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Abstract
Objectives: To determine the correlation between the PCR results 

and chest radiography findings of pediatric patients who were applied to 
pediatric emergency department with a suspicion of COVID-19 infection.

Material and methods: A single-center retrospective single-blind 
study of patients who presented at the pediatric emergency department 
between 20.03.2020-15.04.2020. Patients with suspected COVID-19 
infection were examined by nasopharyngeal and oropharyngeal swabs, 
PCR and posteroanterior chest radiographs. According to the PCR results, 
patients were divided into 2 groups as with (group 1) and without COVID 
19 (group 2). All posteroanterior chest radiographs were evaluated by an 
experienced pediatric radiologist who did not know the PCR results.

Results: 167 patients were included in the study. Eighty (47.9%) 
of patients were female and 87 (52.1%) were male. The mean age was 
8.6±4.85 (1 month-16 years). The most common complaints were fever 
(%34.7) and cough (%54.5). 50 (32.9%) patients had an exposure history, 
15 (9%) had a suspicious exposure history, and 102 (61.1%) had a history of 
exposure with a PCR proven COVID-19 patient. In patients with a contact 
to a COVID-19 patient, the most common source of infection was parents 
(65.7%). Out of 167 patients, 44 (26.3%) were PCR positive (group 1) and 123 
(73.7%) were negative (group 2). 13 (29.5%) patients in group 1 and 14 (11.4%) 
patients in group 2 had findings on posteroanterior chest radiography. 
Among patients with signs on chest radiography (27 patients); eighteen 
(66.7%) patients had unilateral and 9 (33.3%) patients had bilateral lesion. 
In 15 (55.6%) of the cases, the finding was in single focus and in 12 (44.4%) 
there were multiple foci.

Posteroanterior chest radiography findings were statistically 
significantly higher in group 1 compared to group 2 (p=0.008). There was 
no significant difference between the two groups in terms of bilateral 
lesion frequency and multi-focal presence (respectively, p=0,245, 
p=0,518). Unilateral lung findings were higher in group 1 compared to 
group 2 (p=0,023). The incidence of single focus was higher in the group 
1 (20.4%) than group 2 (4.8%), (p=0,004).

Conclusion: Posteroanterior chest radiography which is widely used 
in all pediatric emergencies may help to diagnose COVID-19 patients 
with low dose radiation exposure. And this will help in rapid diagnosis 
and prevent unnecessary CT imaging in pediatric age group.
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Introduction
COVID-19 is a new disease caused by the SARS-

CoV-2 virus, that induce pandemic in early 2020 with 
high mortality and morbidity worldwide [1,2].

COVID-19 infection was thought to be very rare 
in children during the onset of pandemic. However, 
rise in number of adult cases overtime caused increased 
transmission to children. According to Centers for Disease 
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evaluated, and distribution of abnormal radiological findings 
detected in PCR positive cases were reported.

Statistical analysis
IBM SPSS (IBM Statistical Program for Social Sciences, 

Armonk, NY, USA Windows. 23.0) was used for statistical 
analyzes. The distribution of the data was examined by the 
Shapiro Wilk test. The categorical variables were expressed as 
n (%). The continuous variables with normal distribution were 
presented as mean ± standard deviation (SD). Pearson’s chi-
square test was used for comparing the categorical variables 
between group 1 and group 2. The comparison of the mean age 
of group 1 and group 2 was performed by Independent Samples 
t Test. The results were evaluated at the significance level of p 
<0.05, in the 95% confidence interval. 

Results
167 patients were included in the study. Eighty (47.9%) 

of the patients were female and 87 (52.1%) were male. The 
mean age was 8.6±4.85 (4 months -16 years). According to the 
age groups; 15 (8.9%) patients were under 2 years of age, 39 
(23.4%) patients were between 2-5 years, 43 (25.7%) patients 
were between 5-10 years of age and 70 (41.9%) patients were 
older than 10 years of age (Table 1).

Group 1
n= 44

Group 2
n=123

n (%) n (%)
Gender
Female 24 (54,5%) 56 (45,5%)
Male 20 (45,5%) 67 (54,5%)
Age (years)
< 2 2 (4,5%) 13 (10,6%)
2-5 10 (22,7%) 29 (23,6%)
5-10 9 (20,5%) 34 (27,6%)
>10 23 (52,3%) 47 (38,2%)
Exposure History
Positive 28 (63,6%) 74 (60,2%)
Unknown 10 (22,7%) 5 (4,1%)
Negative 6 (13,7%) 44 (35,8%)
Symptoms
Fever 18 (40,9%) 40 (32,5%)
Cough 25 (56,8%) 66 (53,7%)
Nausea-Vomit 1 (2,3%) 5 (4,1%)
Diarrhea 2 (4,5%) 3 (2,4%)
Weakness 1 (2,3%) 3 (2,4%)
Decreased sense of smell/taste 3 (6,8%) 1 (0,8%)
Others 4 (9,1%) 4 (3,3%)

Table 1 Patient characteristics and symptoms

Most common complaints were fever in 58 (34.7%) 
patients and cough in 91 (54.5%). Nausea- vomiting (3.6%), 
diarrhea (3%), weakness (2.4%), decreased sense of smell and 
taste (2.4%) were also other determined complaints (Table 1).

Out of 167 patients; 50 (32.9%) patients had no exposure 
history with a COVID-19 patient, 15 (9%) had a unknown 
exposure history, and 102 (61.1%) had a history of exposure 
with a PCR-proven COVID-19 patient (Table 1). For patients 
who had an exposure to a COVID-19 case; the most common 
source of infection was father in 39 (38.2%) patients, mother in 
18 (11.8%), both parents in 16 (15.7%), non-parent relatives in 
24 (23.5%), community in 5 (4.9%). 

Control and Prevention (CDC) data 11,1% of COVID-19 patients 
diagnosed until 27th January 2021 were under the age of 18 [3].

The virus can be transmitted from symptomatic or 
asymptomatic individuals. The main route of transmission is 
droplet, but it can also be transmitted by contact or from the 
gastrointestinal tract [4]. The incubation period of the virus is 5-6 
days (average 2-14 days) [5-7]. Accurate diagnosis is made by 
real-time reverse transcription polymerase chain reaction (rRT-
PCR) test by determining specific sequences of virus RNA from 
nasopharyngeal/oropharyngeal swab, endotracheal aspirate, or 
bronchoalveolar lavage. 

Normal or decreased leukocyte, decreased neutrophil 
and lymphocyte count, increased D-Dimer and / or LDH levels 
can be detected during the course of the disease but there is no 
specific laboratory findings for the disease [7,8].

During pandemic, clinicians try to make the most accurate 
and rapid diagnosis in order to provide appropriate treatment 
to the affected patients and prevent the spread of the disease. 
It takes time to complete molecular investigations which 
makes rapid diagnosis difficult. Computed tomography (CT) 
imaging was frequently used for the diagnosis of the disease 
in the literature [9-11]. Although CT has a high sensitivity (56-
91%) in detecting chest pathology, its use is not recommended 
especially in pediatric patients due to high radiation exposure. 
In addition, outpatient use is limited due to cost burden and 
practical issues (eg sterilization after use) [12-15]. Therefore, 
chest radiography is also important because it contains low 
dose radiation, relatively cheaper and widely available imaging 
method in pediatric emergency departments. It has been reported 
that chest radiography was used as a first step triage tool until 
the molecular diagnosis was made in Italy and England hospitals 
[16,17]. However, there are limited number of studies on the 
contribution of chest radiography to diagnosis in patients with 
suspected COVID-19 diagnosis in the pediatric age group. 

In this study, we aimed to report the distribution of the 
abnormal radiological findings in PCR positive cases and to 
determine the correlation between the PCR results and chest 
radiography findings in patients who were applied to the pediatric 
emergency department with the suspicion of COVID-19. 

Material and methods
The study was as a single-center retrospective single-

blind study. Medical records of patients who were admitted 
to Istanbul Bakirkoy Dr Sadi Konuk Training and Research 
Hospital Pediatric Emergency Department between 20.03.2020-
15.04.2020 were reviewed retrospectively. The study included: 
1. Patients with a household member a) who have admitted to the 
hospital with a diagnosis of respiratory tract infection within the 
last 14 days or b) who had COVID-19 diagnosis or c) who had 
fever and cough or had respiratory distress with/without fever, 
2. Patients with a history of exposure to an individual who was 
diagnosed with COVID-19, 3. Patients with cough and/or fever 
of ≥38°C and/or positive respiratory examination findings and/
or tachypnea and/or oxygen saturation <92% in the room air. 

All patients underwent posteroanterior (PA) chest 
radiography. Nasopharyngeal and oropharyngeal swab samples 
were evaluated by PCR for accurate diagnosis. According to 
the PCR results, patients were divided into 2 groups as patients 
with (group 1) and without (group 2) COVID-19. All of the PA 
chest radiographs were evaluated by a single experienced (10 
years) pediatric radiologist who was blind to the PCR results. 
Radiographic features, laterality (unilateral / bilateral), focality 
(focal / multifocal) and location were evaluated. Relationship 
between the chest radiology features and COVID-19 were 
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Radiological findings were found positive in 27 (16.2%) 
out of 167 patients. 18 (66.7%) patients had unilateral and 9 
(33.3%) patients had bilateral involvement. In 15 (55.6%) of 
the cases, finding was foci and in 12 (44.4%) multifocal. For 
unilateral and unifocal cases; lesion was found at right lower lobe 
in 8 (29.6%), patients at left lower lobe in 4 (14.8%) patients, at 
right middle lobe in 2 (7.4%) patients and at left middle lobe in 1 
(3.7%) patient. For unilateral and multifocal cases; lesions were 
found in right middle and lower lobe in 2 (7.4%) patients, left 
middle and lower lobe in 1 (3.7%) patients. The most common 
localization in bilateral cases were the right and left lower lobe 
in 5 (18.5%) cases. None of the patients had pleural effusion and 
lymphadenopathy.

Table 2 Imaging findings of the patients

Group 1
n=44

Group 2
n=123

p

n / (%) n / (%)
Positive Features 13 (29,5%) 14 (11,4%) 0,008
Laterality Unilateral 9 (20,5%) 9 (7,3%) 0,023

Bilateral 4 (9%) 5 (4,1%) 0,245
Focality Focal 9 (20,5%) 6 (4,9%) 0,004

Multifocal 4 (9%) 8 (6,5%) 0,518

Of the 167 patients, PCR test was positive (group 1) in 44 
(26.3%) patients and negative in (group 2) 123 (73.7%). There 
was no difference in mean age and gender between the two 
groups (p=0,098 and p=0,38, respectively). 13 (29.5%) patients 
in group 1 and 14 (11.4%) patients in group 2 had radiological 
features in PA chest radiography. The presence of findings on 
PA chest radiography was statistically significantly higher in 
group 1 compared to group 2 (p=0.008). The rate of detecting 
findings on chest radiography was 2.59 times higher in PCR 
positive ones than negative ones (95% CI, 1.32-5.08). There 
was no significant difference between the two groups in terms 
of bilateral lesion frequency and multi-focal lesions (p=0,245, 
p=0,518, respectively).

Unilateral chest finding was found in 9 (20.4%) patients 
in group 1 and 9 (7.3%) in group 2, and it was statistically 
significantly higher (p=0,023) in PCR positive group. Focal 
lesion was found significantly higher in the group 1 compared 
to group 2 (p=0,004) (Table 2). When the lesions are evaluated 
according to their location, 2 patients have lesion in the middle 
and 7 patients in the lower lobe in group 1 and 1 patient and 5 
patients respectively in group 2.   

Discussion
COVID-19 caused a widespread infection and public health 

problem globally. Over 100 million infected patients and over 2 
million deaths due to this infection have been reported until the 
27th of January. Compared to adult patients; the frequency and 
mortality of COVID-19 in children are very low. In US 11,1% 
of all COVID-19 cases and <0,2% of all COVID-19 deaths are 
under age of 18 [3].

According to the United States Disease Protection and 
Control Centers COVID-19 study group, about a one third of 
patients in the pediatric age group are between 15 and 18 years 
old. Other age groups distributions were; 27% was between 10-
14 years, 15% was between 5-9 years, 11% was between 1-4 
years, and15% was younger than 1 year old [18]. Similar to this 
study, more than half of our PCR positive cases are older than 
10 years old and about a quarter of PCR positive children was 
found to be under 5 years old.

Symptoms experienced in children are similar to adults. 
But it must be keep in mind that 9-11% of infected children can be 
asymptomatic [8,19]. The most common symptoms in children 
are fever (44-50%), cough (38%), rhinitis (7.2%), headache 
(28%), nausea-vomiting (11%), diarrhea (13%), dyspnea (13%) 
[7,8,18,19]. Giacomelli et al demonstrated that loss of taste 
and smell were detected in 53% of their adult cases, and they 
suggested to add these symptoms into the diagnostic criterias 
especially in younger individuals [20]. The most common 
complaints in our COVID-19 patients were cough (56.8%) and 
fever (40.9%). Also 6.8% of our patients experienced loss of taste 
and smell. The difference between the loss of taste and smell rate 
can be explained with difficulty in expressing by children. 

In pediatric age group, transmission from a household 
contact is 82% [8]. Centers for Disease Control and Prevention 
COVID-19 Response Team reported that transmission from a 
household contact to children was 91% [18]. Our study showed 
that 70% of our PCR positive patients had at least one of their 
parents had a diagnosis of COVID-19. 

PA chest radiography is not routinely recommended due 
to low sensitivity in the early phases of COVID-19 infection 
[21]. Limited number of studies evaluating COVID-19 PA chest 
radiography findings in pediatric age group demonstrated similar 
radiological features with other coronavirus types of infections. 
In children, chest radiography generally reveals bilateral 
patchy airspace consolidations, peribronchial thickening and 
ground-glass opacity in the periphery of the lungs [22-27]. 
Pneumothorax, cavitation, lymphadenopathy are rarely found 
[28]. If pleural effusion, lung nodules, and lymphadenopathy 
are detected, bacterial infection should be considered as first 
diagnosis [29]. These findings in children are more unspecific 
and milder compared to those in adults [30]. 

Wong et al. evaluated 64 adult COVID-19 patient's 
chest radiographs at initial admission and found positive 
features in 51 (80%) and reported that chest radiography had 
69% sensitivity for any abnormal findings [12]. Yoon et al. 
found 56% positivity on chest radiography in their small case 
series [31]. In a study evaluating 636 ambulatory COVID-19 
patients chest radiography, only 265 (41.7%) of the patients 
had abnormal findings [32]. Besides to studies including adult 
patients, our study demonstrated 29.5% significant findings 
in chest radiographs in pediatric patients with the diagnosis 
of COVID-19 and it is significantly higher compared to PCR 
negative cases. 

Wong et al described the most common radiographic 
COVID-19 findings as peripheral round consolidations, ground-
glass opacities and pulmonary nodules. Although the distribution 
of radiological findings may vary, it is more common bilaterally 
and in the lower lobules [12]. Weinstock et al reported 20.9% 
bilateral and, 24.2% multifocal lesions in their study [32]. 
Even in asymptomatic patients, the disease can progress from 
unilateral focal lesion to a diffuse ground-glass opacities and 
consolidations [33]. Our study revealed that unilateral and 
unifocal chest findings were more common in the PCR positive 
group. In contrast to the literature, two groups in our study 
showed no significant difference for bilateral and multifocal 
lesion.

Pleural effusion was rarely detected in studies evaluating 
COVID-19 radiological findings and was generally associated 
with poor prognosis [12,13]. We have not detected any pleural 
effusion or lymphadenopathy among our cases.

In a case of COVID-19 infection, it is important to 
diagnose rapidly and initiate treatment early. We need ancillary 
methods for facilitating the diagnosis during the PCR turnaround 
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processing times. In our country, imaging methods using high 
dose radiation such as CT is not recommended in suspicion of 
COVID-19 pediatric cases unless it is mandatory. For this reason, 
methods that are widely used with no restrictions in pediatric 
emergency departments and with relatively lower costs may help 
us for the diagnosis of COVID-19. Our study demonstrated that 
PA chest radiography may facilitate the COVID-19 diagnosis, 
which does not contain high dose radiation and is widely used in 
all pediatric emergencies. In conclusion, PA chest radiography 
can speed up the diagnosis until the PCR results are obtained and 
prevent unnecessary use of CT in pediatric age group.

Our study has some limitations precluding us from 
reaching strong conclusions. First, it is a single center study. The 
second limitation is the number of patients. It is insufficient to 
evaluate the difference between the chest radiographs of patients 
with and without COVID-19.
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