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Covid-19 infection has been spread world-wide 
and has been a leading health problem of all age 
groups in many countries since 2019. The World 
Health Organization (WHO) considered this infection 
as pandemic since 2019(1-4). For infected patients, 
symptoms can vary from fever, cough, pneumonia, 
severe respiratory failure, or even death(5-7). In 
Thailand, there have been 4,605,609 cumulative 
cases diagnosed as Covid-19 infection since the 
outbreak (data at August 7, 2022 from CCSA)(8). The 
Republic of China reported a fatality rate of 3.17 and 

transmission rate of 2.2 for each patient(9). Among 
these, 1.7% were pediatric patients.

In children, Covid-19 infection was different 
from adults. Clinical manifestation was less severe 
and sometimes asymptomatic.

Chest X-ray is helpful in diagnosis, monitoring 
after treatment, and provide prognosis of the 
disease(10). Chest X-ray guideline has been established 
in some countries, to help clinician decide when 
to order X-ray for diagnosis and to follow-up the 
treatment. However, these guidelines were usually 
made based on the pattern of disease progression in 
adult patients. However, in children, while patterns of 
disease progression may be different from adults, the 
appropriate guideline in chest X-ray has never been 
investigated. The present study was performed to 
evaluate X-ray finding in pediatric covid patients to see 
common findings and appropriate timing for X-ray.

Materials and Methods
Patients

The present research was conducted as an 
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observational retrospective study at Phramongkutklao 
Hospital between December 2021 and April 2022. All 
pediatric patients aged 0 to 18 years who had real-
time polymerase chain reaction (RT-PCR)-proven 
Covid-19 infection and admitted at the hospital were 
included. The patients were excluded if the images 
were not available for review or RT-PCR was not 
performed to confirm diagnosis.

Sample size estimation
Sample size was calculated based on the study 

of Yasin and Gouda(11), that maximum severity score 
(MSS) was reached at day 0 to 4 at 38%, using an 
equation: n = Z²α/₂ p(1–p) / d². While n was sample 
size, p was 0.38, d was 10% error and Zα/₂ were 
standard values from table Z at α=0.05 (1.96), then 
number of patients studied should be 91.

Evaluation
After the study protocol obtained approval for 

research by the Ethics Committee at Institutional 
Review Board Royal Thai Army Medical Department 
(IRBRTA 1643/2021), permission to assess the 
medical records were given by the director of the 
hospital. Personal data were collected including 
age, gender, date of diagnosis, presenting symptoms, 
presence of underlying illness, and image findings.

Images were retrospectively reviewed by a 
pediatric radiologist with more than 10 years-
experience. Image findings were scored using Brixia 
scoring system(12). The Brixia scoring system uses 
different terminology to score disease severity in 
each zone with a score of 0 representing normal 
lung parenchyma, a score of 1 indicating interstitial 
changes only, a score of 2 indicating non-confluent 
airspace consolidation +/– interstitial changes, and 
a score of 3 indicating confluent consolidation +/– 
interstitial changes. Score was given at 0 to 3 for 
each lung zones (Figure 1), which were defined as 
upper zones (above the inferior border of the aortic 
arch, zone A was on right and zone D was on left), 
mid zones (below the inferior border of the aortic 
arch to above the inferior margin of the right inferior 
pulmonary vein, zone B was on right and zone E was 
on left), and lower zones (below the inferior wall of 
the right inferior pulmonary vein, zone C was on 
right and zone F was on left). Then, the total score 
was calculated in each patient using the summation 
of all zones ranging from 0 to 18.

The maximum score of each patient was recorded 
as MSS and time to reach the MSS was also recorded. 
The timing to reach the MSS was further divided 

into four phases. Phase 1 was day 0 to 4 of disease, 
phase 2 was day 5 to 8, phase 3 was day 9 to 13, 
and phase 4 was day14 or later. Day 0 of disease 
was defined as the first day of having symptoms in 
symptomatic patients or first day of positive RT-PCR 
in asymptomatic ones.

Statistical analysis
All statistical analysis was conducted by Stata, 

version 12 (StataCorp LP, College Station, TX, USA). 
General data analyses used descriptive statistics 
with percentage, mean, and standard deviation. The 
independent t-test or Mann-Whitney U test was 
used to compare the continuous date at the level of 
confidence of 95%.

Ethical consideration
All patients’ personal data was protected by using 

a code instead of their names or hospital number (HN) 
throughout data collection. No intervention was done 
to the patients.

Results
During the present study period, 170 patients 

(428 films) were diagnosed as Covid-19 infection 
at Phramongkutklao Hospital. No patient met 
an exclusion criterion, so, all were included in 
analyses. Among these patients, 156 (91.8%) were 
symptomatic and 14 (8.2%) were asymptomatic 
patients. Most of the patients were male at 60% with 

Figure 1. Division of both lungs into 6 zones on frontal chest 
radiograph. Upper line is drawn at the level of inferior wall of 
the aortic arch and lower line is drawn at the level of the inferior 
wall of the right inferior pulmonary vein. A and D: upper zones, 
B and E: middle zones, C and F: lower zones.
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a mean age of 9.89 years. Most common presenting 
symptoms were fever (75.3%), cough (47.6%), and 
rhinorrhea (28.2%). Forty-four patients (25.9%) had 
an underlying illness. Characteristics of the patients 
are shown in Table 1.

Timing of X-ray
Among these 170 patients, 428 films were taken. 

In the 14 asymptomatic patients, all chest X-rays 
(34 films) were performed within the first ten days 
of disease. In the 156 symptomatic patients, 394 
films were taken during the day 0 to 31 of disease. 
Distribution of timing of X-ray investigation is shown 
in Figure 2.

Among 14 asymptomatic patients, eight patients 
(57.1%) had normal initial X-ray and the remaining 
six patients (42.9%) had positive findings on initial 
films. In these initial-negative finding cases, one case 
had abnormal finding in the follow-up film at phase 
1. For symptomatic patients, 114 out of 156 (73.1%), 
had positive findings, which was mostly found on 
initial X-ray films in 101 out of 114 patients (88.6%). 
For the 13 remaining symptomatic patients who had 
positive findings only on follow-up films, the positive 
phase was phase 1 in four patients, phase 2 in seven 
patients, and phase 3 in two patients which accounted 
for 3.5%, 6.1%, and 1.8%, respectively. Timing of 
positive findings are summarized in Figure 3 and 4.

Image findings
Regarding the X-ray finding, abnormalities 

could be found in any lobes. Abnormalities were 
predominantly found at both middle and lower lungs 
regardless of the symptoms. Both upper lungs were 
rarely involved by the disease. Distribution of the 
lobes involved are shown in Figure 5.

Most common abnormality found on chest X-ray 

was interstitial opacity (score=1) which was seen in 
79% of patients. Combined interstitial and alveolar 
opacity were also seen, which 8.5% was interstitial 
predominance and 7.9% was alveolar predominance. 

Table 1. Patient characteristics

Characteristics Total (170 patients)

Sex; n (%)

Male 102 (60.0)

Female 68 (40.0)

Age (years) Median 10 (min 0, max 18)

Presenting symptom(s); n (%)

Fever 128 (75.3)

Cough 81 (47.6)

Rhinorrhea 48 (28.2)

Anosmia 2 (1.2)

Sorethroat 26 (15.3)

Dyspnea 8 (4.7)

Headache 7 (4.1)

Vomit 12 (7.1)

Diarrhea 14 (8.2)

Rash 1 (0.6)

Seizure 5 (2.9)

Length of stay (days) 3 to 226 (mean 10.6, median 9)

Underlying disease; n (%) 44 (25.9)

Hematologic disease 7 

Malignancy 1 (lymphoma)

Cardiovascular disease 3

Respiratory disease 3

Neurological disorder 8

Psychological disease 2

Renal disease 4

Multiple/systemic disease 2 (1 VACTERL, 1 LOWE)

Gastrointestinal disease 2

Immunologic disease 9 (allergic rhinitis)

Others 2

Figure 2. Trend of CXR investigation in each day of disease.
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These findings rate was similar in symptomatic and 
asymptomatic patients, as shown in Table 2.

When the abnormalities were assessed using 
severity score and compared using the presence 
or absence of symptoms, symptomatic patients 
had a mean score of 2.97 (range 0 to 14, median 
2) and asymptomatic patients had a mean score of 
2.79 (range 0 to 12, median 1.5), which was not 
significantly different (p=0.583). When the score 

was analyzed according to the finding, it was found 
that the patients with positive findings on initial films 
tended to have higher MSS than the patients with 
positive finding on follow-up films, which was 1 to 
14 (mean 4.25), and 1 to 5 (mean 2.62), respectively. 
MSS as shown in Table 3.

An example finding of asymptomatic patient 
is shown in Figure 6. It was a 17-year-old boy with 
underlying disease of acute lymphoblastic leukemia 

Table 2. Pattern of radiographic abnormality

Score Asymptomatic patients (%) Symptomatic patients (%) All patients (%)

1: Interstitial opacity 70.7 80.0 79.0

2: Interstitial & alveolar opacities with interstitial predominance 14.6 13.0 8.5

3: Interstitial & alveolar opacities with alveolar predominance 14.6 7.5 7.9

Table 3. Maximum severity score

Group Score p-value

Symptom 0.583**

Asymptomatic (n=14) 0 to 12 (median 1.5, min 0, max 12)

Symptomatic (n=156) 0 to 14 (median 2.0, min 0, max 14)

Finding <0.001*

Negative finding (n=42) 0 (median 0, min 0, max 0)

Positive on initial films (n=101) 1 to 14 (median 4, min 1, max 14)

Positive on follow-up films (n=13) 1 to 5 (median 2, min 1, max 5)

Asymptomatic (n=14) 2 to 12 (median 3.56, min 2, max 12)

* Mann-Whitney U test, ** Kruskal Wallis test

Figure 3. Timing of positive findings.

Figure 4. Timing of positive findings in symptomatic patients 
who had normal initial X-rays. Figure 5. Distribution of the lobes involved.
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(ALL) admitted for bone marrow biopsy but PCR for 
covid was positive. Chest X-rays were normal on day 
0 and day 6 but he developed respiratory failure on 
day 7 and chest X-ray was abnormal.

For the timing that MSS was found, in 
symptomatic patients, it was mostly seen in phase 1 
in 77 out of 114 patients (67.5%). The others were 
in phase 2 in 29 patients (25.4%), and phase 3 in 
eight patients (7.0%). No abnormality was further 
detected in phase 4. In asymptomatic patients, MSS 
was also seen mostly in phase 1 in six out of seven 
patients (85.7%), and the other one in phase 2 in one 
patient (14.3%). No abnormality was further detected 
in phase 3 or 4. Time to maximal severity score is 
summarized in Figure 7.

Discussion
It was known that chest X-ray is helpful in 

Covid-19 patients, both in diagnosis, follow-up, 
and providing the prognosis. However, in pediatric 
patients, unnecessary radiation exposure has always 
been a major concern. Justification for using X-ray 
should be made in every pediatric patient. In 
Thailand, there has been no established guideline 
for appropriate X-ray use in children with Covid-19 
infection. The present study was performed to 
evaluate findings on chest X-ray of admitted pediatric 
patients.

Most common presenting symptoms were fever 
(75.3%), cough (47.6%), and rhinorrhea (28.2%). 
These presenting symptoms were similar to what was 
reported on the previous study by Chen et al.(13), which 
stated that the most common presenting symptoms in 
children were cough (42.9%) and rhinorrhea (14.3%). 
In Chen’s study, fever could be found in children but 
at a lower rate than adults (around 42% in children 
and 83% in adult). In the systematic review of 
Hoang et al. in 2020(14), the children usually have 
milder symptoms with the most common presenting 
symptoms of fever (59.1%), cough (55.9%), and 
rhinorrhea (20%). In the present study, fever (75.3%) 
of the patients could be seen at a higher rate than the 
other studies, maybe because of the in-patient setting 
with large number of patients with underlying illness, 
which was about one-fourth of all patients.

In adults, the most frequent findings are airspace 
opacities, whether described as consolidation or, less 
commonly, ground glass opacity (GGO)(15,16). The 
distribution is most often bilateral, peripheral, and 
lower zone predominant(15,16). In the present study, 
distribution is most often middle-to-lower lung zones 
with slightly right lung predominant and interstitial 
opacity were more common.

When the Brixia scoring was calculated, MSS 
was found to be significantly higher in symptomatic 
patients having abnormalities found since the first 
X-ray than in symptomatic patients who just had 
abnormalities on follow-up films (median MSS 
4.25 and 2.62, p<0.001). Time to MSS was within 
phase 1 in symptomatic patients and phase 2 for 
asymptomatic patients. Apart from these, it was found 
that at the first diagnosis, abnormality could be seen in 
as high as 42.9% in asymptomatic patients and 64.7% 
of symptomatic patients. In the patients that first 

Figure 7. Time to maximal severity score.

Day 0 (score=0) Day 6 (score=0) Day 7 (score=12)

Figure 6. Asymptomatic patient who had positive finding on a follow-up film.
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X-rays were normal, their follow-up films usually 
showed abnormality during phase 1 and 2. Thus, 
regardless of symptom, all admitted patients should 
be sent for chest X-ray and follow-up X-ray should 
be done not later than during the phase 2 period.

In the previous study by Yasin and Gouda(11), it 
was reported that both maximum RALE score and 
time to MSS had a correlation with mortality rate.

Conclusion
Screening X-ray at the first diagnosis had high 

rates of abnormality detection regardless of symptom. 
For patients with normal first X-ray, abnormalities 
could be detected on later films, mostly in phase 1 
and 2. Therefore, even with the fear of unnecessary 
exposure to radiation in children, X-ray should 
be performed at the first diagnosis regardless of 
symptom. Appropriate timing to follow-up X-ray 
was phase 2, at day 5 to 8 of disease. Chest X-ray 
abnormalities were found mostly on middle and lower 
lobes and most common findings were interstitial 
infiltration.

What is already known on this topic?
Covid-19 infection in pediatric patients had 

different courses of the disease compared with adult 
patients, so X-ray finding and timing for appropriate 
X-ray investigation may be different.

What this study adds?
Chest X-ray is necessary in every Covid-19 

pediatric patient. Screening chest X-ray should be 
done regardless of symptom and follow-up X-ray 
should be done not later than phase 2 period. Finding 
of chest X-ray of pediatric patients were different 
to adults.
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