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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
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8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Objectives: Pediatric COVID-19 generally has a milder
clinical course than adult disease, although hematological,
inflammatory, hepatic, coagulation-related, and renal laboratory
abnormalities may accompany infection. White blood cell
(WBC) and platelet (PLT) counts are routinely available
hematological measures; however, the relationship between
combined WBC/PLT profiles and broader laboratory patterns
in pediatric COVID-19 remains incompletely characterized.
This study aimed to compare selected laboratory parameters
among pediatric patients with COVID-19, stratified according
to predefined WBC and platelet profiles.

Methods: This retrospective, laboratory-based comparative
study included 142 pediatric patients with RT-PCR-confirmed
COVID-19 from the Adjara region of Georgia between 2020 and
2021. Patients were classified as WBC+PLT-N/CT (reference;
n=94), WBC+PLT-H (n=16), WBC-H (n=3), or PLT-H (n=29).
Alanine aminotransferase (ALT), aspartate aminotransferase
(AST), C-reactive protein (CRP), D-dimer, ferritin, and
creatinine were evaluated. The WBC+PLT-H and PLT-H groups
were compared separately with the reference group using
two-sided independent-samples Welch’s t-tests. The WBC-H
subgroup was analyzed descriptively because of its very small
size. Analyses were exploratory and were not adjusted for age
or multiple comparisons.

Results: The overall mean age was 5.71+£5.36 years, with
both platelet-elevated groups being younger on average than
the reference group. Compared with the reference group, the
WBC+PLT-H group had higher CRP (16.71£9.17 vs 11.38+6.98
mg/L; p=0.0396) and lower creatinine (58.93£10.20 vs
68.09+15.91 pmol/L; p=0.0052). The PLT-H group had higher
ALT (27.29+£22.37 vs 18.60+6.65 U/L; p=0.0479). No other
comparison met the nominal p<0.05 threshold.

Conclusion: Combined WBC/platelet profiles were associated
with different laboratory patterns in pediatric COVID-19. These
exploratory findings warrant confirmation in larger pediatric
cohorts using appropriately age-adjusted analyses.

Key words. COVID-19, pediatric, white blood cell, platelet
count, C-reactive protein, D-dimer.

Introduction.

Coronavirus disease (COVID-19), caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), has
affected populations of all ages since its emergence, with
children representing a substantial share of affected individuals
worldwide. In comparison with adults, pediatric patients
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with COVID-19 have a milder clinical course, with a lower
incidence of severe respiratory failure and mortality [1,2],
although there have been reported cases of children developing
more severe systemic involvement, including hematological
and inflammatory abnormalities, and in some cases leading
to multisystem inflammatory syndrome in children (MIS-C),
a rare, post-infectious hyperinflammatory condition [3.,4].
These discrepancies in clinical presentation highlight the need
for accessible, routinely available laboratory markers to help
identify the range of host responses to infection in pediatric
patients.

Among the most widely available and inexpensive laboratory
parameters are white blood cell (WBC) and platelet counts,
which can be obtained during the clinical evaluation of pediatric
patients with suspected or confirmed cases of COVID-19. Both
leukocyte and platelet abnormalities have been reported in
pediatric patients with COVID-19 and are thought to reflect
the underlying immune activation and systemic inflammation
associated with the infection [5]. The most common finding
among children was leukopenia; lymphopenia in the case of
older children, whereas lymphocytosis was observed in the case
of neonates and infants [6]. Several other individual biomarkers
have also been proposed that correlate with the disease activity
and its systemic involvement in COVID-19. For instance, alanine
aminotransferase (ALT) and aspartate aminotransferase (AST)
are used to detect hepatocellular involvement [7,8], C-reactive
protein (CRP) is used as an inflammatory marker that becomes
markedly elevated, especially in cases of MIS-C caused by
COVID-19 [9], D-dimer is used to identify abnormal coagulation
profiles [10]. Ferritin has been investigated as an indicator
of hyperinflammation [11]. Other biochemical markers have
also been evaluated in relation to disease severity in pediatric
COVID-19; for example, creatine kinase has been reported as
a potential predictor of disease severity [12]. However, despite
the developing body of literature, most existing studies have
examined these biomarkers independently of white blood cell
and platelet status, and a small number of pediatric COVID-19
studies have reported combined hematological involvement
in this way. Therefore, it is imperative to clarify whether such
profiles correspond to distinct, descriptive laboratory patterns
that could inform the interpretation of routine blood work in
pediatric COVID-19 and support the development of diagnostic
strategies and large-scale investigations.

From the beginning of the COVID-19 outbreak, several pieces
of evidence have been found that the incidence and mortality
of COVID-19 differ across all age groups. Its incidence is
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known to be lower, and severity among pediatric patients is
known to be milder than in adults, and infants and children with
already underlying conditions can develop severe respiratory
complications or rare issues such as multisystem inflammatory
syndrome in children (MIS-C) [13]. According to a study, the
lowest incidence rate was among infants (less than 1 year of age)
with COVID-19, which was 17.72%, and children with mild
symptoms were 53.16% [14]. However, it has been reported that
a recognizable part of pediatric patients progresses to severe
systemic symptoms and post-infectious hyperinflammatory
types such as MIS-C, which is a rare complication in pediatric
COVID-19 patients leading to complications surrounding
cardiovascular and gastrointestinal systems and mucocutaneous
symptoms [15]. The likely reason for the varying complications
across different age groups is the expression of angiotensin-
converting enzyme 2 (ACE-2), which is the receptor where
the SARS-CoV-2 glycoprotein binds with the help of the spike
protein of the virus to enter the cells, which, after entering, can
downregulate the expression of ACE-2 receptors, preventing
the enzyme from producing protective effects [16]. ACE-2 is
largely expressed in the nasal epithelium and is also present in
the lungs, heart and the gastrointestinal system. The presence
of ACE2 in the nasal epithelium can lead to observed olfactory
loss in adult COVID-19 patients. It is observed that the ACE-2
expression is lower in children than in adults; therefore, making
them less susceptible to SARS-CoV-2 binding with ACE-
2 receptors, leading to lower chances of infection rates and
milder symptoms [17]. This demonstration of varying clinical
manifestations among pediatric COVID-19 patients is the key
reason to consider precise and dependable diagnostic methods
to avoid dismissing adverse complications, such as the usage
of laboratory biomarkers to assess severity without invasive
methods.

SARS-CoV-2 mainly affects the respiratory system,
leading to several complications such as pneumonia, acute
respiratory distress syndrome (ARDS) and hypoxemia.
Although COVID-19 is a critical respiratory syndrome, it
also significantly affects several other systems, which include
hematological manifestations, a crucial complication. The
hematological manifestations of pediatric COVID-19 patients
are considerably different from those described in adults. These
are mainly driven by immune-mediated hyperinflammation
because of the direct viral impacts on the blood cells and the
result of endothelial injury. The most common white blood cell
abnormality among children has been reported to be leukopenia,
while lymphopenia is a typical marker of severity and a common
finding in adults, which is also comparatively rare in pediatric
patients, on the other hand, neonates and infants tend to show
lymphocytosis [6,18], the reason for this difference could be due
to the developing and immature immune system of the pediatric
population [6]. As for the platelet profile, few pediatric cohorts
have reported largely normal platelet profiles, while others
describe thrombocytosis or thrombocytopenia depending on the
severity or the course of the illness.

The SARS-CoV-2 infection can induce acute liver injury
among adult and pediatric patients, reflected by the elevated
levels of serum transaminases, which is among the most
consistently reported biochemical abnormalities. The liver
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injury ranges from an asymptomatic rise in serum transaminases
to a severe form of liver injury [19,20]. A comparative study
of COVID-19 positive and COVID-19 negative pediatric
patients found a distinct hematological and liver enzyme
profile in affected children, with abnormalities in ALT and AST
that were consistent with markers of systemic inflammation
such as C-reactive protein (CRP) [8]. The mechanisms of the
hepatocellular involvement include the direct viral cytopathic
effect through ACE2 receptors expressed on hepatocytes and
cholangiocytes, immune-mediated inflammatory injury, and
secondary effects of systemic hypoxia or cytokine release; these
mechanisms can act in combination in more severely affected
children. It is also important to note the role of the immune
response; that is, among pediatric patients, the immune response
is considerably immature, although mostly mild, it can become
severe as well. The immune system during the acute course
of illness tries to contain viral replication through immediate
and delayed responses; however, this leads to an exaggerated
immune-mediated response, causing the release of specific
antibodies, which consequently cause hepatic tissue destruction
in children, making the illness severe and prolonged [21]. The
elevated levels of inflammatory markers such as cytokines, Th
17, interleukins 1, 2 and 6, interferon, tumor necrosis factor,
serum ferritin and CRP in some patients can result in a cytokine
storm, which can aggravate liver damage along with multiorgan
failure and endothelial dysfunction. Furthermore, C-reactive
protein is the most widely used first-line inflammatory marker in
pediatric COVID-19 patients and is critical for the diagnosis of
MIS-C, where it is markedly increased alongside other markers
of hyperinflammation [4,22].

D-dimer elevation has been documented in hospitalized
pediatric COVID-19 patients due to the activation of
coagulation and fibrinolysis, and so with abnormalities in
coagulation parameters recorded in the large majority of
hospitalized children in some studies, and shown to have age
dependency in the pattern and severity of these abnormalities
[23]. Furthermore, an association has been reported between
abnormal prothrombin time during the acute illness and the later
development of long COVID-19 symptoms, which raises the
possibility that acute coagulation laboratory patterns may have
relevance beyond the acute presentation [23,24].

Ferritin is an acute phase reactant and an important marker
of hyperinflammation; it has shown more variable behavior in
pediatric COVID-19 than in adult patients. Several pediatric
studies have shown that the average difference in ferritin levels
between infected and non-infected pediatric populations is
often non-significant, outside of MIS-C [11]. The most likely
reason is that the pediatric population's baseline iron stores and
inflammatory response vary from those of adults; moreover,
most COVID-19 cases among children are mild, which most
often do not trigger any significant immune response that can
result in elevated ferritin levels. However, ferritin levels are
useful markers for the diagnosis of MIS-C, where they rise
critically as part of the larger hyperinflammatory responses
occurring during the disease [25,26].

Renal involvement among pediatric COVID-19 patients is less
well characterized than hepatic or hematological involvement.
Most often, acute kidney injury has been observed among the



patients along with elevated levels of creatinine; other renal
function indices are seen, such as increased blood urea nitrogen
(BUN), reduced estimated glomerular filtration rate (eGFR),
and proteinuria. Renal involvement is additionally reported to
be more prominent among MIS-C pediatric patients than in
uncomplicated acute infection [27].

Age represents an important potential confounder in the
interpretation of the present findings. Taken together, the studies
discussed above indicate that WBC count, platelet count, and
selected hepatic, inflammatory, coagulation-related, and renal
laboratory parameters have been investigated in pediatric
COVID-19. However, their evaluation within combined WBC
and platelet profiles remains less well characterized, providing
the rationale for the present study. Accordingly, this study aimed
to compare selected laboratory parameters among pediatric
patients with COVID-19 stratified according to predefined
combined WBC and platelet profiles. The contribution of this
approach lies in applying routinely available WBC and platelet
status as a profile-based framework for examining laboratory
patterns across biochemical, inflammatory, coagulation-related,
and renal domains. Given the exploratory design, the analysis
was intended to characterize associations between these
hematological profiles and selected laboratory parameters rather
than to establish diagnostic, prognostic, or causal relationships.

Methodology.

This retrospective, laboratory-based comparative study
analyzed archived clinical and laboratory data from pediatric
patients with COVID-19 in the Adjara region of Georgia during
2020-2021. The study compared laboratory patterns among
groups defined by white blood cell (WBC) and platelet (PLT)
status and was not intended to establish causal relationships.
SARS-CoV-2 infection was confirmed by real-time reverse-
transcription polymerase chain reaction (RT-PCR) testing of
nasopharyngeal swab specimens.

The study included 142 children and adolescents aged 0—17
years with available hematological and biochemical laboratory
data. Patients were classified into four groups according to WBC
and PLT status: patients with both WBC and PLT counts within
the reference ranges used by the source laboratory constituted
the reference group (WBC+H+PLT-N/CT); patients with elevated
WBC and PLT counts constituted the WBC+PLT-H group;
patients with elevated WBC counts and PLT counts within the
reference range constituted the WBC-H group; and patients
with elevated PLT counts and WBC counts within the reference
range constituted the PLT-H group.

Age was analyzed in years; ages recorded in months were
converted to years before statistical analysis. Age was
summarized as mean = standard deviation. The final comparative
analysis included alanine aminotransferase (ALT), aspartate
aminotransferase (AST), C-reactive protein (CRP), D-dimer,
ferritin, and creatinine, representing biochemical, inflammatory,
coagulation-related, and renal-associated laboratory domains.
The archived laboratory results were generated from venous
blood specimens collected during routine clinical care. No
additional specimens were collected, and no laboratory testing
was performed specifically for this study. Serum ALT, AST,
and creatinine were measured using a Prestige 241 automated
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clinical chemistry analyzer. ALT and AST were determined
using modified International Federation of Clinical Chemistry
and Laboratory Medicine methods without pyridoxal phosphate.
Serum ferritin was measured using a Beckman Coulter analyzer.
D-dimer was quantified in citrated plasma using a fluorescence
immunoassay on the Finecare FIA system (Wondfo Biotech),
while serum CRP was measured by immunoturbidimetry using
a Cobas c311 analyzer (Roche Diagnostics).

Although lactate dehydrogenase and procalcitonin results
were present in the initial archived laboratory records, these
were excluded from the final comparative analysis because
of limitations in data completeness and consistency. Only
laboratory variables with clearly interpretable and consistently
available group-level data were retained. Statistical analysis
was performed using GraphPad Prism version 8.0. Quantitative
variables were expressed as mean + standard deviation. The
WBC+HPLT-H and PLT-H groups were compared separately
with the WBCHPLT-N/CT reference group using two-sided
independent-samples Welch’s t-tests. The WBC-H subgroup
was summarized descriptively because of its very small sample
size. A two-sided p-value <0.05 was treated as a nominal
significance threshold. Given the unequal group sizes, the
very small WBC-H subgroup, and the absence of adjustment
for multiple comparisons, the analyses were interpreted as
exploratory. Between-group comparisons were not adjusted for
age. Anonymized data were extracted from archived medical
records. No direct patient contact, additional sample collection,
or study-specific laboratory testing was performed. The study
was conducted in accordance with the applicable hospital
regulations governing the use of anonymized retrospective
clinical data.

Results.

A total of 142 pediatric patients aged 0-17 years with
laboratory-confirmed COVID-19 were included in the analysis.
The mean age of the overall study population was 5.71 £ 5.36
years. According to white blood cell (WBC) and platelet (PLT)
status, 94 patients (66.2%) were classified in the WBC+PLT-N/
CT reference group (Group I), 16 (11.3%) in the WBC+PLT-H
group (Group II), 3 (2.1%) in the WBC-H group (Group III),
and 29 (20.4%) in the PLT-H group (Group IV). Age varied
descriptively across the hematological profiles. Patients in
the WBC+PLT-N/CT reference group were older on average
(7.13 + 5.38 years) than those in the WBC+PLT-H (2.80 + 4.04
years), WBC-H (2.44 + 3.08 years), and PLT-H (3.03 = 4.38
years) groups (Table 1). Because Group III comprised only
three patients, it was retained for descriptive characterization
but excluded from inferential between-group comparisons
because the very small sample size precluded reliable statistical
inference.

The comparative laboratory analysis was restricted to Groups
I, 11, and IV. The WBC+PLT-H and PLT-H groups were each
compared separately with the WBCHPLT-N/CT reference
group using two-sided independent-samples Welch’s t-tests.
The analyses were exploratory and were not adjusted for age
or multiple comparisons; therefore, a two-sided p<0.05 was
interpreted as a nominal significance threshold. Compared with
the reference group, the WBC+PLT-H group had a higher mean



Table 1. Distribution and age characteristics of pediatric patients with COVID-19 according to WBC and platelet profiles.

Group Hematological profile n (%) Age, years, mean £+ SD
I- WBCHPLT-N/CT WBC and PLT counts within the reference ranges 94 (66.2) 7.13+5.38
11 -WBC+PLT-H Elevated WBC and PLT counts 16 (11.3) 2.80+4.04
III - WBC-H Elevated WBC count with PLT within the reference range 3(2.1) 244 £3.08
IV - PLT-H Elevated PLT count with WBC within the reference range 29 (20.4) 3.03+4.38
Total - 142 (100) 571 £5.36

Table 2. Comparison of selected laboratory parameters across WBC and platelet profile groups in pediatric patients with COVID-19.

Laboratory Group I: Group II: Welch p Group IV: Welch p
parameter WBC+PLT-N/CT (n=94) WBC+PLT-H (n=16) IMvsI PLT-H (n=29) IVvsl
ALT, U/L 18.60 + 6.65 30.81 +30.61 0.1325 27.29 £22.37 0.0479
AST, U/L 29.20 + 10.66 43.94 +32.46 0.0913 40.77 + 34.12 0.0822
CRP, mg/L 11.38 +£ 6.98 16.71+9.17 0.0396 11.81 £6.37 0.7576
D-dimer, pg/mL 0.721 +1.020 1.025 +0.762 0.1748 1.567 +2.609 0.0981
Ferritin, ng/mL 60.86 + 60.53 82.05 + 88.04 0.3669 87.97 + 82.54 0.1097
Creatinine, pmol/L 68.09 +15.91 58.93 £10.20 0.0052 62.33 £19.57 0.1564

C-reactive protein (CRP) concentration (16.71+9.17 vs 11.38 +
6.98 mg/L; p=0.0396) and a lower mean creatinine concentration
(58.93 £10.20 vs 68.09 + 15.91 pmol/L; p=0.0052). ALT, AST,
D-dimer, and ferritin did not meet the nominal p<0.05 threshold
between the WBC+PLT-H and reference groups (Table 2). In
the PLT-H group, mean alanine aminotransferase (ALT) was
higher than in the reference group (27.29 + 22.37 vs 18.60 +
6.65 U/L; p=0.0479). The corresponding comparisons for AST,
CRP, D-dimer, ferritin, and creatinine did not meet the nominal
significance threshold.

Thus, three unadjusted comparisons met the nominal p<0.05
threshold: higher CRP and lower creatinine in the WBC+PLT-H
group relative to the reference group, and higher ALT in the
PLT-H group relative to the reference group. No other laboratory
comparison met the nominal significance threshold. Because the
WBC+PLT-H and PLT-H groups were younger on average than
the reference group and the analyses were not adjusted for age,
interpret the observed between-group differences as unadjusted
associations rather than age-independent effects of WBC/
platelet profile.

Discussion.

The present study compared selected laboratory parameters
across predefined WBC and platelet profiles in pediatric patients
with COVID-19. The WBC+PLT-H group showed higher CRP
and lower creatinine concentrations, whereas the PLT-H group
showed higher ALT concentrations relative to the reference
group at the nominal p<0.05 threshold. Because the WBC-H
subgroup included only three patients, its laboratory findings
were considered descriptive and could not be reliably evaluated
using inferential comparisons. The principal contribution of
the present study is the profile-based evaluation of routinely
available WBC and platelet categories in relation to multiple
laboratory domains, providing an exploratory framework for
characterizing heterogeneity in pediatric COVID-19 laboratory
findings.

Aretrospective study published in2021 examined mean platelet
volume (MPV) alongside standard hematological parameters
in relation to hospitalization and disease severity in pediatric
COVID-19 [28]. Furthermore, age-stratified analyses of derived
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hematological indices, including the neutrophil-to-lymphocyte
ratio (NLR), eosinophil-to-monocyte ratio (EMR), and systemic
inflammation response index, have demonstrated differences
between pediatric COVID-19 cases and comparison groups
[29]. These studies provide relevant context for evaluating
hematological parameters in combination. However, the present
study did not assess diagnostic or predictive performance and
therefore cannot establish that combined WBC/platelet profiles
are superior to individual hematological parameters. In addition,
the very small WBC-H subgroup precluded reliable inferential
evaluation of isolated WBC elevation.

Among the liver enzymes evaluated, ALT was higher in the
PLT-H group than in the reference group and met the nominal
p<0.05 threshold. In contrast, ALT in the WBC+PLT-H group and
AST in both platelet-elevated groups did not meet the nominal
significance threshold. Elevated transaminase concentrations
have been reported in pediatric COVID-19 and may accompany
hepatic and systemic inflammatory involvement [8,30,31].
However, because the present study did not directly assess
liver injury or its underlying mechanisms, the observed ALT
difference should be interpreted as an unadjusted laboratory
association rather than evidence of a specific mechanism of
hepatic involvement.

C-reactive protein was higher in the WBC+PLT-H group than
in the reference group and met the nominal p<0.05 threshold.
Previous pediatric studies have reported associations between
increased CRP concentrations and disease severity or adverse
outcomes in hospitalized children with COVID-19 [32].
However, clinical severity or outcomes were not evaluated in
the present study; therefore, the observed CRP difference should
not be interpreted as prognostic or severity-related.

D-dimer did not meet the nominal significance threshold in
either platelet-elevated group. Therefore, the present data do
not provide inferential evidence of a between-group difference
in D-dimer, although coagulation abnormalities have been
reported in pediatric COVID-19 [23].

Ferritin concentrations were numerically higher in the
platelet-related groups, but neither comparison met the nominal
p<0.05 threshold. Therefore, the present data do not support an
inferential conclusion regarding ferritin. This finding should be



interpreted in the context of the wide inter-individual variability
in pediatric ferritin levels reported outside of MIS-C [11].

Creatinine was lower in the WBC+PLT-H group than in the
reference group and met the nominal p<0.05 threshold. This
finding requires particular caution because serum creatinine
in children is influenced by age, body size, muscle mass,
hydration status, and other clinical factors [27,33]. Importantly,
the WBC+PLT-H group was substantially younger on average
than the reference group, and the analysis was not adjusted for
age. Therefore, the observed creatinine difference cannot be
interpreted as an age-independent effect of WBC/platelet profile
or as evidence of renal involvement.

Taken together, the nominal laboratory differences observed
in the present study were identified in the platelet-elevated
groups, although the specific pattern differed between the
WBC+PLT-H and PLT-H profiles. These findings should be
interpreted as unadjusted associations rather than as evidence
that platelet elevation itself produced the observed laboratory
differences. However, interpret the results cautiously because
of the retrospective design, unequal group sizes, and the small
number of patients in the WBC-H subgroup. Further studies
with larger, age-balanced cohorts are needed to confirm these
observations and clarify their clinical relevance.

Previous studies conducted predominantly in adult COVID-19
populations have shown that inflammatory and coagulation
abnormalities may occur alongside hepatic and renal
biochemical changes. Increased ferritin, CRP, and D-dimer
levels have been associated with greater disease severity or
adverse outcomes, while alterations in ALT, AST, and creatinine
have been reported as part of the broader multiorgan laboratory
involvement observed in COVID-19. These findings provide
relevant context for the present results; however, they should be
extrapolated cautiously to pediatric patients because age-related
physiological differences and the generally milder clinical
course of pediatric COVID-19 may influence the interpretation
of these laboratory parameters and platelet-associated laboratory
patterns in pediatric COVID-19 [34-36].

Environmental exposures may be an additional contextual
factor relevant to interpreting hematological and inflammatory
variability in pediatric COVID-19. Air pollution, particularly
exposure to particulate matter and combustion-related
pollutants, has been associated with systemic inflammatory
responses and alterations in blood cell profiles in children.
Pediatric studies have reported associations between air-
pollution exposure and WBC and platelet counts, while
observations in children with COVID-19 have linked recent
exposure to particulate matter and benzo[a]pyrene with higher
concentrations of inflammatory markers, including CRP, and
with changes in WBC counts. These findings provide a potential
environmental context for studies based on WBC/platelet and
inflammatory laboratory profiles. Nevertheless, the present
cohort did not assess environmental exposures; therefore, no
direct relationship between environmental conditions and the
observed hematological or biochemical patterns can be inferred.
Future studies integrating individual-level clinical data with
environmental exposure measures may help clarify whether
environmental factors contribute to variability in laboratory
responses to SARS-CoV-2 infection in children [37,38].
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Taken together, the findings indicate that the laboratory
differences observed in this pediatric COVID-19 cohort were
mainly identified in groups characterized by platelet elevation,
although the pattern differed between combined WBC and
platelet elevation and isolated platelet elevation. Compared with
the reference group, the WBC+PLT-H group had higher mean
CRP and lower mean creatinine concentrations, whereas the
PLT-H group had higher mean ALT concentrations at the nominal
p<0.05 threshold. AST, D-dimer, and ferritin did not meet the
nominal p<0.05 threshold in either platelet-elevated group, and
ALT did not meet the nominal threshold in the WBC+PLT-H
group. These findings indicate different unadjusted laboratory
patterns across the platelet-elevated profiles rather than a
uniform pattern across the measured biochemical, inflammatory,
coagulation-related, and renal-associated parameters. Thus,
interpret the findings cautiously because the analyses were
exploratory, the groups were unequal in size, and both platelet-
elevated groups were substantially younger than the reference
group. Because the comparisons were not adjusted for age or
other potential confounders, the observed differences cannot be
distinguished from possible age-related effects and should not
be interpreted as independent effects of WBC/platelet profile.
Furthermore, the nominal associations should not be regarded
as diagnostic, prognostic, or severity-related indicators. Their
clinical relevance requires confirmation in larger pediatric
cohorts using appropriately adjusted analyses.

This study has several limitations. The retrospective design
limited control over data completeness, clinical characterization,
and potential confounding, while the unequal group sizes
reduced the precision of between-group comparisons. The very
small WBC-H subgroup (n=3) precluded reliable inferential
analysis of isolated WBC elevation. Age differed substantially
across the study groups and may have influenced several
laboratory parameters; because an age-adjusted analysis was
not performed, residual confounding by age cannot be excluded.
In addition, multiple comparisons were not corrected for, so
findings meeting the nominal p<0.05 threshold should be
considered exploratory. Clinical severity, treatment exposure,
comorbidities, disease duration, or clinical outcomes were
not evaluated, limiting assessment of the clinical relevance of
the observed laboratory differences. LDH and procalcitonin
were excluded from the final comparative analysis because of
limitations in data completeness and consistency. Accordingly,
the present findings should be regarded as hypothesis-generating
and require validation in larger, prospectively characterized
pediatric cohorts using age-adjusted analyses and more balanced
comparison groups.

Conclusion.

In pediatric patients with COVID-19, combined WBC and
platelet elevation was associated with higher CRP and lower
creatinine concentrations, whereas isolated platelet elevation
was associated with higher ALT concentrations relative to
the reference profile. These findings suggest that combined
WBC/platelet stratification may identify distinct laboratory
patterns within pediatric COVID-19. Given the exploratory and
unadjusted nature of the analysis, these observations should be
considered hypothesis-generating and warrant confirmation in
larger pediatric cohorts using age-adjusted analyses.
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