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Abstract
Background Understanding the factors influencing disease progression and severity in pediatric COVID-19 cases is 
essential for effective management and intervention strategies. This study aimed to evaluate the discriminative ability 
of clinical and laboratory parameters to identify predictors of COVID-19 severity and mortality in hospitalized children.

Methods In this multicenter retrospective cohort study, we included 468 pediatric patients with COVID-19. We 
developed a predictive model using their demographic, clinical, and laboratory data. The performance of the model 
was assessed using various metrics including sensitivity, specificity, positive predictive value rates, and receiver 
operating characteristics (ROC).

Results Our findings demonstrated strong discriminatory power, with an area under the curve (AUC) of 0.818 for 
severity and 0.873 for mortality prediction. Key risk factors for severe COVID-19 in children include low albumin levels, 
elevated C-reactive protein (CRP), lactate dehydrogenase (LDH), and underlying medical conditions. Furthermore, 
ROC curve analysis highlights the predictive value of CRP, LDH, and albumin, with AUC values of 0.789, 0.752, and 
0.758, respectively.

Conclusion Our study indicates that laboratory values are valuable in predicting COVID-19 severity in children. 
Various factors, including CRP, LDH, and albumin levels, demonstrated statistically significant differences between 
patient groups, suggesting their potential as predictive markers for disease severity. Implementing predictive analyses 
based on these markers could aid clinicians in making informed decisions regarding patient management.
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Background
The Coronavirus disease 2019 (COVID-19) pandemic, 
caused by severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2), has significantly impacted populations 
worldwide since its emergence in late 2019. Initially, the 
focus of attention was predominantly on adults, particu-
larly those with underlying health conditions, who were 
deemed at higher risk for severe illness and mortality. 
However, as the pandemic evolved, it became evident 
that children could also be affected by this viral infection, 
albeit with different clinical manifestations and outcomes 
compared to adults [1–5].

In general, children infected with SARS-CoV-2 tend 
to experience milder symptoms or may even be asymp-
tomatic carriers of the virus. However, a distinct and 
concerning entity known as Multisystem Inflammatory 
Syndrome in Children (MIS-C) emerged as a complica-
tion associated with COVID-19 infection in pediatric 
populations [6, 7]. While children generally experience 
milder cases of COVID-19 compared to adults, there are 
instances where they require hospitalization, intensive 
care unit (ICU) admission, or mechanical ventilation to 
manage severe respiratory distress [3, 8–10].

Based on current evidence, various laboratory param-
eters such as white blood cell (WBC) count, poly-
morphonuclear (PMN) count, lymphocyte count, 
neutrophil-lymphocyte ratio (NLR), D-dimer, albumin, 
C-reactive protein (CRP), erythrocyte sedimentation 
rate (ESR), troponin, serum glutamic oxaloacetic trans-
aminase (SGOT), serum glutamic pyruvic transaminase 
(SGPT), and the presence of acute respiratory distress 
syndrome (ARDS) have been associated with disease 
severity in COVID-19 patients [11]. Additionally, the 
presence of underlying medical conditions has been 
linked to an increased risk of severe disease [12].

Understanding factors that influence disease progres-
sion and severity in pediatric COVID-19 cases is crucial 
for effective management and intervention strategies. 
This study aimed to evaluate the discriminative ability 
of clinical and laboratory parameters to identify predic-
tors of COVID-19 severity and mortality in hospitalized 
children.

Methods
This was a multicenter retrospective cohort study based 
on a large dataset of hospitalized patients with COVID-
19. This study received ethical approval from Tehran Uni-
versity of Medical Sciences in Tehran, Iran (IR.TUMS.
VCR.REC.1399.060), and all procedures were conducted 
in compliance with relevant guidelines and regulations. 
The data for this study were collected from four pedi-
atric referral hospitals located in Tehran, Qom, Hama-
dan, and Hormozgan provinces in Iran, spanning from 
April 2020 to March 2021. These hospitals, strategically 

situated in the North-central, West, and South regions of 
Iran, served as key referral centers for pediatric COVID-
19 cases. Among them, the Children’s Medical Center in 
Tehran particularly stood out as a highly specialized cen-
ter for providing exceptional care to pediatric patients, 
including those affected by COVID-19. The need for 
informed consent was waived by the “Tehran Univer-
sity of Medical Sciences” due to the retrospective nature 
of the study. The inclusion criteria comprised patients 
aged 18 or younger, who were admitted as inpatients 
and tested positive for SARS-CoV-2 via real-time reverse 
transcription polymerase chain reaction (rRT-PCR) at 
any of the hospitals. Patient demographic data, along 
with clinical and laboratory findings such as white WBC, 
PMN count, lymphocyte count, NLR ratio, albumin lev-
els, lactate dehydrogenase (LDH) levels, ESR, CRP levels, 
SGOT levels, SGPT levels, prothrombin time (PT), and 
partial thromboplastin time (PTT) were collected from 
medical records. Additionally, data on chest computed 
tomography (CT) scan results and the duration of hospi-
tal stay were also retrieved.

The severity of COVID-19 was classified into two 
groups: severe/critical and mild/moderate. This cat-
egorization was defined by specific criteria, includ-
ing respiratory failure, shock, other organ failures, 
severe pneumonia, hypoxia (with oxygen saturation, 
SpO2 ≤ 93%), elevated respiratory rate (RR) of ≥ 70/min 
for children aged one year or younger, RR of ≥ 50/min 
for children older than one year, and abnormal blood gas 
analysis results (PaO2 < 60 mmHg, PaCO2 > 50 mmHg) 
[2, 13, 14].

Statistical analysis
The SPSS software version 22 was used for data analysis. 
Categorical variables were represented as frequencies and 
percentages, while continuous variables were described 
using medians and interquartile ranges (IQR). Statistical 
analyses involved comparing variables between the mild/
moderate and severe/critical as well as deceased/recov-
ered groups using Fisher’s exact test and nonparametric 
tests. Two-sided p-value ≤ 0.05 were considered statisti-
cally significant.

To predict the severe manifestations and mortality due 
to COVID-19, logistic regression models were employed. 
These models incorporated age, gender, underlying con-
ditions, and laboratory data from 468 pediatric COVID-
19 patients. Receiver operating characteristic (ROC) 
curves were generated to evaluate the model’s perfor-
mance in predicting severity and mortality, with the area 
under the ROC curve (AUC) calculated for each param-
eter. Additionally, sensitivity and specificity analyses were 
conducted across various thresholds between 0 and 1 to 
determine a cut-off point for identifying individuals at 
high risk of severity and death.
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Results
The research involved 468 patients, distributed across 
different regions as follows: Qom (n = 161), Hamadan 
(n = 14), Hormozgan (n = 101), and Tehran (n = 192) 
(Table  1). The median age of the patients was 4.2 years 
(IQR, 1.3-9), with a median duration of hospital stay of 
6 days (IQR, 4–10). Among these cases, 171 (36.5%) had 
underlying diseases. Within the severe/critical group, 
which comprised 67 cases (14.3%), the median hospi-
talization stay was 12 days (IQR, 8–21). Furthermore, 
among the deceased group, which consisted of 23 cases 
(4.9%), the median hospital stay was 15 days (IQR, 
12–27), with 19 of them (82.6%) having underlying condi-
tions. The laboratory parameters among the patient pop-
ulation across different regions are indicated in Table 1.

The study involved 401 patients (85.7%) categorized 
as mild/moderate and 67 patients (14.3%) classified as 
severe/critical. The presence of underlying conditions 
was significantly higher among patients with severe/
critical conditions compared to those with mild/mod-
erate conditions (80% vs. 36.5%, p-value < 0.001). The 
prevalence of abnormal chest CT findings did not sig-
nificantly differ between the two groups (p-value = 0.448). 
Regarding laboratory parameters, the median WBC 
count, and PMN count did not show significant dif-
ferences between the groups. However, the NLR was 
significantly higher in the severe/critical group com-
pared to the mild/moderate group (p-value = 0.042). The 
median lymphocyte count was significantly lower in the 
severe/critical group compared to the mild/moderate 
group (p-value < 0.001). Serum albumin levels were sig-
nificantly lower in the severe/critical group compared 
to the mild/moderate group (p-value = 0.002). Similarly, 

LDH levels were significantly higher in the severe/critical 
group (p-value = 0.004) (Table 2).

When comparing the recovered and deceased groups, 
significant differences were found in the presence of 
underlying conditions (p-value < 0.001), WBC count 
(p-value = 0.05), albumin levels (p-value = 0.004), LDH 
levels (p-value = 0.025), and CRP levels (p-value < 0.001) 
(Table 2).

The most frequently reported symptoms among the 
patients were fever (64.5%) and cough (41.5%). Addition-
ally, 28% experienced vomiting, 24% had shortness of 
breath, 23.5% experienced respiratory distress, and 21% 
presented with tachypnea.

Notably, respiratory distress (p-value < 0.001), tachy-
pnea (p-value < 0.001), hypotension (p-value < 0.001), 
acute kidney damage (p-value < 0.001), intubation 
requirement (p-value < 0.001), and oxygen require-
ment (p-value < 0.001) were significantly more prevalent 
in the severe/critical group and were associated with 
higher mortality rate. Additionally, hands and feet edema 
(p-value = 0.036) was significantly associated with sever-
ity of disease and mortality (Table 3).

To predict patient outcomes, including severity and 
mortality, we initially employed a linear model to cal-
culate the impact of each variable on the probability of 
disease severity and death. After estimating the effects of 
these variables based on available data, particularly data 
where the death status of individuals is known, we fur-
ther estimated the probability of death using the follow-
ing approach:

 
p (severity) =

exp (β0 + β1sex + β1age +
∑

kβkXk + εi)
1 + exp (β0 + β1sex + β1age +

∑
kβkXk + εi)

Table 1 Demographic characteristic and laboratory data of COVID-19 pediatrics patients
Variables Total (n = 468) Qom (n = 161) Hamadan (n = 14) Hormozgan (n = 101) Tehran (n = 192) Missing
Sex, male, n (%) 226 (52.9) 68 (54.0) 7 (50) 47 (47.5) 104 (55.3) 41
Age, year (IQR) 4.25 (1.3-9) 4.3 (1.3-7) 3.45 (1.33–11.25) 3.83 (1-7.53) 5 (1.3–11) 6
Underlying conditions, n (%) 171 (43.6) 39 (41.9) 5 (38.5) 24 (23.8) 103 (55.7) 76
Abnormal chest CT, n (%) 184 (89.3) 27 (96.4) 9 (90) 101 (100) 47 (68.1) 260
WBC (109/L) 7.55 (4.62–11.76) 7.6 (5.2–12.05) 6.9 (4.85–11.4) 8.7(4.75–12.35) 7.11 (4.09–11.34) 4
Lymphocyte (109/L) 3.07 (1.2–8.65) 3.0 (1.29–5.7) 32.5 (23.25–40.75) 25.5 (10.9–46.45) 1.7 (0.82–3.16) 27
PMN (109/L) 3.6 (1.59–7.7) 3.27 (1.49–5.85) 62.5 (52.75–71.25) - 3.6 (1.58–7.73) 117
NLR 1.6 (0.5–3.9) 0.8 (0.4–3.4) 1.9 (1.2–3) - 2.2 (0.7–5) 139
Alb (g/L) 4 (3.4–4.5) 3.9 (3.25–4.5) - 3.6 (3.4–4.65) 4 (3.4–4.5) 221
LDH (U/L) 497 (396–662.25) 484.5 (410–663.5) 478 (450.5–708.5) 505 (383–617) 516.5 (380.75–691.75) 110
SGOT (U/L) 34 (23–51) 34 (23–54.5) 28 (12.25–36.5) 39 (28–52) 32.5 (22–46.75) 133
SGPT (U/L) 22 (15–39) 26 (16–45) 23 (17.75–40.75) 18 (13–25) 22 (14–40.5) 135
PT (sec) 13.3 (13–14.6) 13 (13–14.6) 13 (12–13) 13 (13–14) 13.3 (12.5–14.72) 170
PTT (sec) 33 (30–39) 37 (29–44) 36.5 (30–39.25) 29 (26.25–36) 33 (30–37) 169
ESR (mm/h) 22 (10–46) 29 (10–49) 22 (13.25–63.5) 15 (7.5–39) 17 (10–47) 57
CRP (mg/L) 16.4 (5–43.25) 25.7 (9.75–58.5) - 12 (5–46.25) 10 (3–34) 50
Variables are represented by No. (valid percent) and median (interquartile range, IQR). WBC: White Blood Cell; PMN: Polymorphonuclear leukocyte; NLR: Neutrophil 
Lymphocyte Ratio; Alb: Albumin; CT: Computed Tomography Scan; LDH: Lactate Dehydrogenase; SGOT: Serum Glutamic Oxaloacetic Transaminase; SGPT: Serum 
Glutamic Pyruvic Transaminase; PT: Prothrombin Time; PTT: Partial Thromboplastin Time; ESR: Erythrocyte Sedimentation Rate; CRP: C-Reactive Protein
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Table 2 Comparison of demographic characteristic and laboratory data between different groups based on COVID-19 disease 
severity and outcome (survival vs. death)
Variables Mild/moderate (n = 401) Severe/critical (n = 67) P value Survival (n = 445) Death (n = 23) P value
Sex, male, n (%) 189 (52.1) 36 (57.1) 0.396 215 (53) 11 (52.4) 0.959
Age, year (IQR) 4.08 (1.3–8.37) 5 (1.2–11) 0.271 4.25 (1.3–9) 5 (0.91–7.5) 0.814
Underlying conditions, n (%) 119 (36.5) 52 (80) < 0.001 152 (41.2) 19 (82.6) < 0.001
Abnormal chest CT, n (%) 154 (90.1) 30 (88.2) 0.448 169 (88.9) 15 (93.8) 0.55
WBC (109/L) 7.39 (4.8–11.6) 9.3 (3.7–12.5) 0.355 7.39 (4.69–11.6) 10.9 (1.9–13.3) 0.05
Lymphocyte (109/L) 3.8 (1.33–13.27) 1.83 (0.8–3.0) < 0.001 3.13 (1.21–9) 2.18 (0.35–5.3) 0.284
PMN (109/L) 3.5 (1.6–7.3) 4.2 (1.38–8.8) 0.339 3.5 (1.6–7.5) 4.65 (0.49–9.63) 0.33
NLR 1.4 (0.5–3.8) 2.4 (1.2–4.7) 0.042 1.6 (0.5–3.9) 2.6 (0.7–4.9) 0.22
Alb (g/L) 4.1 (3.4–4.5) 3.5 (3.0–4.1) 0.002 4 (3.4–4.5) 3.2 (2.82–3.7) 0.004
LDH (U/L) 481 (395–636) 672 (467–1086) 0.004 488 (395.5–641) 816 (510.5–1584) 0.025
SGOT (U/L) 33 (23–50.75) 36 (22–53) 0.65 34 (23–51) 35 (19–50) 0.858
SGPT (U/L) 21 (15–38.25) 23 (15–66) 0.752 22 (15–39) 28 (17.25–63.25) 0.923
PT (sec) 13 (12.95–14.12) 14 (13–15.25) 0.001 13.3 (12.8–14.25) 14 (13–18.1) 0.055
PTT (sec) 33 (30–39) 33 (30–41.75) 0.886 33 (30–39) 37 (30–48.5) 0.096
ESR (mm/H) 20 (10–45) 26 (8.5–53.25) 0.151 22 (100 − 45.5) 22.5 (5–66.5) 0.86
CRP (mg/L) 14 (5–41) 31 (9.25–50.75) 0.023 14 (5–41) 50 (37.5–77) < 0.001
Variables are represented by No. (valid percent) and median (interquartile range, IQR). WBC: White Blood Cell; PMN: Polymorphonuclear leukocyte; NLR: Neutrophil 
Lymphocyte Ratio; Alb: Albumin; CT: Computed Tomography Scan; LDH: Lactate Dehydrogenase; SGOT: Serum Glutamic Oxaloacetic Transaminase; SGPT: Serum 
Glutamic Pyruvic Transaminase; PT: Prothrombin Time; PTT: Partial Thromboplastin Time; ESR: Erythrocyte Sedimentation Rate; CRP: C-Reactive Protein

Table 3 Clinical characteristics among COVID-19 pediatrics patients
Symptoms Total (n = 468) Mild/moderate (n = 401) Severe/critical (n = 67) P value Survival (n = 445) Death (n = 23) P value
Fever 302 (64.5) 256 (64) 46 (69) 0.252 237 (53) 15 (65) 1
Chills 35 (7.5) 35 (9) - - 35 (8) - .-
Cough 194 (41.5) 165 (41) 29 (43) 0.492 185 (42) 9 (39) 0.83
Sore throat 17 (4) 14 (3.5) 3 (4) 0.54 17 (4) - -
Rhinorrhea 26 (6) 25 (6) 1 (1.5) 0.097 26 (6) - -
Lethargy 72 (15) 71 (18) 3 (4.5) 0.702 69 (15.5) 3 (13) 0.702
No appetite 49 (10.5) 47 (12) 2 (3) 1 47 (10) 2 (9) 1
Shortness of breath 114 (24) 71 (18) 43 (64) < 0.001 100 (22) 14 (61) < 0.001
Hands and feet edema 23 (5) 15 (4) 8 (12) 0.036 18 (4) 5 (22) 0.007
Rash 48 (10) 46 (11.5) 2 (3) 0.112 48 (11) - -
Conjunctivitis 27 (6) 24 (6) 3 (4.5) 0.595 27 (6) - -
Myalgia 60 (13) 53 (13) 7 (10.5) 0.178 58 (13) 2 (9) 0.739
Chest pain 26 (6) 20 (5) 6 (9) 0.384 15 (3) 1 (4) 1
Headache 55 (12) 50 (12) 5 (7.5) 0.165 54 (12) 1 (4) 0.225
Drowsiness 8 (2) 6 (1.5) 2 (3) 0.025 6 (1) 2 (9) 0.025
Convulsion 22 (5) 16 (4) 6 (9) 0.043 18 (4) 4 (17) 0.008
Diarrhea 96 (20.5) 84 (21) 12 (18) 0.742 93 (21) 3 (13) 0.438
Vomiting 132 (28) 118 (29) 14 (21) 0.234 127 (28) 5 (22) 0.637
Abdominal pain 85 (18) 77 (19) 8 (12) 0.117 84 (19) 1 (4) 0.096
Respiratory distress 110 (23.5) 63 (16) 47 (70) < 0.001 91 (20) 19 (83) < 0.001
Tachypnea 98 (21) 57 (14) 41 (61) < 0.001 82 (18) 16 (70) < 0.001
Hypotension 9 (2) 4 (1) 5 (7.5) < 0.001 4 (0.9) 5 (22) < 0.001
Acute kidney damage 7 (1.5) 3 (0.75) 4 (6) < 0.001 3 (0.6) 4 (17) < 0.001
Heart complication 3 (1) 2 (0.5) 1 (1.5) 0.128 2 (0.4) 1 (4) 0.128
Intubation requirement 45 (10) 18 (4.5) 27 (40) < 0.001 26 (6) 19 (83) < 0.001
Oxygen requirement 157 (33.5) 90 (22.5) 67 (100) < 0.001 134 (30) 23 (100) < 0.001
Variables are represented by No. (%)
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p (death) =

exp (β0 + β1sex + β1age +
∑

kβkXk + εi)
1 + exp (β0 + β1sex + β1age +

∑
kβkXk + εi)

The performance of the prediction models for COVID-19 
severity and mortality in children is detailed in Fig. 1.

The AUC for severity and death was calculated to be 
0.818 and 0.873, respectively, indicating good discrimina-
tion ability of the models. The AUC values for indepen-
dent risk factors associated with COVID-19 mortality are 
indicated in Table 4. Albumin exhibited a strong predic-
tive ability with an AUC of 0.758 (95% CI: 0.651–0.865, 
p-value < 0.001), followed closely by CRP with an AUC 
of 0.789 (95% CI: 0.717–0.862, p-value < 0.001). LDH 
also showed notable predictive power with an AUC 
of 0.752 (95% CI: 0.604–0.899, p-value < 0.001). Addi-
tionally, PT and PTT demonstrated moderate predic-
tive capacity with AUCs of 0.655 (95% CI: 0.520–0.791, 
p-value = 0.024) and 0.658 (95% CI: 0.519–0.797, 
p-value = 0.022), respectively. The optimal cut-off point 
for predicted death values was determined to be 0.046. At 
this threshold, the sensitivity and specificity values were 
found to be 82.61% (95% confidence interval: 61.2–95.0) 
and 80.22% (95% confidence interval: 76.2–83.8), respec-
tively. The likelihood ratio positive (LR+) and likelihood 
ratio negative (LR-) were calculated as 4.18 and 0.22, 
respectively.

The optimal cut-off point for predicted severity val-
ues was determined to be 0.2368. At this threshold, the 
sensitivity and specificity values were 88.68% (95% CI: 
77.0–83.8) and 64.29% (95% CI: 55.3–72.6), respectively. 
Additionally, the LR + was calculated as 2.48, while the 
LR- was 0.18.

Discussion
Identifying potential predictors that can aid in improving 
the clinical management of children with COVID-19 is 
indeed an urgent task that requires immediate attention. 
By understanding factors that influence disease progres-
sion and severity in pediatric cases, healthcare providers 
can better tailor treatment strategies, allocate resources 
effectively, and improve outcomes for children affected 
by the virus [9, 15, 16].

Several studies have investigated risk factors associ-
ated with moderate to severe COVID-19 in children 
and adolescents, aiming to develop clinical prediction 
models for predicting disease severity [9, 16–19]. The 
implementation of predictive models offers a pathway 
to providing timely assistance to individuals at height-
ened risk of severe illness or mortality from COVID-19 
[20]. Given the multitude of risk factors associated with 
COVID-19 severity, predictive models can be particu-
larly valuable in forecasting clinical outcomes. In this 
study, we developed a prediction model utilizing readily 
available variables extracted from medical records. Our 

Table 4 Risk factors associated with mortal COVID -19 cases
Parameters AUC 95%CI P value
Albumin 0.758 0.651–0.865 < 0.001
CRP 0.789 0.717–0.862 < 0.001
ESR 0.481 0.333–0.630 0.766
LDH 0.752 0.604–0.899 < 0.001
WBC 0.56 0.414–0.706 0.334
PMN 0.464 0.299–0.628 0.598
Lymphocyte 0.599 0.476–0.723 0.109
PT 0.655 0.520–0.791 0.024
PTT 0.658 0.519–0.797 0.022
SGOT 0.487 0.346–0.628 0.844
SGPT 0.594 0.465–0.723 0.16
CRP: C-Reactive Protein; LDH: Lactate Dehydrogenase; WBC: White Blood Cell; 
PMN: Polymorphonuclear leukocyte; ESR: Erythrocyte Sedimentation Rate; PT: 
Prothrombin Time; PTT: Partial Thromboplastin Time; SGOT: Serum Glutamic 
Oxaloacetic Transaminase; SGPT: Serum Glutamic Pyruvic Transaminase

Fig. 1 Performance of the prediction model for COVID-19 severity and 
mortality in children using the Receiver-operating characteristics curve, 
plotting the sensitivity against one minus specificity. (a) COVID-19 sever-
ity model, (b) COVID-19 mortality model. The area under the curve, with 
p-value, is shown on the bottom-right
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model demonstrated strong performance in distinguish-
ing between outcomes, with high accuracy for predicting 
both mortality (AUC = 0.873, sensitivity 82.61%, specific-
ity 80.22%) and severity (AUC = 0.818, sensitivity 88.68%, 
specificity 64.29%).

The main laboratory characteristics commonly 
observed in COVID-19 cases include decreased WBC 
and lymphocyte counts, as well as increased levels of 
CRP, ESR, and liver enzymes. The NLR has garnered 
attention for its potential predictive value in assess-
ing disease severity, as evidenced in studies involving 
both influenza virus and coronavirus disease [21, 22]. 
Our findings also support this finding, indicating that 
NLR serves as a notable marker of severe COVID-19 in 
children.

Notably, our study revealed that over 80% of severely 
ill or deceased COVID-19 patients had underlying con-
ditions, highlighting the role of underlying conditions 
as a primary risk factor for severe COVID-19 in pediat-
ric patients. This observation is consistent with previous 
reports, which have similarly indicated that children with 
underlying conditions face an increased risk of COVID-
19-associated severity and mortality [9, 15, 17, 18, 23].

In our study, we identified albumin as another impor-
tant risk predictor for COVID-19 mortality in pediatric 
patients, with an AUC of 0.758. We observed a decrease 
in albumin level in the severely ill and deceased groups 
compared to patients in the mild/moderate group. Pre-
vious research on pediatrics has also reported hypoal-
buminemia, suggesting its potential role in predicting 
the progression of COVID-19 cases towards severe 
conditions [4, 24, 25]. Low albumin levels may indicate 
impaired organ function, and pre-existing liver and kid-
ney damage could exacerbate organ dysfunction in the 
presence of SARS-CoV-2 infection [26].

CRP as an inflammatory marker has been correlated 
with COVID-19 mortality in pediatric patients [9, 13, 
15, 27]. We found significantly higher CRP levels in the 
deceased group compared to the recovered group, with 
an AUC of 0.789. This aligns with other research indicat-
ing that elevated CRP levels may serve as an indicator 
of cardiac injury, development of ARDS, and mortality 
[27–30]; therefore, the detection of CRP levels proves to 
be highly beneficial in assessing the severity of COVID-
19 patients.

Furthermore, our study observed a lower lymphocyte 
count in the severe/deceased groups, which aligns with 
previous reports [29, 31, 32]. Elevated levels of LDH, 
indicating tissue damage and serving as a biomarker for 
lung damage in COVID-19 patients [30], were signifi-
cantly higher in the severe/deceased groups compared to 
the mild/moderate group, consistent with findings from 
other studies [1, 5, 30].

Liver enzymes are regarded as additional biomarkers 
for assessing disease severity in children [31, 33]. While 
both SGPT and SGOT levels are considered, differences 
in SGPT levels have been reported more frequently in 
studies [25, 34]. Our study also found elevated SGPT lev-
els in the severe/deceased groups, suggesting a potential 
association between liver enzyme abnormalities and dis-
ease severity in pediatric COVID-19 cases.

The AUC values for severity and death demonstrate 
good discrimination. Using a cut-off point of 0.046 for 
the predicted values of death, the sensitivity and speci-
ficity were 82.61% (95% CI: 61.2–95.0) and 80.22% (95% 
CI: 76.2–83.8), respectively. Conversely, for the predicted 
values of severity, the sensitivity and specificity were 
88.68% (95% CI: 77.0–83.8) and 64.29% (95% CI: 55.3–
72.6), respectively. These results indicate that the pre-
diction model performs well in distinguishing between 
severe and non-severe cases, as well as between fatal and 
non-fatal outcomes in pediatric COVID-19 patients.

Although this study was based on collection of a large 
number of children with COVID-19 across the country, it 
is important to acknowledge its limitations. Firstly, due to 
the retrospective nature of the study, only a limited num-
ber of variables were included, as researchers were con-
strained to those available in the dataset. Secondly, the 
inclusion of children with complex conditions referred 
to referral pediatric hospitals may skew the representa-
tion of COVID-19 severity, potentially biasing the find-
ings towards a more severe manifestation of the disease. 
Therefore, caution is warranted when interpreting the 
results.

Conclusion
Our study indicates that laboratory values are valuable in 
predicting severe cases of COVID-19 in children. Various 
factors, including CRP, LDH, and albumin levels, dem-
onstrated statistically significant differences between 
patient groups, suggesting their potential as predictive 
markers for disease severity. Implementing predictive 
analyses based on these markers could aid clinicians in 
making informed decisions regarding patient manage-
ment. To reduce the fatality rate associated with COVID-
19, early and accurate disease assessment is imperative. 
Clinicians must prioritize timely detection and interven-
tion, swiftly initiating appropriate treatment measures to 
effectively manage and potentially improve outcomes for 
young patients with COVID-19.
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