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Abstract
Background The SARS-CoV-2 virus, the causative agent of the 
coronavirus disease (COVID-19), mutated during its replica-
tion and spread among the population. These mutations led to 
new viral variants, which differed in their characteristics and 
manifestations, contributing to the wave-like progression of the 
COVID-19. The Centers for Disease Control and Prevention 
classified variants based on the public health risk include variants 
of interest such as λ and μ, variants of concern including α, β, γ, 
δ, ο, variants of high consequence, and variants being monitored.
Objective To conduct a comparative analysis of the demographic, 
clinical, epidemiological, radiological, and laboratory character-
istics of hospitalized children with COVID-19 during different 
waves of the disease.
Methods A cohort study was conducted involved 337 children 
aged one month to 18 years who were hospitalized with laboratory-
confirmed COVID-19 between 2020 and 2023 in Ukraine.
Results During wave 3 (W3), wave 5 (W5) and wave 6 (W6), 
children under 3 years of age were hospitalized more frequently. 
The severe course of disease predominantly occurred during W3 
period, with 47.3% cases demonstrating severe symptoms such as 
respiratory failure, bilateral pneumonia, and significant changes 
in laboratory parameters, including white blood cell count, eryth-
rocyte sedimentation rate, D-dimer, and procalcitonin. One fatal 
case was reported during W3. The duration of hospitalization 
was longest for children in the W3 group. A moderate course of 
the disease was significantly more prevalent among hospitalized 
children in the first wave (77.78%, P<0.05), characterized by 
interstitial changes in the lungs, elevated C-reactive protein, and 
platelet levels. Fever and intoxication syndrome were reported 
with similar frequency during all waves of COVID-19.
Conclusion Our study demonstrates the dynamic changes 
in manifestations and the progression of the disease across 
different variants of concern of SARS-CoV-2. The most 
severe cases of COVID-19 was observed during the third 
wave which predominated by the δ (delta) strain. [Paediatr  
Indones. 2024;64:517-26;  DOI: https://doi.org/10.14238/
pi64.6.2024.517-26 ].
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COVID-19 caused by severe acute respiratory 
syndrome coronavirus-2 (SARS-CoV-2), 
was first diagnosed in December 2019 
in Wuhan, China, and has since become 

a global public health crisis. The virus spread 
rapidly around the world,  leading the World Health 
Organization (WHO) to declare COVID-19 a 
pandemic on March 2020.1

Children can be infected by SARS-CoV-2. The 
severity of the disease in pediatric patients ranges 
from asymptomatic to severe illness.2 Systematic 
reviews indicate that 1% to 6.4% of all SARS-CoV-2 
infections worldwide occur in children, and the child 
mortality rate is lower than that of adults, accounting 
for only 1% to 6.4% of total deaths.3,4

At the beginning of the pandemic, the most 
common symptoms in pediatric patients included 
fever (98%), fatigue (96%), dry cough (59.4%), 
headache (8%), and diarrhea (3%).2 Laboratory 
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findings reported lymphopenia (11.4%) and elevated 
C-reactive protein (CRP) levels (18.6%).5 Over the 
course of the pandemic, the clinical, epidemiological, 
and laboratory characteristics of COVID-19 in 
children began to diverge due to genetic changes in 
the virus.

The SARS-CoV-2 virus, a single-stranded 
RNA virus belonging to the Coronaviridae family 
and Betacoronavirus genus, has mutated during its 
replication and spread in the population.6,7 As a 
result of these mutations, new viral variants have 
emerged, each with different clinical manifestations 
and laboratory characteristics. To categorize the 
SARS-CoV-2 variants, a group of WHO experts 
proposed a classification system using Greek letters: 
α, β, γ, δ, ε, ζ, η, θ, ι, κ, λ, μ and ο.8 The Centers for 
Disease Control and Prevention (CDC), in collaboration 
with the SARS-CoV-2 Interagency Group (SIG), has 
developed a classification system for SARS-CoV-2 
variants based on their public health risk. The groups 
idenstified include variants of interest (VOI), such as 
λ (lambda) and μ (mu), Variants of Concern (VOC), 
including α (alpha), β (beta), γ (gamma), δ (delta),  
ο (omicron), variants of high consequence (VOHC), 
and variants being monitored (VBM).9 

The omicron variant is characterized by rapid 
mutation and higher transmissibility compared to 
other SARS-CoV-2 strains, leading to the emergence 
of several subvariants (BA.1, BA.2, BA.3, BA.4 and 
BA.5). Scientists have also identified numerous 
recombinant subvariants of this strain, such as XBB, 
XBD and XBF, were also found during the Omicron 
period. Each of the subvariants and recombinant 
subvariants differs in clinical manifestations and 
characteristics.10,11

New strains of the virus have caused wave-like 
patterns in the spread of COVID-19 worlwide.9  

During each wave, specific variants of the virus have 
prevailed. The timing of these waves varies by country, 
depending on the speed at which new variants spread 
globally. Ukraine was no exception, after the first 
reported case of COVID-19 on March 3, 2020, peaks 
in incidence began to emerge, leading to a wave-like 
progression of the pandemic.12 The first wave (W1) 
occured from September to December 2020, dominated 
by the  α variant, while the third wave (W3) took 
place from September to December 2021, primarily 
involving the δ variant. The highly transmissible 

omicron strain dominated during two waves: the fifth 
wave (W5) from September to December 2022, with 
the predominance of Omicron BA.5 (VOC), and 
the sixth wave (W6) from January to February 2023, 
marked by the Omicron XBB.1.5 (VOC) strain. This 
study aimed to conduct a comparative analysis of 
demographic, clinical, epidemiological, radiological, 
and laboratory characteristics of hospitalized children 
with COVID-19 during different waves of the disease 
in Ukraine.

Methods

This cohort study involved 337 children aged one 
month to 18 years who were hospitalized at the Kyiv 
City Children’s Clinical Infectious Diseases Hospital, 
Ukraine, with laboratory-confirmed COVID-19. 
Diagnosis was made using real-time nasopharyngeal 
and oropharyngeal reverse transcription polymerase 
chain reaction (RT-PCR) from September to 
December 2020, 2021, and 2022, and January to 
February in 2023. These periods were selected to 
exclude the influence of seasonality on the study 
results and correspond with the first, third, fifth, and 
sixth waves of COVID-19 in Ukraine, during which 
the highest number of hospitalized children were 
observed. Notably, the α, δ, and omicron strains 
circulated during these times, including omicron 
subvariants BA.5 and XBB.1.5. The children were 
divided into four groups according to the COVID-19 
waves in Ukraine.

Demographic data such as age and gender, 
duration of hospitalization, source of infection, clinical 
characteristics (including symptoms and severity), 
comorbidities, complications, results of laboratory, 
and  chest X-ray were collected from patient medical 
histories. These data were then entered into a 
standardized electronic database for further statistical 
analysis. All patients were tested for SARS-CoV-2 
nucleic acid in the hospital laboratory certified by the 
Ministry of Health of Ukraine. The date of diagnosis 
was recorded as the date of a positive test result.

Children were categorized by age based on 
widely accepted developmental stages: infants (1 
month - 1 year), toddlers (1-3 years,) preschoolers 
(3-5 years), middle childhood (6-12 years), and 
adolescence (13-18 years).13 Fever was defined as 
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a body temperature of ≥38°C, according to the 
CDC guidelines, while disease severity was assessed 
according to WHO criteria. Upon admission to the 
hospital, all children underwent a complete blood 
count to assess white blood cell (WBC), lymphocyte, 
platelet counts, and erythrocyte sedimentation rate 
(ESR). Additionally, a biochemical blood test was 
performed to measure levels of C-reactive protein 
(CRP), alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), creatinine, as well as the 
concentration of D-dimer and procalcitonin (PCT) 
in the serum. Chest X-rays were also performed for all 
hospitalized children. 

Baseline characteristics such as symptoms, 
comorbidities, disease course, and results of 
instrumental methods and laboratory tests were 
reported as frequencies (percentages), while age and 
duration of hospitalization were presented as median 
(range). Categorical variables were analyzed using chi-
square or Fisher’s exact test, and the Kruskal-Wallis 
test was applied for continuous variables. Statistical 
significance was set at 95%, with P<0.05 considered 
valid. All of the statistical analysis was performed 
using SPSS IBM version 21.0. Ethical approval for the 
study was granted by the bioethics committee of the 
State Institution “Institute of Paediatrics, Obstetrics 
and Gynecology named after Academician O.M. 
Lukyanova, National Academy of Medical Sciences 
of Ukraine”. Informed consent was obtained from 
patients and parents.

Results

The demographic characteristics of patients 
hospitalized between September 2020 and February 
2023 are shown in Table 1. Among all of subjects , 
there were 54% boys and 46% girls. During the W3, 
W5, and W6 periods, children under three years 
of age were hospitalized more frequently, with a 
predominance of infants in the W5 (49.2%) and W6 
groups (63%), and the toddlers group (29.7%) in the 
W3, while during W1, school-aged children (ages 6-18 
years) were hospitalized more often (67.2%). 

The main characteristics of the surveyed group 
of children are shown in Table 2. Notably, there were 
no recorded deaths during this wave. It is also worth 
noting that children in the W3 group were more likely 
to exprerience respiratory failure (RF) and to require 
oxygen support compared to children in the other 
groups (P<0.05). According to the epidemiological 
data, the frequency of SARS-CoV-2 infection was 
the highest among family members during W3 
(74.3%) compared to others period. During W6, it 
was statistically more often impossible to identify the 
source of infection. Among all of subjects, 54.6% had 
at least one comorbidity. Children with comorbidities 
were significantly more likely to be hospitalized during 
W3. The most common comorbidities included 
chronic tonsillitis, atopic dermatitis, allergies, 
neurological disorders, obesity, and asthma. Children 
with recurrent respiratory illnesses (RRI), i.e., those 
with more than six episodes of viral infections per year, 
were more likely to be hospitalized during W3, with 38 
children diagnosed with recurrent bronchitis. During 
other waves of COVID-19, there was no statistical 

Table 1. Demographic characteristics of patients during four waves of COVID-19 in Ukraine

Characteristics
W1  

(n=171)
W3  

(n=74)
W5  

(n=65)
W6  

(n=27)
Total   

(N=337)
P value

Gender, n(%)
Boys
Girls

85 (49.7)
86 (50.3)

45 (60.8)
29 (39.2)

36 (55.4)
29 (44.6)

16 (59.3)
11 (40.7)

182 (54)
155 (46)

0.739
0.656

Age distribution, n(%)
Infants (1 month - <1 year)
Toddlers (1-3 years)
Preschool (3-5 years)
Middle Childhood (6-12 years)
Adolescence (13-18 years)

 20 (11.7)
     25 (14.6)	

11 (6.4)
   61 (35.7)*
  54 (31.6)*

21 (28.4)
    22 (29.7)*	
    17 (22.8)	

9 (12.7)
     5 (6.7)

32 (49.2)
      9 (13.8)	
    12 (18.5)	

8 (12.3)
4 (6.2)

17 (63)*
       2 (7.4)	
       3 (11.1)	
       5 (18.5)	

0 (0.0)

90 (26.7)
    58 (17.2)	
    43 (12.7)	
    83 (24.6)	

63 (18.7)

0.000*
0.001*
0.007
0.000*
0.000*

*statistically significant
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Table 2. The main characteristics of patients during four waves of COVID-19 in Ukraine

Variables
W1  

(n=171)
W3 

(n=74)
W5  

(n=65)
W6  

(n=27)
Total

(N=337)
P value

Mean hospital duration (SD), days 9.5 (1.6) 15.1 (1.5)* 7.2 (1.2) 6.9 (1.5) 9.6 (1.4) 0.000*

Primary source of infection, n(%)
Family members
Children’s team 
None 

101 (59.1)
19 (11.1)
51 (29.8)

  55 (74.3)*
      6 (8.1)

13 (17.6)

40 (61.5)
5 (7.7)

20 (30.8)

10 (37)
3 (11.1)

14 (51.9)*

206 (61.1)
33 (9.8)

98 (29.1)

0.006*
0.316
0.000*

COVID-19 severity, n(%)
Moderate
Severe

133 (77.8)*
38 (22.2)

39 (52.7)
 35 (47.3)*

46 (70.8)
19 (29.2)

18 (66.7)
9 (33.3)

236 (70)
101 (30)

0.003*
0.017*

Oxygen support, n(%) 1 (0.6)   9 (12.2)* 3 (4.6) 2 (7.4) 15 (4.4) 0.000*

Respiratory failure, n(%)     12 (7)    17 (23)* 10 (15.4) 4 (14.8) 43 (12.7) 0.036*

Fatal, n(%)       0 (0)  1  (1.35) 0 (0) 0 (0) 1 (0.3) 0.245

Comorbidities (abs.), n(%)
RRI
Chronic tonsillitis 
Atopic dermatitis 
Anemia
Neurological disorder 
CMV
Allergy 
Gastrointestinal diseases
Asthma
Obesity
Epilepsy
Oncological disease

88 (51.5)
    89 (52)

20 (11.7)
9 (5.2)

    11 (6.4)
8 (4.7)

    11 (6.4)
7 (4.1)
5 (2.9)
4 (2.3)
5 (2.9)
5 (2.9)

  2 (1.17)

   57 (77)*
48 (64.8)*
25 (33.8)*
15 (20.8)*

   10 (13.5)
12 (16.3)*

5 (6.7)
12 (16.2)*
9 (12.1)

 9 (12.1)*
 9 (12.2)*

     6 (8.1)
1 (1.35)

27 (41.5)
25 (38.5)
15 (23.1)

5 (7.7)
5 (7.7)

  7 (10.7)
 11 (16.9)*

4 (6.1)
5 (7.7)
3 (4.6)

  1 (1.53)
2 (3.1)

      0 (0)

12 (44.4)
  6 (22.2)
1 (3.7)

  4 (14.8)
  4 (14.8)
2 (7.4)
0 (0.0)

  4 (14.8)
1 (3.7)
1 (3.7)
1 (3.7)
0 (0.0)
0 (0.0)

184 (54.6)
168 (49.8)
   61 (18.1)

33 (9.8)
     30 (9)

29 (8.6)
     27 (8)
     27 (8)
     20 (6)
     17 (5)

16 (4.7)
13 (3.8) 
3 (0.9)

0.031*
0.000*
0.000*
0.006*
0.141
0.058*
0.025*
0.012*
0.061*
0.020*
0.008*
0.168
1.000

RRI=recurrent respiratory infection; CMV=cytomegalovirus; *statistically significant

significance regarding prevalence of comorbidities.
A comparison of the predominant symptoms 

during all waves of COVID-19 is shown in  
Figure 1. Fever and intoxication syndrome, such as 
general malaise and headache, were recorded with 
equal frequency across all waves of the disease among 
children in Ukraine. In W3, respiratory complaints 
like wheezing (41.9%), cyanosis (27%), and dyspnea 
(23%) were more common compared to W1, W5 and 
W6 (P<0.05). During W5, cough (89.2%), rhinitis 
(81.5%), loss of appetite (55.4%), nausea/vomiting 
(43.1%), and seizures (4.6%) were statistically more 
prevalent (P<0.05). Sore throat (69.6%), myalgia 
(39.7), and anosmia (13.5) were symptoms reported 
during W1. It is also noteworthy that diarrhea was 
nearly equally common in W1 and W5 at 31.6% and 
32.3%, respectively.

A chest X-ray examination was conducted for all 
hospitalized children, with the results summarized in 
Table 3. In W3 and W5, pneumonia was identified 
as the most common X-ray finding in the lungs, 

compared to W1, interstitial changes were statistically 
more prevalent, whereas in W6, no significant 
pathological changes were observed on the chest 
X-ray. Notably, among children in group W3, cases of 
bilateral pneumonia with pleurisy were predominant. 
Bronchitis was observed during all  waves. In total, 
25.2% showed no changes in their chest X-rays.

The laboratory test results are shown in  
Table 4. In W1, changes confirmed by laboratory tests 
included thrombocytosis  and an increase in CRP, both 
of which were statistically significant. Results of W3 
indicated a higher frequency of the following features: 
ESR, D-dimer concentration, PCT, and leukocytosis. 
Increased ALT, AST, lymphocytosis and leukopenia 
were common among hospitalized children in group 
W5.  In contrast, lymphopenia was more common 
in group W6, affecting 70.4% of the children.  No 
statistically significant differences were found among 
the four study groups regarding thrombocytopenia 
and creatinine levels.
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Figure 1. Comparison of symptoms reported at admission among COVID-19 cases  
during four waves in Ukraine

Table 3. X-Ray Findings of Children With COVID-19 during four waves in Ukraine

X-ray findings W1 W3 W5 W6 Total

Pneumonia (total), n(%)
Unilateral pneumonia
Bilateral pneumonia

  34 (19.9)
  21 (12.3)
13 (7.6)

32 (43.2)
13 (17.5)

 19 (25.6)*

  28 (43.1)
  15 (23.1)

13 (20)

 6 (22.2)
 6 (22.2)
0 (0.0)

100 (29.7)
  55 (16.3)
  45 (13.3)

Interstitial changes, n(%)    87 (50.9)* 21 (28.4)    10 (15.4)  8 (29.6) 126 (37.4)

Bronchitis, n(%) 10 (5.8) 1 (1.3)   5 (7.7) 1 (3.7)   16 (4.74)

Pleurisy, n(%)   2 (1.2) 6 (8.1)   1 (1.5) 0 (0.0)    9  (2.7)

None, n(%)   38 (22.2) 14 (18.9)   21 (32.3) 12 (44.4)*   85 (25.2)

*statistically significant

Table 4. Distribution of subjects with abnormal laboratory test results during four waves in Ukraine

Parameter Reference values
W1

(n=171)
W3

(n=74)
W5

(n=65)
W6

(n=27)
Total

(N=337)
P value

WBC, n(%)
<5.5x109 cells/L
>12x109 cells/L

    38 (22.2)
    32 (18.7)

9 (12.2)
22 (29.7)*

  22 (33.8)*
   9 (13.8)

  8 (29.6)
  4 (14.8)

 77 (22.8)
 67 (19.9)

  0.009*
0.04*

Lymphocytes, n(%)
<45%
>65%

   117 (68.4)
12 (7)

40 (54.1)
11 (14.8)

 29 (44.6)
  19 (29.2)*

  19 (70.4)*
1 (3.7)

205 (60.8)
 43 (12.7)

0.04*
  0.000*

PLT, n(%)
<150x1012 cells/L
>450x1012 cells/L

    30 (17.5)
     40 (23.4)*

5 (6.7)
  9 (12.2)

6 (9.2)
3 (4.6)

0 (0.0)
2 (7.4)

  41 (12.2)
54 (16)

0.09
   0.001*

ESR, n(%) >10 mm/h 16 (9.3) 19 (25.7)* 3 (4.6)   3 (11.1)   41 (12.1)    0.000*

CRP, n(%) >3 mg/L     91 (53.2)* 34 (45.9) 18 (27.7)   5 (18.5) 148 (43.9)  0.02*

ALT, n(%) >40 IU/L 17 (9.9) 1 (1.3)  16 (24.6)*   3 (11.1) 37 (11)   0.000*

AST, n(%) >40 IU/L   42 (24.5) 21 (28.4)  34 (52.3)*     17 (63) 114 (33.8)   0.002*

Creatinine, n(%) >50 mmol/L   46 (26.9) 22 (29.7) 16 (24.6)   7 (25.9) 91 (27)  0.793

D-dimer, n(%) >0.5 g/L   18 (10.5)  69 (93.2)* 12 (18.4) 14 (51.8) 113 (33.5)   0.000*

PCT, n(%)
0.5-2.0 μg/L
2.0-10 μg/L

  18 (10.5)
    1 (0.58)

24 (32.4)*
3 (4.05)

10 (15.4)
0 (0.0)

0 (0.0)
0 (0.0)

  52 (15.4)
  4 (1.2)

   0.002*
0.18

*statistically  significant; WBC=white blood cells; PLT=platelets; ESR=erythrocyte sedimentation rate; CRP=C-reactive protein; ALT=alanine 
transaminase; AST=aspartate transferase; PCT=procalcitonin test
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Discussion

Our study demonstrates dynamic changes in the 
manifestations and course of SARS-CoV-2 VOC 
variants - α, δ, and Omicron BA.5 and XBB.1.5 
- during 2020 to 2023 in Ukraine, confirming 
continuous mutation of the virus, which cause the 
alteration of its characteristic manifestations. When 
assessing the demographic characteristics of the 
subjects, we found that during W3, W5, and W6, 
children aged 3 years and younger were hospitalized 
more frequently. In contrast, during W1, the highest 
hospitalization rates were observed in the school-age 
group, accounting for 67.2%. During W5 and W6, 
when Omicron and its subvariants were prevalent, 
children under one year of age were statistically more 
likely to be hospitalized, while the number of children 
in the 13-18 age group significantly decreased. A large 
population-based study in the United Kingdom also 
observed a higher hospitalization rate among younger 
children during the Omicron waves (W5, W6), 
which aligned with findings from a study in South 
Korea.15-17  This trend may be related to compliance 
with epidemiological measures in schools and the 
implementation of COVID-19 vaccination among 
older school-age children. Vaccination for children 
aged 12-17 began in Ukraine in October 2021 and for 
children aged five years and older in the fall of 2022.

Assessment of the duration of  inpatient 
treatment indicated that during W3, the longest 
treatment lasted 15.1 (SD 1.5) days, while in W6, 
when the Omicron XBB.1.5 strain circulated, the 
average duration of inpatient treatment was 6.9 (SD 
1.5) days, the shortest among the four waves. This 
reduction may suggest a milder course of the disease 
during this period, improved treatment protocols, and 
a higher vaccination rate among Ukraine’s pediatric 
population.15,18,19 Analysis of the epidemiological 
characteristics revealed an association between the 
δ strain and SARS-CoV-2 virus infection from family 
members. A similar association was reported in a study 
in the United Kingdom.19

When comparing symptoms among hospitalized 
children during the four waves of COVID-19 in 
Ukraine, we found some patterns. Fever and signs 
of intoxication syndrome (such as general malaise 
and headaches) were the most common symptoms 
and occurred consistenly during all four waves of 

COVID-19, indicating that these symptoms are typical 
for children with this infection. Our conclusion align 
with findings from researchers in other countries.20, 21 
Symptoms such as sore throat, myalgia, and anosmia/
ageusia were significantly more common in children 
during W1, when the α strain dominated, compared 
to the other three waves. This observation is likely 
due to the older age of hospitalized children in this 
group, as younger children might not have been able 
to describe or report such symptoms. 

A similar pattern was described in a study in 
Colorado, US.22  During W5, when the Omicron BA.5 
strain dominated, there was a higher incidence of 
seizures among hospitalized children with COVID-19 
compared to the other three groups (10.81% vs. 4.62% 
vs. 1.92% vs. 0%). This difference may be attributed 
to the distinct hyperthermic syndrome associated 
with COVID-19, as well as the age distribution of 
hospitalized children, as more children aged two 
months to one year were admitted during this wave. It 
is known that the frequency of febrile seizures is higher 
in this age group.23 Multicenter studies indicate that 
31% hospitalized children with COVID-19 during the 
Omicron period experienced seizures, highlighting 
these as typical manifestations of this SARS-CoV-2 
variant.24 Moreover, our results align with findings 
from Japanese researchers, who reported increased 
frequency of seizures among children infected with 
the Omicron strain and its subvariant BA.5.25 Some 
researchers suggest that this manifestation of the 
Omicron virus strain may result from its ability to 
penetrate the central nervous system through the 
nasal mucosa and blood-brain barrier, potentially 
leading to seizures in patients.26,27 

We also found that during W5, symptoms such 
as cough and rhinitis were significantly more common, 
while anosmia and ageusia were less frequently 
reported. This pattern may be explained by the 
Omicron strain’s predisposition to upper respiratory 
tract infections, as reported by researchers from 
Iraq and China.28,29 Furthermore, children in the 
W5 group had significantly more gastrointestinal 
complaints, including diarrhea, nausea, vomiting, and 
loss of appetite, compared to children hospitalized 
during other waves of COVID-19. 

During W3, respiratory symptoms such as 
wheezing, cyanosis, and dyspnea were significantly 
more common. This is understandable, as children 
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during this period more frequently experienced 
respiratory failure and required oxygen therapy. This 
trend can be attributed to the fact that the δ variant 
penetrates the lung cells faster and has a higher 
affinity for the mucous membrane.30,31 The typical 
manifestations of the δ variant include lesions in the 
lower respiratory tract, which explains the increased 
prevalence of pneumonia, particularly bilateral 
pneumonia with pleurisy, among hospitalized children 
during W3. 

When comparing laboratory test values in 
hospitalized children across the four waves of 
COVID-19, we observed distinct differences. The 
α variant was characterized by elevated levels of 
CRP and platelets. Previous researches indicate that 
viral infections can lead to thrombocytosis due to 
the actibation of various inflammatory cytokines, 
including IL1, IL6, IL8, and TNF-a, which are 
responsible for platelet elevation.32,33 Among the 
different variants of SARS-CoV-2, the α strain was 
characterized by thrombocytosis,  as also reported in 
study conducted in France.34 It is widely recognized 
that thrombocytosis correlates with an increase in 
CRP levels during viral infections, explaining the 
higher CRP and platelet levels observed during 
W1.34,35 During W3, an elevated concentration of 
D-dimer emerged as a typical laboratory finding. 

Literature indicates that the “cytokine storm” can 
lead to intravascular coagulation, thereby increasing  
D-dimer levels. Moreover, this “cytokine storm” is 
associated with the development of pneumonia and 
the severe progression of COVID-19.36 Our results 
are consistent with this pattern, as children with 
severe and bilateral pneumonia were significantly 
more prevalent during W3. Thus, D-dimer can be 
considered a marker of lung damage and severe 
COVID-19 progression.37 Important to note that 
during W3, laboratory parameters indicative of 
bacterial complications, such as PCT and WBC, 
were statistically higher. An increase in PCT is 
known to correlate with the presence of pneumonia 
and serves as a biomarker for bacterial complications 
in lower respiratory tract infections, similar to 
WBC.38 Given the higher incidence of pneumonia, 
particularly bilateral pneumonia, during W3, we can 
infer a possible bacterial etiology. During W5, among 
laboratory parameters,  there was a notable increase 
in liver function tests, such as ALT and AST. 

The spike protein of the SARS-CoV-2 virus binds 
to the angiotensin-converting enzyme 2 (ACE2), 
facilitating the virus entry into the cells, replication, 
and intercellular transmission.39 ACE2-receptors 
are predominantly expressed in cholangiocytes and 
minimally in hepatocytes. Consequently, SARS-
CoV-2 infection affects liver function through direct 
cytotoxicity due to the continuous replication of the 
virus in these cells.40,41 

Similar to findings in the adult population and 
limited pediatric studies,15,22,42 our results confirm 
that the clinical course of COVID-19 during W3, 
while the δ strain was prevalent, was more severe than 
in W1, W5, W6. This is supported by the number 
of hospitalized children with severe course of the 
disease (47.3%), the frequency of respiratory failure, 
the need for respiratory support, the duration of 
hospitalization, the prevalence of bilateral pneumonia, 
and increased WBC, D-dimer, and PCT during this 
wave of COVID-19.  Also in our study, one fatal case 
was recorded exactly during W3. 

Our study had some limitations. First, the sample 
size of patients was small. Second, the timeframes of 
COVID-19 waves related to specific virus variants 
were determined based on the periods when each 
variant accounted for at least 50% of the circulating 
strain in the population. Since we did not conduct 
genetic analysis, it is possible that children hospitalized 
during each period may have been infected with 
different SARS-CoV-2 variants than those that were 
dominant at that time.  Despite these limitations, 
our study provides important data on the changes in 
epidemiological, laboratory, radiological, and clinical 
characteristics of COVID-19 among pediatric patients 
across the four waves in Ukraine.

In summary, our study provides additional 
information regarding the continuous evolution 
of symptoms and severity of COVID-19 among 
children. It is probable that the virus will continue 
to mutate and change, underscoring the importance 
of ongoing research into the evolving clinical 
characteristics of SARS-CoV-2. This research 
is crucial for understanding the trends in the 
epidemiological process and for predicting the course 
of the disease in pediatric patients during future waves 
of COVID-19. 
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