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Abstract Background Although there were other reviews in 2019 and 2020, this
is the first review of research that summarizes clinical features of the children with
COVID-19 mentioned in literature in 2021. This paper analyses the findings on
COVID-19 infection in children in three countries. Objective The purpose of this
paper is to review publications using chest CT scans and chest X-ray findings for
children with COVID-19 in 2021. Materials and methods Studies on COVID-19 for
articles presenting scan findings in children with COVID-19 have been included in
this review. This review focused on articles including 0 < age and age < 18 years using
descriptive statistics to identify patterns including duration and several symptoms of
the disease, and their relationship with outcomes. Results 12 research articles (n =
6212 children) based on chest CT scans and chest X-ray have been examined. The
main results of this review article are as follows: (i) Approximately 1728 (27.81%)
of pediatric patients with COVID-19 had normal chest CT scans and chest X-ray
images. (ii) The most frequently detected parenchymal lesion was ground glass
opacity (GGO) and also bilateral lesions were the common signs of lung lesions.
(ii1) The lung CT scan findings in children with COVID-19 were less severe than in
adult patients.

Keywords COVID-19 on pediatric patients + Machine learning - CT scan/X-ray -
Survey

1 Introduction

An epidemic of coronavirus disease (COVID-19) emerged in China in December
2019, infecting people all around the world except Antarctica, and has changed the
world dramatically. Then many regions and countries have been affected globally
and this disease has been regarded as pandemic [1]. According to the World Health
Organization (WHO), as of July 2021, there are 190 million cumulative cases globally
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of which 4.9 million were reported by the end of July, and there are more than 4
million cumulative deaths by the middle of July [2]. According to statistics, the fact
is that if infected cases are not isolated/treated, COVID-19 can easily spread and
infect many people. Medical imaging is extremely useful for the treatment of disease
and has been highly preferred during clinical trials during the pandemic process.
Chest CT/X-rays [3], can play a significant supplementary role in the assessment of
COVID-19 complications. Because of high precision and accessibility, chest CT scan
plays a magnificent role in the identification of COVID-19 and has been recognized
as the most sensitive imaging modality to detect complications [4]. The majority of
patients affected with COVID-19 disease have chest CT and chest X-rays abnormality
and hence researchers prefer chest CT scans and chest X-rays to be used for early
detection of COVID-19 and monitoring the progression of the disease progression.
Although X-rays can view only one thing at limited viewing ranges, CT scans can take
multiple images in a series. Therefore, it seems when research has been examined, CT
scans of the patients are more important than X-ray results [5, 6]. At the early stage of
its spread, COVID-19 mostly affected adults and old people; however, children were
less influenced by the COVID-19 disease. The chest CT scan approach has some risks
like need for sedation, radiation effect, etc. Considering these reasons, this approach
cannot be easily preferred for children. In addition, infection complication factor for
viral lower respiratory tract in children is lower than in adults therefore it is hugely
challenging to determine COVID-19 at the early stage. Only a few studies have
investigated COVID-19 in pediatric field. However, the number of children infected
is increasing. It is accepted that the majority of pediatric cases are quiescent or
asymptomatic but still children get infected by COVID-19 [7] and they have suffered
from this virus. Also, it is still disputed that children become heavy spreaders during
this process [8]. In March, 2020 which is the first COVID-19 case was reported
from Turkey, and, the COVID-19 virus continued to spread in the world. COVID-19
diagnoses of pediatric patients is much like in adults. Despite the worldwide spread,
clinical patterns of COVID-19 in pediatric patients still remain largely unclear [9].

This research review is mainly about CT/X-ray imaging finding in children while
highlighting the value of radiology research of COVID-19 in pediatric patients.
Inspired by this limitation of the research of ML-based [10] pediatric patients of
COVID-19 diagnosis, various research has been conducted between January 2021
and November 2021. The contributions of this article are as follows: (1) A comprehen-
sive review has been done examining research based on ML techniques in COVID-19
disease and they were categorized. (2) A comparison of articles has been provided
in terms of their application, author, dataset size, laboratory parameters, and study
results to provide valuable insights for pediatric cases. (3) This review provides a
literature base for future research and fills the gap for understanding contribution
from research in 2021 on COVID-19.
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2 Infection in Children

According to Pediatric Healthcare Providers, on December 30, 2020, globally fewer
reports of COVID-19 have been listed in children between the ages 0—17 as with
adults. 22% of the US population consists of children [11, 12]. For the Pediatric
Healthcare Providers, recent data show that COVID-19 is more prevalent among
children in the United States than people think [13]. In August 2021, the estimated
number of patients in children in the United States appears to have increased [14].
The incidence of COVID-19 disease in children is not truly understood because of the
lack of generalized reports and the prioritization of testing for adults with COVID-19
disease. Latest data indicate that compared to adults, children most probably have a
very much alike viral disease, [15] and can transmit the virus to other people [16,
17]. Preliminary statistics show that children have not been affected seriously by
SARS-CoV-2 and less spread the virus because most of the countries were closed
school early and parents struggle to protect their children therefore researchers still
investigate to not affected children during the pandemic period. On the other hand,
the rapid infectious of the disease by children have a significant role in the rapid
contamination of the disease among human, so early detection of COVID-19 in
children will help reduce the spread in both children and adults. Also, most countries
in the world entered the new normalization process in the autumn of September 2021.
In this process, when most of the schools and daycares reopened, understanding
transmission potential in children will be important to guide public health measures.
Children’s incubation period of COVID-19 is considered the same as in adults, at
2-14 days with a standard of 6 days [18]. Signs of COVID-19 in children are as
follows: cough, fever, sore throat, myalgia, abdominal pain, loss of taste, loss of
smell, headache, difficulty breathing, diarrhea nausea or vomiting, and poor appetite
[19]. Most children may have all signs or some of these symptoms when they are
infected with COVID-19. Although these symptoms in children similar to adults are
considered, lack of statistics of symptoms or originality of signs for recognition or
classification COVID-19 in children is especially challenging [20].

3 Methods and Included Studies

Twelve studies are analyzed from research articles published on COVID-19 from
January 2021 to November 2021 using the keywords COVID-19, children, pediatrics,
SARS-CoV-2, Epidemiology, Guidelines, Audio/Speech, CT Scan, X-ray images.
This research focused on clinical journal articles and case reports/series. All journal
articles and case reports written in English were analyzed and criticized. Also, the
preprints have been examined due to the lack of COVID-19 statistics in children.
In this section, the scope of each review such as topics, types, interests, and archi-
tecture of the study are examined. The criteria of the present review are shown in
Table 1 and pediatric COVID-19 cases included in the results and nation Table 2.
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Table 1 Present research criteria

Criteria Focused on / eliminate
Researches Pediatric cases Clinical journal articles, case
reports/series/thesis
Population Children age <18, for both COVID-19 disease and
genders, in Asian, USA, and | symptoms/Specific disorders and
Europe diseases
Measurement parameters | ML techniques CT and X-ray images

Among 74 children has right-sided (4.3%) or bilateral (4.3%) GGO and also feeding
vessel sign, halo sign, and pleural thickening [21]. In 1156 children did biochem-
ical tests and complete blood count and chest CT/X-ray. Among these children,
263 have (22.7%) asymptomatic, 668 have (57.7%) mild disease, 209 have (18.1%)
moderate disease, and 16 have (1.5%) severe disease [22]. Among 422 children,
23 have (29.5%) asymptomatic, 45 have (56.4%) mild disease, 10 have (12.9%)
moderate, 1 have (1.2%) severe, and 0% critical cases [23]. Among 148 children
CT finding was classified that 52 PCR positive patients and regarding CT finding
23 PCR positive and 12 negative patients, approximately (65%) unilateral, approxi-
mately (51%) multifocal, approximately (88%) peripheral, and approximately (61%)
lower lobe involvement [24]. Among 177 children, 79 have (44.6%) bone lesions, 98
have (55.4%) normal [5]. Among 40 children result for chest CT; good sensitivity,
GGO sub-pleural basal, nodular consolidation not frequent, peribronchial thickening
frequent, pleural effusion possible, for chest X-ray result; low sensitivity, GGO sub-
pleural basal, nodular consolidation not frequent, peribronchial thickening frequent,
pleural effusion possible [25]. Among 3670 children, 1026 (36\%) was normal and
798 (28%) bilateral lesions, 1054 (37%) GGO and consolidation or pneumonic infil-
trates 22% [26]. Among 24 children, 7 (33%) was normal, 8 (38%) had patchy or
streaky opacity, GGO geographic, 1 (5\%) had dense opacity, 3 (14%) had bronchial
wall thickening, 1 (5%) had hyperinflation, 1 (5%) had wedge-like opacity, 2 (10%)
had pleural effusion [27]. Among 47 children, 37/45 (82%) had pulmonary opac-
ities (most often bilateral and diffuse), 8/45 (18%) were normal [28]. Among 16
children, 11 (69%) demanded ICU, 10 (63%) had hypotension or shock, 7 (44%)
had hypoxia, 1 (6%) had intubation and mechanical ventilation [29]. Among 16
children, 4 (25%) had typical, 8 (50%) had indeterminate, 1 (6%) was atypical, 3
(19%) had negative [30]. Among 422 children, n = 95 patients between ages are
0-19 with PCR test positive for clinical presentation. They subdivided their study
group according to age groups including n = 27 patients 0-2 years of infants, n = 27
patients 3—10 years of children, and n = 41 patients 11-19 years of adolescents. 45%
of pediatric patients were hospitalized, of which 20% needed acceptance to ICU.
The detected abnormalities identified were 35% GGO/consolidations. Also, they
remarked GGO/consolidations were more common in older people than younger
people [31].

Pediatric COVID-19 cases distribution on gender and patient symptoms are given
in Table 3. With 2996 (50.79%) males and 2889 (49.20%) females, the 12 eligible
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Table 2 Pediatric COVID-19 cases included in the results and nation

Authors

Data
count/nation/laboratory/parameters

Results

Bayramoglu et al. [21]

74, Turkey, chest CT/X-ray

Right-sided (4.3%) or bilateral
(4.3%) GGO. Feeding vessel
sign, halo sign, and pleural
thickening

Karbuz et al. [22]

1156, Turkey
biochemical tests, complete blood
count, chest CT/X-ray

n =263 (22.7%) asymptomatic,
n = 668 (57.7%) mild disease, n
= 209 (18.1%) moderate disease,
and n = 16 (1.5%) severe disease

Berksoy et al. [23]

422, Turkey, chest CT/X-ray

n =2 (29.5%) asymptomatic, n
=45 (56.4%) mild, n = 10
(12.9%) moderate, n = 1 (1.2%)
severe, and critical cases n = 0
(0%)

Kalin et al. [24]

148, Turkey, chest CT/X-ray

CT finding was classified (23
PCR positive and 12 negative
patients), (61-67%) unilateral,
(50-52%) multifocal, and
(83-91%) peripheral, (58-65%)
lower lobe involvement, the most
frequently detected parenchymal
lesion was GGO followed by
consolidated areas accompanying
ground-grass opacities, (35%)
halo sign and vascular
enlargement signs, using CXR
for control radiological imaging

Bottari et al. [5]

177, Italy, bone CT/ X-ray,
ultrasound

n =79 (44.6%) bone lesions, n
= 98 (55.4%) normal

Ferrero and Piazza [25]

40, Italy, chest CT/X-ray

CT: good sensitivity, GGO
sub-pleural basal, nodular
consolidation not frequent,
peribronchial thickening
frequent, pleural effusion
possible. X-ray: low sensitivity,
GGO sub-pleural basal, nodular
consolidation not frequent,
peribronchial thickening
frequent, pleural effusion
possible

Deville et al. [26]

3670, US, chest CT/X-ray

n = 1026 (36%) normal and n =
798 (28%) bilateral lesions, n =
1054 (37%) GGO and
consolidation or pneumonic
infiltrates 22%

(continued)
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Authors

Data
count/nation/laboratory/parameters

Results

Romberg et al. [27]

24, US, chest CT/X-ray

n=7(33%)normal, n =8
(38\%) patchy or streaky opacity,
GGO geographic, n =1 (5%)
dense opacity, n = 3 (14%)
bronchial wall thickening, n = 1
(5%) hyperinflation, n = 1 (5%)
wedge-like opacity, n = 2 (10%)
pleural effusion

Fenlon et al. [28]

47, US, chest CT/X-ray, MRI

n = 37/45 (82%) pulmonary

opacities (most often bilateral
and diffuse), n = 8/45 (18%)
normal

Blumfield et al. [29]

16, US, chest CT/X-ray, ultrasound

n =11 (69%) admission ICU
(PICU), n = 10 (63\%)
hypotension or shock. N =7
(44%) hypoxia, n = 1 (6%)
intubation and mechanical
ventilation

Rostad et al. [30]

16, US, chest CT/X-ray

n=425%) typical, n = 8

(50\%) indeterminate, n = 1
(6%) atypical, n = 3 (19%)
negative

Nino et al. [31]

422, US, chest X-ray

n =95 PCR positive patient, n =
49 (52%) abnormal findings, n =
33 (35%) GGO/consolidations, n
= 16 (17%) multifocal
GGO/consolidations, n = 0.46
(0.8%) lung zones affected, n =
6 (6%) hyperinflation, n =
32(34) increased peribronchial
markings/cuffing, n = 1(1%) air
bronchogram, n = 4 (4%) pleural
effusion

Note CT Computed tomography, X-Ray electromagnetic radiation, GGO ground glass opacity,
n: patients with COVID-19, typical chest, radiograph findings, indeterminate nonspecific chest
radiograph findings, atypical radiograph findings that are uncommon or not reported, negative no
chest radiographic findings of pediatric pneumonia, US United States

studies were from 3 different countries. 4 (33.33%) were from Turkey [21-24],
including 2 (16.66%) from Italy [5, 25] and 6 (50%) from the US [26-31]. Among
the 12 included studies, one (8.3%) was a case report [25], 10 (83.3%) were original
research articles [5, 21, 22, 24, 26-31], and one (8.3%) was a brief report [S]. Except
for these studies, there are 7 other studies in COVID-19 with different perspectives
for pediatric cases [32-39].
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Table 3 Pediatric COVID-19 cases for gender group and other symptoms

Authors Gender group | Other symptoms
Bayramoglu et al. [21] | Male:36 Fever, cough, diarrhea, hypotension, loss of taste,
female:38 dyspnea, loss of smell, myalgia
Karbuz et al. [22] Male:582 Cough (543/1156 46.9%), fever (583/1156 50.4%),
female:574 | throat (143/1156 12.4%), myalgia (141/1156 12.2%),
dyspnea (118/1156 10.2%), diarrhea (112/1156 9.7%)
stomachache (71/1156 6.1%), and nasal discharge
(63/1156 5.4%)
Berksoy et al. [23] Male:243 Fever (258/164 51.2%), cough (269/153 43.5%), sore
female:179 throat (43/379), rhinorrhea (25/397), diarrhea (32/389),
nausea-vomiting (34/388). Others (headache, malgia,
weakness, etc.) (76/346), Tachypnea (167/251)
Kalin et al. [24] Male:78 Cough (30/52 57.7%), respiratory distress (22/52
female:70 42.3%), fever (11/52 21.2%), sore throat (8/52 15.4%),
GIS symptoms (7/52 13.5%), joint findings (6/52
11.5%), headache (5/52 9.6%), fatigue (3/52 5.8%),
loss of taste and smell (2/52 3.8%), comorbid disease
(8/52 15.4%), hospitalization (33/52 63.5%)
Bottari et al. [5] Male:100 29 images upper limbs, 22 images lower limbs, 42
female:77 images axial bones
Ferrero and Piazza [25] | Male and Multi-system inflammatory syndrome
female:40
Deville et al. [26] Male and Fever (63.3%), cough (33.7%) and multi-system
female:3670 | inflammatory
Romberg et al. [27] Male:11 n = 2 pulmonary embolism in setting of tachypnea and
female:13 tachycardia and fevers/sepsis, n = 2 mild septal
thickening
Fenlon et al. [28] Male:22 Multi-system inflammatory, fever, hypotensive shock,
female:25 chest pain, dyspnea, cough
Blumfield et al. [29] Male: 10 Fever (100%), vomiting (12/16, 75%), abdominal pain
female:6 (11/16, 69%), rash (10/16, 63%), conjunctivitis (8/16,
50%), diarrhea (7/16, 44%), headache (6/16, 38%), and
sore throat (5/16, 31%)
Rostad et al. [30] Male: 10 Cough (13/16, 81%), fever (14/16, 88%), vomiting
female:6 (8/16, 50%), abdominal pain (1/16, 6%), myalgia
(2/16, 13%), dyspnea (6/16, 38%), chest pain (3/16,
19%), headache (3/16, 19%), diarrhea (4/16, 25%), and
sore throat (3/16, 19%)
Nino et al. [31] Male:49, -

female:46
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4 Discussion

Many studies have focused on the fact that it is difficult to distinguish the diag-
nosis of COVID-19 from the diagnosis of non-COVID-19 diseases such as influenza
or pneumonia. These studies have determined that various medical data (X-ray/CT
images) are used for the diagnosis of COVID-19. However, since it is very difficult
to understand the difference between the symptoms of COVID-19 disease and the
symptoms of other diseases, it can cause misdiagnosis [39]. As a result of the misdi-
agnosis, many negative situations such as malpractice and wrong drug use can occur
or it can cause permanent damage to patients. Hence, it is very important to have a
mature, robust, and integrated system [40] that automatically detects the COVID-19
disease. It has been observed that the majority of studies in the pediatric field were
conducted by researchers in the USA and Turkey. In addition, it is thought that there
is an urgent need to conduct more studies on this subject.

5 Conclusion

COVID-19is acontagious disease that has quickly endangered the health of humanity
as a global pandemic. Due to this disease, this world is affected as communal, cultural,
and economic. Even though COVID-19 mostly affects adults, children are affected
by COVID-19 disease in many ways. This comprehensive review summarizes the
clinical features of children with COVID-19 in 2021. Currently, most of the result of
evidence results from studies and cases from China. However, the spread of COVID-
19 disease accelerate worldwide, and because of the lack of European and US data on
pediatric patients need further clinical cases to identify possible preventive scenarios.
Also, it is fact that more research is still a requirement to understand how COVID-19
has affected children and to produce treatments and productive vaccines for chil-
dren. In this research, the effects of COVID-19 on children in 2021 have examined,
published and listed. Many children in pediatric patients have a mild course. There-
fore, a balance between the risk of radiation and the vitalism for CT scan is very
important.
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