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Aim: This study aimed to investigate whether serum biochemical parameters can be used as a surrogate for
chest computed tomography (CT) in the diagnosis of COVID-19 in pediatric patients. Materials & methods:
We evaluated potential associations between various serum biochemical markers and the COVID-reporting
and data system (RADS) pneumonia grading system in 53 individuals with confirmed COVID-19. Results:
A total of 28 chest CT scans (52.8%) were abnormal. Patients with confirmed COVID-19 on CT showed
a statistically significant increase in lactate dehydrogenase (186.4 ± 56.5 vs 228.4 ± 60.6; p = 0.01),
which was significantly correlated with the COVID-RADS pneumonia grading system. Conclusion: Lactate
dehydrogenase can be used as a surrogate marker for chest CT in children with COVID-19. This can reduce
exposure to ionizing radiation during initial diagnostic procedures in children with suspected COVID-19
pneumonia.
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COVID-19 pneumonia in children is associated with considerable morbidity and mortality [1,2]. Radiological
examinations, particularly chest radiography and computed tomography (CT), have significantly aided in clinical
diagnosis, evaluation and management of COVID-19 patients. A quantitative RT-PCR test is the gold standard for
initial diagnosis, and it is frequently supplemented by chest radiography and CT for the evaluation of COVID-19
pneumonia [3–6].

Unfortunately, these imaging tests are associated with ionizing radiation exposure to this vulnerable group of
patients [7–9]. Therefore, it is necessary to explore alternative convenient, safe and cost-effective diagnostic tests that
could be used as surrogates for ionizing radiation modality, such as chest CT. Consequently, these alternative tests
may help differentiate patients’ characteristics and thus prioritize clinical care for pediatric patients of COVID-19
based on serum biochemical parameters.

COVID-19 infection in children and adult populations is evolving, and it has been predicted that vaccinations
are bound to help adults and geriatric populations to recover fast following infection. However, newer COVID-
19 variants are expected to impact the unvaccinated pediatric population. Consequently, due to the fact that the
pediatric population can be significantly more vulnerable to COVID-19, researchers were encouraged to explore the
availability of safe, convenient, feasible and cost-effective diagnostic biomarkers for early disease assessment. Since
the emergence of the pandemic, several reports have presented diagnostic clues on the altered serum biochemical
parameters following the pathophysiological and biochemical changes in the pathogenesis of COVID-19 [10–12].
To date, no scientific study has managed to provide solid evidence on the relationship between chest CT findings
and serum biochemical parameters in pediatric patients with COVID-19 pneumonia.
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Therefore, this study aims to investigate the relationship between chest CT findings and serum biochemical
parameters in vulnerable pediatric COVID-19 patients to determine whether these parameters can aid in the
detection of early biochemical changes in the patients’ body. Positive correlation between changes in serum
biochemical parameters and disease status can, subsequently, reduce exposure to ionizing radiation, which is a
prerequisite in conventional chest CT imaging.

Materials & methods
Patient population
All data were retrospectively gathered between 16 March 2020 and 1 June 2020. The following criteria were used
to determine inclusion: a positive RT-PCR test for SARS-CoV-2; at least one CT chest examination; and serum
biochemical parameters. Exclusion criteria included individuals with flu-like symptoms and a negative RT-PCR
test for SARS-CoV-2, as well as individuals without an initial chest CT. On the first day of hospitalization,
pediatric patients had a chest CT and a complete blood count. The included serum biochemical values were
determined according to the instructions of the treating physician on the day of admission. Following a thorough
examination of medical files, clinical data (comorbidities, chest radiographic assessments and laboratory results)
were retrieved from electronic medical records. Laboratory assessments comprised aspartate aminotransferase,
alanine aminotransferase (ALT), lactate dehydrogenase (LDH), C-reactive protein, ferritin, white cell count, serum
creatinine and lymphocyte count. All medical records were carefully reviewed, and data were abstracted before
being entered into a computerized database and cross checked. Patients’ medical records were further reviewed with
respect to their length of hospital stay and outcomes.

Imaging technique
All chest CT scans were performed with a 64-slice helical CT scanner (Siemens Healthcare’s Sensation 64, Munich,
Germany) using a tube kilovoltage (kV), 100–120 kV; tube current (mAs), automatic exposure management; colli-
mation, 2.0 mm; pitch, 1; reconstruction algorithm, iterative-based reconstruction; reconstruction slice thickness,
0.5 mm; and interslice gap, 0 mm and reformatted with lung (width, 1500 HU; level, -500 HU) and soft tissue
(width, 350 HU; level, 50 HU) window settings. CT images were acquired in a single breath hold at end inspiration
with the subject in the supine position. Lungs were scanned from the thoracic inlet to the level of the diaphragm [5].

Imaging study evaluation & categorization
Two radiologists with over 20 years of experience (Karuna M Das, Jamal A Al Kottesh) independently reviewed
chest CT images in a picture archiving and communication system (Cedara I-Read 5.2 P11, Cerner Imaging
Devices, MO, USA) in a random order. All conflicting reports were independently assessed by an arbitrator (Taleb
Al Mansoori). Diagnosis of COVID-19 pneumonia was made in accordance with the criteria of CT findings
of COVID-19 pneumonia in children from the international expert consensus statement on chest imaging in
pediatric COVID-19 patient management [3,4,6]. Reviewers then assessed chest CT images for abnormalities in the
thoracic structures, including: lung parenchyma; airway; pleura; and mediastinum, based on previously established
criteria [3,4,6,13]. Patients with positive RT-PCR for COVID-19, ground-glass opacity, consolidation, nodular
opacity, reticular markings, halo sign, reverse halo sign, crazy-paving pattern and the tree-in-bud pattern were
noted as patients with COVID-19 pneumonia [13,14]. These patients were then classified into two subgroups (group
1: without pneumonia and; group 2: pneumonia). The CT features for COVID-19 pneumonia were graded as per
the COVID-RADS data system from 1 to 5, as described earlier [15]. Correlations between the level of the serum
biochemical parameters and the COVID-RADS grading system among the patients were evaluated.

Statistical methods
Descriptive statistics were performed with mean with standard deviations and median with interquartile range for
interval variables, and frequency distribution with percentages was calculated for categorical variables. Unpaired
Student’s t-tests were used to compare the two groups for normally distributed interval variables and the Mann–
Whitney U test for non-normal distributed variables. Interobserver reliability was calculated by Cohen’s kappa
statistics (k) to assess the degree of agreement between the two reviewers. To study the association between LDH
and COVID-RADS CT scores, the Eta coefficient test was performed. A p-value ≤ 0.05 (two-tailed) was considered
statistically significant. SPSS 22.0 statistical software was used for the analysis.
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Table 1. Chest computed tomography findings in 53 symptomatic pediatric patients with COVID-19.
Chest CT findings Studies, n (%)

Normal chest CT 25 (47.1%)

Abnormal chest CT 28 (52.8%)

Type of abnormal chest CT findings

Peribronchial thickenings 0 (0%)

GGO 6 (21.4%)

Consolidation 2 (7.1%)

Peribronchial thickenings and GGO 0 (0%)

Peribronchial thickenings and consolidation 0 (0%)

GGO and consolidation 20 (71.4%)

Peribronchial thickenings, GGO and consolidation 0 (0%)

Signs and patterns of chest CT findings

Halo sign 10 (35.7%)

Reversed halo sign 7 (25%)

Crazy-paving pattern 2 (7.1%)

Tree-in-bud pattern 1 (3.5%)

Air bronchogram 1 (3.5%)

CT: Computed tomography; GGO: Ground-glass opacity.

Results
Patient cohort
The final sample population included 53 chest CT examinations obtained from 53 pediatric patients ranging in
age from 7 months to 18 years (mean standard deviations: 13.21 ± 5.7 years). Group 1 included 25 of 53 (47.1%)
pediatric patients (mean age: 11.81 ± 6.4 years; age range: 7 months–18 years; M:F 16:9) with no clinical evidence
of pneumonia on chest CT. Group 2 included 28 of 53 (52.8%) pediatric patients (mean age: 14.46 ± 4.9 years; age
range: 9 months–18 years; M:F 16:12) with confirmed pneumonia on chest CT (Table 1). There was no noticeable
difference in the gender or age between the two groups (Table 2). The mean length of patients’ symptoms before
hospitalization was 3.3 ± 1.2, with a range of 1–6 days. All patients were held in a quarantine facility for 15 days
after hospital release, including the days spent in the hospital settings.

Chest CT findings
The two reviewers (KMD, JK) reached a consensus on all findings except for three cases where the arbitrator
(TAM) was asked to make a final assessment. The chest CT was normal in 25 of 53 (47.1%) pediatric patients
(Figure 1) and revealed pneumonia in 28 of 53 (52.8%) pediatric patients (Figure 2). The details of the chest
CT findings are provided in Table 1. The COVID-RADS grades were as follows: Grade 1 (normal chest CT;
n = 24), grade 2 (atypical findings; n = 4), grade 3 (fairly typical findings; n = 17), grade 4 (fairly typical findings
and atypical findings; n = 3) and grade 5 (typical findings; n = 5). The mean dosage of radiation received was
5.6 ± 1.2 mSv (range: 2–7 mSv).

Interobserver agreement on chest CT findings
There was almost complete interobserver agreement (IOA) (K = 0.92; p = 0.001).

Serum biochemical parameters & its correlation with chest CT findings
The details of the laboratory indices are provided in Table 2. Pediatric patients in group 2 (with CT evidence for
COVID-19 pneumonia) had significantly elevated levels of LDH (186.4 ± 56.5 vs 228.4 ± 60.6; p = 0.01) with a
considerable increase in ferritin (62.48 ± 37.36 vs 119.56 ± 154.06, p = 0.08) and C-reactive protein (4.42 ± 8.5
vs 5.1 ± 8.98; p = 0.78) levels. Other than that, there was no statistically significant difference in patients’ white
blood cells, platelets, lymphocytes, serum creatinine and ALT (Table 1). In our study, ferritin levels were skewed
for normal and abnormal CT chest examinations, but there was no statistically significant difference. The value of
the Eta coefficient, η = 0.706, suggests a strong correlation between LDH and COVID-RADS CT scores and 50%
of LDH variance can be attributed to the respective CT score (Figure 3).

future science group www.futuremedicine.com 603



Short Communication Das, Singh, Subramanya et al.

Table 2. Comparison of serum biochemical parameters as per computed tomography results in 53 patients.
Variable Chest CT n Mean p-value

Platelet count Group 1 25 292.5 ± 76.8 0.04

150–350 × 109/l Group 2 26 250.6 ± 68.7

LDH Group 1 25 186.4 ± 56.5 0.01

60–100 U/l Group 2 26 228.4 ± 60.6

AST Group 1 23 23.6 ± 9.0 0.23

0–35 U/l Group 2 24 29.2 ± 19.9

ALT Group 1 23 21.2 ± 12.2 0.99

0–35 U/l Group 2 24 21.1 ± 8.5

White count cell Group 1 23 21.2 ± 12.2 0.99

4–10 × 109 cells per l Group 2 24 21.2 ± 8.5

C protein Group 1 25 4.4 ± 8.5 0.78

0.3–1.0 mg/dl Group 2 26 5.1 ± 9.0

Lymphocyte count Group 1 25 3.3 ± 2.9 0.38

0.8–5.0/mcl Group 2 26 5.1 ± 9.0

Ferritin Group 1 25 62.5 ± 37.4 0.08

15–200 mg/l Group 2 25 119.6 ± 154.4

Age (years) Group 1 25 11.81 ± 3.6 0.1

Group 2 28 14.46 ± 4.90

Gender† Group 1 25 M: 19, F: 6 0.25

Group 2 28 M: 16, F: 12

†Gender is reported as the number of males and females in each group.
ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; CT: Computed tomography; LDH: Lactate dehydrogenase.

Patient outcomes
All pediatric patients were sent to a quarantine facility for 14 days, including the hospital days. No pediatric patients
exhibit any severe illnesses, and all patients had full recovery.

Discussion
Our study establishes a clear correlation between serum biochemical parameters and CT-imaging features in
children with laboratory-confirmed COVID-19 pneumonia. The group of patients with COVID-19 pneumonia
had significantly elevated LDH levels (228.4 ± 60.6; p = 0.01) with a concomitant rise of ferritin (119.56 ± 154.06;
p = 0.08) and C-reactive protein (5.1 ± 8.98; p = 0.78) levels. The COVID-RADS pneumonia grading system
demonstrated a strong correlation with serum LDH levels (Eta coefficient test statistic = 0.706). In contrast,
there were no considerable differences noted between patients’ white blood cells, platelets, lymphocytes, serum
creatinine and ALT. It should be mentioned that the group of patients with a normal CT examination exhibited
elevated LDH (186.4 ± 56.5) levels against normal levels in children (60–170 units/l).

According to our findings, the results of serum LDH for COVID-19 pneumonia and chest CT COVID-RADS
grades for COVID-19 pneumonia were positively correlated. In addition, the serum biochemical parameters
were significantly increased in group 2 of COVID-19 patients with pneumonia but were also substantially above
normal levels in group 1 COVID-19 patients without pneumonia. As a result, we believe that the assessment of
serum biochemical parameters is a more reliable means of detecting biochemical changes in COVID-19 patients
compared with chest CT, which revealed normal findings in approximately 47% of our sample population, despite
their substantially increased LDH and C-reactive protein levels.

CT scans are often nonspecific in the diagnosis of COVID-19 pneumonia [5,6,16]. During chest CT scans, children
are exposed to potentially harmful ionizing radiation. Our group received radiation dosages ranging between 2 and
7 mSv. However, the associated ionization radiation is a major drawback of the CT method. Although the risk of
diagnostic radiation exposure is low, it is believed to accumulate over time. This is consistent with the findings of
Pearce et al. in a study that addressed the critical issue of whether CT scans in childhood and adolescence increase
the risk of cancer in patients [17].
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Figure 1. Chest computed tomography of a 16-year-old male with COVID-19 infection. Male presented with fever
and cough shows normal chest computed tomography (group 1).

As a result, a substitute hematologic parameter capable of providing comparative analytic data without exposing
patients to ionizing radiation would be ideal for the evaluation of pediatric COVID-19 patients. Therefore, our
findings suggest that the serum biochemical parameters, especially LDH levels, may serve as a surrogate for chest
CT in children with COVID-19 infection.

Since the beginning of this pandemic, CT imaging and hematologic findings in COVID-19 patients are
commonly reported separately but seldom together. For example, several imaging studies on children have reported
findings that do not mention serum biochemical variables [3,4,6]. Furthermore, Qiu et al. recently published a
study where the serum biochemical parameters were measured but were not compared with the related imaging
results of pediatric patients [10]. Interestingly, our study showed a substantial increase in serum LDH levels in
49% of patients with a good correlation to the COVID-RADS score. Although it is reasonable to expect that
inflammatory serum biochemical parameter markers, such as serum LDH, C-receptive protein and ferritin, would
be elevated in patients with any concurrent or asymptomatic infection, including COVID-19 infection, these
inflammatory biomarkers are now considered important prognostic indicators in COVID-19 pneumonia [12].
Increased inflammatory markers have been linked to an increased risk of ARDS, ICU admission and mortality
in patients with COVID-19 pneumonia [11,12,18]. Notably, a recent report on 36 pediatric COVID-19 patients
found that serum biochemical parameters, such as lymphopenia, were significantly altered; however, an explicit
assessment of LDH levels was not performed [10]. Therefore, it is not feasible to compare these findings with our
results because the authors did not correlate hematologic findings with abnormal chest CT findings, which was the
focus of our current study.

future science group www.futuremedicine.com 605



Short Communication Das, Singh, Subramanya et al.

Figure 2. Chest computed tomography of an 18-year-old male with COVID-19 infection. Male presented with fever
shows multiple bilateral asymmetrical multifocal ground-glass opacity. with consolidation in the left inferior lingular
segment with evidence of halo sign (arrows) (group 2).

In China, chest CT is widely used as a COVID-19 screening tool and despite its high sensitivity, several studies
have questioned its effectiveness [19,20]. A recent study comparing the added diagnostic benefit of chest CT versus
chest radiography in pediatric COVID-19 pneumonia patients supports the notion that CT is not clinically
recommended for the initial evaluation of mild to moderately symptomatic pediatric patients with COVID-19
pneumonia [5]. According to the American College of Radiology, the Fleischner Society and an international expert
consensus statement on pediatric COVID-19 patients, imaging should be avoided in pediatric patients who test
positive for COVID-19 by RT-PCR but are either asymptomatic or have mild symptoms. Chest CT should only
be used in individuals with progressive disease status [6,19]. Our findings suggest that ionizing radiation imaging
techniques, such as chest CT, may be unnecessary for the initial evaluation of COVID-19 children in the absence
of abnormal serum biochemical parameters. Alternatively, lung ultrasound and MRI are also gaining popularity as
powerful noninvasive imaging modalities that can be used in pediatric patients [21,22]. For instance, a bilateral patchy
distribution of multiform clusters, interspersed with spared areas in ultrasound identified COVID-19 infection in
a favorable epidemiological context [21].

Notably, 53 (94.6%) of the 56 chest CT images included in our study were also used in a previously published
study, which solely focused on the correlation of chest radiographic and chest CT for the detection of abnormal
thoracic findings in pediatric patients with COVID-19 pneumonia [5]. In contrast, this study primarily focuses on
the correlation between serum biochemical parameters and chest CT for the identification and development of a
surrogate for imaging tests.

Limitations
Our findings are promising and noteworthy and can thus make a prominent contribution to the clinical evaluation
of COVID-19 but also aid in the differentiation and prioritization of vulnerable patients for optimal manage-
ment. However, due to the retrospective nature of our research, we could not schedule different investigations
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Figure 3. Dot plot of lactate dehydrogenase by computed tomography score in abnormal chest computed
tomography score group. The red-colored diamond-shaped observations in the dot plot represent the median of
lactate dehydrogenase in each computed tomography score.
CT: Computed tomography; LDH: Lactate dehydrogenase.

and; therefore, could not include and track changes of all pertinent serum biochemical parameters (procalcitonin,
d-dimer and IL-6) in our study. Second, CT remains the gold standard for the detection of lung lesions and it was
used in this group with radiation exposure to pediatric patients.

Conclusion
Our study revealed a novel and significant correlation between radiological abnormalities on initial chest CT
examinations and serum biochemical parameter abnormalities, specifically elevated serum LDH levels. As a result,
serum biochemical markers may be used in the initial evaluation of children with suspected COVID-19 pneumonia
compared with an ionizing radiation modality such as chest CT. However, and provided that patients exhibit
symptoms of progressing illness, they should be examined with chest CT or with an alternative test such as
ultrasound or MRI.

Author contributions

KM Das conceived the study and wrote the manuscript; D Gokhale, JA Alkoteesh and TA Mansoori managed the cases and collected

the data; S Subramanya and SK Ojha assisted in data interpretation, review and edited the manuscript; R Singh conducted statistical

analysis.

future science group www.futuremedicine.com 607



Short Communication Das, Singh, Subramanya et al.

Acknowledgments

The authors are extremely grateful to A Pulinchani for her help in the statistical analysis.

Financial & competing interests disclosure

The authors have no relevant affiliations or financial involvement with any organization or entity with a financial interest in or finan-

cial conflict with the subject matter or materials discussed in the manuscript. This includes employment, consultancies, honoraria,

stock ownership or options, expert testimony, grants or patents received or pending, or royalties.

Enago editing services were used in the production of the manuscript and were funded by the United Arab Emirates University

finance department.

Ethical conduct of research

Ethical approval was granted by the Department of Health, Abu Dhabi, UAE. All investigations were conducted under the Helsinki

Declaration. Due to the retroactive nature of the study, the local ethics committee waived the need for written informed consent.

The Health Insurance Portability and Accountability Act applied to protect patients’ identity and confidentiality.

Summary points

• This study aimed to investigate whether serum biochemical parameters can be used as a surrogate for chest
computed tomography (CT) in radiation-vulnerable juvenile COVID-19 patients.

• Patient radiation doses ranged from 2 to 7 mSv in each examination.
• The patients with CT-based evidence of COVID-19 pneumonia had significantly elevated lactate dehydrogenase

(186.4 ± 56.5 vs 228.4 ± 60.6, p = 0.01) levels with a concomitant rise in other serum biochemical parameters.
• The value of the Eta coefficient test statistic, η = 0.706, suggests that there is a strong correlation between lactate

dehydrogenase and the COVID-RADS CT score.
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