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Response 
With regard to my discussion in the View- 
point of the way the ancient Greeks and the 
first Christians of Rome, such as Saint Au- 
gustine, interpreted the question of the sta- 
tus of the human embryo, my point was in- 
tended to be a judicial one. It is common 
knowledge that according to the Catholic 
Church "life must be protected and favored 
from the beginning," as is stated by the 
"Declaration on Procured Abortion" issued 
by the Sacred Congregation for the Doctrine 
of the Faith (1 8 November 1974). However. 
in the Viewpoint, I was pointing out that in 
earlier times, there were various opinions on 
the infusion of the spiritual soul into the fe- 
tus's body. In particular, Saint Augustine and 
Saint Thomas d'Aquino developed the theo- 
ry of successive animation based on Aristo- 
tle. Canon Law (Decretum Gratiani, around 
1150 A.D.) thus made a distinction between 
abortion as a crime, that is to say homicidi- 
um, and abortion before animation. This dis- 
tinction was rejected in another Decretum of 
Innocent XI, who firmly condemned the 
sentence "Licet procurare abortus ante ani- 
mationem fetus" (I). 

Since modern discoveries in the fields 
of anatomy and biology, the Church's con- 
demnation of abortion has made no offi- 
cial distinctions regarding the different 
stages of development of human embryos. 
Yet, it is interesting to note than even in 
1983 when the Canon Code I1 was being 
written, there still continued to be discus- 
sions about prohibition (or proscription) 
versus excommuncation with regard to 
abortion. All in all, through the centuries 
the question of abortion and excommuni- 
cation has been debated and indeed has 
not been without controversy (2). 
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HIV-Associated Dementia 
In her Perspective "HIV infection and de- 
mentia" (Science's Compass, 28 Jan., p. 602), 
Suzanne Gartner presents a hypothesis that 
human immunodeficiency virus (HIV)-asso- 
ciated dementia (HAD) occurs primarily as a 
result of trafficking into the brain of infected 
or activated monocytes from the bone mar- 
row late in the course of HIV disease. Gart- 
ner predicts that with systemic suppression of 
HIV in the periphery-possible with ad- 
vances in highly active antiretroviral treat- 
ments (HAARTs)-HAD will not develop. 

HIV can be contained in the periphery 
with HAART; however, predicting the erad- 
ication of HAD may be premature. Several 
lines of evidence about the importance of 
HIV infection in the brain suggest that 
HAD will continue to be a significant clini- 
cal concern. Specifically, HIV enters the 
brain early in infection and persists in the 
brain throughout the course of HIV disease, 
and the brain appears to provide a sanctuary 
site for the virus (I). A viral reservoir in the 
brain not only poses a threat to neurocogni- 
tive function, but also may augur a potential 
resurgence of systemic disease (2). 

Far in advance of end-stage acquired 
immunodeficiency syndrome (AIDS), 
HIV infection is associated with neurocog- 
nitive deficits (3) and anatomic and func- 
tional brain abnormalities. Proton magnet- 
ic resonance spectroscopy (4) and func- 
tional magnetic resonance imaging ( 5 )  
demonstrate altered metabolism and blood 
flow in neurologically asymptomatic HIV- 
infected individuals and in those with cog- 
nitive impairments. Viral RNA levels are 
well documented in the cerebrospinal fluid 
(CSF) in demented and nondemented 
AIDS patients (6). Furthermore, post- 
mortem studies using sensitive and quanti- 
tative assays correlate CSF viral levels 
with high viral levels throughout the brain 
(7). These data indicate the importance of 
HIV in the brain at all stages of disease 
and raise questions about the effects of the 
presence and amount of virus or viral 
components on neuronal function. 

There is not substantial epidemiologi- 
cal data indicating that HAD declines after 
the introduction of HAART. A preliminary 
study reported by Dore and colleagues (8) 
examined the incidence of HIV-associated 
severe cognitive and motor impairments. 
They concluded that "HAART has a lesser 
impact on [AIDS dementia complex] than 
other AIDS defining illnesses, with the 
poor [central nervous system] penetration 
of many antiretroviral agents a possible ex- 
planation." Because many protease in- 
hibitors have poor penetration into the 
brain, even with aggressive treatment, the 
central nervous system may serve as a pro- 
tected viral reservoir. Viral compartmen- 
talization studies show that virus evolution 
can occur in protected sites, including the 
brain, independent from virus evolution in 
the periphery (9). There is evidence of la- 
tent HIV infection of astrocytes in autopsy 
studies (10) and in vitro (11). In the in vit- 
ro study, virus was reactivated upon stimu- 
lation with pro-inflammatory cytokines. A 
review of 390 brain autopsies of AIDS pa- 
tients from 1982 to 1998 concluded that 
there has not been a decline in the patho- 
logical manifestations of HIV infection of 
the brain (12). Although more detailed 

analyses of the consequences of HAART 
on the neurological complications in AIDS 
are needed, it is important to recognize 
that 20 to 50% of patients fail to have 
durable responses to HAART (I). 

The principal cells responsible for neu- 
ronal dvsfunction are infected activated 
macrophages and microglia, which secrete 
cytokines and other soluble factors toxic to 
neurons (13). Trafficking of monocytes in- 
to the brain further adds to a cascade of 
neurotoxic events. The physiologic and 
pathologic role of chemokines and their 
receptors in this process has yet to be fully 
elucidated. Evidence supports a key role 
for the virus. Neurological dysfunction 
correlates with elevated levels of virus in 
the CSF (6, 14). High viral load does not 
necessarily correlate with dementia, but 
monocytes or macrophages (which are de- 
rived from monocytes) also may be re- 
quired (15). Thus, considerable evidence 
supports a necessary role for the virus in 
directly or indirectly mediating central 
nervous system disease. 

Preventing HIV from entering the central 
nervous system is critical in managing se- 
vere neurological consequences of HIV. 
When HAART therapy reduces systemic vi- 
ral load, it usually, but not always, results in 
decreased CSF viral load. This is the best 
surrogate marker for viral load in the central 
nervous system. Confidence that the central 
nervous system will be protected by periph- 
eral viral control is premature. The potential 
for HIV to enter the central nervous system 
during all disease stages, the latent presence 
of HIV within protected reservoirs in the pe- 
riphery and in the central nervous system, 
and the ability of HIV to initiate inflamma- 
tory processes in the brain suggest that 
HAART may not eradicate HAD. 
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Response 
The concerns raised highlight several of the 
unresolved issues that remain key to a fuller 
understanding of HIV neuropathogenesis. 
These include (i) the extent of HIV infec- 
tion within the brain parenchyma during the 
asymptomatic stage, before the onset of 
AIDS; (ii) the source of the HIV particles 
present within the CSF and with respect to 
HIV infection. the relation between the 
CSF and brain parenchymal compartments; 
and (iii) the relative contributions of the 
macrophage, versus those of HIV itself, to 
the development of neurological disease. 
Although imaging techniques now permit 
detection of HIV-associated changes within 
the brain relatively early with respect to 
neurological disease, questions relating di- 
rectly to HIV infection and expression 

within the parenchyma must usually be ad- 
dressed postmortem. For this reason, our 
knowledge of HIV-related events occurring 
within the brain during the pre-AIDS stage 
is greatly overshadowed by-our knowledge 
and thinking about the post-AIDS brain. 
Also, because of the obvious difficulties in- 
herent with studying the brain, the practice 
has been to study CSF and assume that the 
findings accurately reflect events ongoing 
within the brain parenchyma. 

Regarding changes in the incidence of 
HAD, we have observed, in association 
with the introduction of HAART, a 52% de-
cline in the incidence of dementia among 
participants in the Multicenter AIDS Co- 
hort study, a large cohort of homosexual 
and bisexual men, which has high rates of 
antiretroviral usage and adherence (1).We 
have also observed a 43% decline in the in- 
cidence among individuals seen by the 
Johns Hopkins AIDS Service; this group 
has a high proportion of injection drug 
users (2). We agree that an accurate assess- 
ment of the imuact of HAART on HAD re- 
quires more epidemiological data, especial- 
ly because, with improved survival of indi- 
viduals with advanced HIV disease, we can 
anticipate a rising prevalence of HAD. 

Perhaps some of the controversy associ- 

ated with the aforementioned three issues 
results from using the detection of HIV 
RNA, particularly within CSF, as an indica- 
tor of HIV infection within the brain 
parenchyma. Examination of CSF in HIV- 
infected individuals has provided critical in- 
formation, but many questions remain. We 
believe that HIV RNA levels in CSF can be 
useful in specific clinical settings (for ex- 
ample, to document the efficacy of a partic- 
ular antiretroviral therapy regime for viro- 
logic suppression), but that CSF levels are 
not a surrogate marker of levels of HIV 
RNA in brain. In a study of 10 individuals, 
Wiley and colleagues showed a correlation 
between CSF and brain HIV RNA levels, 
but only for individuals with high viral lev- 
els (3).In a larger study, we observed only a 
very weak correlation between antemortem 
HIV RNA levels in CSF and postmortem 
levels in the brain (4). Price and Staprans 
introduced the terms "transitory" and "au- 
tonomous" to describe the differential con- 
tributions of trafficking cells compared 
with sustained productive parenchymal cen- 
tral nervous system infection (5). 

Regarding the source of HIV particles 
in CSF, evidence from our studies, as well 
as that from others (3, 6),supports the con- 
cept that HIV RNA in CSF is potentially 
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derived from multiple sources including 
trafficking cells, meningeal or choroid 
plexus macrophages, and T lymphocytes, 
as well as brain parenchyma. It is probable 
that different sources predominate during 
the different stages of the infection. It is 
important to keep in mind, however, that 
tissue macrophages and microglia are long- 
lived cells, and consequently they can pro- 
duce HIV within the brain for extended pe- 
riods of time. Thus, until the relations be- 
tween the CSF and parenchymal compart- 
ments at all stages of 

should be exercised when extrapolating 
from one to the other. We propose that de- 
tection of viral DNA be performed in par- 
allel on brain tissue specimens. This could 
help clarify the sources of viral RNA and 
also provide key information regarding 
HIV replication in macrophages. 

As mentioned in the Perspective, the 
perivascular macrophage, which likely 
originates from a blood-derived mono- 
cyte, may be a primary host for HIV in- 
fection within the brain. These cells have 
been shown to express HIV, and given 

HIV infection are their anatomical location, it seems Foba- 
more clearly ble that, particularly when present in 
understood, , considerable numbers (as in demented 
c a u t i o n  individuals), they could contribute sig- 

nificantlv to the cell-free HIV Dresent 
within <he CSF. These cells coild also 
represent a continually replenished 
seed source of HIV. That is, during the 
earlier stages of infection, small num- 

bers of infected monocytes could cross 
the endothelium and become perivascu- 

3 lar macrophages. [Low-level monocyte 
trafficking into brain has been shown to 
be a normal occurrence in humans (7).] 

An activated monocyte (blue cell with red As argued earlier, this process could be 
spikes) migrates from a blood vessel into accelerated during AIDS, when general- 
brain parenchyma. ized immune activation is present, in- 

cluding activation of circulating mono- 
cytes. Thus, the idea that the perivascular 
macrophage is a primary host cell for 
HIV within the brain is compatible with 
existing knowledge, including the obser- 
vations referred to by Major and col- 
leagues, and moreover, it can help to ex- 
plain some of the seemingly contradicto- 
ry observations. 

The hypothesis proposed, which pro- 
vides a new explanation for how HAD be- 
gins, is consistent with existing observa- 
tions, although at odds with certain inter- 
pretations of these observations. The defini- 
tive picture awaits ftuther investigation. 
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