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Abstract

The purpose of this study was to identify risk factors for pulmonary involvement by
examining the demographic, clinical, and laboratory characteristics of children with
COVID-19. We performed a retrospective single-center study of COVID-19 in
children treated at a tertiary care hospital in Turkey from December 2020 to June
2021. During the course of the study, 126 patients were evaluated, of whom 70/126
were male. The patients' ages ranged from 1 to 216 (mean, 4.73 +81.11) months.
Fever (65.9%), cough (52.4%), and shortness of breath (18.3%) were the most
common symptoms of COVID-19. Ten patients required noninvasive mechanical
ventilation. Sixty-nine patients (54.8%) had pneumonia. Longer duration of fever,
hospitalization, and the presence of cough were significantly associated with
pulmonary involvement. Children with pneumonia had significantly higher levels of
C-reactive protein (CRP), procalcitonin, erythrocyte sedimentation rate (ESR), and
viral load, and significantly lower counts of lymphocytes and thrombocytes. The
cutoff viral load, CRP, and procalcitonin values for predicting pulmonary involvement
were 26.5 cycle threshold (Ct; 95% confidence interval [Cl], 0.54-0.74; sensitivity,
0.65; specificity, 0.56; area under curve [AUC]: 0.647, p = 0.005), 7.85 mg/L (95% Cl,
0.56-0.75; sensitivity, 0.66; specificity, 0.64; AUC = 0.656; p = 0.003) and 0.105 ng/
ml (95% CI, 0.52-0.72; sensitivity, 0.55; specificity, 0.58; AUC = 0.626; p = 0.02),
respectively. High CRP, procalcitonin levels, ESR, and viral load, and low lymphocyte
and thrombocyte counts can predict pulmonary involvement in children with

COVID-19, so better management may be provided for good prognosis.
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infection to acute respiratory distress syndrome in adults, but it

appears to result in milder disease in children.? However, most

Coronavirus disease 2019 (COVID-19), caused by a novel corona-
virus, the severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), rapidly spread worldwide and became a major public
health problem. By February 2022, almost 420 million people had
been infected throughout the world, with more than 5,840,000
deaths.! The clinical spectrum can vary widely from asymptomatic

patients hospitalized because of COVID-19 have pulmonary involve-
ment.® To date, studies have investigated the association between
SARS-CoV-2 viral load and disease severity, mortality, age,
comorbidities, and outcomes.* Nevertheless, there is no information
regarding the associations among viral load, inflammatory biomar-

kers, and pulmonary involvement in children. Therefore, we aimed to
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investigate the epidemiological, clinical, and laboratory characteristics
of children with COVID-19 and compare the clinical and laboratory
features of children with and without pulmonary involvement to

identify the factors affecting pulmonary involvement.

2 | MATERIALS AND METHODS

2.1 | Study design, data collection, and definitions
This prospective, single-center study involved examinations of 126
children with COVID-19 at Basaksehir Cam ve Sakura City Hospital
between December 2020 and June 2021.

Among the study participants, COVID-19 diagnosis was con-
firmed by reverse-transcriptase polymerase chain reaction (PCR)
analysis of samples taken from oropharyngeal and nasopharyngeal
swabs. The COVID-19 patients were divided into two groups:
patients with pulmonary involvement and patients without pulmo-
nary involvement according to clinical symptoms, vital signs
(especially respiratory rate, body temperature, and oxygen saturation
on room air), chest X-ray (CXR), computed tomography (CT) findings
and laboratory tests.

All patients in our study had an initial CXR (posterior-anterior
projection) on the day of admission, and all images were reviewed by
the same chest radiologist.

Some patients with respiratory symptoms, including cough, but
normal images or suspected opacities on initial CXR were performed
a follow-up CXR, which ruled out pneumonia.

Clinical follow-up was done for 6 months. None of the patients
in the “no pulmonary involvement group” was readmitted with
pulmonary symptoms or progressed to pneumonia during this
period.

The following demographic information, clinical features,
laboratory results, and treatment modalities data were examined:
age, gender, underlying medical conditions, duration of symptoms
and hospitalization, complete blood count, liver and kidney
function, inflammatory biomarkers (procalcitonin, erythrocyte
sedimentation rate [ESR], and C-reactive protein [CRP]), biologic
enzyme levels (lactate dehydrogenase and creatine kinase),
p-dimer, coagulation tests, cardiac biomarkers (troponin-T and
pro-brain natriuretic peptide), SARS-CoV-2 PCR, viral load, CXR,
and CT scan imaging.

2.2 | SARS-CoV-2 detection by RT-qPCR and viral
load assessment

A combined nasopharyngeal and oropharyngeal specimen collected
with a synthetic fiber swab was inserted into a sterile tube
containing 3 ml of vNAT (viral nucleic acid isolation tampon; Bio-
speedy, Bioeksen). Detection of SARS-CoV-2 RNA was accom-
plished by one-step reverse transcription and real-time PCR
targeting SARS-CoV-2-specific RNA-dependent RNA polymerase

and N gene fragments using the SARS-CoV-2 Double Gene RT-
gPCR kit (Bio-speedy, Bioeksen).> For internal control, the kit
targets the ribonuclease (RNase) P gene. RT-qPCR was performed
on the Bio-Rad CFX96 Touch instrument using the following
conditions: 52°C for 5min and 95°C for 10s, 40 cycles of
amplification at 95°C for 1s and 55°C for 1s. The cycle threshold
(Ct) value represents the number of amplification cycles required for
the target gene to exceed a threshold level. A low Ct value is
indicative of a high viral load. If the Ct value is below 38, it is
considered positive for SARS-CoV-2.

2.3 | Statistical analysis
Statistical analysis was performed using SPSS version 22.0 (IBM,
SPSS). Data are summarized as frequencies, medians, and means with
standard deviations. Normally distributed data were assessed using
means and the Student's t-test. The nonparametric data's significance
was assessed using the Mann-Whitney U test. The statistical
significance of dichotomous outcomes was determined using the
chi-square test, Fisher's exact test, the Fisher-Freeman-Halton test,
and Yates's continuity correction. A multivariate logistic regression
analysis was performed with the variables found to be statistically
significant in the univariate analysis. A receiver operating character-
istic (ROC) curve analysis was performed to determine the cutoff
levels of viral load, CRP, and procalcitonin to predict pulmonary
involvement. A value of p<0.05 was considered statistically
significant.

The Ethics Committee at Basaksehir Cam ve Sakura City Hospital
and the Turkish Ministry of Health (Date: August 4, 2021; Decision
no: 161) approved this study.

3 | RESULTS

3.1 | Patient characteristics and treatment
modalities

A total of 126 patients were examined between December 2020
and June 2021. Of all the patients, 70 (55.6%) were male. The
mean age was 74.73 +81.11 months (range, 1-216 months). On
admission, the most common symptoms were fever (83 patients,
65.9%) and cough (66 patients, 52.4%), followed by shortness of
breath (23 patients, 18.3%) and myalgia (21 patients, 16.7%).
Forty-three patients (34.1%) had underlying medical conditions.
All 10 patients (7.9%) required noninvasive mechanical ventila-
tion had pneumonia. Favipiravir was given to 15 patients (11.9%).
Ninety-eight of the patients received broad-spectrum antibiotics
for possible bacterial superinfections. The patients' character-
istics and treatment modalities are presented in Table 1. One
patient diagnosed with metabolic disease without pulmonary
involvement died. All other patients were discharged without any

complications.
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TABLE 1 The comparison of demographic, clinical characteristics, and treatment modalities of the patients according to pulmonary
involvement

Pulmonary involvement
No (n=57) Yes (n = 69) Total p
Mean * SD (median) Mean = SD (median) Mean + SD (median)

Age (months) (median) 48.1+72.79 (6) 96.74 +81.51 (75) 74.73£81.11 (24) 0.000**
Duration of fever (median) (days) 1.94+1.16 (2) 3.21+2(2) 2.67+1.8(2) 0.000%*
Duration of cough (median) (days) 3.06+1.98 (2.5) 3.85+2.41 (3) 3.64+2.32 (3) 0.230°
Duration of hospitalization 7.86+3.2 (8) 9.62+3.99 (9) 8.83+3.74 (8.5) 0.0042*
(median) (days)
n (%) n (%) n (%)
Gender Female 22 (38.6%) 34 (49.3%) 56 (44.4%) 0.230°
Male 35 (61.4%) 35 (50.7%) 70 (55.6%)
Household close contact No 19 (33.3%) 27 (39.1%) 46 (36.5%) 0.455¢
Yes 37 (64.9%) 42 (60.9%) 79 (62.7%)
Underlying condition No 40 (70.2%) 43 (62.3%) 83 (65.9%) -
Gastroesophageal reflux 1(1.8%) 0 (0%) 1 (0.8%)
Hydronephrosis 1 (1.8%) 0 (0%) 1 (0.8%)
Prematurity 2 (3.5%) 1(1.4%) 3 (2.4%)
Congenital heart disease 4 (7%) 2 (2.9%) 6 (4.8%)
Asthma 1(1.8%) 4 (5.8%) 5 (4%)
Type-1 diabetes mellitus 3 (5.3%) 1 (1.4%) 4 (3.2%)
Metabolic diseases 1(1.8%) 4 (5.8%) 5 (4%)
Congenital neutropenia 1(1.8%) 1 (1.4%) 2 (1.6%)
Epilepsy 0 (0%) 2 (2.9%) 2 (1.6%)
Immune deficiency 1(1.8%) 3 (4.3%) 4 (3.2%)
Chronic kidney disease 0 (0%) 2 (2.9%) 2 (1.6%)
Obesity 0 (0%) 2 (2.9%) 2 (1.6%)
Autism 1(1.8%) 0 (0%) 1(0.8%)
Down syndrome 0 (0%) 1 (1.4%) 1 (0.8%)
Acute lymphoblastic leukemia 0 (0%) 2 (2.9%) 2 (1.6%)
Mental retardation 0 (0%) 1 (1.4%) 1 (0.8%)
Cerebral palsy 1 (1.8%) 0 (0%) 1 (0.8%)
Underlying condition No 40 (70.2%) 43 (62.3%) 83 (65.9%) 0.461¢
Yes 17 (29.8%) 26 (37.7%) 43 (34.1%)
Symptoms Fever 35 (61.4%) 48 (69.6%) 83 (65.9%) 0.336°
Cough 18 (3.6%) 48 (69.6%) 66 (52.4%) 0.000%*
Runny nose 2 (3.5%) 4 (5.8%) 6 (4.8%) 0.435°¢
Sore throat 1 (1.8%) 3 (4.3%) 4 (3.2%) -
Myalgia 6 (10.5%) 15 (21.7%) 21 (16.7%) 0.150¢
Abdominal pain 1 (1.8%) 4 (5.8%) 5 (4%) -
Diarrhea 9 (15.8%) 5 (7.2%) 14 (11.1%) 0.217¢

(Continues)
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TABLE 1 (Continued)
Pulmonary involvement
No (n=57) Yes (n=69) Total p
Mean * SD (median) Mean % SD (median) Mean + SD (median)
Shortness of breath 1 (1.8%) 22 (31.9%) 23 (18.3%) -
Favipiravir use No 55 (96.5%) 56 (81.2%) 111 (88.1%) 0.018%*
Yes 2 (3.5%) 13 (18.8%) 15 (11.9%)
Azithromycin use No 49 (86%) 50 (72.5%) 99 (78.6%) 0.105¢
Yes 8 (14%) 19 (27.5%) 27 (21.4%)
Antibiotherapy No 19 (33.3%) 9 (13%) 28 (22.2%) -
Ampicillin-sulbactam 3 (5.3%) 2 (2.9%) 5(4%)
Ampicillin+cefotaxime 12 (21.1%) 6 (8.7%) 18 (14.3%)
Ceftriaxone 15 (26.3%) 14 (20.3%) 29 (23%)
Cefotaxime 4 (7%) 7 (10.1%) 11 (8.7%)
Teicoplanin+piperacillin- 1(1.8%) 1(1.4%) 2 (1.6%)
tazobactam
Teicoplanin+ceftriaxone 1(1.8%) 24 (34.8%) 25 (19.8%)
Vancomycin+ceftriaxone 1 (1.8%) 4 (5.8%) 5 (4%)
Cefepime 1 (1.8%) 2 (2.9%) 3 (2.4%)
Type of delivery Spontaneous vaginal delivery 23 (40.4%) 42 (60.9%) 65 (51.6%) 0.0225*
Cesarean delivery 34 (59.6%) 27 (39.1%) 61 (48.4%)
Noninvasive mechanical No 57 (100%) 59 (85.5%) 116 (92.1%) -
ventilation
Yes 0 (0%) 10 (14.5%) 10 (7.9%)
Neutropenia No 42 (73.7%) 56 (81.2%) 98 (77.8%) 0.430¢
Yes 15 (26.3%) 13 (18.8%) 28 (22.2%)
Lymphopenia No 52 (91.2%) 49 (71%) 101 (80.2%) 0.009%*
Yes 5 (8.8%) 20 (29%) 25 (1.8%)
Corticosteroid use No 57 (100%) 58 (84.1%) 115 (91.3%) -
Yes 0 (0%) 11 (15.9%) 11 (8.7%)
Low molecular-weight heparin use  No 53 (93%) 52 (75.4%) 105 (83.3%) 0.016%*
Yes 4 (7%) 17 (24.6%) 21 (16.7%)
Mortality No 56 (98.2%) 69 (100%) 125 (99.2%) -
Yes 1 (1.8%) 0 (0%) 1(0.8%)

aMann-Whitney U test.
bChi-square test.

Fisher Freeman Halton test.
dYates's continuity correction.
Fisher's exact test.

*p < 0.05.

3.2 | Laboratory and radiological findings

The Alpha (B.1.1.7) variant was the predominant circulating variant
in Turkey during the study period. On admission, the mean white
blood cell count, lymphocyte count, and CRP levels were

7903.49 +4751.29 (range, 1030-24,810)/mm?®, 3302.94 +2918.32
(range, 270-15,890)/mm?®, and 24.42 + 47.65 (range, 0.1-280) mg/dI,
respectively. Lymphopenia and neutropenia were present in 25
(19.8%) and 28 (22.2%) patients, respectively. The patients' labora-
tory findings are presented in Table 2.
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TABLE 2 The comparison of the laboratory findings of the patients according to pulmonary involvement

Variables

Hemoglobin, g/dI

White blood cells, /mm?
Thrombocytes, /mm?® (median)
Lymphocyte, /mm® (median)
Neutrophil, /mm? (median)
Monocytes, /mm®

Eosinophil, /mm® (median)
MCV, fl

Erythrocyte sedimentation
rate, mm/h (median)

C-reactive protein, mg/L
(median)

Procalcitonin, ng/ml (median)

Alanine aminotransferase, U/
L (median)

Aspartate aminotransferase,
IU/L (median)

Lactate dehydrogenase, IU/L
(median)

INR (median)
p-dimer, ugFEU/ml (median)
Total bilirubin, mg/dl (median)

Indirect bilirubin, mg/dl
(median)

Total protein, g/L (median)
Albumin, g/L

Creatine kinase, U/L (median)
ProBNP, pg/ml (median)
Troponin T, ng/L (median)
Urea, mg/dl (median)
Creatinine, mg/dl (median)
Iron, pg/dl (median)

Ferritin, ng/ml (median)
Folate, ng/ml (median)

25-hydroxyvitamin D, ng/ml
(median)

Vitamin B12, pg/ml (median)
IL-6, pg/ml (median)
Viral load, Ct

2Student's t-test.
PMann-Whitney U test.
*p < 0.05.

Pulmonary involvement

No (n=57)
Mean * SD (median)

11.33+1.76

8578.95 + 5273.94 (6890)
337,631.58 + 122,307.08
4305.26 +3437.42 (3280)
3262.46 +3263.51 (2060)
1017.02 + 607.15 (890)
128.25+179.4 (60)
84.2+8.31 (84)
14.09 £9.97 (9)

12.77 +27.23 (2.4)

0.31+1.09 (0.1)
39.39 £84.61 (21.5)

73.3+197.32 (37.5)

321.21 +229.33 (285)

1.09£0.26 (1)

1.27+1.57 (0.7)

2.55+8.59 (0.4)
0.8+1.47 (0.2)

60.92+7.69 (60)
41.22+4.33
99.18 £87.93 (75)
873.04 + 1365.29 (314.5)
24.2+24.17 (15)
16.63+7.93 (16.5)
0.34+0.17 (0.3)
63.19 +£46.03 (52)
325.33+484.97 (167)
16.24 £8.49 (15.2)
23.98 £14.03 (20.5)

372.39 +178.15 (358)
17.45+24.69 (6.8)
28+5.2

Yes (n=69)
Mean % SD (median)

11.77+1.98
7345.51 +4230.06 (5920)
267,724.64 +132,668.08
2474.93 +2094.52 (1790)
4090.29 + 3371.47 (3150)
685.51 +502.67 (560)
77.25+121.21 (20)
82.43+7.37 (82)
27.17 £21.69 (24)

33.88+57.78 (9.4)

0.81+2.1(0.1)
62.16 £220.2 (22)

72.42+221.26 (37)

350.21 +208.74 (291)

1.07£0.1 (1.1)

1.57+3.79 (0.5)
1.18 £4.64 (0.3)
0.48+1.45 (0.2)

66.08+7.67 (67)
41.97 £4.72

468.52 +2922.04 (87.5)

406.81 +823.8 (153)
11.88+15.07 (4.9)
20.97 +£16.22 (18.1)

0.51+0.42 (0.4)

50.17 + 32.53 (36)

350.85+534.03 (163)
12.25+8.4 (10.4)
22.72 £18.94 (15)

480.03 + 387.23 (349.5)
15.23+22.87 (7.1)
254+5.61

Total
Mean * SD (median)

11.57+1.89
7903.49 +4751.29 (6365)
299,349.21+132,275.61
3302.94 +2918.32 (2345)
3715.79 £ 3335.58 (2600)
835.48+574.5 (710)
100.32 £ 151.85 (40)
83.23+7.83(83)
21.1+18.4 (16)

24.42 +47.65 (4.5)

0.58+1.72 (0.1)
51.96+172.9 (22)

72.82+210.04 (37)

337.01+217.93 (287)

1.08+0.19 (1)

1.43+2.99 (0.6)
1.79+£6.68 (0.3)
0.62+1.46 (0.2)

63.74 £8.07 (64)
41.62+4.5

318.78 £2254.25 (80)
595.4+1093.32 (217)
17.25+20.41 (5.8)
19.01+13.27 (17.6)

0.43+0.34 (0.3)

55.94+39.43 (44.5)

339.59 +510.83 (167)
14.03+8.63 (12.6)
23.26+16.93 (19)

432.42+315.8 (353.5)
16.09 +23.46 (7)
26.83+5.52

5
. R— W ILE Y—L

p
0.195%

0.159°
0.003**
0.000°*
0.075°
0.000"*
0.0045*
0.272°
0.001°*

0.003"*

0.020°*
0.626°

0.794°

0.247°

0.499°
0.407°
0.025"*
0.600°

0.001°*
0.371°
0.400°
0.127°
0.008"*
0.071°
0.003"*
0.058°
0.859°
0.006"*
0.225°

0.673°
0.657°
0.008%*
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TABLE 3 Radiological findings of the patients with COVID-19
n %
Chest X-ray (n=126) Normal 57 452
Right paracardiac 22 175
infiltration
Bilateral interstitial 30 238
infiltration
Peribronchial infiltration 8 6.3
Bilateral paracardiac 6 4.8
infiltration
Consolidation 2 1.6
Right pleural effusion 1 0.8
Chest computed Bilateral ground-glass 32 627
tomography (n=51) opacity
Right ground-glass 10 19.6
opacity

Left ground-glass opacity 4 7.9

Consolidation 5 9.8

CXR was performed in all patients. While 57 (45.2%) of the
patients had normal CXR findings, 69 (54.8%) patients had potentially
pathological findings. Chest CT scans of 51 patients revealed bilateral
ground-glass opacity in 62.7% of them and unilateral ground-glass
opacity in 27.5%. The patients' radiological findings are presented in
Table 3.

3.3 | Factors associated with pulmonary
involvement

The patients were divided into two groups: patients with pulmonary
involvement (Group 1; n=69) and patients without pulmonary
involvement (Group 2; n=57). We compared the groups' epidemio-
logical, clinical, and laboratory characteristics. Group 1's mean age
was significantly higher than that of Group 2. The complaint of cough
was significantly more frequent in Group 1. The durations of fever
and hospitalization were significantly longer in Group 1 than in Group
2. Lymphopenia was significantly more frequent in Group 1.
Favipiravir and low-molecular-weight heparin usage were signifi-
cantly higher in Group 1 than in Group 2. No other epidemiological or
clinical characteristics or treatment modalities demonstrated signifi-
cant differences between the two groups (Table 1).

According to the univariate analysis, total protein, creatinine
levels, CRP, procalcitonin, ESR, and viral load were significantly
higher in Group 1 than in Group 2 (p < 0.05). Lymphocyte, monocyte,
thrombocyte, and eosinophil counts; total bilirubin; troponin T; and
folate were significantly lower in Group 1 (p < 0.05; Table 2).

In the multivariate logistic regression analysis, lower lymphocyte
counts and higher ESR demonstrated a significant association with

pulmonary involvement (Table 4).

3.4 | Predictors of pulmonary involvement
According to the ROC curve analysis, the cutoff levels of viral load, CRP,
and procalcitonin were 26.5 Ct (95% Cl, 0.54-0.74; sensitivity, 0.65;
specificity, 0.56; AUC=0.647, p=0,005), 7.85mg/L (95% CI,
0.56-0.75; sensitivity, 0.66; specificity, 0.64; AUC =0.656, p = 0.003),
and 0.105 ng/ml (95% Cl, 0.52-0.72; sensitivity, 0.55; specificity, 0.58;
AUC =0.626, p = 0.02), respectively (Figure 1A-C).

4 | DISCUSSION

This study aimed to evaluate the clinical and laboratory manifesta-
tions that can identify the risk of pulmonary involvement in children
with COVID-19. Our study's major findings indicated that increased
CRP (>7.85mg/L), procalcitonin (>0.105ng/ml), and viral load
(<26.5 Ct) threshold values could be a predictor for pulmonary
involvement in children with COVID-19. There is limited research
investigating factors associated with pulmonary involvement in
children with COVID-19; hence, we believe our study makes an
important contribution to the current literature regarding this
challenging issue.

Previous studies have reported that COVID-19's prevalence in
children is lower compared to adults, but individuals of all ages can be
infected.®” Similarly, we found that the age range was 1-216 months
with a median of 24 months.

To date, previous epidemiological studies have reported that
most children had milder disease courses in comparison with adult
patients.2®®? Clinical findings related to COVID-19 usually resemble
other respiratory viral infections, with fever and cough being
common in most studies. Our findings were similar to those of
previous studies. 210

Data from previous studies demonstrate that infants and young
children seem to have a high risk of severe disease.?” Unlike these
reports, we found that older age was associated with increased risk of
pulmonary involvement. In a retrospective cohort of adult COVID-19
patients who progressed to pneumonia, Jung et al. reported that
older patients (>45 years of age) developed pneumonia on follow-up
chest radiography.!* In our study, the durations of fever and
hospitalization were significantly longer in patients with pulmonary
involvement. No pulmonary involvement group was hospitalized for
a median of 8 days. The long stay in the hospital was caused by

TABLE 4 Multivariate logistic regression analysis examining
factors affecting pulmonary involvement

OR 95% ClI p
Lymphocyte count 1.000 0.999-1.000 0.036*
Erythrocyte sedimentation rate 1.061 1.015-1.108 0.008*
Constant 0.935 0.924

Abbreviations: Cl, confidence interval; OR, odds ratio.
*p < 0.05.
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FIGURE 1 (A-C) ROC curves for viral load, CRP, and procalcitonin. CRP, C-reactive protein; ROC, receiver operating characteristic. [Color

figure can be viewed at wileyonlinelibrary.com]

long-lasting fever, diarrhea, poor feeding, and underlying medical
conditions.

Many studies have investigated the association between viral
load and disease mortality and severity, but there is no information
on the correlation between viral load and pulmonary involvement in
SARS-CoV-2-infected children. Previous studies have shown that a
higher viral load is associated with increased disease severity and
worse outcomes.*1271% |n addition to these reports, El Zein et al.®
demonstrated that a high viral load was an independent risk factor for
in-hospital mortality and intubation. A prospective cohort study by

Knudtzen et al.*®

conducted on adult patients reported that a higher
viral load can predict disease severity in hospitalized patients.
Extensive lung involvement was found to be one of the identifying
factors associated with increased disease severity.'” Our study added
to this knowledge that a high viral load can predict the risk for
pulmonary involvement in children with COVID-19.

Elevated inflammatory biomarkers suggest excessive cytokine
production correlates with COVID-19 pneumonia and disease
severity. Many mechanisms, including inflammatory biomarker
release, alveolar tissue macrophage activation, mononuclear cell
accumulation, diffuse alveolar edema, and interstitial inflammation,
can contribute to pulmonary injury and pneumonia.*”~2° In this study,
we showed that on the one hand, CRP, procalcitonin levels, and ESR
were significantly higher and lymphocyte, monocyte, eosinophil, and
thrombocyte counts were significantly lower in children with
pulmonary involvement than in those without. Our results are
consistent with previous studies showing that patients with
COVID-19 had decreased platelet, lymphocyte, monocyte, and
eosinophil counts and increased CRP levels.?'?2 There are reports
investigating factors associated with pulmonary involvement in adult
patients with COVID-19.2%2% |n a retrospective study, Damar Cakirca
et al?® the

platelet-lymphocyte ratio, and the CRP-lymphocyte ratio were

reported that the neutrophil-lymphocyte ratio,

higher and the eosinophil-lymphocyte ratio was lower in adult
COVID-19 patients with pulmonary involvement than in those

without. In another study, Abrishami et al.>* showed that 25 (OH)
vitamin D levels were predictive for the amount of lung involvement
shown in chest CT. Ferritin was identified as an inflammatory
biomarker resulting in immune dysregulation in severe COVID-19
patients.?® In addition to this role of ferritin, Carubbi et al.2¢ have also
demonstrated that higher ferritin levels (above the 25th percentile)
were associated with lung involvement severity. Predictors of
pulmonary involvement risk in children with COVID-19 were not
clearly determined. In the present study, we detected that high CRP,
procalcitonin levels, and ESR, and low lymphocyte and thrombocyte
counts may predict pulmonary involvement risk in children with
COVID-19.

5 | LIMITATIONS
This study's major limitations were its small sample size and single-
center design. Additionally, we did not perform chest CT for

pulmonary involvement in every patient.

6 | CONCLUSIONS

The identification of predictors for pulmonary involvement in
COVID-19 is crucial for guiding appropriate management and
generating better disease outcomes. The present study determined
that high CRP, procalcitonin levels, ESR, and viral load, and low
lymphocyte and thrombocyte counts were associated with pulmo-
nary involvement in children with COVID-19. Procalcitonin, CRP
levels, and viral load may predict the risk for pulmonary involvement
in COVID-19 patients. These inflammatory biomarkers can be used
to demonstrate pulmonary involvement in children with COVID-19
when supported by well-designed different studies. We think our
results could make a significant contribution to this field, about which

little is currently known.
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