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In the quest to control and ultimately 
eliminate human immunodeficiency 
virus (HIV) from patients, the brain 
presents unique and critical challenges. 
It is well accepted that the brain rep-
resents a potential body “compartment” 
for HIV that is likely colonized in the 
early days of the infection, and it ulti-
mately may support a degree of indepen-
dent evolution of the virus not precisely 
mirrored in systemic blood samples. The 
blood-brain barrier (BBB) that makes 
the compartment a reality consists, at 
a minimum, of a unique endothelial 
barrier of brain vessels with tight junc-
tions, a basement membrane, and an 
astrocytic barrier, making distribution 
of both pathogens and therapies signifi-
cantly different in brain compared with 
most other organs. The brain is also too 
precious and well protected to be sam-
pled repeatedly for research purposes. 
However, cerebrospinal fluid (CSF) that 
literally floats the brain has proved to be 
a meaningful, albeit imperfect, window 
to the brain environment that can be 
safely sampled. In this issue of the Journal 

of Infectious Diseases, Burbelo et  al [1] 
have performed an important analy-
sis on CSF from a series of patients and 
described important insights gleaned 
from the analysis of anti-HIV antibodies. 
The results have implications for optimal 
therapeutics, enhancing our understand-
ing of persisting HIV-associated cogni-
tive impairment, and efforts to cure HIV 
infection.

Given the challenges for direct sam-
pling of brain tissues, biomarkers reflect-
ing any infection in the brain are of 
particular value. Perhaps because the 
fundamental pathophysiology driving 
disability in HIV/acquired immune 
deficiency syndrome primarily reflects 
cellular immune damage, attention to 
humoral responses has typically been 
superficial at best. Burbelo et al [1] more 
carefully consider the potential use of the 
humoral immune response as a sensitive 
and semiquantitative monitor for the 
status of viral expression. Measured anti-
bodies in CSF seem likely to primarily 
reflect the environment in brain or CSF, 
but, as done in this investigation, parallel 
investigation of peripheral antibodies is 
required for interpretation. Furthermore, 
the status of the BBB should be mon-
itored because pathologic breakdown 
of the BBB would degrade the fidelity 
of the CSF measurements. The modest 
changes in CSF albumin and other pro-
teins attest to the gross preservation of 
BBB in the settings studied here. Passive 
entrance of antibodies through the BBB 

is modest, and so it appears that much of 
the humoral response in the CSF is gen-
erated within the brain compartment, 
thus reflecting the status of antigens in 
the brain.

This study includes a description of 
antibodies in “typical HIV patients” 
whose disease is discovered after years 
of chronic infection, after which they 
are started on HIV therapy. Antibody 
response to HIV antigens is strong in 
peripheral blood and in CSF before start-
ing therapy, and only modestly reduced 
through pharmacologic control of the 
infection, even after >10 years of excellent 
control. Although virus is “undetectable” 
in blood and CSF by clinical assays, it is 
hypothesized that there is enough ongo-
ing viral expression to maintain robust 
humoral immunity. This article also 
provides a fascinating contrast with the 
“Berlin patient” whose functional HIV 
cure has resulted in parallel loss of spe-
cific HIV antibody responses in brain and 
in the peripheral blood [2]. Presumably, 
this is the result of loss of ongoing anti-
gen stimulation that markedly differs 
from patients in whom virus is simply 
suppressed by effective antiretroviral 
therapy (ART).

It is notable that the dynamics of 
building up robust ongoing antigen pre-
sentation in the periphery occurs faster 
than the CSF after acute infection. The 
dynamics of developing antibodies 
is tracked during the first months of 
infection in a small number of cases 
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reported here, and it clearly shows 
the buildup of CSF antibodies trailing 
that in the periphery. When treatment 
is started in this early timeframe, it 
appears that there is a much greater 
impact on persisting HIV antibodies 
in the CSF, suggesting that the cellular 
pool of antigen in the central nervous 
system is also substantially restricted in 
the brain relative to the rest of the body 
through acute therapy. A  fascinating 
pair of patients reported in this article 
happened to start prevention therapy 
just after they were infected, thus ini-
tiating therapy at the earliest possible 
moment. Their acute diagnosis, when 
already on therapy shortly afterward, 
reinforced with full ART, resulted in 
impressive normalization of antibody 
responses in the brain. Sadly, even this 
unrealistically early treatment appears 
not to have been curative, because a 
later treatment interruption proved 
that pathogenic virus emerged in the 
absence of ART. However, the impres-
sive ability of early ART to minimize 
abnormal HIV antibodies, presumably 
due to minimizing persistent HIV anti-
gen presentation, still does not achieve 
functional cure.

This report also helps to frame 
thought about therapy for HIV-
associated neurocognitive disorder 
(HAND). If, as many experts suspect, 
the HAND that plagues many HIV 
patients is driven by persistent immune 
responses to residual viral antigen, 
these results give hope that patients 
who are diagnosed early and treated 
immediately might be substantially 
spared from cognitive complications 
of HIV infection. However, it would be 
premature to conclude that better con-
trol of virus in the brain compartment 
through early therapy will be protec-
tive, because other concerns, includ-
ing potential ART neurotoxicity, the 
impact of other coinfections, or other 
morbidities, as well as vascular mech-
anisms threatening the brain integrity, 

remain plausible mechanisms individ-
ually or, more likely, work together to 
contribute to HAND.

The careful studies reported on anti-
HIV antibodies certainly add weight to 
the current trends to recommend HIV 
therapy as early as possible after infec-
tion. It is sobering in the light of present 
evidence that some leaders in the field for 
many years recommended against start-
ing HIV therapy until the immune system 
had crumbled to the point that opportun-
istic infections were common. Of course, 
the thinking in the early years of the ep-
idemic was driven by the availability of 
only a small number of antivirals that 
were both less potent and more toxic than 
our current drugs. Costly investments in 
making patients feel worse while driving 
development of viral resistance made it 
reasonable to delay treatment. However, 
the gratifying development of a substan-
tial number of highly effective drugs with 
different mechanisms, and very modest 
apparent toxicity, has transformed the 
landscape. The observations from this re-
port, demonstrating that the brain com-
partment, in particular, may benefit from 
early therapy, should motivate all clini-
cians to try very hard to diagnose acute 
HIV infection and offer early therapy.

This study should also motivate very 
careful evaluation of the cognitive impact 
of early therapy. A  critical task for the 
neurologic community is to dissect the 
key factors contributing to the ongoing 
observation of HAND in our clinics. Real-
world estimates of approximately half of 
HIV patients in care demonstrating some 
degree of measurable cognitive impair-
ment is an unreasonable burden that 
should be reversed as soon as possible [3]. 
Careful studies of HIV cohorts that have 
received early therapy may help evaluate 
the potential contributions of early ther-
apy, compared with the typical patients 
who are only diagnosed after long periods 
of infection. Several groups have assem-
bled research cohorts of acutely infected 
patients, and the longer term cognitive 

outcomes achieved in this population 
will help factor in the degree to which 
early therapy might protect patients from 
HAND. If there is an effect, it will also 
need to be determined how early the ther-
apy has to be to accomplish protection 
of the brain compartment. Sadly, given 
the challenge of identifying acute HIV 
infection, it appears overly optimistic to 
assume that the HAND problem will be 
reversed by guidelines that merely call for 
therapy at the time of diagnosis.

CONCLUSIONS

The lofty goal of finding a practical 
functional cure for HIV is an ambitious 
but worthy scientific target currently 
being pursued. The brain compartment 
will be an essential part of working out 
a cure strategy. Therapies are harder to 
implement in the brain, and the poten-
tial cellular sites of viral infection are 
expanded by evidence suggesting pri-
marily monocyte/macrophage cells 
in the central compartment, with the 
added concern about a reservoir in 
glial cells of the brain. It will be reason-
able to consider the evidence from the 
important study by Burbelo et  al [1] 
that specific anti-HIV antibodies may 
be a biomarker of the status of HIV in 
this hard-to-study region of the body. 
Given the evidence that the 1 indi-
vidual with a functional cure demon-
strates essentially normalized antibody 
status in CSF means that this should be 
considered as a potential (relatively) 
convenient marker of the status of HIV 
in the brain. A marked decline in CSF-
specific HIV antibodies might be a 
reassuring marker of progress toward 
a cure.
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