Irish Journal of Medical Science (1971 -) (2022) 191:1725-1733
https://doi.org/10.1007/s11845-021-02762-5

ORIGINAL ARTICLE q

Check for
updates

Evaluation of hematological parameters and inflammatory markers
in children with COVID-19

Gulsum Alkan'® . Ahmet Sert?>© - Melike Emiroglu’® - Sadiye Kubra Tuter Oz' © - Husamettin Vatansev®

Received: 27 June 2021 / Accepted: 25 August 2021 / Published online: 16 September 2021
© Royal Academy of Medicine in Ireland 2021

Abstract

Background The aim of this study was to evaluate hematological parameters in children with COVID-19 and determine the
effects of inflammatory biomarkers on the assessment of hospitalization.

Methods This retrospective single-center study was performed on 633 children with COVID-19 between March 2020 and
January 2021. The study population was separated into two groups: inpatients (n =83) and outpatients (n=550). Univariate
and multivariate logistic regression was applied to identify risk factors for hospitalization.

Results Lymphopenia (n=228, 36%) was found mainly to be a hematological abnormality in all cases. Compared with out-
patients, inpatients had significantly higher white blood cell (WBC) (p=0.005), lymphocyte (p <0.001), and platelet counts
(»=0.036), and significantly higher red cell distribution width (»p =0.001), C-reactive protein (CRP) (p =0.003), procalci-
tonin (p=0.001), p-dimer (p <0.001), and lymphocyte to monocyte ratio values (p =0.004). On the other hand, they had
significantly lower values of hemoglobin (p <0.001), neutrophil to lymphocyte ratio (p =0.024), platelet lymphocyte ratio
(p=0.001), derivated neutrophil to lymphocyte ratio (p =0.037), and mean platelet volume to lymphocyte ratio (p <0.001).
ROC analysis showed that WBC, CRP, and procalcitonin cutoff values were the best discriminated between inpatients and
outpatients. The results for the areas under the curve of WBC, CRP, and procalcitonin used to assess patients’ hospitaliza-
tion were 0.595 (95% CI 0.519-0.670, p =0.005), 0.599 (95% CI 0.527-0.672, p =0.003), and 0.599 (95% CI 0.525-0.673,
p=0.004), respectively.

Conclusion We suggest that high WBC and procalcitonin levels can be used as independent predictors of hospitalization in
children with COVID-19.
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An outbreak of coronavirus disease 2019 (COVID-19)

is spreading rapidly around the world and affects all age
groups. Epidemiological studies have confirmed a lower
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) been observed that children tend to have a milder clinical
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course or asymptomatic carriers and rarely develop critical
illness compared with adults [1].

Children with COVID-19 can be asymptomatic (up to
45%) or present with fever, dry cough, shortness of breath,
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ve: Y dren with mild or moderate COVID-19 will not progress
to severe illness, and treatment remains largely supportive,
including prevention and management of complications.
Infants with underlying medical conditions (neurometabolic
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conditions, obesity, asthma, immunosuppression, congeni-
tal heart disease, etc.) might be at increased risk for severe
disease [2]. Except for severe pediatric cases, children with
non-severe COVID-19 disease, especially febrile infants, can
require hospitalization for supportive treatment and close
monitoring.

SARS-CoV-2 virus can affect several organ systems and
exhibits clinical diversity with a wide range of manifesta-
tions, including in the hematological system. Lymphopenia
and hypercoagulability have been frequently reported in
adults with COVID-19 and seen to indicate poor outcomes
[3].

Inflammatory parameters are expected to increase at dif-
ferent levels in the acute phase of COVID-19. Uncontrolled
systemic inflammation can cause organ damage. C-reactive
protein (CRP), ferritin, p-dimer, lower platelet count, and
increased levels of several inflammatory cytokines have
been associated with severity of COVID-19 disease [4, 5].
In a few studies, biomarkers of inflammation derived from
the peripheral blood, such as neutrophil to lymphocyte ratio
(NLR), neutrophil to monocyte ratio (NMR), lymphocyte to
monocyte ratio (LMR), platelet to lymphocyte ratio (PLR),
and lymphocyte to CRP ratio (L/CRP) were evaluated as
prognostic factors of severity of COVID-19 disease in adults
[6]. A limited number of pediatrics COVID-19 studies have
rarely reported hematological involvement, possibly due to
the immature immune systems of the patients or to lesser
severity of the disease.

In this study, the primary outcomes were to assess the
characteristics of hematological and inflammatory param-
eters in children with COVID-19. Secondary outcomes were
to determine if these parameters may serve as a predictor of
hospitalization.

Methods

This retrospective single-center study was conducted at
the Department of Pediatric Infectious Disease in the
Selcuk University Faculty of Medicine, Konya, Tur-
key, after approval by our hospital’s ethics committee
(approval number 2021/83). During March 2020-January
2021, 633 children with SARS-CoV-2 infection, which
was confirmed with real-time polymerase chain reaction
(RT-PCR), were included in the study. The patients were
separated into two groups on the basis of hospitaliza-
tion. The outpatient group included 550 cases who were
asymptomatic or had mild COVID clinical course. The
inpatient group included 83 cases who presented with gas-
troenteritis, persistent fever, or inability to feed. We did
not perform statistical analysis comparing the parameters
between moderate, severe, or critically ill patients due to
inadequate case numbers. Therefore, patients with lung
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involvement (bronchitis or pneumonia), bacterial coin-
fections, an underlying disease, or Down syndrome were
excluded from the study.

The data on demographic characteristics and results of
the laboratory tests were obtained from patient records.
Hematological parameters and inflammatory biomarkers
on admission were compared between the two groups. The
complete blood count (CBC), including white blood cells
(WBC), hemoglobin (Hb), platelets (PLT), lymphocytes
(LYM), neutrophils (NEU), monocytes (MO), mean corpus-
cular volume (MCV), red cell distribution width (RDW)),
mean platelet volume (MPV), platelet distribution width
(PDW)), ferritin, and procalcitonin (PCT) were analyzed by
a Beckman Coulter DXT 800 automated autoanalyzer (Beck-
man, CA, USA). p-dimers were determined using a Beck-
man Coulter 5800 automated autoanalyzer (Beckman, CA,
USA). Hematological parameters were assessed according to
age-specific intervals [7]. Thrombocytopenia was defined as
platelet count < 150 K/uL. MPV, which is one of the platelet
indices (MPV (fL) = plateletcrit/platelet count), was calcu-
lated obligatorily by Beckman Coulter automated autoana-
lyzer (reference range 6.5-11 fL).

Serological biomarkers were derived from a combina-
tion of two or more of the above indicators, including NLR,
NMR, LMR, PLR, L/CRP, derivate neutrophil lymphocyte
ratio (d-NLR), mean platelet volume to lymphocyte ratios
(MPVLR), and systemic inflammatory index (SII) listed in
Table 1. d-NLR was calculated by neutrophil count divided
by the result of WBC count minus neutrophil count. The
systemic inflammatory index (SII) was calculated as throm-
bocyte count X neutrophil count/lymphocyte count.

Statistical analysis

Categorical variables were presented as numbers and per-
centages. Shapiro—Wilk test and Kolmogorov—Smirnov test
were applied to check the distribution of parameters. All
parameters were presented as median with interquartile
range (IQR) as they did not normally distribute. Continuous
variables were analyzed by the Mann—Whitney U test. The
chi-square test was used to compare categorical variables
between groups. Associations between parameters were
assessed using Spearman’s rank correlation test. Univariate
and multivariate logistic regressions were applied to identify
risk factors for hospitalization. All variables from the uni-
variate analysis with p <0.05 were subjected to forward step-
wise multivariate logistic regression. The receiver-operating
characteristic (ROC) curves were performed to estimate the
predictive values of factors affecting the hospitalization of
children with COVID-19. Statistical analysis was performed
using a computer software package (SPSS for Windows, ver-
sion 21.0).
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Table 1 The comparison of the demographic and laboratory characteristics between outpatients and inpatients
COVID-19
Inpatients Outpatients Total
Characteristics (n. %) 83 (13.1) 550 (86.9) 633 (100)
Gender (M/F. %) 34/49 (41/59) 276/274 (50.2/49.8) 310/323 (49/51) 0.117
Median IQR Median IQR Median IQR p value

Age (month) 98 161 151 114 148.25 122.25 0.044*

Parameters
White blood cell (K/uL) 6.9 5.1 6.1 2.525 6.147 2.81 0.005%*
Neutrophil (K/uL) 3.1 33 32 2.2 32 2.35 0.885
Lymphocyte (K/uL) 24 2.1 1.8 1.2 1.8 1.31 0.001*
Eosinophil (K/uL) 0.1 0.1 0.1 0.1 0.08 0.13 0.440
Monocyte (K/uL) 0.8 0.7 0.7 0.4 0.7 0.42 0.142
Platelet (K/uL) 260 103 250 86.25 251.67 87.16 0.036*
MPV (f/L) 8.5 1.3 8.4 1.3 8.39 1.34 0.606
PDW (f/L) 16.5 0.6 16.5 0.6 16.4 0.65 0.984
Hemoglobin (g/dL) 12.7 1.9 13.6 1.8 13.5 1.9 <0.001*
RDW (%) 13.8 23 133 1.1 13.40 1.23 0.001*
CRP (mg/L) 4 15.43 29 4.01 2.99 4.52 0.003*
PCT (ug/L) 0.055 0.137 0.050 0.02 0.055 0.03 0.001*
Ferritin (ng/mL) 31.70 51.10 27.60 24.50 28.16 25.71 0.172
p-dimer 355.5 538 273 205.25 284.25 217.33 <0.001*
NLR 1.50 2.1 1.849 2.584 1.78 2.50 0.024
NMR 4.625 4.375 4.809 35 4.764 3.55 0.378
LMR 3.27 333 243 2.71 2.56 2.84 0.004*
PLR 110.41 96.05 142.60 101.29 139.85 101.68 0.001*
d-NLR 1.071 1.134 1.260 1.351 1.240 1.32 0.037*
L/CRP 0.4737 0.996 0.5355 1.023 0.5284 1.03 0.322
MPVLR 3.66 3.12 4.78 3.92 4.65 3.81 <0.001*
SII 360 610.8 459.5 625.03 448.3 617.93 0.075

Statistically significant results are shown in bold

CRP C-reactive protein, MPV mean platelet volume, PCT procalcitonin, PDW platelet distribution width, RDW red cell distribution width

NLR neutrophil to lymphocyte ratio, NMR neutrophil to monocyte ratio, LMR lymphocyte to monocyte ratio, PLR platelet lymphocyte ratio,
d-NLR derivate neutrophil lymphocyte ratio: neutrophil counts/(WBC counts—neutrophil counts), L/CRP lymphocyte to CRP ratio: lymphocyte
counts, MPVLR MPV to lymphocyte ratio: MPV/lymphocyte counts, SII systemic inflammatory index: platelet counts X neutrophil EU counts/

lymphocyte counts. *p<0.05

Results

Demographic and laboratory characteristics
of children with COVID-19

The 633 patients included in the study whose labora-
tory results were available comprised 310 (49%) males
and 323 (51%) females, with a median age of 12.3 years.
Of the 83 (13.1%) patients who were hospitalized, 550
(86.9%) patients were monitored with self-isolation in
their home. The median ages of inpatients and outpatients
were 8.1 years (IQR; 13.4) and 12.5 years (IQR; 9.5),

respectively (p =0.044). There was no significant differ-
ence in the gender ratio of the two groups.

When all the patients were taken into consideration,
lymphopenia (36%), leukopenia (19.2%), thrombocytosis
(8.8%), neutropenia (7.6%), neutrophilia (2.6%), thrombo-
cytopenia (2.4%), leukocytosis (1.8%), and lymphocytosis
(0.3%) were observed on admission. Lymphopenia was
found mainly to be a hematological abnormality. When
evaluated as subgroups, lymphopenia was the most common
abnormal finding in both groups, while leukocytosis, neu-
trophilia, and thrombocytosis were found to be significantly
higher in the inpatient group (Table 2).

@ Springer
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Table 2 Comparison of

. Inpatients Outpatients Total

hematological and other

parameters in outpatient Parameters n (%) 83 (13.1) 550 (86.9) 633 (100) p value

grg\}‘l’gf‘tllgnt children with Leucocytosis 78.5) 5(0.9) 12 (1.8) <0.001%
Leukopenia 17 (20.5) 105 (19.1) 122 (19.2) 0.765
Neutrophilia 8 (9.6) 9(1.6) 17 (2.6) <0.001*
Neutropenia 8 (9.6) 40 (7.3) 48 (7.6) 0.448
Lymphocytosis 1(1.2) 1(0.2) 2(0.3) 0.122
Lymphopenia 24 (28.9) 204 (37.1) 228 (36) 0.320
Thrombocytosis 15 (18.1) 41 (7.5) 56 (8.8) 0.001*
Thrombocytopenia 3(3.6) 12 (2.2) 152.4) 0.424
Anemia 6(7.2) 27 (4.9) 33/633 (5.2) 0.375
CRP (> 8 mg/L) 30/83 (36.1) 101/549 (18.4) 131/632 (20.7) <0.001*
PCT (>0.5 ug/L) 10/80 (12.5) 5/540 (0.9) 15/620 (2.4) <0.001*
p-dimer (> 500 ng/mL) 17/50 (34) 67/420 (16) 84/470 (17.9) 0.002*

Statistically significant results are shown in bold

CRP C-reactive protein; PCT procalcitonin. * p <0.05

Differential counts for WBC, lymphocyte, and platelets in
subgroups suggested significant statistical differences with
p <0.05 for each test category. However, differential counts
of neutrophil, eosinophil (EO), and monocyte between the
two groups were not significant (p > 0.05). Inpatients had
statistically significant lower median hemoglobin (p <0.001)
and higher RDW values (p=0.001) when compared to out-
patients (Table 1).

Comparison of hematological parameters
and inflammatory markers in outpatients
and inpatients

We determined the correlation between the hematological
markers and hospitalization using Spearman’s rank correla-
tion coefficient. The differences in the ratios of peripheral
blood cell inflammatory markers, such as NLR, NMR, LMR,
PLR, d-NLR, L/CRP, MPVLR, and SII, in the two groups
were assessed. The comparison of the baseline laboratory
characteristics between the two groups is shown in Table 1.

pD-dimer was checked in 470 patients, and it was higher
than > 500 ng/mL in 17.9% of them, and the median level
of p-dimer was significantly higher in hospitalized patients
(p<0.001).

Higher than normal CRP (>8 mg/L) and PCT
(> 0.5 pg/L) were seen in 131 (20.7%) and 15 (2.4%) of the
children on admission, respectively. The median levels of
CRP and PCT were significantly higher in inpatients than
in outpatients (p =0.003, p=0.001).

Inpatients had significantly lower NLR, PLR, d-NLR,
and MPVL ratios than outpatients (p =0.024, p=0.001,
p=0.037, p<0.001), respectively.

In all children with COVID-19, a significant positive cor-
relation was detected between PCT level and WBC, NEU,
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MO, PLT, RDW, CRP, ferritin, p-dimer, NLR, d-NLR, and
S-1I, whereas a significant negative correlation was detected
between PCT level and EO, MPV, PDW, hemoglobin, LMR,
and L/CRP ratio. While PCT level was positively corre-
lated with WBC, NEU, MO, PLT, RDW, CRP, ferritin, and
D-dimer in hospitalized patients, it was negatively correlated
with hemoglobin and L/CRP ratio. In outpatient patients,
PCT level was positively correlated with WBC, NEU, MO,
CRP, ferritin, p-dimer, d-NLR, and S-II, while negatively
correlated with EO, MPV, PDW, hemoglobin, LMR, and
L/CRP ratio (Table 3). The median count of WBC, LYM,
PLT, RDW, p-dimer, and LMR was significantly higher in
inpatients at the time of admission (p <0.05).

Analysis of ROC curves by laboratory findings

ROC analysis was performed on the laboratory findings
of the blood samples collected at the first admission of the
patients. All the results were used to evaluate the ability
of various hematological and inflammatory parameters to
assess hospitalization of children with COVID-19. As shown
in Fig. 1, WBC, CRP, and PCT showed a reasonable ability
to distinguish inpatients from outpatients. The areas under
the curve (AUC) of WBC were 0.595 (95% CI10.519-0.670,
p=0.005), and the associated criterion value in ROC was
5.250 K/pL with sensitivity and specificity of 71.1% and
31.4%, respectively. The AUC of CRP was 0.599 (95% CI
0.527-0.672, p=0.003), with sensitivity and specificity of
73.5% and 40.3%, respectively. The AUC of PCT was 0.599
(95% C1 0.525-0.673, p=0.004), with sensitivity and speci-
ficity of 50.0% and 62.2%, respectively.
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Table 3 Spearman’ correlation
between procalcitonin and

Inpatients (n=_83)

Outpatients (n=550) All patients (n=633)

Variables r

other laboratory parameters in P r P r P
children with COVID-19
White blood cell (K/uL) 0.430 <0.001 0.266 <0.001 0.304 <0.001
Neutrophil (K/uL) 0.322 0.004 0.207 <0.001 0.224 <0.001
Eosinophil (K/uL) -0.129 0.255 —0.124 0.004 -0.114 0.004
Monocyte (K/uL) 0.265 0.018 0.314 <0.001 0.320 <0.001
Platelet (K/uL) 0.252 0.024 0.080 0.063 0.116 0.004
MPV (f/L) -0.129 0.254 —0.184 <0.001 -0.174 <0.001
PDW (f/L) —0.002 0.986 —0.225 <0.001 —0.193 <0.001
Hemoglobin (g/dL) -0.323 0.004 -0.229 <0.001 -0.250 <0.001
RDW (%) 0.283 0.011 0.085 0.048 0.129 0.001
CRP (mg/L) 0.546 <0.001 0.393 <0.001 0.419 <0.001
Ferritin (ng/mL) 0.419 <0.001 0.157 <0.001 0.203 <0.001
p-dimer (ng/mL) 0.467 0.001 0.289 <0.001 0.323 <0.001
NLR 0.181 0.108 0.136 0.002 0.127 0.002
NMR 0.124 0.275 —0.030 0.488 -0.014 0.729
LMR —0.155 0.171 —0.188 <0.001 —0.165 <0.001
PLR 0.071 0.533 0.035 0.415 0.019 0.633
d-NLR 0.147 0.194 0.119 0.006 0.109 0.006
L/CRP —0.444 <0.001 -0.314 <0.001 —0.327 <0.001
MPVLR -0.072 0.524 —0.052 0.226 -0.077 0.054
N 0.213 0.058 0.158 <0.001 0.155 <0.001

CRP C-reactive protein, d-NLR derivated neutrophil to lymphocyte ratio, L/CRP lymphocyte to C-reactive
protein ratio, LMR lymphocyte to monocyte ratio, MPV mean platelet volume, MPVLR mean platelet vol-
ume to lymphocyte ratio, NLR neutrophil to lymphocyte ratio, NMR neutrophil to monocyte ratio, PDW
platelet distribution width, PLR platelet lymphocyte ratio, RDW red cell distribution width, SII systemic

inflammatory index

Fig.1 ROC curve analysis of WBC, CRP, PCT for predicting hospi-
talization in children with COVID-19

Logistic regression of factors affecting
hospitalization in children with COVID-19

First, univariate logistic regression analysis for the associ-
ation of each variable with hospitalization was performed.
Early age, leukocytosis, neutrophilia, NEU count, LYM
count, MO count, platelet count, hemoglobin, RDW, CRP,
ferritin, PLR, MPVLR, thrombocytosis, increased CRP,
PCT, and p-dimer levels were statistically significant indi-
cators for predicting hospitalization. Next, multivariate
logistic regression analysis was used to determine which

explanatory variables independently predict the outcome.
All the variables in the univariate analysis were included
in the model. The forward stepwise method was used for
parameter selection. Leukocytosis (OR 6422; 95% CI
1.516-27.203; p=0.012) and increased PCT (OR 21.221;
95% CI 6.095-73.889; p <0.001) were the best independ-
ent predictors of hospitalization in children with COVID-
19 on multivariate logistic regression analysis (Table 4).

Discussion

Karbuz et al. evaluated 1156 children with COVID-19 in
Turkey; the median age of patients was 10.75 years. Of the
total number of patients, 50.3% were male, and more than
80% of all patients had asymptomatic or mild disease. The
most common symptoms include fever, cough, fatigue, dysp-
nea, diarrhea, and stomachache [8]. The demographic and
clinical features of our COVID-19 cases were very similar to
those previously reported. Although 13.1% of children were
hospitalized in our study, none of them had a severe clinic.

COVID-19 is a systemic infection with a significant
impact on the hematopoietic system and hemostasis. The
most common hematological findings were reported as

@ Springer
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Table 4 Results of univariate
and multivariate analyses for

Univariate analysis Multivariate analysis

risk of hospitalization Variables OR 95% CI )4 OR 95% CI p
Age 0.993  0.990-0.997 <0.001*
Gender 0.689 0.431-1.100 0.119
Contact with COVID-19 patients ~ 0.983  0.615-1.572 0.942
White blood cell count 1.197 1.116-1.284 <0.001*
Leukopenia 1.092  0.615-1.938 0.765
Leucocytosis 10.117 3.131-32.688 <0.001* 6.422 1.516-27.203 0.012
Neutropenia 1.360 0.613-3.017 0.449
Neutrophilia 6.412 2.400-17.127 <0.001*
Neutrophil count 1.120 1.030-1.218 0.008*
Lymphopenia 0.688 0.415-1.140 0.147
Lymphocytosis 0.149 0.009-2.411 0.180
Lymphocyte count 1.301 1.146-1.476 <0.001*
Eosinophil count 3.065 0.465-20.205 0.244
Monocyte count 2779 1.491-5.178 0.001*
Platelet count 1.004 1.001-1.007 0.022%
MPV 0.977 0.783-1.220 0.840
PDW 1.187 0.770-1.829 0.438
Hemoglobin 0.696 0.592-0.818 <0.001*
Anemia 1.509 0.604-3.774 0.379
RDW 1.263  1.100-1.449 0.001*
CRP 1.023  1.012-1.034 <0.001*
Procalcitonin 1.024  0.948-1.106 0.552
Ferritin 1.006 1.001-1.011 0.015*
p-Dimer 1.000 1.000-1.000 0.655
NLR 1.004 0.924-1.092 0.920
NMR 1.040 0.991-1.092 0.113
LMR 1.062  0.992-1.137 0.084
PLR 0.996 0.993-0.999 0.007*
d-NLR 1.030 0.877-1.210 0.716
MPVLR 0.904 0.834-0.980 0.014*
S1I 1.000 1.000-1.000 0.655
Thrombocytopenia 1.681 0.464-6.088 0.429
Thrombocytosis 2.739 1.439-5.211 0.002*
High CRP 2511 1.527-4.128 <0.001*
High procalcitonin 15286 5.078-46.015 <0.001*%21.221 6.095-73.889  <0.001
High p-dimer 2714 1.430-5.151 0.002*

Statistically significant results are shown in bold

CRP C-reactive protein, d-NLR derivated neutrophil to lymphocyte ratio, L/CRP lymphocyte to C-reactive
protein ratio, LMR lymphocyte to monocyte ratio, MPV mean platelet volume, MPVLR mean platelet vol-
ume to lymphocyte ratio, NLR neutrophil to lymphocyte ratio, NMR neutrophil to monocyte ratio, PDW
platelet distribution width, PLR platelet lymphocyte ratio, RDW red cell distribution width, SII systemic

inflammatory index, * p<0.05

lymphopenia, leukocytosis, neutrophilia, and hypercoagula-
bility related to the severity of COVID-19. Although periph-
eral blood alterations for assessing the severity of COVID-
19 disease have been commonly documented in adults,
in children, this was not so evident [9]. Recent systemic
reviews indicated that the majority of children with COVID-
19 had a normal WBC count, while the most common
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hematological abnormality was leukopenia. Lymphopenia
was reported to be rarer in children than in adults. While
lymphocytes play a major role in the inflammatory response,
neutrophils are important in the innate immune response.
Although most viruses cause lymphocytosis in infected
persons, SARS-CoV-2 can directly infect lymphocytes via
the ACE2 receptor and trigger lymphocytic apoptosis [3,
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10, 11]. We observed lymphopenia in 228 (36%) children
regardless of hospitalization. A less mature immune system,
less expression of ACE2 receptors, and faster virus clearance
may explain the infrequent occurrence of lymphopenia and
the better COVID-19 prognosis in children [12, 13]. Also,
age may have an impact on CBC in children with COVID-
19. Lymphocytosis was more common in infants and neo-
nates, similar to other viral infections [3]. In our study, we
observed that inpatient age groups were younger than outpa-
tients. The high frequency of hospitalization in the younger
age group can be associated with nutritional intolerance and
resistant fever, rather than clinical severity. The common
COVID-19 abnormal hematological indexes on admission
included lymphopenia, leukopenia, thrombocytosis, neutro-
penia, and neutrophilia, with indexes of 36%, 19.2%, 8.8%,
7.6%, and 2.6%, respectively. Unlike adult cases, neutro-
penia is observed in pediatric patients with SARS-CoV-2
infection. In the study of Yarali et al., lymphopenia, neu-
tropenia, and neutrophilia were noted in 30%, 23.3%, and
13.3% of children, respectively [14]. Ozenen et al. reported
that a total of 55 (21.9%) children with COVID-19 required
hospitalization. The 14.3% of confirmed COVID-19 children
had neutropenia, 25.9% patient’s lymphopenia, and 4.4%
thrombocytopenia [15].

Leukocytosis, neutrophilia, lymphopenia, and thrombo-
cytopenia have been reported to be associated with a worse
prognosis of COVID-19 in adults [16]. In our study, inpa-
tients had higher WBC, lymphocyte, and platelet counts than
outpatients.

There are a few studies in the literature about peripheral
blood-related parameters such as NLR, NMR, LMR, PLR,
d-NLR, MPVLR, L/CRP, and SII, which are inflammatory
indices for predicting the severity of various infectious and
inflammatory diseases in adults [17, 18]. NLR, PLR, and
LMR are effective inflammatory mediators utilized in pre-
dicting mortality among adult patients [19, 20]. Many recent
studies reported that NLR, NMR, LMR, PLR, and d-NLR
of severe patients were significantly higher than non-severe
patients [21-23]. MPV is a marker for the rate of platelet
production and activation in the bone marrow. An adult
study showed that MPV and MPVRL were more elevated
in severe COVID-19 patients than in the mild group [24].
In our study, LMR was significantly elevated in hospital-
ized patients; however, the NLR, PLR, d-NLR, and MPVLR
were significantly decreased. The difference in the results
from those of the adults can be related to the higher values
of lymphocyte counts in our hospitalized patients and to the
patients having a better clinical course than the adults.

L/CRP is a newly developed inflammatory score that
reflects systemic inflammation status. Recently, a meta-
analysis by Rangel demonstrated that the L/CRP was sig-
nificantly decreased in the severity of COVID-19 cases
[25]. Adults’ studies indicated that low Hb concentration

and platelet counts and increased levels of b-dimer were
significantly correlated with mortality in patients with
COVID-19 [26]. In our study, there was no statistically sig-
nificant difference in the L/CRP level between inpatients and
outpatients. Although Hb concentration was lower, plate-
let counts and levels of p-dimer were higher in inpatients
than outpatients. Because COVID-19 infection causes an
inflammatory response, cytokines suppress erythropoietin
production during inflammation and cause anemia. While
thrombocytopenia is frequently defined in severe clinics in
adults, thrombocytosis may be explained by bone marrow
stimulation without peripheral destruction in our hospital-
ized patients.

A recently proposed prognostic score is the SII, which
relies on thrombocytes, neutrophils, and lymphocytes. This
score is an index defining the instability in the inflamma-
tory response. Fois et al. indicated that patients with higher
SII values had a significantly worse outcome in COVID-19
adults [27]. There was no statistically significant difference
in the SII ratio between our patient groups.

PDW reflects the variation in the size of platelets.
Cytokine release and inflammation lead to higher platelet
production and increased PDW. RDW conveys the degree
of anisocytosis, which is a hugely inflammation-dependent
process. Cytokine release and inflammation lead to higher
platelet production, and increased PDW and RDW are asso-
ciated with increased mortality in adults [28]. In our study,
inpatients had statistically higher RDW while there was no
significant difference of PDW levels between inpatients and
outpatients. This condition may be associated with a milder
inflammatory response of children to the SARS-CoV-2 virus
than adults.

Cytokine response triggered by SARS-CoV-2 may result
in rising acute phase reactants and a wide range of changes
in hematological parameters. CRP is an acute-phase protein
synthesized by hepatocytes that were observed to increase
in COVID-19 patients in response to pro-inflammatory
cytokines, especially interleukin (IL)-6 [27]. PCT is a
precursor of the hormone calcitonin and is released into
the blood circulation during bacterial infections or due to
cytokine stimulation. Interleukin-1, tumor necrosis fac-
tor (TNF)-a, and IL-6 activate the concentrations of PCT
[29]. In COVID-19 disease, an increase in CRP and PCT is
expected to be related to the severity of the disease. In our
study, higher than normal CRP (>8 mg/L), PCT (> 0.5 pg/L)
were seen in 20.7% and 2.4% of patients on admission,
respectively. CRP and PCT levels were statistically higher
in inpatients than outpatients. PCT level was positively cor-
related with WBC, NEU, MO, PLT, RDW, CRP, ferritin, and
D-dimer in hospitalized patients.

In our study, the risk of hospitalization was determined to
be 6.4-fold greater in children with higher WBC and 21-fold
greater in children with higher PCT. We showed that the
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most powerful predictor of hospitalization due to COVID-19
was the cutoff value of WBC (5.2 K/uL), CRP (2.29 mg/L),
PCT (0.055 pg/L), respectively.

However, there seems to be a significant difference
between inpatients and outpatients in terms of some tests;
most of these tests seem to be within normal limits. In addi-
tion, with laboratory tests, the patient’s clinical condition
should be also considered in the hospitalization decision of
children with COVID-19.

Antibiotic treatment was started in patients with high
CRP and PCT levels, but none of them had growth in their
cultures. The results showed that, unlike other viral infec-
tions, the elevation of CRP and PCT may increase due to
the activation of cytokines in COVID-19, apart from bac-
terial co-infection. The study has some limitations. First, it
is a retrospective study and covers mild and asymptomatic
cases. The laboratory values of the patients at the time
of admission were retrospectively collected and not per-
formed daily. These laboratory findings can change over
the course of the disease, and patients were admitted at
different times for their complaints. We also recognize that
correlating severity of disease with hematological param-
eters is important, but this was not done in this study as the
number of moderate or critical cases was small. Further
studies are needed to evaluate laboratory analysis to pre-
dict hospitalization and correlate the clinical condition of
COVID-19 in children.

In our study, the major hematological findings were
lymphopenia, leukopenia, thrombocytosis, and neu-
tropenia similar to other viral infections, which is pos-
sibly related to the milder clinical course of COVID-19
in children. We suggest that high WBC and PCT levels
can be used as independent predictors of hospitalization
in children with COVID-19. There is a need for further
multicenter studies on inexpensive, easily accessible, and
reliable diagnostic methods that can be used to determine
the prognosis in children with COVID-19, regardless of
their clinical status at the time of presentation.
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