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Views and Reviews

Cognitive impairment and major depressive 
disorder in HIV infection and cerebrospinal 
fluid biomarkers 
Alteração cognitiva e desordem depressiva maior na infecção do HIV  
e biomarcadores no líquido cefalorraquidiano 
Sérgio Monteiro de Almeida

Initial neurological interest in HIV infection was focused 
on opportunistic infections and tumors that affect the CNS. 
At that time, the CNS was considered to be only indirectly 
involved in the progression of HIV disease. Today we know 
that the CNS and the immune system are major targets of 
HIV infection. HIV penetrates the CNS in an initial phase 
of the infection; during this period the viral load in the pe-
ripheral blood is as high as it is in the terminal phase of the 
illness1. 

Two types of CNS cells can be infected by HIV: cells de-
rived from monocytes (microglia and macrophages) and as-
trocytes. These cells differ from other HIV-infected cells in 
some biological aspects, particularly in the way they express 

HIV products. The CD4 cell surface receptor and the recep-
tors of chemokines CCR5 and CCR3 are involved in the pe
netration of HIV in the cells of the microglia. The microglia 
developes a productive infection, leading to syncytial forma-
tion and cell death. However, the possibility of chronic infec-
tion also exists. Astrocytes are infected predominantly by lym-
photropic strains, but infections with monocytotropic strains 
have also been described. Currently, the entrance mechanism 
of HIV into astrocytes remains unknown. It has been clearly 
shown that astrocytes do not have CD4 receptors on their 
surface; chemokine receptors involved in HIV infection are 
also not expressed. Some authors suggest that CXCR4 can be 
expressed following the activation of astrocytes2,3.
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ABSTRACT
Cognitive impairment and major depressive disorder (MDD) are common HIV-1 central nervous system (CNS) complications. Their frequen-
cies in AIDS patients are 36% and 45%, respectively. The diagnoses of HIV cognitive impairment are made by clinical criteria, no single labora-
tory test or biomarker establishes the diagnosis. Factors of indirect neuronal injury related with the pathophysiology of the HIV infection in 
the CNS, are the factors studied as biomarkers. In the present no biomarker is established to the diagnosis of HIV cognitive impairment, much 
still needs to be done. We review in this paper some biomarkers in cerebrospinal fluid that could be valuable to the diagnosis of HIV cognitive 
impairment. Diagnosing depression in the context of HIV can be challenging, to identify a biomarker that could help in the diagnosis would be 
very important, although MDD risks and neurobiology are still poorly understood. 
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RESUMO
A alteração cognitiva e a desordem depressiva maior (MDD) são complicações comuns da AIDS no sistema nervoso central (CNS). Suas 
frequências, em pacientes com AIDS são 36 % e 45 %, respectivamente. O diagnósticos de alteração cognitiva pelo HIV é feito por critérios 
clínicos, não há nenhum teste único de laboratório ou biomarcador que estabeleçam o diagnóstico. Os fatores inflamatórios relacionados 
com dano neuronal indireto e com a patofisiologia da infecção do HIV no CNS, são os fatores estudados como biomarcadores. No presente 
nenhum biomarcador é estabelecido para o diagnóstico de alteração cognitiva pelo HIV, muito ainda tem para ser feito. Nesta revisão aborda-
remos alguns biomarcadores no líquido cefalorraquidiano que podem auxiliar no diagnóstico da alteração cognitiva e HIV. Da mesma forma o 
diagnostico de depressão no contexto da aids pode ser desafiante, identificar um biomarcador que possa ajudar no diagnóstico seria muito 
importante, embora os riscos de desenvolvimento de MDD e a neurobiologia ainda sejam pobremente entendidos.
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HIV cognitive impairment
Human immunodeficiency virus-type 1 (HIV-1) infection 

is the most common preventable and treatable cause of neu-
rocognitive impairment in individuals under age 504. The fre-
quency of neurocognitive impairment in recent studies, in 
the post HAART era in AIDS patients is 36%. Due to changes 
in diagnosis and clinical management, HIV/AIDS, which was 
once an almost always fatal disease, has become, at least in 
those countries where ARV (antiretroviral) therapy is avai
lable, a chronic disease requiring long term care. The survival 
rate has greatly improved for patients with dementia4. The 
appearance of dementia in persons whose CD4 counts have 
rebounded with ARV has suggested that the CNS is not being 
treated as effectively as the lymphatic tissues. Diagnosis of 
HIV cognitive impairment is made by clinical criteria, after 
exclusion of other potential causes. No single laboratory test 
or biomarker establishes the diagnosis5. The classification of 
HIV cognitive impairment was reviewed in 20076.

When available, neuropsychological (NP) testing is very 
helpful in diagnosis4. It provides clear documentation of cog-
nitive impairment, and it assists in differentiating HIV de-
mentia from other disorders that may cause impairment. 
Such tests should be administered by an experienced exami
ner, and interpreted by comparison to normative data with 
appropriate demographic corrections, including age, gen-
der, education, and in some cases, ethnicity. The influence 
of premorbid conditions, including previous head trauma, 
learning disability, as well as the effects of systemic illness 
and substance abuse need to be considered carefully when 
interpreting results from NP testing.

Major depression and HIV infection 
Major depressive disorder (MDD) is among the most pre

valent neuropsychiatric disorders in HIV infection, affecting 
up to 45% at some stage of the illness, but its risks and neuro-
biology are poorly understood. Diagnosing depression in the 
context of HIV can be challenging, because symptoms may 
be attributable to either morbidity. The nature of the asso-
ciation between MDD and HIV is a matter of debate, with 
some suggesting that depression is simply one manifestation 
of HIV brain disease, whereas others consider MDD to be a 
primary disorder that may be exacerbated by HIV. Another 
theory suggests that depression may represent an adjust-
ment reaction to the diagnosis of HIV infection. Research 
has not yet provided a consensus as to whether MDD may 
be an initial manifestation of a cerebral disorder caused by 
HIV infection. 

Mechanisms of CNS injury
As neurons do not have CD4 cell surface receptors, they 

are not directly infected by HIV. The presence of HIV in 
the CNS is necessary but not sufficient by itself to develop 
cognitive impairment6. Neuronal injury occurs by indirect 

mechanisms of neurotoxicity as those caused by virus pro-
teins (gp120, gp 41, tat, nef), macrophages factors, cytokines 
(TNF- alpha, IL-1, IL-6, GM-CSF, IFN), chemokines (MCP-1, 
MCP-2, MCP-3, RANTES, MIP-1α, MIP-1β) and neurotrophic 
factors. HIV proteins can mimic body proteins leading to au-
toimmunity (gp 41; antibodies for astrocytes, anti-brain an-
tibodies, anti-ganglioside antibodies). Also, BBB disruption 
may facilitate the penetration of neurotoxins from systemic 
infection into the brain7,8.

Neurotoxicity is not necessarily induced by long and con-
tinuous exposition to viral proteins. Transitory exposition 
can be enough to start a cascade of events that result in neu-
ronal damage. These viral proteins, once available in the ex-
tracellular space, can cause neurotoxicity by direct action on 
the neuronal cell, or they can activate the glial cells, allowing 
the viral proteins to amplify their potential neurotoxicity and 
causing damage at a distance. Moreover, the viral proteins 
can act in sinergy with another neurotoxic substance, such 
as glutamate, to cause neurotoxicity. Acting in this way, sub-
levels of viral or cellular toxins could summate resulting in 
neuronal injury7,8. 

These factors of indirect neuronal impairment related 
with the pathophysiology of the HIV infection in the CNS, 
are the factors searched as biomarkers for the management 
of patients with cognitive impairment in HIV infection. 
However, at the present much still needs to be done.

There several interactions of other HIV proteins and neu-
ronal function. Viral envelop protein gp120 interacts with 
neurons and can lead to neuronal death. Gp41 can induce 
MMPs activity in neuronal culture. In addition, it stimulates 
the release of glutamate from astrocytes9. 

Trans-activator of transcription (Tat) is the only protein 
actively secreted by HIV-1 infected cells by means of an ener
gy dependent process. It circulates in the blood at high levels 
during HIV infection and can cross BBB, and large quanti-
ties of this protein enter the CNS. Tat can depolarize neu-
rons through direct interaction with the membranes of these 
cells, can act like substrate to adhesion and induce aggre-
gation of neural cultures10. Tat has a strong monocyte che-
motactic property. It acts like a chemokine itself and/or in-
directly through monocyte chemotactic protein 1 (MCP-1) 
currently classified as CCL2- secreted by astrocytes, the most 
numerous cells in the central nervous system and that are in 
close contact with BBB. Tat induces TNF-α release by macro-
phages and it has an important role in HIV infection patho-
geneses. TNF-α is a mediator of CNS inflammatory events. It 
activates microglia cells, monocytes and macrophages. It is 
a potent inductor of inflammatory response and can stimu-
late an increase in MCP-1, inflammatory cytokines, ICAM-
1, VCAM-1 expression. Also, it can act like a chemoattrac-
tive factor, though its chemotactic response is smaller than 
MCP-111. Tat chronic production in brain causes significant 
alteration in inflammation histological markers and in the 
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infected individual’s behavior12. Other HIV proteins, like nef 
and rev, have a role in BBB rupture, inducing neurotoxicity10.

Biomarkers 

1. Viral load of HIV in the CSF
The clinical importance of viral load determination in the 

CSF is to monitor the therapeutic effect of HAART, to iden-
tify patients with CNS escape, distinguishing diagnosis with 
psychiatric symptoms13.

During primary HIV infection in the peripheral blood, 
there is no relationship between viral load and neurologi-
cal symptoms14. This is not true however, in the CSF, where 
higher viral load is related to neurological symptoms. Also, 
patients without neurological symptoms were found to have 
a significantly decreased viral load in the CSF, compared to 
the blood15.

Among patients with CD4+ >200 cells/µL, viral load in 
the CSF is positively correlated with the viral load in blood, 
but it is not correlated with neurological alterations. After 
the institution of HAART, patient viral load decreases in the 
CSF in parallel with blood levels. Among patients with CD4+ 
<200 cells/µL, viral load in the CSF correlates with the neuro-
logical alterations. However, there is no correlation between 
the viral load in the CSF and the viral load in the peripheral 
blood; after HAART there is a slower decrease in CSF viral 
load in comparison to blood16.

2. Chemokines
Chemokines and their receptors have a central role in the 

interactions between HIV and the host. In the normal host, 
chemokines regulate immunological functions, such as che-
motaxis, cellular activation and the expression of receptors. 
Chemokine receptors allow HIV to enter and infect suscep-
tible cells, and their deregulation contributes to the immuno-
logical loss that occurs in AIDS. Finally, because chemokine 
receptors are present in neurons and glia, potentially trans-
mitting signals between brain cells, they can either directly or 
indirectly produce neuronal damage17.

Chemokines, including MCP-1, also known as CCL2, are 
low molecular weight cytokines expressed by a wide variety 
of cell types including immune, endothelial and neural cells. 
They help to control trafficking of monocytes, T lymphocytes 
and natural killer cells in physiological immunologic surveil-
lance. Their diffusion from sites of inflammation creates a 
chemical gradient mediating chemotaxis and creating an ac-
cumulation of these cells in inflamed tissues, including the 
CNS18. Chemokines also have a role in the modulation of re-
ceptor expression, cellular activation state, and cell-to-cell 
communication. Examination of their role is particularly im-
portant in infectious diseases such as HIV.

MCP-1 accumulates in the CSF of HAD (HIV associated 
dementia) patients and its level correlates with the degree 

of dementia. The relationship between MCP-1 level and viral 
load in CSF suggests that it is co-regulated or that one is a 
potent stimulus to the other. MCP-1 probably regulates CSF 
viral load because changes in MCP-1 levels occurred before 
or concomitantly to changes in CSF viral load19.

MCP-1 appears to play a central, if not directly causal role 
in HIV dementia and encephalitis. In vitro, MCP-1 mediates 
trafficking of infected macrophages across blood brain bar
rier models18, suggesting that MCP-1 is important for viral 
entry into the CNS. Furthermore, MCP-1 can alter the expres-
sion of chemokine receptors that serve as co-factors for entry 
into host cells20. Polymorphisms in the genes encoding MCP-
1 and its receptor, CCR2, confer an elevated risk of neurocog-
nitive impairment in HIV21. Together, these findings suggest 
that it may be possible to influence the initiation and pro-
gression of HIV neurological disease by altering CNS MCP-1 
expression. Our findings on the dynamics of MCP-1 produc-
tion in the CNS should assist in identifying such a strategy. 

3. Beta2-microglobulin and neopterin
Molecular markers, such as Beta2-microglobulin, quino-

linic acid, and neopterin in CSF are not sufficiently sensitive 
or specific to assist in clinical diagnosis. Some immunological 
activation markers, such as neopterin, Beta2 microglobulin, 
quinolonic acid, PGE2, and PAF, studied in CSF, could help 
in the diagnosis, mainly neopterin and Beta-2 microglobulin, 
although they are not used routinely22. Other proteins as neu-
rofilament light protein have also been studied23.

CSF levels of neopterin is higher in the groups who 
have undergone successful ARV therapy and in the group 
on HAART, than the control group without HIV, indicating 
chronic macrophage activation22. The non-penetration of 
ARV in the CNS contributes to the persistent neurocognitive 
deficit, by allowing slow viral replication in the CNS. 

4. MMPs
Matrix metalloproteinases (MMPs) are a family of neutral 

proteinases that are important in normal development and 
have been implicated in many pathological processes, inclu
ding neuroinflammation. MMPs can weaken the basal mem-
brane, facilitating the migration of leukocytes across the BBB. 
The disrupted BBB during HIV infection allows free particles 
and infected monocytes to penetrate into the CNS. These 
cells can enter through tight junctions or through the endo-
thelial cells of the capillaries, with the latter being more likely 
than the former. In addition to this, higher levels of matrix 
metalloproteinases (MMPs) in the CNS have been found24. 
HIV-1 infected monocytes show an increase in adhesion in 
endothelial and astrocyte cell cultures. It has been shown 
that HIV Tat protein activates endothelial cells, resulting in 
an increase of the expression of adhesion molecules, MMPs 
and cytokines. This results in the CNS serving as an impor-
tant reservoir of HIV infection25.
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Conclusions

In the present no biomarker studied is established to the 
diagnosis of HIV cognitive impairment and much still needs to 
be done. There are several unanswered questions regarding the 
relationship between HIV infection and the CNS mainly about 
the importance and understanding of the CSF biomarkers: 
1.	 The increase of the prevalence of HIV infection in pa-

tients with age higher than 65 years old; the increase of 
life expectancy after HAART and the fact that a striking 
number of HIV patients are living longer but getting older 

faster showing early signs of degenerative diseases usual-
ly seen in the elderly makes important the study of aging 
biomarkers used in the diagnosis of Alzheimer disease in 
HIV infection26.

2.	 The persistence of the inflammatory stimulus in the CNS 
after the control of systemic or CNS HIV infection.

3.	 CNS immune reconstitution inflammatory syndrome 
(IRIS), occurs in 0.9% and a biomarker that could help in 
the diagnosis would be very useful.

4.	 The definition of a biomarker that could help in the diag-
nosis and understanding of MDD in HIV infection. 
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