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Abstract.

Cerebral palsy (CP) represents a multi-etiological disorder where immunological mechanisms, specifically T- and B-cell immunity,
contribute significantly to pathogenesis. TREC and KREC, molecular markers of thymic and bone marrow lymphocyte production,
facilitate immune status assessment in this patient category.

Objective. To analyze immunohematological and immunogenetic parameters within a general cohort of patients with CP and
across gender subgroups, while examining the correlations between these variables.

Materials and Methods. This prospective study enrolled 210 patients with CP (U. K. Kurbanov Republican Children’s
Psychoneurological Hospital, 2022-2025). TREC and KREC levels were quantified via real-time PCR (ROSSAmed PID kit,
ROSSA LLC, Uzbekistan; BioRad system), immunoglobulin levels were measured through immunoturbidimetry, and hematological
indices were determined using an automated analyzer. The study protocol was approved by the Local Bioethics Committee of
the Bukhara State Medical Institute, and the research was conducted in accordance with the Declaration of Helsinki (2013
revision), with written informed consent obtained from the parents or legal representatives of all participants. Statistical analysis
utilized Student s t-test, the Mann—Whitney U test, and correlation analysis, with the significance threshold set at p < 0.05. Data
processing was conducted using SPSS Statistics version 26.0. This research was conducted as part of the Bukhara State Medical
Institute research plan entitled «Clinico-immunological and genetic aspects of the pathogenesis of cerebral palsy» (2022-2026).

Results. No significant sex-related differences were observed in TREC, KREC, or lymphocyte levels (p > 0.05). TREC and
KREC concentrations in males nevertheless exceeded those in females by 44% and 58%, respectively. Immunoglobulin levels
and hematological parameters similarly demonstrated no statistically significant intergroup differences, although a trend toward
elevated IgM concentrations was noted in females. Correlation analysis identified seven significant associations, including
positive correlations for IgA/IgM (r = +0,74), IgA/TREC (r = +0,65), IgA/KREC (r = +0,68), alongside inverse relationships

for Hb/PIt (r =—0,72), WBC/IgG4 (r =—0,61), Hb/IgG2 (r =—0,72), and ESR/IgG2 (r = —0,68).

Conclusions. Reduced TREC and KREC values in a subset of patients with CP suggest potential immune system pathology
underlying the disease pathogenesis. Primary immunohematological indices lack significant sex-related differences; however,
the observed trends necessitate verification in larger cohorts
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Introduction

Cerebral palsy (CP) ranks among the most prevalent
pediatric neurological disorders leading to permanent
disability. Despite decades of research, the pathogenesis
of CP remains partially understood. Neuroimaging
data (neurosonography, CT, brain MRI), biochemical
indices, and postnatal clinical manifestations indicate
the involvement of autoimmune mechanisms, cytokine
production, and other immunological mediators that sustain
chronic inflammation [1, 2, 3, 4, 5].

Immunoreactivity, particularly the status of T- and
B-cell immunity, substantially influences CP outcomes.
Peripheral blood levels of T-cell receptor excision circles
(TREC) and kappa-deleting recombination excision circles
(KREC) serve as molecular markers for the severity of
T- and B-lymphopenia. These circular DNA structures,
formed during the maturation of T- and B-lymphocytes
in the thymus and bone marrow, respectively, constitute
reliable markers of thymic and bone marrow lymphocyte
production [6, 7, 8, 9, 10].
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Integrated with immunoglobulins (IgA, IgM, IgG, 1gG2,
IgG4) and baseline hematological indices (Hb, WBC, Plt,
ESR), TREC/KREC facilitate a comprehensive evaluation
of immune status in children with CP [11, 12, 13, 14, 15].
The study cohort exhibited a predominance of males (60.5%)
relative to females (39.5%), necessitating a comparative sex-
based analysis of the investigated parameters.

Study Objective. To analyze immunohematological
and immunogenetic parameters within a general cohort of
patients with CP and across sex-based subgroups, while
examining the correlations between these variables

Materials and Methods

Design and Setting. This prospective study involved
210 patients with CP hospitalized at the U. K. Kurbanov
Republican Children’s Psychoneurological Hospital
between 2022 and 2025.

Inclusion Criteria: Enrollment required a clinically
verified diagnosis of CP staged by GMFCS and the absence
of acute infectious diseases for 2-3 weeks prior to study entry.
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Laboratory Methods. TREC and KREC were quantified
using real-time PCR with the ROSSAmed PID reagent kit
(ROSSA LLC, Uzbekistan) on a BioRad system (2020).
Immunoglobulin levels (IgA, IgM, IgG, IgG2, 1gG4) were
determined by immunoturbidimetry, while hematological
indices (Hb, WBC, Plt, ESR, lymphocytes) were analyzed
using an automated analyzer.

Statistical Analysis. Intergroup sex-related differences
were assessed using Student’s t-test and the Mann—Whitney
U test. Correlations between parameters were evaluated
by calculating Spearman’s correlation coefficient (r).
The statistical significance threshold was set at p < 0.05,
with data processing performed using SPSS Statistics
version 26.0

Ethical Considerations. The study protocol was
approved by the Local Bioethics Committee of the Bukhara
State Medical Institute, and the research was conducted
in accordance with the Declaration of Helsinki (2013
revision), with written informed consent obtained from the
parents or legal representatives of all participants.

Research Program Alignment. This work was conducted
under the research plan of the Bukhara State Medical Institute
entitled «Clinico-immunological and genetic aspects of the
pathogenesis of cerebral palsy» (2022-2026).

Results and Discussion
Quantitative TREC, KREC, and lymphocyte levels for
male and female patients with CP are summarized in Table 1
Table 1

Student’s t-test and Mann-Whitney U test results for TREC, KREC, and lymphocyte levels in children
with CP stratified by sex

Parameter Mean (M) Mean (F) t-test (p) Mann—Whitney U test (p)
TREC 180988.6 125525.8 0.290 0.271
KREC 195281.8 123722.8 0.238 0.170
JInmdpountel, x10%n 10.93 10.15 0.524 0.486
Note: M, males (n = 127); F, females (n = 83). P-values > 0.05 across all parameters indicate an absence of

significant intergroup differences.

Intergroup differences were assessed using Student’s t-test
(parametric) and the Mann—Whitney U test (non-parametric).
P-values exceeding the statistical significance threshold
(p > 0.05) across all three instances indicate no significant
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disparities between male and female patients regarding
the investigated parameters; nevertheless, a pronounced
tendency toward higher TREC and KREC levels was
observed in males with CP compared to females (Figure 1).
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Figure 1. TREC and KREC levels in males with CP compared to females with CP.

Given that TREC and KREC function as markers of
thymic and B-cell proliferation, the higher mean levels
observed in males (by 44% and 58%, respectively)
suggest a marginally increased production of «recent»
T- and B-lymphocytes in male patients relative to
females. Overlapping confidence intervals and substantial
intragroup variability (indicated by wide SEM) preclude
the characterization of these differences as significant,
although the observed trend aligns with established data
regarding more active thymic function in males during
early childhood. The reduction in TREC/KREC levels
among females might serve as an indirect marker of

an earlier «thymic involutional shift» or stem from the
limited sample size; consequently, determining population
references and significant fluctuations in TREC/KREC
levels necessitates further extensive research.

The general hematological profile in patients with CP
reveals slightly elevated Hb and WBC levels in females;
however, overlapping 95% confidence intervals indicate no
substantial dispa—rities in erythropoiesis and leukopoiesis
between sexes. Similar erythrocyte sedimentation rates
(ESR = 6.5-6.6 mm/h) in both subgroups reflect comparable
levels of systemic inflammatory response between males
and females.
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Table 2

Comparison of hematological and immunological parameters in male and female patients with CP

Parameter Mean & Mean ¢ 95% CI & 95% CI @ t-statistic. p (two-tailed)
ESR, mm/h 6.55 6.60 5.83-7.26 5.76-7.44 -0.10 0.92
Hb, g/L 119.4 121.7 115.7-123.0 118.6-124.8 —0.95 0.35
IgA, g/L 1.42 1.22 1.06-1.78 1.03-1.42 0.93 0.36
IgG, g/L 10.92 9.80 9.88-11.96 8.22-11.38 1.17 0.25
1gG2, g/L 3.90 3.55 2.69-5.12 2.64-4.46 0.45 0.66
IgG4, g/lL 0.38 0.36 0.25-0.51 0.22-0.50 0.12 0.91
IgM, g/L 1.29 1.62 1.14-1.43 1.29-1.95 -1.84 0.07
WBC, x109/L 8.42 8.33 7.79-9.04 7.72-8.94 0.20 0.84
Plt, x10%/L 298.3 289.0 275.2-321.3 267.2-310.7 0.53 0.60
Note: Data are presented as mean + 95% CI. P-values > 0.05 indicate no statistically significant intergroup

differences. A trend toward elevated IgM levels was observed in females (p = 0.07).

Assessment of the platelet lineage demonstrated
marginally higher counts in females (297 x 10%/L vs.
289 x 10°/L), although this difference lacked statistical
significance. Both values remain within the clinical reference
range, indicating an absence of sex-based differences in
megakaryocytic production among children with CP.

Assessment of humoral immunity parameters
demonstrated that mean IgA and IgG levels, including
IgG2 and IgG4 subclasses, were marginally higher in
males (6-11%), though the 95% CI ranges overlapped
entirely. These findings clinically indicate equivalent B-cell
response maturity and comparable protective activity
across primary antibody classes.

IgM levels conversely exhibited the most pronounced
relative disparity, being approximately 28% higher in
females. Although representing only a statistical trend (p =
0.07), this physiological observation may reflect a more
robust primary (T-independent) B-cell response in young
females, aligning with published data on female IgM
predominance during puberty.

The absence of statistically significant differences
between sexes clinically suggests that baseline inflammatory
and immune parameters in children with CP develop through
similar pathogenetic mechanisms.
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Individually elevated IgM levels in certain females
and high TREC/KREC values in specific males notably
necessitate longitudinal monitoring, since elevated
IgM concentrations may be associated with chronic
antigenic stimulation, whereas high TREC/KREC
levels alongside stable immunoglobulin profiles may
represent compensatory reorganization of the innate
immune system.

Patient sex should not be considered a determining
factor when planning immunorehabilitation interventions;
rather, adjustments should be based on individual marker
values and clinico-anamnestic data.

Subsequent analysis of the correlations between the 11
hematological and immunogenetic parameters identified
seven associations in patients with CP, comprising four
positive and three inverse correlations. Correlation strength
was moderate (r = 0.5-0.7) in two cases and high (r =
0.7-1.0) in five.

Significant positive correlations were identified
between IgA and IgM (r = 0.74), IgA and TREC (r = 0.65),
and IgA and KREC (r = 0.68), while inverse correlations
were observed between Hb and Plt (r =-0.72), WBC and
IgG4 (r=-0.61), Hb and 1gG2 (r = -0.72), and ESR and
IgG2 (r=-0.68) (P < 0.05) (Figure 2).

IgG2 Igla4 TREC KREC

Figure 2. Significant correlations between hematological and immunogenetic parameters in children
with CP (P < 0.05).
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Remaining correlations between hematological and
immunogenetic parameters proved weak and statistically
insignificant.

Discussion

The observed lack of significant sex-based differences
in primary immunohematological parameters among
children with CP aligns with existing literature [8, 16,
17]. Low TREC and KREC values in a subset of patients
with CP nevertheless warrant particular attention, as
they potentially indicate primary or transient immune
deficiency underlying the disease pathogenesis. Although
the role of immune dysregulation-specifically T- and
B-lymphocyte deficiency-in CP progression has been
investigated previously, available data remain insufficient
for definitive conclusions [18, 19].

Identified positive correlations between IgA and
both TREC and KREC may reflect integral lymphocyte
maturation mechanisms, where active thymic and bone
marrow production is associated with elevated IgA levels.
Furthermore, inverse correlations for Hb/IgG2 and ESR/
IgG2 are consistent with established data linking [gG2
subclass deficiency to chronic inflammation, anemia of
inflammation, and elevated ESR [20].

Study limitations include the single-center design,
the absence of a healthy control group, and unequal sex-
based subgroups. The identified trends (IgM 1 in females,
TREC/KREC 1 in males) necessitate verification in larger,
stratified cohorts.

Conclusions

1. Reduced TREC and KREC values in a subset of
patients with CP suggest the probable involvement of
immune system pathology (either primary or transient) in
the disease pathogenesis.

2. Primary immunohematological parameters (TREC,
KREC, lymphocytes, immunoglobulins, and hematological
indices) in children with CP exhibit no significant sex-
related differences (p > 0.05).

3. Observed trends-including higher TREC (+44%)
and KREC (+58%) levels in males and elevated IgM in
females (p = 0.07)-require further investigation in larger
stratified cohorts and may influence individualized immune
correction strategies.
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Pesrome.

Jwutsanit nepe6pansauii napanida (JILIT) € momieTionoriqHUM 3aXBOPIOBAHHSM, Y ATOTCHE31 IKOTO BRYKIIUBY POJIb BiIrparoTh iMy-
HOJIOTIYHI MeXaHi3MH, 30KkpeMa ctaH T- Ta B-xmitHHHOTO iMyHITETY. MOJIEKYISIpHI MapKepH THMIYHOI Ta KICTKOBOMO3KOBOT IIPOTYKIIiT
nimpornurie — TREC i KREC — npeacTaBisiioTs iHTEpec IS OIIHKK IMyHHOTO CTaTyCy y AaHOI KaTeropii marieHTiB.

MeTta. AHaii3 iMyHOTEeMaTOJIOTIYHUX Ta IMyHOTCHETHYHHX ITapaMeTpiB y 3arayibHii xoropri xsopux Ha JILIII Ta B renaepHnx
MATPYIax, a TAKOXK BUBUSHHS KOPEJISIIHHUX B3a€MO3B’SI3KIB MIDK HUMU.

Marepianan Ta meroan. [IpocriektrBHe focipkeHH i3 3amydeHssM 210 manientis 3 JJLIT (PecryOmikaHchka AUTSIa IICHXOHEB-
posoriuna nikapas iM. Y. K. Kyp6anosa, 2022-2025 pp.). Buznaueno pisai TREC ta KREC meronom ITJIP y pexxumi peansHOTO 4acy
(mabip ROSSAmed PID, TOB «ROSSA, Y36ekucran; anapar BioRad), imyHOr100y:1iHIB — iIMyHOTYpOiANMETPHUYHO, TEMATOJIOTITHIX
MTOKa3HUKIB — HAa aBTOMAaTHYHOMY aHaizaTopi. JlociikeHHsS BUKOHAHO BiIMOBITHO /10 MpuHIMMIB ['enbcinchkoi nexmapanii BMA
(penaxist 2013 poxky). [IpoToko cxBaJieHO JIOKaJIbHUM KOMITETOM 3 6i0eTHKH Byxapchbkoro fep»aBHOTO MEJUIHOTO IHCTUTYTY. [H(Op-
MOBaHy 3rofy 0aTbKiB (3aKOHHUX ITPEICTaBHUKIB) yCiX MAI[i€HTIB OTPIMAHO B MTICHEMOBIH opmi. CTaTUCTHYHI METOIH JOCIIDKSHHS:
t-xpurepiit Cteionenta, U-kputepiit ManHa—YiTHi, kopersiniiauit anaini3 (p<0,05). [Topir cratuctiuuanoi 3agymocti — p<0,05. O6pobxa
nanux — SPSS Statistics Bepcii 26.0. PoboTa Bukonana B pamkax miany H/IP Byxapcekoro ep>kaBHOT0O MEJMIHOTO IHCTUTYTY 32 TEMOIO
«KI1iHiKO-IMyHOJIOT1YHI Ta TCHETHYHI aCIIEKTH MaTOreHEe3y AUTIYOTO IepedparsHoro mapamigy» (2022-2026 pp.).

Pe3yabrarn. [locroBipHuX crareBux BingminHocteil 3a piBHsmMu TREC, KREC Ta nim¢oruris He BusiBieHo (p>0,05). [Ipore TREC
y xJyrormuukiB OyB BunmM Ha 44%, KREC — Ha 58% nopiBHsHO 3 niBdatkamiu. [1{ogo iMyHOT100yITiHIB Ta réMaTOIOTIYHIX TOKa3HUKIB
TaKOXK HEe BCTAHOBJICHO CTAaTUCTHYHO 3HAUYIINX MDKCTATEBUX BiIMIHHOCTEH, X04a Big3Hadaiacs TEHIEHIIS 70 BUIIHUX 3HaYeHs IgM
y aiBuarok. KopernsuiitHuii aHani3 BUSBUB 7 3HAYYIIUX B3a€MO3B’s13KiB: mpsimi — [gA/IgM (r=+0,74), IgA/TREC (1=+0,65), IgA/KREC
(r=+0,68); obepreni — Hb/Plt (r=-0,72), WBC/IgG4 (r=-0,61), Hb/IgG2 (r=—0,72), LIOE/IgG2 (r=-0,68).

Bucnosku. Hmsbki 3nadenns TREC i KREC y wactunanm nanientis 3 LI cBiquaTh Mpo MOXIIMBY HaTOJOTiI0 IMyHHOI CHCTEMH,
1110 JIE)KUTH B OCHOBI ITAaTOT€He3y 3aXBOPIOBaHHs. KITTo4oBi iMyHOTreMaToJIoTi4Hi IIOKa3HUKH HE MAlOTh JOCTOBIPHUX MIKCTaTeBHX Bijl-
MIHHOCTEH; BUSIBIICHI TEHJIEHII] MOTpeOyroTh BepHdikamii Ha po3mmpeHnx BHOIpKax.

KaruoBi cioBa: nursauuit nepebpanbunii mapaniu; TREC; KREC; iMyHOm106ysminK; iMyHOpeakTUBHiCTb; T-TiMporuTy;
B-nimdonnTy; renaepHi BIAMIHHOCTI; KOpEISIIHHIN aHaTi3.
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