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ABSTRACT
Background. In this study, we aimed to evaluate the thorax Computed Tomography (CT) findings of pediatric
patients diagnosed with coronavirus disease-19 (COVID-19) and to discuss these findings in light of the results
of adult patients from the literature.
Methods. The CT scans of pediatric patients (1-18 years old) with a diagnosis of COVID-19 by reverse
transcriptase-polymerase chain reaction (RT-PCR) in our hospital between March 2020 and January 2021 were
retrospectively reviewed. The scans were interpreted regarding the distribution and localization features, and
involvement patterns including ground-glass opacity, consolidation, halo/reversed halo sign, interlobular
septal thickening, air bronchograms and bronchiectasis. The frequencies of these findings in pediatric cases in
our study were recorded.
Results. A total of 95 patients with a mean age of 13±4.6 years were included in this study. Among them, 34
(36%) had lesions associated with COVID-19 on CT scans. Bilateral involvement was detected in 15 (44%) while
unilateral in 19 (56%) patients. Eighteen (53%) patients had single lobe involvement. In 16 (47%) patients a
solitary lesion was detected and in 18 (53%) multiple lesions were present. Ground-glass opacity appearance
was observed in 28 (82%), consolidation in 9 (26%), and ground-glass opacity with consolidation in 8 (24%),
halo sign in 9 (26%), reversed halo sign in 2 (6%), interlobular septal thickening (interstitial thickening) in 1 (3%)
patients.
Conclusions. As symptoms are relatively milder in children with COVID-19, CT findings are less extensive than
in adults. It is essential to know the thorax CT findings that aid in the diagnosis and follow-up of the disease.
Key words: COVID-19, children, computed tomography, chest imaging, pneumonia.

The number of pediatric COVID-19 patients
is growing significantly. Although most
children with COVID-19 have had mild clinical
symptoms, cases with severe signs of disease or
even death have been reported.1,2 Early diagnosis
of the infection in children is important, as they
also increase the transmission risk. Thus, the
Computed Tomography (CT) scans of children
with a suspicion of pneumonia must be carefully
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evaluated to both protect children and prevent
spreading.1
The main diagnostic and screening tool for
COVID-19 pneumonia is reverse transcriptase
polymerase chain reaction (RT-PCR). However,
the accuracy of the test depends on the quality of
the throat swab and the viral load. Radiological
features are very important for the diagnosis
of COVID-19, and thorax CT can also detect
pulmonary findings suggestive of COVID-19
infection even in patients who have initial
negative RT-PCR results.3
While knowledge about the clinical and
epidemiological features of COVID-19 in
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children is rapidly increasing, large studies of
radiological findings are still lacking. In this
study, we aimed to present the radiological
features of COVID-19 in children.

linear atelectasis, pleural thickening, pleural
effusion, pericardial effusion, and mediastinal
lymphadenopathy (lymph node short axis
dimension >10mm) were identified as present
or absent.4-6

Material and Methods

Statistical analysis was performed using the
SPSS program (IBM SPSS Statistics for Windows
Version 21.0. Armonk, NY: IBM Corp, USA).
The demographic variables were expressed as
mean±standard deviation. Other variables were
presented as number (N) and percentage (%). A
Cohen’s kappa coefficient (κ) was calculated to
assess the interobserver agreement between the
two radiologists who interpreted the CT scans.

Thorax CT scans of pediatric patients who
were admitted to our hospital between
March 2020-January 2021 and diagnosed with
COVID-19 by RT-PCR were retrospectively
reviewed using the hospital database. CT
examinations were performed with a 16-slice
CT device (Toshiba Alexion 16) in a 3mm
slice thickness in the supine position and the
appropriate thoracic protocol (kVp: 100-120,
mAs: 50-100). An intravenous or oral contrast
agent was not administered to the patients. The
images were sent to a workstation (Syngovia
Siemens Medical System, Siemens/Germany)
and evaluated in both the mediastinal and
parenchymal windows in all three planes (axial,
sagittal, and coronal). All the images were
evaluated independently by two radiologists
with 19 and 9 years of experience in thoracic
imaging who were blinded to the each others
interpretations. The final decisions were
reached with consensus in cases of conflict.
The demographic characteristics of the patients
including age, gender, and CT features of the
lesions were examined. The location of the lesions
was classified as unilateral-bilateral, anteriorposterior, central (parenchymal areas adjacent
to the hilus)-peripheral (parenchymal areas
close to the pleura) according to parenchymal
involvement. The distribution of the lesions was
classified as the right upper, middle, lower and
left upper and lower lobe. The number of lobes
affected was also examined. The morphological
characteristics of the ground-glass opacities
were classified as patchy or nodular forms. The
morphological structure of the consolidation
areas was described as round, linear or irregular.
Interlobular septal thickening (“crazy paving”),
tree-in-bud appearance, air bronchograms,
bronchial wall thickening, bronchiectasis, air
bubble, reversed halo sign, halo sign, nodule,
620

This study was approved by Kırşehir Ahi Evran
University Ethics Committee on 09/02/2021
with the number of 2021-03 / 28.
Results
A total of 95 pediatric patients were included
in this study. Among them, 61 (64%) had no
pathology on thorax CT. Of the 34 (36%) patients
with positive CT findings, 19 (56%) were male
and 15 (44%) were female. The mean age was 13
± 4.6 (1-18) years. The interobserver agreement
between the two radiologists was substantial (κ:
0.7925).
Bilateral involvement was detected in 15
(44%) patients. Among 19 (56%) patients with
unilateral involvement, 10 (53%) had lesions on
the right and 9 (47%) on the left lobe. Although
the lower lobes were mostly affected, the upper
lobes were also involved with a similar rate
(Right upper lobe in 13 (38%), right middle
lobe in 5 (15%), right lower lobe in 16 (47%),
left upper lobe in 12 (35%), left lower lobe in
18 (53%) patients). Parenchymal lesions were
present in one lobe in 18 (53%) patients, in two
lobes in 8 (24%), in three lobes in 3 (9%), in
four lobes in 3 (9%), and in five lobes in 2 (6%)
patients (Table I).
Eighteen patients had single lobe involvement.
Involvement rates were similar in all lobes
except the right middle lobe (right upper lobe:
The Turkish Journal of Pediatrics ▪ July-August 2022
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Table I. Distribution of lesions in lung areas.
Findings
Pathology

Affected lung side

N

(%)

Absent

61

64

Present

34

36

Bilateral

15

44

Unilateral

19

56

10

53

Right
Left

9

47

13

38

Right middle lobe

5

15

Right lower lobe

16

47

Left upper lobe

12

35

Left lower lobe

18

53

1

18

53

2

8

24

3

3

9

4

3

9

5

2

6

Right upper lobe

4

22

Right middle lobe

1

6

Right lower lobe

4

22

Left upper lobe

5

28

Left lower lobe

4

22

Anterior

4

12

Posterior

26

76

Anterior-Posterior

4

12

Peripheral

29

85

Central

0

0

Both Central and Peripheral

5

15

Single

16

47

Multiple

18

53

Right upper lobe
Affected lung lobe

Number of lobes affected

Single lobe involvement (n:18)*

Affected lung field

Number of lesions

*Lober distribution percentages in this heading referred the ratio of involvement number of each lobes to the patient
number with single lobe involvement (n:18)

4 (22%), right middle lobe: 1 (6%), right lower
lobe: 4 (22%), left upper lobe 5 (28%), left lower
lobe: 4 (22%)). In 26 (76%) patients, the lesions
were located only in the posterior (posterior
to the hilus), while 4 (12%) were located in the
anterior (anterior to hilus) and 4 (12%) were
both anterior and posterior parenchymal areas.
The lesions were located only in the peripheral
regions of the lungs in 29 (85%) and both in
the peripheral and in the central regions in 5
(15%) patients. There was no patient with only
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a central lesion in this study. A single lesion was
detected in 16 (47%) and multiple lesions in 18
(53%) patients.
Ground-glass opacity appearance was seen in
28 (82%), consolidation in 9 (26%), and groundglass opacity with consolidation in 8 (24%)
patients. These ground-glass opacities were
nodular type in 15 (44%) patients, and patchy
type in 8 (24%) patients (Fig. 1,2). In 5 (15%)
patients, nodular and patchy ground-glass
opacities were seen together (Table II).
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Fig. 1a-b. Peripheral nodular type ground-glass opacities in the bilateral upper lobes (a) in a 16 year old male (a)
and a peripheral nodular type ground-glass opacity in a 17 year old male (b).

Fig. 2. A patchy peripheral ground-glass opacity in
the right upper lobe in a 5 year old female.

Consolidation areas were only round-shape in 13
(38%), round+linear in 1 (3%), round+irregular
in 2 (6%) and round+lineer+irregular in one
patient (3%) (Fig. 3). All of the irregular
and linear-shaped consolidation areas were
accompanied by the round consolidation areas.

Nine (26%) patients had a halo (Fig. 4) and 2 (6%)
had a reversed halo sign (Fig. 5). Seven (21%)
patients had air bronchograms within areas of
consolidation. Bronchiectasis was detected in
2 (6%) patients. Bronchial wall thickening was
present in 3 (9%) patients (Fig. 6). Air bubble sign
appearance was detected in 1 (3%) patient (Fig.
7). Vascular enlargement was present in 2 (6%)
patients (Fig. 8). Interlobular septal thickening
(interstitial thickening) was present in 1 (3%)
patient (Fig. 9). Tree-in-bud appearance was
detected in 3 (9%) patients (Fig. 10,11). Nine
(26%) patients had subpleural and perivascular
nodules with a mean diameter of 4.6 mm ± 1.3
(3-7 mm) (Fig. 12). Parenchymal band structure
(atelectasis) was observed in 2 (6%) patients
(Figure 13). Pericardial fluid was observed in 1
(3%) patient (Fig. 14). Lymphadenopathy and
pleural fluid were not found in the patients.

Fig. 3a-c. A peripheral round consolidation in the left lower lobe in a 15 year old female (a).A peripheral lineer
consolidation in right lower lobe in a 15 year old male (b) and a peripheral irregular consolidation in the left
lower lobe in a 5 year old female (c).
622
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Table II. Frequency of parenchymal lesions.
Findings

N

%

Ground-glass opacity

28

82

Consolidation

9

26

Ground-glass opacity with consolidation

8

24

Nodular

15

44

Patchy

8

24

Nodular + Patchy

5

15

Round

17

50

Linear

2

6

Irregular

3

9

Air bronchogram

7

21

Bronchiectasis

2

6

Bronchial wall thickening

3

9

Air bubble sign

1

3

Vascular enlargement

2

6

Interlobular septal thickening

1

3

Halo sign

9

26

Reversed halo sign

2

6

Tree-in-bud sign

3

9

Nodule

9

26

Linear Atelectasis

2

6

Pleural effusion

0

0

Pericardial Effusion

1

3

Lymphadenopathy

0

0

Ground-glass opacity morphology

Consolidation morphology (n:17)*

Fig. 4a-b. Multiple halo signs (white arrows) surrounding nodules in bilateral lungs in a 15 year old female (a)
and in a halo sign (white arrows) surrounding nodules in the left upper lobe in a 14 year old female (b).

We identified 8 (24%) patients with multiple
Ground-glass opacity appearances and multiple
consolidation areas (Fig. 15). Among 3 patients
with a control CT scan (7-15 days after the first
scan) lesions completely resolved in 2 (Fig. 16)
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while they remained in one patient, the lesions
progressed and new lesions appeared (Fig. 17).
Among the 95 patients with CT scans, 42 had a
prior chest X-ray. The X-rays were interpreted
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Fig. 5a-b. Reversed halo sign in right upper lobe in a 15 year old male (a) and in right the lower lobe in a 3 year
old male (b).

Fig. 6. Bronchiectasis (long black arrows), bronchial
wall thickening (white arrows) and air bronchograms
(short black arrows) within a central-peripheral
consolidation in the left lower lobe in a 16 year old
male.

Fig. 7. An air bubble sign (black arrows) within a
peripheral round consolidation surounding by a halo
sign (white arrows) in the left lower lobe in a 10 year
old female.
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Fig. 8. Vascular enlargement (white arrows) adjacent
to a nodular consolidation in right lower lobe in a 17
year old female.

Fig. 9. Interlobular septal thickening (black arrows)
within a consolidation (crazy paving) in the left
lower lobe in a 16 year old male.
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Fig. 10. Tree-in-bud appearance in right lower lobe in
7 year old male.

Fig. 13. A round consolidation (black arrows) in left
lower and linear atelectasis (white arrows) in the
right lower lobe in a 12 year old male.

Fig. 11. An irregular consolidation (black arrows)
and tree-in-bud appearance (white arrows) in a 3
year old male.

Fig. 14. A thin pericardial effusion (white arrows) in
a 12 year old male.

as normal in 38 of these 42 patients. Focal
radiopacities compatible with consolidation
were observed in 4 patients (Fig. 18). As a result,
focal consolidation was the only pathological
finding detected on X-ray of the patients. No
other pathological signs were detected on chest
X-rays. Pathological findings were also seen on
CT scans in all these 4 patients while there was
no patient with signs on X-ray who did not have
a pathological finding on CT.
Fig. 12. Subpleural nodules (black arrows) in right
lower lobe in a 17 year old male.
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Fig. 15a-b. Ground-glass opacities (black arrows) in both lower lobes and consolidation (white arrow) in left
lower lobe in a 17 year old male (a). Consolidations (white arrows) in both lower lobes in a 3 year old male (b).

Fig. 16a-d. Ground-glass opacities (long black arrow) and a nodule (short black arrow) in a 16 year old male on
initial scan (a). Lesions were not seen 7 days after first scan (b). A round consolidation (curved black arrow) in
a 8 year old on first scan (c). Lesion disappeared after 7 days (d).

Discussion
COVID-19 disease can cause a highly
contagious acute infectious pneumonia caused
by SARS-CoV-2 that can be transmitted by an
infected patient or an asymptomatic carrier.
Since most pediatric patients are asymptomatic,
they have a critical role in the spread of the
disease. In pediatric cases with mild clinical
symptoms, usually, a plain chest X-ray does not
626

provide sufficient information, which leads to
misdiagnosis. In some children with negative
COVID-19 RT-PCR tests and clinical findings,
especially in the initial stages of the disease, a
thorax CT examination may be very useful for
the diagnosis.7
When compared with adult COVID-19
patients, unilateral involvement is higher in
pediatric patients.7,8 Involvement rates of the
The Turkish Journal of Pediatrics ▪ July-August 2022
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Fig. 17a-d. Lesions on first scan of 16 year old male (a-c). Progression of the lesions on the second scan after 15
days (b-d).

Fig. 18a-b. Radiopacity at middle left lung zone on prior X-ray (a) and consistent consolidations on CT (b) of a
5 year old male.
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lower lobes are high in pediatric cases.8,9 In
our study, consistent with the literature, lower
lobe dominance was present while left lower
lobe involvement was the most common. Chen
et al.10 stated that pediatric patients tended to
have less extensive involvement than adult
patients in their study. Sharon et al.11 suggested
that lesions in pediatric patients predominantly
involved 1 or 2 lobes. In a study by Palabiyik
et al.4 single lobe involvement was dominant
in pediatric patients as well as unilateral lung
involvement. Similar to our data, the number
of patients with multiple lesions was found to
be higher than with a single lesion.12 However,
our relatively high rate of single lesions may
be due to less severity of the involvement or to
the early phase of the disease at the time of the
CT scan. While parenchymal lung lesions are
often located peripherally, both peripheral and
central lesions may be seen in the same patient.
However, only central involvement is very
rare13,14 as in our study.
In a meta-analysis by Katal et al.1 isolated
ground-glass opacity, consolidation, and the
concomitance of ground-glass opacity with
consolidation were suggested as the most
common findings in children with COVID-19.
The most common radiological finding
detected in COVID-19 pneumonia is groundglass opacity. In our study, consistent with the
literature, ground-glass opacities were smaller
in size with a lower density and they were less
diffuse in pediatric patients when compared
to adults. Also, interlobular septal thickening
less frequently accompanies ground-glass
opacities in children.15,16 Consolidation is
common in COVID-19 pneumonia as it can be
seen as an isolated finding but concurrence of
consolidation and ground-glass opacity may
be seen frequently. They become prominent
in the peak period of the disease, especially
in the posterior and peripheral aspects of the
lower lobes. It can be morphologically round,
linear, and irregular in shape, and may be
accompanied by air bronchograms.6,7,17,18 In
our study, round-shaped consolidation areas
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were predominant while linear and irregular
consolidations frequently accompanied round
consolidations.
Halo sign is termed as the presence of a
surrounding ground-glass opacity around a
nodule or mass.19 The halo sign is more common
in pediatric COVID-19 cases compared to adult
patients.20 In a study by Xia et al.7 they stated that
the halo sign surrounding the consolidations
was observed at a rate of 50% and this finding
could be considered specific for pediatric
patients. In our study, the frequency of halo sign
associated with consolidation areas and nodules
was found as 9%. Interlobular septal thickening
refers to the collection of inflammatory cells
in the interstitium. In COVID-19 pneumonia,
it can be isolated or accompanied by groundglass opacities and consolidation areas (“crazy
paving”). This is one of the common findings
of COVID-19 pneumonia in adults and it
was less frequent in children in our study
when compared with studies on adults in the
literature.21-23 Reversed halo sign is one of the
atypical findings of COVID-19 pneumonia and
is rare in children.11 Bronchial wall thickening
due to airway changes is a finding reflecting
the severity of the disease.24 In a study with 10
pediatric COVID-19 cases, Tan et al.25 found
bronchial wall thickening in 1 patient.
Bronchiectasis may occur due to volume loss
during the organization of consolidation
areas.17 The air bubble sign can refer to the
pathological expansion of physiological air
space in the parenchyma of the lung or the
rounded appearance of existing bronchiectasis
or the air gaps formed during the resorption of
the collapsed structures.26
Vascular enlargement is described as an
increase in the size of subsegmental pulmonary
vessels (> 3 mm), especially in lung areas where
parenchymal involvement is more prominent.
In patients with COVID-19 pneumonia, these
findings may be related to the damage and
thickening of the vascular wall structures
caused by inflammatory processes.27 We could
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not find detailed data on bronchiectasis, air
bubbles, and vascular enlargement in pediatric
COVID-19 patients. In our study, we detected
bronchiectases in 2 (6%), air bubble finding in
one (3%), and vascular enlargement in 2 (6%)
patients.
Nodules are round or irregular opacities
less than 3 cm in diameter, well or poorly
circumscribed, and are often associated with
viral pneumonia. Its’ incidence in children
with COVID-19, is slightly higher than in adult
patients.7,19,28 In our study, 9 (26%) patients
had mostly well-circumscribed subpleural and
perivascular nodules with a mean diameter
of 4.6 mm ± 1.3 (3-7 mm). The tree-in-bud
finding, which is usually an indicator of small
airway disease, is one of the atypical findings
of COVID-19. These lesions should raise a
suspicion of the presence of bacterial or viral
co-infection and patients should be evaluated
in this respect.26 In the study of Xia et al.7 they
concluded that co-infection is seen frequently
in pediatric COVID-19 patients (40%). In our
study, 3 (9%) patients had nodular infiltration
areas. However, we did not have additional
sufficient evidence to support the presence of
co-infection in these patients.
The incidence of pericardial effusion of adult
COVID-19 cases on CT images is approximately
5%20,29, but we could not find data about the
frequency in pediatric COVID-19 cases. In
our study, one patient had pericardial fluid.
Pleural fluid and lymphadenopathy in pediatric
COVID-19 patients were rarely reported in
previous studies.30 Also, pleural fluid and
lymphadenopathy were not found in our study.
The clinicians and radiologists should be
in consensus on the evaluation of pediatric
patients regarding the sensitivity and
specificity of CT, the accuracy of RT-PCR tests,
and radiation exposure. It should be kept in
mind that CT findings in COVID-19 are not
specific and may occur in various diseases
such as other viral or atypical pneumonia,
hypersensitivity
pneumonia,
eosinophilic
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lung diseases. Also, a relatively lower positive
predictive value is another potential limitation
of CT especially in some regions with a low
COVID-19 prevalence.5,31 In the new guidelines
by the North American Radiology Association
(RSNA), the RT-PCR test is suggested as the
first method to be used for the diagnosis
of COVID-19 in children. They noted that
imaging is not indicated unless the patient has
potential risk factors or a progression in clinical
symptoms.32
In the study by Ma et al.23 they stated that a
significant improvement of the lesions was
observed in most of the pediatric cases on
follow-up images. Therefore, control CT
scans should be obtained when they are only
necessary, considering the clinical changes in
the patients. A guideline by the North American
Radiology Association (RSNA)32, recommends
bidirectional (posterior-anterior and lateral)
chest radiography for follow-up pediatric
patients with COVID-19.
The primary limitations of the study are its
retrospective nature and the relatively small
patient number. Also, we could not exclude the
presence of a bacterial or viral co-infection in
some patients with suspicious CT findings such
as nodular infiltrations.
In conlusion the number of pediatric COVID-19
cases is gradually increasing. There are some
differences in the thoracic CT features of
COVID-19 in children compared to adults.
Awareness of CT findings of COVID-19 in
children is important for both rapid isolation
and control of the disease. The use of CT for
the follow-up the pediatric COVID-19 patients
must be limited because of the high radiation
dose.
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