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Abstract
Background: While the COVID-19 pandemic has been extensively studied in adults, there is a lack of data

on the clinical characteristics and outcomes of the disease in pediatric populations, particularly regarding

the development of pneumonia.

Objective: To determine the risk factors for developing pneumonia in children under 15 years of age who

were infected with COVID-19.

Materials and Methods: A retrospective case-control study was conducted at Bhumibol Adulyadej Hospital,

Thailand, from April 1 to November 30, 2021. The study included children under 15 years old with RT-PCR-

confirmed COVID-19 infection. The patients were divided into two groups: 145 cases with radiologically

confirmed pneumonia and 145 controls without pneumonia. We analyzed and compared patient

demographics, clinical symptoms, comorbidities, and RT-PCR cycle threshold (Ct) values between the two

groups. Multivariate logistic regression was performed to determine the independent risk factors for

pneumonia.

Results: A total of 290 pediatric patients were included in the analysis. The findings showed that an age

of less than 3 years (OR 3.5; 95% CI 2.07–5.92) and the presence of fever (OR 4.23; 95% CI 2.33–7.86) were

significant independent risk factors for the development of pneumonia. Other symptoms, including

diarrhea and rash, were also associated with an increased risk of pneumonia.

Conclusion: Children under the age of three and those who present with a fever are at a significantly

higher risk of developing pneumonia when infected with COVID-19. These findings highlight the need for

close monitoring of these high-risk pediatric patients to facilitate early intervention and improve clinical

outcomes.
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identifying risk factors for the development of

pneumonia in pediatric COVID-19 patients treated

at a hospital in Thailand.

Materials and Methods
Study design and setting

This analytical retrospective case-control

study was conducted between April 1 and November

30, 2021, at Bhumibol Adulyadej Hospital. The study

protocol received approval from the hospital ethics

committee (IRB no. 110/64).

Study population

All participants were children under 15

years of age diagnosed with COVID-19 infection

confirmed by RT-PCR testing using ARIDIA (Biotech,

Inc., CA, USA). Participants were categorized into

two groups: those diagnosed with COVID-19 pneumonia

comprised the case group, while those with COVID-19

infection without pneumonia served as controls.

Pneumonia diagnosis was established by pediatricians

based on clinical signs and radiological findings.

Data collection

The following variables were collected for

both groups: age, sex, clinical manifestations, obesity

(defined as BMI Z-score >2 standard deviations for

same sex and age), comorbidities, and RT-PCR cycle

threshold values. Risk factors for pneumonia

development were systematically evaluated.

Statistical Analysis

Sample size estimation utilized the

two-independent proportion formula. Baseline

characteristics and clinical manifestations were

compared between patients with and without

COVID-19 pneumonia. Age, sex, clinical manifesta-

tions, obesity, comorbidities, and cycle threshold

values were described as counts and percentages,

compared using chi-square and Fisher’s exact tests.

Odds ratios with 95% confidence intervals (CI) were

calculated for risk factors associated with COVID-19

pneumonia. Multivariate logistic regression models

were performed to adjust for covariates correlated

with pneumonia. Statistical analysis was conducted

using SPSS version 27 (IBM Corporation, NY, USA).

Results

During the study period, 337 pediatric

patients with RT-PCR-confirmed COVID-19 infection

presented to Bhumibol Adulyadej Hospital. Forty-seven

patients were excluded from the study due to

insufficient data. A total of 290 patients were

included: 145 patients with COVID-19 pneumonia

formed the case group, while 145 patients without

pneumonia served as controls.

The baseline characteristics of the two

groups were compared. As shown in Table 1, the

COVID-19 pneumonia group had a significantly

higher proportion of children under three years of

age compared to the no pneumonia group (46.9 %

vs. 13.1 %, p<0.001). The prevalence of fever was

also significantly higher in the pneumonia group

(72.4% vs. 35.9%, p<0.001). Additionally, a higher

percentage of patients with pneumonia presented

with diarrhea (13.8 % vs. 6.2 %, p=0.03) and rash (9 % vs.

2.1 %, p=0.01).

No significant differences were found

between the two groups regarding other clinical

symptoms such as rhinorrhea, cough, sore throat,

anosmia, conjunctivitis, and vomiting. Similarly, there

were no significant differences in the prevalence of

comorbidities like obesity, asthma, and allergic rhinitis,

or in the RT-PCR cycle threshold values between

the two groups.

Risk Factor Analysis

The multivariate logistic regression analysis

revealed two independent risk variables for the
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development of COVID-19 pneumonia.  Age less

than three years was identified as a significant risk

factor, with an odds ratio (OR) of 3.50 (95% CI 2.07-

5.92).  Furthermore, fever was an independent risk

factor, with an odds ratio (OR) of 4.23 (95% CI 2.33-

7.86).

Table 1 Demographic data and characteristics of COVID-19 subjects with or without pneumonia

Pneumonia*    p-value

With (n=145) Without (n=145)

Age <3 years    68 (46.9)      19 (13.1)    <0.001p

Clinical manifestations

Fever   105 (72.4)      52 (35.9)    <0.001p

Rhinorrhea    54 (37.2)      41 (28.3)    0.10p

Cough    98 (67.6)      88 (60.7)    0.22p

Sore throat    22 (15.2)      24 (16.6)    0.75p

Anosmia     3 (2.1)       9 (6.2)    0.77p

Diarrhea    20 (13.8)       9 (6.2)    0.03p

Conjunctivitis     3 (2.1)       0 (0.0)    0.25f

Vomiting    12 (8.3)       5 (3.4)    0.80p

Rash    13 (9)       3 (2.1)    0.01p

Co-morbidities

Obesity    42 (29.0)      31 (21.4)    0.14p

Allergic rhinitis     5 (3.4)       1 (0.7)    0.21f

Asthma     1 (0.7)       1 (0.7)    1.00f

Cycle threshold** <20    92 (63.4)      98 (67.6)    0.46p

*n (%), p: Pearson Chi-Square, f: Fisher’s Exact Test, **cycle threshold: cycle threshold values in RT-PCR

Table 2 Risk factors associated with COVID-19 pneumonia in pediatric patients (n=290)

    Crude OR*       p-value   Adjusted OR* p-value

Age <3 years 5.86 (3.27, 10.45)       <0.001   3.50 (2.07, 5.92) <0.001

Fever 4.70 (2.85, 7.72)       <0.001   4.23 (2.33, 7.86) <0.001

Diarrhea 2.42 (1.06, 5.51)        0.03

Rash 4.66 (1.30, 16.73)        0.02

* OR= odds ratio (95%CI)
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Discussion
In Thailand, by November 2021, children

accounted for a significant portion of COVID-19

cases, though the crude mortality rate remained

low.(1) While COVID-19 in children is typically mild,

a small number of patients develop severe compli-

cations, including pneumonia, which has been

identified as a key risk factor for ICU admission and

mortality in this population.(8) Lung involvement is

a critical determinant of poor outcomes, with

extensive lung segment involvement correlating with

higher disease severity and a poorer prognosis.(9)

Our study specifically focused on factors

associated with pneumonia development in children

with confirmed COVID-19. We found that age less

than three years significantly increased the risk of

COVID-19 pneumonia, consistent with similar findings

in Mexico.(5) This heightened vulnerability in very

young children can be attributed to their smaller

airways, still-developing immune systems, and limited

respiratory reserve, all of which make them more

susceptible to respiratory complications.

Fever was another significant risk factor

for COVID-19 pneumonia. This aligns with other studies

that have identified fever as a predictor of severe

COVID-19 pneumonia. The presence of a fever likely

indicates a more robust inflammatory response and

a higher viral load, which in turn leads to more

extensive tissue damage and a greater likelihood of

pulmonary complications.(10)

Interestingly, our study did not find a

significant association between obesity or other

comorbidities and the development of pneumonia.

This contrasts with research in both pediatric and

adult populations that has identified these factors

as major risk factors for severe COVID-19.(11-13) This

discrepancy may be due to the very low number of

patients with underlying diseases who developed

pneumonia in our study cohort.

Furthermore, we found no significant

difference in RT-PCR cycle threshold (Ct) values

between the pneumonia and no-pneumonia groups,

despite some studies suggesting that lower Ct values

(indicating a higher viral load) are associated with

worse outcomes.(14)

Limitations and future directions

This study’s retrospective, single-center

design is a limitation, as the findings may not be

generalizable to other healthcare settings or

populations. The retrospective nature also prevents

us from prospectively validating any risk stratification

methods. Future multicenter, prospective studies

are needed to confirm our findings and develop robust,

validated risk prediction models for pediatric COVID-19

patients.

Conclusion
This study identifies children under three

years of age and those presenting with fever as

having significantly elevated probability of developing

pneumonia when infected with COVID-19. These

findings provide evidence-based guidance for risk

stratification and clinical decision-making in pediatric

COVID-19 management. Healthcare providers should

implement heightened surveillance protocols for

children meeting these risk criteria to optimize early

identification and intervention for potential respiratory

complications.
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