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A CONCISE HISTORY OF NEUROLOGICAL 
MANIFESTATIONS OF HIV-1 INFECTION 

In the first years of the AIDS epidemic, attention was focused on the late neuro
logical sequelae of infection, when opportunistic infections and neoplasms, AIDS 
dementia complex (HIV-1 associated dementia (HIV dementia)) or peripheral 
neuropathy occur.1-2 In the early years, neurological complications occurred in 
at least 70% of all patients with AIDS and in 10% of patients neurological dis
ease was the presenting manifestation of human immunodeficiency virus type 1 
(HIV-1) -infection.34 Early neurological manifestations of HIV-1 infection may 
also occur. Examples are a viral meningitis or an inflammatory neuropathy 
during primary HIV-1 infection.5-6 

Opportunistic infections are often due to recrudescence of latent infection 
as a result of cellular immunodeficiency. A wide array of pathogens may cause 
neurological complications, including viruses, parasites, and fungi.3 Progressive 
multifocal leukoencephalopathy (PML) is a subacute demyelinating viral infection 
of the brain caused by the polyoma 'JC' virus.7 Cytomegalovirus infection may 
cause a diffuse meningoencephalitis, or a polyradiculitis; the latter presenting 
as a flaccid paraparesis accompanied by sphincter dysfunction.3-8 Toxoplasma 
gondii may cause focal intracerebral lesions, or, less often, a diffuse encephalitis.9 

Cryptococcus neoformans is a yeast that may cause a subacute meningitis.10 

Non-Hodgkin's lymphoma occurring either as primary CNS lymphoma or as a 
meningeal localization of systemic lymphoma form a second important category 
of AIDS-related neurological disease.3 

HIV dementia is a late neurological manifestation presumably caused by 
HIV-1 replication in the CNS. The earliest symptoms consist of mild cognitive 
impairment, but symptoms may progress to a subcortical dementia, associated 
with clumsiness, tremor, and poor balance, behavioral dysfunction including 
apathy and social withdrawal, and, subsequently to a global dementia, often with 
a paraparesis.11 A distal sensory neuropathy is a common neuropathy during 
late stages of HIV-1 infection, and is presumably related to systemic HIV-1 rep
lication.12 

The incidence of HIV dementia has declined since the introduction of 
zidovudine.1315 The incidence of toxoplasmic encephalitis, cryptococcal menin
gitis, and possibly CNS lymphoma and PML has decreased in recent years, 
because of the introduction of highly active antiretroviral therapy (HAART), and 
the use of prophylactic agents (e.g. fluconazole for cryptococcal meningitis and 
co-trimoxazole for toxoplasmic encephalitis)1621 The incidence of HIV dementia 
has further decreased since the introduction of HAART.21 

Treatment options for these neurological manifestations are limited, with the 
exception of toxoplasmic encephalitis and cryptococcal meningitis, and, less suc
cessfully, HIV dementia. Zidovudine was found to partially reverse HIV demen
tia 22-23, and HAART may improve HIV dementia.21 

Drug-toxicity is a new category of neurological disease. Zidovudine may 
cause a myopathy, and zalcitabine, didanosine, and stavudine a peripheral 
neuropathy.25 '27 The pathogenesis of myopathy is controversial, but damage to 
the mitochondria is crucial.28 Recently, perinatal exposure to zidovudine has 
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been related to severe neurological abnormalities due to mitochondrial dysfunc
tion, but this is still controversial.2930 Peripheral neuropathy may be due to 
inhibition of mitochondrial DNA replication or interference with phospholipid 
metabolism.31,32 Antiretroviral drug-related toxicity may become more important 
in the next few years because the mean duration of t reatment and the cumula
tive doses of drugs increase. 

ANTIRETROVIRAL TREATMENT OF HIV-1 CNS INFECTION 

Drug efficacy in the central nervous system (CNS) is an important issue in 
developing strategies for effective suppression of HIV-1 replication.33 First of all, 
HIV-1 invades the brain early, and has been found present in the brain of HIV-1 
infected individuals during primary HIV-1 infection.34 Secondly, the CNS is an 
important sanctuary site for the virus.35 Thirdly, HIV-1 replication in the brain 
parenchyma may lead to HIV dementia.11 Several methods may be used to obtain 
information about drug efficacy in the CNS. All methods use the cerebrospinal 
fluid (CSF) as an indicator of what happens in the brain parenchyma. CSF drug 
levels a re a means to obtain information about drug penetration into the CNS.36 

Brain parenchymal drug levels, however, are not equivalent to CSF drug levels.37 

The CSF HIV-1 RNA concentration is increasingly used to measure HIV-1 rep
lication within the CNS and to monitor the response to treatment.3638 Whether 
CSF HIV-1 concentrations represent HIV-1 replication in the brain parenchyma 
is still controversial.38-39 Longitudinal measurements of CSF inflammatory mark
ers are another option to estimate CNS drug efficacy.39 

BACKGROUND OF THE STUDIES DESCRIBED IN THIS 
THESIS 

The first five chapters focus on treatment of HIV-1 CNS infection. Chapter 1 
reviews antiretroviral t rea tment of CNS infection. The link between CSF viral 
load and HIV-1 replication within the CNS is described, followed by a short 
summary of the concept of the blood-brain-barrier. The major part of the review 
summarizes data on penetration of the different antiretroviral drugs into the 
CNS. Chapter 2 describes the clinical symptoms, and t reatment of HIV dementia. 
Chapters 3-5 report on the CNS efficacy of several drug combination regimens. 
In chapter 3 the results of a prospective trial comparing a double protease 
inhibitor regimen (ritonavir and saquinavir) with a triple drug regimen including 
a nucleoside analogue (ritonavir and saquinavir and stavudine) are described. 
In chapter 4 the results on early immune activation markers within the CSF 
following treatment with either stavudine and lamivudine or zidovudine and 
lamivudine are reported. Chapter 5 describes the results of t reatment with a 
quintuple or sextuple drug regimen started in 6 patients with primary HIV-1 
infection. 

The three studies on the opportunistic manifestations have been derived 
from a consecutive series of over one thousand HIV-1 infected individuals evalu-
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a t ed for neurological compl ica t ions in a 15 y e a r per iod in t h e Academic Medica l 
C e n t e r in A m s t e r d a m . T h e m a i n topic of t h e s e c h a p t e r s concerns t h e efficacy 
(or lack thereof) of t r e a t m e n t r e g i m e n s for neurological complicat ions inc lud ing 
P M L (chap te r 6), CMV encepha l i t i s ( chap te r 7), a n d l ep tomen ingea l m e n i n g i t i s 
in sys t emic non-Hodgk in ' s l y m p h o m a (chap te r 8). 
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