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ABSTRACT

OBJECTIVE: The objective of the study was to describe the findings of pediatric patients diagnosed with COVID-19 in com-
puted tomography (CT) and chest X-ray (CXR) images. Therefore, the aim of this study is to show protecting the children
from radiation as much as possible while guiding the diagnosis.

METHODS: Between March and June 2020, 148 pediatric patients examined who underwent CT due to suspicion of
COVID-19. Fifty patients of 148 with normal thorax CT and negative reverse transcription polymerase chain reaction (RT-
PCR) were excluded from the study. Of the remaining 98 patients were evaluated retrospectively by two pediatric radiologists
with 15 years of experience.

RESULTS: The demographic, clinical, and laboratory data were evaluated for 52 RT-PCR-positive patients. CT finding of 23
RT-PCR positive and 12 negative patients was classified. According to our study, unilateral (61-67%), multifocal (50-52%),
and peripheral (83-91%) involvement were higher in all groups. Lower lobe involvement was frequently detected (58-65%).
The most frequently detected parenchymal lesion was ground-glass opacity followed by consolidated areas accompanying
ground-grass opacities. Halo sign and vascular enlargement signs were the common signs of lung lesions (35%). In addition,
some rare findings not previously described in this disease in children were mentioned in this study. The clinical course of all
our patients was mild and control radiological imaging checked by CXR.

CONCLUSION: Most pediatric patients have a mild course. Hence, a balance between the risk of radiation and necessity
for chest CT is very important. Low-dose CT scan is more suitable for pediatric patients but still it should be used cautiously.
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here was no pediatric case report, when the pan-
demic caused by coronavirus-2 (SARS-CoV-2) be-
gan in Wuhan city of China in December 2019. The first
pediatric case was reported on January 20 in Shenzhen.
Later, with the spread of the virus, it was stated that all
age groups were sensitive to the COVID-19 virus and pe-

diatric case reports started to be published [1]. However,
literature reports on pediatric patients were limited [2, 3].

Children are generally more sensitive to some infectious
diseases than adults and these infectious diseases have a
more fatal course on children. Seasonal influenza may be
more mortal than adults in children, especially younger
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than 6 months [4]. COVID-19 pandemic and the season-
al winter-spring flu occurring at the same time made early
and accurate diagnosis difficult in pediatric pneumonias.

Patients diagnosed with COVID -19 may be clini-
cally asymptomatic or may have a mortal course with a
severe pneumonia (5, 6]. In adults, COVID-19 pneumo-
nia has been described in many studies with its typical
features in detail [7]. SARS-CoV-2 is less invasive in
children than in adults. There are less radiological data
due to the lower numbers of child patients and more lim-
ited use of computed tomography (CT) in children. To
protect children especially from radiation, it is necessary
to follow up with radiographs and decide on CT accord-
ing to the clinical situation [7].

There are many limitations of using reverse transcrip-
tion polymerase chain reaction (RT-PCR) test at diag-
nosis of COVID-19, and its sensitivity has been demon-
strated in the range of 30—70%. However, the test being
negative does not exclude the possibility of COVID-19
(8]. Chest radiographs have low sensitivity (20%) and
are not the first imaging method to be preferred during
early period of COVID-19 (9].

Chest CT has become the worldwide accepted imaging
method for diagnosis and follow-up in suspected cases of
adult patients with COVID-19. Compared to RT-PCR
method, the sensitivity, specificity, and accuracy rates of
CT were 97%, 25%, and 68%. The positive and negative
predictive values were around 65% and 83%, respectively,
for CT examination. In addition, we can see 60-93% pos-

itive CT findings before RT-PCR becomes positive [10].

Thorax CT and chest X-ray (CXR) examinations
were evaluated in pediatric patients who were admitted
to our hospital during the epidemic period and were di-
agnosed with COVID-19 by their clinical, laboratory,
and radiological data. We describe the findings of chest
CT and radiography in pediatric patients diagnosed with
COVID-19 to guide the treatment in early diagnosis and
clinical follow-up. At the same time, the aim of this study
is to emphasize a balance between the risk of radiation
and necessity for chest CT.

MATERIALS AND METHODS

Our study was in a single center, in University of Health
Sciences Istanbul Umraniye Training and Research Hos-
pital. This study was approved by our Umraniye Training
and Research Hospital Clinical Research Ethics Com-
mittee (Number B.10.1.TKH.4.34.H.G.P.0.0.1/221
Date: June 11, 2020).

Highlight key points

e Similar and different radiological findings have been de-
scribed in children diagnosed with COVID-19 with lung pa-
renchma involvement. In general, the course of the disease
is seen to be milder in children compared to adults. Unfortu-
nately, due to lack of clinical experience in the first mounts
of pandemic, a large number of CT examinations were per-
formed especially in adults.

e In this process, we emphasize the choice of radiological ex-
amination by looking at reducing the number of radiological
examinations and its contribution to the treatment process
with our experience in children.

The RT-PCR test used in isolation of SARS-CoV-2

was repeated 3 times for each patient.

Clinical information, laboratory results, and epidemio-
logical data of the patients were reviewed. Between March
15, and June 1, 2020, pediatric patients (0—18 age) who
were referred to the radiology department with suspicion
of COVID-19 pneumonia and underwent low-dose chest
CT scan were included in the study. Patients with normal
chest CT and negative PCR test were excluded from the
study. The chest CT images of the pediatric patients with
a positive PCR or abnormal chest CT findings were re-
viewed from the PACS and evaluated retrospectively by
two pediatric radiologists with 15 years of experience.

All examinations were carried out using the 128 de-
tector Optima CT 660 SE (GE Healthcare, Milwaukee,
USA) device available in our hospital in accordance with
the low-dose CT protocol set for the pediatric patients.
The patients were protected from unnecessary radiation
using the automatic exposure control system in reference
to the thoracic volume.

Tube current exposure time product (mAs) value was
in the range of 55-90, and the kilovolt (kv.) value was in
the range of 80—100 in reference to the body volume of
the patients.

In thorax CT, both lung parenchyma (-700—+1500
HU) and mediastinal area (+50—+350 HU) were eval-
uated. Thorax CT was performed in a supine position
without using contrast agent. In patients who could co-
operate, the scan was performed at the end of inspira-
tion. Images with adequate quality could not be obtained
in some uncooperative patients.

Statistical Analysis

The Statistical Package for the Social Sciences (SPSS)
(version 23.0, SPSS-Inc., Chicago, IL, USA) was used
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Thorax CT (+)
148 patients

v

v

RT-PCR (+) RT-PCR(-)

52 patients 96 patients
Normal CT Pneumonia (+) Pneumonia Normal CT
29 patients 23 patients 46 patients 50 patients
COVID-19 COVID-19
diagnosed diagnosed |

]

v

TABLE 1. Dermographic, clinical, and laboratory data of 52

PCR-positive patients

Pneumonia(+) 34 patients
12 patients diagnosed
COVID-19 with other viral
diagnosed and bacterial

patogens

FIGURE 1. Sampling table; classification of pediatric patients
with CT examination diagnosed with COVID-19 between
March 2020 and June 2020 in University of Health Sciences
Istanbul Umraniye Training and Research Hospital.

for statistical analysis. Categorical data were presented as
numbers and percentages.

RESULTS

Chest CT scan was performed in 148 patients (78 males
and 70 females) with clinical suspicion of COVID-19.
Of these, 50 patients with negative RT-PCR tests and
also normal CT were excluded from the study.

Forty-six patients with negative RT-PCR tests and
abnormal CT finding and 52 patients with positive RT-
PCR test were included in this study (Fig. 1).

Demographic, clinical, and laboratory data of 52 pa-
tients with positive RT-PCR are demonstrated in Figure 1.

In group of 52 patients with positive RT-PCR test, 23
were male (44.2%), 29 were female (55.8%), and the me-
dian age was 13.37 (£4.8). The patients are categorized
in five groups (Table 1). Most patients were in the group
older than 15 years of age (42.3%). There were 40 patients
with contact history (76.9%). The most common symp-
toms are cough (57.7%), respiratory distress (42.3%),
and fever (21.2%). Comorbid disease was observed in 8
patients (15.4%) and hospitalization was required in 33
(63.5%) patients. Most of our patients had a mild course
and completely healed. Pediatric multisystem inflamma-
tory syndrome was observed in two of our patients.

Characteristics Number (n=52) %
Sex
Boy 44.2
Girl 55.8
Age
<1 year 1.9
1-5 years 9.6
6-10 years 17.3
11-15 years 26.9
>15 years 44.2
Contact history
Yes 76.9
Uncertainty 23.1
Symptoms
Cough 57.7
Respiratory distress 42.3
Fever 21.2
Sore throat 15.4
GIS symptoms 13.5
Joint findings 11.5
Headache 9.6
Fatigue 5.8
Loss of taste and smell 3.8
Comorbid disease 15.4
Hospitalization 63.5
Abnormal laboratory findings
Leukocytosis 9.6
Lymphopenia 25
CRP<0.5 76.9
CRP>0.5 23.1
Procalcitonin<0.05 ng/ml 94.2
>0.05 ng/ml 5.8

PCR: Polymerase chain reaction; CRP: C-reactive protein.

While leukocytosis was found in 5 patients (9.6%),
lymphopenia was noted in 13 patients (25%). C-reactive
protein (CRP) values were normal in 76% of patients
and procalcitonin was <0.05 ng/ml in 94% of patients.

In CT examination, there were no findings compat-
ible with pneumonia in 29 (55.8%) of 52 patients with
positive RT-PCR tests. In those 29 patients, CT findings

were normal.
In the RT-PCR-positive group, 23 of 52 (Group

1) patients had CT examinations compatible with
COVID-19 pneumonia.
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TABLE 2. Radiological findings in patients diagnosed with TABLE 3. Evaluation of CXR findings of PCR positive 23
COVID-19 pneumonia. We described CT findings in two patients with pneumonia in CT
group. Group 1 patients had positive RT-PCR tests and
pneumonia findings. Group 2 patients had negative RT-PCR Normal Abnormal Total
tests and pneumonia findings CXR, % CXR, %

Thorax CT findings First Second CT (pneumonia, etc.) 82.7 17.3 23 (100%)
group group CXR: Chest X-ray; PCR: Polymerase chain reaction; CT: Computed tomography.
(n=23) (n=12)
RT-PCR (+)  RT-PCR ()

patients, % patients, %

Distributions of lesions

Unilateral/bilateral 60.9/39.1 66.7/33.3
Unilobar/multilobar 43.5/ 56.5 58.3 /45.7
Peripheral/peripheral+central 91.3/8.7 83.3/16.7
Multifocal/unifocal 52.2/47.8 50/50
Diffuse 0 8.3
Upper lobes 52.2 66.7
Middle lobes 21.7 25
Lower lobes 65.2 58.3

CT appearances of lesions
GGO 60.9 50
GGO+consolidation 26.1 50
Consolidation 13 0
Mosaic attenuation 8.7 25

CT signs
Halo sign 34.8 16.7
Vascular enlargement 34.8 8.3
Nodule 8.7 16.7
Peribronchial thickening 8.7 0
Reversed halo sign 4.3 0
Tree in bud 0 8.3

Extrapulmonary findings
Pleural effusion 4.3 0
Pleural thickening 8.7 8.3
Mediastinal lymph node 4.3 0

RT-PCR: Reverse transcription polymerase chain reaction; CT: Computed tomog-
raphy; GGO: Ground-glass opacity.

In the group with negative RT-PCR test and CT
findings consistent with pneumonia, 12 of 46 (Group 2)
were diagnosed with COVID-19 by clinical observation
and follow-up. The remaining 34 of 46 patients were di-
agnosed with other diseases during clinical and labora-
tory follow-up (other viral factors, bacterial pneumonia,
aspiration pneumonia, etc.).

Thorax CTs were classified according to the distribu-
tion of lesions and their appearance in CT (Table 2).

FIGURE 2. (A) A 13-year-old girl with COVID-19 (RT-PCR
positive). Chest X-ray shows multifocal opacities at lower
zone of the right lobe, (B) non-contrast CT scan shows
unilateral multicentric consolidation with peripheral ground-
glass opacities (halo sign). Most of lesions are peripherally
located in lower lobe.

There was no need to repeat CT in patients who were
diagnosed with COVID-19. Clinically, the patients had
a mild course and followed up by CXR.

Direct radiographs of Group 1 patients were evaluat-
ed. Only 4 (17.3%) of these patients had signs of pneu-
monia by CXR (Fig. 2A). Although there were signs of
pneumonia in CT in the remaining 19 (82.7%) patients,
CXRs were completely normal (Table 3).

CT Appearances and CT Signs
Ground-glass opacity (GGO)

Hazy hyperattenuated areas are typically caused by par-
tial filling of air spaces by exudate or transudates without
obstruction of the underlying vessels (Fig. 2B, 3A, B). It
is the earliest manifestation and may be with or without
other CT findings. It is the most common CT finding,

seen in up to 86.1% of our patients.
Halo sign

Halo sign is a CT finding of ground-glass opacity
surrounding a nodule or mass. It has been demon-
strated in a variety of diseases, including the angio-
invasive fungal infections, viral infections, organizing
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FIGURE 3. (A, B) A 9-year-old boy with respiratory distress
and fever diagnosed COVID-19 clinically but RT-PCR-nega-
tive patient. Chest X-ray was normal. Coronal (A) and ax-
ial (B) non-contrast CT images show unilateral peripheral
ground-grass opacity.

FIGURE 4. (A) A 17-year-old boy with COVID-19 (RT-PCR
positive). Non-contrast CT scan shows halo sign, (B) a
16-year-old boy with COVID-19 (RT-PCR positive). Non-con-
trast CT scan shows reversed halo sign.

pneumonia, and hypervascular metastases. In our
study, halo sign was presented in about 35% of pa-
tients (Fig. 4A).

Reversed halo sign

Reversed halo sign defines a focal round GGO sur-

rounded by complete or incomplete ring-like consolida-
tion (Fig. 4B). It used to be a pathognomonic CT finding
for cryptogenic organizing pneumonia. Later, it was de-
scribed in many diseases. In our pediatric COVID-19
group, reversed halo sign finding was present in only 1
patient (4.3%).

Consolidation

Filling of the alveolar air spaces completely. As a re-
sult, we see hyperattenuated area with obscuration of
underlying vessels (Fig. 5A). Multifocal and peripheral
consolidations were present in COVID-19 pneumonia.
In our patients, consolidation was the second most com-

mon CT finding seen in up to 39.1%.
Peribronchial thickening

To describe haziness or increased density around

FIGURE 5. (A, B) A 14-year-old boy with cough and diag-
nosed COVID-19 (RT-PCR positive). Non-contrast CT scan
shows peripheral consolidations with vascular enlargement
(A) and pleural thickening (B).

FIGURE 6. (A, B) An 8-year-old girl with fever diagnosed
COVID-19 (RT-PCR positive). We see bilateral diffuse opac-
ities at chest X-ray. Non-contrast CT scan shows mosaic
attenuation created by ground-glass opacity and air trap-
ping areas.

the walls of a bronchus or large bronchiole seen both on
plain radiographs and on CT. It is present in only 2 pa-
tients (8.7%) in our study (Fig. 5A).

Vascular enlargement

Dilatation of pulmonary vessels within the lesions,
especially in GGO (Fig. 5A). It was a quite common sign
in our study (35%).

Pleural thickening: Normal pleura is thinner than 1
mm. In the course of lung diseases, thickening may be
accompanied by recurrent infections. This finding was
present in only 2 patients (8.7%) in our study (Fig. 5B).

Mosaic attenuation

It refers to areas of decreased attenuation secondary
to airway disease or pulmonary vascular disease which
results from regional differences in lung perfusion. It was
arare CT finding at 2-3% (Fig. 6A, B).

Nodule

In our study, this finding was defined in 2 patients
(8.7%).
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According to our CT examination in patients di-
agnosed with COVID-19, unilateral involvement was
higher in both groups (60.9% in Group 1 and 66.7%
in Group 2). When we evaluated Table 1, multilobar
involvement was observed more frequently in Group 1,
whereas unilobar involvement was relatively higher in
Group 2. In both groups, multifocal and unifocal involve-
ments were observed in approximately the same rate. The
majority of the patients had disease involvement in the
peripheral lung areas (1% group 91% and 2™ group 83%).
Lower lobes were relatively more affected by the disease.

In both groups, GGO (about 50%) is the most com-
mon appearance of the lesions in COVID-19. Second,
consolidated areas accompanying ground-grass opacities
were defined. The mosaic attenuation appearance was a

less common finding and detected in three patients in
our study (8.7% in Group land 25% in Group 2).

Halo sign and vascular enlargement findings were the
most common signs of the disease in lungs. In total, one
patient had reversed halo sign and one patient had a tree
in bud view.

DISCUSSION

The number of patients diagnosed with COVID-19 ata
pediatric age is much lower than in adults. Furthermore,
we still have less CT data than adults because of the lim-
ited CT examination to protect pediatric patients from
radiation. This study was conducted with the data of our
center, which has a large potential for pediatric patients
in the Anatolian side of Istanbul.

In the eatly days of the pandemic, more patients were
evaluated by CT due to the lack of clinical experience and
panic behavior of their relatives. Afterward, the number
of CT scans decreased as clinical experience increased so
patients were followed up with CXR. When we exam-
ined the demographic, clinical, and laboratory data of 52
patients with positive RT-PCR test, we found that the
most affected age group was between 11 and 17. Similar
to the literature, most of our patients had a history of
contact with a patient diagnosed with COVID-19. Clin-
ical symptoms were presented in all of our patients and
mostly we encountered cough, respiratory distress, and

fever as in adults [5-7, 11].

According to the age groups, hospitalization rate was
80% in children under 11 years and 56% in children be-
tween 11 and 17 years old. Younger group of patients
with comorbid disease was hospitalized longer than the

older group. None of our patients needed intensive care.
Similarly, in a study conducted by Dong et al. [11] It was
reported that the clinical course was more severe in chil-
dren under 1 year of age which had comorbid disease.

When the laboratory data were examined, it was de-
fined that leukocyte counts were normal in the patients
(~90%) as stated in the literature, but approximately
25% of patients developed lymphopenia. Hospitaliza-
tion period was longer in patients with lymphopenia
compared to other groups. CRP values were observed to
be normal in ~ approximately 77% of patients and pro-
calcitonin was normal in almost all except three patients
(<0.05 ng/ml). High procalcitonin may be a precursor
of a secondary bacterial infection (5, 6, 12].

In this study, the clinical course was much milder in
children diagnosed with COVID-19 compared to adults.
CT was completely normal in 29 of 52 pediatric patients
whose PCR test was positive. In the study of Steinberger
et al. [13] with 30 pediatric patients, CT examination
of 23 patients (77%) with COVID-19 was considered

normal.

In most of our pediatric patients with positive CT
compatible with pneumonia, GGO, which was one of
the typical findings defined for the disease, was observed.
In most of the children with the findings of consolida-
tion, which was the second most frequently observed,
consolidations were accompanied by ground-glass opaci-
ties. This created the appearance of halo sign, which was
one of the signs we frequently saw [14-16].

GGO was one of the most common CT findings and
had been described in the literature in 80-98% of adult
and pediatric patients [14, 17-19]. GGO was also one
of the earliest manifestations of the disease [20]. It may
or may not be accompanied by other findings, such as
particularly consolidation and reticulation [21]. While
69% of our patients only had GGO, 26% of them had
consolidations with GGO.

Mosaic attenuation appearance was defined only in
two of our patients and diffused all over the lung (8.7%).
In these patients, clinical findings were more severe and
length of hospitalization was longer than other patients
(Fig. 5). This sign for COVID-19 was not defined in the

literature.

We defined vascular enlargement which was a rela-
tively more specific sign in our pediatric patient group
(around 35%). In the literature, it was stated that ap-

proximately 71.3-82.4% of adult COVID-19 patients
had vascular enlargement [2, 22].
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Thickened interlobular septa and intralobular lines
which appeared as linear opacities on CT were defined
as reticulation. Thickened interlobular septa or intralob-
ular lines superimposed on GGO were defined as cra-
zy-paving pattern. It was reported in 5-36% of patients
with COVID-19 pneumonia [20, 23, 24]. Reticulation
and crazy-paving pattern were common findings in adult
age group in COVID-19 (2, 24-26]. In our study, we
did not see neither of those findings. Reticulation was a
relatively late finding compared to GGO and consolida-
tion [27]. In our study, all patients were affected mildly
and showed rapid recovery.

According to the distribution of the lesions, unilateral
involvement was defined more frequently in our pediat-
ric patients, albeit with a slight difference. In the liter-
ature, bilateral lung involvement was mentioned more
frequently in both pediatric age groups and adults. Uni-
lateral involvement observed in both our study groups
may be due to early diagnosis. In most of our patients,
we defined multicentric peripheral lesions in lower lobes
similar to the literature [15, 27].

Extrapulmonary lesions were rarely detected in this
study as recorded in literature. Secondary bacterial infec-
tions may have been present in these patients.

CXR may be used in COVID-19 pneumonia as the
first imaging modality compared to CT with the advan-
tages of less ionizing radiation. It has many advantages
due to it being portable and its ease of sterilization.

CXR of Group 1 was evaluated. Only four of these
23 patient's pneumonia could be detected in CXR.
Although there were signs of pneumonia in CT in 19
(82.7%) patients, CXRs were completely normal (Table
3). Accordingly, the sensitivity of CXR was very low with
17% in this study. The sensitivity of CXR was not re-
markably higher than the R-PCR test, ranges between
33% and 69% [28].

CXR may be useful in the diagnosis of other disease
such as lobar pneumonia due to bacterial infections, pul-
monary edema, pneumothorax, and pleural eflusion that
may mimic COVID-19 pneumonia. CXR may be help-
ful to evaluate the progression of diseases in hospitalized
patients [29]. In the presence of high clinical suspicion
and normal radiography, CT may be employed to detect
diseases for a timely isolation and treatment of patients
due to its sensitivity for early pneumonic changes [30].
CT appears to have a higher sensitivity than RT-PCR
test reported that CT sensitivity was 97.2%, while RT-
PCR test sensitivity was 83.3% [31]. CT may detect

COVID-19 pneumonia in asymptomatic patients [32].
Despite its relatively high sensitivity, it is recommended
to confirm the diagnosis of clinically suspected patients if
the RT-PCR test is negative or unavailable, for to isolate
and treat the patients quickly [33, 34].

Limitations in Our Study

We limited our CT numbers to protect children from
radiation and not enough quality CT images could be
obtained in uncooperated patients.

Conclusion

Chest CT can demonstrate characteristic changes of
multifocal, peripheral ground-glass opacities and consol-
idations with surrounding halo. When some chest CT
characteristics of children with COVID-19 were atypi-
cal compared to adults, we found localized unilateral in-
volvement, relatively rare interlobular septal thickening,
and rare crazy-paving pattern.

Most pediatric patients have a mild course. Hence, a
balance between the risk of radiation and necessity for
chest CT is very important. Low-dose CT scan is more
suitable for pediatric patients but still it should be used
cautiously.
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