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Pre-clinical atherosclerosis is found at post-mortem, in the brains
of men with HIV
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Abstract

The aim of this study is to ascertain the burden of pre-clinical atherosclerotic changes in the brains of young adult males with
HIV and explore the impact of anti-retroviral therapy (ART). The study design is case-control, cross-sectional. Histological
sections from HIV-positive post-mortem brain samples, with no associated opportunistic infection, from the MRC Edinburgh
brain bank were evaluated. These were age and sex matched with HIV-negative controls. Immunohistochemical stains were
performed to evaluate characteristics of atherosclerosis. The pathological changes were graded blinded to the HIV status and a
second histopathologist reassessed 15%. Univariable models were used for statistical analyses; p < 0.05 was considered signifi-
cant. Nineteen HIV-positive post-mortem cases fulfilled our inclusion criteria. Nineteen HIV-negative controls were selected.
We assessed mostly small-medium-sized vessels. For inflammation (CD45), 7 (36%) of the HIV+ had moderate/severe changes
compared with none for the HIV— group (p < 0.001). Moderate/severe increase in smooth muscle remodeling (SMA) was found
in 8 (42%) HIV+ and 0 HIV— brains (p < 0.001). Moderate/severe lipoprotein deposition (LOX-1) was found in 3 (15%) and
0 HIV—brains (p <0.001). ART was associated with less inflammation [5 (63%) no ART versus 2 (18%) on ART (p = 0.028)]
but was not associated with reduced lipid deposition or smooth muscle damage. In HIV infection, there are pre-clinical small- to
medium-sized vessel atherosclerotic changes and ART may have limited impact on these changes. This could have implications
on the increasing burden of cerebrovascular disease in HIV populations and warrants further investigation.
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Introduction
In the era of anti-retroviral therapy (ART), the phenotype of

individuals infected with HIV has changed. The combined
effect of long-term ART, chronic HIV infection with virological
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(Sacktor et al. 2016; Gutierrez et al 2015). The mechanism is
unclear and likely multifactorial (Sico et al. 2015). However,
accelerated atherosclerotic disease is thought to underlie the
increasing burden of cerebrovascular disease, especially in
high-income countries (Benjamin et al. 2012). The effects of a
dysregulated immune system, endothelial dysfunction, deranged
metabolic disturbance and ART toxicity have all been postulated
to accelerate atherosclerosis (Deeks et al. 2013; Gutierrez et al.
2015; Benjamin et al. 2012). The association with low nadir
CD4 count and cerebrovascular disease also suggests that
early biological activities may predispose individuals to future
cerebrovascular events (Gutierrez et al. 2016; McArthur and
Smith 2013). Studies thus far have relied on soluble biomarkers
in the blood and correlated this to surrogate markers of
cardiovascular disease such as coronary arterial remodelling
(Miller et al. 2015) and carotid intimal media thickness (Hsue
et al. 2012). Only a handful of studies have looked at post-
mortem brain tissue to explore the mechanism of cerebrovascular
disease in HIV infection; two have specifically focused on large
vessel remodelling and inflammation in less advanced diseases
(Gutierrez et al. 2016, 2015) and one on crude small vessel
neuropathological changes in AIDS patients (Connor et al. 2000).
To date, no study has considered the specific components that
define atherosclerosis (inflammation, lipid deposition and smooth
muscle remodelling) in HIV populations and the impact of ART
on small- to medium-sized vessels. To bridge this gap, we looked
for pre-clinical atherosclerotic changes in HIV-infected post-
mortem brain in the early phase of HIV infection and the impact
ART has on these changes.

Methods

The study was carried out at the Centre for Clinical Brain Sci-
ences, University of Edinburgh, and samples were obtained
from the Medical Research Council (MRC) Edinburgh brain

bank, UK. These included patients who died between 1989
and 2003. Formalin-fixed paraffin-embedded post-mortem
brain samples from HIV-positive patients were selected.
Those with opportunistic CNS infections or neoplasia were
excluded. Age- and sex-matched HIV-negative controls were
also selected applying the same exclusion criteria. The causes
of death in both cases and controls are listed in Table 1. Ethi-
cal approval was sought and approved by the East of Scotland
Research Ethics Service (16/ES/0084). For each sample, sec-
tions were taken from the frontal convexity and basal ganglia.
Haematoxylin and Eosin (H&E) staining was performed to
assess the general overview of vascular changes.

Histological assessment

All cases were reviewed, and the assessor was blinded to
their HIV status. H&E sections were initially assessed for
classical characteristics of small vessel disease (arteriolo-
sclerosis and lipohyalinosis).

Immunohistochemistry

Immunohistochemical stains were performed to evaluate
atherosclerotic changes. We looked specifically for smooth
muscle damage, inflammation, and lipid deposition. CD31
(1:100 Dako) was used to detect vascular endothelial cells,
HIV-1 p24 (1:50 Dako) for detection of HIV infected cells,
leukocyte common antigen (CD45) (1:100 Dako) for detec-
tion of inflammation (lymphocytes), lectin-like oxidized
low-density lipoprotein receptor-1 (LOX-1) (1:50 Abcam)
for detection of lipid deposition (lipid laden macrophages),
and smooth muscle actin (SMA) (1:500 Dako) for detection
of vascular smooth muscle proliferation/disruption/damage.
Positive control tissues included tonsil (CD31 and CD45),
brain for HIV-1 p24, large vessel atherosclerosis for LOX-1,

Table 1 Demographic and
clinical characteristics of

HIV group (n = 19) Control group (n = 19)

HIV-positive and negative

Median age, year (IQR)
populations studied

(IQR)
ART (%)
AZT alone
AZT combination
Stavudine
Median CD4 count cells/mm?
Cause of death
Pneumonia
Drug overdose/alcohol
Heart disease
Others?

Duration of HIV infection median years

30 (28-34) 30 (25-37)
6(3.5-8.75) -

11 (58%) -
7 (63%) -
3 (27%) -
19%) -
45(18-60) -

11 (57%) -

3 (16%) 5 (26%)
1 (5%) 7 (37%)
4 (21%) 7 (37%)

4Other; common causes in this category included drowning and trauma

ART antiretroviral therapy, AZT zidovudine
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and large bowel for SMA. The primary antibody was with-
held in negative control.

Grading of vascular changes and size

Atherosclerotic changes were graded from normal (no fea-
ture of atherosclerosis) through mild (+), moderate (2+) and
severe (3+) (Fig. 1) using modification of methods that have
been described previously (Fujishiro et al. 2011). Inflam-
mation was graded by the extent of perivascular cuffing of
lymphocytes; lipid deposition was graded according to the
increasing number of lipid-laden macrophages. Smooth
muscle damage was evaluated based on severity of degen-
erative changes and mal-alignment (disruption) of smooth
muscle fibres. The arterial vessels were grouped according to

their size: small vessels (diameter = 100—300 um), small- to
medium-sized vessels (diameter > 300—1000 um), medium-
sized vessel (> 1000-10,000 um) and large-sized vessels
(diameter > 10,000 pm).

Analysis

Grading of each slide was performed 3 times with an average
taken. A second histopathologist assessed reliability of the grad-
ing technique by random selection of 15% of the total samples.
Weighted kappa statistics were used to determine the level of
agreement. Comparisons were made with a post-mortem speci-
men of the coronary artery of an elderly man with severe ath-
erosclerosis, who died of a haemorrhagic stroke; this was done
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Fig. 1 Evidence of pre-clinical atherosclerosis among our HIV popu-
lation: inflammation—CD45 staining showing perivascular cuffing of
lymphocytes a normal-less than 4 lymphocytes, b mild-linear lym-
phocytic infiltrates, ¢ moderate—partial layering of lymphocytic infil-
trates, d severe—circumferential layering of infiltrates with oblitera-
tion of vascular lumen. Lipid deposition—LOX-1 staining showing
lipid-laden macrophages (lipophages) in the vessel wall e normal—
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no lipophage, f mild > 6 lipophages, g moderate—partial layering of
lipophages, h severe—circumferential layering of lipophages smooth
muscle damage—SMA staining showing disruption of vascular
smooth muscle i normal-no disruption of muscle fibres, j mild—focal
separation of muscle fibres, k moderate—prominent separation of
muscle fibres, 1 severe—disruption of vascular wall with alteration in
vessel outline. Magnification X 20
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to confirm that the characteristics of established atherosclerosis
were consistent with those seen in the HIV population.

Results were presented as proportions (classified as nor-
mal/mild/moderate/severe). Quantitative variables were
expressed as medians with interquartile ranges. Fisher exact/
Chi-squared test was used to compare categorical data and
Mann-Whitney U for continuous variable. A p value of
< 0.05 was taken as significant.

Results
Description of the cohort

From 168 HIV-positive post-mortems, we identified 19
men without opportunistic infections. The median age was
30 (IQR = 28-34), and the median CD4+ count was 45
(IQR = 18-60). The characteristics of the cohort are reported
in Table 1. The validation of grading process showed 97%
agreement between two independent observers. The overall
weighted kappa (K) was 0.80 (Std. Err + 0.16, p < 0.0001).

CD31 immunolabelling detected endothelial cells in both
case and control groups. HIV infection was confirmed by
evidence of positive HIV-1 P24 antibody in 18/19 (95%)
HIV-positive cases. The only case negative for HIV-1 P24
had diagnosis of HIV at autopsy with very low viral count,
indicating recent seroconversion.

Evidence of pre-clinical atherosclerosis

This study focused predominantly on small-medium-sized
vessels of the basal ganglia and frontal convexity, both of
which demonstrated similar features. There was no evidence
of classical small vessel disease pathology, and no lacunar
infarcts were seen. Similar features (Fig. 1) show the spectrum
of pre-clinical atherosclerosis found in our HIV population.

When looking specifically at inflammation, there were 9
(47%) mild, 5 (26%) moderate and 2 (10.5%) severe cases
of perivascular cuffing of lymphocytes in the HIV-positive
group whilst in the HIV-negative group, 2 (10.5%) were
mild, 17 (89.5%) were normal, and there were no moderate
or severe changes (p value < 0.001).

For lipid deposition, 15 (79%) cases were mild, 1 (5%)
moderate and 2 (10.5%) severe in the HIV-positive group.
There was no evidence of lipid deposition in the control
group (p value < 0.001).

For vascular smooth muscle damage, there were 9 (47%)
mild, 6 (32%) moderate and 2 (10.5%) severe cases, whilst for
the control group, 10 (53%) were mild and 9 (47%) were normal;
there were no moderate or severe changes in the control group
(p value < 0.001).

The effect of anti-retroviral therapy (ART)

Being on ART was associated with less inflammation [5
(63%) no ART versus 2 (18%) on ART (p = 0.028)]. There
was no difference seen between ART and non-ART cases
regarding lipid deposition and vascular smooth muscle
damage (Supplement Table 1).

Comparison with classical changes
of atherosclerosis

Changes identified in the control case with classical ath-
erosclerosis were consistent with those seen in the HIV-
positive group (Supplement Figure 1).

Discussion

Our study, of adult males with advanced HIV infection,
showed significant evidence of perivascular inflammation,
lipid deposition and vascular smooth muscle damage, in
small-to-medium-sized vessels when compared with con-
trols of similar age and sex. Treatment of HIV infection
was associated with a lower degree of perivascular inflam-
mation but had no significant effect on lipid deposition and
vascular smooth muscle damage.

Previous studies have shown that in HIV infection,
intracranial arterial remodelling including intimal
thickening and media thinning is common in large arteries
when compared with an age- and sex-matched HIV-
negative cohort and occurs in the context of inflammation
(Gutierrez et al. 2016; Gutierrez et al. 2015). We expand
the spectrum by demonstrating pre-clinical atherosclerotic
changes in small-to-medium-sized arterial vessels, and in
addition to inflammation, we observed lipid deposition and
smooth muscle damage. Histologically, these changes were
not typical of either arteriolosclerosis or lipohyalinosis
but suggest accelerated small vessel atherosclerosis. We
did not corroborate the findings with large arterial vessel
disease, largely due to the choice of sections used for
our analysis. Despite this, pre-clinical atherosclerotic
changes are common in younger individuals at a relatively
early stage of their HIV infection and could predispose
HIV-infected individuals to stroke and neurocognitive
morbidity. Notably, a radiological review of 60+ HIV-
positive stroke patients had a significantly higher number
of basal ganglia stroke subtype when compared with
an HIV-negative group. Because basal ganglia stroke
is largely caused by disease of small-to-medium-sized
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arteries, this observation is consistent with our findings
(Benjamin et al. 2017).

Whilst perivascular inflammation may be reduced by
ART use, it may not arrest the remodelling process (i.e.
smooth muscle damage and lipid deposition), as suggested
from our results. Although our numbers are too small to
be definitive, our observation is consistent with the wider
epidemiological view that the prevalence of stroke and
cognitive impairment remains higher than the respective
HIV-negative population, despite the use of ART (Sacktor
et al. 2016; Ovbiagele and Nath 2011). Persistent immune
activation, metabolic dysregulation due to HIV or ART itself
and ART toxicity are all potential mechanisms that have
been postulated (Deeks et al. 2013; Gutierrez et al. 2015;
Benjamin et al. 2012). The latter could be relevant given
the use of drugs like Stavudine during this era. However,
Stavudine use was uncommon in our cohort.

What remains unclear is whether events at the early phase of
HIV infection predispose individuals to future cerebrovascular
disease. The historic association with a low nadir CD4+ count,
among those with stable HIV infection, and cerebrovascular
risk, is of course, compelling in this debate (Gutierrez et al.
2015; McArthur and Smith 2013). However, the recent intro-
duction of ART in asymptomatic patients (Lundgren et al. 2015)
may address this issue. Importantly, as our study suggests, ART
may have very little impact on vascular atherosclerotic changes,
and therefore, a more definitive evaluation with a larger autopsy
cohort would be a critical step forward in clarifying this issue.

This study does have some limitations. Although the sam-
ple size was small, this pilot work highlights observations
at a biological level that are consistent with epidemiologi-
cal observations. We were unable to determine the preva-
lence of vascular risk factors such as smoking, hyperten-
sion and diabetes in our population, and it is plausible that
these unmeasured factors could have confounded our results.
However, in an independent study of a similar population,
these factors were uncommon, so unlikely to have affected
our findings (Connor et al. 2000). These findings are only
relevant to men. The availability of post-mortem sections
of the brain among individuals with HIV infection is lim-
ited. We therefore relied on a historical cohort of individuals
who died between 1989 and 2003 when ART was limited to
zidovudine and/or a nucleoside reverse transcriptase inhibi-
tor (NRTIs). Although there is some overlap with current
combination therapies, generalisation of our findings will
have to be taken in the context of this limitation. However,
a recent study exploring the early initiation of ART ver-
sus delayed ART, in asymptomatic HIV infection, showed
no benefit in preventing cardiovascular disease, among the
early initiators of ART; this is consistent with our findings
(Lundgren et al. 2015).

In conclusion, preclinical atherosclerotic changes of
small-to-medium-sized intracranial arteries are seen
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within the first 6 years of HIV infection. ART may reduce
inflammation but does not appear to impact on arterial
remodelling. Further research should focus on clarifying
the role of ART on intracranial arterial remodelling.

Acknowledgements The NIHR HPRU in Emerging and Zoonotic
Infections at University of Liverpool funded the research in partnership
with PHE, in collaboration with Liverpool School of Tropical Medi-
cine and the University of Oxford (Grant Nos. IS-HPU-1112-10117 and
NIHR200907). The views expressed are those of the author(s) and not
necessarily those of the NHS, the NIHR, the Department of Health or
Public Health England. LB was supported by an NIHR clinical lecturer
fellowship, TS was supported by the NIHR Global Health Research
Group on Brain Infections (No. 17/63/110). We thank Olympia Curran,
Kate Britton, Karina McDade, Beverley Notman, Judith Pate and the
laboratory staff of the Centre for Clinical Brain Sciences, University
of Edinburgh.

Authors’ contributions LB, OD, TS and CS developed the project. OD
performed the project under the supervision of CS and LB. HA vali-
dated the grading technique. CM selected specimens from the MRC
brain bank and helped with laboratory work. OD wrote the first draft
with revision from LB. All other authors contributed to the revision of
subsequent drafts. All authors approved the final version.

Funding National Institute for Health Research Health Protection
Research Unit (NIHR HPRU) in Emerging and Zoonotic Infections
at University of Liverpool in partnership with Public Health England
(PHE), in collaboration with Liverpool School of Tropical Medicine.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adaptation,
distribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, provide a
link to the Creative Commons licence, and indicate if changes were made.
The images or other third party material in this article are included in the
article’s Creative Commons licence, unless indicated otherwise in a credit
line to the material. If material is not included in the article’s Creative Com-
mons licence and your intended use is not permitted by statutory regulation
or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by/4.0/.

References

Benjamin LA, Bryer A, Emsley HC et al (2012) HIV infection and
stroke: Current perspectives and future directions. Lancet Neu-
rol 11(10):878-890

Benjamin LA, Allain TJ, Mzinganjira H et al (2017) The Role of
Human Immunodeficiency Virus-Associated Vasculopathy in
the Etiology of Stroke. J Infect Dis 216(5):545-553

Connor MD, Lammie GA, Bell JE et al (2000) Cerebral infarction
in adult AIDS patients: Observations from the Edinburgh HIV
Autopsy Cohort. Stroke 31(9):2117-2126

Deeks SG, Lewin SR, Havlir DV (2013) The end of AIDS: HIV
infection as a chronic disease. Lancet 382(9903):1525-1533


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

Journal of NeuroVirology (2021) 27:80-85

85

Fujishiro T, Moojen DJF, Kobayashi N et al (2011) Perivascular
and diffuse lymphocytic inflammation are not specific for
failed metal-on-metal hip implants. Clin Orthop Relat Res
469(4):1127-1133

Gutierrez J, Goldman J, Dwork AJ et al (2015) Brain arterial remod-
eling contribution to nonembolic brain infarcts in patients with
HIV. Neurology 85(13):1139-1145

Gutierrez J, Menshawy K, Gonzalez M et al (2016) Brain large artery
inflammation associated with HIV and large artery remodeling.
Aids 30(3):415-423

Hsue PY, Ordovas K, Lee T et al (2012) Carotid intima-media thick-
ness among human immunodeficiency virus-infected patients
without coronary calcium. Am J Cardiol 109(5):742-747

Lundgren JD, Babiker AG, Gordin F et al (2015) Initiation of antiret-
roviral therapy in early asymptomatic HIV infection. N Engl J
Med 373(9):795-807

McArthur J, Smith B (2013) Neurologic complications and considera-
tions in HIV-infected persons. Current infectious disease reports
15(1):61-66

Miller PE, Haberlen SA, Metkus T et al (2015) HIV and coronary
arterial remodeling from the Multicenter AIDS Cohort Study
(MACS). Atherosclerosis 241(2):716-722

Ovbiagele B, Nath A (2011) Increasing incidence of ischemic stroke in
patients with HIV infection. Neurology 76(5):444-450

Sacktor N, Skolasky RL, Seaberg E et al (2016) Prevalence of HIV-
associated neurocognitive disorders in the Multicenter AIDS
Cohort Study. Neurology 86(4):334-340

Sico JJ, Chang C-CH, So-Armah K et al (2015) eterans Aging Cohort
Study . HIV status and the risk of ischemic stroke among men.
Neurology 84(19):1933-1940

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer



	Pre-clinical atherosclerosis is found at post-mortem, in the brains of men with HIV
	Abstract
	Introduction
	Methods
	Histological assessment
	Immunohistochemistry
	Grading of vascular changes and size
	Analysis

	Results
	Description of the cohort

	Evidence of pre-clinical atherosclerosis
	The effect of anti-retroviral therapy (ART)
	Comparison with classical changes of atherosclerosis
	Discussion
	Acknowledgements 
	References


