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ABSTRACT

Objective: To examine the effect of the COVID-19 virus, especially
the Omicron variant, on hematological parameters of hospitalized
pediatric patients during the COVID-19 pandemic.

Methods: Medical records of pediatric COVID-19 patients
hospitalized at Kartal Dr. Liitfi Kirdar City Hospital in Istanbul,
Turkey, between March 2020 and May 2022 were retrospectively
reviewed to analyze data regarding demographics, SARS-CoV-2
infection polymerase chain reaction (PCR) test results, reverse-
transcriptase (RT)-PCR for other respiratory agents, duration of
hospital stay, and hematological and biochemical laboratory findings.
Results: Out of 467 children with a confirmed diagnosis of SARS-
CoV-2 infection, 94 (20.1%) had Omicron infection and 373
(79.9%) were infected with other variants; the Omicron group had
younger patients than the remaining samples (P<0.001). The most
frequent clinical symptoms in all children were cough (53.5%) and
fever (32.3%), followed by vomiting (20.8%). Lung involvement
in the Omicron group (10.6%) was significantly lower than in the
remaining samples (29.8%) (P<0.001). Hemoglobin and lymphocyte
levels were lower in the Omicron-infected group (both P<0.001),
while prothrombin time, activated partial thromboplastin time,
international normalized ratio, and D-dimer levels were significantly
higher in this group (P<0.001, P<0.001, P<0.001, and P=0.023,
respectively). In terms of lung involvement, those with lung
involvement were significantly older (P<0.001).

Conclusions: Although lung involvement was less common with
Omicron infection, this group had greater hematological system
involvement, such as anemia, lymphopenia, D-dimer elevation, and

coagulation disorders.
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1. Introduction

The coronavirus disease-2019 (COVID-19), declared a pandemic
by the World Health Organization on March 11, 2020, is a
viral infection caused by the severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2)[1]. The virus infected millions of
people throughout the world and remains a serious health problem.
Although the pediatric patient population suffered a much milder
clinical infection, it has been reported that children may develop a
severe form of the disease, known as the multisystem inflammatory
syndrome which can even result in death[2,3]. The most common
symptoms in children are fever, cough, pharyngitis, gastrointestinal
symptoms, and an altered sense of smell or taste[4].

Besides the clinical features, lymphopenia is a frequently observed
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hematological laboratory finding in the course of COVID-19 disease
in both children and adults. Observed at an alarming rate of 80%
in the initial phase of the disease course, lymphopenia is associated
with a significant reduction in T-cells, especially CD8+ T-cells,
correlated with disease severity and mortality[5.6]. Notably,
neutropenia is more frequently reported in pediatric patients suffering
from COVID-19 infection unlike in adults|7.8]. While neutropenia is
a common laboratory finding in several pediatric viral infections[9],
there is a paucity of data on hematological parameters, especially
neutropenia, observed during COVID-19 disease in pediatric
patients. Similarly, thrombocytopenia is another hematopoietic
system abnormality observed in COVID-19 children[10]. Although
not rare, thrombocytopenia in COVID-19 does not usually cause
bleeding. According to the results of a meta-analysis data from 23
studies examining inflammatory and hematologic markers that can
be used to predict COVID-19 outcomes, increased D-dimer results
have been shown to be a parameter that can be used to predict severe
COVID-19[11].

Only a few studies have investigated the impact of the Omicron
variant on hematological parameters. Therefore, the present study
aimed to examine the effect of COVID-19 infection, especially of
the Omicron variant, on hematological parameters of hospitalized

pediatric patients.

2. Subjects and methods

2.1. Study design

This retrospective observational study was conducted between
March 2020 and May 2022 in a 1000-bedded designated COVID-19
hospital in Istanbul, Turkey, with a 100-bedded pediatric unit.

2.2. Eligibility criteria

We extracted patient data related to age, sex, SARS-CoV-2 infection
polymerase chain reaction (PCR) test results, reverse-transcriptase
(RT)-PCR for other respiratory agents, duration of hospital stay,
and hematological and biochemical laboratory findings through the
medical record archive of the hospital.

2.3. Data Extraction

Hospitalized symptomatic patients aged between 1 month and
18 years having an RT-PCR-confirmed diagnosis of COVID-19
during the study period (March 2020 to May 2022) and an absolute
neutrophil count (ANC) of <1500 cells/mm” in the routine complete
blood count were included in the study[9]. A neutrophil count below
500/mm’ was accepted as severe neutropenia, 500-1000/mm’ as
moderate neutropenia, and 1000-1500/mm’ as mild neutropenia.
Cases with a total leukocyte count below 4 000/mm’ were categorized
as leukopenia[12]. The normal lymphocyte count was considered as
<3000/mm’ for children under 1 year of age and <1 500/mm’ for
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children over 1 year of age. Thrombocytopenia was determined in
the case of a platelet count of <150 000/mm?’[13].

Patients diagnosed with other diseases causing neutropenia,
such as malignancy, congenital bone marrow failure syndromes,
immunodeficiency, hypersplenism, or co-infected with other possible
viral infections leading to neutropenia or on medications leading to
neutropenia, such as anti-epileptics, were excluded from the study.

In our study, we aimed to examine the hematological parameters
of pediatric patients with a diagnosis of COVID-19 who had to
be hospitalized. In addition, we had the opportunity to compare
hematological parameters according to variant type and whether
there was lung involvement or not. Since there are not many studies
on this subject related to the Omciron variant, we aimed to report our

study mainly from this point of view.

2.4. Ethical approval

The Medical Research Ethics Committee of our institution
approved this study (Approval Number: 2022/514/236/16).

2.5. Statistical analysis

Normally distributed quantitative variables were expressed as mean
and standard deviation and non-normally distributed quantitative
variables as median and interquartile ranges (IQR). The Chi-square
test was used for comparing categorical variables and the Mann-
Whitney U test for comparing non-normally distributed quantitative
variables. All analyses were performed using SPSS (version 25.0,
IBM Inc., Armonk, NY, USA); a P-value of <0.05 was used to

determine statistical significance.

3. Results

3.1. Sociodemographic, clinical and laboratory characteristics

We included a total of 467 hospitalized children with a confirmed
diagnosis of SARS-CoV-2 infection, of which 94 patients (20.1%)
were infected with the Omicron variant; the remaining 373 (79.9%)
patients were infected with other variants. There were 266 males
(57.0%) and 201 females (43.0%) in the study with a median age
of 65.5 months (range: 1-216 months). The median age of patients
infected with the Omicron variant was 19.5 months (range: 1-207
months); there was a statistically significant difference between the
age of Omicron-infected patients and other patients (P<0.001), i.e.,
these patients were younger than the others.

The most common clinical symptom in all included children was
cough (53.5%), followed by fever (32.3%), vomiting (20.8%),
diarrhea (13.3%), rhinorrhea (4.3%), seizures (3.4%), and sore
throat (3.0%) (Table 1). Lung involvement in patients infected with
the Omicron variant (10.6%) was statistically less than in the group
infected with other variants (29.8%) (P<0.001). The mean length of
hospital stay was (7.77 + 4.00) days (range: 1-40 days).
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Table 1. Comparison of clinical findings between the patients with Omicron variant and patients with other variants.

Variable All patients Other variants Omicron variant P value
(n=467) (n=373) (n=94)
Age, median (min-max), month 65.5 (1-216) 82.0 (1-216) 19.5 (1-207) <0.001
Age distribution, n (%)
<12 months 140 (30.1) 98 (26.3) 42 (44.7) <0.001
13-72 months 102 (21.8) 78 (20.9) 24 (25.5)
>72 months 225 (48.2) 197 (52.8) 28 (29.8)
Sex, n (%)
Male 266 (57.0) 208 (55.8) 58 (61.7) 0.299
Female 201 (43.0) 165 (44.2) 36 (38.3)
Symptom, n (%)
Fever 151 (32.3) 114 (30.6) 37 (39.4) 0.103
Cough 250 (53.5) 208 (55.8) 42 (44.7) 0.054
Sore throat 14 (3.0) 12 (3.2) 2(2.1) 0.580
Rhinorrhea 20 (4.3) 19(5.1) 1(1.1) 0.094
Vomiting 97 (20.8) 80 (21.4) 17 (18.1) 0.473
Diarrhea 62 (13.3) 45 (12.1) 17 (18.1) 0.124
Seizures 16 (3.4) 10 (2.7) 6 (6.4) 0.106
Lung involvement, n (%) 121 (25.9) 111 (29.8) 10 (10.6) <0.001
Hospitalization day, mean + SD (min-max), day 7.77 +4.00 (1-40) 7.90 +4.13 (1-40) 7.26 +3.41 (1-19) 0.346

3.2. Comparison results of Omicron variant and other

vartants

While 94 of our patients were infected with the Omicron variant,
373 patients were found to be infected with other variants. There
were different variant types during the study. The different variant
types detected in our hospital apart from Omicron were as follows;
Alpha, Beta, Gamma and Delta. On comparing the laboratory
findings between the patients infected with the Omicron variant and
other variants, we found that the hemoglobin (Hb), hematocrit, and
lymphocyte levels were significantly lower in the Omicron group
(all P<0.001) (Table 2). On the other hand, the monocyte count

was significantly higher in the Omicron group (P=0.006), as were
prothrombin time (P<0.001), activated partial thromboplastin time
(P<0.001), international normalized ratio (P<0.001), and D-dimer
levels (P=0.023). The mean length of hospital stay in Omicron
infected group was (7.26 + 3.41) (1-19) days. And the mean length
of hospital stay in other variants-infected group was (7.90 + 4.13) (1-
40) days. There was no statistically difference between the groups
according to hospital stay.

We further compared patients in terms of lung involvement. Those
with lung involvement were significantly older (P<0.001) and had
significantly lower total leukocyte, lymphocyte, and thrombocyte
counts (P<0.001, P=0.003, P<0.001, respectively). On the other

Table 2. Comparison of laboratory findings between the patients with Omicron variant and patients with other variants.

Variable All patients (n=467) Other variants (n=373) Omicron variant (n=94) P value
WBC, x10*/uL 7100 (1700-36200) 6800 (2300-36200) 7850 (1700-23100) 0.225
ANC, x10*/uL 3150 (100-30900) 3100 (100-30900) 3550 (400-20900) 0.323
ALC, x10*/uL 2100 (150-18250) 2100 (400-16700) 2000 (150-18250) 0.187
Monocyte, x10*/uL 750 (50-3 600) 700 (50-3100) 800 (150-3600) 0.006
Hemoglobin, g/dL’ 12.09 + 1.84 (4.5-18.2) 12.24 +1.80 (6.0-18.2) 11.45 + 1.80 (4.5-15.5) <0.001
Hematocrit, %" 36.46 + 5.36 (13.7-53.5) 37.04 +5.24 (17.5-53.5) 34.12 +5.20 (13.7-44.3) <0.001
Platelet, x107pL." 273558.89 + 113617.50 273753.3 £ 115728.1 272787 + 105408.25 0.870
(4000-980000) (4000-980000) (68 000-669 000)

MPV, um’ 9.87 (6.5-18.0) 9.90 (6.5-18.0) 9.90 (8.2-12.8) 0.611
Neutropenia, x10*/uL, n (%) 75 (16.1) 60 (16.1) 15 (16.0) 0.976
Neutropenia degree, n (%)

<500: severe 8(1.7) 7(1.9) 1(1.1) 0.724

500-1000: moderate 32 (6.9) 24 (6.4) 8(8.5)

1000-1500: mild 39 (8.4) 33 (8.8) 6(6.4)

>1500: normal 388 (83.1) 309 (82.8) 79 (84.0)
Leukopenia, x10*/uL, n (%) 308 (66.0) 243 (65.1) 65 (69.1) 0.464
Lymphopenia, x10*/uL, n (%) 140 (30.0) 96 (25.7) 44 (46.8) <0.001
Thrombocytopenia, x107/uL, n (%) 46 (9.9) 40 (10.7) 6(6.4) 0.207
PT, sec 14.9 (11.3-24.4) 14.6 (11.3-24.4) 16.5 (12.1-23.2) <0.001
aPTT, sec 31.5 (20.1-53.5) 30.9 (20.1-51.9) 33.15 (22.3-53.5) <0.001
INR 1.13 (0.83-4.59) 1.11 (0.83-1.90) 1.24 (0.91-4.59) <0.001
D-dimer, pg/L 620 590 790 0.023

"Data are expressed as mean =+ SD. Data are expressed as median (min-max) unless otherwise specified.
WBC, white blood cell; ANC, absolute neutrophil count; ALC, absolute lymphocyte count; MPV, mean platelet volume; PT, prothrombin time; aPTT, active
partial thromboplastin time; INR, international normalized ratio; sec, second.
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hand, neutropenia was more common in patients without lung
involvement (P=0.007). A comparison of various clinical laboratory
findings of patients with and without lung involvement is presented
in Table 3.

Multiple logistic regression analysis was done using the Omicron
as the dependent variable and age, neutropenia, lymphopenia,
thrombocytopenia, international normalized ratio, D-dimer and
lung involment as the independent variables. From this analysis,
patients aged 12 months and younger are 2.686 times more likely to
be infected with the Omicron variant than patients aged 72 months
and older [OR=2.686, 95% CI (1.434-5.033)]. Patients aged 13-
72 months have a 2.075 times greater risk of being infected with
the Omicron variant than patients aged 72 months and over 9
[OR=2.075, 95% CI (1.058-4.072)]. Patients with lymphopenia are
3.629 times more likely to be infected with the Omicron variant
than those without lymphopenia [OR=3.629, 95% CI (2.174-6.059)].

Patients without lung involvement have a 2.735 times higher risk

Table 3. Comparison of patients with and without lung involvement.

of being infected with the Omicron variant than those with lung
involvement [OR=2.735, 95% CI (1.241-6.028)] (Table 4).

4. Discussion

We observed that the patients infected with the Omicron variant
were significantly younger than the rest of the samples. Similar
findings were reported by another retrospective study examining
79592 SARS-CoV-2-infected children in the United States, i.e.,
the children infected with the Omicron variant were younger than
children infected with other variants[14]. Furthermore, various studies
from Europe and Africa have shown that hospitalization rates are
lower in people infected with the Omicron variant{15-17]. Notably, a
Spanish pediatric study stated that the clinical features of Omicron
infection were comparable to the features observed in children

infected with the previous variants; however, lung involvement was

Variable No lung involvement (n=346) Lung involvement (n=121) P value
Age, month 23 (1-215) 163 (9-216) <0.001
Age distribution, n (%)
<12 months 139 (40.2) 1(0.8)
13-72 months 93 (26.9) 9(7.4) <0.001
>72 months 114 (32.9) 111 (91.7)
WBC, x10*/uL. 7900 (1700-36200) 5400 (2300-34900) <0.001
ANC, x10*/uL 3500 (100-290000) 2800 (400-30900) 0.401
ALC, x10°/uL 2550 (150-18250) 1600 (500-8 000) <0.001
Monocyte, x10*/uL 800 (100-3 100) 500 (50-3600) <0.001
Hemoglobin, g/dL 11.85 (4.50-18.20) 13.00 (8.80-16.60) <0.001
Hematocrit, % 35.35 (13.7-53.5) 39.90 (28.0-49.5) <0.001
Platelet, x10°/uL 283000 (4000-980000) 205000 (51000-518000) <0.001
MPV, um® 9.70 (6.50-13.00) 10.30 (6.80-18.00) <0.001
D-dimer, pg/L 665 (130-26690) 580 (29-4 990) 0.124
Neutropenia, x10*/uL, n (%) 65 (18.8) 10 (8.3) 0.007
Neutropenia degree, n (%)
<500: severe 6(1.7) 2(1.7)
500-1000: moderate 29 (8.4) 3(2.5) 0078
1000-1500: mild 32(9.2) 7(5.8)
>1500: normal 279 (80.6) 109 (90.1)
Leukopenia, x10*/uL, n (%) 197 (56.9) 111 (91.7) <0.001
Lymphopenia, x10*/uL, n (%) 91 (26.3) 49 (40.5) 0.003
Thrombocytopenia, x10”/uL, n (%) 22 (6.4) 24 (19.8) <0.001
Data are expressed as median (min-max) unless otherwise specified.
WBC, white blood cell; ANC, absolute neutrophil count; ALC, absolute lymphocyte count; MPV, mean platelet volume.
Table 4. Evaluation of the effect of variables on Omicron with logistic regression analysis.
Variable B SE Wald statistics P OR 95% CI for exp (B)
Lower Upper
Constant -3.179 0.385 68.268 <0.001 0.042
>72 months Reference
Age <12 months 0.988 0.320 9.516 0.002 2.686 1.434 5.033
13-72 months 0.730 0.344 4.507 0.034 2.075 1.058 4.072
Lymphopenia No Reference
Yes 1.289 0.261 24311 <0.001 3.629 2.174 6.059
Lung involvement Yes Reference
No 1.006 0.403 6.223 0.013 2.735 1.241 6.028

Variable(s) entered on step 1: age, neutropenia, lymphonenia, thrombocytopenia, international normalized ratio (INR), D-dimer, lung involvement.

Elimination method: BackwardWald. OR: odds ratio. CI: interval confidence.
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less frequent with Omicron infection[18]. In the present study, we
found that the number of children hospitalized due to the Omicron
variant was less than those infected with other variants. Moreover,
although lung involvement was statistically less in the Omicron-
infected patients, there was no statistically significant difference in
terms of duration of hospitalization.

Lymphopenia is a frequently observed finding in COVID-19,
especially at the stage of the release of inflammatory mediators and
cytokines[19], which may be attributed to the following reasons.
Firstly, cytokines, such as interleukin (IL)-6, IL-2, IL-7, and tumor
necrosis factor (TNF)-alpha, may cause apoptosis of lymphocytes,
especially during the cytokine storm[13,20]. Additionally, the presence
of the angiotensin-converting enzyme (ACE)-2 receptors on the
surface of lymphocytes can cause the SARS-CoV-2 virus, which
has a strong affinity for ACE-2, to directly infect and lyse these
cells|21]. Ben-Schimol et al. included 1007 pediatric COVID-19
cases in Israel and found lymphopenia in 25% of the cases with mild
COVID-19 and in 60% of the moderate-severe cases[22]. In the most
comprehensive multicenter study conducted in our country during
the COVID-19 pandemic, before the Omicron variant, the incidence
of leukopenia, in general, was found to be 7%, while the incidence of
lymphopenia was 20.5%|23]. Although 30% of our study population
had lymphopenia, the incidence of lymphopenia in the Omicron-
infected children was statistically higher than in those infected with
other variants. These results suggest that lymphopenia is a common
feature of Omicron infection; however, further research is warranted
to support our findings since there was not sufficient data to examine
the hematological findings in children after the Omicron infection.

Another hematological disorder frequently encountered in the
course of COVID-19 disease is thrombocytopenia. The SARS-
CoV-2 is believed to have similar antigenic structures to HCoV-
229E, another member of the coronavirus family. The HCoV-229E
virus infects the bone marrow and platelets through the CD13
receptors and causes apoptosis. It is suggested that SARS-CoV-2,
which has similar features, may also cause thrombocytopenia
by the same mechanism[10,24]. The destruction of hematopoietic
progenitor cells in the bone marrow during the cytokine storm
and the decrease in primary platelet production are among other
reasons for the pathogenesis of thrombocytopenia[10]. Ozenen et
al. examined 251 confirmed and 65 suspected COVID-19 cases
and found a 4.4% incidence of thrombocytopenia[25]. Although
thrombocytopenia was a more common finding in patients with
severe disease, the authors reported that it did not affect the severity
of the disease as observed in multivariate analysis. In another
multicenter study conducted with 1156 confirmed COVID-19 cases
in Turkey, the incidence of thrombocytopenia was determined as
5%I[23]. However, a certain studies have reported an extremely high

incidence of thrombocytopenia, such as 72% of 288 confirmed cases
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of COVID-19 infected children in the United Arab Emirates having
thrombocytopenial26]. In our study, despite having a considerable
incidence of thrombocytopenia (9.9%), there was no statistically
significant difference between the Omicron group and other variants.

Another Turkish study described that the most common finding
in the complete blood count examination of 353 children (mean
age=9 years) diagnosed with COVID-19 was neutropenia (47.9%),
followed by lymphocytosis (22.4%), lymphopenia (20.7%), and
thrombocytopenia (3.4%). Although the neutrophil-to-lymphocyte
ratio was higher in patients with severe disease, neutropenia was
especially observed in newborns (84.6%)[27]. Additionally, Folino et
al. detected neutropenia in 12.63% of COVID-19-affected children
and reported that neutropenia had no negative effects on the course
of the disease[9]. In our study, 16.1% of the sample had neutropenia;
considering both general neutropenia and degree of neutrophil count,
there was no difference in the incidence of neutropenia between the
Omicron-infected group and other patients.

A meta-analysis by Taneri et al. reported the mean Hb level as
12.97 g/dL in 57 563 COVID-19 patients, including both children
and adults, from Asia, Europe, and the USAJ28]. Similarly, a Turkish
multicenter study including the maximum number of pediatric cases
reported the mean Hb value as 12.9 g/dL[23]. In our study, the overall
mean Hb value was 12.09 g/dL; however, the mean Hb for the
Omicron-infect group was 11.45 g/dL, which was statistically lower
than the patients infected with other variants. There is insufficient
data regarding these values and more extensive data are required to
evaluate the association between anemia and Omicron infection.

Additionally, we found that the prothrombin time, activated partial
thromboplastin time, international normalized ratio, and D-dimer
levels were significantly higher in the Omicron-infected group.
Previous studies have shown that high values are associated with
greater mortality[29.30]. However, other studies have reported that
prothrombin time, which is the most commonly used coagulation
parameter, does not affect the severity of COVID-19 disease[31.32].
One of the most studied laboratory parameters in COVID-19 patients
is D-dimer; it has been reported that D-dimer levels > 2.0 ug/mL
influence the mortality rates[29]. On the other hand, in the study of
Magawa et al. in which they compared COVID-19 patients infected
with the Omicron variant and patient groups infected with other
variants, they showed that there was no difference between the two
groups in terms of laboratory findings (such as D-dimer and platelet
counts). However, in the same study, similar to our study, it was
shown that lung involvement was less in the group infected with the
Omicron variant[33]. And in the study of Suzuki et al. in which they
compared 151 Omicron variants and 167 Delta variants, D-dimer
level was found to be higher in the Omicron-infected patient group;
however, lung involvement was less common in the Omicron-

infected patient group, similar to our study(34]. In our study, the
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aforementioned variables, which are considered risk factors for the
course of the disease, were higher in the Omicron-infected group.
However, we cannot deduce that higher values have negative effects
on the course of the disease since the incidence of hospitalization
was less with the Omicron variant and there was no statistically
significant difference between the two groups in terms of duration of
hospitalization.

Lastly, we compared the prevalence of lung involvement, which
was found to be in 25.9% of our patients. The Omicron group had a
10.6% incidence of lung involvement, which was statistically lower
than the patient group with other variants. In the most comprehensive
study conducted in Turkey, lung involvement was found in 25.5% of
the cases, which concurs with our findings[23]. Butt e al. investigated
the severity of the COVID-19 disease in children in Qatar and
compared the Delta and Omicron variants; they found that the
disease course was less severe with the Omicron variant(35]. Although
we did not compare the disease severity in our study, we believe that
the less severe lung involvement in the Omicron group is suggestive
of the lesser severity of the disease. Furthermore, a few studies
including both adults and children have demonstrated a relationship
between lung involvement and lymphopenia[36.37]. In our study,
in addition to lymphopenia, the total leukocyte and thrombocyte
counts were also found to be low in patients with lung involvement.
In multiple regression analysis, younger age, lymphopenia and
lung involvment was found to affect the infection with Omicron in
our study. In the study of Yakut et al. with 126 patients diagnosed
with COVID-19, lymphocyte and platelet values were found to be
lower in patients with lung involvement, similar to our study(38]. In
addition, we found that the mean platelet volume was higher in cases
with lung involvement, which may be attributed to the low platelet
count. More studies including pediatric cases infected with different
COVID-19 variants are needed to further elucidate these results.

There were several limitations in our study. Since our study was
retrospective and was a single center, the number of cases was not
very large. With multicenter studies, it will be possible to reach
clearer data with a higher number of cases. In our study, the reasons
affecting the severity of the disease were not examined much, and an
interpretation was tried to be made in the light of the data obtained.
Studies that plan to examine the severity of the disease will also be
useful in terms of contributing to the literature.

In conclusion, we found that the Omicron group had lesser lung
involvement which may be indicative of a less serious disease
course. However, hematological system involvement, such as
anemia, lymphopenia, D-dimer elevation, and coagulation disorders,
was observed more frequently in these patients, suggesting that
the Omicron variant has a predisposition for hematological system

abnormalities.
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