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INTRODUCTION

Coronaviruses (CoVs) are enveloped positive-stranded 
RNA viruses that belong to the Coronaviridea family and 
compose the Orthocoronavirinae subfamily. The most 
common human coronaviruses are; HCoV-HKU1, HCoV-
NL63, HCoV-OC43 and HCoV-229E. In December 2019, 
a novel coronavirus was recognised as the causative agent 
of severe cases of pneumonia originating from Wuhan in 
Hubei province, China.[1] On February 11, 2020, this virus 
was named “Severe Acute Respiratory Syndrome Corona-
virus 2 (SARS-CoV-2)” by the International Committee on 
Taxonomy of Viruses (ICTV), because it is genetically relat-
ed to the coronavirus responsible for the SARS outbreak 
of 2003, and thereafter the World Health Organisation 
(WHO) announced the disease caused by SARS-CoV-2 as 
“Coronavirus disease-2019 (COVID-19)”.[2] After sever-

al weeks, on March 11, 2020, WHO pointed that there 
were more than 118.000 cases, and 4.291 deaths in 114 
countries and therefore declared that COVID-19 could be 
qualified as a pandemic.[3] In Turkey, the first case was de-
tected on 11 March 2020 and a total of 135,569 cases and 
3689 deaths were reported on 8 May, 2020.[4]

Limited data are available and still unclear on clinical pat-
terns of the COVID-19 in pediatric populations. Howev-
er, it is known that children have milder symptoms and a 
better prognosis compared to adult patient groups.[5] Liu 
et al.[6] reported that the main symptoms in children were 
fever, cough, and vomiting. Diarrhea has been reported 
as a symptom in 2–10% of COVID-19 cases in different 
studies.[7,8] And in infant groups, fever, lethargy and short-
ness of breath are described as symptoms.[9] Although 
most infected children have milder symptoms than adults, 
available data suggest that they can become severely ill.[10] 

Objective: SARS-CoV-2 is a probable causative agent of severe disease both in children and 
adults. In this study, we aimed to evaluate the management of hospitalized severe pediatric 
COVID-19 patients. 

Methods: Data on the management of 21 children under the age of 18 who were hospital-
ized with severe COVID-19 between March 2020 and May 2020 were included in this study. 

Results: A total of 1109 patients, including 888 outpatients and 221 inpatients, were in-
cluded in this study. 91 (41.1%) of the 221 hospitalized children were PCR positive for 
SARS-CoV-2. 21 (23%) of 91 COVID-19 patients were considered severe COVID-19. 10 
(47.6%) were females and 11 (52.4%) were males, with a mean±standard deviation (SD) age 
of 14.4±2.7 years (range; 9 years–17.6 years). The most prevalent symptoms at admission 
were fever (80.9%), cough (76.1%), shortness of breath (23.8%) and myalgia (23.8%). 4 (19%) 
of 21 patients had underlying diseases. 19 (90.4%) patients were in close contact with con-
firmed cases in the family. All patients had typical findings on lung computed tomography 
(CT) and the major CT abnormalities observed were ground-glass opacities. Two patients 
who needed respiratory support received favipiravir treatment. The mean hospital stay was 
7.34±2.65 (5–16) days. Clinical improvement was achieved in all patients. 

Conclusion: The clinical course of COVID-19 in children is milder and has a better prog-
nosis than adults, but it should be kept in mind that severe cases are defined in the pediatric 
patient group and these patients should be followed closely.
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Therefore, we can say that there is a wide range of symp-
toms in the children group.

Treatment suggestions for COVID-19 in children are 
mostly adapted from adult treatment protocols. Because 
of the common mild course of pediatric COVID-19, closer 
follow-up observation and supportive care are suggested 
for the majority of cases. 

Due to the lack of data investigated in severe children pa-
tients with COVID-19, we aimed to evaluate the clinical 
features, laboratory findings, radiologic findings, and man-
agement of children with severe COVID-19.

MATERIALS AND METHODS

This retrospective descriptive study was conducted in a 
1000-bed tertiary education and research hospital, one of 
the designated hospitals for COVID-19, in Istanbul, Tur-
key, between March 2020 and May 2020.

The participants were identified through the department’s 
patient files archive (age, sex, potential source of infec-
tion, laboratory results, computed tomography (CT) find-
ings, respiratory support, treatment strategies). A total of 
1109 patients, 888 outpatients and 221 inpatients, were 
recruited in this study. A nasopharyngeal swab was collect-
ed from a single nostril according to the Turkish Ministry 
of Health COVID-19 Pediatric Patient Management and 
Treatment Guideline.[11] At the beginning of the study, na-
sopharyngeal swabs were transferred to the reference lab-
oratory, Turkish Public Health Agency, and after April16, 
2020 nasopharyngeal swabs were collected in our tertiary 
education and research hospital. 

We defined severe COVID-19 as children with severe 
pneumonia with typical computed tomography findings. 
Pneumonia was classified according to age (infants/chil-
dren) and clinical symptoms (mild-moderate-severe).[12,13] 
In this study, the minimum age of the patients was 9 years 
old, so we implemented the criteria for children. The cri-
teria for severe pneumonia were as folows; fever >38.5ºC 
± respiratory rate >50 breaths/minute ± saturation ≤92% 
in room air ± apnea ± nasal flaring ± lethargy ± grunting ± 
cyanosis ± chest retractions ± poor feeding ± dehydration 
± shock. Laboratory confirmation of SARS-CoV-2 was 
performed using RT-PCR. 

We administered favipiravir 1600 mg/dose, twice daily on 
day 1 and 600 mg/dose, twice daily on days 2 to 5 to chil-
dren who only needed respiratory support.[14]

This study was approved by the Clinical Research Ethics 
Committee of our institution. Written informed consent 
was obtained from all participants’ parents/ guardians on 
admission for all diagnostic tests and treatment protocol.

Statistical analysis
In statistical analyses, we documented all available medical 
information including age, sex, clinical features, CT find-
ings, laboratory results, respiratory support, and mortality 

in Microsoft Excel. Descriptive statistics were expressed 
as mean ± standard deviation for normally distributed 
data, whereas median ± interquartile ranges were stated 
for non-normally distributed data. Statistical analyses were 
performed using Statistical Package for the Social Sciences 
software version 12.0 (SPSS Inc., Chicago, Ill., USA). 

RESULTS

Of the total 91 confirmed COVID-19 hospitalized children 
in our pediatric unit, 21 (23%) were included in this study 
due to their severe COVID-19 condition. There were 
10 (47.6%) females and 11 (52.4%) males with a mean±-
standard deviation (SD) age of 14.4±2.7 years (range, 9 
years–17.6 years). SARS-CoV-2 infection was verified by 
RT-PCR results in all patients. Patients were classified ac-
cording to age as follows: <5 years, 5–15 years, and ≥15 
years. There were no severe children under 5 years of age, 
12 (57.1%) children were in the 5–15 years age group and 
9 (42.9%) children were in the ≥15 age group.

The most prevalent symptoms at presentation were fever 
(80.9%), cough (76.1%), shortness of breath (23,8%), and 
myalgia (23.8%). Two patients with fever had also head-
ache. One patient had a sore throat and one patient had 
abdominal pain. Two patients developed, shortness of 
breath and hypoxemia during hospitalization and needed 
respiratory support. Two children had hemoptysis and 
one child had taste loss. The most persistent symptom 
was fever over >38°C. 19 (90.4%) patients were in close 
contact with confirmed cases in the family. 

All patients were screened with computed tomography 
because of abnormal findings on chest radiography. All 
children (100%) had typical CT findings. The major CT ab-
normalities observed were ground-glass opacities (90.4%) 
and mixed ground-glass opacity and consolidation lesions 
were detected in two patients. 11 (52.4%) patients had bi-
lateral ground-glass opacities and 10 (47.6%) patients had 
unilateral ground-glass opacities.

In two patients, favipiravir therapy was used because they 
clinically worsened under this therapy and required re-
spiratory support due to hypoxemia. They also received 
antibiotic therapy with teicoplanin and meropenem. One 
of them was a 17-year-old girl, who presented with fe-
ver, shortness of breath and chest pain, had the following 
laboratory findings at the time of admission; leucocyte: 
4500/mm3 (4800–10.800), lymphocyte: 800/mm3 (1.3–2.0), 
platelet: 189.000/mm3 (130.000–400.000), Alanine trans-
aminase (ALT): 17 U/L (0–35), Aspartate transaminase 
(AST): 19 U/L (0–35), creatinine: 0.38 mg/dl (0.16–0.39), 
lactate dehydrogenase (LDH): 237 U/L (127–403), Creat-
inine kinase (CK): 65U/L (0–145), Troponin: <0.003 µg/L 
(0–0.014), ferritin: 29 µg/L (5.8–274), C-reactive protein: 
<3.11 mg/L (0–3.5) and D-dimer: 360 µg/L (0.00001–500). 
She had a worse clinical course during her hospitalization 
and received respiratory support (high-flow nasal oxygen) 
and her lymphocyte count was decreased to 500/mm3 and 
her platelet count was decreased to 119.000/mm3. On 
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the other hand, C-reactive protein is elevated to 67 mg/L, 
D-dimer was elevated to 1480 µg/L, and ferritin is elevat-
ed to 126 µg/L. The other patient who required respira-
tory support was a 13-year-old boy who presented with 
fever, cough and shortness of breath, and had the follow-
ing laboratory findings at the time of admission; leucocyte: 
9900/mm3 (4800–10.800), lympocyte: 3900/mm3 (1.3–2.0), 
platelet: 415.000/mm3 (130.000–400.000), ALT: 46U/L (0–
35), AST: 36U/L (0–35), creatinine: 0.83mg/dl (0.16–0.39), 
lactate dehydrogenase (LDH): 288 U/L (127–403), CK 
(creatinine kinase): 60 U/L (0–145), Troponin: <0.003 µg/L 
(0–0.014), ferritin: 200.8 µg/L (5.8–274), C-reactive pro-
tein: 17.1 mg/L (0–3.5) and D-dimer: 1050 µg/L (0.00001–
500). He had a worse clinical course during his hospital-
ization and received respiratory support (high-flow nasal 
oxygen) and his lymphocyte count was decreased to 900/
mm3. On the other hand, C-reactive protein is elevated to 
29.5 mg/L, and ferritin is elevated to 991.8 µg/L. In this pa-
tient, we analyzed IL-6 and found it as high as 91.46 pg/ml.

Blood indexes were analyzed at the admission and the 
median (IQR) WBC count was 5450/mm3 (4525–6425), 
the median lymphocyte (IQR) count was 1550/mm3 
(1225–2075), the mean hemoglobin level was 13.2±1.3 g/
dl (range; 11.1–16.0 g/dl), the mean platelet volume (MPV) 
was 8.23±1.07 (range; 7–11.2 fL) and the median (IQR) 
platelet count was 220.000/mm3 (182.500–265.500). The 
median AST level was 22 U/L (17.5–29), the median (IQR) 
ALT was 16.5 U/L (12.25–32.5), the median (IQR) lac-

tate dehydrogenase (LDH) was 214 U/L (170.5–235.75), 
the median (IQR) CK was 84.5 U/L (55.25–126.75), the 
median (IQR) creatinine was 0.50 mg/dl (0.41–0.76) and 
the median (IQR) ferritin was 43.7 µg/L (32.7–83). At the 
admission, C-reactive protein was negative (<3.11) in 12 
(57.1%) patients and positive in 9 (42.9%) patients. The 
median (IQR) C-reactive protein was 12 mg/L (6.1–17.7). 
The median D-dimer level at the admission was 460 µg/L 
(360–620) (Table 1).

Four children (19%) had underlying diseases. One patient 
had chronic renal diseases, one patient had asthma, one 
patient had hypertension, and one patient was with autism. 
The blood cultures were available for all patients and all 
cultures resulted to be negative. The mean hospital stay 
was 7.34±2.65 (5–16) days. None of the patients died and 
all patients achieved clinical recovery without any sequelae.

DISCUSSION

There is a lack of data regarding the clinical, radiological, 
laboratory, and management of severe COVID-19 pediat-
ric patients. In this study, we report the favorable clinical 
outcomes of 21 children with severe COVID-19 in a ter-
tiary hospital unit. 

COVID-19 appears to be milder in children than in adults. 
Lu et al.[15] reported the clinical features and radiological 
findings of 171 children with SARS-CoV-2 infection and 
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Table 1. The laboratory findings of children with severe COVID-19

Cases WBC  Lympocyte  Hb Platelet  MPV Creatinine ALT AST LDH CK Ferritin D-dimer
 (/mm3) (/mm3) (g/dl) (/mm3) (fL) (mg/dL) (U/L) (U/L) (U/L) (U/L) (µg/L) (µg/L)

1 4700 1000 12.3 192000 7.6 0.39 12 17 178 37 34.3 810
2 5600 1500 11.7 65000 9.1 0.83 30 30 218 263 43.7 460
3 3500 200 11.8 123000 10.9 0.38 14 16 237 85 126.6 360
4 4600 1100 14.9 115000 11.2 0.62 14 22 266 105 100.5 1050
5 3200 1300 12.7 243000 7.5 0.37 3 12 147 38 40.6 480
6 5300 1100 12.9 198000 7.8 0.48 9 19 161 77 23.5 460
7 6800 1900 11.1 296000 8.3 0.51 13 19 195 52 32.7 670
8 5800 1400 14.6 190000 9.3 0.41 12 21 155 50 26.6 380
9 5600 600 12.1 244000 7 0.62 15 21 204 89 61 360
10 4900 1500 14.1 180000 7.6 0.97 40 29 232 268 219 420
11 6500 3300 13.2 368000 7.5 0.41 33 26 206 98 91.2 760
12 4500 1840 12.9 159000 8.5 3.04 9 16 136 103 172 180
13 7100 3180 12.7 330000 7 0.77 15 16 178 134 34.7 110
14 6900 2660 12.9 295000 8.4 0.5 78 15 168 84 80.7 310
15 4100 1600 11.5 35000 9.7 0.43 18 38 403 54 56 620
16 4900 1300 16 226000 7.2 0.44 83 62 213 99 42 400
17 12000 1500 13.1 255000 7.5 0.83 46 36 288 60 900 480
18 8200 3100 14.7 249000 8.9 0.62 23 26 243 239 83 530
19 4400 1750 14.2 247000 7.6 0.5 9 14 127 38 25 260
20 5700 2100 14.6 451000 7.9 0.53 31 20 219 72 72.5 370
21 4000 2200 14.6 321000 8.2 0.3 14 45 319 546 5.8 850

WBC: White Blood Cell; Hb: Hemoglobin; MPV: Mean Platelet Volume; ALT: Alanine transaminase; AST: Aspartate transaminase; LDH: Lactate dehydrogenase; 
CK: Creatinine kinase.



showed that cough and fever were the most common 
symptoms and ground-glass opacity was the most com-
mon abnormaliy on computed tomography of the chest. 
The Centers for Disease Control and Prevention (CDC) 
reported data on symptoms of COVID-19 for 291 pedi-
atric cases, and fever and cough were shown to be the 
most prevalent symptoms.[16] Similarly, in our study, we ob-
served fever and cough as the most common symptoms, 
and the major CT abnormality observed was ground-glass 
opacities. According to available data, we can say that 
clinical course of pediatric patients is milder, but SARS-
CoV-2–positive child deaths have been described in China, 
the United States, and Japan.[17–19] In our study, 21 children 
were considered to have severe COVID-19, and two of 
them needed respiratory support, but none of the chil-
dren died and all showed a favorable clinical course under 
supportive therapy and medical treatment according to 
the guideline of the Turkish Ministry of Health. 

In different studies,, it has been shown that the total 
white blood cell count is normal or decreased, and the 
lymphocyte count gradually decreases.[20,21] In our study, 
the mean/median values of blood index parameters were 
within normal limits, however, there was a decrease in 
WBC and lymphocyte counts in some patients. C-reactive 
protein is increased in most patients with SARS-CoV-2 
infection.[20,21] In our study, only 9 (42.9%) patients had el-
evated C-reactive protein levels at the admission In a crit-
ical patient who needed respiratory support, the C-reac-
tive protein level was negative at admission, but we found 
that it increased during follow-up. In Also, in the other 
patient who required respiratory support, an increase in 
the level of C-reactive protein was observed. Therefore, 
we believe that C-reactive protein should be monitored 
in patient groups with critical conditions. Increased levels 
of biochemical values including liver enzymes, muscle en-
zymes, and D-dimer may be seen in severe patient groups.
[22] The median D-dimer was within the normal range in 
our study, but in some patients, it increased up to 1050 
and increased during hospitalization in one of the patients 
who needed respiratory support.. Also, in one of these 
patients, we examined the high value of IL-6, an inducer 
of acute-phase reactant, however, we did not use anti-IL-6 
therapy.Since only one patient had IL-6 result, it is difficult 
to assess the correlation between IL-6 level and clinical 
course in our study. We also recorded MPV values (mean 
platelet volume) in children and found them within nor-
mal ranges, however, we could not assess this result in 
COVID-19 due to the lack of data. In this study, we re-
corded all laboratory results only at the time of admission, 
except for two children who needed respiratory support, 
so it is difficult to interpret the relationship between the 
laboratory results and the SARS-CoV-2 infection accord-
ing to our study.

The predominant chest CT findings in patients with 
COVID-19 are ground-glass opacities with or without 
consolidative abnormalities.[23,24] In a multicenter study 
conducted in Turkey, ground-glass opacity was reported 

as the most common CT finding.[25] In our study, similar 
to the literature, ground-glass opacities were the ma-
jor abnormality on CT, 11 (52.4%) patients had bilateral 
ground-glass opacities and 10 (47.6%) patients had unilat-
eral ground-glass opacities.

Song et al.[26] reported four families with 24 members and 
showed that 22 of 24 members were infected. Similarly, in 
our study, 19 (90.4%) patients were in close contact with 
confirmed cases in the family, and our results revealed that 
SARS-CoV-2 is transmitted quickly within the family.

There are candidate drugs fort he treatment COVID-19 
and vaccine research, while there are older drugs for use 
as antiviral treatment that are well-known in the safety 
profile. 

Favipiravir (FVP), a guanosine analog, has in vitro activity 
against RNA viruses. According to the literature, favipira-
vir has been used as an agent in hospitalized patients with 
severe influenza, Ebola, and norovirus, however, its effica-
cy is unclear.[27–29] Cai et al.[30] reported 35 patients with 
laboratory-confirmed COVID-19 who received oral FPV 
plus interferon (IFN)-α by aerosol inhalation and showed a 
shorter viral clearance time and significant improvement in 
radiological imaging than patients who received Lopinavir 
(LPV)/ritonavir (RTV) plus interferon (IFN)-α by aerosol 
inhalation. In our study, two patients received FVP and 
showed good clinical outcomes, but they also received 
supportive therapy, so it is difficult to say that this favor-
able outcome is associated with FVP alone. So, more clini-
cal studies are needed to evaluate the efficacy and safety of 
this antiviral agent in patients with SARS-CoV-2 infection. 
In the study of Yayla et al.[31] in 220 pediatric patients diag-
nosed with COVID-19, the rate of severe/critical patients 
was found to be 2.7%, and favipiravir was used in 5 pa-
tients, and no side effects were reported in the patients.

The limitations of this study were; first, the number of 
patients in this study is not enough to discern the clini-
cal, laboratory, radiologic findings and management of se-
vere COVID-19 in children. Second, it was a retrospective 
study and did not have a control group to compare the 
findingss of COVID patients. findings. 

CONCLUSION

In our study, we showed a good clinical course in severe 
COVID-19 pediatric patients with the supportive therapy 
and treatment protocol of the Turkish Ministry of Health 
COVID-19 Pediatric Patient Management and Treat-
ment Guideline. We believe that large-scale clinical and 
researches are needed in pediatric patients with severe 
COVID-19.
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Amaç: SARS-CoV-2, hem çocuklarda hem de yetişkinlerde ciddi hastalığın olası bir etkenidir. Bu çalışmada, hastanede yatan ağır çocuk 
COVID-19 hastalarının yönetimini değerlendirmeyi amaçladık.

Gereç ve Yöntem: Mart 2020 ile Mayıs 2020 tarihleri arasında 18 yaş altı ağır COVID-19'lu hastanede yatan 21 çocuğun yönetimine ilişkin 
veriler bu çalışmaya dahil edildi.

Bulgular: Bu çalışmada 888 ayaktan ve 221 yatan hasta olmak üzere toplam 1109 hasta toplandı. Hastanede yatan 221 çocuğun 91'i (%41.1) 
SARS-CoV-2 için PCR pozitifti. Doksan bir COVID-19 hastasının 21'i (%23) şiddetli COVID-19 olarak kabul edildi. Onu (%47.6) kız, 11'i 
(%52.4) erkek olup, yaşları ortalama±standart sapma (SS) 14.4±2.7 yıl (aralık; 9 yıl–17.6 yıl) olarak saptandı. En sık başvuru semptomları ateş 
(%80.9), öksürük (%76.1), nefes darlığı (%23.8) ve miyalji (%23.8) idi. Yirmi bir hastanın dördünde (%19) altta yatan hastalık vardı. On dokuz 
(%90.4) hasta ailede doğrulanmış olgularla yakın temas halindeydi. Tüm hastalarda tipik olarak akciğer bilgisayarlı tomografi (BT) bulguları var-
dı ve başlıca gözlenen BT anormallikleri buzlu cam opasiteleriydi. Solunum desteğine ihtiyaç duyan iki hasta favipiravir tedavisi aldı. Ortalama 
hastanede kalış süresi 7.34±2.65 (5–16) gündü. Tüm hastalarda klinik iyileşme sağlandı.

Sonuç: Çocuklarda COVID-19'un yetişkinlere göre klinik seyri daha hafiftir ve daha iyi prognozu vardır ancak çocuk hasta grubunda ciddi 
olgular tanımlandığı ve bu hastaların yakından takip edilmesi gerektiği akılda tutulmalıdır.

Anahtar Sözcükler: Çocuklar; şiddetli COVID-19; yönetim.
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