tasis are expected findings on CT images in patients with
CF and AT [9-11]. Comparative evaluation of patients with
chronic bronchiectasis and detection of new findings are

important for evaluation [12]. Unlike SARS-CoV-2, RSV is
known to cause an airway-centric pattern of disease, lead-
ing to moderate bronchial enlargement and bronchial wall
thickening. This pattern was found in two patients of the
present study and correlates with the results of previous
studies [13, 14].

Cavitation, tree-in-bud pattern, pleural effusion, and lym-
phadenopathy have been reported as atypical indicators of
COVID-19 on CT images in previous studies [15, 16]. These
abnormalities were not seen on the CT images of any of the
patients in this study, and there was no significant differ-
ence between COVID-19 and other infectious agents in this
regard. This result can be explained by the limited number
of patients due to the fact that COVID-19 infection is rarer
and milder in children than in adults. In addition, there was
no significant difference between the two groups regarding
the RSNA classification used to standardize the radiological
indications of COVID-19 infection. This may explain why
COVID-19 develops differently in children than in adults
and the inadequate discrimination between cases [4].

Although the presentation of COVID-19 in the lungs has
been described before, the results from CT imaging alone
do not have a high level of specificity. Ai et al. [17] found
that the sensitivity of chest CT imaging in detecting COVID-
19 was reported as 97%, while the specificity was 25% and
the accuracy was 68%. Additionally, in that study typical
CT findings of COVID-19 infection were seen in 70% of
patients with negative RT-PCR tests, and it was found that
similar characteristics could be seen in COVID-19 and other
viral pneumonias. Similarly, typical indicators of COVID-19
infection according to the RSNA classification were seen on
the CT images of one patient in the non-COVID-19 group.
However, considering the low specificity of CT in diagnos-
ing COVID-19, it is essential to evaluate the results together
with the clinical indications and the reference test for diag-
nosis (the RT-PCR test). Therefore, the results from chest
CT imaging should not be considered as diagnostic criteria
alone. There were certain limitations to the present study.
First, the small sample size may have affected the reliability
of some of the clinical/laboratory tests and CT examinations,
and this may have had an effect on the results of the study.
The sample size was relatively small because COVID-19 is
less frequently seen in children, and they are less likely to be
admitted to hospital and undergo CT imaging owing to usu-
ally having milder symptoms. The fact that this study used
a retrospective approach could be considered to be another
limitation. Second, this study used the clinical/laboratory
test results, and the CT images of patients on admission
and follow-up data were not taken into consideration. The
authors believe that investigating this subject in multicen-
tric and larger patient groups will contribute to improving
the understanding of the pathophysiology of COVID-19 in
pediatric patients.
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In conclusion, the results from clinical and laboratory
tests for COVID-19 are non-specific in children, and
the rate of false-negative results from pharyngeal swab
nucleic acid tests used for differentiation from other
infectious pathogens is high. For these reasons, chest CT
imaging is important for early and accurate diagnosis
and for evaluation of complications. Chest CT imaging
commonly shows subpleural ground glass opacities and
consolidation in children with COVID-19. In addition to
these indicators, the absence of peribronchial thickening
and bronchiectasis on chest CT images may help to dif-
ferentiate COVID-19 from pneumonia caused by other
respiratory pathogens.
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