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 Background: Although COVID-19 is generally milder in children, a 
subset develops severe pulmonary involvement requiring hospitalization. 
Evidence linking chest CT abnormalities to clinical outcomes in 
hospitalized children is limited. We evaluated CT findings and their 
association with clinical presentation, disease severity, oxygen saturation, 
and short-term outcome. 
Methods: 

Hospital, Yazd, Iran. Clinical data and CT images (interpreted by a 
radiologist) were extracted from medical records. Associations were tested 

. 
Results: CT abnormalities were present 
opacity was most common (50%), followed by consolidation (29.3%), 
atelectasis (14.6%), and pleural effusion (8.5%). Severe/critical disease was 

 
0.006). Oxygen saturation <94% was strongly associated with CT 
abnormalities (95.8% vs. 71.8%, P = 0.02). All six deaths occurred among 
patients with abnormal CT (P = 0.03). No significant associations were found 
for fever, cough, respiratory distress, or age group. Age group (1 month 1 
year, 1 5 years, 5 13 years, 13 18 years) was not significantly associated 
with CT findings. 
Conclusion: In hospitalized children with clinically indicated chest CT, 
pulmonary abnormalities were frequent and associated with severe 
disease and hypoxemia, while symptoms alone did not predict radiologic 
involvement. All deaths occurred in the abnormal-CT group. Routine CT 
screening is not supported, and findings require prospective validation. 
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Introduction 
ince the emergence of severe acute 
respiratory syndrome coronavirus 2 
(SARS-CoV-2) in late 2019, 

coronavirus disease 2019 (COVID-19) has 
posed unprecedented challenges to healthcare 
systems worldwide1,2. Although children 
account for a smaller proportion of severe 
cases compared with adults, pediatric COVID-
19 remains clinically important because of its 
heterogeneous presentation and potential for 
rapid deterioration in a subset of patients3,4. 
Pediatric infection ranges from asymptomatic 
disease and mild upper respiratory symptoms 
to severe pneumonia, respiratory failure, 
multisystem inflammatory syndrome in 
children (MIS-C), and death5. Consequently, 
early identification of children at risk for 
severe pulmonary involvement remains an 
important clinical priority. 

Several biological mechanisms have been 
proposed to explain the generally milder 
disease course observed in children, including 
differences in angiotensin-converting enzyme 
2 (ACE2) receptor expression, stronger innate 
immune responses, lower prevalence of 
chronic comorbidities, and reduced exposure 
to smoking and environmental pollutants6,7. 
Nevertheless, hospitalized pediatric patients 
represent a clinically distinct subgroup in 
whom pulmonary complications are more 
likely to occur. In these patients, timely 
recognition of respiratory involvement is 
critical for guiding monitoring intensity, 
oxygen therapy, and escalation of care. 

Imaging has played an important role in the 
evaluation of COVID-19 pneumonia since the 
beginning of the pandemic. Chest radiography 
remains the most accessible imaging modality 
in many centers; however, chest CT 
demonstrates greater sensitivity for detecting 
early parenchymal abnormalities and subtle 
pulmonary involvement8,9. In adults, chest CT 
findings have been extensively characterized 
and commonly include bilateral peripheral 
ground-glass opacities (GGOs), consolidation, 
vascular enlargement, crazy-paving 

appearance, and multilobe involvement8,10. In 
many adult studies, CT severity has also been 
associated with respiratory failure, intensive 
care admission, and mortality11,12. 

By contrast, the imaging spectrum of 
pediatric COVID-19 appears less severe and 
less specific than that observed in adults. 
Previous pediatric investigations have 
demonstrated lower frequencies of CT 
abnormalities and a greater prevalence of 
normal imaging findings4,13. Reported 
radiological manifestations in children include 
GGOs, patchy consolidation, halo sign, 
nodular opacities, atelectasis, and pleural 
effusion4,14,15. However, the prevalence of 
these findings varies considerably across 
studies, likely because of differences in patient 
selection, disease severity, timing of imaging, 
and institutional imaging protocols. 

Systematic reviews and meta-analyses have 
consistently identified GGO as the 
predominant CT finding in children with 
COVID-19, although normal CT scans have 
also been reported in up to one-third of 
pediatric cases4,5,16. This variability has 
generated ongoing debate regarding the 
clinical utility of chest CT in children. Current 
pediatric guidelines generally discourage 
routine CT screening because of concerns 
related to radiation exposure and limited 
diagnostic specificity17. Nevertheless, imaging 
may still provide important information in 
hospitalized children with worsening 
respiratory status, hypoxemia, or suspected 
complications. 

Despite the expanding literature on 
pediatric COVID-19 imaging, most available 
studies have primarily focused on descriptive 
radiological findings rather than evaluating the 
relationship between CT abnormalities and 
clinical severity or outcome14. Consequently, 
uncertainty remains regarding the prognostic 
significance of pulmonary involvement 
detected on chest CT in hospitalized pediatric 
patients. In addition, the relationship between 
imaging abnormalities and presenting 
symptoms such as fever, cough, and 
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respiratory distress remains incompletely 
understood, and the extent to which these 
associations vary across different pediatric age 
groups has received little attention. 

Understanding these associations has 
important implications for pediatric inpatient 
care and health-system decision-making. 
Because clinical symptoms alone may not 
reliably indicate the extent of pulmonary 
involvement, especially in younger children, 
identifying objective imaging patterns linked 
to disease severity can help clinicians 
recognize high-risk patients earlier and 
allocate monitoring and therapeutic resources 
more efficiently. Therefore, this study aimed to 
determine the frequency and distribution of 
chest CT findings in hospitalized children with 
RT-PCR-confirmed COVID-19 and to 
evaluate their associations with presenting 
symptoms (fever, cough, respiratory distress), 

(severe/critical vs. non-severe), short-term 
outcome (death vs. alive), and predefined age 
groups (1 month 1 year, 1 5 years, 5 13 
years, 13 18 years). 

Materials and Methods 

Study Design and Setting  
This retrospective cohort study was conducted 
at Shahid Sadoughi Hospital, Yazd, Iran, and 
approved by the institutional ethics committee 
(code IR.SSU.MEDICINE.REC.1400.413). 

Study Population 
The study population comprised all 

children younger than 18 years with 
RT-PCR-confirmed COVID-19 who were 
admitted to any ward of Shahid Sadoughi 
Hospital and for whom a chest CT scan was 
performed either shortly before or during the 
admission. Patients were excluded if the 
patient or guardian refused to participate, if 
the medical records were incomplete, or if 
the patient was discharged against medical 
advice before data collection could be 
completed. Chest CT was performed at the 
discretion of the treating clinician based on 
clinical suspicion of pulmonary 

involvement, worsening respiratory distress, 
persistent hypoxemia, or suspected 
complications; it was not part of a routine 
screening protocol. 

Data Collection 
Demographic characteristics including age 

and sex were extracted from medical records. 
Clinical variables included fever, cough, 
respira
disease severity, length of hospital stay, and 
clinical outcome. 

Disease severity was defined according to 
the WHO/Chinese pediatric COVID-19 
guidelines: severe disease (dyspnea, central 

ical disease) 
respiratory failure, acute respiratory distress 
syndrome, shock, or multi-organ dysfunction18. 

Study period 
Patients admitted from 2020 to 2022 were 

enrolled. 
Sampling 
A census method was used; every child 

meeting the eligibility criteria during the study 
period was included. 

Data collection 
Data were collected using a 

researcher-made, three-part questionnaire. 
1. Demographic and general information: 

age, sex, length of hospital stays, and other 
baseline characteristics. 

2. Clinical symptoms: recorded for the 
hospitalization period. Symptoms included 
fever, cough, nasal congestion, dyspnea, and 
other relevant manifestations, all retrieved 
from existing COVID-19 patient databases. 

3. Chest CT findings: images were 
reviewed and categorized by a single 
radiologist. The radiologist evaluated each 
scan for COVID-19-related involvement
including: ground-glass opacities, 
consolidation, atelectasis, pleural effusion, and 
any additional radiological features. The 
categorization was directly entered into the 
questionnaire. 

All questionnaire data were entered into 
Microsoft Excel and cross-checked for 
accuracy before analysis. 
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Variables 
The primary independent variable was the 

chest CT findings (categorized patterns of 
involvement). The dependent variables were 
the clinical symptoms documented during 
hospitalization. Age was categorized into four 
groups for analysis: 1 month to <1 year, 1 year 
to <5 years, 5 years to <13 years, and 13 years 
to <18 years, consistent with pediatric 
developmental stages. 

Limitations 
This study has several limitations. The 

retrospective, single-center design and 
clinically driven CT referral introduced 
selection bias, likely overestimating the 
prevalence of CT abnormalities relative to all 
hospitalized children. The small sample (n = 
82) with few deaths (n=6) precluded 
multivariable adjustment and causal 
inference. Comorbidity and laboratory data 
were not systematically available, and CTs 
were interpreted by a single radiologist, 
though this ensured consistency. Symptom 
data were incomplete (e.g., tachypnea could 

reducing analytical power. These factors 
necessitate cautious interpretation and 
validation in larger, prospective cohorts with 
standardized imaging protocols. 

Statistical analysis 
Analyses were performed with IBM SPSS 

22, IBM Corporation, Armonk, NY). 
Descriptive statistics (frequencies, 
percentages, means, and standard deviations) 
summarized the sample. Associations 
between CT findings and clinical symptoms 
were tested with chi-
tests, as appropriate. A two-
was considered statistically significant. A 
prospective a priori power calculation was not 
performed because this was a retrospective 
cross-sectional study using a census sampling 
method; the sample size (n = 82) was 
determined by the number of eligible 
hospitalized children with clinically indicated 
CT scans during the study period. 

Results 

Patient Characteristics 
A total of 82 hospitalized children with 
RT-PCR-confirmed COVID-19 were included 

was not systematically reported in the original 
dataset. Complete symptom data were not 
available for all patients. Among those with 
documented records, the most common 
symptoms were cough (45.5%; 35 of 77 
patients), tachypnea (41.7%; 34 of 82 
patients), and respiratory distress (29.5%; 23 
of 78 patients). However, the record-level data 
for tachypnea could not be reliably linked to 
the CT findings for a sufficient number of 
patients; therefore, the planned 
cross-tabulation for tachypnea is not reported. 
Fever data were missing for six patients. Fever 
was observed in 73.2% of patients (60 of 82). 

Disease severity was classified as 
non-severe in 27 patients (32.9%), severe in 39 
patients (47.6%), and critical in 16 patients 
(19.5%). Six patients (7.3%) died during 
hospitalization 

Chest CT Findings 
Chest CT abnormalities were detected in 63 

patients (76.8%), whereas 19 patients (23.2%) 
demonstrated normal CT scans. GGO was the 
predominant imaging finding, present in 41 
patients (50%). Consolidation was identified in 
24 patients (29.3%), atelectasis in 12 patients 
(14.6%), and pleural effusion in 7 patients 
(8.5%) (Table 1). 

 
Table 1. Frequency of Chest CT Findings in 

Hospitalized Children with COVID-19 (n = 82) 

CT Finding 
Present, n 
(%) 

Absent, n 
(%) 

Ground-glass opacity 41 (50.0) 41 (50.0) 
Consolidation 24 (29.3) 58 (70.7) 
Atelectasis 12 (14.6) 70 (85.4) 
Pleural effusion 7 (8.5) 75 (91.5) 

      Percentages may exceed 100% because 
multiple findings could coexist in individual 
patients. 
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Association Between CT Findings and 
Clinical Symptoms 

No significant association was identified 
between chest CT abnormalities and cough, 
respiratory distress, or fever (Table 2). Among 
children with cough, 80.3% had CT 
abnormalities compared with 74.4% among 
those without cough (P = 0.56). Similarly, 
respiratory distress was not significantly 
associated with abnormal CT findings (73.9% 
vs. 78.2%, P = 0.68). Fever was also not 
significantly associated with chest CT 
abnormalities. Lung involvement was present 
in 80% of febrile patients and 81.3% of afebrile 
patients (P = 0.91). 

 
Table 2. Lung Involvement on Chest CT 

According to Respiratory Symptoms 

Symptom 
CT Abnormal, 
n (%) * 

CT Normal, 
n (%) 

P ** 

Cough (n = 77) 
0.56 Yes 28 (80.0) 7 (20.0) 

No 31 (73.8) 11 (26.2) 
Respiratory distress (n = 78) 

0.68 Yes 17 (73.9) 6 (26.1) 
No 43 (78.2) 12 (21.8) 
Tachypnea***    
Fever (n = 76) 

0.91 Yes 48 (80.0) 12 (20.0) 
No 13 (81.1) 3 (18.8) 

* Percentages are row percentages. 
 

between symptom 
documentation and CT findings was not feasible with the 
available data.  
 

Based on fever duration, no significant 
association was observed between the length 
of fever and the presence of lung involvement 
on chest CT, as patients with fever lasting four 
days or less and those with fever longer than 

four days showed similar rates of CT 
abnormalities (P = 0.48). 

Association Between CT Findings and 
Disease Severity 

Severe or critical disease was significantly 
more common among patients with abnormal 
chest CT findings than among those with 
normal CT scans (76.2% vs. 36.8%, P = 
0.006), corresponding to an odds ratio (OR) of 
5.49 (95% CI 1.83 16.44). CT abnormalities 
were identified in 44.4% of non-severe cases 
(12/27), 87.2% of severe cases (34/39), and 
87.5% of critical cases (14/16) (P = 0.006) 

 
CT abnormalities were identified in 44.4% 

of non-severe cases (12/27), 87.2% of severe 
cases (34/39), and 87.5% of critical cases 

 
Association Between CT Findings and 

Oxygen Saturation 
Oxygen saturation data were available for 

63 of the 82 patients (51 of 63 with abnormal 
CT and 12 of 19 with normal CT). Among 

significantly higher frequency of CT 
abnormalities than those with 
(95.8% vs. 71.8%, P = 0.02), yielding an odds 
ratio of 9.04 (95% CI 1.08  

Association Between CT Findings and 
Clinical Outcome 

All six deaths occurred in the abnormal-CT 
group (6.63, 9.5%), while no deaths occurred 
among the 19 children with normal CT scans 
(0%). An odds ratio could not be calculated 
because of zero events in the normal-CT 
group. The risk difference was 9.5% (95% CI: 
2.3% -sided P 

 

 
Table 3. Association between Chest CT Abnormalities and Disease Severity, Oxygen Saturation, and Clinical 

Outcome in Hospitalized Children with COVID-19 
Variable CT Abnormal, n (%) CT Normal, n (%) P OR (95% CI) 

Disease Severity 

0.006 5.49 (1.83 16.44)** 
Non-severe 12 (44.4) 15 (55.6) 

Severe 34 (87.2) 5 (12.8) 

Critical 14 (87.5) 2 (12.5) 
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0.02 9.04 (1.08 75.3)**  28 (71.8%) 11 (28.2%) 

<94% 23 (95.8%) 1 (4.2%) 

Clinical Outcome 

0.03 Inestimable*** Alive 57 (90.5) 19 (100) 

Death 6 (9.5) 0 (0) 

Risk difference (95% CI) 9.5% (2.3% 16.7%) 

complete data  
** OR for binary comparison: any CT abnormality vs. normal CT. For severity,  

ead. 

 
No significant association was observed 

between individual CT patterns and mortality. 
Subgroup and Secondary Analyses 
No individual CT pattern 

opacity, consolidation, atelectasis, or pleural 
effusion) was significantly associated with 
mortality. Lung involvement on CT did not 

saturation was analyzed by specific imaging 
patterns, none of the individual findings 

was significantly more frequent in patients with 
critical disease (56.3%) than in those with 
severe (25.6%) or mild disease (18.5%; 

differences. No CT finding varied significantly 
across age groups (P values ranged from 0.17 to 
0.62). Length of hospital stay was not 
significantly associated with overall CT 

 

Discussion 
This cohort of hospitalized children with 

COVID-19 who underwent clinically indicated 
chest CT yielded three main findings. First, CT 
abnormalities were common (76.8%), with 
ground-glass opacity predominating. Second, 
abnormal CT was strongly associated with 

(fever, cough, and respiratory distress) did not 
distinguish children with abnormal CT from 
those with normal scans. All six deaths 

occurred in the abnormal-CT group, though 
this unadjusted association must be interpreted 
cautiously. 

The 76.8% prevalence is higher than the 50-
70% range reported in systematic reviews that 
included outpatients4,5,16, a discrepancy 
attributable to our inclusion of only 
hospitalized children with clinical indications 
for imaging. A multicenter study of 
hospitalized pediatric patients reported a 
similar abnormality rate of 74%19, confirming 
that our results reflect the true burden of 
pulmonary involvement in this sicker 
subgroup. 

Consistent with the pediatric literature, 
GGO was the most frequent finding (50%), 
followed by consolidation (29.3%)4,13,14. Our 
data were collected between 2020 and 2022, 
thus primarily representing early-pandemic 
(pre-Delta) lung injury. 

From a pathophysiological standpoint, 
GGOs and consolidations represent alveolar 
inflammation, interstitial edema, and 
ventilation-perfusion mismatch leading to 
hypoxemia8. Notably, no individual finding 
was independently associated with mortality or 
hypoxemia, suggesting that the presence of 
any pulmonary abnormality, rather than a 
specific pattern, may be the more robust 
severity indicator. 

All six deaths occurred in the abnormal-CT 
group (
However, the small number of events and 
inability to adjust for confounders mean this 
association is exploratory; it does not establish 
CT abnormalities as an independent predictor 
of mortality. Çetin et al. similarly concluded 
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that the relationship between pediatric chest 
CT findings and mortality risk remains 
inadequately characterized20. 

A novel contribution of our study is the 
observed discordance between clinical 
symptoms and CT findings. Fever, cough, and 
respiratory distress did not predict radiologic 
involvement, paralleling adult reports of 

21. Possible explanations 
include age related differences in 
inflammatory signaling, inability of young 
children to articulate dyspnea, and the 
potential for CT abnormalities to precede overt 
deterioration6. Consequently, clinicians should 
not rely on the absence of respiratory 
symptoms to exclude significant pulmonary 
involvement in hospitalized children with 
COVID-19. 

No significant differences in CT 
abnormalities were observed across age 
groups. Although infants and young children 
have been reported to have milder clinical 
illness, potentially due to lower ACE2 
expression and distinct immune maturation7, in 
this hospitalized cohort age did not influence 
CT findings. This suggests that once a child 
requires admission and chest CT, age related 
susceptibility differences become less relevant 
than disease severity at presentation, and 
clinicians should not use age alone to rule out 
pulmonary involvement. 

Our findings do not support routine CT 
screening in pediatric COVID-19, given 
radiation exposure risks and the availability of 
effective alternatives such as chest 
radiography and clinical monitoring22. 
However, in selected hospitalized children 
with hypoxemia, worsening respiratory status, 
or diagnostic uncertainty, chest CT may 
provide complementary prognostic 
information. The presence of any parenchymal 
abnormality should prompt closer monitoring 
and consideration of escalation of care, even 
when symptoms are mild. 

Future multicenter prospective studies 
should determine whether CT findings offer 
independent prognostic value beyond clinical 

scores and biomarkers, and how radiologic 
patterns differ across viral variants. 

Conclusion 
In this cohort of hospitalized children with 
clinically indicated chest CT, pulmonary 
abnormalities were common and were 
significantly associated with severe disease 
and hypoxemia. All six deaths occurred in the 
abnormal-CT group; however, given the small 
number of events and the inability to adjust for 
confounders, this association is exploratory 
and should not be interpreted as evidence that 
CT findings independently predict mortality. 
Common respiratory symptoms did not predict 
CT findings, highlighting the limitations of 
symptom-based assessment. Chest CT should 
not be used routinely but may provide 
complementary severity information in 
selected hospitalized pediatric patients. 
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