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Abstract

Introduction: Cytomegalovirus (CMV), a ubiquitous herpesvirus, causes congenital infection in 0.5-2% of live births,
leading to severe manifestations like hepatosplenomegaly, microcephaly, and neurological damage. CMV evades immunity
by manipulating apoptosis via Bcl-2 upregulation and p53 suppression, disrupting thymic and splenic development critical for
T-cell education and peripheral immunity. This case report examines morphological changes and expression of apoptosis
(Bcl-2, p53) and proliferation (Ki-67) markers in fetal thymus and spleen from a 23-week miscarriage due to maternal CMV
infection.

Materials and Methods: Autopsy of fetus from a 28-year-old woman'’s fourth pregnancy (late miscarriage at 23 weeks)
provided thymus and spleen samples. Macroscopic and microscopic assessments followed standardized algorithms.
Immunohistochemistry used monoclonal antibodies (Bcl-2 Clone 124, p53 Clone DO-7, Ki-67 Clone MIB-1; DAKO) with
LSAB2®-HRP and diaminobenzidine chromogen. Results were quantified via Histo score (McCarthy et al., 1985).

Results: Thymus showed enlargement, large lobules (cortex:medulla 2:1), preserved lymphocytes, and moderate
Hassall's corpuscles. Spleen exhibited splenomegaly, white:red pulp 1:2, activated white pulp, and marginal zone clusters.
Bcl-2 stained cytoplasmically in thymic medulla and splenic marginal zone; p53 was weakly positive in thymic cortex/medulla;
Ki-67 was pronounced in thymic subcapsular cortex and splenic periarteriolar lymphoid sheaths.

Discussion: Thymic hyperplasia and preserved lymphocytes indicate CMV-driven proliferation over atrophy, with Bcl-2
medullary dominance suggesting impaired negative selection and autoreactive T-cell survival. Splenic white pulp expansion
reflects immune activation, but disorganization and Bcl-2/Ki-67 upregulation imply exhaustion and dysregulation. A decrease
in p53 levels may indicate a disruption of the apoptotic process.

Conclusion: CMV profoundly alters fetal thymus/spleen morphology and apoptosis/proliferation, disrupting T-cell
repertoire and self-tolerance, contributing to long-term immunological sequelae.
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Beepenue: Lutomeranosupyc (LMB), noBcemecTHO pacnpOCTpaHEeHHbI repnecBupyc, BbI3bIBAET BPOXAEHHYH
uHpekumio Y 0,5-2% HOBOPOXAEHHbIX, MPUBOAS K TSXKENbIM NPOSIBNIEHWSM, TakMM Kak renatocnieHomeranus,
MuKpoLiecbanus u HeBponoruyeckue nospexaenus. LIMB n3beraet uMmyHUTeTa, MAHUNYNMPYst anonTo3oM NOCPeaCcTBOM
NoBbILEHMS YPOBHA Bcl-2 1 nogaBnexns p53, HapyLas pa3BuTie TUMYCa U CENE3EHKU, KPUTUYECKN BaXHbIX ANs 0ByveHns
T-kNeTok M nepudepuyeckoro WMMyHuTeTa. B [aHHOM KIMHUYECKOM Crydae paccMaTpuBatoTcsl Mopdonornveckue
M3MEHEHUs 1 3Kcnpeccus Mapkepos anonTosda (Bcl-2, p53) n nponudepauun (Ki-67) B TUMyce W ceneseHke nnoga nocne
BblKuabILWA Ha 23-1 Heaene 6epeMeHHOCTH, Bbi3BaHHOrO MaTepuHckorn LIMB-uHdbekUmen.

Marepuanbl n Metogbl: O6paslibl TUMyCa W CeneaeHki Nnoaa OT YeTBEpPTOi BEPEMEHHOCTM (MO3OHUA BbIKMAbIL HA 23-if
Hegerne) 28-meTHeil eHWWHbl. MakpoCKOMMYeckas M MWKPOCKOMMYECKas OLeHka MpOBOAMNach B COOTBETCTBMM CO
CTaHOAPTM3VNPOBaHHBIMA - anropuTMamu.  [ns MMMyHOTMCTOXAMWYECKOTO  MCCIIEA0BaHUS  MCTONb30BANNCh  MOHOKITOHAMbHbIE
aHtutena (Bcl-2, knoH 124, p53, knon DO-7, Ki-67, knon MIB-1; DAKO) ¢ LSAB2®-HRP 1 okpackoil AnamMmHobeH3nanHoBbIM
XpoMOoreHoM. PesynbTaThl KONUMYECTBEHHO OLieH1BanMCh ¢ noMoLLbio ructo-cyeta (McCarthy et al., 1985).

PesynbTatbl: TUMyc nokasan yBenu4YeHWe NMHENHbIX pasmepoB, GonbluMe JOMbKWM (COOTHOLLEHWE KOpa:MO3roBOE
BELLECTBO 2:1), COXpPAHEHHOE KOMMYECTBO NUMAOLNTOB U YMEPEHHOE KOnMYecTBO Tenel accanns. CeneseHka nokasana
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CMIIEHOMEranuio, COOTHOLEeHne 6enoit 1 kpacHoW mynbnbl 1:2, akTMBMPOBaHHYIO Benyto Mynbny U CKOMAEHWS KNETOK B
kpaeBon 30He. Bcl-2 okpalumBancs uutonnasmMaTyecku B MO3rOBOM BELLECTBE TUMYCa M KPAeBOW 30HE CeneseHku; p5s3
Bbin cnabononoxuTensHbIM B KOPE/MO3roBOM BelLecTBe TuMyca; Ki-67 Bbin BoipaxeH B cybkancynsipHon kope Tumyca
nepuapTepmanbHbIX TMMGONaHbIX 0B0N0YKax CeneseHKu.

O6cyxpeHue: vnepnnasvst TMMyca M HOPManbHOE KOMMYECTBO IMMCPOLMTOB YKasbiBalT Ha mponudepaumto,
BbI3BaHHy0 LIMB, a He Ha aTpoduio, npu 3TOM AOMMHMpOBaHWe Bcl-2 B MO3roBom BeLLecTBe npegnonaraeT HapyLleHue
HeraTMBHOW CEMeKLUMM W BbIKMBAEMOCTW ayTOPEaKTMBHbIX T-KNeTok. YBennueHue 6enoit nymnbMbl CENe3eHKn oTpaxaeT
aKTUBaLMIO MMMYHHOM CUCTEMbI, HO [e30praHu3auns u nosbileHne ypoBHs Bcl-2/Ki-67 ykasbiBaloT Ha UCTOLLEHWE W
pucperynaumio. CHKeHre YpoBHs p53 MOXET CBMAETENbCTBOBATDL O HAPYLLEHUN NPOLIECcca anonTosa.

3akntoyeHue: LIMB cyLlecTBeHHO n3meHsieT Mopdonorvio eTanbHOro TMMyca/ceneseHku 1 anonTtoa/nponmdepaumio,
Hapylwas peneptyap T-KNETOK W ayTOTONEepaHTHOCTb, CMOCOOCTBYS Pa3BUTUIO AONTOCPOYHBIX MMMYHOMOTMYECKMX
MOCNEeACTBWIA.

Knroyeenie cnosa: LUMB-uHbexyus, pemansHbili mumyc, cenesenka, Bel-2, pb3, Ki-67, anonmos
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Kipicne: Liutomeranosupyc (CMV), keH, TapanfaH repnecsupyc, xaHa TyFaH HapectenepaiH, 0,5-2%-biHga Tya biTkeH
MHEeKUMAHBI Tyabipagbl, byn renatocnneHomeranusi, MUKpoLEedanus XaHe HEBPOMOTUANbIK 3akbIMAAHY CUSKTbI aybip
kepiHicTepre akenemdi. CMV Bcl-2 aewreftiHin, xorapbinaybl xsHe p53 6acbinybl apkbiibl anonto3dbl MaHunynsumsnay
apKbINbl UMMYHIBIK KyiedeH xantapagbl, Oyn T xacywanapbiHbiH, XWHaNybl XaHe nepudepusnbik, UMMYHUTET yLUiH
MaHbI3abl Bonbin TabbinatbiH TMMYC NeH KekbayblpgblH, AamyblH Oy3adbl. Byn KnuHWKanblk xafgait Typansl ecente
aHaHblH, CMV uHDeKumMACbIHAH TybIHOAFaH XYKTiNiKTiH, 23 anTacklHAa TyCik TacTaraHHaH KeWMiH ypbIKTbiH, TUMYC NEH
kekbayblpblHAaFbl MOPCONOrUANbIK e3repicTep MeH anonto3ablk, (Bel-2, p53) xaHe nponudepaums (Ki-67) mapkepnepiHin,
3KCnpeccuschl 3epTrenei.

Matepuangap meH apictep: 28 xacTafbl ailengiH, TepTHWI XyKTinik kesiHgeri (23 anTaga Kew TyCiK TacTafaH)
YPbIKTbIH, TUMYC JXaHe Kekbayblp ynrinepi naiganaHbingbl. MakpoCKOMMANbIK KaHE MUKpocKomusnblk, Oaranay
CTaHgapTTanFaH anroputMaepre caiikec xyprisingi. MmmyHoructoxmumus yiiH LSAB2®-HRP xaHe anamMuHO6eH3MauH
XpomoreH Bostybl 6ap MoHoknoHanabl aHtuaeHenep (Bcl-2 knoHbl 124, p53 knoHbl DO-7, Ki-67 knoHbl MIB-1; DAKO)
nanganaHeingsl. Hatwkenep ructo-6ann apkpinbl caHablk aHbikTangel (McCarthy xesHe T1.6., 1985).

HaTtuxenep: TuMyC CbI3bIKTbIK eILIEMAEPIHIH, yIFatoblH, yNkeH Oenikwenepain, (KbIpTbiC:MK BesiHiH, kaTbiHackl 2:1),
nMMGOLMTTEP CaHblHbIH, CaKkTanmyblH JkaHe opTawa [accann [AeHelwenepiHiv, GonybiH  kepcetTi. Kekbaybipaa
CnneHoMeranusl, ak/Kbl3bln nynmbna KatbiHachl 1:2, BenceHpipinreH ak Nynbna XoHe LIETKI aiMakTa Xacylarblk,
arperatTap Oankangbl. Bcl-2 Tumyc mu 6e3i meH KekbayblpablH, WeTK aiMarbiHAa LuTonnasmansik, GosnraH; p53 tumyc
KbIpTbiCbiHAa/MM BesiHae anci3 oH HaTwxe kepceTTi; Ki-67 cybkancynspnbl TUMYC KpIPTbICbIHAA XaHe KekbayblpAblH,
nepuapTepuanbl MMMGOUATLI KabbliKTapbiHAA 3KCTPECCUsNaHAbI.

Tankbinay: Tumyc runepnnasusicbl XsHe NWUMQOUMTTEPHiH, KanbinTbl caHbl atpocus emec, CMV TygbipraH
nponudepauusiHbl kepceTeqi, an Munbl 3aTbiHaa Bel-2 6acbim Gonybl ayTopeakTusTi T- xacyLanapbiHblH TEPIC ipikTeyi MeH
Tipwinik eTyiHiH, Oy3binybiH kepceTeni. KekbaybipabiH, ak NynbnacbiHbiH, yrFanybl UMMyHLLIK OenceHpinikti kepceTeqi,
Oipak yilbimpacnaranablk xaHe Bel-2/Ki-67 feHreminiv, xorapbinaybl Capkbiny MeH peTTenygin, OyabinybiH kepceTegi. pS3
LEeHreniHiH, ToMeHaeyi anonTo3 NpoLeciHiH, Gy3blnybiH KEPCETYi MyMKiH.

KopbITbiHAbL: CMV ypbiKTbIH, TUMYC/Kekbayblp MOPGONOTMACHIH XaHe anonToa/mponndepaumnsicbiH anTapbiKTai
e3repTesi, T-KacyllanapblHbliH, PEenepTyapbiH XaHe e3iH-e3i TesimainiriH Oy3agbl, y3ak Mep3iMai MMMYHOMOTUANbIK,
cangapgblH, AaMyblHa biknan eTeqi.

Tytindi ce3dep: CMV uHbekyusicol, ypbikmbiy mumMychbl, kekbaybip, Bcl-2, p53, Ki-67, anonmo3
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Introduction

Cytomegalovirus (CMV) is the causative agent of one
of the most common viral infections in the world, which is
usually asymptomatic in immunocompetent individuals.
CMV is a DNA herpesvirus belonging to the family
Herpesviridae, characterized by its ability to establish
lifelong latency despite immune surveillance. Presently,
CMV can be encountered in every fourth woman of
childbearing age, with seroprevalence rates exceeding
80% in some populations [1, 2]. Cytomegalovirus
represents one of the most significant causes of
congenital infection globally, affecting approximately 0.5—
2% of all live births, making it the leading infectious cause
of congenital disease worldwide [3, 4, 5].

Clinical manifestations in infants with symptomatic
congenital CMV infection at birth are present in only 5-
10% of intrauterinely infected infants, though this
represents a significant proportion of symptomatic
disease. The clinical spectrum includes
hepatosplenomegaly (75%), petechiae (65-80%), growth
retardation (70%), jaundice (65%), microcephaly (45—
50%), and periventricular calcification of the brain (45%)
[6, 7]. Congenital CMV infection can affect virtually every
organ system, including the thymus and spleen - primary
and secondary lymphoid organs crucial for immune
system development and function.

CMV has evolved sophisticated strategies to evade host
immune responses and promote survival of infected cells. A
fundamental survival strategy involves biphasic regulation
of cellular Bcl-2 family proteins - key arbiters of
mitochondrially-mediated apoptosis [8]. The immediate-
early (IE) and early viral proteins of CMV directly counteract
apoptotic pathways: IE2 protein binds to and suppresses
the transcriptional functions of p53, a critical tumor
suppressor and apoptosis inducer, while other viral proteins
(pUL36 and pUL37) directly inhibit procaspase-8 and pro-
apoptotic proteins (Bax and Bak), respectively [9, 10].

CMV-infected cells exhibit upregulation of anti-
apoptotic Bcl-2 and transient elevation of Mcl-1, followed
by sustained Bcl-2 expression, creating a permissive
intracellular environment for viral replication [8]. This is
accomplished through integrin signaling pathways,
wherein viral envelope glycoproteins (particularly the
pentameric gH/gL/UL128-131 complex) engage cellular
integrins to trigger pro-survival signaling cascades.

The thymus represents a primary lymphoid organ
essential for T-lymphocyte development and education.
Thymic development begins as early as week 8 of human
gestation, with organized cortical and medullary regions
by the second trimester. The first T-lymphocytes emigrate
from the fetal thymus and populate the periphery by 12-14
weeks of gestation [11]. Humans accomplish most T-cell
development in utero, with a dramatic increase in thymic
cellularity during the third trimester.

Congenital CMV infection elicits marked immune
responses despite the typically underdeveloped neonatal
immune system. Infected fetuses generate strong CD8+ T
cell responses that can be detected as early as 22 weeks
of gestation, with oligoclonal expansions of CMV-specific
CD4+ T cells displaying a Th1 phenotype [12, 13].
However, these responses demonstrate functional
exhaustion characterized by elevated expression of the

inhibitory receptor PD-1, reduced production of IL-2 and
other effector cytokines, and high frequencies of terminally
differentiated CD57+ CD28- cells [14, 15].

The purpose of this clinical report description is to
present morphological changes in fetal thymus and spleen
in a case of CMV infection during pregnancy and to study
the expression of apoptosis markers: bcl-2, p 53 and the
cell proliferation marker ki-67 in the lymphoid component
of the thymus and spleen of human fetuses with
congenital CMV infection.

Materials and methods

The following is a case report of a 28-year-old woman
with clinically and laboratory confirmed cytomegalovirus
infection, who was in her fourth pregnancy and experienced
a late spontaneous miscarriage at 23 weeks' gestation.
Using autopsy material, we assessed the morphological
characteristics of the fetal thymus gland and spleen
(macroscopic parameters and microscopy).
Immunohistochemical studies were performed with primary
monoclonal antibodies to bcl-2 (Clone: 124 “DAKQ”), p 53
(Clone: DO-7 “DAKQ”), and ki-67 (Clone: MIB-1 “DAKO").
For immunostaining of the reaction products, the Kit
LSAB2® System-HRP (‘DAKO”) visualization system was
used with the chromogen diaminobenzidine, which yielded
a dark brown stain. Nuclei were counterstained with
hematoxylin. The results of the immunohistochemical
reaction were assessed using the semiquantitative Histo
score method according to McCarthy et al. (1985).

Research Results:

Autopsy examination revealed enlarged thymic
dimensions measuring 3.2 x 2.7 cm with weight of 3.15
g, exceeding age-appropriate norms for 23-week
gestation [16]. This thymic enlargement represents a
critical finding, as an infection may potentially leads to a
reactive lymphoid hyperplasia or an inflammatory
response that disrupts the normal maturation of the fetal
immune system. Linear dimensions and weight of the
fetal spleen were markedly elevated above age-
appropriate norms for 23-week gestation, and compiled
1,7 x 3,3 cm with weight of 2.10 g, that means
pronounced enlargement (splenomegaly).

Microscopic Architecture:

Microscopic examination of the thymus was conducted
in accordance with and based on the "Algorithm for
Assessment of Morphological Features of the Thymus"
developed by Professor Yu.V. Pruglo (1996). A
predominance of large lobules was observed, with a cortex-
to-medulla ratio of 2:1. The stroma was poorly defined,
congestive hyperemia was observed, and there was no
decrease in the lymphocyte count in the cortex or medulla.
A moderate number of medium-sized Hassall's stratified
corpuscles was observed per lobule. The ratio of white to
red pulp of the spleen in the CMV-infected fetus was 1:2,
demonstrating a predominance of red pulp but with
paradoxical sharp increase and activation of white pulp
structures. Numerous small forming lymphoid follicles
without clear boundaries between individual nodules were
observed, with clusters of cells conspicuously present in the
marginal zone - the specialized microenvironment
separating white and red pulp compartments.
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Immunohistochemical Analysis of Apoptosis and
Proliferation Markers

Bcl-2 Expression: Immunohistochemical analysis
using monoclonal antibodies against Bcl-2 (Clone 124,
DAKO) revealed a positive immunohistochemical reaction
manifested by cytoplasmic staining of Ilymphocytes,

predominantly localized to the thymic medulla with fewer
immunopositive cells detected in the cortex. Bcl-2
Expression in  Splenic White Pulp: a positive

immunohistochemical reaction to Bcl-2 was observed with
cytoplasm staining of lymphocytes, predominantly localized
to the marginal zone. (Fig1, Fig 2).

Figure 1. Fetal thymus, bcl-2 expression, x 20.

Figure 2. Fetal spleen, bcl-2 expression, x 20.

Ki-67 Expression:

Ki-67 expression was well expressed in lymphocytes
in the cortex of the thymus, particularly pronounced in
the subcapsular zone where early thymocyte precursors
accumulate and proliferate. Ki-67 expression was
pronounced in the periarterial lymphoid tissue (PALS) -

the T-cell zones surrounding central splenic arteries.
(Fig3, Fig 4).

p53 Expression: Expression of p53, the critical tumor
suppressor and apoptosis-inducing transcription factor, was
weakly positive in both cortical and medullary regions of the
thymus (Fig5).
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Figure 4. Fetal spleen, ki-67 expression, x 20.

Discussion

The macroscopic enlargement of the thymus in
congenital CMV infection likely reflects a paradoxical
response to infection: while the thymus normally exhibits
involution (shrinkage) during systemic infection in older
individuals, the developing fetal thymus may respond to
viral infection with hyperplasia as an attempt to generate
enhanced immune responses or alternatively due to
infection-related  disruption of normal developmental
signals.

The splenomegaly represents one of the most common
clinical signs of symptomatic congenital CMV infection,
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occurring in 75% of symptomatic neonates at birth.[50] The
normal ratio white and res pulp at this gestational age is
approximately 1:3, indicating relative expansion of white
pulp in this infected specimen despite absolute increase in
red pulp mass.

Detailed microscopic examination, conducted according
to standardized morphological assessment algorithms,
revealed significant architectural alterations compared to
normal fetal thymus. This elevated cortex-to-medulla ratio
indicates either relative expansion of the cortical (epithelial-
rich) compartment or reduction of the medullary
compartment.
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Figure 5. Fetal thymus, p 53 expression, x 20.

Critically, there was no decrease in lymphocyte count in
either the cortex or medulla, distinguishing this case from
classical viral-induced thymic atrophy characterized by
rapid lymphocyte depletion. This preservation of lymphocyte
numbers despite architectural distortion suggests that CMV
primarily disturbs thymic epithelial organization rather than
causing direct cytolytic elimination of thymocytes.

Hassall's corpuscles are aggregates of post-Aire
differentiated medullary thymic epithelial cells (post-Aire
mTECs), representing terminally differentiated epithelial
structures that express thymic stromal lymphopoietin
(TSLP) and contribute to the pro-inflammatory thymic
microenvironment crucial for central tolerance induction
[17]. The presence of intact Hassall's corpuscles, though
numerically moderate, is notable, as severe viral infections
can induce increased numbers of these structures and
disarrangement of thymic epithelium.

The abnormal splenic architecture reflects profound
splenic lymphoid hyperplasia in response to CMV infection.
The white pulp comprises periarteriolar lymphatic sheaths
(PALS) - T-cell zones surrounding central arteries - and
lymphoid follicles containing B-lymphocytes [18]. Activation
and proliferation of these white pulp structures indicates
robust, albeit immature, splenic immune response to viral
antigen.

The relative decrease in red pulp area, resulting
primarily from a decrease in sinusoid volume, suggests that
actively  proliferating  lymphoid  tissue  may have
mechanically ~ displaced  normal  erythrocyte-filtering
capacity. The red pulp normally functions to filter
erythrocytes and pathogens from circulating blood through
open-ended capillaries lined with specialized endothelial
cells and surrounded by reticular meshwork and resident
macrophages. CMV infection results in marked disruption of
normal splenic white and red pulp compartmentalization.

The virus infects splenic stromal cells and endothelial cells,
leading to fransient reduction of CCL21 (a critical
chemokine for splenic organization), which compromises
the ability of lymphocytes to localize within appropriate T-
cell zones [19].

The activation and expansion of marginal zone
structures observed in this case likely represents early
splenic immune response to CMV antigens: marginal zone
macrophages and dendritic cells capture and present
antigens to lymphocytes, initiating both innate and adaptive
immune  responses.  However, the architectural
disorganization suggests that CMV-induced inflammatory
responses and cellular recruitment have overwhelmed
normal splenic organization.

The distribution pattern of Bcl-2 expression has
significant pathobiological implications.

Bcl-2, the founding member of the anti-apoptotic B-cell
lymphoma family, prevents mitochondrial outer membrane
permeabilization and caspase cascade activation, thereby
blocking apoptosis through multiple mechanisms [20]. In
normal thymic development, Bcl-2 expression is tightly
regulated: DP thymocytes undergoing negative selection
show low Bcl-2 expression, allowing apoptosis of
autoreactive cells, while positively selected SP thymocytes
and Tregs in the medulla express higher levels facilitating
their survival [21].

The predominant medullary localization of Bcl-2 in this
CMV-infected thymus raises important questions about how
CMV affects thymic medullary development. CMV's known
ability to upregulate Bcl-2 in infected cells suggests viral
manipulation of medullary lymphocyte survival, potentially
allowing survival of autoreactive or improperly selected
thymocytes that would normally undergo apoptosis.

The preferential expression in marginal zones of the
spleen is notable, as this compartment contains activated B
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and T lymphocytes engaged in early immune responses.
CMV-induced upregulation of Bcl-2 in marginal zone
lymphocytes would promote survival of these activated
cells, facilitating antibody production and cellular immune
responses.

However, persistent Bcl-2 upregulation in the context of
impaired p53 function could also prevent appropriate
apoptosis of autoreactive or dysfunctional lymphoid cells,
potentially contributing to abnormal splenic immune
responses. The balance between protective anti-apoptotic
signaling (facilitating anti-viral responses) and potential
immune dysregulation (allowing autoreactive cell survival)
represents a fundamental conflict during congenital CMV
infection.

This weak p53 expression is consistent with CMV-
mediated suppression of p53 functions through direct
binding and transactivation inhibition by the viral [E2
protein, and potentially through other mechanisms [1, 22].

p53 normally functions as a critical regulator of selection
processes in the thymus: in response to excessive TCR
signaling or DNA damage signals, p53 triggers expression
of pro-apoptotic Bcl-2 family members (Bax, PUMA, NOXA)
and death receptors (Fas, TNF receptor), promoting
apoptosis of improperly selected thymocytes [23]. The weak
p53 expression observed in this case suggests impaired
apoptosis signaling for eliminating autoreactive thymocytes,
potentially contributing to abnormal T-cell repertoire
generation.

Notably, CMV-mediated p53 suppression represents a
fundamental molecular adaptation for persistent viral
infection: p53-dependent apoptosis normally serves as an
innate antiviral defense mechanism, inducing death of
infected cells before productive viral replication completes.
By suppressing p53, CMV promotes survival of infected
cells and maximizes viral progeny production.

The combination of elevated Bcl-2 and reduced p53
activity creates a permissive intracellular environment
markedly biased toward cell survival over apoptosis - a
state beneficial for CMV replication but potentially harmful
for normal thymic immune education processes.

The elevated Ki-67 expression in the cortex, particularly
in subcapsular regions, suggests active proliferation of
developing thymocytes despite architectural distortion. This
is consistent with thymic hyperplasia (increased overall cell
numbers and organ size) rather than thymic involution. The
subcapsular zone normally contains cortical thymic
epithelial cells and early CD4+CD8 - thymocyte precursors
that have recently entered the thymus and are beginning
TCR gene rearrangement and initial proliferation [24].

Elevated proliferation in this zone could reflect either:
(1) normal developmental processes occurring despite
concurrent infection, (2) compensatory proliferation
attempting to replenish lymphocyte numbers lost to
infection-induced apoptosis, or (3) CMV-driven proliferation
of infected cells and recruited immune cells. CMV
modulates cell cycle progression in infected cells to
maximize availability of cellular DNA replication machinery,
potentially affecting proliferation of infected thymic epithelial
cells or resident myeloid cells within the thymus.

A central pathobiological consequence of CMV infection
during thymic development is impairment of the critical
thymic selection processes - positive and negative selection

- that educate T lymphocytes and establish self-tolerance.
CMV-induced disruption of thymic architecture, impaired
p53-dependent apoptosis signaling for negative selection,
and reduced capacity for generating regulatory T cells
collectively impair thymic "learning."

PALS represent crucial sites of T-lymphocyte activation
and proliferation in response to blood-borne antigens. The
pronounced Ki-67 expression indicates active proliferation
of splenic T lymphocytes, likely representing CMV-specific
T cell responses attempting to control viral replication.

The enhanced proliferation in PALS regions is
consistent with splenic CD8+ T cell expansion observed in
congenital CMV infection, though these expanded T cells
characteristically show reduced effector function due to T
cell exhaustion mechanisms (PD-1+ expression, reduced
IFN-y and TNF-a production). The splenic CD8+ T cell
response to CMV represents one of the few sites of robust
adaptive immunity generation during congenital infection,
likely aided by presentation of viral antigens by splenic
dendritic cells and collaboration with maternal antibodies.

The profound effects of CMV on thymic and splenic
development described in this case suggest significant
disruption of adaptive immune system development.

Conclusion

This case of CMV infection during pregnancy with
documented morphological changes in the fetal thymus and
spleen illustrates the profound impact of this ubiquitous
virus on developing immune organs. The enlarged thymus
with preserved lymphocyte numbers but abnormal cortex-
medulla ratio, combined with elevated anti-apoptotic Bcl-2
expression and reduced p53 function, suggests viral
manipulation of thymic selection processes and impaired
apoptosis signaling crucial for generating T-lymphocytes.

Similarly, the marked splenic white pulp hyperplasia
with activation of marginal zone structures and pronounced
Ki-67 expression in periarteriolar lymphoid tissue indicates
vigorous splenic immune activation, yet compromised by
architectural disorganization and likely functional exhaustion
of CMV-specific lymphocytes.

At the molecular level, CMV-mediated modulation of
BCL-2 family proteins (upregulated anti-apoptotic Bcl-2,
downregulated pro-apoptotic functions) and suppression of
p53 create a fundamentally altered cellular environment
biased toward survival of infected cells and potentially
dysregulated immune cells. This survival advantage for
infected cells and impaired apoptosis of autoreactive or
exhausted lymphocytes may explain the characteristic long-
term sequelae of congenital CMV infection, particularly the
persistent  immunological ~ dysfunction  underlying
susceptibility to secondary infections and late-appearing
complications.
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