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ABSTRACT
Human immunodeficiency virus (HIV), a known lymphotropic and neurotropic germ, is able to impair the
entire nervous system, during acute or chronic infection. Neurocognitive inflictions are common and culminate
with the settlement of HIV associate dementia (HAD). Pathogeny of the ailment is not fully understood and
there are no specific markers for the certitude of diagnosis. Practically antiretrovirals are the only remedy
used against HAD. This article reviews the current knowledge on this matter and highlights further research
trends.
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REZUMAT
Virusul imunodeficienţei umane (HIV), un microorganism limfotrop şi neurotrop, poate interesa în cursul
infecţiei întregul nevrax, imediat după infectare şi/sau pe parcursul suferinţei cronice. Interesarea
neurocognitivă este comună şi culminează cu instalarea demenţei HIV-asociate (DHA). Patogenia suferinţei
nu este pe deplin elucidată şi nu există markeri specifici pentru un diagnostic de certitudine. Antiretroviralele
constituie practic singura medicaţie utilizată pentru combaterea DHA. Articolul trece în revistă stadiul actual
al cunoştiinţelor în domeniu şi subliniază direcţiile de cercetare viitoare.
Cuvinte cheie: HIV, demenţă HIV asociată, suferinţă neurocognitivă

At the end of 2007, more over a quarter century
of detecting the first cases of infection with human
immunodeficiency virus (HIV), pandemic affects
over 33 million people. Infectious and noninfectious inflictions may occur during this chronic
infection – more numerous and more severe in the
late stage of the disease (AIDS) – and may virtually
affect all organs and systems. The whole nervous
system may be impaired during ths lentiviral
infection, even from the moment of primoinfection.
Intensely debated and studied, neurocognitive
impairment (NI) caused by HIV still remains a
topical issue.
NI incidence is difficult to appreciate. In the
United States, before the introduction of

antiretroviral therapy (ART), is was recorded an
incidence of 21 / 1000 patients / year; that amount
was reduced to half by 1996. In advanced stages of
HIV infection, dementia was found in 15-20% of
patients, while minor cognitive-motor disorders
(subclinical) is found in the other 10% of the
remaining of cases (49). Other studies report a
much higher incidence – 50% of patients in the
initial period of the pandemic (2).
In Australia, although it decreased from 135 to
119 cases during 1993-1995, the prevalence of
HIV-associated dementia (HAD) increased from
5.2% to 6.8% between 1996-2000, but the duration
of life of these patients has also increased over
seven times, i.e. from five months in the pre-
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HAART (highly active antiretroviral therapy)
period to 38.5 months currently (46). According to
Bartlett, HAD is met in 7% of seropositive individuals (7). In asymptomatic individuals, dementia
occurs in <1% of cases, while HAD may be the first
manifestation of HIV in 4-15% of U.S. clinical
situations. Prevalence of the disease is increasing
by three times if the CD4 cell count is below 200/
mm3 and by 7 times if this count is below 100/mm3
(45). Currently HAD seems to be the most common
cause of dementia in patients under 40 years (35).
But these data presented above result from studies performed in the Western world, where subtype
B of HIV predominates and where access to
HAART is relatively facile. In contrast, few data
are available regarding incidence of NI secondary
of other subtypes of HIV (41) (e.g. subtype D,
predominantly in Africa (10, 40, 43, 51), subtype
C, prevalent in India - which seems to be less neurovirulent than subtype B (20, 34, 38) -, or F, dominant
in Romania), requiring further study in this area.
As risk factors it is noted: low weight, presence
of anemia or constitutional symptoms, low CD4
lymphocytes count, high HIV viral load (45). It is
considered that 5% of HIV-positive are at risk of
developing HAD whether HIV RNA levels is below
3000 copii/mm3, while the risk is tripling if the viral
load exceeds 30 000 copii/mm3 (33). People with
high levels of HIV proviral DNA in peripheral
blood mononuclear cells (PBMC) have an increased
risk of developing HAD (50), but the time factor
(time to occurrence of clinical changes) is less
studied. Alcohol (100 nM in cell culture, but indeterminate amount in vivo) stimulates differentiation

astrocytes and oligodendrocytes (52), cells that can
accommodate HIV, being probably an additive risk
factor. It is not recorded differences in terms of race
or gender of HIV-infected individuals (46), but
HAD incidence is increasing with age (46, 53).
An anatomical study recently conducted by
U.S. researchers who analyzed samples from almost
600 brains stored in the last 10 years, revealed that
only 22% of them were morphologically normal.
Opportunistic infections have been found responsible for neuronal destructions in only 5% of cases.
Parenchymal brain alterations was evident in 17.5%
of the studied cases, but in the remaining of the
situations it was identified other non-infectious
conditions or even minimal disorders associated
with neuroAIDS events. Clinical data revealed that
88% of subjects were detected, before death, with
abnormalities consistent with the concept of HAD,
60% of them including a personal history of major
depressive episode (17).
HAD pathogenesis is incompletely understood.
There are two key moments: penetrating of the
blood-brain barrier (BBB) by HIV and producing
functional alterations/destructions in the central
nervous system. Primary blood-brain barrier penetration (BBB) by the HIV is realised through
cellular and non-cellular mechanisms, even in the
early stage of infection, most likely soon after seroconversion (2). Subsequently HIV repeatedly penetrate the nervous system (NS), depending on the
level of viral replication in circulating sector, establishing a balance between it and the nervous compartment. A summary of the mechanisms of penetration of the BBB by HIV is presented in Table 1.

TABLE 1. Mechanisms of HIV penetration through BBB
Type of the
mechanism
Cellular

Non-cellular

Penetration

Effects

Favoring factors

Monocytes and
macrophages
(carring HIV)

Penetration of BBB

Beta-integrins: mediates the penetration of the
endothelial layer of BBB (1, 15)
Metalloproteinase MMP 2 / 9: favors the penetration
of basal membrane and glial layer of BBB (1, 15)

HIV

Penetration of BBB
BBB molecules which bind HIV (sialic acid,
Disfunction of BBB
proteoglycans acid, N-acetyl-beta-D glucosamine)
gp 120
Penetration of BBB
Disfunction of BBB
Modulation of HIV endocytosis
and transcytosis (4, 5)
α TNF
Induces the disfunction of BBB
MCP-1 / CCL2
Modulation of monocytes
migration (16, 35)
γ IFN, β IL-1, β TGF Stimulate in vitro
transmigration through BBB f
leucocytes (55)
RANTES / CCL5
Exacerbate the effects of
MCP-1 / CCL2 (13)
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BBB tends to limit invasion of the NS both by
its anatomical structure aa weel as by complex
physiological mechanisms (efflux active pumps,
passive efflux, enzyme systems) (5, 6, 37).
Astrocytes and oligodendrocytes (but not neurons) are susceptible to HIV, having CD4 receptors,
as well as CCR5, CCR3 and CXCR4 co-receptors
on their surface, which is attaching HIV gp120 and
gp 41 glycoproteins; after the penetration of these
cells the replicative cycle of the virus is started.
Host response is based on mobilization of mononuclear cells and production of various cytokines
(TNF-alpha, IL-1 beta, interferon gamma, etc.),
which carries themselves negative effects on nervous tissue and, moreover, fail to curb the invasion
of HIV of the NS.
The study of Evers et al (18) suggest that, regarding HAD, the protective effect of HAART is
due to virostatic effect exercised in the circulating
compartment, but not in the cerebrospinal fluid
(CSF), which supports the hypothesis of NS negative effect of cytokines, produced in peripheral
blood, in response to infection HIV.
Effects of the conflict between HIV and the host
are complex,partly elucidated and summarized in
Table 2.
Clinical, before detection of major cognitive
and motor complex (HAD), encountered in the
AIDS stage of the disease, it is described various
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neurological disorders defined as minor cognitive/
motor disorder (MCMD). Diagnostic criteria of
MCMD are presented in Table 3.
Onset is insidious, often subtle clinical, usually
the patient is accusing the reductions of working
capacity and concentration, low psychical activity,
decreasing libido. Gradually apathy is installing,
the individual is escaping from daily activities and
of common motor disorders is emerging (disorders
of maintaining corporal balance, muscle fatigue
and slow movements, awkwardness) (46). The
patient have a normal corporal temperature throughout the disease development (7, 8). Neurologically
it is noted:
• Initially: normal neurological examination or
signs defining the stage 0.5, according to
Price and Brew classification of HAD
• Lately: motor signs suggesting frontal lobe
impairment (tremor, clonus, hiperreflexie,
spasticity, abnormal coordination movements) associated, in the terminal stages,
with elements of dementia, psychomotor retardation, apraxia, paraparesis (46).
Diagnostic criteria of HAD are presented in
Table 4.
Study of the cerebrospinal fluid (CSF) does
not provide support for diagnostic; exploration may
be normal in 30-50% of cases, or can demonstrate
an increase of the monocytes number in 5-25% of

TABLE 2. SN effects of HIV-host interactions
Effects
Neuronal distruction or injuries
Apoptosis
SN oxidative stress
Impairing of neuronal excitability
Stimulation of astrocytosis
Synthesis of certain neurotoxic
substances

Details
Through the proteins encoded by the genes tat, nef, vpr and rev (direct distruction and /
or activation of astrocytesmicroglial cells and macrophages
IFN gamma: increases the production of PAF, derivates of quinolonic acid and
tryptophan metabolites (35)
HIV direct action
Through proteins encoded by the tat gene
By the emergence of channels / ion pumps (mainly calcium and potassium) (25) and by
the appearance of receptors for some neurotransmitters (adenosine, dopamine, GABA)
TNF alpha and beta IL-1
L-cysteine, arachidonic acid, quinolonic acid, glutamate, nitric oxide, free radicals (41)
TNF alpha
Eicosanoids: increase the intraneuronal calcium concentration (35)
IL-1 beta / IFN gamma: stimulates the nitric oxide synthesis (35)

TABLE 3. Diagnosis criteria for the MCMD, according to the American
Academy of Neurology Diagnostic
Minor cognotive and motor HIV associated impairments
At least two of the followings:
– inability to maintain focus
– decreased ability for mental concentration
Diagnosis criteria – reduced capacity of memorization
– motor slowliness
– personality disorder
causing minor or moderate functional impairments
Exclusion of other diagnosis
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TABLE 4. Diagnosis criteria for HIV associated dementia, according to the
American Academy of Neurology Diagnostic
HIV associated dementia (major motor and cognitive disorders)
At least two of the followings:
– inability to maintain focus
– decreased ability for mental concentration
– reduced capacity of memorization
– motor slowliness
Diagnosis criteria
– personality disorder
causing major functional impairments
acquired abnormalities of motor performance or behavior,
gait
Without loss of consciousness, CNS opportunistic
infections, psychiatric disorders or drug consumption

cases, associated with increased albumin level in
the CSF (60% cases); of all proteins, electrophoretically isolated from CSF, it is noted beta 2
microglobulin (> 3 mg/l) and neopterin (a marker
of immune activation), or light chains of neurofilaments (marker of neuronal destructions) and
IgG (2, 7, 23, 32 , 46). Detection of antibodies
against neuronal structures and immune complex
can serve as markers for HAD (62). Tau protein
does not correlate with the evolution of HIV-associated neurological condition and, moreover, it is
found in other disorders such as Altzheimer disease,
Creutzfeld-Jakob encephalopathy or ischemic
stroke (24, 32). Increased CSF levels of alphatocopherol, triglyceride C52 (produced by the
oxidative stress), ceramides (degradation products
of sfingomielinei) and 4-hidroxinonenal (HNE) is
associated with the worsening of mental status (3,
25). Although the level of HIV RNA in the CSF
may be quantified , its significance is unclear. Some
authors consider that high levels (above median of
4.77 log copies/ml CSF (32)) is being correlated
with the cognitive impairment (11). However
neurological damage is not present in all patients
who demonstrate a high replicative level (14). It
should be taken into account that the blood-CSF
barrier is more permeable than BBB (about 10 times,
estimation based on its electrical resistance) (37),
making the HIV RNA level in CSF not accurate for
reflecting the viral replication in the brain
Electroencephalogram is not definitory for the
diagnostic; in late stages it is recorded the overall
reduction of the electrical waves (46).
Modern radiological exploration can support the
diagnosis of HAD, excluding other neurological
disorders.
Computed tomography and magnetic resonance shows cortical and subcortical atrophy and
dilatation of lateral ventricles; over time these
elements are progressing, the MRI can reveal hyperintense lesions of the white periventricular matter

periventricular, initially focal, then diffuse located
in the late stage. When contract is added no accentuation is observed. The lessions have no mass
effect (7, 46). MRI can be used to dynamically
monitor the loss of the white matter. A study
presented at the 11th Conference on Retroviruses
and Opportunistic Infections showed that annual
white matter damages are double in people living
with HIV (and even in heavy alcohol drinkers)
compared with seronegative subjects (36). Positron
emission tomography (PET) may reveal alterations
of cortical metabolism and photon emission
tomography (SPECT) shows abnormal blood flow
in affected areas (46). Modern spectroscopic
techniques – proton magnetic resonance spectroscopy, 1H-MRS – are used for research purposes to
reveal metabolic abnormalities in various brain
regions.
Animal models (macaque) have shown decreased N-acetilaspartatului level in the frontal lobe
at the initial stage of infection, increased creatine in
the white matter, increased choline and myoinositol
all over the cortex (39). Glutathione and GABA
levels are low (27). Expression changes seem to
reflect neural injuries and practically gave birth to a
new medical field – metabolomics.
Brain biopsy, though not recommended for
routine practice, may confirm the diagnosis; it is
noted cortical atrophy, mainly frontotemporal,
vacuolation, neuronal destructions, reduced synaptic density and dendritic arborisation, apoptosis,
pale white matter (30). It can be seen cellular infiltration, nodular or diffuse, moreover with perivascular localisation, in cortical white matter and
subcortical gray substance, consisting of microglial
cells, macrophages, lymphocytes and multinucleated
giant cells (46). By immunohistochemical studies,
the basal ganglia and frontal lobes are highlighting
the gp41 protein, whose expression is correlated
with severity of dementia (45). A number of markers
of neuronal degeneration (amyloid beta or alpha
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synuclein) are frequently identified, but appear to
correlate with the duration of HIV infection and not
with the frequency of neurocognitive disorders
(26).
Evolution of HAD, according to Price and Brew
staging (quoted by Bartlett (7)) is shown in Table
5). Prior to the introduction of HAART the average
survival time was six months, while today it rose to
almost 40 months (46).

THERAPEUTIC POSSIBILITIES
There is no specific treatment for HAD.
However, HAART regimens reduce the
incidence of HAD and protect against this condition
(46). As for the remission of this condition, the data
are contradictory, some authors considering that
there was insufficient evidence to support the role
of antiretroviral therapy (ART) (7), while others
sustain that HAART may slow down the progress
of HAD (44, 46). Penetration of antiretrovirals into
brain parenchyma is limited by the structure of the
BBB, efflux pumps and the presence of enzymes
that degrade these substances (54). Basically, it is
recommended to choose a potent antiretroviral
treatment (HAART). with at least two drugs with
good penetration into the CSF (9), examples being
AZT, d4T, ABC, NVP, EFV and IDV (8). However,
Evers et al. demonstrate that, although HAART
prevents cognitive deterioration associated with
AIDS, this is not due to CSF concentrations of
antiretroviral substances, but rathe to suppression
of HIV found in the blood (18).
Psychotropic medication may be used with the
adjuvant effect. It has been studied the effects of
oral lithium (29), sodium valproate (47) or serotonin
reuptake inhibitors (SRI). Regarding SRI, a study
involving 600 subjects showed improvement of
neurocognitive performance in the group thet has
used this medication. However this results seems to
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be the effect of a better adherence to ART, secondary
to the treatment of depression, with consequent
decrease in HIV viral load (28).
Psychological support may be beneficial.

THERAPEUTIC PERSPECTIVES AND
RESEARCH DIRECTIONS
In future, using nanotechnology, it may be
obtained ART formulations with higher penetration
of the BBB. In vivo studies using animal models
have demonstrated superior penetrability of
indinavir nano-formulated, transported by macrophages, particularly in the subcortical areas and
also supported its release for 14 days after a single
administration (long-release effect) (12, 37).
Attempting to further increase the CNS concentration
of nano-formulated drugs may be obtained by
altering the BBB using chemical, biochemical or
physical methods (e.g. osmotic – mannitol –, by
ultrasound with MRI guidance to the area of
interest, or by electromagnetic field), but these
approacheas are limited by the fact that it also
allows penetration of other undesirable components
/ toxic at this level (37).
Another modern approach for HAD treatment,
currently in experimental stage, uses the transfer of
genetic material from one cell (macrophages
derived from circulating monocytes – MDM) to
another via a defective lentivirus, thus introducing
anti-HIV genes / or other neuroprotective genes in
the CNS. Data obtained in vitro show a decrease of
4 to 5 times the capacity of HIV replication in
MDM cultures (31, 56).
Ceftriaxone and minocycline showed experimentally the ability of influencing the developments
of HAD. HIV, through its tat and gp120 proteins by,
is setting the downregulation of the EAAT2
(excitatory amino acid transporter-2), responsible
for inactivation of synaptic glutamate which is
involved, in high concentrations, in neuronal

TABLE 5. HAD staging according to Price and Brew (1988)
Stage
0
0,5

Subclinical

1

Minor
impairment

2
3
4

Interpretation
Normal

Moderate
impairment
Severe
impairment
End stage

Clinical features
Normal motor and cognitive functions
No symptoms or minimal – equivocal; no work impairment ; no influences over the daily activity.
It could be noted a slowliness of ocular movement or proximal muscles
Mild – minimal intellectual or motor impairment; without affecting the ability of daily care; the patient
can walk alone; it is noted the decrease in intellectual performance and neuropsychological tests,
with impaired ability to work under conditions of maximum demand
The patient is capable of self-care and daily minimal activities, but may require assistance; cannot
perform tasks forcing the intellectual functions.
Major intellectual disability (cannot watch news, cannot sustain complex conversation,’’slow’’gen
eral mental functions). Cannot move without assistance, walking is difficult
Near vegetative stage ; paraplegia or quadriplegia
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toxicity, while beta-lactams is inducing the upregulation of EAAT2 (42). Minocycline reduces
activation of macrophages and endothelial cells,
reduces expression of certain markers of inflammation, in the brain and CSF, while in vitro it inhibits both HIV and simian immunodeficiency virus
(19, 57). Besides its anti-inflammatory and antilentivirale (in vitro) effects, minocycline is showing
additional antioxidant capacity, as well as and antiapoptosis effects (57).
Antagonists of the NMDA receptor (e.g.
nimodipine, memantine and nitroglycerin) are used
for prevention of HAD (30).

In vitro experiments showed that antibodies
against MCP-1 inhibits the chemokines production
and transmigration of monocytes in the percentage
of 85-90%. Antibodies against ICAM-1 and Eselectin molecules were used for the same purpose
(55).
Other approaches is based on using the tetraethylammonium, a potassium channel blocker, thus
braking the leukocyte passage (22). The above mentioned experimental results open new perspectives
for future treatment

REFERENCE
1. Agrawal, S., Anderson, P., Durbeej, M. et al – Dystroglican is
selectively cleaved at the parenchymal basement membrane at sites of
leukocytes extravasation in experimental autoimmune encephalomyelitis,
J Exp Med., 2006, 203(4), 1007-1019
2. Ances, B – HIV-associated neurocognitive disorders in the era of highly
active antiretroviral therapy, 2008, www.medscape.com (accesat sept.
2009)
3. Bandaru, VV., McArthur, JC., Sacktor, N. et al – Associative and
predictive biomarkers of dementia in HIV-1-infected patients, Neurology,
2007, 68, 18, 1481-7 (abstract)
4. Banks, WA., Ercal, N., Price, TO – The blood-brain barrier in neuroAIDS,
Curr HIV Res., 2006, 4 3, 259-66 (abstract)
5. Banks , WA., Fred, EO., Wolf, KM. et al – Transport of human
immunodeficiency virus type 1 pseudoviruses across the blood-brain
barrier: role of envelope proteins and absorptive endocitosis, J Virol.,
2001, 75, 10, 4681-91
6. Banks , WA., Robinson, SM., Wolf, KM. et al – Binding, internalization,
and membrana incorporation of human immunodeficiency virus-1 at the
blood-brain barrier is differentially regulated, Neuroscience, 2004, 128, 1,
143-53 (abstract)
7. Bartlett, JG., Gallant, JE – 2006 Medical Management of HIV Infection,
John Hopkins Medicine – Health Publishing Business Group, 2006, 432
8. Bartlett, JA., Ferrando, SJ – Identification and management of
neurologic and psychiatric side effects associated with HIV and HAART,
2004, www.medscape.com (accesat septembrie 2005)
9. Benea, EO., Streinu-Cercel, A – Managementul bolnavului cu infecţie
HIV, ed. IBI Matei Balş, Bucureşti, 2001, 226
10. Birbeck, GL – Human immunodeficiency virus dementia patients in
Africa: How many? Who cares? And where to from here?, J Neurovirol,
2005, 11, suppl 3, 30-3 (abstract)
11. Cinque, P., Vago, L., Ceresa, D. et al – Cerebrospinal fluid HIV-1 RNA
levels: correlation with HIV encephalitis, 1998, AIDS, 12, 4, 398-94
12. Dou, H., Grotepas, CB., McMillan, JM. et al – Macrophage delivery of
nanoformulated antiretroviral drug to the brain in a murine model of
neuroAIDS, J Immunol, 2009, 183, 1, 661-9 (abstract)
13. El-Hage 3, N., Bruce-Keler, AJ., Knapp, PE., Hauser, KF – CCL5/
RANTES gene deletion attenuates opioid-induced increases in glial
CCL2/MCP-1 immunoreactivity and activation in HIV-1 tat-exposed mice,
J Neuroimmune Pharmacol., 2008, 3, 4, 275-85 (abstract)
14. Ellis, RJ., Moore, DJ., Childers, ME. et al – Progression to
neuropsychological impairment in human immunodeficiency virus
infection predicted by elevated cerebrospinal fluid levels of human
immunodeficiency virus RNA, Arch Neurol., 2002, 59, 6, 923-28
15. Eugenin, EA., Gamss, R., Buckner, C. et al – Shedding of PECAM-1
during HIV infection: a potential role for soluble PECAM-1 in the
pathogenesis of neuroAIDS, J Leukoc Biol, 2006, 79, 3, 444-52
16. Eugenin, EA., Osiecki, K., Lopez, L. et al – CCL2/monocyte
chemoattractant protein-1 mediates enhanced transmigration of human

immunodeficiency virus (HIV)-infected leukocytes across the blood-brain
barrier: a potential mechanism of HIV-CNS invasion and neuroAIDS, J
Neurosci., 2006, 26, 4, 1098-106
17. Everall, I., Vaida, F., Khanlou, N. et al – Cliniconeuropathologic
correlates of human immunodeficiency virus in the era of antiretroviral
therapy, J Neurovirol., 2009, 8, 1-11 (abstract)
18. Evers, S., Rahman, A., Schwaag, S., Frese, A., Reichelt, D. et al –
Prevention of AIDS Dementia by HAART Does Not Depend on
Cerebrospinal Fluid Drug Penetrance, AIDS Res Human Retrovir., 2004,
20, 5, 483-91
19. Follstaedt, SC., Barber, SA., Zink, MC – Mechanism of minocyclineinduced suppression of simian immunodeficiency virus encephalitis:
inhibition of apoptosis signal-regulating kinase 1, J Neurovirol, 2008, 14,
5, 376-88 (abstract)
20. Gandhi, N., Saiyed, Z., Thangavel, S. et al – Differential effects of HIV
type 1 clade B and clade C Tat protein on expression of proinflammatory
and antiinflamatory cytokines by primary monocytes, AIDS Res Hum
Retroviruses, 2009, 25, 7, 691-9 (abstract)
21. Gelman, BB., Soukup, VM., Schuenke, KW., Keherly, MJ., Holzer, C.
et al – Acquired neuronal channelopathies in HIV-associated dementia, J
Neuroimmunol. 2004, 157, 1-2, 111-9 (abstract)
22. Gendelman, HE., Ding, S., Gong, N. et al – Monocyte chemotactic
protein-1 regulates voltage-gated K+ channels and macrophage
transmigration, J Neuroimmune Pharmacol., 2009, 4, 1, 47-59
23. Gisslen, M., Hagberg, L., Brew, BJ. et al – Elevated cerebrospinal fluid
neurofilament light protein concentrations predict the development of
AIDS dementia complex, J Infect Dis., 2007, 69, 1781-88
24. Green, AJE., Giovannoni, G., Hall-Craggs, MA., Thompson, EJ.,
Miller, RF – Cerebrospinal fluid tau concentrations in HIV infected
patients with suspected neurological disease, Sex Transm Inf., 2000, 76,
443-6
25. Haughey, NJ., Cutler, RG., Tamara, A. et al – Pertubation of
sphingolipid metabolism and ceramide production in HIV-dementia, Ann
Neurol, 2004, 55, 2, 257-67 (abstract)
26. Khalou, N., Moore, DJ., Chana, G. et al – Increased frecvency of alphasynuclein in the substantia nigra in human immunodeficiency virus
infection, J Neurovirol., 2009, 15, 2, 131-8 (abstract)
27. Lentz, MR., Westmoreland, SV., Lee, V. et al – Metabolic markers of
neuronal injury correlate with SIV CNS disease severity and inoculum in
the macaque model of neuroAIDS, Magn Reson Med, 2008, 59, 3, 475-84
28. Letendre, SL., Marquie-Beck, J., Ellis, RJ. et al – The role of cohort
studies in drug development: clinical evidence of antiviral activity of
serotonin reuptake inhibitors and HMG-CoA reductase inhibitors in the
central nervous system, J Neuroimmune Pharmacol., 2007, 2, 1, 120-27
29. Letendre, SL., Woods, SP., Ellis, RJ. et al – Lithium improves HIVassociated neurocognitive impairment, AIDS, 2006, 20, 14, 1885-88
30. Lipton, SA., Gendelman, HE – Dementia associated with the Acquired
Immunodeficiency Syndrome, New Engl J Med., 1995, 332, 14, 934-40

REVISTA ROMÂNÅ DE BOLI INFECºIOASE – VOLUMUL XIII, NR. 2, AN 2010
31. Lu, Y – GFP-lentiviral vectors targeting for neuroAIDS, Methods Mol Biol,
2009, 515, 177-97 (abstract)
32. Mallgren, A – Preventing brain damage in HIV infection, 2008, www.
medscape.com (accesat sept. 2009)
33. McArthur, J – Update on Neurology, www.hopkins-aids.edu, 2005
(accesat noiembrie 2005)
34. Mishra, M., Vetrivel, S., Siddappa, NB. et al – Clade-specific
differences in neurotoxicity of human immunodeficiency virus-1 B and C
Tat of human neurons: significance of dicysteine C30C31 motif, Ann
Neurol, 2008, 63, 3, 366-76
35. Negruţiu, L – Afectări neuronale în infecţia cu HIV, www.infectio.ro 2005,
(accesat octombrie 2005)
36. Nierengarten, MB – Ongoing CNS injury occurs in HIV patients despite
ART, 2004, www.medscape.com (accesat sept. 2009)
37. Nowacek, A., Gendelman, HE – NanoART, neuroAIDS and CNS drug
delivery, 2009, www.medscape.com (accesat sept. 2009)
38. Rao, VR., Sas, AR., Eugenin, EA. et al – HIV-1 clade-specific
differences in the induction of neuropathogenesis, 2008, J Neurosci, 28,
40, 10010-6
39. Ratai, EM., Pilketon, SJ., Greco, JB. et al – In vivo proton magnetic
resonance spectroscopz reveals region specific metabolic responses to
SIV infection in the macaque brain, BMC Neurosci, 2009, 10, 63
40. Robertson, K., Kopnisky, K., Hakim, J. et al – Second assessment of
NeuroAIDS in Africa, J Neurovirol., 208, 14, 2, 87-101
41. Robertson, KR., hall, CD – Assesment of neuroAIDS in the international
setting, J Neuroimune Pharmacol, 2007, 2, 1, 105-11 (abstract)
42. Rumbaugh, JA., Li, G., Rothstein, J., Nath, A – Ceftriaxone protects
against the neurotpxicity of human immunodeficiency virus protein, J
Neurovirol, 2007, 13, 2, 168-72 (abstract)
43. Sacktor, N., Nakasujja, N., Robertson, K., Clifford, DB – HIVassociated cognitive impairment in sub-Saharan Africa – the potential
effect of clade diversity, 2007, Nat Clin Pract Neurol, 3, 8, 463-43
(abstract)
44. Sacktor, N., Skolasky, RL., Tarwater, PM., McArthur, JC., Selnes, OA.
et al – Response to systemic HIV viral load suppresion correlates with
psychomotor speed performance, Neurol. 2003, 61, 4, 567-9 (abstract)
45. Sahai-Srivastava, S., Jones, B – Dementia Due to HIV Disease, 2004,
www.emedicine.com (accesat octombrie 2005)

91

46. Schaben, LJ., Thomas, FP – HIV-1 Encephalopaty and AIDS Dementia
Complex, 2004, www.emedicine.com (accesat septembrie 2005)
47. Schifitto, G., Peterson, DR., Zhong, J. et al – Valproic acid adjunctive
therap for HIV-associated cognitive impairment: a first report, Neurology,
2006, 66, 6, 919-21
48. Schutzer, SE., Berger, JR., Brunner, M – Identification of potential
antibody markers in HIV-associated dementia, J Neuroimmunol. 2004,
157, 1-2, 120-5 (abstract)
49. Selnes, OA – Memory loss in persons with HIV/AIDS: asesment and
strategy for coping, 2005, www.medscape.com (accesat sept. 2009)
50. Shiramizu, B., Williams, GS., Shikuma, C., Ratto-Kim, S., Watters, M.
et al – Circulating proviral HIV DNA and HIV-associated dementia, AIDS,
2005, 19, 1, 45-52 (abstract)
51. Tadesse, T., Langford, D., Manji, K., Mehari, E – Patterns of neuroAIDS
in Africa, J Neurovirol, 2005, 11, suppl. 1, 22-6 (abstract)
52. Tateno, M., Ukai, W., Yamamoto, M., Hashimoto, E., Ikeda, H. et al –
The effect of ethanol on cell fate determination of neural stem cells,
Alcohol Clin Exp Res, 2005, 29, 12, 225S-9S (abstract)
53. Valcour, VG., Shikuma, CM., Watters, MR., Sacktor, NC – Cognitive
impairment in older HIV-1 seropositive individuals: prevalence and
potential mechanism, AIDS, 2004, 1, 18, supl. 1, S79-86 (abstract)
54. Varatharajan, L., Thomas, SA – The transport of anti-HIV drug across
blood-CNS interfaces: summary of current knowledge and
recommendation for future research, Antiviral Res., 2009, 82, 2, A99-109
55. Weiss, JM., Downie, SA., Lyman, WD., Berman, JW – Astrocytederived monocyte-chemoattractant protein-1 directs the transmigration of
leukocytes across a model of the human blood-brain barrier, J Immunol.,
1998, 161, 12, 6896-903
56. Zeng, L., Planelles, V., sui, Z. et al – HIV-1 based defective lentiviral
vectors efficiently transducer human monocytes-derived macrophages
and suppress replication of wild-type HIV-1, J Gene Med, 2006, 8, 1, 1828 (abstract)
57. Zink, MC., Uhrlaub, J., DeWitt, J. et al – Neuroprotective and antihuman immunodeficiency virus activity of minocycline, JAMA, 2005, 293,
2003-11

