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Introduction

In July of 2006, the National Institute of Mental
Health (NIMH) Center for Mental Health Research on
AIDS (CMHRA) sponsored the second conference on
the Assessment of NeuroAIDS in Africa, which was
held in Arusha, Tanzania. The conference mission
was to address the regional variations in epidemiol-
ogy of human immunodeficiency virus (HIV)-related
neurological disorders as well as the assessment and
diagnosis of these disorders. Participants discussed
and presented data regarding the relevance and trans-
lation of neuroAIDS (neuro–acquired immunodefi-
ciency syndrome) assessment measures developed in
resource-intensive settings and the challenges of neu-
roassessment in Africa, including the applicability of
current tools, higher prevalence of confounding dis-
eases, and the complexity of diverse cultural settings.

The overwhelming majority of HIV infections ex-
ist in sub-Saharan Africa (SSA), the countries be-
low the southern border of the Sahara Desert, so
progress in this region was of particular interest.
The first conference on the Assessment of Neu-
roAIDS in Africa featured researchers from the
African countries of Malawi, South Africa, Uganda,
Zambia, and Zimbabwe. Some of the countries specif-
ically discussed at the second conference included
the Democratic Republic of Congo, Ethiopia, Kenya,
Malawi, Mali, South Africa, Uganda, and Zimbabwe.
Since the first conference in 2004, more progress
has been made in developing culturally and con-
textually relevant neuropsychological tests and the
use of screening instruments for more efficient allo-
cation of neuropsychological resources has become
more commonplace. In regards to HIV treatment is-
sues, the second conference focused less on prob-
lems with adherence and hepatotoxicities and more
on problems with access to therapy and the toxic
neuropathies related to antiretroviral treatment. Con-
cerning the status of NeuroAIDS in Africa, the first
conference highlighted a study on the prevalence
of HIV-associated neurological disease in Uganda as
well as theoretical issues of culture and setting and
their impact on self reports and neurological tests.
The presentations at the second conference focused
more on the specific neurological features presented
at sites in three countries, Mali, Uganda, and Ethiopia
and stressed that differences in HIV clades repre-
sented across regions as well as differences in study
design and population studied can all affect the neu-
rological outcomes reported. The conference presen-
tations summarized here highlight the need for fur-
ther research on neuroAIDS in Africa and methods
for assessing HIV-related neurological disorders.

Epidemiology of HIV in Africa

Dr. Hakim from Harare, Zimbabwe, presented an
overview of the epidemiology of HIV in Africa

.(Hakim, 2006). The situation remains critical. Africa
accounted for 2.7 million new HIV infections and 2
million deaths due to HIV in 2005; of the estimated
39 million people living with HIV in 2005, 25 mil-
lion or 64% lived in SSA. Of those infected 13.2 mil-
lion (53%) were women and 2 million (8%) were
children, representing 75% of women and 90% of
children living with HIV worldwide. By 2005 HIV
prevalence in adults in some countries in SSA was as
high as 34%. However, trends in HIV infections are
peaking and showing decline in some areas. Uganda,
Kenya, Zimbabwe, and urban Burkina Faso are show-
ing declines possibly due to increased condom use,
delay in sexual debut, and a decrease in the number of
casual sexual partners. The leveling off of prevalence
may also be a result of high mortality rates. Long-
distance truck drivers, commercial sex workers,
blood transfusion recipients, and special groups such
as migrant workers, miners, and armed forces are still
the main sources of transmission. The ramifications
of HIV/AIDS include overwhelmed health services,
decreased health providers due to “burn out,” migra-
tion and death, struggling economies with increased
poverty, and a decreased workforce in agriculture and
industry. Education has suffered greatly as a result
of school drop outs and increased death rate among
teachers. A comprehensive program focused on pre-
vention and treatment will continue to be necessary
to reduce infection rates and death rates in SSA,
where condom use remains uncommon and where
fewer than 10% of infected people in the majority of
countries are receiving antiretroviral therapy (ART).

Antiretroviral rollout in Africa

Dr. Merry discussed her experiences with CARE,
the Cohort programme to evaluate Access to anti-
Retroviral therapy and Education, with study sites
in Dakar, Senegal, Abidjan, Cote d’Ivoire, Nairobi,
Kenya, and Kampala, Uganda .(Merry, 2006). At these
four sites, the percentage of patients with virolog-
ical success as well as the mean CD4 count both
rose significantly over time with increased access to
ART. In spite of the overwhelming success of ART
in improving systemic illness as seen at these sites,
limited resources on the personal, national, and inter-
national levels hinder progress towards treating all of
those with HIV in need of therapy. Compared to de-
veloped countries, SSA and other resource-poor ar-
eas have unmet basic needs and cultural issues that
place seemingly insurmountable barriers to perva-
sive treatment and prevention efforts. People neglect
personal healthcare when faced with the daily strug-
gle for food, water, and shelter, while governments
emphasize security and infrastructure development
over healthcare services. Cultural issues include so-
cial stigma and a deeper concern with the present
over the future. Her message was that, in addition
to the obvious medical and humanitarian reasons,
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failure to treat HIV has a profound and growing ef-
fect on economic and social stability, and on national
security. Although inroads are being made on this cri-
sis, much remains to be done to enlist the full support
of resource-poor governments in this battle.

Dr. Nakasujja presented her experience with
HIV/AIDS and the use of highly active antiretrovi-
ral therapy (HAART) in Uganda .(Nakasujja, 2006).
Even though HIV prevalence has been stabilized in
SSA, the actual number of people infected contin-
ues to grow due to population growth. The infection
rate in Uganda in 2005 was 7%, compared to 18%
in 1992. Uganda has a very high level of political
commitment and awareness to HIV/AIDS treatment
at all levels including a strong and comprehensive
health sector that has become a model for many coun-
tries. The World Health Organization (WHO) “3 by
5” initiative to treat 3 million people living with
HIV/AIDS by 2005 targeted 60,000 Ugandans to be
on ART by the end of 2005. Uganda has committed
to doubling the WHO target and aims to have 120,000
of the HIV-infected population on ART by the end of
2007. Donor supported programs began in 2003, and
thus far have treated approximately 57% of the tar-
get (around 69,000 people) at 185 accredited sites.
Both generic and brand name antiretroviral drugs are
offered at these sites but with a preference for the
cheaper generics. Despite initial concerns that HIV
treatment could divert both resources and attention
away from prevention, treatment scale-up in Uganda
has actually increased opportunities to undertake ef-
fective prevention. Increased awareness of HIV status
and better access to treatment and care have created
an upsurge in demand for HIV counseling and testing
services. New approaches to testing and counseling
include home-visit testing, family, couples’ and dis-
cordant couples’ therapy. Uganda has the theoreti-
cal capacity to rapidly scale up antiretroviral therapy
if adequate financial resources are made available.
However, significant problems remain. The costs of
drugs and laboratory services remain high. A shortage
of human resources, compounded by low salaries,
lack of incentives, and the hold on hiring in the pub-
lic sector, creates obstacles. The capacity for scaling
up is weak at the district and subdistrict levels, and
the referral systems are inadequate. Facilities for data
management are inadequate and there is a lack of co-
ordination between the multiple HIV care providers
and stakeholders. Infrastructural problems such as
inadequate roads and incorrect addresses, false be-
liefs, and quack healthcare givers all complicate care
giving. Although less marked than in the past, the
stigma associated with the diagnosis remains a prob-
lem for many Ugandans.

HIV-associated dementia in the HAART era

Dr. Hall reviewed the clinical features and trends in
HIV-associated dementia (HAD) during the HAART
era (Hall, 2006). HAART has completely changed the

clinical picture of HAD. Although there has not yet
been a reduction in the prevalence of HAD or its
less severe phenotype minor cognitive motor disor-
der (MCMD), multiple studies show improvement,
sometimes dramatic, in neuropsychological function
post-HAART in adults and children (Cysique et al,
2004; Ferrando et al, 2003; Robertson et al, 2004;
Saavedra-Lozano et al, 2006; Sacktor et al, 2000,
2006; Shanbhag et al, 2005; Tozzi et al, 1999, 2001).
Improvement usually continues for at least 3 months,
but some studies show improvement maintained for
up to 2 years after treatment begins when treatment is
maintained throughout the 2 years and the patient is
adherent. However, there are still significant deficits
in treated populations, probably a result of pretreat-
ment neurological damage. Progressive deficits have
been reported in some treated subjects, but the rel-
evance of this is not yet clear as serial testing has
demonstrated changes in both positive and negative
directions.

Most patients on HAART have dramatic improve-
ments in systemic disease markers like CD4 count
and plasma viral load, but the picture is less clear for
the central nervous system (CNS). Most studies prior
to HAART showed some correlation between demen-
tia and CD4 level, plasma viral load, or cerebrospinal
fluid (CSF) viral load (Childs et al, 1999; Ellis et al,
1997; McArthur et al, 1997; Robertson et al, 1998).
However, in the HAART era, CSF virological failures
are still fairly common and plasma viral load, CSF vi-
ral load, and CSF immune markers are not correlated
with or predictive of dementia (Cysique et al, 2006;
Sevigny et al, 2004; Stankoff et al, 1999; Tozzi et al,
2007).

The poor penetration of antiretroviral drugs (ARVs)
across the blood-brain barrier allows the potential
for viral sequestration in the brain and could poten-
tially cause continuing neurological decline. These
viral reservoirs may also increase the potential for
drug resistance and reseed the systemic compart-
ment(Antinori et al, 2003; Boffito et al, 2006; Cashion
et al, 1999; Clements et al, 2005; Enting et al, 1998;
Kramer-Hammerle et al, 2005; Langford et al, 2003;
Wynn et al, 2002). Some studies have reported a cor-
relation between CSF drug penetrance and neuropsy-
chological test scores but others have not (Eggers et al,
2003; Robertson et al, 2004). Although these studies
show mixed results, it is probably reasonable to add
ARVs with higher CSF penetrance into treatment reg-
imens of neurologically impaired patients.

The optimal time to start HAART has not been es-
tablished, but several lines of evidence suggest that,
as it relates to the nervous system, the earlier the bet-
ter. In both developed and developing nations, early
treatment must be weighed against cost, treatment
side effects and the likelihood of resistance.

NeuroAIDS in Africa

Most of the research on the neurological outcomes
of HAART has been limited to studies carried out
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in developing countries with adequate access to pri-
mary HIV treatment. In SSA, an area where people
are of a much lower socioeconomic status, antiretro-
viral drugs are expensive and hard to come by, and
cultures are vastly different from the United States
and Western Europe, the effects of HAART on HIV-
associated neurological disease are still being eluci-
dated. Experiences from three countries in SSA, Mali,
Uganda, and Ethiopia are described below.

The overall prevalence of HIV infection in Mali
is 1.8% (Traore, 2006). ARVs have been available in
three clinics in the capital Bamako since 2001, and
five further centers have recently been established.
Mali faces the same logistical and financial prob-
lems as other resource-poor countries. Computed to-
mographic (CT) scanning is available, but magnetic
resonance imaging (MRI) is not, CD4 evaluation is
possible but not universal, and there is limited abil-
ity for further diagnostic testing. Dr. Traore discussed
the spectrum of neurological diseases associated with
HIV infection at a clinic in Mali. From January 1991
to December 2002, 5128 patients were admitted to the
clinical neurology department and 239 (4.66%) were
infected with HIV. Of the 239 patients with HIV, 110
had focal or diffuse brain disorder, 55 had cranial le-
sions, 41 had spinal disorders, and 33 had peripheral
nerve disorders. The outcome of this study noted the
frequency and diversity of neurological disorders as-
sociated with HIV infection. In this Mali clinic, where
HIV subtypes G and CRF06 CPX are common, CNS
complications were more frequent than peripheral
nervous system complications.

Dr. Sacktor presented a study of HIV-associated
cognitive impairment at an infectious disease clinic
in Kampala, Uganda where clades A and D are the
predominant subtypes (Sacktor, 2006). Of 78 ambu-
latory HIV+ patients studied, 31% met criteria for
HIV dementia, 47% for mild cognitive impairment,
and 22% of the patients had no impairment on neu-
ropsychological testing. These figures are similar to
the pattern found in patients with advanced immuno-
suppression in the pre-HAART Dana cohort study in
the United States. Neuropsychological tests of verbal
memory (WHO-UCLA Verbal Learning Test trial 5 and
delayed recall) and executive function (Color Trails
Test parts 1 and 2) were most likely to demonstrate
impairment. In a pilot study, 23 HIV+ individuals
had detailed neuropsychological testing assessments
at baseline and after 6 months of HAART therapy.
At baseline, 61% of the HIV+ individuals were di-
agnosed with HIV dementia. At the 6-month follow-
up, the mean CD4 count improved from 71 cells/μl
at baseline to 222 cells/μl (P < .001) and only 4%
were diagnosed with HIV dementia. There was also
improvement in functional performance as measured
by the Karnofsky scale. These results suggest that
HAART should be provided for HIV+ patients in SSA
with neurocognitive impairment (regardless of CD4
status) if confounding factors such as CNS oppor-

tunistic infections, delirium from an acute systemic
process, or preexisting conditions have been ruled
out as a cause for cognitive impairment.

Dr. Clifford discussed results of the Ethiopian
Netherlands AIDS Research Project (ENARP), a lon-
gitudinal natural history study of HIV in two com-
munities in rural Ethiopia where general healthcare
is available (Clifford, 2006). HIV assessments were
performed at each of the communities in this cohort
as a part of the Ethiopian Neurologic AIDS Research
Consortium. (ENARC) (Clifford et al, 2007). Both HIV
positives and controls came from the same commu-
nity, and all HIV positives available were studied.
The investigators also evaluated a new rapid screen-
ing measure for dementia called the International
HIV Dementia Scale (IHDS). Patients were given four
tasks: naming four objects, fingertapping, the “Luria”
psychomotor learning task, and a delayed recall of the
four objects previously named. The IHDS revealed
no significant differences between the control popu-
lation and the HIV-affected population. However, the
traditional testing, largely using motor speeded tasks,
did reveal significant slowing of finger tapping in the
HIV-affected group, whereas all other tests showed
no difference. The investigators detected less HIV-
associated disability than was anticipated for this
study. Performance of both controls and HIV posi-
tives were impaired by Western standards, but did
not significantly differ from each other. The IHDS did
not demonstrate differences between HIV positives
and negatives consistent with clinical impression.
Neuropathy was found in approximately 15% of both
positive and negative populations.

Compared to the Ethiopian project, the untreated
population from the Ugandan clinic showed more
cognitive impairment, as well as more advanced
CD4/Karnofsky status. However, population differ-
ences as well as study design could explain dis-
parities in the results. Researchers emphasized that
norms for tests must be developed locally and require
an appropriate normal population. Examination con-
ditions and examiners should be the same for HIV+
and control populations. Demographic influences
may be meaningful and unrecognized; thus, popu-
lations should be well matched. It is also possible
that the genetic diversity of different viral subtypes
could play a part in the disparity seen in different
populations (Liner et al, 2007; Sacktor et al, 2007).
Although this has been inadequately studied, there
have been several recent reports that HIV subtype D
is associated with faster disease progression, specif-
ically over subtype A (Kaleebu et al, 2002, 2007;
Kanki et al, 1999; Vasan et al, 2006). With subtype
C predominant in Ethiopia and subtype D predomi-
nant in Uganda, regional differences in disease pro-
gression could be a result of the genetic diversity
of different viral subtypes. Unfortunately, the rela-
tive neurovirulence of different subtypes is not well
known.
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Pediatric neuroAIDS in Africa

HIV-related pediatric CNS disorders usually exhibit
broad variability in severity and timing (Epstein et al,
1986; Lobato et al, 1995). CNS involvement is the
first AIDS-defining symptom in as many as 18%
of pediatric patients (Gabuzda and Hirsch, 1987).
It can occur before significant immunosuppres-
sion and generally presents as HIV encephalopathy
with developmental delay or loss of developmental
milestones, microcephaly, and pyramidal tract signs
(Belman et al, 1988). Risk factors for pediatric neu-
roAIDS include the timing of infection, advanced
maternal disease at delivery, rapid progression with
early advanced immune suppression, high plasma vi-
ral load in infancy, and factors such as home environ-
ment and socioeconomic status.

Over 95% of children in SSA acquire their infec-
tions from their mothers. The cumulative rates of HIV
transmission from the mother are 25% to 40%. Under
10% are infected during pregnancy, 10% to 20% at
birth, and 10% to 20% during breast feeding (Dabis
and Ekpini, 2002). This results in more than 2.2 mil-
lion children infected with HIV in SSA, of whom ap-
proximately 35% die by 1 year and 52% by 2 years
of age.

Dr. Newton and colleagues are studying pediatric
HIV encephalopathy in Kilifi, the second poorest area
in Kenya, where as many as 20% of children are
underweight with stunted growth, and 10% have
microcephaly .(Newton, 2006). There was a high
prevalence of neurodevelopmental impairment in the
community. However, because over half of children
infected with HIV die before their second birthday, its
effect on neurological involvement is difficult to de-
tect. In this age group, motor function was the easiest
to assess. Lack of culturally appropriate cognitive and
language tests make information on these domains
difficult to interpret. They have developed a simpli-
fied definition of HIV encephalopathy for children
in SSA, which consists of (1) any child who is HIV
positive; (2) lack of growth in head circumference
assessed by serial measurements at least 3 months
apart; (3) neurodevelopmental milestones such as
loss of skills (particularly motor) and lack of acqui-
sition of skills; (4) diffuse symmetrical hyperreflexia;
and (5) lumbar puncture to exclude CNS infections.

Dr. Newton discussed the need for a study of HIV-
positive children in SSA with “encephalopathy” to
identify CNS infections, obtain neuroimaging, and
investigate possible metabolic causes that may in-
fluence neurodevelopment of undernourished chil-
dren in poorer communities. Further research is also
needed to identify neurodevelopmental skills that
can be assessed in children across SSA in the age
range of 6 to 48 months. Culturally and language
appropriate assessments of neurodevelopment also
need to be developed and standardized across large
populations.

Dr. Van Rie also stressed the lack of neurodevel-
opmental assessment tools evaluated and validated
outside of the Unites States and Europe ..(Van Rie,
2006). In addition, disentangling the direct effect of
HIV on the CNS from the environmental and social
influences of HIV on the neurodevelopment of HIV-
infected children in the sub-Saharan African context
poses significant problems to assessment. In a pi-
lot study in Kinshasa, Democratic Republic of Congo
(DRC), three groups of children age 18 to 71 months
were evaluated, including 35 HIV-infected children
initiating HAART, 35 HIV-affected but uninfected
children (AIDS orphans and children of parents with
symptomatic AIDS), and 90 control (HIV-unexposed
healthy) children living with healthy parents from
Kinshasa. Neurodevelopmental assessment, mater-
nal quality of life, demographic parameters, family
structure, and clinical and immunological parame-
ters were collected at baseline, 6 and 12 months.
Neurodevelopmental assessment tools included the
Bayley motor scale, Bayley mental scale, Peabody
motor scale, and Snijders-Oomen Nonverbal Intel-
ligence Test (SON 21/2–7). Although the mean and
standard deviation (SD) of the motor scores for the
control group was not significantly different from
the mean and SD of the normative populations (de-
termined in settings of Western culture such as the
United States and Europe), lower mean mental scores
were observed. This may indicate the need to adapt
some of the items to the sub-Saharan African context.

Compared to the normative group, motor, mental,
and language development were delayed in an over-
whelming majority of HIV-infected children. HIV-
affected children had significant but less marked de-
lays in their motor development and tended to have
slower mental development suggesting both a di-
rect biological (HIV) and an environmental compo-
nent. Behavioral problems were identified in both
HIV-infected and -affected children. Language ex-
pression was more delayed than comprehension in
both the HIV-infected and -affected groups. The im-
pact of CNS involvement appeared to be more pro-
nounced in the younger age group of HIV-infected
children. However, this could be due to the use of
different tools in different age groups, or the effect of
a “survival cohort.” Confounders also included mal-
nutrition and socioeconomic status. The follow-up
assessment indicated that both mental development
and motor development improved in a greater pro-
portion of HIV-infected children compared to con-
trol children, possibly due to the effect of ART. Over
time, the control group showed greater improvement
of mental development compared to motor develop-
ment scores, revealing a possible learning effect.

Dr. Holding presented on pediatric neuroassess-
ment in Kenya, emphasizing the need for the de-
velopment of tools appropriate to the context, to
ensure that they are sensitive to potential subtle ef-
fects of disease (Holding, 2006). She described the
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development of just such a battery of measures for
infants and toddlers that has identified poorer devel-
opment in psychomotor and language skills in chil-
dren growing up in East Africa exposed to HIV infec-
tion in utero. Differences from unexposed children
were found to increase with age, and to extend to
emotional regulation. Dr. Holding also emphasized
the need to research the neurodevelopment of chil-
dren with maternal HIV in the context of coinfections
such as malaria. Maternal malaria had a higher preva-
lence in HIV+ mothers (41%) compared to HIV−
mothers (21%). Adverse birth outcomes are more
common in the presence of both HIV and malaria. The
developmental outcome in children born to HIV and
malaria co-infected women may therefore be medi-
ated both directly by maternal HIV transmission and
indirectly by mechanisms involving complications of
coinfection.

Peripheral nerve disease in HIV-infected
subjects

Although there are no recent epidemiological data
from Africa, Dr. Mielke from Harare, Zimbabwe,
discussed peripheral nerve diseases in HIV-infected
subjects, with a focus on their classification into sev-
eral major clinical neuropathies based on when they
occur with respect to CD4 count or disease stage, as
well as clinical course and major symptoms (Mielke,
2006). Several recent studies have found neuropathy
in over 60% of subjects (Moore et al, 2000; Morgello
et al, 2004; Schifitto et al, 2002; Simpson et al, 2006).

Distal sensory polyneuropathy (DSP), a “dying
back” axonal neuropathy progressing distally from
the toes and featuring distal pain, paresthesia, and
numbness, is the most common HIV-associated neu-
ropathy. DSP usually occurs during advanced HIV
infection with a subacute and chronic course. Toxic
neuropathies from the “d-drugs” zalcitabine (ddC),
stavudine (d4T), and didanosine (ddI) share clinical
features with DSP, making them hard to differenti-
ate, but typically have a more acute onset, 1 week
to 6 months, and more prominent pain than DSP.
Symptomatic improvement can usually be seen over
weeks to months after discontinuation of treatment,
but is often preceded by an initial period of wors-
ening symptoms. However, because DSP and toxic
neuropathies are often indistinguishable and over-
lapping, about one third of patients fail to improve
after treatment is stopped. Elevated serum lactate
levels and mitochondrial DNA have been used to
help distinguish “d-drug”neuropathy. A small study
has demonstrated that use of l-acetyl carnitine im-
proved toxic neuropathy symptoms, supporting mi-
tochondrial toxicity as the mechanism for nucleoside
reverse transcriptase inhibitor (NRTI)-induced neu-
ropathy (Herzmann et al, 2005; Osio et al, 2006).

Dr. Mielke’s discussion also included a review of
the symptoms, time course, and diagnosis of several

other HIV-associated neuropathies, including acute
inflammatory demyelinating polyneuropathy (AIDP),
chronic inflammatory demyelinating polyneuropa-
thy (CIDP), mononeuropathy multiplex and progres-
sive polyradiculopathy.

Lactic acidosis and ascending neuromuscular
syndrome

Dr. Hosseinipour presented initial data on ascend-
ing neuromuscular syndrome in Lilongwe, Malawi
(Hosseinipour, 2006). As ART is rapidly scaling up
in resource-poor countries, the primary combina-
tion used in many countries is stavudine/lamivudine
(d4T/3TC) and nevirapine (NVP) since it is inex-
pensive and available in fixed dose combinations.
A potential toxicity related to long-term use of this
combination is lactic acidosis (LA), a potentially fatal
condition that requires cessation of ART. LA is com-
monly associated with an ascending neuromuscular
weakness and rapid-onset neuropathy with/without
muscle weakness may indicate lactic acidosis. Risk
factors for LA include female sex, duration of ther-
apy, pregnancy, preexisting liver disease, and obe-
sity (Bonnet et al, 2003; Calza et al, 2005; Coghlan
et al, 2001; Imhof et al, 2005; Moyle et al, 2002). Drug
associated risks for LA are d4T/ddI > d4T > ddI =
zidovudine (ZDV) > 3TC = abacavir (ABC). LA is
not yet seen in Tenofovir (TDF) treatment. In 2002,
the FDA reported 25 cases of LA with neuromus-
cular toxicity .(FDA, 2002). Twenty-two of the cases
were on stavudine containing regimens, 8 were preg-
nant women, and there were 7 deaths. The FDA case
definition included neuromuscular weakness, lactic
acidosis or symptomatic hyperlactatemia, and events
occurring within 4 to 5 weeks of each other. Clinical
symptoms of several known LA cases in Lilongwe in-
cluded drastic weight loss, nausea, abdominal disten-
sion, and neuropathic pain followed by progressive
muscle weakness. Higher lactate levels corresponded
with higher degrees of pain and weakness and prog-
nosis of death. Of the 20 known cases of LA identified
in Lilongwe, 100% were on stavudine.

This ascending neuromuscular syndrome may be
due to mitochondrial toxicity, and progressive neuro-
logical dysfunction can persist and worsen after ces-
sation of ART when associated with lactic acidosis.
Better characterization of the rate of this syndrome is
required as the population at risk is great and increas-
ing. Standardized, clinical assessments, and evalua-
tion among prospectively identified cases is required.

Recent developments in the SIV macaque
model of HIV CNS disease

Dr. Clements described results of research from
the Retrovirus Lab at Johns Hopkins on an accel-
erated, consistent simian immunodeficiency virus
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(SIV)/macaque model where the asymptomatic phase
was virtually eliminated and the macaques pro-
gressed to the terminal stage within 84 days
(Clements, 2006). The SIV model examined virus
genotypes throughout infection and found specific
genotypes in the brain during the acute and asymp-
tomatic stages of infection. There was evidence in
the SIV model for reseeding of the blood with vari-
ous viral genotypes from the brain. Correlates of neu-
rological disease included viral entry into the CNS
during acute infection, infection and activation of
macrophages and astrocytes, viral RNA in the brain
and viral load in the CSF, up-regulation of CCL2
in the CSF, and finally CNS inflammation with im-
munosuppression. All contribute to neuronal loss
and degeneration in the CNS and peripheral nervous
system (PNS). Dr. Clements also discussed the ther-
apeutic effects of interferon-β (IFNβ) on HIV infec-
tion. During the innate immune response in the CNS,
rapid production of IFNβ induces the production of
anti-inflammatory cytokines. This slows virus spread
and suppresses replication at the transcriptional level
before the induction of virus specific immune re-
sponses. The research indicates that IFNβ inhibits
SIV. Based on the predictable SIV model, the studies
suggest that IFNβ or a therapeutic that would prolong
the innate immune control might maintain innate
immune responses and lengthen the asymptomatic
phases in the CNS.

Dr. Zink reported on the potential neuroprotec-
tive benefits of minocycline in conjunction with HIV
treatment (Zink, 2006). Minocyline has been shown
to be neuroprotective in animal models of multiple
sclerosis, stroke, brain trauma, Parkinson’s disease,
amyotrophic lateral sclerosis (ALS), and Hunting-
ton’s disease. It has been on the market for 30 years,
so it is off patent, has proven safe when used daily
for years, and has good CNS penetrance. In this
SIV study, minocycline reduced macrophage acti-
vation measured by increased expression of CD68
and major histocompatibility complex (MHC) class
II and in turn reduced the severity of SIV en-
cephalitis. Minocycline appears to possess both anti-
inflammatory actions by drastically reducing CCL2
(monocyte chemoattractant protein [MCP]-1) expres-
sion, and antiviral effects as evidenced by sup-
pressing SIV/HIV viral replication in lymphocytes
and macrophages. Interestingly, virus cultured in
the presence of minocycline did not develop resis-
tance and plasma virus from SIV-infected, minocy-
cline macaques was not resistant to later suppres-
sion by minocycline. Minocycline also presents
therapeutic PNS effects, especially for those suf-
fering from toxic neuropathies. It was shown to
prevent dorsal root ganglion loss in terms of neu-
ronal area fraction to almost to the same level as
controls, and minocycline combined with tenofovir
was shown to prevent epidermal nerve fiber loss
to a level intermediate between SIV uninfected and
infected.

These recent findings based on the SIV model may
provide important alternate and adjunctive therapies
for HIV-associated neurological problems. In SSA,
where access to primary treatment is still limited and
many of the more toxic drugs are still relied on, al-
ternate therapies such as minocycline and IFNβ may
be vital to treat the inflammatory aspects of HAD and
toxic neuropathies and to strengthen innate immune
responses and lengthen the asymptomatic phases in
the CNS.

HIV-related neurological disease in
Africa—discussions of CNS opportunistic
infections

Central nervous system tuberculosis
Dr. Lalloo, from Durban, South Africa, reviewed cen-
tral nervous system tuberculosis (CNS TB) in HIV-
infected patients (Lalloo, 2006). TB is the second
most common cause of death from a single infectious
agent and the most common opportunistic infection
associated with HIV. Approximately one third of the
world’s population is infected with TB, with about 8
million new cases and 3 to 4 million deaths occurring
each year. The risk of TB infection increases after HIV
seroconversion; in SSA where nearly two thirds of
the world’s HIV-infected individuals reside, the two
problems are inextricably connected. SSA accounts
for about one third of new TB cases each year and
both the incidence and prevalence continue to rise.
Around 10 million people are coinfected with HIV
and TB, and some researchers estimate that TB kills
1 out of every 3 AIDS patients. TB is one of the factors
that result in neurologic signs and symptoms in 70%
to 90% of HIV patients during the course of the dis-
ease. Clinical syndromes associated with neuro-TB
include meningitis, tuberculoma, brain abscess, en-
cephalitis, myeloradiculopathy, spinal cord abscess,
and vertebral TB. CNS TB is more common in se-
lect populations such as intravenous drug users, the
poor and marginalized, and persons with advanced
HIV disease (CD4 <200). However, there is no evi-
dence yet that the neurological manifestations of TB
are different in HIV+ versus HIV− patients.

Multidrug-resistant TB has a mortality rate of
>60% and is an increasing problem as more and more
people have a poor response to second line treat-
ment. It must be expected in any patient with prior
exposure to TB drugs and meningitis. There is cur-
rently no data to support any standard strategy com-
bining HAART and TB treatment. Treatment must be
individualized to each patient, but experience with
pulmonary TB (PTB) suggests that concomitant treat-
ment is beneficial. Some studies have suggested a de-
crease in the manifestations of neuro-TB in patients
on HAART (Bottieau et al, 2003; Neuenburg et al,
2002); however, as a likely manifestation of immune
reconstruction immunodeficiency syndrome (IRIS),
some HAART-treated patients suffer a paradoxical
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worsening of TB while on appropriate TB treatment
(Aaron et al, 2004; Breen et al, 2006; Dean et al, 2002).
This paradoxical worsening is thought to represent
the host’s reconstituted immune response to the TB
antigen, but treatment failure, poor adherence, mal-
absorption, adverse drug reactions, lymphoma, and
drug resistance must be excluded. Under these con-
ditions, it has been suggested that HAART should be
delayed until TB is under control, but more studies
are needed to determine optimal treatment.

AIDS-associated toxoplasmosis
Dr. Amod from Durban, South Africa, discussed
toxoplasmosis, the commonest opportunistic infec-
tion (OI) causing focal brain lesions in AIDS pa-
tients (Amod, 2006). Worldwide seropositive preva-
lence rates vary geographically from 20% to 75%
and are notably higher in Europe than in the United
States. The estimated toxoplasmosis seroprevalence
in South Africa is around 34%. Many African
countries hit hard by HIV/AIDS also have a high
seroprevalence of toxoplasmosis. Untreated toxo-
plasmosis infections can result in debilitating neu-
rological disease and are often fatal in AIDS pa-
tients. Incidence of toxoplasmosis encephalitis (TE)
correlates with the prevalence of immunoglobulin
G (IgG) antibodies and 95% of cases are due to a
reactivation of latent disease during advanced im-
munosuppression. CT or MRI usually shows multi-
ple focal brain lesions. If lesions are detected, and
the patient is positive for Toxoplasma IgG antibod-
ies, then antitoxoplasma therapy is started. Toxo-
plasmosis usually targets the CNS in 80% of cases
and the retina in 5% to 10% of cases. Pneumonitis,
myocarditis, and disseminated multiorgan involve-
ment are far less common. TE has a subacute on-
set, with neurological and constitutional symptoms
progressing over days to weeks. Clinical features in-
clude fever and headache in 40-% to 70% of cases, fo-
cal neurological signs (hemiparesis and cranial nerve
palsies) in 50% to 60%, seizures in 30% to 40%,
and diffuse neurological dysfunction such as con-
fusion and lethargy in 40%. Primary prophylaxis
has been shown to prevent the reactivation of dis-
ease and should be instituted in resource-limited set-
tings once CD4 is <200/μl. In resource-limited set-
tings, the recommended treatment is cotrimoxazole
because it is inexpensive, readily available, and ef-
fective. After treatment, neurological response oc-
curs by day 3 in 50% and by day 14 in 90% of
patients. Radiological improvement usually appears
by the third week of treatment. In resource-limited
settings where pharmaceuticals and testing supplies
must be used efficiently, healthcare providers have
limited access to powerful diagnostic instruments
such as CT and MRI, and many patients are diag-
nosed with HIV only after developing OI such as tox-
oplasmosis, the subacute nature of TE poses a signifi-
cant problem to successful and timely diagnosis and
treatment.

HAART has been associated with a decline in the
incidence of Ois, including toxoplasmosis. Observa-
tional and randomized studies show that for primary
prophylaxis (no previous episode of toxoplasmosis),
therapy can be discontinued when CD4 >200 for
≥3 months. More limited data is available regard-
ing stopping secondary prophylaxis, but it should be
considered when CD4 count >200 for >6 months and
patient is asymptomatic.

Neurosyphilis
Dr Marra discussed neurosyphilis (Marra, 2006). The
WHO estimates that, worldwide, 12 million peo-
ple acquire syphilis each year. Most cases occur
in parts of the world where HIV is highly preva-
lent, and 10% to 50% of patients with syphilis also
have HIV. This translates to 180,000 to 1.2 million
cases of symptomatic neurosyphilis every year. Neu-
rosyphilis can occur at any time after infection, even
in patients who have primary syphilis. The gold stan-
dard test to establish a diagnosis of neurosyphilis
is a reactive cerebrospinal fluid (CSF)–Venereal Dis-
ease Research Test (VDRL). Unfortunately, this test
is nonreactive in 30% to 70% of cases of neu-
rosyphilis. Also, it is not available in many areas
of the world where syphilis and thus neurosyphilis
are most prevalent. Dr. Marra and colleagues have
examined the use of immunochromatographic tests
(ICTs) for neurosyphilis diagnosis. These commer-
cial tests are rapid and easy to perform and have
high sensitivity and specificity for syphilis diagno-
sis when used on whole blood or serum. In prelimi-
nary studies, they optimized three ICTs for diagnosis
of neurosyphilis and showed that, using an undiluted
CSF sample, it may be possible to use these tests to ex-
clude the diagnosis of neurosyphilis. Conversely, us-
ing a dilution of the sample may enable the tests to be
used to establish the diagnosis of neurosyphilis with
a high degree of certainty. Larger studies are needed
to confirm these preliminary findings.

After years of control, syphilis is resurging in the
developed world and many cases are coinfected with
HIV. In SSA and other developing regions of the
world where the risk for HIV infection is high, there is
also a high risk of syphilis and other sexually trans-
mitted diseases. In the case of concurrent syphilis
and HIV infection, the two diseases can synergize in
their efforts to survive as well as in attacking the ner-
vous system. Syphilis increases the risk of mother to
child transmission of HIV and HIV-induced immu-
nity impairs the clearance of Treponema pallidum,
the spirochete bacteria that cause syphilis (and neu-
rosyphilis) from the CNS. Neurorelapse, or the de-
velopment of neurosyphilis after treatment for early
syphilis, may be more common in HIV-infected in-
dividuals. Current WHO guidelines suggest prescrib-
ing ART in Africa and resource-limited settings when
the peripheral blood CD4 T-cell count drops below
200 cells/μl (or when symptoms of OI manifest).
However, HIV-infected persons with syphilis are at
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increased risk of developing neurosyphilis if their
CD4 T-cell counts are less than or equal to 350
cells/μl. Syphilis is a treatable, even curable, dis-
ease; however, diagnosis remains a problem. In these
settings where resources are scarce and primary HIV
treatment usually does not begin until a later stage of
immunodeficiency, effectively diagnosing and treat-
ing opportunistic infections is very important. Dr.
Marra and colleagues are making progress in this
area by adapting immunochromatographic tests for
cheaper, easier, and more effective diagnosis of neu-
rosyphilis.

Neurological studies in resource-limited
settings: lessons from ACTG5199

Based on experiences with ACTG5199: The Inter-
national Neurological Study, Dr. Evans addressed
several design and statistical issues that arise when
planning and conducting neuro-AIDS clinical trials
in Africa (Evans, 2006). First, evidence presented at
the meeting based on data from Uganda, Ethiopia,
Malawi, Zimbabwe, and South Africa suggests that
there is considerable site diversity of neurological re-
sponses. For example, Clifford reports that the In-
ternational HIV Dementia Scale, a brief screening
tool, did not detect differences in cognitive status
between HIV-positive and -negative subjects in
Ethiopia consistent with clinical impression; con-
trastingly, Sacktor reports that in Uganda 31% of
patients met criteria for HIV dementia and 47% of
patients met criteria for mild cognitive impairment
after extensive neuropsychological testing. Baseline
results of neuropsychological tests from ACTG 5199
also suggest considerable site variation in neuropsy-
chological function. Possible reasons for these dif-
ferences include site differences in viral genetics
and associated neurotoxicity, the distribution of HIV-
associated complications and opportunistic infec-
tions, cultural or socioeconomic factors, or a varia-
tion in test administration (lack of standardization
and training). Generally, increased variation results
in a loss of precision and power, and decreases the
ability to detect treatment effects. As a result, strat-
ified or subgroup analyses may be required when
conducting such multinational studies. Researchers
should try to minimize variation by using standard-
ized methods and definitions, objective and simple
end points, central scoring and reading of data when-
ever possible, and design options such as matching or
cross-over studies. HIV clinical trials in Africa tend
to recruit subjects quickly. However, appropriate in-
frastructure is important to retain patients and ensure
protocol compliance. Study drop-out and noncom-
pliance can threaten the integrity of study results.

Neuroassessment issues
Because assessment of HIV neurology is less well
studied in Africa than the United States, assump-

tions made in the design phases of studies are ques-
tionable when using data from US trials to design
African trials. Studies may require interim assess-
ment of these assumptions for validity. Considering
the number of biological, demographic, and socioe-
conomic variables, adaptive designs such as “inter-
nal pilot studies” are necessary to keep studies on
target and relevant to the context. For example, sam-
ple size calculations may be conducted utilizing es-
timates of variability or response rates obtained from
studies conducted in the United States. These as-
sumptions may not be valid in international settings,
and thus sample-size reestimation at an interim time
point may be prudent.

Another consideration is that clinical trial sub-
jects may not be representative of the general pop-
ulation. Whereas sites in the United States have
difficulty identifying eligible HIV patients due in
large part to a low HIV prevalence (less than 3% of
global HIV infections), African sites have relatively
large pools of potentially eligible subjects to consider
against inclusion/exclusion criteria. Site investiga-
tors in Africa may select patients for enrollment into
longer duration trials who have more favorable clin-
ical prognoses. This can result in a selection bias for
a healthier patient group that can affect the ability to
generalize the trial results. For these reasons, clinical
trials may not be the most appropriate mechanism for
estimating prevalence and incidence of neurological
disease in these settings.

A particular challenge exists for studying neu-
ropsychological function. It is critical to standardize
the application of neurological and neuropsychologi-
cal examinations and to have excellent translation of
tests and associated instructions into local languages
and dialects. The complexity of translation into var-
ious languages may have an impact on standardiza-
tion. Questions that are of comparable difficulty in
one language/culture may not have comparable diffi-
culty in another, and may affect the interpretation of
changes over time. Appropriate standardization can
be accomplished through appropriate quality assur-
ance and intersite and intrasite training. Appropriate
normative data to improve interpretation is want-
ing in international settings. Without such normative
data, there are difficulties in assessing the clinical rel-
evance of changes and identifying individual patient
impairment. Statistical significance of changes can
still be obtained and valid treatment comparisons can
still be made in randomized studies. Confounding
can be controlled using statistical methods, but there
will be difficulty interpreting the clinical relevance
of any identified changes or treatment differences.

Summary and future research

The central and peripheral nervous system complica-
tions of HIV disease, the mechanisms of neuropatho-
genesis, and treatment-related effects have been well



HIV neurology in Africa
98 K Robertson et al

characterized in the context of developed countries.
Ongoing international treatment and research efforts
are increasingly providing the infrastructure and ac-
cess to HIV+ patient populations in developing coun-
tries such that the medical community has begun
making inroads into studying specialized scientific
areas, such as the nervous system, and learning about
and treating the complications of HIV that are unique
in those settings. The increased access to HIV physi-
cians, researchers, caregivers and patients in Africa
has helped to define and tailor a more specific neu-
roAIDS research agenda.

Although some common challenges and barriers
exist, it is becoming clearer that each region and
country in Africa must be considered independently
in the fight against HIV/AIDS. For instance, the re-
ported regional differences in neurocognitive out-
come measures in response to ARV treatment high-
light several important areas for more intensive re-
search, including the need to further develop and
improve the sensitivity and specificity of existing
neuroassessment measures, to develop tests that can
be appropriately compared across sites, and to im-
prove methods for translating the tests from one lan-
guage and context to another. Additional recognized
research needs include normative data collection and
general epidemiology research related to HIV neuro-
logical complications.

Beyond neuroassessment tools, preliminary re-
search projects in Africa and other developing re-
gions of the world suggest that different viral clades
may have different pathogenicities and could there-
fore account for the regional differences in the clin-
ical assessment of cognition and neuropathogenesis,
thus indicating that viral clade analysis is an impor-
tant area for continued and future research. In the
United States, studies are addressing whether neu-
roprotective adjunctive agents or treatment strate-
gies involving the use of ARV drugs with improved
CNS penetration will improve the CNS/PNS compli-
cations of HIV for those individuals who are vulnera-
ble to nervous system impairment; we anticipate that
such studies will be extended in and important to
developing countries as drug access is improved. Fi-
nally, coinfections and opportunistic infections are
typically a larger problem in Africa than in the devel-
oped world. Studying HIV-related brain disease in the
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