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ABSTRACT

Objective: Although many pediatric studies on children infected with coronavirus disease 2019 
(COVID-19) have been published, the diagnosis, clinical symptoms, laboratory findings, and 
treatment of COVID-19 in children are still unclear.

Materials and Methods: This study was conducted with an aim to examine the hematologi-
cal findings of symptomatic pediatric patients diagnosed with COVID-19 in May 2020 at the 
Pandemic Hospital in Dicle University. Patient records were evaluated retrospectively. This 
study involved 59 symptomatic pediatric patients with a definite diagnosis of COVID-19 who 
had positive SARS-CoV-2 RT-PCR test results on nasopharyngeal swab between March 15, 
2020 and May 31, 2020. 

Results: The records of a total of 10 (16.9%) patients under the age of 1; 21 (35.6%) patients 
aged 1-10 years, and, 28 (47.5%) patients aged 10-18 years, who had been diagnosed with 
COVID-19 were evaluated. Based on severity, 35 (59.3%) patients were in the mild group (group 
1) and 24 (40.7%) patients were in the moderate-severe group (group 2). The blood parameters 
of WBC, neutrophil, lymphocyte, monocyte, and thrombocyte counts, the hemoglobin (Hgb) 
level, and NLR, PLR, MPV, fibrinogen, ferritin, and D-dimer levels were compared between 
groups, the difference was not statistically significant (P > .05). LDH was higher in group 2 
(P = .014).

Conclusion: Since children infected with COVID-19 show mild clinical symptoms or are asymp-
tomatic, fewer pediatric patients may be detected than adults. Therefore, it should be known 
that the laboratory findings typical for adults may not accompany the disease in pediatric cases. 
More studies are needed to determine the most appropriate COVID-19 treatment approach for 
children, as hospitalization history and testing rates are less reported among children.
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INTRODUCTION

Coronavirus disease 2019 (COVID-19), which was first identified in Wuhan, China in late 
December 2019, spread rapidly all over the world and was declared as a pandemic by the 
World Health Organization (WHO) on March 11, 2020.1 COVID-19 is a highly infectious viral 
infection caused by the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2).2

Although COVID-19 is primarily reported as a respiratory tract infection, the resulting data 
show that it is a multisystemic disease that includes the cardiovascular, respiratory, gas-
trointestinal, neurological, hematopoietic, and immune systems.3 The earliest reported 
cases were of adult and older patients. The data on children are inadequate as the num-
ber of children diagnosed and reported in studies are lower than that of adults. Due to the 
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What is known about 
this study?
• Clinical and laboratory char-

acteristics for COVID-19 in adult 
patients have been described. 
Studies on the effects of 
COVID-19 on pediatric hema-
tologic parameters are limited. 
Our work; the COVID-19 pan-
demic is important to show 
the hematologic literature 
among pediatric semptomatıc 
patients.

What is already known 
on this topic?
• As a necessity of crowded fam-

ily life in our region, the number 
of patients we detected in the 
first months of the pandemic as 
an effect of domestic transmis-
sion is substantially high.

• In our study, when we com-
pared the patients, according 
to the severity of the disease at 
the time of diagnosis, we did 
not find any significant differ-
ence other than the LDH level.

• Children can have normal lab-
oratory results at the time of 
diagnosis. Laboratory testing 
should be repeated based on 
clinical outcomes.
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widespread use of diagnostic tests, pediatric cases have also 
been reported.4 The first pediatric case occurred in China, as 
of January 20, 2020. The family of the 10-year-old had trav-
eled to Wuhan.5 Although it was rarely reported in children in 
the early stages of the pandemic, as the information about 
COVID-19 increased, it was determined that children could 
be infected with SARS-CoV-2 as much as adults.6,7 Underlying 
health problems, including chronic respiratory failure, obesity, 
and neurodevelopmental conditions, are common among hos-
pitalized children who have acute COVID-19.8 As of June 28, 
2020, there were 198 284 cases of COVID-19 in Turkey, of which 
14 388 were children aged 15 or under (7.3%).9 The SARS-CoV-2, 
with the shiny protuberances on its surface, binds to the cells 
via the angiotensin-converting enzyme II (ACE-2) receptors, 
which are expressed in the lungs, gastrointestinal tract, kid-
neys, and heart. Thus, COVID-19 is a multisystem disease.10

For the clinical management of COVID-19 disease, which can 
cause multiple systemic implications, laboratory indicators 
are important for the diagnosis and monitoring of treatment. 
Although hematologic changes in adults have become obvious, 
laboratory results in children are still unclear, as the number of 
studies on children is low. The number of children diagnosed 
with Covid-19 is gradually increasing due to the high popula-
tion of children in our region, and the necessity of living in a 
crowded family environment. Our work is significant, as the first 
month of the pandemic is related to the symptomatic children 
diagnosed. In this study, we aimed to evaluate the hematologi-
cal parameters of symptomatıc pediatric patients diagnosed 
with COVID-19 in our hospital.

METHODS

In this study, patients aged 0-18 years who were hospitalized 
in the Children’s COVID-19 service with positive SARS-CoV-2 
RT-PCR test result from the nasopharyngeal swab, between 
March 15, 2020 and May 31, 2020, at the Pandemic Hospital 
within the Dicle University Hospital, were evaluated retrospec-
tively. The approval was obtained from the Republic of Turkey 
Ministry of Health and the Local Ethics Committee of Dicle 
University Faculty of Medicine (Reference Number 16.07.2020 
- 312.).

Symptomatic COVID-19 patients were evaluated. Patients older 
than 18 years, with incomplete file records, inaccessible labo-
ratory tests, and with hematological or systemic diseases were 
not included in the study.

All data were obtained retrospectively from hospital records 
from day 1 of hospitalization.

The age of the patients (in months), length of hospitalization, 
sex, age group, the severity of the disease, and details of family 
members with COVID-19 who have improved, were gathered 
as data.

White blood cell (WBC) count in peripheral blood, neutrophil, 
monocyte, and lymphocyte counts, Hgb level, platelet value, 
mean platelet volume (MPV), neutrophil/lymphocyte ratio 
(NLR), platelet/lymphocyte ratio (PLR), serum ferritin level, 

lactate dehydrogenase (LDH) level, and prothrombin time (PT), 
activated partial thromboplastin time (aPTT), international 
normalized ratio, fibrinogen, and D-dimer levels from coagu-
lation tests were examined in the study.

The severity of the disease was classified as mild, moderate, 
severe, or critical, according to clinical characteristics, labora-
tory results, and chest x-ray results (11), as follows:

• Mild: Cases with symptoms of upper respiratory tract infec-
tion, such as fever, fatigue, myalgia, cough, sore throat, 
or nasal discharge, but normal on respiratory system 
examination.

• Moderate: Pneumonia with fever and cough, but without 
dyspnea and hypoxemia.

• Severe: Fever and cough developed early with dyspnea, and 
arterial oxygen saturation <92%.

• Critical: Cases that rapidly develop acute respiratory dis-
tress or respiratory failure, and that tend to develop shock, 
encephalopathy, myocardial impairment, coagulation 
abnormalities, and acute renal damage. 

The patients were divided into 2 groups based on their symp-
toms, and the study data were compared. The patients in 
group 1 had mild symptoms; and patients in group 2 had mod-
erate symptoms. Three patients with hematologic or systemic 
disease were in the clinically critical group, and these patients 
were not included in the assessment. None of the patients we 
assessed was critical.

Statistical Analysis
Statistical analyses were performed using Statistical Package 
for the Social Sciences (SPSS) version 20.0 (IBM SPSS Corp.; 
Armonk, NY, USA). The descriptive statistics of the numerical 
parametric variables were calculated as mean ± standard 
deviation, and non-parametric variables were calculated as 
the median (minimum-maximum), and categorical variables 
were expressed as a percentage (%). While evaluating the 
study data, the suitability of the parameters of normal distribu-
tion was evaluated by the Shapiro–Wilk test, and the Student’s 
t-test was used to compare the groups. P-values based on 
two-sided tests were considered statistically significant at less 
than .05.

RESULTS

A total of 59 symptomatic pediatric patients with a specific 
diagnosis of COVID-19 with SARS-CoV-2-positive RT-PCR were 
evaluated retrospectively. A total of 26 (44.1%) of the patients 
were female and 33 (55.9%) were male. The mean age of the 
patients was found to be 107.42 ± 68.4 months (2 months-220 
months). The mean length of hospital stay of the patients was 
found to be 4.9 ± 3.32 days. A total of 10 (16.9%) patients under 
the age of 1; 21 (35.6%) patients aged 1-10 years, and 28 (47.5%) 
patients aged 10-18 years who had been diagnosed were eval-
uated. Fifty (86.6%) patients had contact with a family mem-
ber with COVID-19. When the disease was classified according 
to severity, 35 (59.3%) patients were in the mild group and 
24 (40.7%) patients were in the moderate-severe group. The 
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demographic and clinical characteristics of the patients are 
summarized in Table 1. 

The hematological values were evaluated according to age.12,13

When the laboratory parameters of the patients were exam-
ined, leukopenia was found in 2 (3.4 %) patients and leukocytosis 
in 6 (10.2 %) patients; the leukocyte count was within the normal 
range in 51 (86.4 %) patients. Five patients (8.5%) were diag-
nosed with neutropenia. Lymphopenia was reported in 1 (1.7%) 
patient. Lymphocytosis was observed in 12 patients (20.3%) 
and normal lymphocytes were seen in 46 patients (78%). Four 
patients (6.8%) in the study had monocytosis, while 55 patients 
(93.2%) had monocytes in the normal range. Thrombocytopenia 

was not observed. Thrombocytosis occurred in 3 patients (5%). 
The MPV was evaluated as normal.

The Hgb level was found to be low for age in 7 (11.9%) patients. 
Ferritin was found to be low in 8 patients (13.5%). No patients 
were diagnosed with hyperferritinemia.

The fibrinogen levels measured were within normal limits.  
Activated Partial Thromboplastin Time (APTT) elevation 
was found in 2 patients, and PT was found to be elevated 
in 5 patients. The D-dimer level was within normal limits for 
51 patients (86.4%), and for 8 patients (13.5%), it was > 0.583. 
Hemorrhage and thrombosis were not detected in the patients. 
Anticoagulant treatment was not used for these patients. The 
LDH levels were normal in 37 (62.7%) patients and elevated in 
22 (37.3%) patients. The patients’ laboratory parameters are 
given in Table 2.

The mean duration of hospital stay among patients in group 
1 (mild clinical condition) was 3.69 ± 1.91 days, while it was 
8.17 ± 3.48 days for those in group 2 (P = .012). When the WBC 
count, neutrophil, lymphocyte, monocyte, and thrombocyte 
counts, Hgb level, D-dimer, and NLR, PLR, MPV, fibrinogen, 
and ferritin were compared between the groups, the differ-
ence was not statistically significant (P > .05). LDH was higher 
in group 2 (P = .014). The laboratory findings of group 1 and 
group 2 at admission are shown in Table 3.

DISCUSSION

At the start of the COVID-19 pandemic, it was believed that chil-
dren were not susceptible to this infection. Children are thought 
to be less sensitive to SARS-CoV-2, since the function and bind-
ing ability of angiotensin-converting enzyme II (ACE2), known 
as a cell receptor for SARS-CoV, may be lower in children (14).

Over time, this infection started to be reported in children, 
as family transmission increased. In the study conducted on 
COVID-19 patients and their contacts, Bi et al. have found the 
rate of pediatric patients to be 8.1%, and it was reported that 
the probability of children being infected with SARS-CoV-2 was 

Table 1. Demographic and Clinical Characteristics of the 
Patients

Min-Max Mean ± SD
Age (months) 2-220 107.42 ± 68.4
Length of hospital stay 
(days)

1-13 4.9 ± 3.32

n %
Gender
 Female 33 59.3
 Male 26 41.7
Age group
 <1 years 10 16.9
 1-10 years 21 35.6
 >10 years 28 47.5
The severity of illness
 Mild 35 59.3
 Moderate 24 40.7
Family members with 
COVID-19
 Yes 50 86.6
 No 9 13.4
F, female; M, male; Min, minimum; Max, maximum; n, total number of patients; 
SD, standard deviation. Data presented as mean ± standard deviation or 
median value (the minimum-maximum) and number/percentage values.

Table 2. Laboratory Findings of Patients
Hematological Variables Min-Max Mean + SD
WBC (103/µL) 2.4-19.8 7.43 ± 3.2
Neutrophil count (103/µL) 0.6-9 3.33 ± 1.71
Lymphocyte count (103/µL) 0.4-15 3.14 ± 2.58
Monocyte count (103/µL) 0.01-2 0.58 ± 0.32
Platelet count (103/µL) 161-638 281.1 ± 118.2
Hemoglobin (g/dL) 8.8-16.3 12.8 ± 1.89
MPV (fL) 6.4-16 8.37 ± 1.74
LDH (U/L) 138-786 253.17 ± 105.6
Ferritin levels (ng/mL), ref.: (10-291) 3-192 117.8 ± 56.1
Fibrinogen (mg/dL) 194-468 271.3 ± 67.4
APTT (sn) 19-41 28.2 ± 7.9
PT (sn) 10-25 13.2 ± 2.1
D-dimer (mg/dL), ref.: (0.08-0.583) 0.1-14.8 2.77 ± 10.19
WBC, white blood cell; MPV, mean platelet volume; LDH, lactate dehydrogenase; PT, prothrombin time; APTT, activated partial thromboplastin time; Ref, references; 
SD, standard deviation.
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as likely as adults.15 In our study the most common cause of 
transmission in pediatric patients was contact with a family 
member diagnosed with COVID-19 (86.9%).

Infants under a year-old are known to be more sensitive and 
clinically more severely affected than children of other age 
groups.16 Considering the age groups in the published pediat-
ric case series, most cases were found to be in children more 
than 1-year-old. When the gender distribution was examined, 
although not statistically significant, the rate of males was 
higher.17-22

In our study, similar to the literature, the mean age at diagnosis 
was 107.42 + 68.4 months (2 months-220 months), and there 
were 49 patients (83.1%) over the age of 1 year. Ten individuals 
under 1-year-old in this study had moderate symptoms. Within 
our series, 33 patients (55.9%) were male. This figure was simi-
lar in literature, but was not statistically significant.

In adults, the most common hematological findings of 
COVID-19 are lymphopenia, neutrophilia, and thrombocyto-
penia.23-27 In another study comparing COVID-19 patients with 
other viral disease patients, results of leukopenia, lymphocyto-
penia, and eosinopenia results were found to be more frequent 
in COVID-19 patients.28

The clinical and laboratory presentations in the pediatric age 
group were observed to be different from those in adults.29 The 
laboratory findings on COVID-19 in children are similar to 
those in other coronavirus infections. The WBC counts are nor-
mal or low with associated neutropenia and/or lymphopenia. 
Thrombocytopenia can develop. C-reactive protein and pro-
calcitonin values are generally normal. In severe cases, liver 
enzymes and LDH may be elevated, and abnormal coagu-
lation and high D-dimer levels have been reported in these 
cases.30

In a study conducted among children with COVID-19, it was 
stated that while the leukocyte count was normal in 70% of 
the cases, there was an increase in 20% and a decrease in 
10% of the cases.31 Lymphocyte counts are generally normal in 
children and can be said to be associated with relatively mild 

immune suppression.32,33 Henry et al.34 found lymphopenia in 
only 3% of the cases in the review of 12 literatures reported 
from China, including 66 pediatric patients. In 20 children 
examined by Xia et al.,31 WBC was normal in 14 patients (14/20, 
70%), decreased in 4 patients (4/20, 20%), and increased in 
2 patients (2/20, 10%); and the percentage of lymphocytes 
decreased in 7 patients (7/20, 35%) and increased in 3 patients 
(3/20, 15%).

In our study, when the leukocyte counts of children infected 
with SARS-CoV-2 were examined, the WBC count was found to 
be normal in 51 (86.4%) patients, increased in 6 (10.2%) patients, 
and decreased in 2 (3.4%) patients. The lymphocyte counts 
declined in 1 patient (1.7%) and increased in 12 patients (20.3%), 
and the lymphocyte counts were normal in 46 patients (78%). 

The incidence of leukocytosis (neutrophilia and/or lym-
phocytosis) in patients infected with COVID-19 is less, and 
is a precursor of a bacterial infection or superinfection 
in particular.35 Additionally, current data also show that 
COVID-19 neutrophil levels may be an indicator of cytokine 
storm and hyperinflammatory status.36

Neutropenia may be associated with viral infections.37 In our 
series, neutropenia was detected in 5 (8.5%) patients. A cyto-
kine storm was not observed in any of our patients. The NLR 
is thought to be a significant marker for demonstrating the 
severity of COVID-19 disease.38 An elevated NLR value is due to 
the increased neutrophil count and/or decreased lymphocyte 
count. The increase in the neutrophil count is due to inflam-
mation, and the decreased lymphocyte count may be due to 
lymphocyte sequestration in the lung, immune-induced lym-
phocyte destruction, thymus and bone marrow suppression, 
or apoptosis.39 Sixty-one patients with COVID-19 were pro-
spectively evaluated, and in the group with advanced age 
(≥50 years) and a neutrophil/lymphocyte ratio (NLR) ≥3.13, 
severe illness and intensive care admission were found to be 
significantly higher, and NLR was evaluated as an independent 
risk factor for the disease.40 In our study, the NLR showed no 
difference between the groups according to the clinical classi-
fication. (P = .430). Thrombocytopenia and elevated D- dimer 
rates are seen as indicators of poor prognosis in patients with 

Table 3. Laboratory Findings for Mild Patients (Group 1) and Moderate-Severe Patients (Group 2) at Admission
Hematological Variables Group 1 (n = 35), Mean + SD Group 2 (n = 24), Mean + SD P
WBC (103/μL) 7.33 ± 3.47 7.57 ± 2.82 .552
Neutrophil count (103/μL) 3.27 ± 1.81 3.42 ± 1.59 .702
Lymphocyte count (103/μL) 3.12 ± 2.71 3.17 ± 2.44 .953
Monocyte count (103/μL) 0.56 ± 0.23 0.62 ± 0.37 .240

Hgb (g/dL) 12.9 ± 1.73 12.5 ± 2.12 .251
Platelet count (103/μL) 254.8 ± 88.18 319.6 ± 145.4 .059
MPV (fL) 8.5 ± 1.79 8.09 ± 1.67 .720
NLR 1.41 ± 0.93 1.58 ± 1.04 .430
PLR 106.7 ± 44.7 118.9 ± 49 .660
Ferritin 107.629 ± 80.72 159.5 ± 47.8 .102
D-dimer 2.68 ± 7.6 2.9 ± 11.1 .913
Fibrinogen 197.8 ± 56.2 228.4 ± 78.6 .290
LDH 235.7 ± 79.8 340 ± 178.7 .014
NLR, neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio; SD, standard deviation. Student’s t-test, P < .05.
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COVID-19.41 Thrombocytopenia was not found in our study. 
Three patients (5%) had thrombocytosis, which was considered 
secondary to vomiting and dehydration. With the replacement 
of liquid, the platelet count stayed within normal limits.

The mean platelet volume (MPV) is a laboratory marker for 
platelet function and activity. A higher MPV is more reactive, 
hemostatic, and produces higher levels of thromboxane. This 
increased thromboxane causes thrombotic sensitivity, and 
therefore, causes thrombotic complications.42 In our study, the 
MPV showed no difference between the groups according to 
the clinical classification.

Patients with COVID-19 were reported to have pathologically 
increased ferritin levels with reduced Hgb levels.43 However, 
in our study, Hgb was found to be low in 7 patients (11.9%) by 
age. Unlike the literature, hyperferritinemia was not detected 
in any anemic patients. The present anemia was evaluated 
as iron deficiency anemia, and iron replacement therapy was 
initiated in these patients after the infection treatment, and 
the patients were followed-up. There were 8 patients with 
low ferritin (13.5%). Hyperferritinemia was not detected in any 
patient.

D-dimer is significantly elevated in patients with severe and 
fatal COVID-19.25 The data on thrombotic complications in chil-
dren are limited. It is suggested that such complications with 
COVID-19 may be rare in children. In our study, the D-dimer 
level was found to be elevated in 8 (13.5%) patients and normal 
in 51 (86.4%) patients (P = 0583). No bleeding or thrombosis 
was detected in any patient. Anticoagulant therapy was not 
administered in these patients. No thrombotic complications 
were observed in this study.

COVID-19-associated multisystem inflammatory syndrome, 
reported among children in Europe and North America, is a 
rare and serious disorder. The clinical features of the multisys-
tem inflammatory syndrome are similar to those of Kawasaki 
disease and toxic shock syndrome. The clinical features 
include fever, hypotension, rash, myocarditis, and gastrointes-
tinal symptoms. There are laboratory results associated with 
increased inflammatory activity. Symptoms of respiratory tract 
disease may not be present.44 We did not encounter such a case 
during the period of our study. There have been recent cases 
of MIS-C in Turkey.45

LDH increases in peripheral blood due to ischemia, extreme 
heat, coldness, dehydration, chemical intoxication, and infec-
tious toxins.46,47 When the absolute lymphocyte count and LDH 
measured in the COVID-19 series of patients in Singapore by 
Fan et al.17 were compared between patients in and out of the 
intensive care unit (ICU), the LDH in COVID-19 patients requir-
ing ICU was, as expected, found to be higher and associated 
with poor prognosis. In our study, LDH was found to be higher 
in the moderate-severe group (P = .014).

Our work on the COVID-19 pandemic is important to demon-
strate hematological documentation in symptomatic pediatric 
patients. Due to the inevitability of crowded family life in our 
region, the number of patients we detected in the first months 
of the pandemic as an effect of domestic transmission was 
substantially high. It is important to follow domestic contact 

and isolation precautions in the case of COVID-19 infection. 
Although hematological changes in adults have become evi-
dent, laboratory results remain unclear because the number 
of studies in children is low. Our work is important because it 
concerns the diagnosed and symptomatic children in the first 
month of the pandemic. The laboratory values of children may 
be normal at the time of diagnosis. Laboratory tests can be 
repeated based on clinical outcomes. Our study had limita-
tions such as being single-centered and retrospective, and 
including symptomatic pediatric patients in the first months of 
the onset of the pandemic. More research is needed to deter-
mine the appropriate procedures for managing COVID-19 in 
children.

Ethical Committee Approval: Ethical committee approval was received 
from the Ethics Committee  of the Dicle University Faculty of Medicine. 
(Dated July 16, 2020 and numbered 312).

Informed Consent: Written informed consent was obtained from all 
participants who participated in this study.

Peer Review: Externally peer-reviewed.

Author Contributions: Concept – V.H.Ü., F.A., İ.Y., M.S.; Design - V.H.Ü., 
K.Y., V.Ş., F.A., M.K., A.G.P.; Supervision - V.H.Ü., M.K.; Resource - K.Y., 
M.K., İ.Y.; Materials - K.Y., M.K., İ.Y.; Data Collection and/or Processing 
- V.Ş., F.A., İ.Y.; Analysis and/or Interpretation - V.Ş.; Literature Search 
- V.H.Ü., V.Ş., F.A., Writing - V.H.Ü., K.Y., A.G.P., M.S.; Critical Reviews - 
A.G.P., M.S.

Conflict of Interest: The authors have no conflict of interest to declare.

Financial Disclosure: The authors declared that this study has received 
no financial support.

REFERENCES

1. World Health Organization (WHO).World Health Organization 
characterizes COVID-19 as a pandemic. 2020 (Available at: https 
://ww w.who .int/ emerg encie s/dis eases / novel -coro navir us-20 19/
ev ents- as-th ey-ha ppen), Accessed July 31, 2020.

2. Shereen MA, Khan S, Kazmi A, Bashir N, Siddique R. COVID-19 
infection: origin, trans-mission, and characteristics of human cor-
onaviruses. J Adv Res. 2020;24:91-98. [CrossRef]

3. Kannan S, Shaik Syed Ali P, Sheeza A, Hemalatha K. COVID-19 
(novel coronavirus 2019) recent trends. Eur Rev Med Pharmacol 
Sci. 2020;24(4):2006-2011. [CrossRef]

4. Huang C, Wang Y, Li X, et al. Clinical features of patients infected 
with 2019 novel coronavirus in Wuhan, China. Lancet. 
2020;395(10223):497-506. [CrossRef]

5. Choi SH, Kim HW, Kang JM, Kim DH, Cho EY. Epidemiology and 
clinical features of coronavirus disease 2019 in children. Clin Exp 
Pediatr. 2020;63(4):125-132. [CrossRef]

6. Johns Hopkins University Center for Systems Science and Engineer-
ing. Coronavirus COVID-19 global cases. 2020. (Available at: 
https://gisanddata maps. arcgi s.com /apps /opsd ashbo ard/i ndex. 
html# /bda7 59474 0fd40 29942 3467b 48e9e cf6), Accessed April 15, 
2020.

7. Lee PI, Hu YL, Chen PY, Huang YC, Hsueh PR. Are children less 
susceptible to COVID19. J Microbiol Immunol Infect. 2020;53(3):371-
372. [CrossRef]

8. Shekerdemian LS, Mahmood NR, Wolfe KK, et al. Characteristics 
and outcomes of children with coronavirus Disease 2019 

467

https://www.who.int/emergencies/diseases/ novel-coronavirus-2019/events-as-they-happen
https://www.who.int/emergencies/diseases/ novel-coronavirus-2019/events-as-they-happen
https://www.who.int/emergencies/diseases/ novel-coronavirus-2019/events-as-they-happen
https://doi.org/10.1016/j.jare.2020.03.005
https://doi.org/10.26355/eurrev_202002_20378
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.3345/cep.2020.00535
https://gisanddata maps.arcgis.com/apps/opsdashboard/index.html#/bda7594740fd40299423467b48e9ecf6
https://gisanddata maps.arcgis.com/apps/opsdashboard/index.html#/bda7594740fd40299423467b48e9ecf6
https://doi.org/10.1016/j.jmii.2020.02.011


Hematological Parameters with COVID-19 Turk Arch Pediatr 2021; 56(5): 463-468

(COVID-19) infection admitted to US and Canadian pediatric 
intensive care units. JAMA Pediatr. 2020;174(9):868-873. [CrossRef]

9. Türkiye Cumhuriyeti Sağlık Bakanlığı. Türkiye'deki COVID-19 durum 
Raporları. 2020. (Available at: http: //cov id19. sagli k.gov .tr/E klent 
i/377 43/0/ covid -19-s ituat ion-r eport v4pdf .pdf) ), Accessed June 
30, 2020.

10. Castagnoli R, Votto M, Licari A, et al. Severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) infection in children and ado-
lescents: a systematic review. JAMA Pediatr. 2020;174(9):882-889. 
[CrossRef]

11. Shen K, Yang Y, Wang T, et al. Diagnosis, treatment, and prevention 
of 2019 novel coronavirus infection in children: experts’ consensus 
statement. World J Pediatr. 2020;16(3):223-231. [CrossRef]

12. Geaghan SM. Hematologic values and appearances in the healthy 
fetus, neonate, and child. Clin Lab Med. 1999;19(1):1-37. [CrossRef]

13. Dallman PR. In: Rudolph A, ed. Pediatrics. 16th ed. New York: 
Appleton-Century-Crofts; 1977:1111-1178.

14. Li W, Moore MJ, Vasilieva N, et al. Angiotensin-converting enzyme 
2 is a functional receptor for the SARS coronavirus. Nature. 
2003;426(6965):450-454. [CrossRef]

15. Bi Q, Wu Y, Mei S, et al. Epidemiology and transmission of COVID-
19 in Shenzhen China: analysis of 391 cases and 1,286 of their close 
contacts. Lancet Infect Dis. 2020;20(8):911-919. [CrossRef]

16. Fang F, Luo XP. Facing the pandemic of 2019 novel coronavirus 
infections: the pediatric perspectives. Zhonghua Er Ke Za Zhi. 
2020;58(2):81-85. [CrossRef]

17. Chen ZM, Fu JF, Shu Q, et al. Diagnosis and treatment recommen-
dations for pediatric respiratory infection caused by the 2019 novel 
coronavirus. World J Pediatr. 2020;16(3):240-246. [CrossRef]

18. Wang XF, Yuan J, Zheng YJ, et al. Retracted: clinical and epidemio-
logical characteristics of 34 children with 2019 novel coronavirus 
infection in Shenzhen. Zhonghua Er Ke Za Zhi. 2020;58:E008. 
[CrossRef]

19. Parri N, Lenge M, Buonsenso D, Coronavirus Infection in Pediatric 
Emergency Departments (CONFIDENCE) Research Group. Chil-
dren with Covid-19 in pediatric emergency departments in Italy. N 
Engl J Med. 2020;383(2):187-190. [CrossRef]

20. Lu X, Zhang L, Du H, et al. SARS-CoV-2 infection in children. N Engl 
J Med. 2020;382(17):1663-1665. [CrossRef]

21. Dong Y, Mo X, Hu Y, et al. Epidemiology of COVID-19 among chil-
dren in China. Pediatrics. 2020;145(6). [CrossRef]

22. Centers for Disease Control and Prevention (U.S.). Coronavirus 
disease 2019 in children - United States, February 12-April 2, 2020. 
MMWR Morb Mortal Wkly Rep. 2020;69(14):422-426. [CrossRef]

23. Fan BE, Chong VCL, Chan SSW, et al. Hematologic parameters in 
patients with COVID-19 infection. Am J Hematol. 2020;95(6):E131- 
E134. [CrossRef]

24. Henry BM, de Oliveira MHS, Benoit S, Plebani M, Lippi G. Hema-
tologic, biochemical and immune biomarker abnormalities associ-
ated with severe illness and mortality in coronavirus disease 2019 
(COVID-19): a meta-analysis. Clin Chem Lab Med. 2020;58(7):1021-
1028. [CrossRef]

25. Lippi G, Plebani M, Henry BM. Thrombocytopenia is associated 
with severe coronavirus disease in 2019 (COVID-19) infections: a 
meta-analysis. Clin Chim Acta. 2020;506:145-148. [CrossRef]

26. Guan WJ, Ni ZY, Hu Y, et al. Clinical characteristics of coronavirus 
disease 2019 in China. N Engl J Med. 2020;382(18):1708-1720. 
[CrossRef]

27. Wang F, Nie J, Wang H, et al. Characteristics of peripheral lympho-
cyte subset alteration in COVID-19 pneumonia. J Infect Dis. 
2020;221(11):1762-1769. [CrossRef]

28. Li YX, Wu W, Yang T, et al. Characteristics of peripheral blood leu-
kocyte differential count in patients with COVID-19. Zhonghua Nei 
Ke Za Zhi. 2020;59:E003-E003.

29. Ludvigsson JF. Systematic review of COVID-19 in children shows 
milder cases and a better prognosis than adults. Acta Paediatr. 
2020;109(6):1088-1095. [CrossRef]

30. Zimmermann P, Curtis N. Coronavirus infections in children includ-
ing COVID-19: an overview of the epidemiology, clinical features, 
diagnosis, treatment, and prevention. Pediatr Infect Dis J. 
2020;39(5):355-368. [CrossRef]

31. Xia W, Shao J, Guo Y, et al. Clinical and CT feature in pediatric 
patients with COVID‐19 infection: different points from adults. 
Pediatr Pulmonol. 2020;55(5):1169- 1174. [CrossRef]

32. Liu J, Liu Y, Xiang P, et al. Neutrophil to lymphocyte ratio predicts 
severe illness patients with 2019 novel coronavirus in the early 
stage. MedRxiv 2020;39. [CrossRef]

33. Cao Q, Chen YC, Chen CL, Chiu CH. SARS-CoV-2 infection in chil-
dren: transmission dynamics and clinical characteristics. J Formos 
Med Assoc. 2020;119(3):670-673. [CrossRef]

34. Henry BM, Lippi G, Plebani M. Laboratory abnormalities in chil-
dren with novel coronavirus disease 2019. Clin Chem Lab Med. 
2020;58(7):1135-1138. [CrossRef]

35. Lippi G, Plebani M. The critical role of laboratory medicine during 
coronavirus disease 2019 (COVID-19) and other viral outbreaks. 
Clin Chem Lab Med. 2020;58(7):1063-1069. [CrossRef]

36. Mehta P, McAuley DF, Brown M, et al. HLH across speciality col-
laboration, UK. COVID19: consider cytokine storm syndromes and 
immunosuppression. Lancet. 2020;395(10229):1033-1034. 
[CrossRef]

37. Walkovich KL, Newburger PE. Leukopenia. In: Kliegman RM, Stan-
ton BF, St Geme JW III, Schor NF, Behrman RE, eds. Nelson Textbook 
of Pediatrics. 20th ed., International ed. Elsevier; 2016:1047-1055.

38. Zhang B, Zhou X, Zhu C, et al. Immune phenotyping based on the 
neutrophil-to-lymphocyte ratio and IgG level predicts disease 
severity and outcome for patients with COVID-19. Front Mol Biosci. 
2020;7:157. [CrossRef]

39. Channappanavar R, Perlman S. Pathogenic human coronavirus 
infections: causes and consequences of cytokine storm and immu-
nopathology. Semin Immunopathol. 2017;39(5):529- 539. [CrossRef]

40. Liu Y, Xiang P, Pu L, et al. Neutrophil-to-lymphocyte ratio predicts 
severe illness patients with 2019 novel coronavirus in the early 
stage. MedRxiv. 2020. [CrossRef]

41. Perlman S. Another decade, another coronavirus. N Engl J Med. 
2020;382(8):760-762. [CrossRef]

42. Elsayed AM, Mohamed GA. Mean platelet volume and mean 
platelet volume/platelet count ratio as a risk stratification tool in 
the assessment of the severity of acute ischemic stroke. Alex J Med. 
2017;53(1):67-70. [CrossRef]

43. Taneri PE, Gomez-Ochoa SA, Llanaj E, et al. Anemia and iron 
metabolism in COVID-19: a systematic review and meta-analysis. 
MedRxiv. 2020;385. [CrossRef]

44. Centers for Disease Control and Prevention (U.S). Multisystem 
inflammatory syndrome in children (MIS-C) associated with coro-
navirus disease 2019 (COVID-19), clinician outreach and commu-
nication (COCA) webinar. (Available at: https ://em ergen cy.cd 
c.gov /coca /call s/202 0/cal linfo _0519 20.as p?del ivery Name= 
USCDC _1052 -DM28 623) Accessed May 19.

45. Başar EZ, Sönmez HE, Öncel S, Yetimakman AF, Babaoğlu K. Mul-
tisystemic inflammatory syndrome in children associated with 
COVID-19: a single-center experience in Turkey. Turk Arch Pediatr. 
2021;56(3):192-199. [CrossRef]

46. Lott JA, Nemensanszky E. Lactate dehydrogenase. In: Lott JA, 
Wolf PL, eds. Clinical Enzymology, Case-Oriented Approach. New 
York: Year Book Medical Publisher; 1987:213-244.

47. Moss DW, Henderson AR. Enzymes. In: Burtis CA, Ashwood ER, eds. 
Tietz Textbook of Clinical Chemistry. 2nd ed. Philadelphia: Saun-
ders Company; 1986:735-896.

468

https://doi.org/10.1001/jamapediatrics.2020.1948
http://covid19.saglik.gov.tr/Eklenti/37743/0/covid-19-situation-reportv4pdf.pdf
http://covid19.saglik.gov.tr/Eklenti/37743/0/covid-19-situation-reportv4pdf.pdf
https://doi.org/10.1001/jamapediatrics.2020.1467
https://doi.org/10.1007/s12519-020-00343-7
https://doi.org/10.1016/S0272-2712(18)30127-6
https://doi.org/10.1038/nature02145
https://doi.org/10.1016/S1473-3099(20)30287-5
https://doi.org/10.3760/cma.j.issn.0578-1310.2020.02.001
https://doi.org/10.1007/s12519-020-00345-5
https://doi.org/10.3760/cma.j.issn.0578-1310.2020.0008
https://doi.org/10.1056/NEJMc2007617
https://doi.org/10.1056/NEJMc2005073
https://doi.org/10.15585/mmwr.mm6914e4
https://doi.org/10.1002/ajh.25774
https://doi.org/10.1515/cclm-2020-0369
https://doi.org/10.1016/j.cca.2020.03.022
https://doi.org/10.1056/NEJMoa2002032
https://doi.org/10.1093/infdis/jiaa150
https://doi.org/10.1111/apa.15270
https://doi.org/10.1097/INF.0000000000002660
https://doi.org/10.1002/ppul.24718
https://doi.org/10.1186/s12967-020-02374-0
https://doi.org/10.1016/j.jfma.2020.02.009
https://doi.org/10.1515/cclm-2020-0272
https://doi.org/10.1515/cclm-2020-0240
https://doi.org/10.1016/S0140-6736(20)30628-0
https://doi.org/10.3389/fmolb.2020.00157
https://doi.org/10.1007/s00281-017-0629-x
https://doi.org/10.1101/2020.02.10.20021584
https://doi.org/10.1056/NEJMe2001126
https://doi.org/10.1016/j.ajme.2016.03.003
https://doi.org/10.1007/s10654-020-00678-5
https://emergency.cdc.gov/coca/calls/2020/callinfo_051920.asp?deliveryName=USCDC_1052-DM28623
https://emergency.cdc.gov/coca/calls/2020/callinfo_051920.asp?deliveryName=USCDC_1052-DM28623
https://emergency.cdc.gov/coca/calls/2020/callinfo_051920.asp?deliveryName=USCDC_1052-DM28623
https://doi.org/10.5152/TurkArchPediatr.2021.21018

