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OXFORD

ORIGINAL ARTICLE

Neuropathologic Findings in Elderly HIV-Positive Individuals

Shino D. Magaki ®, MD, PhD, Harry V. Vinters, MD, Christopher K. Williams,
Sergey Mareninov, BS, Negar Khanlou, MD, Jonathan Said, MD, Natasha Nemanim, MA,
Jessica Gonzalez, BS, Jose G. Morales, BS, Elyse J. Singer, MD, and William H. Yong, MD!

Abstract

The elderly HIV-positive population is growing due to the wide-
spread use of combination antiretroviral therapy (cART), but the
effects of longstanding HIV infection on brain aging are unknown.
A significant proportion of HIV-positive individuals develop HIV-
associated neurocognitive disorder (HAND) even on cART, but the
pathogenesis of HAND is unknown. Although neuroinflammation is
postulated to play an important role in aging and neurodegenerative
diseases such as Alzheimer disease (AD), it is unclear whether HIV
accelerates aging or increases the risk for AD. We examined the
brains of 9 elderly HIV-positive subjects on cART without co-
infection by hepatitis C virus compared to 7 elderly HIV-negative
subjects. Microglial and astrocyte activation and AD pathologic
change in association with systemic comorbidities and neurocogni-
tive assessment were evaluated. There was no difference in micro-
glial or astrocyte activation between our HIV-positive and HIV-
negative cohorts. One HIV-positive subject and 2 HIV-negative sub-
jects demonstrated significant amyloid deposition, predominantly in
the form of diffuse senile plaques, but these individuals were cogni-
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tively normal. Neurofibrillary tangles were sparse in the HIV-
positive cohort. There was a high prevalence of cardiovascular
comorbidities in all subjects. These findings suggest that multiple
factors likely contribute to aging and cognitive impairment in el-
derly HIV-positive individuals on cART.

Key Words: Aging, Alzheimer disease, Cognitive impairment, Hu-
man immunodeficiency virus, Neurodegeneration.

INTRODUCTION

Life expectancy has approached population norms in
individuals living with HIV due to the success of combination
antiretroviral therapy (cART), or highly active antiretroviral
therapy (HAART), with individuals over 55 years of age be-
coming the fastest-growing group in the HIV-infected adult
population in the United States (1-3). However, this results in
additional comorbidities associated with aging. HIV-positive
individuals have an increased risk for aging-related comorbid-
ities such as cardiovascular disease, metabolic disorders, neo-
plasms, and cognitive impairment (4, 5). HIV-associated
neurocognitive disorders (HAND) comprise a spectrum of
cognitive dysfunction associated with HIV infection, ranging
from asymptomatic neurocognitive impairment and mild neu-
rocognitive disorder to HIV-associated dementia (HAD),
which affects approximately 30%-50% of treated HIV-
positive individuals (1, 6). The incidence of the most severe
manifestation, HAD, which had been attributed to severe HIV
infection, or HIV encephalitis (HIVE), has decreased with the
advent of cART (7). However, there is an increasing preva-
lence of the milder forms of HAND, the pathogenesis and neu-
ropathologic substrates of which are unclear (4). Although
evidence suggests that HIV-positive subjects have a premature
aging phenotype in brain tissue and peripheral blood based on
DNA methylation analysis (3, 8), it is unknown whether HIV
infection confers an increased risk for and/or exerts synergistic
effects with other neurodegenerative diseases such as Alz-
heimer disease (AD) (9). This population also frequently has
multiple comorbidities such as co-infection with hepatitis C
virus (HCV) and substance abuse that may exacerbate age-
related neurodegeneration and contribute to cognitive impair-
ment (5).
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The need to characterize brain aging in individuals with
HIV and differentiate HAND from other neurodegenerative
diseases of aging is an emerging health problem. Even in vi-
rally suppressed patients, HIV DNA persists in microglia and
macrophages in the brain and is thought to cause a chronic in-
flammatory state contributing to neuronal damage and dys-
function (10, 11). Neuroinflammation in the form of activated
microglia and astrocytes and elevated cytokines plays a signif-
icant role in aging and AD (3). While there have been reports
of elevated PET tracer retention using [18F] florbetaben and
[18F] FDDNP in subjects with HIV (1, 5), 2 series from the
US and Australia did not detect elevated ''C-PiB levels (indic-
ative of amyloid deposition) in HIV-positive subjects with or
without cognitive impairment (12, 13). These studies did not
have confirmatory autopsy follow-up, however. A few au-
topsy studies of subjects in both the pre- and post-cART era
have suggested accelerated amyloid (14, 15), and tau deposi-
tion (16) in HIV-positive individuals. One recent study dem-
onstrated neuropathologically confirmed AD changes in 2
individuals, one of whom was demented and the other who
was cognitively intact, suggesting multiple factors likely un-
derlying cognitive impairment in HIV-positive individuals
7).

To help shed light on brain aging in HIV infection, we
characterized vascular and other comorbidities through clini-
cal assessment and autopsy examination in elderly HIV-
positive individuals on cART without HCV co-infection. We
further examined astrocytic and microglial activation and AD
neuropathologic change, including senile plaques and neurofi-
brillary tangles (NFTs), in the brains of elderly HIV-positive
subjects compared to elderly HIV-negative individuals.

MATERIALS AND METHODS

Study Cohort Demographics and Autopsy
Tissue

All autopsy brain tissue was obtained from subjects en-
rolled in the National NeuroAIDS Tissue Consortium
(NNTC), which includes 4 clinical sites across the United
States, funded by the National Institute of Mental Health
(NIMH) and National Institute of Neurological Disorders and
Stroke (NINDS). The centers clinically follow HIV-infected
individuals to autopsy and maintain well-characterized central
nervous system (CNS) and non-CNS tissue and fluid from
HIV-positive and HIV-negative individuals, many of whom
have undergone extensive neurocognitive and laboratory test-
ing (18). Clinical, neuropsychiatric, laboratory, and pathologic
datasets are standardized across all sites.

For our HIV-positive and HIV-negative cohorts, inclu-
sion criteria were age 58 years or older and without hepatitis B
(HBV) or HCV infection. Approximately 10%-30% of all
HIV-positive patients and up to 90% of those with a history of
injection drug use have co-infection with HBV or HCV (19).
HCV infection itself is associated with neurocognitive impair-
ment and may have additive effects on cognition in HIV-
positive patients even with low HIV viral loads (20-22). The
duration of HIV infection was obtained from the first date of
HIV-seropositive diagnosis and date of death. The clinical
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comorbidities assessed included: hypertension, diabetes melli-
tus, hyperlipidemia, viral hepatitis (all cases with viral hepati-
tis excluded in our study), end-stage liver disease, chronic
renal disease, cardiac disease, chronic obstructive pulmonary
disease (COPD), non-acquired immunodeficiency syndrome
(AIDS) defining cancer, lipodystrophy, and tobacco smoking.
Standardized protocols were used to evaluate for neurocogni-
tive impairment and neuropsychiatric disease according to
established criteria (18, 23, 24). Subjects underwent neurocog-
nitive assessment performed according to the American Acad-
emy of Neurology (AAN) criteria for HIV-associated
neurocognitive disorders (25, 26). Neurologic examination
was performed by board-certified neurologists which included
administration of the Mini-Mental Status Exam (MMSE) and
HIV Dementia Scale (HDS). Neuropsychological testing was
performed by a trained neuropsychometry technician under
the supervision of a board-certified neuropsychologist. From
each subject, blood was collected and evaluated for plasma vi-
ral load, CD4 count, and HCV and syphilis serology. In some
subjects, cerebrospinal fluid (CSF) was obtained and CSF vi-
ral load measured. At autopsy, the brain and spinal cord, and
(in the majority of cases), tissue from other sites including
heart, lung, kidney, liver, and gastrointestinal tract, was col-
lected and subsequently divided for freezing and formalin fix-
ation. Microscopic examination of formalin-fixed paraffin-
embedded (FFPE) tissue was performed by board-certified
pathologists according to the NNTC standard protocol (18).
The brain was examined macroscopically and microscopically
and assessed using uniform neuropathologic datasets. This in-
cluded evaluation for vascular disease such as the presence or
absence of atherosclerosis (severe or not severe), arterioloscle-
rosis and cerebral amyloid angiopathy, hypoxic/ischemic
change/lesions, hemorrhage, white matter changes, Alzheimer
type 2 astrocytes, active or chronic infection and inflamma-
tion, and neoplasms. Non-CNS datasets included atherosclero-
sis, myocardial infarct, acute and chronic pulmonary disease,
pulmonary thromboembolism, glomerulopathy, nephropathy,
and liver steatosis/steatohepatitis, among other findings (18).
HIV-related CNS pathology was evaluated according to crite-
ria initially proposed by Budka et al (27). MRI data were not
available for these subjects.

As we looked for subtle changes, we limited tissue to
the NNTC as all sites follow a standardized protocol for clini-
cal assessment of the subjects as well as tissue collection,
processing, and evaluation. Thus, the cases are a convenience
sample restricted by the availability of tissue from this well
characterized cohort. Subjects with any active infectious or in-
flammatory process seen on routine neuropathologic evalua-
tion were excluded to prevent confounding by HIVE and
opportunistic infections. Further inclusion criteria were a post-
mortem interval of less than 48 hours and, for the HIV-
positive cohort, that subjects were on active cART (defined as
cART therapy within approximately 12 months of death (28)),
which resulted in 10 HIV-positive subjects and 8 HIV-
negative subjects that met all inclusion and exclusion criteria
in this study. Extensive FFPE tissue preservation artifact pre-
cluded accurate evaluation of one subject in each cohort, limit-
ing the tissues available for assessment to 9 HIV-positive and
7 HIV-negative subjects. The investigation was conducted in
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accordance with the guidelines of the institutional review
board at the respective sites.

Neuropathologic Examination and Image
Analysis

FFPE tissue from the frontal and temporal cortices sec-
tioned at 6 um in thickness were obtained from the following
NNTC member sites: National Neurological AIDS Bank
(NNAB) at University of California, Los Angeles, CA; Texas
NeuroAIDS Research Center (TNRC) at University of Texas
Medical Branch, Galveston, TX; and California NeuroAIDS
Tissue Network (CNTN) at University of California, San Di-
ego. Immunohistochemistry was performed with antibodies to
B-amyloid 1-42 (1:1000, EMD Millipore [Burlington, MA],
rabbit polyclonal, AB5078P) for amyloid plaques, phospho-
tau (1:1000, ThermoFisher [Waltham, MA], mouse monoclo-
nal, ATS8) for NFTs and neuropil threads, glial fibrillary acid
protein (GFAP) (1:100, BioCare [Pacheco, CA], rabbit poly-
clonal) for astrocytes, and ionized calcium-binding adaptor
molecule (Iba-1) (1:100, EMD Millipore, mouse monoclonal,
Clone 20A12.1) for microglia. Sections were incubated with
the primary antibody followed by either horse anti-mouse or
horse anti-rabbit secondary antibody conjugated to horserad-
ish peroxidase (MP7402 and MP7401; Vector Laboratories,
Burlingame, CA). Antibody reactivity was visualized with
N’N diaminobenzidine as chromogen (no. SK-4100; Vector
Laboratories) and counterstained with hematoxylin. Speci-
mens from both HIV-positive and HIV-negative subjects were
processed side by side under the same conditions. Slides were
then scanned and digitized using the ScanScope image scanner
(Aperio Technologies, Vista, CA).

Microglia and astrocytes were evaluated by both posi-
tive pixel counting and manual cell count. Iba-1 is a pan-
microglial immunohistochemical marker known to label all
microglia independent of activation state and is useful in the
evaluation of microglial morphology into non-activated and
activated subtypes (29, 30). GFAP is an intermediate filament
protein that in the CNS is expressed exclusively, though not
by all, astrocytes and shows higher expression in white matter
compared to gray matter (31, 32). GFAP is a sensitive immu-
nohistochemical marker for reactive astrocytes, with GFAP
expression being essential for the process of reactive astroglio-
sis although not necessary for normal astrocyte function (33).
The percentage of immunoreactivity for Iba-1 and GFAP were
semi-quantitatively analyzed using the positive pixel count al-
gorithm in the ImageScope program with the following
parameters: hue value of 0.1, hue width of 0.175, and color
saturation threshold of 0.19. The positivity (percentage of pos-
itive pixels) was calculated from the number of positive pixels
divided by the total number of pixels (positive and negative)
and multiplied by 100. Parameters were kept constant across
groups for each antibody. Microglia were counted according
to the method by Mao et al (34) except they were counted
within an area between 0.5 and 1 mm? in 5 random areas each
from the gray matter and white matter and density of microglia
calculated per mm?. Microglia were subtyped into ramified
and activated, with amoeboid microglia incorporated into acti-
vated microglia as they were rare; the percentages of activated

microglia were then calculated in each area (29). GFAP-
positive astrocytes were counted in a manner similar to micro-
glia and similarly grouped into normal and abnormal based on
morphologic features on GFAP staining as previously de-
scribed (35, 36). Only microglia and astrocytes with nuclei in
the plane of section were counted (35).

Sections were also examined for amyloid (senile) pla-
ques and NFTs, characteristic neuropathologic features of AD.
The degree of amyloid deposition as senile plaques was scored
as none, sparse, moderate, and abundant. Neuritic plaques, a
subset of senile plaques associated with dystrophic neurites
which are more strongly associated with AD, were separately
scored as none = 0, sparse = 1, moderate = 2, and frequent =3
according to the Consortium to Establish a Registry for Alz-
heimer’s Disease (CERAD) criteria (37) in the NIA-AA
guidelines for the neuropathologic assessment of Alzheimer
disease (38). NFTs were counted according to the method of
Jeynes and Provias (39) in which 10 contiguous fields, encom-
passing the full cortical thickness, were examined to assess the
density of NFTs per field, except at 200x magnification in-
stead of 250x. APOE genotype was determined in all HIV-
positive and HIV-negative subjects.

Statistical Analysis

The Shapiro-Wilk test was used to assess for normality
of the data. The unequal variances t-test was used for data
with a normal distribution and nonparametric Mann-Whitney
U test for non-normally distributed values to determine differ-
ences between groups. A p value <0.05 was considered statis-
tically significant.

RESULTS
Study Cohort

Demographic characteristics and medically significant
comorbid conditions of HIV-positive and HIV-negative sub-
jects are shown in Table 1. There were 9 HIV-positive subjects
(mean age=063.2*+4.5 [SD] years, range =60-73) and 7
HIV-negative  subjects (mean age=71.3 % 7.9years,
range = 62—-85). The mean age of the HIV-positive cohort was
approximately 8 years younger than the HIV-negative cohort
(p=0.008). Although clinical comorbidity information was
incomplete, 4 subjects had one or more cardio- or cerebrovas-
cular comorbidities (including hypertension, hyperlipidemia,
and stroke), one subject had chronic kidney disease, and one
subject had a history of malignancy (non-Hodgkin lymphoma)
in our HIV-positive cohort. Of the 2 subjects (P4 and P6) with
clinical history of stroke, both of whom also had cognitive im-
pairment, subject P4 additionally had a history of hyperten-
sion, hyperlipidemia, COPD, and tobacco smoking. Subject
P6 also had a history of hypertension, hyperlipidemia, and to-
bacco smoking. In the HIV-negative cohort, 6 subjects had
one or more cardio- or cerebrovascular comorbidities (includ-
ing hypertension, hyperlipidemia, and diabetes mellitus) and 4
subjects had a history of malignancy (squamous cell carci-
noma, basal cell carcinoma, and metastatic prostate carci-
noma). Subject N7 with clinical history of stroke also had
hypertension and hyperlipidemia.
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TABLE 1. Subject Demographics, Clinical Diagnoses, and
Non-CNS Pathologic Comorbidities

HIV-positive

HIV-negative

(n=9) n=7)
Demographics
Age at death, years (mean = SD) 63.2+45 71.3+79
Male/female 9/0 52
Caucasian/African American 6/3 7/0
Clinical comorbidities
Hypertension 3 3
Diabetes mellitus 0 1
Hyperlipidemia 3 2
Cardiac disease 1 3
Chronic obstructive pulmonary disease 2 1
End-stage liver disease 0 0
Chronic renal disease 1 0
Cancer* 1 4
Cerebrovascular disease 2 1
Lipodystrophy 1 Not applicable
Tobacco smoking 4 2
Non-CNS pathologic comorbidities
Systemic atherosclerosis 6 7
Coronary artery disease 4 4
Myocardial infarct 0 2
Pneumonia 5 3
Diffuse alveolar damage 1 0
Chronic lung disease 2 2
Steatosis/steatohepatitis 3 4
Chronic renal disease 5 4
Malignancy 3 1

Non-AIDS defining for HIV-positive cohort.

There was no significant difference in the years of edu-
cation between HIV-positive (mean number of
years = 14.4 = 3.2 [SD] years, range=9 to 18) and HIV-
negative subjects (mean number of years =17.0 = 2.2 years,
range = 13 to 20) although there was a trend toward a greater
number of years of education in the HIV-negative cohort
(p=0.08) (Table 2). In the HIV-positive cohort, 3 subjects
were cognitively normal while one subject was diagnosed
with neuropsychological impairment that did not meet the cri-
teria for a syndromic disorder. Four subjects were diagnosed
with neuropsychological impairment or dementia due to other
causes and included one subject (P6) whose neurocognitive
impairment was thought to be due to Toxoplasma encephalitis
that was not, however, confirmed on neuropathologic exami-
nation. One subject was diagnosed with probable minor cogni-
tive motor disorder. The majority (6 of 10 subjects) had
possible to definite HIV-associated distal symmetrical poly-
neuropathy. In one subject the neuropathy was thought to be
due to combined HIV effect and nucleoside therapy. All HIV-
negative subjects were neurocognitively normal.

In the HIV-positive cohort, the mean duration of HIV
infection was 11 years and ranged from 5 to 24 years (Table 2).
Four subjects likely contracted HIV through male-to-male sex
and 2 through an unknown route. CD4 T-cell counts obtained
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approximately within 6 months of death except for subject P9,
for whom the last CD4 T-cell count was obtained slightly over
3years prior to death, were low and ranged from 61 to
497 cells/mm®. All subjects except 2 met criteria for advanced
HIV infection according to the WHO definition (40) during
their disease course with a sin§1e measurement or nadir CD4
T-cell count of <200 cells/mm" with 2 subjects having a nadir
of <50 cells/mm®. The subject (P2) with a nadir of 30 cells/
mm® concurrently had an undetectable plasma viral load but
had undergone chemoradiation for diffuse large B-cell lym-
phoma 1-2 months prior to the measurement. The other sub-
ject (P8) had a concurrent plasma viral load of 141433 copies/
mL 9 months prior to death although the CD4 T-cell count re-
covered to 289 cells/mm® 4 months prior to death, at which
time point viral load was undetectable. In 4 subjects, plasma
viral loads were consistently below the limit of detection
which differed based on when the measurement was taken due
to different assays utilized at the time (<20 to 400 copies/
mL). CSF viral loads were available in 5 subjects with unde-
tectable CSF viral loads in all except subject PS5, who had a
CSF viral load of >14 000 copies/mL at death even though he
had an undetectable plasma viral load 4 months prior.

Pathologic Findings

Non-CNS pathologic findings included malignancies
such as metastatic adenosquamous carcinoma originating
from the gastroesophageal junction, lung carcinoma, and dif-
fuse large B-cell lymphoma in 3 HIV-positive subjects (Ta-
ble 1). The majority demonstrated some degree of systemic
and/or coronary artery atherosclerosis, confirming clinical as-
sessment, with 3 subjects showing severe coronary artery dis-
ease. Five subjects had pneumonia, many with severe
infection, with subject P1 demonstrating infection by Asper-
gillus species with necrosis and abscess formation, subject P8
showing necrotizing and hemorrhagic bacterial infection, and
subject P9 both bacterial and Cryptococcal pneumonia. Sub-
ject P9 also had end-stage renal disease on autopsy examina-
tion as well as severe coronary artery disease and biventricular
cardiac hypertrophy. Among the HIV-negative cohort, 3 sub-
jects had pneumonia, 4 subjects had coronary artery disease
ranging from mild to severe, and 1 patient demonstrated pros-
tatic adenocarcinoma metastatic to the lungs and liver and
acute myeloid leukemia.

Neuropathologic Findings

There were no significant findings on gross examination
except in one subject (P9) who demonstrated arteriolosclerosis
and severe atherosclerosis although there were no ischemic
changes in the brain parenchyma on microscopic examination
(Table 3). On the other hand, 2 subjects showed focal infarct/
ischemic change but no significant arteriolosclerosis or athero-
sclerosis; subject P4 with clinical history of stroke demon-
strated no infarcts or vascular changes. Despite the elevated
CSF viral load at death, subject P5 showed no significant
changes on neuropathologic examination. Subject P6, who
had a clinical history of stroke and was suspected to have
Toxoplasma encephalitis (which was not confirmed on patho-
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logic examination) showed focal superficial cortical necrosis,
microhemorrhage, and white matter pallor and gliosis. As he
did not show significant atherosclerosis or arteriolosclerosis,
the pathologic changes may have been sequelae of prior infec-
tion. In the HIV-negative cohort, subject N4 showed arteriolo-
sclerosis and focal old microinfarcts in the basal ganglia and
cerebellum, and subject N5 showed focal laminar necrosis in
the occipital cortex. Subject N6 demonstrated acute microhe-
morrhage and leukemic cells within the vasculature but no
brain parenchymal involvement. No other neoplasms were
identified in any of the subjects. The one subject with clinical
history of stroke (N7) did not show infarcts on neuropatho-
logic examination. Most of the HIV-positive and HIV-
negative subjects did not show significant atherosclerosis or
arteriolosclerosis, perhaps because of their relatively younger
age compared to many dementia cohorts.

On immunohistochemistry, there was a spectrum of
microglial morphology including ramified/resting microglia
with small bodies and thin long processes (Fig. 1D), activated
microglia with enlarged cell bodies and bushy processes, and
rarely, amoeboid microglia with enlarged cell bodies lacking
processes, consistent with what has been described previously
(41). No difference in Iba-1 immunoreactivity by positive
pixel analysis, density of microglia or the percentage of acti-
vated microglia was seen between HIV-positive and HIV-
negative subjects in the gray and white matter of the frontal
and temporal lobes (Fig. 1). No microglial nodules or multi-
nucleated giant cells were seen. Normal appearing astrocytes
demonstrate a small body and long processes (Fig. 2D) while
reactive, abnormal appearing astrocytes have an enlarged cell
body and shortened processes or lack processes, changes
which can be seen in aging and post-stroke patients (35). Most
subjects showed predominantly normal appearing astrocytes
although a few subjects showed many astrocytes with enlarged
soma and short thickened processes despite no other findings
in the section. There was also no significant difference in
GFAP immunoreactivity, astrocyte density, or percentage of
activated astrocytes between the groups (Fig. 2).

Four HIV-positive subjects demonstrated amyloid pla-
ques either in the frontal or temporal cortex or both with 3
showing only sparse diffuse plaques (Table 4). One subject
(P9) demonstrated abundant senile plaques in both temporal
and frontal cortices, predominantly of the diffuse type with
sparse neuritic plaques only in the temporal lobe but was cog-
nitively normal. Two subjects each in the HIV-positive and
HIV-negative cohorts were APOE €3/e4 heterozygote, one of
whom had abundant plaques and the other sparse plaques in
both cohorts. The remainder of the HIV-positive subjects were
homozygous for €3, 2 of whom showed sparse plaques and the
remainder an absence of plaques. One HIV-negative subject
was an APOE €2/e4 heterozygote with no plaques. The re-
mainder were homozygous for €3, one of whom showed abun-
dant plaques in the frontal cortex. HIV-positive subjects had
absent to rare NFTs in the temporal lobe and no NFTs seen in
the frontal cortex although the 2 subjects with the most, albeit
sparse, NFTs (P8 and P9) demonstrated rare neuropil threads
in the frontal cortex. Despite all HIV-negative subjects having
normal cognition, 2 HIV-negative subjects had rare to scat-
tered NFTs in the frontal cortex and abundant amyloid plaques
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TABLE 3. Neuropathologic Findings

Case Vascular Disease

Ischemia Hemorrhage

HIV positive

Pl —

P2 —

P3 -

P4 -

P5 -

P6 -

P7 —

P8 —

P9 + (arteriolosclerosis, severe
atherosclerosis)

HIV negative

N1 —

N2 —

N3 —

N4 + (arteriolosclerosis)

N5 -

N6 -

N7 u

+ (superficial cortical necrosis) + (microhemorrhage)
+ (focal infarct) -
+ (focal infarct, ischemic change) —

+ (microinfarcts) —
+ (focal laminar necrosis) —
- + (microhemorrhage)

+, present; —, absent; u, unknown.

with a moderate density of neuritic plaques in the frontal cor-
tex, exemplifying the often poor correlation between senile
plaques and cognitive impairment (42). Two HIV-negative
subjects (N4 and N5) demonstrated a mild to moderate density
of NFTs in the hippocampus and entorhinal cortex extending
to the temporal cortex but with no amyloid deposition in the
frontal or temporal cortices, suggestive of primary age-related
tauopathy (PART), a neuropathologic finding commonly ob-
served in elderly individuals with varying clinical manifesta-
tions ranging from no neuropsychologic abnormalities to
severe cognitive impairment (43).

DISCUSSION

Currently half of the individuals living with HIV are
over 50 years of age and there is a need to characterize aging
in this cohort (3). Imaging studies have demonstrated prema-
ture brain aging in HIV-positive subjects (44, 45). Resting ce-
rebral blood flow and functional brain demands as assessed by
arterial spin labeling and functional MRI, respectively, are de-
creased in HIV-positive individuals compared to HIV-
negative subjects (46, 47). Volume deficits have also been
seen in several regions including frontal, temporal, and parie-
tal cortices and thalamus in HIV-infection, with these changes
likely conferring increased risk for cognitive impairment and
dementia (45, 47). Even in the post-cART era up to half of
individuals with HIV have HAND even though milder forms
of the disease predominate (7). Cardiovascular disease, drug
use and HCV infection, all common comorbidities in individu-
als with HIV, are also risk factors for cognitive impairment
(44). Furthermore, certain antiretroviral drugs have been asso-
ciated with neurotoxicity as well as dyslipidemia and insulin
resistance (4). In this study, the majority of HIV-positive sub-
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jects and all HIV-negative subjects had cardiovascular comor-
bidities such as coronary artery disease and arteriolosclerosis.
In both the HIV-positive and HIV-negative cohort, pneumonia
was common at autopsy. Despite all HIV-positive subjects be-
ing on cART, several individuals showed severe pneumonia
with fungal and bacterial organisms detected on histologic ex-
amination, consistent with underlying immune dysregulation.
Before cART, the majority of HIV-positive individuals
progressed to AIDS with 20%-30% at autopsy showing HIVE,
which was thought to be the neuropathologic substrate of de-
mentia in many of these patients even though neurologic
symptoms were also commonly caused by opportunistic infec-
tions (5, 48). HIVE is characterized by microgliosis with
microglial nodules, frequent multinucleated giant cells, astro-
gliosis, neuronal and myelin loss, and high viral burden (7,
48). Since the advent of cART, many patients with dementia
do not demonstrate HIVE whereas decedents with HIVE are
often not demented (9, 48, 49). Different pathogenic mecha-
nisms may underlie neurocognitive impairment in the post-
cART era. Indeed, more cortical involvement, rather than the
subcortical involvement in the pre-cART era, is observed clin-
ically (5, 6). Patterns of cognitive impairment in the post-
cART era show more resemblance to neurodegenerative disor-
ders common in the general population (5, 6). Possible con-
tributing factors include effects of longstanding HIV
infection, side effects of therapy, accelerated aging, and/or in-
creased risk for neurodegenerative diseases such as AD (5, 7).
Characterizing the neuropathologic findings in elderly HIV-
positive individuals on cART may help elucidate the patho-
physiology of cognitive impairment in these subjects (50). Re-
cently it has been demonstrated that production of amyloid
beta (AP), which comprises one of the pathologic hallmarks of
AD, amyloid plaques, is increased in HIV infection and that
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FIGURE 1. Box and whisker plots demonstrating immunoreactivity for Iba-1 (A), density of Iba-1-positive microglia (B), and
percentage of activated Iba-1-positive microglia (€) in the frontal lobe (HIV-positive, n=8; HIV-negative, n=6) and temporal
lobe (HIV-positive, n =9; HIV-negative, n =5) (E-G) of elderly HIV-positive and HIV-negative subjects. (D) Representative images
from the frontal lobe white matter showing morphology of resting/ramified microglia in the upper panel and activated microglia
with hypertrophy and decreased branching in the lower panel on Iba-1 immunohistochemistry (200x). GM, gray matter; WM,
white matter.
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FIGURE 2. Box and whisker plots demonstrating immunoreactivity for GFAP (A), density of GFAP-positive astrocytes (B), and
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(200x). GM, gray matter; WM, white matter.

571



Magaki et al

J Neuropathol Exp Neurol ® Volume 81, Number 7, July 2022

TABLE 4. Senile Plaques and Neurofibrillary Tangles

Senile Plaques (Neuritic)

Neurofibrillary Tangles*

Case APOE Genotype Temporal Frontal Temporal Frontal
HIV positive

P1 E3/E3 None None 0 0
P2 E3/E3 None Sparse (0) 0.1 0
P3 E3/E4 Sparse (0) None 0.1 0
P4 E3/E3 None None 0.2 0
P5 E3/E3 None n/a 0 n/a
P6 E3/E3 None None 0 0
P7 E3/E3 None None 0 0
P8 E3/E3 Sparse (0) Sparse (0) 0.2 0
P9 E3/E4 Abundant (1) Abundant (0) 0.8 0
HIV negative

N1 E3/E4 None Sparse (0) 0.1 0
N2 E2/E4 None None 0.1 0.1
N3 E3/E3 None None 0 0
N4 E3/E3 None None 1.6 0
N5 E3/E3 None None 33 0
N6 E3/E3 n/a Abundant (2) n/a 0.5
N7 E3/E4 Abundant (2) Abundant (2) 0.3 1.6

Density of neurofibrillary tangles per 200x field.
n/a, not available.

AP peptide has antiviral properties (51). It is unclear, however,
whether HIV is a risk factor for AD or can occur synergisti-
cally with AD to cause dementia (50, 51).

HIV enters the CNS during the initial stage of systemic
infection, likely through infected monocytes that migrate
across the blood-brain barrier (BBB) to replenish perivascular
macrophages (46, 52, 53). This causes inflammation of the
leptomeninges and vasculitis, leading to disruption of the
BBB as well as parenchymal inflammation and neuronal and
glial dysfunction, the longstanding effects of which are un-
known (46, 52, 53). Chronic inflammation is thought to play
an important role in aging and neurodegenerative disease, and
persistent neuroinflammation from low HIV loads may exac-
erbate aging changes (3). Using highly sensitive in situ hybrid-
ization techniques, Ko et al (10) demonstrated that HIV DNA
can be demonstrated in the brains of all virally suppressed
HIV-positive individuals in microglia/macrophages, espe-
cially perivascular macrophages. This suggests that even with
cART, HIV persists in the brain in macrophages/microglia
which serve as reservoirs and cause chronic inflammation and
neuronal dysfunction (10, 11). In patients on cART these
downstream effects rather than viral load are more strongly as-
sociated with cognitive dysfunction (6). HAND is seen even
in individuals with undetectable plasma viral loads (10). Gel-
man et al (28) have shown that patients with both HAND and
HIVE have higher HIV RNA and DNA levels than patients
without HAND but patients with HAND without HIVE have
no difference in brain viral load compared to patients without
HAND. Radiologic studies using PET with [11C]DPA-713 to
image the translocator protein, a marker of microglial activa-
tion, in HIV-positive individuals have shown that microglial
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activation in the frontal, temporal, and occipital cortices as
assessed by higher [11C]DPA-713 binding was inversely asso-
ciated with cognitive performance (54). All of our HIV-
positive subjects were on cART and for the 5 subjects in
whom CSF viral loads were available, only one subject (P5)
had a detectable viral load. However, many of the subjects had
longstanding HIV infection, at minimum 5 years and up to
24 years, and all subjects except 2 had a CD4 T-cell count that
would have met criteria for advanced HIV infection at some
point during their disease course. There is increasing evidence
that early viral infection with decreased CD4 counts cause re-
sidual cognitive impairment even when CD4 counts increase
and viral load is subsequently suppressed (45).

Sensitive in situ studies of human postmortem brains
have detected HIV-1 DNA, and in a minority of cases viral
RNA, exclusively in microglia/macrophages and not astro-
cytes, but productive infection has also been detected in astro-
cytes at least in vitro (5, 10, 55). Infected microglia release
viral proteins and cytokines such as tumor necrosis factor with
neurotoxic effects (53). Cytokines further activate macro-
phages and microglia as well as astrocytes (53). Astrocytes are
key regulators of brain homeostasis and crucial in the mainte-
nance of the BBB (53). The astrogliosis characteristic of
HIVE can be seen even in virally suppressed individuals (5),
and Solomon et al (7) reported a trend toward a greater propor-
tion of subjects with gliosis as assessed by GFAP in HIV-
positive subjects with and without varying degrees of cogni-
tive impairment compared to HIV-negative subjects. Reactive
astrogliosis is also associated with aging and AD (53), with an
increase in GFAP expression the most frequent change in
astrocytes with age, especially after 65 years (56). This in-
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crease is not due to a greater number of GFAP-positive astro-
cytes but an increase in the expression of GFAP per cell sug-
gesting that a greater portion of astrocytes are transformed
into reactive astrocytes with age, especially in the white matter
(32). Although the role of astrocytes in AD is unclear, GFAP
levels are increased in AD patients, especially in the temporal
lobe (57), and GFAP-positive astrocytes have been seen in
proximity to amyloid plaques (7, 58).

In our cohort, we did not see a difference in the density
or proportion of activated microglia or GFAP-positive astro-
cytes demonstrating reactive change in the frontal and tempo-
ral cortices between elderly HIV-positive and HIV-negative
subjects. The difference between this study and prior studies
may be due to the exclusion of individuals with HIVE and
HCV co-infection, as we aimed to exclude as many confound-
ing parameters as possible and this necessitated the constraint
of a small sample size. One of the difficulties in studying the
HIV population is the high prevalence of multiple comorbid-
ities (13). Moreover, examination of elderly HIV-positive
individuals further limited our cohort size. Another limitation
is the older age of the HIV-negative group; all cases were
obtained from the same consortium to ensure consistency in
tissue processing and evaluation. The previously seen micro-
glial activation in HIV-positive subjects with severe dementia
have included subjects both with and without HIVE (59). Both
GFAP- and Iba-1 immunoreactivity were found to be elevated
in elderly HIVE patients in comparison to young HIVE
patients as well as to age-matched HIV-positive individuals
without HIVE, with an increase in the number of microglia
and extended microglial processes in HIVE (60). Increased
immunostaining for macrophage/microglial markers has also
been seen in HIV-positive subjects without encephalitis but it
is unclear whether their number and/or activation is altered
(61, 62). Furthermore, a significant proportion of the HIV-
positive cohort has HCV co-infection (19), and several groups
have demonstrated that co-infection decreases cognitive func-
tion in HIV-positive patients likely through exacerbation of
glial activation and neuronal death (20-22, 63); one study
failed to show that HCV was contributory in the absence of
significant HCV-related liver disease (64). HCV infection has
been associated with neuroinflammation and increased white
matter abnormalities in the setting of HIV coinfection (22,
65). In autopsy studies, HCV has been shown to infect micro-
glia as well as astrocytes, although to a lesser extent, with evi-
dence of microglial activation (66, 67). Although HCV is not
known to cause AD changes, neuropathologic studies of indi-
viduals with HCV are sparse. Furthermore, recent studies have
raised the possibility of a role for infections, especially viral,
in AD (68-70).

There are conflicting data on amyloid deposits in HIV-
positive subjects. One of the earlier studies found a greater
prevalence of amyloid plaques, mostly sparse and of the dif-
fuse type, in AIDS patients, including in younger cohorts even
in their 30s. Rempel et al (14, 71) demonstrated increased
numbers of diffuse but not neuritic plaques in HIV-positive
subjects including individuals with HAD, suggesting an accel-
eration and increase in amyloid pathology. However, Gelman
and Schuenke (72) showed increased ubiquitin stained struc-
tures in AIDS subjects but no difference in amyloid plaque

counts compared to HIV-negative individuals. Several studies
have detected intraneuronal staining with the 4G8 antibody to
AP with absent to only occasional plaques (11, 15, 16, 73).
Soontornniyomkij et al (74) also found mostly diffuse plaques
in HIV-positive subjects, and that among APOE &4 carriers,
amyloid plaques were associated with HAND. Studies on the
association between APOE status and HAND have also dem-
onstrated conflicting results with some showing no association
with cognitive impairment or imaging abnormalities while
others showing an association with both, which may partly be
due to the differences in age and severity of disease of the
cohorts examined (75-82). Interestingly, Green et al (83)
showed increased amyloid deposition in HIV-positive subjects
in the post-HAART compared to the pre-HAART era. In one
study, only sparse amyloid deposits were seen in HIV-positive
subjects but elevated levels of phosphorylated tau (p-tau) were
observed in the hippocampus compared to HIV-negative sub-
jects that only reached statistical significance in HIV-positive
patients on antiretroviral therapy (16).

Few studies have examined tau in HI'V-infected individ-
uals. Decreased CSF AB42 with increased total tau and p-tau
have been seen in subjects with AIDS dementia complex, with
levels similar to those seen in patients with AD (84). Patrick et
al (85) showed increased p-tau on immunoblotting in the fron-
tal cortex of HIV-positive subjects with HIVE compared to
HIV-positive subjects without HIVE. Both increased tau and
amyloid deposition have been detected in the brains of HIV-
positive injecting drug users compared to HIV-negative sub-
jects (11). Thus, there may be complex interactions between
the severity of HIV infection, cART use, and other risk factors
affecting amyloid and tau pathology in these individuals.

Turner et al (1) reported the first HIV-infected patient
with a positive amyloid PET scan using [18F] florbetaben,
raising awareness that other neurodegenerative diseases such
as AD should be a consideration in cognitively impaired
patients with HIV. A few cognitively impaired HIV-positive
patients have also been shown to have increased [18F]
FDDNP binding on PET imaging in the cortex compared to
controls, but not to the levels usually seen in AD (5). A series
reporting ''C-PiB PET imaging in 10 subjects with virally
suppressed HAND did not detect a significant difference as a
group compared to cognitively intact older subjects, but indi-
vidual patients with HIV showed abnormally increased or de-
creased amyloid burden (13). The only autopsy study
demonstrating AD neuropathologic change in 2 HIV-positive
patients showed that moderate to severe AD neuropathologic
changes can be seen in both cognitively intact and severely
impaired individuals with HIV (17).

In our cohort, one HIV-positive subject demonstrated
abundant diffuse plaques in both temporal and frontal cortices
with sparse neuritic plaques only in the temporal lobe but was
cognitively normal. Three HIV-positive subjects had only
sparse diffuse plaques and the remainder were devoid of amy-
loid plaques. Two HIV-negative subjects showed both diffuse
and neuritic plaques but were also cognitively normal. NFTs
were sparse in HIV-positive subjects. Six of 9 HIV-positive
subjects had some degree of neuropsychological impairment
that was not associated with amyloid plaques or NFTs. Cogni-
tive impairment in these elderly HIV-infected individuals may
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be multifactorial in etiology. HIV-positive subjects with nor-
mal cognition and no significant neuropathologic change have
downregulation of neuronal type genes involved in synaptic
plasticity (9), and decreased synaptic density and dendritic
complexity have been correlated with decreasing cognitive
function in the frontal cortex in HIV infection (86, 87).

In summary, this study examined the neuropathology of
elderly HIV-positive individuals to shed light on aging in the
context of controlled but longstanding HIV infection, which is
becoming increasingly common since cART. The pathophysi-
ology of cognitive impairment in HIV-positive individuals is
likely complex and distinct from that in the pre-cART era, in
which HIVE was frequently observed in patients with cognitive
dysfunction, such that neuropathologic manifestations may not
be readily apparent using standard histochemical and immuno-
histochemical tools. Although beyond the scope of this study,
in-depth studies at the functional level may help elucidate the
pathogenesis of HAND. Brain gene expression analysis has
demonstrated that there is increased expression of genes in-
volved in the immune response and downregulation of genes in-
volved in neuronal pathways in cognitively impaired subjects
with HIVE, but upregulation of transcripts expressed by vascu-
lar cells in cognitively impaired subjects without HIVE. This
suggests at least 2 different pathways to cognitive impairment
in HIV-infected subjects (9). It can be hypothesized that HIV
infection disrupts the BBB and causes neuroinflammation, the
latter but not the former ameliorated with cART, leading to neu-
ronal and glial dysfunction, and future studies characterizing
the neurovascular unit in HIV-positive subjects may be war-
ranted (9). Multiple insults acting synergistically with decreased
cognitive reserve may result in accelerated aging and cognitive
impairment in individuals living with HIV (5).
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