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Central nervous system (CNS) involvement in HIV infection is
one of the most serious and commonly encountered
neurological complications in HIV-positive individuals. The
human immunodeficiency virus can penetrate nervous system
cells at the early stages of infection, leading to a wide range of
clinical manifestations—from mild cognitive impairment to
severe dementia, as well as opportunistic infections and
malignancies. The most common CNS-related conditions
associated with HIV include HIV-associated neurocognitive
(HAND), toxoplasmosis, cryptococcal
meningitis, and progressive multifocal leukoencephalopathy.
Early diagnosis and timely initiation of antiretroviral therapy
(ART) play a crucial role in the prevention and management of
these conditions. This paper discusses the main clinical forms,
mechanisms of CNS involvement, diagnostic methods, and
current treatment strategies for neurological complications of
HIV infection.

disorders cerebral

MOPAYKEHUE LHIEHTPAJIbHOW HEPBHOM CUCTEMBEI ITPU

BUY-UHPEKIIUN

TapxueB borup MupxalmimMoBUY

Kyiagomos Axme:xoH lllamcyaanHOBUY
Kadespa nHdeKIMOHHBIX 60Jie3HeH, IeTCKUX MHOEKIIMOHHBIX 60JiIe3HeH,

dTU3NATPUU U NYJIBMOHOJIOTUH

TalKeHTCKHUM roCylapCTBEHHBIN MEUIIUHCKUHA YHUBEPCUTET
https://doi.org/10.5281/zenodo.15674101

ARTICLE INFO

ABSTRACT

Received: 08th June 2025

Accepted: 15t June 2025

Online: 16t June 2025
KEYWORDS

BHY-uHpekyus,
YeHmpa/abHasi  HepeHas
cucmema,

HespoJlo2uyecKue
OC/IOJNCHEHUS, BHUY-

accoyuuposaHHas

Volume 5 Issue 6, June 2025

IlopasxceHue yeHmpaavHoi HepsHou cucmemol (LIHC) npu
BHY-ungekyuu seas.emcss 00HUM U3 HauboJee cepbe3HbiX U
yacmo 8cmpevaruwuxcsi Hespo/02U4ecKUX OCAONCHEHUU Y
BHY-uHnpuyupoeaHHbix  auy. Bupyc ummyHnodepuyuma
Ye/108eKa MoxHem NPOHUKAMb 8 KJAemKU Hep8HOU cucmembl Ha
PAHHUX cmadusix UHE@eKyuu, ymo npugodum K WUPOKOMY
chekmpy  K/AUHUYECKUX nposigAeHuli — om  Je2Kux
KOZHUMUBHbIX HapyweHull do msxcenoll demeHYyuu, a makice
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HellpoKOZ2HUMUBHAS HHC, cesazauuble ¢ BUY, ekawuarwom BHY-accoyuuposaHHble
ducgyHkyus (pyka), HelipokozHumusHwle paccmpoticmea (HAND), yepebpasbHbiil
yepebpaibHblil MoKCcon/aasmos3, KpUnMmoKOKK08bll MeHUH2um u
MoOKCcon/aasmos3, npoapeccupyrouyro MYAbMUPOKANLHYIO
KpUnmoKoKKo8blll JAelikoaHyegasonamuio. PaHHss duazHocmuka u
MeHUHaum, ceoespeMeHHOe Ha4a/10 aHmupempogupycHoli mepanuu (APT)
npozpeccupyrowas uezparm pewarnuwyo poas 8 npoduiakmuke U Je4eHUU 3mux
MyabmugokanbHas cocmosiHull. B daHnHoll cmambve o6cyxcdaromcsi 0CHOBHble
JAelikosHyegasonamus, KAUHU4YecKue ¢hopmwl, mexaHudmbvl nopaxcerus LJHC, memoowl
aHMupempo8upycHas duazHoCmuKku U  COBpeMeHHble cmpameauu  JeyeHusl
mepanus, Hespo.102uYecKux ocaoxcHeHutl BU9-uHgekyuu.
onnopmyHucmu4eckue

UH@peKkyuu,

Helipogocna.ieHue.
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OlV infektsiyasi, markaziy

asab tizimi, nevrologik

qayta boshlash. OIV infektsiyasida markaziy asab tizimining
(MNS) shikastlanishi OIV bilan kasallangan odamlarda eng
jiddiy va keng tarqalgan nevrologik asoratlardan biridir.
Odamning immunitet tangqisligi virusi infektsiyaning dastlabki
bosqichida asab tizimining hujayralariga kirib, engil kognitiv
buzilishdan og'ir demansgacha, shuningdek, opportunistik

ZSOI:IG,HGE OIVk bll_a_n infektsiyalar va malign o'smalarga qadar keng klinik
d‘?g "1 ~ MeYroRognitly— o vinishlarga olib keladi. OIV bilan bog'liq bo'lgan markaziy
I{un lt51ya, ] miyd asab tizimining eng keng tarqalgan kasalliklariga OIV bilan
toksoplazmozi, bog'liq neyrokognitiv buzilish, miya toksoplazmozi, kriptokokk
kriptokokk meningit, . . . . .
) eifokal meningit va progressiv multifokal leykoensefalopatiya kiradi.
5) rol;q resstv ] n?u tifoka Erta tashxis qo'yish va antiretrovirus terapiyani (ART) o'z
& .oensef ? opatiyd, ] vaqtida boshlash ushbu holatlarning oldini olish va davolashda
antiretrovirus  terapiya, . . . , L
st muhim rol o'ynaydi. Ushbu maqolada markaziy asab tizimining
(_)p p 2rtflmlst1 shikastlanishining asosiy klinik shakllari, mexanizmlari,
infe tiqzya ar, diagnostika usullari va OIV infektsiyasining nevrologik
neyroinflamasyon. asoratlarini davolashning zamonaviy strategiyalari

muhokama qilinadi.

Introduction. Human Immunodeficiency Virus (HIV) infection continues to pose a
major global health challenge, affecting millions of individuals worldwide. Beyond its well-
documented effects on the immune system, HIV has profound implications for the central
nervous system (CNS), which often remain underdiagnosed and undertreated. The virus can
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invade the CNS early in the course of infection, sometimes within days to weeks after
exposure, leading to a range of neurological manifestations that can severely impair the
quality of life and functional capacity of affected individuals [1]. The CNS is a critical site of
HIV persistence, even in the presence of effective antiretroviral therapy (ART). HIV enters the
brain primarily via infected monocytes and lymphocytes, crossing the blood-brain barrier
through a "Trojan horse" mechanism. Once in the CNS, the virus can infect microglial cells,
astrocytes, and perivascular macrophages, leading to neuroinflammation and neuronal injury
[2]. This neuropathogenesis may result in a spectrum of neurological complications, including
opportunistic infections, HIV-associated neurocognitive disorders (HAND), HIV
encephalopathy, and cerebrovascular diseases [3]. The incidence of HIV-related CNS
complications has changed significantly in the era of combination antiretroviral therapy
(cART). While the introduction of cART has led to a notable decline in severe opportunistic
infections such as cryptococcal meningitis and toxoplasmosis, milder but chronic forms of
neurocognitive dysfunction, such as HAND, have become more prevalent [4]. HAND affects
nearly 30-50% of individuals living with HIV, even those with suppressed viral loads,
suggesting that neuroinflammation and viral reservoirs in the brain continue to drive
pathology despite systemic viral control [5]. Clinical presentations of CNS involvement in HIV
are highly variable and can range from subtle cognitive and behavioral changes to severe
motor deficits, seizures, and altered consciousness. Diagnostic evaluation typically includes
neuroimaging, cerebrospinal fluid (CSF) analysis, and neuropsychological testing, although
challenges remain in differentiating between primary HIV-related pathology and secondary
complications caused by co-infections or malignancies [6]. Timely identification and
management of CNS complications in HIV-infected individuals are vital. Delayed diagnosis
may result in irreversible neurological damage and increased morbidity and mortality.
Moreover, the choice of antiretroviral drugs with high CNS penetration effectiveness (CPE)
scores has been shown to influence treatment outcomes and may help reduce the risk of
neurocognitive decline [7]. Recent research has also focused on the potential role of
adjunctive therapies, including anti-inflammatory agents, neuroprotective strategies, and
cognitive rehabilitation techniques, in managing CNS complications in HIV. However, further
studies are needed to establish standardized protocols for screening, prevention, and
treatment [8]. This article aims to provide a comprehensive overview of central nervous
system involvement in HIV infection, discussing its pathophysiological mechanisms, clinical
features, diagnostic approaches, and management strategies. Understanding the neurological
aspects of HIV is essential for clinicians, researchers, and public health professionals involved
in the care of people living with HIV.

Literature Reviw. The relationship between HIV infection and central nervous system
(CNS) pathology has been a subject of extensive research since the early years of the
HIV/AIDS epidemic. Early studies in the pre-antiretroviral therapy (pre-ART) era described
severe and rapidly progressive neurological syndromes, including HIV-associated dementia
(HAD), opportunistic infections such as toxoplasmosis and cryptococcal meningitis, and
primary CNS lymphomas [9]. These conditions were often markers of late-stage disease and
were strongly associated with high mortality. With the advent of combination antiretroviral
therapy (cART) in the mid-1990s, the incidence of severe opportunistic neurological
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complications significantly decreased. However, this therapeutic advancement unveiled new
challenges, particularly the rise in milder, chronic neurocognitive impairments among HIV-
positive individuals [10]. These impairments were categorized under the term HIV-associated
neurocognitive disorders (HAND), encompassing a spectrum from asymptomatic
neurocognitive impairment (ANI) and mild neurocognitive disorder (MND) to HAD [3].
Several cohort studies, including the CHARTER (CNS HIV Antiretroviral Therapy Effects
Research) and MACS (Multicenter AIDS Cohort Study), have been instrumental in establishing
the prevalence and clinical features of HAND. Heaton et al. (2010) reported that despite viral
suppression, approximately 50% of HIV-positive individuals showed signs of neurocognitive
impairment, especially in domains such as attention, processing speed, memory, and
executive function [5]. This finding highlighted the need to look beyond viral load as the sole
marker of CNS health in HIV patients. Neuropathological studies revealed that chronic
immune activation and neuroinflammation are key drivers of neuronal damage in HIV
infection. Microglial activation, astrocytosis, and the release of neurotoxic cytokines, such as
TNF-a and IL-6, have been identified in post-mortem brains of HIV-positive individuals, even
those receiving effective ART [11]. Moreover, HIV Tat and gp120 proteins have been shown to
exert direct neurotoxic effects, exacerbating synaptic dysfunction and neuronal apoptosis
[12]. The concept of the central nervous system viral reservoir has further complicated the
management of HAND. While plasma HIV RNA levels may be undetectable, the virus can
persist in a latent or replicative form within CNS cells, protected by the blood-brain barrier.
This phenomenon, known as CSF viral escape, has been observed in a subset of patients,
where detectable viral RNA is found in cerebrospinal fluid (CSF) despite effective systemic
suppression [7], [13]. Pharmacokinetic studies have emphasized the importance of drug
penetration into the CNS. The CNS Penetration-Effectiveness (CPE) score, developed by
Letendre et al, has become a useful tool for selecting ART regimens with higher
neuroprotective potential [14]. Drugs like zidovudine, abacavir, and nevirapine have shown
better CNS penetration, while others such as tenofovir and atazanavir have relatively poor
CNS distribution [15]. Nevertheless, high CPE scores do not always correlate with better
neurocognitive outcomes, suggesting that factors beyond drug distribution, such as host
immunity, comorbidities, and aging, also play critical roles [16]. In recent years, the
intersection of aging and HIV has emerged as a significant research focus. As people with HIV
live longer due to improved treatment, they are increasingly facing age-related
neurodegenerative conditions, including Alzheimer's disease and Parkinsonism. Studies have
reported overlapping neuropathological features such as beta-amyloid deposition and tau
pathology in older HIV-infected individuals, raising concerns about compounded
neurodegeneration [17]. In terms of diagnostic tools, advances in neuroimaging and
biomarker research have enhanced the detection of CNS involvement in HIV. MRI with
diffusion tensor imaging (DTI), magnetic resonance spectroscopy (MRS), and positron
emission tomography (PET) have provided insights into white matter integrity and
neuroinflammation in vivo [18]. CSF biomarkers, including neurofilament light chain (NFL),
2-microglobulin, and neopterin, have shown promise in distinguishing between HAND and
other neurological disorders [19]. Efforts to develop adjunctive treatments for HAND have
yielded mixed results. Trials using memantine, selegiline, and minocycline have not
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demonstrated consistent neurocognitive improvement [20]. However, recent research into
anti-inflammatory agents, gut-brain axis modulation, and cognitive rehabilitation strategies is
ongoing and may offer novel therapeutic avenues [21]. Despite these advances, gaps remain in
understanding the long-term evolution of CNS complications in HIV-infected populations.
More research is needed to identify early biomarkers, personalize ART regimens for
neuroprotection, and develop targeted interventions to mitigate neurological decline in both
young and aging HIV populations.

Conclusion. Central nervous system (CNS) involvement in HIV infection remains a
significant clinical and public health concern, even in the era of effective combination
antiretroviral therapy (cART). While the incidence of severe opportunistic neurological
infections has declined markedly, chronic and often subtle neurocognitive impairments—
collectively known as HIV-associated neurocognitive disorders (HAND)—continue to affect a
substantial proportion of people living with HIV. These complications not only diminish
quality of life but also interfere with adherence to therapy, daily functioning, and long-term
health outcomes. The pathogenesis of CNS involvement in HIV is complex and multifactorial,
involving viral persistence in the brain, chronic immune activation, neuroinflammation, and
direct neuronal injury. Despite plasma viral suppression, HIV can establish latent reservoirs in
the CNS, creating challenges for both treatment and eradication efforts. Furthermore, aging,
comorbidities, and co-infections may exacerbate cognitive decline in this population,
necessitating a multidisciplinary and personalized approach to care. Timely diagnosis and
appropriate management of CNS complications require the integration of clinical assessment,
neuroimaging, cerebrospinal fluid (CSF) analysis, and neuropsychological testing. The use of
antiretroviral regimens with higher CNS penetration scores, alongside ongoing monitoring
and potential adjunctive therapies, is crucial in mitigating neurological damage. Emerging
diagnostic tools and biomarkers also offer promise for earlier detection and targeted
interventions. Continued research into the mechanisms of HIV neuropathogenesis, improved
neuroprotective strategies, and the development of effective adjunctive treatments will be
essential to address the unmet neurological needs of individuals living with HIV.
Understanding and addressing CNS involvement is a critical step toward comprehensive HIV
care and improving long-term outcomes for patients worldwide.
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