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KoaroueBble ciioBa: MoJoCTphIil CKIEPO3UPYIOMIMK NMaHAHIE(haIUT, BUPYC KOPH, HEBPOJOTrHYecKhe 3a0bosieBaHwMs,
MMMYHH3AIMs, JeTCKask HelpoaereHeparys.

Subacute Sclerosing Panencephalitis (SSPE) is a progressive, fatal neurodegenerative disease caused by persis-
tent infection with a mutated measles virus. This literature review examines the historical, clinical, epidemiological,
and immunological aspects of SSPE, emphasizing the role of early diagnosis and vaccination. Despite advancements
in antiviral and immunomodulatory therapies, effective treatment remains elusive, highlighting the need for ongoing
research and public health measures. The review underscores the critical importance of sustained measles immuniza-
tion programs to prevent the resurgence of SSPE in vulnerable populations.

BOLALARDA O‘TKIR OSTI SKLEROZLANUVCHI PANENSEFALIT
Sh. X. Saidazizova, F. U. Inomov
Tibbiyot xodimlarining kasbiy malakasini rivojlantirish markazi, Toshkent, O'zbekiston

O‘tkir osti sklerozlovchi panensefalit (O‘SSP) - mutatsiyaga uchragan qizamiq virusi bilan doimiy infeksiya
tufayli kelib chigadigan progressiv, o‘limga olib boruvchi neyrodegenerativ kasallik hisoblanadi. Ushbu adabiyotlar
sharhida O‘SSPning tarixiy, klinik, epidemiologik va immunologik jihatlari o ‘rganilgan bo‘lib, erta tashxis qo‘yish va
emlashning ahamiyati alohida ta’kidlangan. Virusga qarshi va immunomodulyator terapiya sohasidagi yutuqlarga
garamay, samarali davolash usullari hanuzgacha topilmagan, bu esa uzluksiz tadqiqotlar va jamoat salomatligi cho-
ralarini o‘tkazish zarurligini ko‘rsatadi. Sharh aholining zaif qatlamlarida O‘SSPning qayta paydo bo‘lishining oldini
olish uchun gizamiqqa qarshi barqaror emlash dasturlarining hal qiluvchi ahamiyatga ega ekanligini ta’kidlaydi.

MOJOCTPBII CKJIEPO3UPYIONINA MAHIHIE®AJIUAT Y TETEN
1. X. Canpgasuzosa, ®. Y. Unomos

LlenTp pa3BuTHst MpoPecCHOHATIBHOM KBATN(HUKALUMHE MEIUIIMHCKIX pabOTHUKOB, TamkeHT, ¥Y30ekucTan

omoctpsrit ckneposupyromuii marmsuedamut (IICIID) - 3To mporpeccupyromiee, cMepTeIbHOE HEHpoIereHe-
paTuBHOE 3a00JIeBaHNE, BEI3BAaHHOE TIepCUCTHpYIoNIel HH(EKIMEeH MyTHPOBABIINM BHPYCOM KopH. B nmanHOM 0630pe
JUTEpaTyphl PaCCMaTPUBAIOTCS UCTOPUYECKUE, KIMHUYECKHE, SMUAEMUOIOTMUECKIE U UIMMYHOJIOTUYECKUE aCIEeKThI
IICII3, mogyepKkuBacTCs poJib paHHEH MTUATHOCTHKH M BakiuHauud. HecMOTpst Ha JTOCTHXKEHHUS B 00J1aCTH MPOTHBO-
BUPYCHOW U MMMYHOMOYJIHMPYIOIEH Tepanuu, YpPEeKTHBHOE JIeUEHHE OCTACTCSl HEIOCTHKHMBIM, UYTO YKa3bIBaeT Ha
HE00XOIUMOCTE MPOIOIDKEHIS UCCIEIOBAaHUH U IPUHATHS Mep TI0 OXpaHe 00IeCTBEHHOTO 310poBksi. O630p momadep-
KHUBAeT KPUTHUUYECKYIO BXXHOCTh YCTOHYMBBIX HNPOrpaMM WMMYHH3AIMU MPOTHB KOPH IJIs IPEJOTBPAICHUST BO300-
HosieHus [ICIID cpenu ya3BUMBIX IPYII HACEICHUS.

Introduction. Understanding the significance of Subacute Sclerosing Panencephalitis
(SSPE) in children, alongside a clearly defined research objective and systematic methodology for
literature selection, is crucial for a comprehensive review of the disease. SSPE is a rare, progres-
sive neurodegenerative disorder caused by a persistent measles virus infection, predominantly af-
fecting children and young adults [1-3]. The disease is characterized by a complex interplay of
viral persistence and host immune response, with genetic factors such as single-nucleotide poly-
morphisms influencing susceptibility and progression [1,4]. Despite the availability of effective
measles vaccines, SSPE remains a concern due to vaccine hesitancy and disruptions in vaccination
programs, which have led to increased incidence in certain regions [2,5]. The clinical presentation
of SSPE includes cognitive decline, myoclonic seizures, and other neurological symptoms, with
diagnosis often confirmed through elevated measles antibody titers in cerebrospinal fluid and char-
acteristic EEG patterns [3,6,7]. The disease is particularly prevalent in areas with low vaccination
coverage and among children who contracted measles at a young age [8]. A systematic approach
to literature selection allows for a thorough understanding of SSPE's epidemiology, pathogenesis,
and clinical management, highlighting the importance of vaccination as the primary preventive
measure [5,7,8]. Furthermore, research into the immunogenetics of SSPE and the role of viral mu-
tations provides insights into potential therapeutic targets, although current treatment options re-
main largely supportive [4,7]. By integrating these diverse aspects, a comprehensive review can
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inform public health strategies and guide future research efforts to mitigate the impact of SSPE in
children.

Historical overview. The discovery and initial clinical descriptions of Subacute Sclerosing
Panencephalitis (SSPE) have significantly shaped our understanding of this rare, fatal complica-
tion of measles. SSPE is characterized by a progressive neurological decline, typically manifesting
years after measles infection, with symptoms such as cognitive deterioration, myoclonic seizures,
and eventual progression to a vegetative state [7,9]. The disease is caused by a persistent, defective
measles virus, with a higher risk in children infected before the age of five [9,10]. Epidemiologi-
cally, SSPE incidence is closely tied to measles prevalence, with higher rates in regions with low
vaccination coverage [7,11]. Historical data show that before widespread measles vaccination,
SSPE was more common, but the introduction of the measles vaccine in the 1970s led to a dra-
matic decline in SSPE cases in high-income countries [12,13]. Despite initial concerns, extensive
epidemiological and virological studies have confirmed that the measles vaccine does not cause
SSPE, but rather, it prevents it by reducing measles infections [12]. In regions with poor vaccina-
tion coverage, such as parts of India and Papua New Guinea, SSPE remains a significant health
issue, with incidence rates as high as 21 to 100 cases per million [9,10]. The pathophysiology of
SSPE involves a defective immune response that allows the virus to persist in the brain, leading to
chronic inflammation and neuronal damage [7,14]. Current management strategies focus on sup-
portive care and seizure control, as there is no definitive cure, although some treatments like inter-
feron and isoprinosine have shown limited benefits [14]. The global eradication of measles
through vaccination remains the most effective strategy to eliminate SSPE, underscoring the criti-
cal role of vaccination programs in controlling this devastating disease [13,15].

Etiology and Pathophysiology. Subacute sclerosing panencephalitis (SSPE) is a rare, fatal
neurodegenerative disease caused by the persistent infection of the central nervous system (CNS)
by a mutant form of the measles virus (MeV). This condition typically manifests several years af-
ter an initial measles infection, particularly in children who contracted the virus before the age of
two, as their immature immune systems are less capable of eradicating the virus completely[2,9].
The measles virus responsible for SSPE is characterized by specific mutations, particularly in the
M, F, and H genes, which impair the virus's ability to produce infectious particles and facilitate its
persistence in the brain [7,16]. These mutations confer hyperfusogenic properties to the virus, al-
lowing it to spread transneuronally despite the absence of the typical receptors required for viral
entry into neurons [7]. The immune response in SSPE is paradoxical; despite high levels of neu-
tralizing antibodies in the serum and cerebrospinal fluid (CSF), the virus is not eradicated, suggest-
ing a defect in cell-mediated immunity [10,17]. The presence of high measles IgG titers in the
CSF, without detectable viral RNA, further supports the notion of an immune-mediated pathogen-
esis rather than active viral replication [17]. Clinically, SSPE progresses through stages, beginning
with cognitive decline and myoclonus, advancing to severe neurological impairment and ultimate-
ly a vegetative state [18]. The inflammatory response in the brain, driven by the persistent viral
presence, leads to extensive tissue damage and demyelination, as evidenced by neuroimaging and
EEG findings [7]. Despite various therapeutic attempts, including antiviral and immunomodulato-
ry treatments, the prognosis remains poor, with vaccination being the most effective preventive
measure against SSPE [9,10].

Epidemiology. Subacute sclerosing panencephalitis (SSPE) is a rare, progressive neurologi-
cal disorder caused by a persistent measles virus infection, predominantly affecting children and
adolescents. The global prevalence of SSPE is closely linked to measles incidence, with higher
rates observed in regions with low vaccination coverage, such as developing countries like India
[3,8,19]. The incidence of SSPE has declined significantly in high-income countries due to wide-
spread measles vaccination, but recent trends indicate a resurgence in some areas, possibly due to
reduced vaccination rates exacerbated by the COVID-19 pandemic [5,7]. SSPE typically manifests
in children aged 4 to 20 years, with a peak incidence between 7 and 10 years [20]. The risk is nota-
bly higher in children who contract measles before the age of 5, particularly under 2 years, and in
those with compromised immune systems, such as those exposed to HIV [8,20]. Gender also plays
a role, with boys being more frequently affected than girls, at a ratio of approximately 3:1 [3,20].
Genetic predispositions, including specific single-nucleotide polymorphisms, may influence sus-
ceptibility and disease progression, although the exact mechanisms remain unclear [1]. Despite
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vaccination, some cases of SSPE have been reported, suggesting that early measles infection be-
fore vaccination can still lead to the disease [21,22]. The clinical presentation of SSPE includes
cognitive decline, myoclonic seizures, and progressive neurological deterioration, often leading to
a vegetative state [3,7]. Preventive strategies focus on enhancing measles vaccination coverage,
which remains the most effective measure to reduce SSPE incidence globally[5,19].

Clinical manifestations in children. Subacute sclerosing panencephalitis (SSPE) is a pro-
gressive neurological disorder primarily affecting children and young adolescents, caused by a
persistent infection of a mutated measles virus. The initial symptoms of SSPE often include subtle
behavioral and intellectual deterioration, which can be easily overlooked or misdiagnosed. These
early symptoms are typically followed by myoclonic jerks, seizures, and motor regression, with
cognitive decline being a common feature across cases [3,23,24]. The disease progresses through
several stages, with most children being diagnosed in stage II, characterized by more pronounced
neurological symptoms such as myoclonic seizures and cognitive decline. As the disease advances,
patients may experience vision loss, gait abnormalities, and eventually enter a vegetative state
[3,7,25]. The clinical presentation of SSPE can vary significantly with age. In younger children,
the disease may manifest rapidly, leading to severe neurological deterioration within months, as
seen in cases of early onset SSPE[26]. In contrast, older children and adolescents may experience
a more gradual progression, with a longer latency period between measles infection and the onset
of SSPE symptoms [27,28]. Despite the variability in clinical presentation, common diagnostic
features include elevated measles antibody titers in cerebrospinal fluid and characteristic EEG
findings, such as periodic discharges [7,24]. The prognosis for SSPE remains poor, with most pa-
tients experiencing a progressive decline leading to death within a few years of diagnosis [6,28].
The disease is more prevalent in developing countries with lower measles vaccination rates, high-
lighting the importance of universal vaccination as a preventive measure [7,29].

Diagnostic methods. The diagnosis of Subacute Sclerosing Panencephalitis (SSPE) involves
a multifaceted approach that integrates clinical assessment, laboratory and immunological mark-
ers, imaging techniques, EEG findings, and cerebrospinal fluid (CSF) analysis. Clinically, SSPE is
characterized by progressive neurological symptoms such as behavioral changes, myoclonus, cog-
nitive decline, and motor deterioration, which are categorized into four stages, from behavioral
changes to a vegetative state [6,30]. Laboratory and immunological markers play a crucial role,
with elevated anti-measles antibody titers in both serum and CSF being a hallmark of SSPE. The
CSF also shows increased IgG levels and IgG index, which are critical for confirming the diagno-
sis [30-32]. Imaging techniques, particularly MRI, reveal abnormalities such as subcortical and
periventricular white matter changes, cerebral atrophy, and basal ganglia involvement, which cor-
relate with disease severity and progression [33,34]. Although MRI findings are diverse and may
not always correlate with EEG or clinical features, they are essential for understanding the dis-
ease's progression [34]. EEG findings are distinctive, showing periodic high-voltage slow wave
bursts, which are particularly characteristic in the early stages of the disease [30,35]. CSF analysis,
besides confirming elevated measles antibodies, helps differentiate SSPE from other neurological
disorders by examining protein electrophoretic patterns [32]. In cases where CSF studies are in-
conclusive, a brain biopsy may be necessary to detect inclusion bodies and measles virus antigens
[36]. Overall, the integration of these diagnostic tools is vital for accurately diagnosing SSPE,
guiding treatment, and understanding the disease's pathophysiology [6,36].

Immunological and paraclinical characteristics. Immunological abnormalities and im-
mune responses play a critical role in influencing the prognosis of subacute sclerosing panenceph-
alitis (SSPE), a progressive neurodegenerative disorder caused by a persistent measles virus infec-
tion. The pathogenesis of SSPE involves a complex interplay between viral persistence and host
immune response, where immune dysregulation is a significant factor. Studies have shown that
immune dysregulation, characterized by elevated levels of lymphocytes, B-cells, T-cells, and im-
munoglobulins such as IgG, IgM, and IgE, is prevalent in SSPE patients [37,38]. This dysregula-
tion may lead to immune evasion by the virus and the initiation of autoimmune phenomena, con-
tributing to the disease's progression [37]. The prognosis of SSPE is generally poor, with most pa-
tients experiencing rapid neurological decline despite treatment interventions such as intravenous
immunoglobulins and antiviral therapies [39,40]. The immune response's role is further highlight-
ed by the observation that genetically determined immune dysfunction can prevent effective cell-
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mediated clearance of the measles virus, leading to a fulminant course of the disease [39]. Addi-
tionally, the presence of elevated anti-measles antibodies in the cerebrospinal fluid is a diagnostic
marker for SSPE, indicating an ongoing immune response against the virus [35]. Despite these in-
sights, effective treatments remain elusive, and the prognosis is often dismal, with most patients
progressing to severe disability or death [40,41]. The correlation between immune parameters and
clinical outcomes suggests that targeted immunomodulatory therapies could potentially improve
prognosis, although further research is needed to validate these approaches [38]. Overall, the im-
mune system's response to the persistent measles virus infection is a crucial determinant of SSPE's
clinical course and outcome, underscoring the need for continued research into immunological in-
terventions.

Treatment approaches. The management of Subacute Sclerosing Panencephalitis (SSPE), a
progressive and often fatal neurological disorder caused by persistent measles virus infection, in-
volves a combination of antiviral therapies, supportive care, and experimental approaches, each
with varying degrees of effectiveness. Antiviral therapies such as ribavirin and interferon-alpha
have shown promise in some cases. Ribavirin, particularly when administered intraventricularly,
has been reported to achieve concentrations in the cerebrospinal fluid that inhibit SSPE virus repli-
cation, leading to clinical improvements in some patients [42—44]. Interferon-alpha, often used in
combination with ribavirin, has demonstrated potential in slowing disease progression and improv-
ing neurological symptoms, especially when administered early in the disease course [43,45,46].
However, these treatments are not curative, and their efficacy can vary significantly among pa-
tients [47,48]. Supportive care remains crucial, focusing on managing symptoms and improving
quality of life, as SSPE often leads to severe neurological decline [6,49]. Emerging treatments and
experimental approaches, such as the use of inosiplex, have also been explored, but none have yet
proven to be definitive solutions [47,49]. The prognosis for SSPE remains poor, with most patients
experiencing a progressive decline leading to death within a few years of onset, although some
cases have shown prolonged survival with intensive treatment [45,46]. The variability in treatment
response underscores the need for further research to develop more effective therapies and to es-
tablish standardized treatment protocols [19,42].

Prevention strategies. Measles vaccination plays a crucial role in preventing subacute scle-
rosing panencephalitis (SSPE), a rare but fatal neurological complication of measles infection.
Successful measles immunization programs have been shown to protect against SSPE, as the mea-
sles vaccine does not cause or accelerate SSPE, nor does it trigger the condition in individuals with
a benign persistent wild measles infection [12]. Herd immunity is essential in controlling measles
outbreaks and preventing SSPE, as it requires a population immunity level higher than 95% to ef-
fectively stop virus transmission [50,51]. Herd immunity not only protects vaccinated individuals
but also provides indirect protection to those who cannot be vaccinated, such as infants and im-
munocompromised individuals [52,53]. However, achieving and maintaining herd immunity faces
several barriers, including vaccine hesitancy fueled by misinformation and skepticism, which have
led to declining vaccination rates in some regions [50,51]. Additionally, logistical challenges such
as inadequate vaccination coverage, especially in developing countries with high birth rates, fur-
ther complicate efforts to maintain herd immunity [54,55]. Mass vaccination campaigns, particu-
larly those triggered by serosurveys or outbreaks, can help mitigate these challenges by targeting
susceptible populations and preventing large-scale epidemics [56]. Effective communication strat-
egies, including digital platforms, are vital to overcoming vaccine hesitancy and ensuring high
vaccination coverage, thereby supporting the elimination of measles and SSPE [50]. Overall, while
measles vaccination is a powerful tool in preventing SSPE and achieving herd immunity, address-
ing barriers such as misinformation and logistical challenges is critical for the success of vaccina-
tion campaigns.

Prognosis and outcomes in children. Subacute sclerosing panencephalitis (SSPE) is a rare,
progressive, and fatal neurodegenerative disease resulting from a persistent measles virus infec-
tion, primarily affecting children and young adults. The survival rates for SSPE are generally poor,
with many patients experiencing rapid neurological decline and death within a few years of diag-
nosis. In a study of 32 pediatric patients, 15.6% died, and 37.5% were bedridden, indicating severe
disease progression and poor prognosis [3]. The disease often presents with myoclonic seizures,
cognitive decline, and behavioral changes, with electroencephalogram (EEG) abnormalities being
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a key diagnostic feature [23,57]. Quality of life (QoL) for children with SSPE and their families is
significantly impacted due to the chronic and debilitating nature of the disease. The neurocognitive
and psychosocial challenges associated with SSPE lead to a compromised QoL, similar to other
neurocognitive developmental disorders. Families often face emotional and financial burdens, ex-
acerbated by the need for long-term care and the progressive nature of the disease [58]. Long-term
neurological complications of SSPE include persistent cognitive and motor deficits, which are
compounded by the lack of effective curative treatments. Current therapeutic approaches, such as
interferon alpha, inosine pranobex, and ribavirin, aim to prolong life and improve QoL, but they
do not halt disease progression [49]. The disease's impact is more pronounced in developing coun-
tries where measles vaccination rates are lower, leading to higher SSPE incidence [23,57]. Overall,
SSPE remains a devastating condition with significant implications for affected children and their
families, underscoring the importance of measles vaccination and early diagnosis to mitigate its
impact [59].

Challenges and future perspectives. Subacute sclerosing panencephalitis (SSPE) remains a
poorly understood and challenging condition, with significant gaps in the understanding of its eti-
ology, treatment, and prevention. The exact pathogenesis of SSPE is not fully elucidated, although
it is known to result from a persistent infection with a mutated measles virus in the central nervous
system. This mutation affects the viral genome, particularly the matrix gene, leading to a chronic
infection that the immune system fails to clear effectively [1,60]. The disease predominantly af-
fects children who contracted measles at a young age, especially under five years, and is more
prevalent in regions with low vaccination rates [8,14]. Despite various therapeutic attempts, in-
cluding the use of interferon-alpha and antiviral agents like ribavirin and isoprinosine, no curative
treatment exists. These therapies have shown only limited success in stabilizing or modestly im-
proving the condition, and their efficacy is often hampered by the invasive nature of administra-
tion and high costs, particularly in resource-limited settings [48,61,62]. The phenomenon of spon-
taneous remission in a small percentage of patients further complicates the assessment of treatment
efficacy [61,63]. Prevention through vaccination remains the most effective strategy, yet recent
declines in vaccination rates, exacerbated by the COVID-19 pandemic, have led to an increase in
SSPE cases [5,64]. Future research should focus on understanding the immunogenetic factors that
contribute to SSPE susceptibility and progression, developing more accessible and effective thera-
peutic regimens, and enhancing global vaccination efforts to prevent measles infections that could
lead to SSPE [1,8,14]. Additionally, there is a need for improved diagnostic tools to facilitate early
detection and intervention, potentially altering the disease course [60,62].

Conclusion. The comprehensive analysis of SSPE highlights its devastating impact on af-
fected children and adolescents. The persistent challenges in treatment, combined with the resur-
gence of SSPE due to reduced vaccination coverage, underscore the need for reinforced immuniza-
tion campaigns and innovative therapeutic strategies. Future research must focus on unraveling the
immune mechanisms behind SSPE and developing targeted treatment options. Addressing vaccine
hesitancy and ensuring global vaccine equity are pivotal in the fight against this fatal disease.
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