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HIV/AIDS AND COGNITIVE 
OUTCOMES IN THAILAND

The first diagnosed case of  HIV in Thailand  
occurred in February of  1985; by 2000, one million 
Thais had become infected with the virus.1,2 The 
epidemic started slowly; but explosive growth  
began in the early 1990s despite aggressive govern-
ment preventative efforts.3,4 By the mid 1990s, 3.6% 
of  drafted Thai military recruits tested positive for 
HIV, a percentage representative of  young males in 
Thailand.3 Arguably, the most bleak period of  the 
Thai epidemic occurred in the late 1990s, when 
mortality was high and treatments were not  
available. It was estimated that the population 
growth rate would slow from 1.3% to 0.9% by 2005 
due to HIV.3

The Thai government has been widely credited for 
novel and assertive public health strategies aimed at 
curbing the epidemic. Intravenous drug use and sex 
with prostitutes in brothels were identified as  
primary early sources of  spread within Thailand, 
and each was addressed by aggressive government 
campaigns.5 Beginning in Ratchaburi province in 
1989, the “100% condom campaign” mandated 
safe sex practices in brothels.6 This mandate was 
supported by education and HIV testing for sex 
workers, but also enforced with threats to close 
down establishments that were not compliant.  
The government monitored these efforts by  
questioning sex workers and their clients who  
developed sexually transmitted diseases (STDs) and 
through routine HIV testing. Once demonstrating 
success, the program was expanded and by 1992, it 
was implemented in all Thai provinces. 

Among military recruits in northern Thailand, self-
reported condom use at last sexual encounter rose 
from 61% to 93% between 1990 and 1995 while 
sexually transmitted diseases decreased from 42% 
to 15%.4 Among military conscripts, the HIV  
prevalence declined, most notably in northern 
provinces, where it dropped from over 12% in 1992 
to just less than 8% in 1994.7 The most recently 
available data (May 2012) noted a prevalence  
of  0.6% (n = 40,842, personal communication 
Colonel Nitayapan Sorachai, Armed Forces  
Research Institute of  Medical Sciences (AFRIMS) 
– Royal Thai Army). Public information campaigns 

were also credited with impacting transmission 
rates. Operating out of  the Office of  the Prime 
Minister, Mechai Viravaidya directed these  
campaigns that included a focus of  removing the 
taboo of  condom contraception. 

The HIV virus circulating in Thailand has a few 
distinctive features from that engulfing the  
international pandemic. The predominant subtype 
is circulating recombinant form (CRF) 01_AE 
(“subtype E”), a virus originating from central  
Africa. Clade B has been identified in lesser  
frequency and clade E/B recombinants have 
emerged.8 Compared to clade B virus, clade E 
has been associated with more rapid disease  
progression.9 This study completed in Thai military 
conscripts, where the date of  seroconversion is 
known, demonstrated that it took a median of  6.5 
years to achieve a CD4 T-lymphocyte drop to <200 
cells in the absence of  treatment. The median time 
to death was 7.8 years. Both were considerably  
faster than that reported in other settings. For  
example, the median time to developing clinical 
AIDS was 7.2 years compared to 11 years described 
in the CASCADE cohort, a meta-analysis of   
studies from high-income countries (presumably 
predominantly clade B). Others have refuted these 
data as confounded by environmental and other  
biases.10 

In vitro studies identify distinctive features with 
subtype E transactivator of  transcription (Tat)  
protein inhibiting tissue necrosis factor (TNF) gene 
and protein production compared to no inhibition 
seen in subtypes B and C.11 This may have implica-
tions for neurological outcomes given knowledge 
of  TNF expression in brains of  HIV dementia  
patients; but, clinically, differences in neurological 
outcomes compared to other subtypes have not 
been demonstrated.12 Most studies that have 
attempted to identify cognitive impairment in Thai-
land find few differences in frequency when com-
pared to other international settings.13-17

In resource-rich settings, the outlook for an indi-
vidual with HIV infection changed remarkably in 
the 1990s. While progressive immunodeficiency 
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with opportunistic infections, AIDS-related malig-
nancies and death had been the hallmark features 
of  HIV/AIDS, by the mid-1990s combinations of  
antiretroviral medications emerged that could  
produce durable reductions in morbidity and  
mortality.18 Initially termed highly active antiretro-
viral therapy (HAART), these combinations led  
to increased CD4 T-lymphocyte counts and  
suppressed viral replication resulting in blood levels 
of  HIV RNA that were not detectable by  
laboratory assays. The enthusiasm was somewhat 
dampened when it was quickly learned that  
chronic treatment would be needed since viral  
detection quickly returned when halting these  
medications. Cure remained elusive. Over the  
following decade, medication improvements led  
to greater tolerability and reduced pill burden,  
facilitating adherence with sustained immunologic 
and virologic responses. By 2005, a 20 year-old 
HIV+ non-injection drug user from a high-income 
country could expect to live to age 65 years.19 

But, the picture remained dismal for most resource-
limited settings where the vast majority of  HIV  
infections exist, but resources in which to imple-
ment broad treatment access were limited. Early in 
the 2000s, international and local government  
efforts were launched in earnest to make antiretro-
viral medications accessible to all. As a middle- 
income country, Thailand benefited to a lesser  
extent from international aid, but instituted a  
national campaign to provide universal access. This 
work began in 1996 with Dr. Praphan at the Thai 
Red Cross AIDS Research Center through a  
donation program developed to provide  
zidovudine therapy to pregnant women (personal 
communication, Jintanat Ananworanich). In 1997, 
the Bangkok Collaborative Perinatal HIV  
Transmission Study Group demonstrated that a 
short-course of  zidovudine combined with no 
breast-feeding could reduce vertical transmission 
rates by one-half.20 By the late 1990s, it was 
implemented throughout Thailand. 

In 2001, at considerable financial cost, the Thai 
government re-invigorated its commitment to 
HIV/AIDS treatment by pledging nationwide  
access to therapies for all who required it. The  
National Access to Antiretroviral Program for  

People living with HIV/AIDS (NAPHA) was a 
major public health undertaking with components 
aimed at developing national treatment guidelines, 
health care education, laboratory development and 
identifying a long-term monitoring plan.21 By 2004, 
over 50,000 patients were receiving anti-retroviral 
therapy; yet, with over 500,000 estimated to be  
living with HIV/AIDS, much more work was  
needed (Figure 1).21,22 The Thai government’s rapid 
scale-up became feasible with the development of  
generic versions of  antiretroviral medications by 
the Thai Government Pharmaceutical Organiza-
tion, including fixed combinations such as GPOvir 
(stavudine, lamivudine, and nevirapine).23 In all, this 
work required tremendous national effort and the 
dedication of  many medical pioneers, including 
people I have had the privilege to work with. Over 
time, universal access became available and the Thai 
epidemic has transformed, in many ways, to mirror 
that seen in settings with more resources. 

The neurovirulent properties of  HIV have long 
been recognized. In the absence of  treatment, up to 
one-third of  patients with advanced AIDS will  
develop frank dementia; and with treatment, over 
one-half  will develop a mild, typically fluctuant 
form of  cognitive impairment that impacts their 
ability to perform everyday functions.24-26 
The disorder presents with a triad of  cognitive,  
behavioral and motor findings. The classically  
defined neuropathology includes a prominent role 
of  immune activation with hallmark neuropatho-
logical findings of  encephalitis such as microglial 
nodules and perivascular macrophages.27 The 
epidemiology and neuropathogenesis in the current 
era are covered in greater detail later in Chapter 2. 
Circulating blood monocytes and resident brain 
macrophages likely play a central role in this inflam-
mation and have emerged as the central focus of  
our research strategies in Thailand as presented in 

Figure 1: AIDS deaths and treatment access in Thailand
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this thesis. A review of  the role of  monocytes is 
discussed in greater detail in Chapters 5-7.

The proportion of  neuroAIDS studies that present 
data captured from populations outside of  the US 
and Europe is proportionally meager when  
compared to the distribution of  the pandemic. 
From a clinical standpoint, evaluating cognitive  
disorders in resource-limited settings is fraught with 
methodological challenges. Some complexities  
include the use of  neuropsychological tests  
designed for use in English-speaking settings from 
the US or Europe, the lack of  normative data for 
interpretation and poor or no access to brain  
imaging. Culture, education, nutrition, and a  
multitude of  other environmental factors confound 
cross-site comparisons, making it difficult to  
understand the mechanistic basis for any  
differences that may emerge across settings.  
Thailand has state-of-the-art imaging capabilities 
that facilitate neurological research. Normative data 
for neuropsychological testing was developed  
within our collaboration, as presented in Chapter 
9. Working with our international collaborators, we 
were able to develop advanced research imaging  
capabilities and the neuropsychological testing  
infrastructure required to pursue new research  
ideas.

For our cognitive work, we utilized a neuropsycho-
logical testing battery which was designed for HIV 
with the intent of  minimizing cultural influences. 
Bangkok, Thailand was one of  five sites used to 
develop this international battery in collaboration 
with the World Health Organization (WHO) and 
the US National Institutes of  Mental Health 
(NIMH), first published in 1991.28 Requiring about 
one hour to administer, the tests evaluate visual and 
verbal memory, psychomotor speed, higher cogni-
tive abilities and motor speed. The first study  
utilizing this battery, in 1994, identified the  
presence of  cognitive impairment within the five 
sites (including Bangkok) and noted poorer  
neuropsychological testing performance in  
symptomatic HIV-infected Thais.29 In contrast, 
asymptomatic HIV-infected patients had only  
limited differences in comparison to controls. 
These findings were similar to those emerging in 
the US where most impairment was noted in medi-

cally symptomatic subjects, particularly if  they met 
criteria for AIDS.29,30 Our early work similarly iden-
tified profound differences in neuropsychological 
performance among symptomatic HIV-infected 
Thais who were naïve to HAART (Chapter 3) and 
work from our colleagues note that over one-third 
of  Thai HIV patients will continue to have mildly 
impaired performance on these tests more five 
years after continuous HAART with viral suppres-
sion.15,17 This concurs with findings from a survey 
of  cognition among HIV patients throughout 
Southeast Asia.31

The work presented in this thesis represents fruitful 
collaborations with individuals and organizations in 
Thailand that began in 2003. Our studies first  
evaluated cognition in advanced HIV disease  
before and after treatment. The work became  
possible because of  the setting of  rapid antiretro-
viral medication access scale-up in Thailand among 
individuals with advanced disease and with the 
availability of  both highly technical immunological 
capabilities provided by the US Armed Forces  
Research Institute of  Medical Sciences (AFRIMS) 
in Bangkok and the exceptional expertise of  our 
lead neurologist collaborators. Together, we gained 
a stronger appreciation for the impact of  HIV on 
the brain in advanced disease and in the absence of   
treatment. We chronicled the profound improve-
ments that occur when antiretroviral therapies are 
introduced; although many subjects continued to 
have mild impairment despite treatment (Chapter 
3). Throughout this work, we maintained a commit-
ment to improving clinical care in Thailand by  
obtaining normative neuro-psychological data for 
HIV cognitive disorders (Chapter 9) and the 
developing of  a screening tool for HIV-associated 
cognitive impairment in Thailand (Chapter 10). As 
our program matured, we were able to tackle more 
complex studies, including characterizing brain  
involvement during the first few weeks after  
infection (Chapter 4) and the identifying intra-
monocyte HIV DNA as a predictor and  
mechanistic link to cognitive impairment in HIV 
(Chapter 6) with subsequent validation of  this 
biomarker as a predictor of  HIV-associated neuro-
cognitive disorders (Chapter 7). At the same time, 
Thai colleagues began to complete independent  
research in this field, resulting in several  
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publications.15,32,33 Our work now includes multi-
modal imaging and we have started to investigate 
the impact of  HIV on neurodevelopment in  
children throughout Thailand and Cambodia.

UNAIDS estimates 530,000 Thais are currently  
living with HIV/AIDS and about one-half  are on 
antiretroviral therapy.22 This estimate is slightly 
lower than that reported by Thai Ministry of  Public 
Health (610,000), which concludes a national  
prevalence rate of  1.4%. The remarkable success 
of  curbing the epidemic understates the challenges 
that lie ahead. Chronic antiretroviral treatment and 
other health care costs associated with life-long  
infection will stretch the resources needed for broad 
comprehensive care. AIDS stigma continues to be 
problematic and the aging-up of  between 10,000-
15,000 HIV+ youth will pose unique and unknown 
difficulties. 

I am indebted to collaborators at the Thai Red 
Cross AIDS Research Centre, Phramongkutklao 
Hospital and King Chulalongkorn Memorial  
Hospital who made this work possible. Among the 
countless friends and colleagues I have made in this 
process, I am particularly grateful for the assistance 
of  Dr. Pasiri Sithinamsuwan, Associate Professor 
Jintanat Ananworanich, Colonel Jerome Kim, and 
Professor Praphan Phanuphak, without whom this 
work would not have been possible. I thank the 
Thai people for their hospitality and our study  
subjects for their dedication. Together, this has  
allowed us to gain a greater understanding of  the 
epidemic in resource-constrained settings, which 
will ultimately support our long-term goal of   
decreasing the morbidity of  HIV/AIDS in  
Thailand.
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ABSTRACT

HIV can infect the brain and impair central 
nervous system (CNS) function. Combination 
antiretroviral therapy (cART) has not  
eradicated CNS complications. HIV-associated 
neurocognitive disorders (HAND) remain 
common despite cART, although attenuated in 
severity. This may result from a combination of  
factors including inadequate treatment of  HIV 
reservoirs such as circulating monocytes and 
glia, decreased effectiveness of  cART in CNS, 
concurrent illnesses, stimulant use, and factors 
associated with prescribed drugs, including 
antiretrovirals. This review highlights recent  
investigations of  HIV-related CNS injury with 
emphasis on cART-era neuropathological 
mechanisms in the context of  both US and  
international settings.

INTRODUCTION

HIV is neurovirulent, with clinically relevant central 
nervous system (CNS) symptoms observed in more 
than 50% of  patients not receiving combination 
antiretroviral therapy (cART).1 The introduction of  
antiretroviral therapies more than a decade ago  
resulted in profound declines in morbidity and 
mortality and raised hopes for the eradication of  
CNS complications. While the prevalence of   
opportunistic infections decreased markedly, HIV-
associated neurocognitive disorders (HAND)  
remain frequent, although often not diagnosed and 

typically with milder symptoms.1 These more subtle 
forms of  HAND can greatly impact daily  
functioning and predict non-CNS morbidity and 
mortality.2

Blood tests such as CD4+ T-lymphocyte counts 
and plasma HIV RNA levels are typically used in 
clinical settings to estimate the severity of  HIV  
disease and cART effectiveness. Except in the face 
of  dementia, the impact of  HIV on cognition and 
the assessment of  cART effectiveness in the CNS 
have not typically entered into decisions of  when to 
start therapies or which drugs to start in clinical  
settings. Recently, several aspects of  this paradigm 
have been challenged, including consideration for 
CNS-specific effectiveness into therapeutic  
decision-making, the role of  inadequately treated 
peripheral reservoirs, and the potential need for 
more complete suppression of  inflammatory  
pathways. Antiretroviral side effects including  
metabolic derangements may impact brain  
function. The convergence of  aging and HIV have 
CNS implications, raising the possibility of   
accelerated neurodegenerative syndromes.

The release of  newer antiretrovirals with safer side 
effect profiles and effectiveness against resistant  
virus means that most patients who are adherent 
can suppress HIV RNA in plasma. To best inform 
future treatment options, research should more 
purely focus on neuropathological mechanisms of  
CNS injury in the setting of  suppressed HIV RNA 
in plasma. This review emphasizes such studies.
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EPIDEMIOLOGY AND CLINICAL  
MANIFESTATIONS OF CNS INJURY IN 
THE ERA OF cART

The proportion of  individuals with cognitive  
impairment by disease stage has not changed over 
the past two decades, despite single, double, or  
triple combination ART introduced over this  
period. Current estimates find that nearly 50%  
of  HIV-infected patients in the United States  
demonstrate neuropsychological testing  
performance that is below expectations compared 
to age, education, gender, and ethnicity matched 
normative groups.1 Among these cases, about half  
are symptomatic and few meet research  
classification of  dementia. Cognitive impairment 
has been identified in all international settings 
where it has been investigated; yet the prevalence 
of  HAND varies considerably by region. Much of  
the variability can be explained by disease stage, 
treatment, and the instruments used to detect  
impairment. Region-specific characteristics seem to 
be important also, including the types of  coexisting 
morbidities and the HIV subtypes that are  
prevalent.3

In 2007, a consensus panel redefined research  
diagnostic categories of  HAND, identifying HIV-
associated dementia (HAD) as the most severe 
form of  injury (Table 1). Mild neurocognitive 
disorder (MND) represents a milder form of   
impairment that still impacts daily activities of   
living.4 A category termed asymptomatic neuro-
cognitive impairment (ANI) was introduced to  
recognize individuals with impairment on  
neuropsychological testing who do not report  
functional limitations. Compared to other  

dementias, such as Alzheimer’s disease (AD) where 
collateral sources are available, HIV+ subjects  
often present without proxy informants likely  
influencing the accuracy of  functional assessments 
particularly when insight is impaired. Thus, it is 
possible that, with more accurate estimates of   
functional impairment, ANI cases may qualify as 
having symptomatic disease. There are few data to 
inform the longitudinal outcomes associated with 
ANI diagnosis.

While it is tempting to consider that MND is a 
milder and earlier stage of  HAD, there are no data 
to suggest that an HIV patient with MND will  
universally progress to HAD. Instead, a fluctuating 
course may occur with some patients having  
improvement with time.4,5 Indeed, the very low 
prevalence of  HAD in the era of  cART supports 
that HAD is not an inevitable consequence of  
MND in a manner seen in typical neuro- 
degenerative syndromes such as AD. It remains  
unclear whether the pathologies of  MND and 
HAD overlap or are distinct. The impact of  HIV 
on brain function differs somewhat from non- 
infectious neurodegenerative disorders where early 
disease is often heralded by focal CNS involve-
ment.6 In contrast, HIV has a broader CNS impact 
with emphasis on deep grey matter structures and 
subcortical regions in a manner that underscores 
the clinical syndrome that involves cognitive,  
motor, and behavioral manifestations. Apathy and 
depression are frequent findings in HIV and  
correlate to disease markers and CNS anatomic 
changes.7,8 Motor impairment remains an 
identifiable aspect of  HAND with increasing  
frequency among aged individuals.9

Table 1 Research criteria for HIV-associated neurocognitive disorder [4]

Diagnostic entity Cognitive performance Functional performance

Normal cognition Normal Normal

Asymptomatic Acquired impairment in at least Does not impact daily function
neurocognitive 2 cognitive domains (<1 SD) 
impairment

Mild neurocognitive Acquired impairment in at least Interferes with daily function to 
disorder 2 cognitive domains (<1 SD) at least a mild degree (eg, work
  inefficiency, reduce mental acuity)

HIV-associated dementia Acquired impairment in at least 2 domains,  Marked impact on daily function
 typically in multiple domains with at least
  2 domains with severe impairment (<2 SD)
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There are limitations to the currently defined  
cognitive schemas. They rely heavily on  
comprehensive neuropsychological testing;  
however, the ability to administer these tests, which 
can last more than three hours, is impractical for 
the busy clinical setting, particularly in low-income 
countries. Although brief  dedicated instruments 
such as the HIV Dementia Scale have been  
developed, their sensitivity varies in different  
reports and by educational status.10 The 2007 
criteria have been primarily applied in research  
rather than clinical settings and the long-term  
clinical outcomes related to these definitions  
remain unclear. These limitations restrict the  
capacity to make firm recommendations related to 
the approach and timing of  screening and highlight 
the need for longitudinal validation data.

NEUROPATHOLOGY IN THE ERA OF 
cART

HIV quickly enters the brain after initial exposure, 
probably through infected monocytes and  
lymphocytes that cross the blood brain barrier 
(BBB). Although neurons are not infected by HIV, 
they can be injured via indirect mechanisms,  
including viral proteins, such as gp120 and tat, and 
neurotoxins resulting from the neurological  
immune response. HIV encephalopathy is  
characterized by gliosis, microglial nodules,  
perivascular macrophage accumulation, and the 
presence of  multinucleated giant cells. Immune  
activation (encephalitis) is often out of  proportion 
to the amount of  HIV virus present in the brain. 
One model of  HIV encephalitis, macaques that 
have been infected with simian immunodeficiency 
virus (SIV) and had their CD8+ T-lymphocyte cells 
depleted, identified a pattern of  monocytes  
trafficking from bone marrow as a correlate to  
encephalitis with newly arriving brain macrophages 
demonstrating recent transmigration.11 The 
demonstration that these cells transition from bone 
marrow is consistent with an informative case of  
HAD in humans where the viral signature in deep 
brain structures was most consistent with that in 
bone marrow and circulating monocytes and a  
finding that peripheral monocytes HIV DNA levels 
correlate to HAND in the current era.12,13 Together, 
these data raise concern that peripheral reservoirs 

continue to play an active role in brain injury  
despite cART.

Reports of  the neuropathology of  HIV in the  
era of  cART have been mixed. One study  
demonstrated a less aggressive degree of  immune 
activation compared to that seen in the pre-cART 
era; however, more than 70% of  autopsy cases had 
some abnormality.14 In a separate study, despite 
plasma HIV RNA suppression, high levels of   
microglial/macrophage activation in the basal  
ganglia and hippocampus were seen.15 In a third 
series using highly sensitive assays, HIV RNA was 
identified in about half  of  subjects at autopsy,  
despite most subjects having access to cART.16 The 
highest concentrations were noted in caudate  
nucleus whereas lowest concentrations were noted 
in cerebrospinal fluid (CSF), suggesting that HIV 
RNA levels in CSF may underestimate HIV  
replication in brain tissue. Astrocyte infection  
occurs, particularly in HAD with infected  
astrocytes more typically adjacent to perivascular 
macrophages and often harboring latent, non- 
productive virus.17 Based on in vitro macrophage/
astrocytes co-culture experiments, astrocytes likely 
play a key role in immune activation and  
chemotaxis.18 Potentially reversible synaptic-
dendritic neuronal damage has been described.19 
The potential reversibility would be consistent with 
clinical findings of  fluctuating symptoms and this 
alternative mechanism of  CNS injury would be  
parsimonious with the less aggressive levels of   
inflammation noted in the cART era.

AGING AND NEURODEGENERATIVE 
DISORDERS

Age is consistently identified as a risk factor for 
cognitive impairment in HIV. As HIV patients age 
due to successful treatment, there is growing  
concern of  accelerated risk for neurodegenerative 
disorders. In HIV-negative groups, neuro- 
degenerative disorders are characterized by  
abnormal brain tissue protein accumulation  
including ubiquitin, amyloid-β, tau and alpha 
synuclein. There is a growing body of  knowledge 
supporting abnormal brain protein accumulation  
in HIV. Recent reports note excess hyper- 
phosphorylated tau, amyloid, and alpha-synuclein, 
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particularly in older HIV+ subjects.20–22 In patients 
without HIV encephalitis, age-associated intra- 
cellular amyloid-β staining of  pyramidal neurons 
along axonal tracts has been described.22 Levels of  
CSF amyloid-β1-42 noted in patients with HAND 
are similar to that seen in AD.23

Whether these changes predispose to neuro- 
degeneration is unknown. Indeed, novel neuro- 
logical imaging with the tracer Pittsburgh  
compound B (PIB), which binds to amyloid-β1-42 
with specificity for AD-type neuritic plaques rather 
than soluble amyloid, oligomers, or diffuse plaques, 
did not identify increased amyloid in cognitively 
normal HIV subjects.24 This study was completed 
in subjects who were younger, conferring a lower 
overall risk for AD. Data from other CSF studies 
further suggest that the neuropathogenic pathways 
to CNS injury in HIV have distinct features com-
pared to those of  AD.25

THE EFFECTIVENESS OF cART IN THE 
CNS

The blood brain barrier (BBB) can exclude from 
the CNS many large molecules, including numerous 
medications. Data comparing HIV RNA responses 
in CSF and plasma along with knowledge of   
individual antiretroviral characteristics support the 
concept that antiretrovirals differ in their ability to 
permeate the BBB in therapeutic concentrations 
and have led to the development of  CNS  
penetration-effectiveness (CPE) estimates.26 CSF 
measurements are only a surrogate for  
concentrations in the brain and may be over or  
under estimates. A postmortem report noted HIV 
in brain tissue more frequently than in CSF.16 and 
one report from an animal model of  SIV  
encephalitis, a condition most similar to HIV  
meningitis, demonstrates CNS improvement  
despite estimated poor BBB penetration of  anti-
retroviral regimens.27 An important note is that 
cART effectiveness, as estimated by suppression of  
HIV RNA in plasma, is likely the strongest  
determinant of  HIV RNA response in CSF.

There have been reports that the CNS can harbor 
virus that is discordant from virus in plasma,  
supporting the concept that the CNS environment, 
including drug pressure, is distinct from blood and 

lymphoid tissue. A recent case series identified  
eleven patients with new-onset neurologic  
symptoms who were found to have CSF levels of  
HIV RNA out of  proportion to that in plasma.28 
The investigators modified the cART regimens 
based on drug resistance patterns in CSF and on 
CPE estimates, with the result that all responded 
with clinical improvement and reductions in HIV 
RNA in CSF. Recent abstracts identified that CSF 
HIV RNA may occur despite suppression in  
plasma at a rate of  between 3% and 10% among 
treated individuals.29 A separate case report of  
HAD demonstrated viral evolution in CNS that  
differed from that in plasma.30

While most studies demonstrate that cART with 
better CPE is associated with viral suppression in 
CSF, early reports on the clinical impact have been 
mixed. For example, in a prospective cART  
initiation observational study, higher CPE ranks 
were associated with greater improvements in  
neuropsychological performance among  
individuals with HAND.31 In contrast, a similar 
prospective study failed to identify a clinical  
cognitive benefit to initiating regimens with higher 
CPE ranks.32 Among perinatally HIV-infected 
children, higher CNS-penetrating regimens were 
associated with a survival benefit.33 Furthermore, 
there are early data to suggest that CSF suppression 
to below 2 copies/mL may have a cognitive benefit, 
which may highlight an important clinical need for 
more sensitive HIV RNA assay.34

The observational data to date provide support for 
considering drug penetration and neurological  
effectiveness data when selecting new cART for 
people with HAND but must be applied with more 
caution when adjusting stable therapy in people 
with HAND who have already achieved viral  
suppression in plasma with their current cART.  
Importantly, these data cannot be applied with  
confidence to selection of  cART for neurologically 
asymptomatic individuals for the objective of   
preventing HAND.35 Future research efforts should 
broadly include systemic morbidities and adherence 
since altering treatment regimens may affect  
non-CNS outcomes. There is a need for larger  
sample sizes and a more uniform scientific  
approach in these studies in a manner that supports 
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cross-cohort comparisons. Several new clinical  
trials are opening to address these objectives.

The focus on optimizing cART to reach  
therapeutic concentrations in CNS addresses  
control of  HIV replication in resident cells but 
does not address the important mechanism of   
continued transmigration during therapy.  
Hematopoietic bone marrow cells likely harbor 
HIV infection before releasing cells into  
circulation, and recent findings from animal models 
demonstrate movement of  SIV-infected, bone  
marrow–derived monocytes to the CNS peri- 
vascular space.11,36 Among cART-treated subjects 
with suppressed plasma HIV RNA, low-level HIV 
DNA infection of  peripheral mononuclear cells 
correlates to HAND and levels of  HIV DNA in 
circulating monocytes remain elevated among  
impaired subjects one year after cART with  
suppression of  plasma HIV RNA.37,38 It is  
increasingly evident that events occurring in the 
earliest days of  infection have a profound immuno-
logical impact, possibly altered by early treatment. 
Antiretroviral treatment initiation during primary 
compared to chronic infection also impacts  
peripheral HIV DNA reservoirs, providing some 
support for potential treatment options (Figure 
1).39

NEUROLOGICAL IMAGING IN THE ERA 
OF CART

Neuroimaging provides an important contribution 
in HIV by distinguishing lesions due to  
opportunistic infections. To provide benefit in 
HAND, an ideal neuroimaging biomarker should 
(1) diagnose HIV-related CNS injury; (2) detect  
presymptomatic changes due to HIV; and (3) assess 
treatment effects. In the pre-cART era, numerous 
studies demonstrated atrophy particularly within 
subcortical structures and with correlation to  
neuropsychological performance. More recently, a 
reduction in cortical thickness has also been  
observed.40 Similar findings have been obtained 
with measurements of  the lateral ventricles, corpus 
callosum, caudate nucleus, and hippocampus.41 
While cART can lead to improvements in brain  
volume, some neuronal injury and atrophy persists 
even after the introduction of  these medications.42

New imaging modalities have extended beyond 
structural MRI and show promise in HAND.  
Diffusion tensor imaging (DTI) measures the 
microstructural diffusion of  water in the brain, a 
sensitive measure for injury within white matter 
tracts. Abnormalities in DTI are noted in HIV with 
clinical correlates, but are also noted in  
asymptomatic subjects.7,43 Magnetic resonance 
spectroscopy (MRS) measures regional changes in 
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brain metabolites, with past studies demonstrating a 
reduction in N-acetylaspartate (NAA), a marker of  
neuronal loss or damage, and increased myoinositol 
(MI), a marker of  glial activation. Changes related 
to severity of  cognitive impairment and a tendency 
toward normalization with cART have been  
described.44 18F-fluoro-deoxy-glucose positron 
emission tomography (18FDG-PET) can be used 
to measure metabolic activity. A recent study of  38 
subjects with suppressed plasma HIV RNA for at 
least 3 years demonstrated abnormal mesial-frontal 
metabolic rate by 18FDG-PET in over half  of  the 
cases, with correlation to shorter duration of  HIV, 
fewer years on cART, and higher plasma levels of  
TNFα and IL-6.45

More recently, functional MRI (fMRI) techniques 
have been employed to measure blood-oxygen- 
level dependence (BOLD) as a marker of  brain  
activation. In addition, arterial spin-labeled (ASL) 
can measure regional perfusion. In HIV, an inverse 
correlation has been described between baseline 
measurements of  resting cerebral blood flow (CBF) 
and degree of  neurocognitive impairment with 
CBF reduced soon after serocoversion.46 An effect 
of  both aging and HIV has been described.47

Together, these modalities demonstrate continued 
CNS abnormality despite cART and suggest that 
the most promising approaches may involve  
combination multimodal imaging. Unfortunately, 
many neuroimaging studies suffer from small  
heterogeneous samples. Larger multicenter studies 
that include use of  other biomarkers are needed. 
Given the resources required to apply it in the  
clinic, these neuroimaging biomarkers may have 
limited applicability in understanding the disease in 
the developing world where HIV is most prevalent.

OTHER CONTRIBUTING FACTORS TO 
COGNITIVE IMPAIRMENT IN THE ERA 
OF cART

Early epidemiological data suggest a multifactorial 
etiology to cognitive impairment in the cART era. 
In addition to the direct and the indirect  
consequences of  HIV and the immune response, 
contributions are most likely to result from  
medication effects (both prescription and nonpre-
scription), coexisting morbid illnesses including 

cerebrovascular disease, and infections such as  
hepatitis C. There are limited data to further  
suggest differences in neuropathogenesis by HIV 
subtype.

The elevated frequency of  dyslipidemia, smoking, 
and glucoregulatory disorders in HIV cohorts has 
raised concern for subclinical atherosclerotic  
disease with implications on cognition. The large 
multicenter D:A:D study and other groups have 
identified increased relative risk of  combined  
cerebrovascular and cardiovascular morbidity in 
HIV subjects on cART.48 HIV infection is 
associated with cellular activation in a manner that 
may promote atherosclerosis, and chronically  
infected cART-treated subjects demonstrate  
endothelial dysfunction when compared to  
controls.49,50

Few groups have demonstrated relationships  
between atherosclerotic risk and cognition. The 
Multicenter AIDS Cohort Study (MACS) identified 
a relationship between carotid endothelial thickness 
and cognition.51 Elevated fasting glucose, insulin 
resistance and, separately, diabetes correlated to 
poorer overall cognitive performance in the Hawaii 
Aging with HIV Cohort (HAHC) study.52 Using 
event-related electroencephalographic potentials, a 
synergistic relationship between HIV and elevated 
BMI was identified in a manner that suggests  
factors associated with obesity exacerbate HIV- 
related frontal brain dysfunction.53 In the multi-
center SMART study (Strategies for Management 
of  Antiretroviral Therapy) where 88% of  the 292 
subjects had undetectable plasma HIV RNA levels, 
prior cardiovascular disease, hypercholesterolemia, 
and hypertension were associated with poorer  
cognitive performance.54

Hepatitis C virus (HCV) is a frequent co-infection 
with HIV. The interaction between HCV and HIV 
on cognition has been controversial. Both viruses 
appear to invade CNS, causing neurocognitive 
problems, with some studies noting no exacerba-
tion and others identifying interaction effects.55,56 

Noninfectious factors may also play a role. A study 
from South Africa demonstrated increased risk for 
HAND among individuals with post-traumatic 
stress disorder and alcohol abuse.57 There is also 
speculation that antiretroviral medications  
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themselves can contribute to cognitive clouding in 
a manner that could contribute to functional  
consequences. Among subjects with preserved  
immune function, neurocognitive measures  
improved, as a group, during treatment  
interruption in a small study of  167 subjects with 
good immune function, and neurological imaging 
with MRS and fMRI suggests that certain cART 
medications may have neurotoxic tendencies.58-60

Although opportunistic infections continue to  
impact HIV care internationally, broad cART  
access provides opportunities to understand  
regional and subtype-specific neuropathogenesis. 
Early data suggested heightened cognitive risk  
associated with subtype B (most common in the 
United States and Europe); however, recent  
findings demonstrate a high prevalence in other  
settings where subtype C is common.61,62 Data from 
Uganda revealed that cognitive impairment  
appeared to be more common among patients  
infected with subtype D than with subtype A.63 
These findings are supported by in vitro studies, 
providing a basis for the concept that differences by 
subtype could uncover therapeutic targets.61,64–66

CONCLUSIONS: FROM NEUROPATHO-
GENESIS TO TREATMENT

Cognitive impairment in HIV disease remains  
common, despite effective cART. While symptoms 
are generally mild and severe dementia is rare, the 
impairment impacts quality of  life and day-to-day 
functioning. Clinically relevant, validated diagnostic 
screening tools are few, highlighting an important 
unmet clinical need. Administering cART with 
good adherence remains the single most effective 
means of  treating cognitive impairment in patients 
who are not on treatment; yet, treatment alone has 
been unsuccessful in eradicating HAND.

Important questions remain regarding optimal  
timing and composition of  cART to optimize CNS 
treatment and preserve cognitive functioning.  
Studies evaluating adjuvant therapies have been  
described elsewhere and have been generally  
disappointing. A primary study of  memantine did 
not demonstrate efficacy, but more recent analyses 
of  MRS changes and results from the open-label 
phase of  this study were more promising.67,68 

Reservoir-specific therapies targeting monocytes or 
CNS directly may have utility, and some new studies 
are underway. Nanoformulations of  antiretroviral 
drugs are being developed with aims of  improving 
drug delivery for CNS disorders.69 Minimizing 
medication side effects, aggressive treatment of  
cerebrovascular risk factors, assessment and  
treatment of  relevant co-infections and coexisting 
morbidities, physical exercise, and social engage-
ment are likely to provide some benefit. While 
many of  these recommendations are rooted in  
observational studies of  HAND or published re-
ports from other neurodegenerative diseases, they 
are not based on randomized intervention trials.

There remain large areas of  research need. Cohort 
studies that focus on individuals with optimal  
peripheral control of  virus would better inform  
residual impairment despite cART. Careful  
attention to the aging population that includes, 
whenever possible, neuropathological-clinical  
correlations, will be critical to understanding  
pathology as this population ages with chronic  
infection. Better clinical, imaging, and biomarker 
tools to identify and categorize impairment in the 
clinical setting are also required. Understanding the 
earliest changes to brain function after infection 
may inform mechanisms in a manner that could 
identify treatment targets.
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ABSTRACT

HIV-associated dementia (HAD) is not firmly 
established in patients with circulating recom-
binant form (CRF) 01_AE HIV-1. In this study, 
we compared neuropsychological performance 
among 15 Thai individuals with HAD, 15 Thai 
individuals without HAD, and 30 HIV-negative 
control subjects. HIV-1 participants were  
highly active anti-retroviral therapy (HAART)-
naive and matched by age, education, and  
CD4 count. Neuropsychological testing  
abnormalities were identified in most cognitive 
domains among HAD vs. HIV-negative  
participants, confirming the presence of  HAD 
in CRF01_AE.

INTRODUCTION

One-third to one-half  of  HIV-1-infected  
individuals develop cognitive disorders in the  
absence of  highly active antiretroviral therapy 
(HAART) in the USA and Europe, where clade B 
HIV-1 predominates. This impairment influences 
disease progression, mortality, employability, and 
medication adherence.1 Some controversy remains 

concerning the frequency of  such disorders in  
settings where clade B virus is uncommon.2 Recent 
reports indicate that neurocognitive consequences 
extend to regions of  India (clade C) and central  
Africa (clades A and D).3,4 HIV-associated dementia 
(HAD) was not identified in a previous study  
attempting to estimate HAD prevalence in  
Thailand.5 Circulating recombinant form (CRF) 
01_AE accounts for about 90% of  HIV in  
Bangkok; the neuropathogenic properties of  this 
subtype are almost completely unknown. In this 
study, we sought to identify patients who were 
HAART-naive, free of  drug use and hepatitis C, 
and had been clinically diagnosed with HAD and 
then to confirm neuropsychological testing  
abnormalities among these individuals.

METHODS

Thirty HIV-infected volunteers were enrolled at 
Phramongkutklao Hospital (PMK) in Bangkok, 
Thailand. All were HAART-naive and free of  head 
injury, learning disability, major depression, active 
opportunistic infection, past or current CNS  
disease or infection, and hepatitis C. All had  
negative urine drug tests for marijuana, cocaine, 
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opiates, and amphetamines at screening and  
enrollment visits.

Fifteen of  these individuals were clinically  
diagnosed with HAD by our study neurologist 
based on a neurologic examination, histories,  
bedside cognitive testing including the  
International HIV Dementia Scale, gadolinium- 
enhanced brain MRI, serology, and lumbar  
puncture, when indicated. The other 15 were age-, 
education-, gender-, and CD4-matched HIV- 
infected volunteers clinically determined to be free 
of  HAD (non-demented [ND]) and meeting the 
same exclusion criteria. Thirty age-, gender-, and 
education-matched (2:1 matching) HIV-negative 
control subjects were then enrolled.

We completed neuropsychological (NP) testing  
after participants were enrolled since no Thai  
normative data were available, rendering such data 
unhelpful for primary diagnosis. The NP testing 
battery was modified from an international HIV 
battery with feasibility data from Bangkok. We  
substituted the Brief  

Visual Memory Test–Revised for the Picture  
Memory Test for logistical reasons. All personnel 
were trained in neuroAIDS assessments, and  
techniques were reassessed 6 months after study 
initiation. All but two HIV+ participants initiated 
HAART immediately after NP testing as they  
met guidelines for the Thai National Access to 
Antiretroviral Program for People Living with 
HIV/AIDS.

Viral subtype was determined by V3 peptide  
ELISA serotyping with confirmation by gene  
sequencing, when indicated.6 The protocol was  
approved by the Ethical Review Committees of  the 
Royal Thai Army Medical Department (PMK) and 
the University of  Hawaii. Prior to analyzing data, 
we validated the diagnoses of  HAD by reviewing 
the first 27 HIV cases in a consensus panel  
consisting of  an HIV neurologist, an HIV  
neuropsychologist, and the principal investigator. 
Case summaries were prepared including individual 
raw neuropsychological scores plotted over three 
box plot distributions of  seronegative control  
subjects, ND individuals, and HAD individuals  
enrolled as of  December 2005. Consensus  
diagnoses (HAD vs. non-HAD) were determined 
in a blinded fashion using American Academy of  
Neurology 1991 criteria. We then tested the  
hypothesis that the three enrolled groups differed 
using raw scores with an analysis-of-variance  
model, examining contrasts between groups if  the 
omnibus models met significance at the 0.01 level 
(data from timed gait [p<0.011] and Trails A 
[p<0.014] are also presented). We controlled for the 
effects of  CD4, education, gender, and age through 
matching.

RESULTS

All infections were with CRF01_AE. The three 
groups were well matched on all demographic  
parameters (Table 1). Most study volunteers were 
women.
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Previous non-CNS AIDS-defining illnesses were 
seen in 9 of  15 HAD compared with 8 of  15 ND 
patients. As a group, HAD compared with ND  
patients had higher Thai Depression Inventory 
(TDI) scores (18.1 vs. 12.7, p<0.001).

All HAD participants indicated limitations in  
function at the time of  neurologist evaluation 
(screening). However, only one participant/proxy 
pair endorsed such limitation on a formal question-
naire. Nevertheless, differences were noted in  
nearly all self-reported symptoms of  cognitive  
difficulty and only 5 of  15 HAD compared with 14 
of  15 ND participants were employed (p<0.001).

The consensus conference concurred with the Thai 
neurologist on 100% of  the ND cases and 10 of  14 
HAD cases. The four non-congruent cases were 
judged to be mildly impaired but likely not quite 

meeting HAD criteria based on the raw  
neuropsychological data. The overall congruence 
exceeded 85%, allowing us to then proceed with 
evaluation of  NP profiles by enrolled group.

We identified differences in a global composite 
score of  all neuropsychological tests (p<0.001) 
identifying differences between the HAD group 
and controls (p<0.001) and between the ND group 
and controls (p=0.042) but not between the ND 
and HAD groups (p=0.217). We noted a pattern of  
deficit in nearly all tests for the HAD group when 
compared with controls (Figure 1) with mean 
z-scores of  -1 or worse on Auditory Verbal  
Learning Test (AVLT) total learning, AVLT delayed 
recall, Color Trails 2, Escala de Inteligencia Wechsler 
para Adulto (EIWA) Digit Symbol Modalities, 
Trails A, verbal fluency–first names, and EIWA 
Block Design total score when compared with the 
control subjects. By contrast, no mean z score 
reached -1 in the ND group. In statistical models, 
differences between the control and HAD groups 
were identified in verbal memory and recall, motor 
speed/fine motor control, selective attention,  
verbal fluency, and gross motor speed (Table 2).

DISCUSSION

Our work adds to recent work identifying cognitive 
impairment in non-clade B HIV-1 from Southeast 
Asia and is somewhat in contrast to a previous  
report of  HAD prevalence in Bangkok, although 
methodological approaches differed.5,7 The earlier 
report relied on physician reporting but did identify 
neuropsychological testing abnormalities in  
participants enrolled.8 HIV-1 clade and hepatitis 
co-infection status were not reported, and the  
population studied in the previous work consisted 
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predominantly of  IV drug users.

Infections with non-clade B HIV-1 may be  
associated with a lower rate of  neurocognitive  
abnormalities.9 This is supported by in vitro work 
whereby clade C-specific mutations in Tat appear to 
affect macrophage chemotaxis.2 Regarding CRF01_
AE, experiments using in vitro CD4 cell models 
reveal subtype-specific tat-associated suppression 
of  tumor necrosis factor production.10 Results from 
our study and other recent studies indicate that  
cognitive impairment does develop in patients with 
non-clade B HIV; however, future work should  
determine incidence rates and time to onset.7

Most of  our study volunteers were women. This is 
not reflective of  HIV/AIDS in Thailand (the male/
female ratio reported by the World Health  
Organization is 2.8:1). Although speculative, this 
may reflect a higher proportion of  women being 
diagnosed late in disease or remaining untreated in 
Thailand. Other reasons for referral bias could  
exist. Our investigation raises practical questions 
regarding the assessment of  everyday functioning 
in this setting. The measurement tools employed 
were less sensitive than that of  the neurologist’s 
clinical assessments. Further research is needed. 
The finding of  higher mean TDI scores among 
HAD patients is consistent with published data.

The most striking differences between HAD and 
control groups were evident on the EIWA Block 
Design, AVLT total learning and delayed recall, and 
EIWA Digit Symbol Test, with a notable exception 
in the grooved pegboard test. This pattern is  
somewhat different than that described in clade B 
virus prior to availability of  HAART, as we did not 
identify fine motor deficits in our cohort.  
Importantly, the identified deficits in psychomotor 
speed, learning, and memory are consistent with 
the results from patients infected with clade B  
HIV-1. The differences may result from cultural 
factors, selection bias, or gender differences. It is 
also possible that clade-specific influences exist. 
Future work with this cohort will determine the  
degree to which treatment of  HIV-1 improves NP 
performance in CRF01_AE, and new studies will 
attempt to define the prevalence of  HAD in  
Thailand.
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ABSTRACT

Background: Understanding the earliest 
central nervous system (CNS) events during 
human immunodeficiency virus (HIV)  
infection is crucial to knowledge of   
neuropathogenesis, but these have not  
previously been described in humans. 

Methods: Twenty individuals who had acute 
HIV infection (Fiebig stages I-IV), with  
average 15 days after exposure, underwent  
clinical neurological, cerebrospinal fluid (CSF), 
magnetic resonance imaging, and magnetic 
resonance spectroscopy (MRS) characteriza-
tion. 

Results: HIV RNA was detected in the CSF 
from 15 of  18 subjects as early as 8 days after 
estimated HIV transmission. Undetectable 
CSF levels of  HIV (in 3 of  18) was noted during 
Fiebig stages I, II, and III, with plasma HIV 
RNA levels of  285 651, 2 321, and 81 978 copies/
mL, respectively. On average, the CSF HIV 
RNA level was 2.42 log10 copies/mL lower than 
that in plasma. There were no cases in which 

the CSF HIV RNA level exceeded that in plas-
ma. Headache was common during the acute 
retroviral syndrome (in 11 of  20 subjects), but 
no other neurological signs or symptoms were 
seen. Intrathecal immune activation was  
identified in some subjects with elevated CSF 
neopterin, monocyte chemotactic protein/
CCL2, and interferon γ–induced protein 10/
CXCL-10 levels. Brain inflammation was  
suggested by MRS. 

Conclusions: CSF HIV RNA was detectable in 
humans as early as 8 days after exposure. CNS 
inflammation was apparent by CSF analysis 
and MRS in some individuals during acute 
HIV infection.

INTRODUCTION

Prior to widespread availability of  combination 
antiretroviral therapy (cART), the most severe form 
of  human immunodeficiency virus type 1 (HIV) 
encephalopathy, previously termed “AIDS  
dementia complex,” occurred almost exclusively in 
late disease, often when circulating CD4+  
T-lymphocyte counts were <100 cells/mm3. In the 
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current era of  widespread cART availability, the  
estimated prevalence of  severe impairment, now 
termed “HIV-associated dementia” (HAD), is 
about 2%, down from a reported 15% in the pre-
cART era.1,2 However, the frequency of  milder 
impairment detected through neuropsychological 
testing remained unchanged after the introduction 
of  cART, occurring in about one-half  of  all  
community-dwelling persons living with HIV and 
having a measurable impact on daily function.1,3

A clear understanding of  mechanisms underlying 
central nervous system (CNS) injury despite cART 
has remained elusive. Cognitive impairment now 
occurs even within the normal range CD4+ T- 
lymphocyte counts, although an association be-
tween impairment and the lowest ever CD4+ T-
lymphocyte count (i.e., nadir CD4+ T-lymphocyte 
count) has been consistently reported.4 Elevated 
plasma HIV RNA level remains associated with 
cognitive impairment. However, more information 
is needed to inform mechanisms of  injury for the 
majority of  individuals with impaired testing  
despite adequate adherence and viral suppression. 
Attention has turned to the inability of  cART to 
eradicate reservoirs of  HIV thought to be critical to 
CNS impairment, particularly the reservoir in  
cerebrospinal fluid (CSF) as a proxy for the brain 
and the reservoir in circulating monocytes, each 
linked to HIV neuropathogenesis.5,6 Mechanistically, 
peripheral monocyte infection may be crucial to  
establishing persistent CNS infection.7,8 Both 
reservoirs may be established very early during  
infection. 

Animal models of  acute simian immunodeficiency 
virus (SIV) and limited human data captured during 
primary HIV infection suggest that the events of  
very early infection may negatively impact long-
term cognition.9 Based on anecdotal reports, HIV 
is able to cross the blood brain barrier early during 
acute infection, but the precise timing and  
variability of  CNS infection, predictors of  this  
timing, and degree of  CNS inflammation or injury 
are poorly understood in humans, owing to a lack 
of  data captured during this very early period prior 
to seroconversion.10,11 A clearer understanding of  
the earliest host immunological response and  
degree of  reservoir burden would inform our  
understanding of  early CNS injury and may  

provide insight into long-term HIV neuropatho-
genesis.

In this study, we describe these earliest CNS events 
in 20 HIV-infected subjects evaluated before  
Western Blot evidence of  HIV infection and before 
substantial host antibody response was detected 
(acute HIV infection, defined as Fiebig stages I-IV 
disease).12 We found HIV RNA in CSF as early as 
8 days after exposure and detected CNS  
inflammation through analysis of  CSF and by  
magnetic resonance spectroscopy (MRS).

METHODS

Subject Selection: Thai subjects seeking HIV 
voluntary counseling and testing services at the 
Anonymous Clinic of  the Thai Red Cross AIDS 
Research Center and men who have sex with men 
(MSM) enrolled in a study at the Silom Community 
Clinic in Bangkok, Thailand, had specimens 
screened in real time for acute HIV infection, using 
a hierarchical algorithm for testing of  pooled  
specimens.12,13 All individuals who provided contact 
information were notified if  their test results were 
found to be consistent with acute HIV infection. 
For the purpose of  this report, we selected the first 
20 subjects with Fiebig stage I-IV disease who 
agreed to CNS characterization on the basis of  a 
more comprehensive parent protocol focused on 
peripheral immunology and virology of  acute HIV 
(RV 254 of  the Division of  Retrovirology, Walter 
Reed Army Institute of  Research; ClinicalTrials.gov 
identifier NCT00796146). One subject with marked 
CSF lymphocytic pleocytosis and a positive serum 
syphilis test was excluded because of  presumed 
neurosyphilis and was replaced by the next enrollee.

We compared MRS data for these 20 subjects to 
those of  Thais with chronic HIV infection who 
were enrolled in one of  two concurrent chronic 
HIV studies (ClinicalTrials.gov identifiers 
NCT00782808 and NCT00777426), selecting all 
males and the first 5 females enrolled to obtain 17 
cases in an effort to match for sex to the acutely 
HIV-infected subjects. These chronically infected 
subjects had advanced HIV infection that met  
criteria for initiation of  treatment on the basis of  
Thai Ministry of  Public Health guidelines and were 
evaluated just prior to initiating cART for the first 
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time.14 All were cognitively normal at the time of  
MRS, having undergone neuropsychological  
testing, symptom assessment, neurological  
examination, and subsequent consensus diagnostic 
classification by trained clinicians, as previously  
described.15 Seven HIV-negative healthy communi-
ty dwelling Thais also underwent MRS. 

Clinical Characterization: All subjects underwent 
comprehensive medical and social evaluations by 
HIV clinicians to determine HIV risk factors and 
timing of  estimated exposure. When a range of   
exposures was given (for 7 of  20 individuals), the 
mean date of  exposures was recorded. An HIV  
clinician determined all symptoms occurring since 
the date of  estimated exposure, and a neurologist 
completed a comprehensive neurological  
examination to evaluate cognitive status and neuro-
logical signs. Fiebig stages were defined according 
to standard criteria.12

Laboratory Measurements: Blood CD4+ and 
CD8+ T-lymphocyte subsets were measured using 
standard flow cytometry. The plasma HIV RNA 
level was measured by the Roche Amplicor HIV-1 
Monitor Test v1.5 (Roche Diagnostics, Branchburg, 
NJ; detection range, 400–750,000 copies/mL) in 
specimens that had not been frozen; if  the HIV 
RNA load was >750,000 copies/mL, specimens 
were diluted and remeasured to obtain precise  
values. The CSF HIV RNA level was measured in 
specimens that had been frozen for <6 months,  
using a modification of  the Roche Amplicor HIV-1 
Monitor Test v1.5; RNA was extracted from 
≤200μL of  CSF by using the Boom silica extraction 
procedure (NucliSens Basic Isolation Reagents and 
Lysis buffer; bioMerieux, Durham, NC). The  
purified RNA specimens were amplified according 
to the manufacturer’s approved procedure, allowing 
a lower limit of  detection of  50 copies/mL. HIV 
subtypes were determined in plasma by a  
multiregion hybridization assay for subtypes B, C, 
and CRF 01_AE (MHAbce), as previously  
described.16 Clinical laboratory testing included 
serum Venereal Disease Research Laboratory  
testing for syphilis. The CSF level of  monocyte 
chemotactic protein (MCP-1/CCL2) was measured 
using a multiplex assay on a Quansys platform. CSF 
levels of  neopterin and interferon γ–induced 

protein (IP-10/CXCL10) were measured using a 
standard enzyme-linked immunosorbent assay  
developed by GenWay Biotech (San Diego, CA) 
and Life Technologies (formerly Invitrogen; Grand 
Island, NY), respectively.

Magnetic Resonance Imaging (MRI)/MRS: 
The same technician performed MRI/MRS prior 
to lumbar puncture, using a 1.5T General Electric 
whole-body clinical magnetic resonance scanner 
(software version 12x) with an 8-channel phased-
array head coil for signal reception and body coil 
for transmission. High resolution, multislice, axial 
T1-weighted spoiled gradients-echo images were 
acquired and used for 8-cm3 voxels placed in the 
middle frontal gray matter, left frontal white matter, 
occipital grey matter at the middle posterior  
cingulate gyrus, and basal ganglia, using the  
automated Proton Brain Exam (PROBE-P) with an 
echo time of  35 milliseconds, a repetition time of  
1.5 seconds, and a protocol that minimized partial-
volume effects.17 We acquired T2-weighted decay 
spectra of  the fully relaxed unsuppressed water 
free-induction decays, with a repetition time of  10 
seconds and 9 different echo times (30, 35, 45, 65, 
85, 120, 200, 500, and 1500 milliseconds). Quality 
assurance was performed by scanning a gradient 
echo MRS phantom after each examination.  
Images were electronically stored, anonymously 
transferred, and processed by a single investigator 
(N. S.), using a time domain fitting routine  
LCModel for spectral quantification (available at: 
http://s-provencher.com/pages/lcmodel.
shtml). The metabolite concentrations were 
determined for myoinositol, N-acetylaspartate, 
choline, and creatine. Relative levels of  major  
metabolites were standardized to total creatine.

Ethical Approval and Statistical Analyses: All 
subjects signed consent forms approved by human 
subject review boards at Chulalongkorn University 
(Bangkok, Thailand), the Walter Reed Army  
Medical Center (Rockville, MD), and the University 
of  California at San Francisco. Descriptive statistics 
were analyzed using common nonparametric tests 
or t-tests on log10-transformed HIV RNA in SAS 
v9.2 (SAS Institute, Cary, NC). We used PROC 
GLM to include age in the models for MRS  
analyses.
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RESULTS

Clinical Composition: Screening of  18 242 
specimens between April 2009 and September 2010 
identified 32 subjects with acute HIV infection 
consistent with Fiebig stages I-IV. Of  the 32, 25 
(78%) agreed to participation in the parent study. 
Three of  these subjects were excluded because of  
progression beyond Fiebig stage IV prior to  
enrollment. One subject was excluded from the 
CNS study because of  neurosyphilis, and 1 subject 
who agreed to participate was excluded because of  
incomplete participation. Two subjects retained for 
the analyses were positive for hepatitis B virus  
surface antigen, and all were negative for hepatitis C 
virus antibody. Our final sample of  20 subjects 
with acute HIV infection were evaluated during 
Fiebig stages I (n=3), II (n=4), III (n=11), and IV 
(n=2) and had a median estimated duration since 
exposure of  14.5 days (Table 1). Eighteen 
underwent lumbar puncture (2 declined because of  
fear about potential adverse events), and 17  
underwent MRS (1 was claustrophobic and 2 had 
metallic dental braces). Lumbar puncture was  
completed a median of  2 days after enrollment.  
Individuals tended to be young MSM, and no  
subjects reported injection drug use. The median 
blood CD4+ T-lymphocyte count was 384 cells/
mm3 (range, 218–740 cells/mm3). HIV subtypes 
were CRF_01AE (n=13), B (n=1) and six cases 
were indeterminate by MHAbce. Of  the 15  
subjects whose samples could be amplified, plasma 
HIV tropism analysis, using the Trofile Assay 
(Monogram Biosciences), revealed all samples to be 
R5 tropic, except for 1, which was dually R5/X4 
tropic.

Neurological Laboratory and Clinical  
Characterization: CSF sampling occurred a 
median of  17 days (range, 5-35 days) after  
estimated exposure and identified HIV RNA in 
CSF as early as 8 days. Only 1 subject was sampled 
prior to 8 days, and CSF HIV RNA was not  
detected (Fiebig stage I; 4 days after estimated  
exposure; plasma HIV RNA load, 2 321 copies/
mL). There were 2 additional cases with undetect-
able HIV RNA in CSF, with one at Fiebig stage II 
(10 days; plasma HIV RNA load, 285 651 copies/
mL) and the other at Fiebig stage III (18 days; plas-
ma HIV RNA load, 81 978 copies/mL). 

Eleven subjects underwent lumbar puncture on the 
same day that plasma HIV RNA specimens were 
obtained. No CSF specimen had an HIV RNA  
level that was greater than the level measured in 
plasma. Overall, mean CSF HIV RNA level was 
lower than mean plasma HIV RNA level (3.38 vs. 
5.53 log10 copies/mL, respectively; P<0.001). With 
addition of  cases in which plasma HIV RNA s 
pecimens were not obtained on the same day as 
lumbar puncture and use of  entry plasma HIV 
RNA values for these additional cases (median, 2 
days prior [range, 0–3 days prior]), there were still 
no cases in which the CSF HIV RNA load was 
greater than that in plasma (Figure 1). The mean 
CSF HIV RNA load was 2.42 log10 copies/mL 
lower than that measured in plasma (3.38 vs. 5.80 
log10 copies/mL; P<0.001). The CSF HIV RNA 
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level correlated to that in plasma (r2=0.37; P=0.007), 
and we found similar CSF HIV RNA levels in  
Fiebig stages I/II (without plasma anti-bodies to 
HIV, 2.78 log10 copies) and Fiebig stages III/IV 
(with antibodies, 3.62 log10 copies; P=0.15).

About one-half  of  subjects (11 of  20) experienced 
new headache in the period prior to study enroll-
ment but after the estimated date of  HIV exposure. 
No other new clinical neurological symptoms were 
reported. There were no differences in mean HIV 
RNA levels between cases with and cases without 
headache (plasma level, 6.02 vs. 5.42 log10 copies/
mL, respectively [P=0.19]; CSF level, 3.61 vs. 3.11 
log10 copies/mL, respectively [P=0.374]). All 
subjects were normal on the basis of  detailed  
neurological examination, except for one  
individual, who had decreased pinprick sensation at 
the right hand to the level of  the wrist, known to be 
present prior to exposure.

CNS Inflammatory Findings: The mean CSF 
white blood cell (WBC) count was 14 cells/μL  
(median, 0 cells/μL [range, 0–160 cells/μL]).  
Values were above the normal range of  5 cells/μL 
in 4 subjects (22%), and 2 subjects had CSF protein 
levels above the normal range (15–45 mg/dL)  
(Figure 2). Consequently, 5 of  18 subjects (28%) 
had evidence of  CSF inflammation or blood brain 
barrier disruption, using common testing  
parameters. We did not identify differences in CSF 
protein levels or WBC counts between patients in 
Fiebig stages I/II and those in Fiebig stages III/IV. 
The CSF neopterin level in many individuals was 
elevated, compared with published parameters  
reported for US, HIV-negative control subjects 

<45 years old (Figure 3; S.S., unpublished data 
from a previously published study).18 Fewer cases 
of  elevated MCP-1/CCL2 and IP-10/CXCL-10 
levels were noted. CSF neopterin levels were  
correlated with plasma (r2=0.35; P=0.009) and CSF 
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(r2=0.36; P=0.010) log10 HIV RNA loads. 
We identified a trend for CSF neopterin level  
correlating with duration of  infection (P=0.051; 
r2=0.22), but no difference was found when 
comparing CSF neopterin levels between patients 
in Fiebig stages I/II and Fiebig stages III/IV.

We identified no structural or T2-weighted signal 
abnormalities on MRI. Our Thai subjects with 
chronic HIV infection were similar to acute cases in 
sex and age (data not shown). HIV-negative Thai 
controls differed from the subjects with acute  
infection with regard to male sex (43% and 90%, 
respectively; P=0.024) but were of  similar age. The 
median CD4+ lymphocyte count among chronic 
HIV-infected subjects was 239 cells/mm3 (range, 
19–426 cells/mm3), which differed from that 
among acute HIV-infected subjects (median, 384 
cells/mm3 [range, 218–740 cells/mm3]; P<0.001). 
After adjustment for age, we identified elevated 
choline/creatine levels in occipital grey matter at 
the middle posterior cingulate gyrus (P=0.036) and 
a trend for elevated choline/creatine levels in basal 
ganglia among subjects with acute HIV infection, 
compared with control subjects (P=0.051; Figure 
4). We noted an association between higher CSF 

neopterin and elevated choline/creatine levels in 
occipital grey matter at the middle posterior  
cingulate gyrus (r2=0.27; P=0.048), as well as 
elevated myoinositol/creatine levels in left frontal 
white matter (r2=0.051; P=0.051).

DISCUSSION

This work identifies early HIV invasion of  the 
CNS, as evidenced by HIV RNA detection in CSF 
as early as 8 days after estimated HIV exposure and 
during the earliest stage (Fiebig I) of  infection, in a 
cohort of  subjects identified through pooled  
nucleic acid screening. Our findings are consistent 
with those from animal models despite the models’ 
use of  a more neurovirulent design with neuro-
tropic strains of  simian immunodeficiency virus, 
controlled intravenous injection, and CD8+  
T-lymphocyte–depleted macaques.9,19 We further 
demonstrate that early viral invasion of  the CNS 
occurs in humans after mucosal (vs. intravenous) 
exposure, when there is expected to be attendant 
selection of  transmitted/founder viruses rather 
than inoculation of  all viral strains.20 Although most 
of  our cases involved clade CRF 01_AE, 1 case had 
confirmed clade B virus and low level of  detectable 
HIV RNA (200 copies/mL) in CSF. In this case 
(Fiebig stage I), the concurrent plasma HIV RNA 
load was much higher, at 5.4 log10 copies/mL. 
It remains possible that clade differences impact 
neurovirulence during acute infection, since clade 
CRF01_AE differs from other clades in the  
expression of  tissue necrosis factor in a manner 
that could support altered neurovirulence.21 
Although most subjects expressed confidence in 
identifying a single exposure episode, estimating the 
duration since exposure may be subject to recall 
bias and other inaccuracies. However, congruent 
Fiebig staging based on laboratory data  
accompanied historical recall in our study,  
strengthening the confidence of  such estimates. 
Our inability to detect CSF HIV RNA in 3 subjects 
demonstrates some variability in the timing of  HIV 
penetration into the CNS during this vulnerable  
period and may point to unique viral and host  
factors that influence the early establishment of  
viremia in the CNS. This phenomenon occurred as 
late as Fiebig stage III, when the plasma HIV RNA 
load was 5.46 log10 copies/mL.



Page | 39

We identified the HIV RNA level in CSF to be, on 
average, 2.4 log10 copies/mL lower than that in 
plasma. This is a greater difference than that  
reported during chronic HIV infection  
(approximately 1 log10 copies/mL lower than that 
in plasma).22 In our participant with the highest 
HIV RNA level in plasma (7.56 log10 copies/mL), 
the corresponding CSF HIV RNA level was  
>4 log10 copies/mL lower (3.37 log10 copies/mL). 
Poor monocyte infection by transmitted/founder 
acute HIV strains, leading to decreased intra- 
monocyte trafficking of  virus to the brain, or a  
relatively preserved blood brain barrier in this early 
stage of  disease are 2 possible explanations for this 
finding.20 Both suggest a potential opportunity in 
which early intervention may protect against later 
CNS dysfunction. In all cases, CSF HIV RNA  
levels were lower than those measured in plasma. In 
contrast, there are case reports of  patients with 
CSF HIV RNA levels that exceed those in plasma 
among chronic HIV-infected patients receiving 
cART and presenting with neurological  
syndromes.23 We caution interpretation of  this 
finding, because of  our small sample size. The  
variable levels of  CSF HIV RNA observed in this 
study may suggest a dynamic host systemic-CNS 
relationship that may alter the degree of  HIV  
infection in the CNS during the earliest phase of  
infection. Our data suggest that plasma HIV RNA 
level is likely the largest determinant of  that in CSF.

We identified evidence for CNS inflammation by 
standard clinical parameters of  cellular pleocytosis 
and elevated CSF protein in some cases. Reports 
identify lymphocytic pleocytosis with HIV  
encephalopathy among acutely HIV-infected  
persons, and neurological complications are known 
to occur during HIV seroconversion.24 Headache 
was commonly noted in this cohort, and this is  
consistent with other series of  symptomatic  
patients enrolled in HIV seroconversion studies.25 
Our data strengthen these other reports since our 
findings were less subject to referral biases. Our  
reported headache rate may slightly overestimate 
the true frequency because 1 subject had chronic 
recurring migraines and 1 had a recent history of  
sinus headaches. However, the character of  pain in 
these individuals was not typical of  their previous 
headaches. We did not identify a relationship  

between plasma or CSF HIV RNA levels and  
headache.

Early neuroinvasion was characterized by  
measurable markers of  CSF inflammation (e.g.,  
neopterin level) and by brain parenchymal  
inflammation as detected by MRS. Group  
comparisons for each marker demonstrated only 
modest statistical significance; however, the  
distribution of  values in both MRS and CSF  
analyses demonstrated notable cases with measured 
values beyond expected ranges. Optimally, CSF 
specimens from local Thai controls would be used 
for interpretation of  our CSF markers. By use of  a 
conservative cut point of  2 SDs above the mean 
from our sample individuals from the US, we still 
identified cases with elevated levels. The variability 
in levels of  inflammatory markers did not appear to 
be explained by the range of  infection durations in 
our study, raising the possibility that other unique 
viral or host factors influence the early CNS  
response to infection. The individual differences 
provide an opportunity for future investigations 
aimed at defining factors associated with a lesser 
CNS inflammatory response during acute HIV  
infection.

Soluble markers of  immune activation may be  
expressed in CSF of  patients with HIV infection 
and may correlate with cognitive impairment.26 
MCP-1/CCL2 is produced by activated macro-
phages, microglia, and astrocytes, whereas neopterin 
is tightly linked to activated macrophages.27,28 
Considered with IP-10, these markers of  intra- 
thecal immune activation are supportive of  a 
monocyte-driven inflammatory profile that would 
be anticipated on the basis of  accepted theories of  
CNS HIV invasion.29 Measurements of  CSF 
markers as surrogates for the brain have inherent 
limitations because these may not reflect activity in 
tissue. The combination of  MRS and CSF sampling 
in this study strengthens our findings. Disruptions 
in MRS metabolites are reported in HAD and 
thought to indicate effects on both neuronal and 
glial cell populations.30 These changes occur most 
prominently in subcortical structures, including the 
frontal white matter, basal ganglia, and thalamus. In 
animal models of  acute SIV, MRS changes include 
reduction in N-acetylaspartate/creatine levels, with 
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early elevation of  choline/creatine levels in both 
frontal grey matter and subcortical structures.31 

Similarly, our data suggest early elevation of  
choline/creatine levels, which is thought to  
represent cellular immune activation or infiltration. 
We, however, did not identify lower N-acetylaspar-
tate/creatine levels, a neuronal metabolite that is 
presumed to represent neuronal injury. These data 
need to be interpreted with caution because of   
limitations related to sample size and multiple  
comparisons.

Our data provide added insight into the earliest 
CNS events in HIV infection; yet, many questions 
remain. Since HIV infection is not universally  
associated with long-term CNS consequences, 
there is a potential to uncover factors that are 
present in acute HIV infection and may be  
associated with preserved CNS function during the 
chronic stage of  HIV infection. We identify  
important variability in levels of  CSF HIV RNA 
and inflammatory markers that may inform these 
paradigms. It is important to determine whether 
early intervention may spare some long-term CNS 
consequence. The advent of  less complex regimens 
and safer antiretroviral toxicity profiles makes early 
intervention a possibility when HIV is identified; 
but current international recommendations remain 
vague on treatment recommendation during acute 
HIV infection, and, importantly, equipoise remains 
among experts.32 Our future work will comprehen-
sively characterize the systemic virological and  
immunological factors and their relationship to 
CNS viral dynamics, immune response, and brain 
injury. We will also determine how early treatment 
impacts these relationships and long-term  
outcomes. Because circulating monocytes have 
been tightly associated with late-stage HAD and are 
likely influenced during early in disease, future work 
will also focus on factors that impact the magnitude 
of  this reservoir as it relates to long-term CNS  
consequences of  infection with HIV.
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ABSTRACT

It is broadly accepted that HIV DNA in  
lymphoid and myeloid cells persists despite 
combination antiretroviral therapy. Recognized 
as the Achilles heel to HIV eradication, the role 
of  these peripheral reservoirs in HIV  
morbidity is less well developed. The burden 
of  HIV DNA in peripheral mononuclear cells 
is linked to HIV disease outcomes such as time 
to AIDS diagnosis, survival, and CD4 T- 
lymphocyte counts. Monocytes are a minor 
HIV DNA reservoir, and the burden of  HIV 
DNA in these cells appears to be linked to  
dementia, suggesting that residual infection in 
this subset is linked to tissue-related HIV  
complications. Since monocytes are likely  
involved in trafficking virus to the brain, there 
is a strong mechanistic link underlying this 
discovery. Herein, we summarize our current 
understanding of  monocyte HIV DNA and 
central nervous system dysfunction in humans. 
We present a model to understand these  
relationships and suggest possible treatment 
approaches to be tested.

INTRODUCTION

HIV-associated dementia (HAD), the most severe 
form of  HIV-related cognitive dysfunction, is  
characterized by abnormalities in motor skills 
(slowed movements, abnormal gait, hypertonia), 
behavior (apathy, irritability, emotional lability), and 
cognitive function (attention, concentration,  
memory, information processing, language).1 Prior 
to widespread use of  highly active antiretroviral 
therapy (HAART), the prevalence of  HAD was 
20–30% among patients with advanced HIV and 

low CD4 lymphocyte counts. The widespread  
availability of  HAART led to a marked decline in 
the reported incidence of  HAD to 10/1000  
person-years in 1996–1998.2

The characteristics of  HIV-related cognitive  
dysfunction have also changed. Cognitive  
complications are noted with higher CD4  
lymphocyte counts and milder degrees of  cognitive 
impairment are more typical.3 Paradoxically, while 
HAD incidence has decreased, prevalence may be 
rising as individuals on HAART live longer. The 
HAART-era prevalence of  HAD or a milder  
variant referred to as mild neurocognitive disorder 
(MND) may be as high as 37%.2,4,5 Fluctuation in 
disease course with a waxing and waning pattern 
has now been described.3,6 Taken together, these 
findings highlight the failure of  HAART to  
universally eradicate cognitive impairment. The 
identification of  mechanistic underpinnings has 
been disappointing, leading some to believe that 
much of  the impairment is due to comorbid  
illnesses or pre-HAART (permanent) brain injury.

THE NEUROIMMUNOLOGY OF HIV

Human immunodeficiency virus (HIV) encephalitis 
is the classically described substrate of  HIV brain 
injury, characterized by gliosis, microglial nodules, 
perivascular macrophage accumulation, and the 
presence of  multinucleated giant cells.7 These 
findings are associated with immune activation and 
inflammation seemingly out of  proportion to the 
amount of  HIV virus present in the brain.8-10 
Although viral particles, such as nef, gp120, and tat, 
are neurotoxic in vitro, the mechanisms of  brain 
injury likely involve a significant contribution from 
indirect immunological processes, including a 
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prominent role for inflammatory pathways  
mediated by cells of  the monocyte/macrophage 
lineage.10-14

On the basis of  evidence from animal models and 
autopsy data, the clinical onset of  neurological  
disease and its acceleration as immune function 
fails, directly relate to the dysregulation and  
accumulation in the central nervous system (CNS) 
of  activated perivascular macrophages, some of  
which are infected.8 The number of  inflammatory 
macrophages rather than the concentration of   
virus is the best indicator of  neural damage and 
cognitive deterioration in simian immunodeficiency 
virus (SIV)-encephalitis, and the majority of  the 
SIV in the CNS is within these perivascular  
macrophages and not in parenchymal  
microglia.8,9,15,16 Recent studies suggest that the 
accumulation of  perivascular macrophages in late-
stage disease is due to increased trafficking of   
peripheral monocytes into the CNS.8,16-18 A unifying 
hypothesis is proposed that HIV encephalitis  
following virally induced failure of  the immune  
system is primarily a disease resulting from blood-
borne activated macrophages capable of  stimulating 
inflammatory responses in the CNS.

The phenotype of  the perivascular macrophage is 
similar to that of  a minor monocyte population 
found in the peripheral blood defined by the co-
expression of  CD14 and CD16 and/or CD69.19 
Populations of  CD14+/CD16+ and CD14+/
CD69+ monocytes are expanded in HIV-infected 
patients and correlate to HAD.20-22 On the basis of  
these and other such data, it is hypothesized that 
critical events initiating the development of   
dementia occur outside of  the brain.15 This concept 
is further supported by the finding that sequences 
of  the HIV viral gp160 gene, which encode the 
highly variable HIV envelope protein, taken from 
the deep white matter of  the brain in an individual 
with HAD were more closely related to sequences 
from the bone marrow and to sequences from 
blood monocytes taken 5 months earlier than to 
those from other tissues.15

These findings are consistent with leading theories 
of  encephalitis development in HIV.10,15 Here, 
peripherally infected monocytes, upon meeting the 
brain microvascular endothelium, are able to self-

initiate transmigration to the brain because of  their 
activated state. These cells then become peri- 
vascular macrophages and may also transfect other 
resident cells (astrocytes, microglia). The result is a 
proinflammatory environment characterized by  
cellular activation, heightened secretion of   
cytokines and chemokines, and increased oxidative 
stress ultimately contributing to neuronal  
dysfunction and HAD (Figure. 1).

PERIPHERAL RESERVOIRS OF HIV DNA 
BEFORE AND AFTER HAART

The retrovirus, HIV, enters human immune cells 
through CD4 and the co-receptors CCR5 or 
CXCR4, and through reverse transcription,  
incorporates into host DNA.23 Subsequent tran-
scription results in rapid and extensive HIV RNA 
production, cell lysis, and the prototypical expo-
nential rise of  HIV RNA in the bloodstream.  
Plasma viremia becomes life-long in the absence of  
treatment and immunodeficiency ensues in the vast 
majority of  individuals. Because of  the archival  
nature of  the immune system, a minor subset of  
activated and infected CD4+ T-lymphocytes may 
become memory T-cells that are quiescent with  
little to no production of  virus unless stimulated.24,25 
It is postulated that monocytes are also a source of  
residual HIV DNA, likely arising from quiescent 
and infected cells of  the myeloid precursor lineage 
in bone marrow.26–31 HIV DNA within mono-
cytes may exist integrated into the host genomic 
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DNA or as nonintegrated circular forms and both 
resistant and wild-type viruses have been  
demonstrated.32,33 Among individuals on HAART, 
the CD16+ subset of  monocytes appears more 
susceptible than other monocytes to HIV infection 
and preferentially harbor HIV DNA.34,35 CD16+ 
monocytes produce high levels of  chemokines,  
increasing the susceptibility of  resting T cells to 
HIV infection.36 Macrophages are generally 
resistant to the cytopathic effects of  the virus and 
may persist in the tissues for a long period of  time 
despite suppression of  plasma HIV RNA.37 In one 
study, levels of  HIV DNA in purified monocyte-
depleted peripheral mononuclear cells were  
identified in all cases both prior to and 24 months 
following effective HAART.38 In contrast, HIV 
DNA was detected in monocytes from all naıve 
cases and 12/34 (35%) of  treated cases.

HIV DNA AND DISEASE

The level of  HIV DNA in PBMCs predicts HIV 
events, including rate of  decline in CD4 lymphocyte 
count, time to AIDS diagnosis, and dementia. Early 
reports identified a relationship to poor antiretro-
viral response and, more recently, to virological  
failure.39,40 HIV DNA predicts progression to AIDS 
in the SEROCO cohort, independently of  plasma 
HIV RNA and CD4 counts and disease  
progression in the PRIMO Cohort.41,42 In one study, 
among HAART-naıve patients, PBMC HIV DNA 
but not monocyte HIV DNA inversely correlated 
to CD4 count and PBMC HIV DNA correlated to 
high (>30,000 copies) compared with low HIV 
RNA.38 This finding suggests that HIV DNA 
within lymphocytes, rather than within monocytes, 
may have more relevance to primary non-tissue  
related HIV disease variables such as CD4  
lymphocyte reduction.

In the setting of  chronic HIV infection, PBMC 
HIV DNA has been identified as a correlate  
to HAD. In a cross-sectional study done in our  
laboratory, the median HIV DNA level among  
individuals with HAD were roughly 20 times higher 
than the median level among individuals with  
normal cognition.43 This association remained 
significant among those individuals with undetect-
able plasma HIV RNA. PBMC HIV DNA is also 

higher in individuals with milder cognitive  
impairment although not to the extent seen in  
individuals with HAD.44 Further analyses by cellular 
subsets revealed that the difference in HIV DNA 
by cognitive category is related specifically to the 
amount of  HIV DNA within the activated mono-
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cytes (CD14+/CD16+) subset rather than in non-
activated monocytes (CD14+/CD16neg) or in 
CD14neg cells, which includes the lymphocyte pool 
(Figure 2).45 

Levels of  monocyte HIV DNA in individuals with 
HAD remained persistently high over time when 
compared with individuals with normal cognition. 
In a cohort of  HIV-infected individuals in Thailand 
naıve to HAART, baseline and 48-wk after HAART 
treatment, monocyte HIV DNA levels strongly 
correlated to concurrent cognitive performance  
irrespective of  plasma HIV RNA and CD4  
lymphocyte counts.46 At 48 week, monocyte HIV 
DNA was below the level of  detection of  our assay 
(10 copies/106 cells) in 15/15 non-HAD compared 
with only 4/12 HAD cases, despite undetectable 
plasma HIV RNA in 26/27 cases (Figure 3).

These findings have important implications for 
HAART-era cognitive impairment. Although  
published data indicate that mild cognitive impair-
ment remains prevalent in patients successfully 
treated with HAART, few investigators have  
identified HIV-specific mechanistic links or  
markers, leading some to hypothesize that the  
cognitive findings represent inactive disease.  
However, HIV DNA in circulating monocytes re-
mains elevated in some individuals despite HAART, 
and the inability to clear this peripheral reservoir is 
more frequent among individuals with dementia, 
suggesting that the HAART-era cognitive impair-
ment may, at least in part, be due to ongoing injury. 
Given that monocytes likely traffic to the CNS  
resulting in inflammation and viral seeding, it is 
plausible that HIV infection of  these monocytes 
may contribute to CNS injury, even in the era of  
HAART.

MONOCYTE HIV DNA AND OTHER 
CHRONIC COMPLICATIONS OF HIV

The role of  monocyte HIV DNA in other HIV-
associated complications is less clear. Given the 
highly pro-inflammatory nature of  HIV-infected 
activated monocytes and the presence of  macro-
phages in various tissues, it is reasonable to  
postulate a role of  HIV DNA in association with 
other chronic complications of  HIV. High levels of  
HIV DNA have been hypothesized to play a  
potential role in unintentional weight loss, as well as 
in lipoatrophy.47,48 High levels of  macrophages are 
found within subcutaneous fat tissue of  HIV- 
infected patients with HIV-associated lipoatrophy.49 
Moreover, high levels in fat tissue of  pro-inflamma-
tory cytokines (TNF, IL-6, IL-8, IL-12, IL-18) are 
found in adipose tissue that correlate significantly 
with adipose tissue macrophage content,  
suggesting that the inflammatory cytokines  
originated from these macrophages. High rates of  
metabolic dysregulation, including insulin  
resistance, characterize HIV-infected individuals on 
HAART.49,50 In the general population, monocyte/
macrophage and their proinflammatory cytokines 
have been demonstrated to play significant patho-
genic roles in obesity and in insulin resistance- 
related disease processes, as well as in vascular  
activation and inflammation.51–53 Thus, it is likely 
that monocyte/macrophage-mediated immune  
activation and inflammation increase risk for such 
complications in the HIV-infected population.

The transmigration of  monocytes into the arterial 
vessel wall initiates the development of  athero- 
sclerosis. Such transmigration is enhanced by the 
inflammation associated with HIV infection, much 
of  which may originate from monocyte/macro-
phages.54 Once in the arterial vessel wall, monocytes 
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are transformed into lipid-laden macrophages or 
“foam cells,” which form the lipid-rich core of  
atheromatous plaques. HIV-infected macrophages 
may have a role in the development of  foam cells 
since HIV impairs ATP binding cassette transporter 
A1 (ABCA1)-dependent cholesterol efflux from 
macrophages.55 This condition is likely to be highly 
atherogenic as the resulting deficit in reverse  
cholesterol transport can be expected to greatly  
enhance the accumulation of  cholesterol within 
these cells and increase the development of  foam 
cells. The cholesterol efflux impairment in HIV- 
infected macrophages and the known persistence 
of  these long-lived HIV-infected pools despite 
HAART could partially explain the increase in  
cardiovascular disease seen in the era of  HAART.56

POTENTIAL APPROACHES TO  
MODULATING THE MAGNITUDE OF 
HIV DNA IN PERIPHERAL RESERVOIRS

No validated therapeutic approaches to eradication 
of  the peripheral HIV DNA reservoir exist.  
Control of  HIV viremia may diminish this peri-
pheral intracellular reservoir over time and  
eradication may be potentially modifiable with early 
and aggressive treatment with HAART.57-63 Recently, 
a group from France noted that the mean HIV 
DNA burden is substantially lower in individuals 
treated during primary infection compared with 
those initiating treatment during the chronic phase 
of  disease.64 It is not known, however, if  both 
lymphocyte and monocyte HIV reservoirs are 
equally affected. Since it is increasingly recognized 
that the earliest events in HIV infection may set the 
stage for disease course, it is intriguing to  
hypothesize that early and intensive treatment may 
limit the magnitude of  the monocyte reservoir.

Although necessarily speculative, other treatment 
approaches may exist within the confines of   
currently available therapies. Antiretroviral choice 
that may be considered “monocyte-directed”  
deserve evaluation. CCR5 antagonists may have 
some enhanced efficacy as part of  ‘monocyte- 
directed therapy.’ Both CCR5 and CXCR4 may 
serve as chemokine receptors for entry of  HIV into 
lymphocytes while CCR5 is the major co-receptor 
used for HIV entry into macrophages and into 

brain microglia cells.65 To date, clinical studies have 
not demonstrated the efficacy of  this “monocyte 
directed” approach.

Some have noted that NRTIs are more effective in 
eradicating virus in monocytes/macrophages than 
in CD4+ cells, owing to the quiescent nature of  
monocytes/macrophages and a low endogenous 
nucleotide pool, enabling the triphosphate forms 
of  the drugs to more successfully compete against 
the endogenous pool for binding to the HIV  
reverse transcriptase.66 Of  the newer nucleoside/
nucleotide reverse transcriptase inhibitors, tenofovir 
has potent anti-HIV activity in monocytes, greater 
than that observed in CD4 lymphocytes.66 This has 
been attributed to its mono-phosphorylated  
structure, reducing the requirement for intracellular 
phosphorylation to its active triphosphate form. 
Consequently, tenofovir has been proposed for 
post-exposure prophylaxis, due to its enhanced  
anti-HIV effects in tissue-laden monocyte-derived 
cells (Langerhan cells). It should be noted that  
tenofovir does not effectively cross the blood-brain 
barrier, a factor that may raise some concern with 
the use of  tenofovir in individuals with HIV- 
associated cognitive dysfunction.67 However, it has 
also been postulated that the efficacy of  NRTIs in 
the CNS may be greater than suggested by BBB 
dynamics and CSF concentrations because of  the 
previously mentioned enhanced intracellular  
activity in monocytes/macrophages and the critical 
role of  these cells in the CNS.66 In vitro studies 
suggest that protease inhibitors (PI), in general, 
have decreased potency against monocytes.66 PI 
concentrations needed to inhibit monocyte HIV 
RNA production exceed that commonly seen in 
HIV treatment, although ritonavir boosting  
appears to overcome much of  this issue.66

Other “monocyte directed” therapeutic approaches 
are under investigation, including polyamine  
biosynthesis inhibitors, a class of  drugs shown in 
vitro to selectively kill activated monocytes from 
patients with HIV dementia and advanced HIV  
disease.68 Facilitation of  antiretroviral medication 
carriage across the blood-brain barrier by use of  
medication containing nanoparticles loaded into 
bone marrow macrophages has successfully been 
explored in an HIV encephalitis rodent model.69,70 
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Unlike T-lymphocytes, HIV infected macrophages 
do not undergo cell death, even when exposed to 
toxic conditions, thus serving as long-living viral 
reservoirs in various tissues.66 Studies of  molecular 
and cellular mechanisms involved in this cyto- 
protective effect in primary human macrophages 
indicate that the P13K/Akt pathway is a key  
contributor to this effect. P13K/Akt inhibitors 
were recently shown in a cell model to reverse key 
cellular events typically observed in cell survival  
activation and result in reduced HIV production.71 
Finally, murine studies have been performed using 
erythrocytes loaded with a new heterodinucleotide 
(3TCpPMPA) comprising the drugs lamivudine 
and tenofovir and modified to increase their phago-
cytosis by macrophages in an effort to more  
effectively deliver these antiretroviral medications 
into macrophages.72

SUMMARY

Detectable levels of  HIV DNA in circulating 
monocytes are seen in a subset of  individuals on 
HAART. The inability of  potent antiretroviral  
therapy to successfully eradicate HIV from this  
peripheral reservoir is associated with dementia and 
may, at least in part, account for the continued  
prevalence of  neurocognitive impairment in HIV-
infected individuals in the HAART era. Recent 
studies have led to be a better understanding of  the 
unique characteristics and importance of  this  
cellular reservoir in the pathogenesis of  HIV  
dementia. Because effective eradication of  this  
reservoir is unlikely to occur with use of  antiretro-
viral therapy as currently practiced, continued  
research into novel therapeutic approaches to  
eradication of  this cellular reservoir is desperately 
needed.
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ABSTRACT

Background: The extent to which highly active 
antiretroviral therapy (HAART) era cognitive  
disorders are due to active processes, incomplete 
clearance of  reservoirs, or comorbidities is  
controversial. This study aimed to determine if   
immunologic and virologic factors influence  
cognition after first-time HAART in Thai  
individuals with HIV-associated dementia (HAD) 
and Thai individuals without HAD (non-HAD).

Methods: Variables were captured longitudinally to 
determine factors predictive of  degree of  cognitive 
recovery after first-time HAART. Neuropsycho-
logical data were compared to those of  230 HIV-
negative Thai controls.

Results: HIV RNA and CD4 lymphocyte counts 
were not predictive of  HAD cross-sectionally or 
degree of  cognitive improvement longitudinally. In 
contrast, baseline and longitudinal HIV DNA  
isolated from monocytes correlated to cognitive 
performance irrespective of  plasma HIV RNA and 
CD4 lymphocyte counts pre-HAART (p<0.001) 
and at 48 weeks post HAART (p<0.001). Levels 
exceeding 3.5 log10 copies HIV DNA/106 mono-
cyte at baseline distinguished all HAD and  
non-HAD cases (p<0.001). At 48 weeks, monocyte 
HIV DNA was below the level of  detection of  our 
assay (10 copies/106 cells) in 15/15 non-HAD 
compared to only 4/12 HAD cases, despite unde-

tectable plasma HIV RNA in 26/27 cases. Baseline 
monocyte HIV DNA predicted 48-week cognitive 
performance on a composite score, independently 
of  concurrent monocyte HIV DNA and CD4 
count (p < 0.001).

Conclusions: Monocyte HIV DNA level 
correlates to cognitive performance before highly 
active antiretroviral therapy (HAART) and 48 weeks 
after HAART in this cohort and baseline monocyte 
HIV DNA may predict 48-week cognitive  
performance. These findings raise the possibility 
that short-term incomplete cognitive recovery with 
HAART may represent an active process related to 
this peripheral reservoir. 

INTRODUCTION

HIV remains a common cause of  dementia  
internationally while the frequency and severity in 
countries with broad access to highly active anti-
retroviral therapy (HAART) has decreased  
substantially.1 Early data suggest a failure of  
HAART to universally eradicate neurocognitive  
impairment (NCI) in patient populations with  
access to these treatments.1-5 Yet controversy exists 
as to whether continued cognitive impairment  
following HAART represents an active process, the 
impact of  comorbidities, or pre-HAART brain  
injury.

In its pure, untreated form, HIV encephalitis is 
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characterized by CNS immune activation with 
perivascular macrophage accumulation.6 It is 
theorized that CNS injury occurs when monocytes, 
many of  which are infected, transmigrate the 
blood–brain barrier, resulting in an inflammatory 
response in the absence of  substantial neuronal  
apoptosis.7-10 This pathway has been described in 
animal models of  lentivirus infection.11,12 In some 
animal models, monocyte tissue transmigration  
appears to trigger gene expression of  otherwise 
quiescent virus, raising the possibility that  
harboring virus in peripheral monocytes, even 
when not actively productive, may have clinical 
consequences upon tissue infiltration.13 

In this prospective study, we evaluated early  
immunologic, virologic, and neurocognitive  
changes with initiation of  first-time HAART to 
clarify the neuropathogenesis of  NCI in HAART-
treated individuals. We previously reported a  
correlation between peripheral blood mononuclear 
cell (PBMC) HIV DNA and NCI in HAART-naıve 
patients from this cohort.14 We now identify this 
relationship specific to circulating monocytes 
(CD14+ cells) and describe the longitudinal  
relationship between this marker and cognitive  
recovery.

METHODS 

Patient selection. SEARCH 001 enrolled 15 HIV-
infected patients with HAD and 15 without HAD, 
all confirmed to be infected with HIV-1 circulating 
recombinant form (CRF) 01_AE. Groups were 
matched by age, gender, CD4 lymphocyte count, 
and educational attainment, as previously  
described.15 Briefly, individuals were identified from 
infectious disease clinics, neurology clinics, and 
HIV testing facilities in Bangkok and were eligible 
for enrollment if  they met Thai national guidelines 
to initiate HAART and intended to start treatment. 
All assessments were completed within 1 month 
before first dose of  antiretroviral (ARV) therapy. 
Participants were hepatitis C antibody negative,  
denied illicit drug use, lacked factors that would  
potentially impact cognition (e.g., head injury,  
learning disability), and had two negative urine  
toxicology screens on separate days. Normative 
neuropsychological data were obtained from 230 

age- and education-matched HIV-negative Thai 
controls who denied confounds that could impact 
cognition (e.g., head injury, medical illness, learning 
disability, illicit drug use), had a normal screening 
neurologic examination, were tested to be HIV 
(EIA) negative, and had a negative urine drug 
screen.

Cognitive characterization. Dementia was 
determined by a trained neurologist (P.S.) using 
standard-of-care assessments in Thailand, which  
included a comprehensive neurologic examination, 
simple bedside cognitive testing including the Inter-
national HIV Dementia Scale (IHDS), patient and 
proxy reporting of  symptoms, and brain MRI. 
When clinically indicated, lumbar puncture was 
completed. We employed the neuropsychological 
testing battery modified from an international HIV 
battery previously used in Bangkok and designed to 
minimize cultural influences.16,17 Testing was 
completed by trained nurse-psychometrists with 
quality assurance review every 6 months.

Cell separation. Peripheral blood mononuclear 
cells were treated with Accumax (Innovative Cell  
Technologies, San Diego, CA) to prevent cell 
clumping. Cells were then washed with RoboSep 
buffer (Stemcell Technologies, San Diego, CA; PBS, 
2% FBS, 1 mMEDTA); counted; centrifuged; and 
resuspended. Monocyte separation was performed 
using the monocyte separation kit (Stemcell  
Technologies). Magnetic bead separation identified 
monocytes (CD14-positive) and non-monocytes 
(CD14-negative) fractions, which were then stored 
at -80°C before HIV DNA analyses.

Proviral HIV DNA assessments. PBMCs were 
shipped to the University of  Hawaii in frozen 
batches where we isolated DNA from the cells per 
manufacturer’s instructions (Qiagen, Inc., Valencia, 
CA) and measured HIV DNA copies.18 Briefly, we 
generated standard curves for the real-time PCR  
assays from dilutions of  a plasmid containing one 
HIV copy (GenBank accession #NC_001802) and 
one copy of  the human housekeeping gene, 
β-globin (GenBank accession #2253431). 
Reactions were prepared with 100ng of  the sample 
DNA; HIV gag primers or β-globin primers; 1x iQ 
supermix (BioRad Laboratories, Hercules, CA); and 
water to final volume 25μL. Initial denaturation was 
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performed for 3 minutes followed by 45 cycles of  
two-step PCR 95°C/10 seconds, 57°C/30 seconds, 
and a final extension of  72°C/2 minutes. Controls 
were a negative control (no DNA template) and 
DNA from three HIV-infected cell lines (8E5, 
OM10.1, ACH-2, NIH AIDS Research and  
Reference Reagent Program, Rockville, MD), which 
were also used for inter-assay calibration. Assays 
were completed on PBMCs (not monocyte  
depleted) and monocytes (CD14+ cells) and  
operators were blinded to HAD status.

Summary neuropsychological measures.

Neuropsychological z-scores were calculated by 
standard methodology compared to appropriate 
age and educational attainment strata from the  
normative data. Our initial longitudinal cognitive 
endpoints were the global deficit score (GDS), a 
weighted summary of  all neuropsychological  
z-scores, where a higher GDS represents greater 
impairment and a global non-weighted summary  
z-score of  all tests in our battery (NPZglobal).19 
Preliminary analyses revealed non-significant  
differences between HAD and non-HAD groups 
on these measures, despite differences noted in 
many individuals’ cognitive tests. We therefore  
formulated a third composite score (NPZcomp) in 
a post-hoc manner. This was accomplished by  
contrasting performance characteristics of   
individual test by HAD/non-HAD group, retaining 
those at p<0.10, with final selection for those with 
the largest and most meaningful differences: RAV-
LT-total of  trials 1–5 (learning efficiency), digit 
symbol modalities task (psychomotor speed), and 
timed gait (motor speed). A discriminant analysis 
with cross validation (PROC DISCRIM, SAS)  
confirmed that the NPZcomp correctly  
categorized 21/30 (70%) cases as HAD/non-HAD 
at baseline. We then completed external validation 
of  the NPZcomp in a separate cohort (Hawaii  
Aging with HIV Cohort, n=286) where the NPZ-
comp accurately categorized 79% of  cases (186/198 
non-HAD and 48/88 HAD). 4

Informed consent and statistical analyses. The 
protocol was approved by the Ethical Review  
Committees at Phramongkutklao Medical Center, 
the Walter Reed Army Institute of  Research, and 

the University of  Hawaii. All participants signed  
informed consent. All cases (HAD and non-HAD) 
were pooled and we employed normal linear  
regression models to determine the relationship  
between independent variables and neuropsycho-
logical summary scores. All summary scores met 
model requirements, although the GDS required 
logarithmic transformation. To take into account 
within-subject variability, longitudinal mixed  
normal models were used to assess the effects of  
baseline levels and subsequent changes in predictive 
variables (PROC MIXED). In fitting the mixed 
models, the three cognitive response factors were 
separately analyzed and correlation of  these  
variables within subjects was assumed to be  
normally distributed. We employed compound 
symmetry for our covariance structure, which  
provided a better fit compared to an unstructured 
covariance matrix, as assessed by likelihood ratio 
test. Unless otherwise stated, HIV DNA in the  
results represents that measured in monocytes.

RESULTS

Baseline immunologic and virologic factors. 
SEARCH 001 enrolled 30 individuals and 29  
initiated HAART. One case was lost to follow-up 
and one died before 48 weeks (both in the HAD 
group). Our analysis included 27 cases with 48-
week data available (12 HAD and 15 non-HAD). 
Factors that distinguished HAD from non-HAD 
included higher Thai Depression Inventory score 
(TDI), lower hemoglobin, and higher intracellular 
PBMC HIV DNA, as previously reported.14,15 The 
relationship between baseline log10 HIV DNA and 
HAD remained present when analyzed among the 
CD14-positive subset (monocytes, p<0.001).  
Plasma HIV RNA level and CD4 lymphocyte count 
did not correlate to HAD; however, all participants 
had low CD4 counts (Table 1). The NPZcomp 
summary score (p<0.002) and the IHDS (p<0.001) 
each differed significantly by HAD status. Baseline 
monocyte HIV DNA correlated to NPZcomp 
score, but did not meet significance when analyzed 
for the GDS or NPZglobal measures. The relation-
ship between monocyte HIV DNA and the NPZ-
comp remained significant after adjustment for 
plasma HIV RNA and CD4 count (β = -0.253, SE 
= 0.059, p = 0.001, Figure 1).
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48-Week immunologic and virologic response 
to HAART. One participant’s ARV regimen was 
not known due to co-enrollment in a second study, 
which provided HAART in a blinded fashion. All 
others initiated NNRTI-based ARV with most 
(21/26) starting nevirapine- based ARV. Among 
these cases, the NRTI backbone for most (24/26) 
was stavudine and lamivudine, using GPOvir (fixed-
dose combination of  lamivudine, stavudine, and 
nevirapine) manufactured by the Thai Government 
Pharmaceutical Organization. In general,  
participants were very adherent with only one  
having a detectable plasma HIV RNA level at 48 
weeks (10,154 copies, non-HAD group). The CD4 
lymphocyte counts did not differ between HAD 
and non-HAD groups at all time points, and at 48 
weeks reached a median (interquartile range [IQR]) 
of  190 (137–234). At 48 weeks, the median log10 

monocyte HIV DNA level remained elevated 
among individuals enrolled into the HAD  
compared to the non-HAD group, despite suppres-
sion of  plasma HIV RNA (median [IQR] of  3.09 

[0.00 –3.94] for HAD and 0 [0–0] for non-HAD,  
p < 0.001, Figure 2). The rate of  decline in log10 
monocyte HIV DNA was similar in both groups 
during the first 24 weeks (p=0.498), but greater in 
the HAD group β =0.157, SE = 0.105) compared 
to the non-HAD group (β=0.017, SE=0.026, 
p=0.035) between weeks 24 and 48, reflecting a 
floor effect in the non-HAD group. Only 4/12  
individuals enrolled into the HAD group compared 
to 15/15 individuals in the non-HAD group were 
able to lower their monocyte HIV DNA level to 
below the limit of  detection of  our assay (10  
copies/106 cells) at 48 weeks. 

48-Week cognitive response to HAART. Both 
the HAD and non-HAD groups exhibited a robust 
cognitive response to HAART (Figure 3). 
Combining groups, the 48-week change in all  
composite measures was significant (NPZglobal: 
from -0.430 to +0.063, p<0.001; NPZcomp: from 
-0.619 to +0.299, p=0.001; log10 GDS: from 0.573 
to 0.228, p <0.001). However, at 48 weeks, the 
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HAD group continued to have poorer  
performance on the NPZcomp (p<0.001) but not 
on the NPZglobal (p=0.205) or log10 GDS 
(p=0.132). We did not identify an interaction effect 
by group on change in these measures (NPZcomp, 
p=0.721; NPZglobal, p=0.748). The performance 
approached that of  controls in the HAD group and 
appeared to exceed that of  controls in the non-
HAD group; however, learning effects were not 
factored in as only cross-sectional normative  
neuropsychological data were available.

Most individual cases also exhibited a beneficial 
cognitive response to HAART, with one notable 
exception. This HAD individual underwent  
additional evaluations finding no opportunistic  
disease and both plasma and CSF HIV RNA levels 
that were undetectable (<50 copies/mL). This  
participant’s PBMC HIV DNA remained relatively 
high at 48 weeks (baseline: 3.39 log10 HIV DNA/106 
PBMC; week 48: 2.64 log10 HIV DNA/106 PBMC); 
although monocyte HIV DNA was below the level 
of  detection of  our assay at 48 weeks. At sub- 
sequent follow-up (6 months), both monocyte 
(CD14+) and PBMC HIV DNA were detectable in 
this case. 

Predictors of  cognitive response to HAART.  
Baseline monocyte HIV DNA was predictive of  
48-week NPZcomp score (p<0.001, Table 2). The 
relationship between monocyte HIV DNA and the 
NPZcomp score remained present in a multivariate 
model that included age, education, TDI, and base-
line CD4 count (β=-0.238, SE=0.073, and 
p<0.004). In mixed models, the change in log10 
monocyte HIV DNA correlated with change in 
NPZcomp in a model that include baseline log10 
monocyte HIV DNA and baseline NPZcomp (β = 
-0.171, SE=0.041, and p<0.001). A decrease of  one 
log10 HIV DNA was associated with a 0.171 
increase in NPZcomp. Baseline log10 monocyte 
HIV DNA level was also independently predictive 
of  48-week performance on the NPZcomp  
(β=-0.257, SE=0.047, and p<0.001). Change in 
log10 monocyte HIV DNA level did not correlate 
with change in our other neuropsychological  
summary scores (p=0.272 for NPZglobal and 
p=0.243 for log10 GDS).

DISCUSSION 

This report confirms cognitive improvement with 
HAART among individuals from Southeast Asia 
and, specifically, among individuals known to be  
infected with HIV-1 CRF 01_AE. This finding 
complements our understanding of  cognitive  
improvement in subtype B infected individuals20 
and more recent reports among patients presumed 
to be infected with subtypes A and D in Africa.21 

We also report that HIV DNA isolated specifically 
from circulating monocytes correlates to HAD in 
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HAART-naıve individuals. In this cohort, having a 
monocyte HIV DNA level exceeding 3.5 log10 
copies/106 cells identified all HAD and excluded 
all non-HAD cases, indicating 100% sensitivity and 
specificity for HAD in this small cohort. Monocyte 
HIV DNA also relates to cognition 48 weeks post 
HAART, and, while less clear, baseline monocyte 
HIV DNA may predict short-term (48-week)  
cognitive response to HAART. This finding is more 
notable in light of  our previous work with this  
cohort, which failed to identify the cell surface  
activation markers CD14+/16+ as predictive of  
HAD.22

The lack of  correlation between our a priori  
cognitive measures (GDS and NPZglobal scores) 
and HAD at baseline was unexpected and is likely 
due to the small sample size and diminished  
sensitivity inherent in pooling measures. We cannot 
rule out the potential influence of  selection bias  
associated with the tools used to diagnose HAD. 
Cultural influences could be a factor despite  
choosing a battery designed to minimize such bias.23 
Consequently, our certainty regarding the impact of  
HIV DNA on cognitive improvement is  
diminished since we required development of  the 
NPZcomp measure in a post hoc manner.  
Nevertheless, the NPZcomp was designed using 
robust statistical models to capture HAD status at 
baseline in this cohort, was validated externally, and 
represents cognitive tests with validity in HIV. We 
note that the performance of  our non-HAD  
subjects increased to a level higher than our HIV-
negative controls by week 48. We suspect this  
reflects a learning effect on our cognitive testing 

battery, as longitudinal control data are not yet  
available. Learning effects can confound analyses 
of  longitudinal data; however, in this case, the  
impact would limit our ability to demonstrate  
continued impairment. Consequently, the 48-week 
cognitive data may underestimate the lack of   
improvement in HAD cases.

Our findings extend our knowledge of  HAD in 
HAART-treated individuals by noting an  
incomplete cognitive recovery in some individuals 
at 48 weeks and suggesting that this incomplete  
recovery may in part be an active process.2,4,24 While 
HAART suppresses plasma HIV RNA in most  
individuals and induces immunologic recovery, 
treatment does not eradicate virus within reservoirs, 
such as monocytes.25,26 In our cohort, only four 
HAD cases but all non-HAD cases decreased 
monocyte HIV DNA levels to below that  
detectable by our assay (10 copies/106 cells) at 48 
weeks. The extent to which longer duration of  
treatment with HAART will further diminish this 
reservoir is not yet known, but is expected based on 
published work.27 Full clearance may not occur in 
all individuals with typical HAART based on our 
previous cross-sectional work where patients with 
HAD, many of  whom had been on stable HAART 
for years and with undetectable plasma HIV RNA, 
were more likely to have elevated PBMC HIV 
DNA.28

The accumulated evidence suggests that monocyte 
HIV DNA plays a role in HIV neuropathogenesis 
and raises the possibility that, in some patients,  
incomplete cognitive recovery with HAART may 
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be an active process associated with this peripheral 
reservoir. Previously described fluctuation in  
cognition also supports an active process,3,29 
although comorbidity may account for some of  this 
fluctuation. Comorbidity would less likely explain 
variability in our cohort as individuals were  
meticulously screened for confounding factors and 
highly adherent to ARV. Most were young and none 
had brain opportunistic infection or hepatitis C. All 
denied illicit drug use and were tested negative twice 
by urine toxicology screen. In our cohort, the mean 
TDI scores were higher in HAD cases; however, all 
cases of  major depression were excluded.  
Nevertheless, depressive symptoms must be  
considered to potentially impact our assessments. 
The overlap between the symptoms of  HAD 
(slowed responses, flat affect, and apathy) and  
depressive symptoms is well described.4,30

Our findings are consistent with existing models of  
monocyte transmigration resulting in CNS  
infection and inflammation.9,31,32 They are also 
congruent with reports that HIV DNA influences 
HIV disease progression. For example, elevated 
HIV DNA was reportedly predictive of  poor  
response to antiretroviral therapy in early studies33 
and of  patients who experienced virologic failure in 
another study.34 HIV DNA predicts progression to 
AIDS in the SEROCO cohort study in Europe,  
independently of  plasma HIV RNA and CD4 
counts,35 and in the PRIMO Cohort, where patients 
are enrolled at the time of  primary HIV infection.36 
In our work, it is not clear if  HIV DNA in  
circulating monocytes exhibits its effects through 
elevation of  CSF HIV RNA; however, one patient 
with elevated 48-week PBMC HIV DNA and  
cognitive impairment had undetectable CSF HIV 
RNA (limit of  detection, 50 copies/mL). We  
predict that this marker’s impact is independent of  
CSF HIV RNA.
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Chapter 7

HIV DNA Reservoir Size  
Predicts Cognitive Disorders  
in Treatment-naïve HIV+ Patients
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ABSTRACT

Objectives Cognitive impairment remains frequent 
in HIV, despite combination antiretroviral therapy 
(cART). Leading theories implicate peripheral 
monocyte HIV DNA reservoirs as a mechanism 
for spread of  virus to the brain. These reservoirs 
remain present despite cART. The objective of  this 
study was to determine if  the level of  HIV DNA in 
CD14+ enriched monocytes predicted cognitive 
impairment and brain injury.

Methods We enrolled 61 cART-naïve HIV-
infected Thais in a prospective study and measured 
HIV DNA in CD14+ enriched monocyte samples 
in a blinded fashion. We determined HAND  
diagnoses by consensus panel and all participants 
underwent magnetic resonance spectroscopy 
(MRS) to measure markers of  brain injury. Immune 
activation was measured via cytokines in cerebro-
spinal fluid (CSF).

Results The mean (SD) age was 35 (6.9) years, 
CD4+ T-lymphocyte count was 236 (139) and log10 

plasma HIV RNA was 4.8 (0.73). Twenty-eight of  
61 met HAND criteria. The log10 CD14+ HIV 
DNA was associated with HAND in unadjusted 
and adjusted models (p = 0.001). There was a 14.5 
increased odds ratio for HAND per 1 log-value of  
HIV DNA (10-fold increase in copy number).  
Plasma CD14+ HIV DNA was associated with 
CSF neopterin (p = 0.023) and with MRS markers 
of  neuronal injury (lower N-acetyl aspartate) and 
glial dysfunction (higher myoinositol) in multiple 
brain regions.

Interpretation Reservoir burden of  HIV DNA in 
monocyte-enriched (CD14+) peripheral blood cells 
increases risk for HAND in treatment-naïve HIV+ 
subjects and is directly associated with CSF im-
mune activation and both brain injury and glial dys-
function by MRS.

INTRODUCTION

Combination antiretroviral therapy (cART)  
suppresses plasma HIV viral RNA to undetectable 
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levels for most patients but fails to universally  
eliminate reservoirs of  HIV DNA.1 The inability to 
clear these reservoirs has emerged as the Achilles 
heel of  HIV eradication because withdrawal from 
treatment allows for rapid new viral replication 
from these sources. Although sometimes assumed 
to be quiescent, the magnitude of  the reservoir in 
peripheral blood mononuclear cells (PBMC)  
has been linked to HIV disease progression and 
mortality.2, 3 We hypothesize that reservoirs within 
circulating monocytes contribute to cognitive  
impairment and are likely to underlie continued 
brain injury.

Current neurological research has focused on the 
brain as a protected site for HIV storage and  
replication since not all antiretroviral medications 
have shown high degrees of  central nervous system 
(CNS) penetration effectiveness (CPE). Our past 
work focused on the burden of  HIV DNA in  
PBMCs, and particularly those enriched for mono-
cytes as determined by expression of  the CD14 cell 
surface marker. This CD14+ HIV DNA reservoir 
is proportionally small compared to that found in 
CD4+ T-lymphocytes; however, the overall CD14+ 
reservoir size has been linked to cognitive disorders 
among both cART-treated and untreated patients 
in past cross-sectional correlative studies.4-7 A 
recent study linked cART regimens with higher  
effectiveness in monocytes to better overall  
cognitive performance, a finding that was  
independent of  CPE.8 Autopsy reports identify a 
monocyte/macrophage foundation to cognitive 
impairment even among cART treated subjects, 
and researchers have shown an association between 
soluble CD14 and cognitive impairment and brain 
atrophy.9-12 We now test the hypothesis that CD14+ 
HIV DNA can identify subjects with HAND  
prospectively in a blinded fashion, and evaluate the 
mechanistic link to CNS injury by brain MRS and 
evaluation of  CSF immune activation.

METHODS

Patient selection SEARCH 011 (NCT00782808) 
was enrolled prospectively with referrals from  
community clinicians for subjects that met Thai 
Ministry of  Public Health criteria for treatment  
initiation (CD4+ T-lymphocyte count <350 cells/

mm3 or symptomatic disease).13 All were screened 
for PBMC HIV DNA levels to ensure a full range 
of  HIV DNA in the final sample. Using a central 
randomization center where clinical staff  were 
blinded to these levels, we aimed to enroll 30 cases 
with greater than and 30 cases with less than 1000 
copies of  HIV DNA per 106 PBMCs. We used 
PBMC rather than CD14+ cellular HIV DNA for 
screening because logistical challenges precluded 
CD14+ cell separation in real time, and because the 
two measures were highly correlated in our  
preliminary studies. We further stratified by age of  
greater or less than 35 years to minimize clustering 
by age within HIV DNA strata, which could impact 
cognition. 

Clinicians remained blinded to all HIV DNA levels 
and laboratory technicians were blinded to clinical 
data, including cognitive information, for the  
duration of  the study. Subjects were excluded for 
head injury, current illicit drug use or a positive 
urine toxicology test at either the screening or entry 
visit, acute concurrent illness, pre-existing neuro-
logic or psychiatric conditions, or learning disability. 
We enrolled 63 subjects, but excluded two at entry 
when opportunistic CNS infections were  
discovered (toxoplasmosis and tuberculosis). All 
subjects provided informed consent, which was  
approved by the University of  California (San  
Francisco, CA) and the Chulalongkorn University 
(Bangkok, Thailand) Institutional Review Boards.

Cognitive characterization Trained nurse-
psychometrists administered neuropsychological 
tests from a battery developed for international use 
by the World Health Organization (WHO) and 
modified slightly for feasibility, as previously  
described.14, 15 The battery includes the WHO 
Auditory Verbal Learning Task (WHO AVLT) for 
learning efficiency, immediate and delayed recall; 
the Brief  Visual Memory Task-Revised (BVMT-R); 
Color Trails 1 and 2; Escala de Inteligencia de 
Wechsler para Adultos (EIWA) Digit Symbol and 
Block Design Tasks; the Grooved Pegboard for 
both hands; Finger Tapping for both hands; Timed 
Gait; two verbal fluency tasks (first name and  
animals); and the Trail Making Test A. The study 
neurologist conducted a standardized examination 
developed by the AIDS Clinical Trials Group 
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(ACTG). Nurses and physicians independently  
interviewed subjects and, when possible,  
interviewed proxy informants to identify functional 
limitations due to cognitive impairment. Individual 
neuropsychological test raw scores were compared 
to age- and education-stratified Thai normative 
data to generate standardized z-scores ((subject 
score – normative score)/normative standard  
deviation) and were combined to provide a global 
composite z-score (NPZglobal) as the arithmetic 
mean of  all standardized scores per subject.16 

Clinical diagnoses of  cognitive impairment were  
assigned in a consensus conference that included 
the principle investigator (VV), a U.S. HIV neuro-
logist (DBC), and a U.S. HIV neuropsychologist 
(RP) using the 2007 (“Frascati”) diagnostic criteria 
as a guide.17 Given the limitations of  the brief  one-
hour neuropsychological battery, clinical acumen 
was required to judge whether the abnormalities 
were mild or moderate in nature and to conclude if  
there was sufficient evidence for cognitive  
abnormalities beyond normal test variation. We  
allowed for slight departures from the 2007  
nosology when consensus was achieved to define 
the following: cognitively normal (NL): testing  
performance deemed to be within expectations for 
age and educational attainment; asymptomatic  
neurocognitive impairment (ANI): performance 
deemed to be worse than expected with normal test 
variation (typically involving at least two domains) 
but without evidence of  functional impairment; 
mild neurocognitive disorder (MND): moderately 
abnormal performance (typically 1 to 2 SD below 
normative data) in two cognitive domains and with 
evidence of  functional impairment; and HIV- 
associated dementia (HAD): severe impairment 
(typically worse than -2 SD) in two cognitive  
domains with clear evidence of  functional  
impairment.17 Consensus conference members 
were blinded to HIV DNA levels.

Standard laboratory evaluations included a  
complete blood cell count with T-lymphocyte  
subsets, HIV RNA, liver profiles, blood  
chemistries, syphilis serology, vitamin B12 level, 
thyroid function tests, and hepatitis serology.  
Lumbar puncture was optional and obtained on 43 
subjects. CSF and plasma viral loads were measured 

using the Amplicor HIV-1 Monitor Assay (Roche 
Molecular System, Inc., Branchburg, NJ).

Cell Separation PBMCs were isolated using Ficoll 
Histopaque® (Sigma, St Louis MO) density gradient 
centrifugation and washed three times with 
RPMI1640 culture media (Life Technologies, 
Grand Island NY) containing 2% heat-inactivated 
fetal bovine serum (FBS) (Gibco) and 1% Pen/
Strep (Gibco). Monocytes were purified by mag-
netic bead positive selection (MiltenyiBiotec, City 
ST). In brief, PBMCs were incubated with  
anti-CD14 magnetic MicroBeads for 15 minutes on 
ice, washed to remove excessive beads, then loaded 
onto a MACS column and placed in a magnetic 
field. CD14+ enriched cells were collected using 
the appropriate buffer provided by the  
manufacturer. The median purity of  the CD14+ 
cells was 91.9% (min: 76.9%; max: 98.7%) by multi-
parameter flow cytometry on every fifth sample for 
the first 42 cases. Cells were frozen in 10% DMSO 
and shipped in batches to the U.S. for the HIV 
DNA quantification.

HIV DNA Quantification We quantified HIV 
DNA using the QIAamp DNA Micro Extraction 
kit (Qiagen, Valencia, CA) using the ND-1000  
spectrophotometer (NanoDrop Technologies; 
Wilmington, DE) as previously described.18 Briefly, 
we used multiplex real-time PCR with HIV gag and 
β-globin primer pairs to amplify respective regions 
with VIC-labeled HIV gag and FAM-labeled 
β-globin probes. Using standard reference plasmids 
with one copy of  the β-globin housekeeping gene 
and one copy of  the HIV gag gene and appropriate 
positive/negative controls, samples were run in 
triplicate on StepOnePlus Real-Time PCR System 
and analyzed using the SDS 2.3 software (Applied 
Biosystems, Foster City, CA). The copy numbers of  
each sample gene were analyzed against the  
standard curves to determine HIV DNA copy 
number per 106 cells. 

Plasma and CSF Cytokines MCP-1 and IL-6 
were quantified in triplicate as part of  a custom 
multiplex ELISA array according to the  
manufacturer’s protocol (Quansys Biosciences,  
Logan UT). Data were captured on the Odyssey  
infrared imaging system (Li-Cor Biosciences,  
Lincoln, NE) and analyzed using Quansys Q-view 
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Plus software (Quansys Biosciences). Single-analyte 
ELISA was performed in duplicate to detect levels 
of  neopterin (GenWay Biotech, San Diego CA) and 
analyzed using SoftMax Pro (Molecular Devices, 
Sunnyvale CA). 

Brain MRS Subjects underwent axial 3D T1-
weighted spoiled gradient echo MRI (TE=7ms, 
TR=11.2ms, flip angle=25o, 1mm resolution) on 
the same GE Signa HDx 1.5T scanner (GE Health-
care, software v12-M4) with 8-channel head coil 
and a standard body coil. Single voxel MRS was  
acquired by double spin echo data acquisition 
(PROBE-P, TE=35ms, TR=1.5s) at four locations: 
left frontal white matter (FWM, 8cc), midline  
frontal grey matter (FGM, 8cc), occipital grey  
matter (OGM, 8cc), and basal ganglia (BG, 8cc) 
(Figure 1). Sixteen unsuppressed water free 
induction decays (FIDs) and 128 water suppressed 
FIDs were acquired for all locations, with 192 water 
suppressed FIDs acquired at BG. We measured N-
acetyl aspartate (NAA), choline (Cho), myoinositol 
(MI), glutamate+glutamine (Glx), and creatine (Cr). 
To ensure scanner stability, short echo-time 
(TE=35ms) single voxel MRS was obtained using a 
standard spectroscopy phantom (GE Healthcare) 
after each scan.19

Data were securely transferred and processed by 
one author (NS) using the time domain linear  
combination fitting software, LCModel (version 
6.2, http://s-provencher.com/pages/lcmodel.shtml). 
Time domain MRS data from each of  the 8- 
channel phased array head coils were combined  
using unsuppressed water FIDs from each coil as 
scaling factor.20 The FIDs were processed without 
spectral line broadening for fitting. Fittings were 

performed between 4.0-0.5 ppm, using a reference 
basis set acquired using the same data acquisition. 
All reference solutions were adjusted to pH 7.2 
with 0.1 M NaOH. Metabolite quantification for 
NAA, Cr, Cho, MI, and Glx was included only if  
the signal to noise ratio was >4 and the percent 
standard deviations were <20%.21

Statistical analysis We used Kruskal-Wallis and 
student t-tests to compare HAND and non-HAND 
groups, and logistic regression to examine the  
association between HAND and clinical variables. 
We constructed a receiver operator characteristics 
(ROC) curve to determine the optimal CD14+ 
HIV DNA cutoff  for detecting HAND, and  
evaluated the performance of  the classifier using 
the area under the curve. Multiple regression  
models were used to relate predictors to the NPZ-
global score. Predictors included log10 transformed 
HIV DNA copy number, plasma HIV RNA, and 
cytokine measures. For MRS analyses, we  
hypothesized finding higher MI and lower NAA  
associated with HIV DNA, but we also examined 
Cho and Glx. Each voxel was analyzed  
independently by regressing HIV DNA copy 
number on each metabolite separately with age, 
gender, and creatine included in the models.

RESULTS

All subjects were enrolled between March 2009 and 
December 2011. Among these, 35 (57%) were  
female and the mean (SD) age was 34.7 (6.9) years. 
At consensus conference, 28 subjects met criteria 
for HAND: 14 with ANI, 8 with MND, and 6 with 
HAD. The HAND and non-HAND groups did 
not differ in main demographic and clinical  

Figure 1: MRS voxel locations (representative examples).
1. Occipital grey matter, 2. Frontal grey matter, 
3. Frontal white matter, 4. Basal ganglia  

Table 1: Clinical characteristic of enrollees. 
For CSF, n = 22 for NL and 21 for HAND groups.

 NL HAND p-value
 (n = 33) (n = 28) 

Age, mean (SD) years 35.3 (6.5) 34.0 (7.4) 0.373

Education,   10.9 (4.4) 11.4 (5.0) 0.595
mean (SD) years

Gender, n (%) female 18 (54) 17 (60) 0.627

CD4 T-lymphocyte   255  213  0.238
count, median (IQR) (114,363) (121,280)

Plasma viral load,  4.77  4.96  0.081
median log10 (SD) (3.95, 5.13) (4.65, 5.59)

CSF viral load,  4.07  3.97  0.7893
median log10 (SD, n) (3.34, 4.69) (3.53, 4.75)
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Figure 3: Plasma CD14+ HIV DNA and CSF Neopterin
(p = 0.023, adjusted r2 = 0.123) 

variables (Table 1). 

HIV DNA and cognition: The median (IQR) 
HIV DNA copy number per 106 CD14+ cells was 
27 (18, 54), 68 (46, 158), 109 (66, 213), and 138 
(114, 265) for NL, ANI, MND and HAD,  
respectively (p < 0.001, Figure 2). The CD14+ 
HIV DNA reservoir burden was associated with 
HAND (ANI+MND+HAD) in both univariate 
(OR = 14.9, p < 0.001) and multiple logistic models 
(OR = 14.5, p = 0.001) adjustment for concurrent 
CD4+ T-lymphocyte count and plasma HIV RNA. 
For given CD4+ T-lymphocyte and HIV RNA  
levels, the odds of  observing HAND increased by 
14.5 (95% CI 3.00 - 69.7) per one log-value increase 
in HIV DNA copy number (10-fold increase in raw 
scale). We identified a moderate discriminative 
power as a diagnostic test for HAND (AUC = 
0.79). When an optimal point, determined by 
Youden’s index, of  45 copies of  HIV DNA per 106 
CD14+ cells is used, this model provided a  
sensitivity of  86% and a specificity of  70%. In  
contrast, no correlation with cognition was  
observed for HIV DNA measured from the full 
PBMC pool prior to enriching for CD14+ cells. 
The median PBMC HIV DNA (IQR) was 943 
(417,2613), 1677 (243,2458), 1110 (422,4539), and 
1037 (435,2673) for NL, ANI, MND and HAD,  
respectively (p = 0.99) and 943 vs. 1163 copies per 
106 cells, for non-HAND vs. HAND, respectively 
(p = 0.87). CD14+ HIV DNA was not associated 
with plasma HIV RNA.

The association between CD14+ HIV DNA and 
consensus diagnosis was similarly reflected in the 
summary neuropsychological testing score. Simple 

linear regression models revealed that both HIV 
DNA (r2 = 0.064, p = 0.049) and plasma HIV 
RNA(r2 = 0.089, p = 0.020) were associated with 
NPZglobal. When both measures were included in 
a multiple regression model (adj. r2 = 0.091), 
the effect of  each was attenuated (p = 0.105 and  
p = 0.041 for HIV DNA and HIV RNA,  
respectively). Neither CSF HIV RNA nor CD4+ 
T-lymphocyte count was associated with NPZ 
global. We found no association between PBMC 
HIV DNA and the NPZglobal.

HIV DNA and MRS We identified an association 
between CD14+ HIV DNA and the two primary 
hypothesized metabolites, NAA and MI. The  
association with MI was noted in BG [point  
estimate (SD): 0.0224 (0.009), p = 0.0174], FGM 
[point estimate (SD): 0.0160 (0.006), p = 0.0116], 
and OGM [point estimate (SD): 0.015 (0.007),  
p = 0.033]. Similarly, the association with NAA was 
noted in the BG [point estimate (SD): -0.01449 
(0.007), p = 0.031], FGM [point estimate (SD): 
-0.015 (0.006), p = 0.0153], and OGM [point  
estimate (SD): -0.0114 (0.005), p = 0.0260] but also 
noted in FWM [point estimate (SD): 0.017 (0.004), 
p = 0.000320]. We did not identify associations  
between CD14+ HIV DNA and Cho or Glx at any 
voxel. Eight voxel-metabolite data points (0.6%) 
were visually identified as outliers despite spectra 
of  acceptable quality. To ensure that our findings 
were not driven by these outliers, we repeated the 
analysis excluding these data points and lost  
significance at the p = 0.05 level for both MI and 
NAA in the basal ganglia (p = 0.09074, p = 0.15652, 
respectively). Findings in other voxels did not 
change appreciably.

Figure 2: CD14+ HIV DNA and cognition. HIV DNA and 
HAND (first two bars, p = 0.0004) and across diagnostic groups 
(last four bars, p < 0.001). All HAND = ANI+MND+HAD. 
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Associations to CSF Cytokines Plasma CD14+ 
HIV DNA was associated with CSF neopterin  
(r2 = 0.123, p = 0.023) in a univariate model (see 
Figure 3), but not in multiple regression models 
that included CSF HIV RNA and CD4+  
T-lymphocyte count (p = 0.113). Neither IL-6 nor 
MCP-1 were associated with HIV DNA. We noted 
no associations between CD14+ HIV DNA and 
plasma cytokines.

DISCUSSION

This paper summarizes the primary findings from a 
prospective blinded study to determine if  higher 
intracellular HIV DNA reservoir size increases the 
risk for HAND and whether it is associated with 
CSF inflammation and MRS abnormalities. When 
PBMC are purified to be enriched with monocytes 
(CD14+), we identified associations between the 
magnitude of  this reservoir and HAND, poorer 
neuropsychological test performance, neuronal  
injury (reduced NAA), glial dysfunction (increased 
MI), and CSF immune activation (higher  
neopterin). Our methodology did not determine if  
these intracellular reservoirs are actively producing 
viral RNA. We designed our quantification strategy 
to increase the likelihood of  isolating integrated  
viral DNA by excluding small fragments, such as 
those potentially forming non-integrated and non-
active circular HIV DNA. Small amounts of   
lymphocyte contamination occurred with our 
CD14+ magnetic bead column separation;  
however, the lack of  association with PBMC HIV 
DNA increases the likelihood that the monocyte 
fraction drives the associations we found. Our  
findings suggest that the eradication of  HAND 
may require approaches beyond standard cART 
since these reservoirs remain present despite  
treatment.22 The impact of  intracellular HIV DNA 
was independent of  HIV RNA in plasma or CSF 
and of  CD4+ T-lymphocyte count; however, over-
lapping mechanisms likely exist since the magnitude 
of  our findings is attenuated in multivariate models. 
This is particularly true for the cytokine analyses, 
which appear to be driven in large part by HIV 
RNA (data not shown).

We did not identify links to HIV DNA measured in 
PBMCs, although these associations have been  

noted in previous small studies.4, 5 This is 
unfortunate, since isolating CD14+ cells requires 
added resources and time and may not be available 
internationally. This finding, however, is not  
surprising given existing theories that monocytes 
traffic virus to the CNS.23 Logically, the large 
presence of  lymphocytes in the PBMC pool would 
dilute the effect of  monocyte HIV DNA such that 
associations are stronger when enriching for  
monocytes. 

Use of  biomarker evidence for CNS injury  
strengthens this work. As hypothesized, CD14+ 
HIV DNA was associated with glial dysfunction 
(increased MI) and neuronal injury (decreased 
NAA). The loss of  significance in the basal ganglia 
when excluding outliers suggests the finding at this 
location was unstable and may be due to challenges 
in voxel shimming at this site; however no changes 
were noted in other regions. We did not identify  
associations between HIV DNA and Cho,  
suggestive that HIV DNA-related injury is likely 
due to chronic low level immune activation rather 
than a robust infiltrative cellular process. This is not 
surprising since the actual CD14+ reservoirs are 
small – the largest amount measured in this study 
was 559 copies/106 cells. We measured neopterin, 
MCP-1, and IL-6 due to known linkage to mono-
cyte pathogenesis, but only CSF neopterin was 
linked to HIV DNA. CSF neopterin was also  
associated with plasma HIV RNA, and the  
association to HIV DNA was lost in adjusted  
models. Thus, HIV RNA remains a central factor 
associated with production of  this cytokine. The 
lack of  association between HIV DNA and MCP-1 
was unanticipated, since MCP-1 has been linked to 
dementia.24

Our work extends existing paradigms by  
implicating intracellular reservoirs in HAND patho-
genesis. In this study, all participants were naïve to 
cART, yet we still identified a relationship that was 
independent of  plasma or CSF viral load. These 
reservoirs are not universally suppressed with cART 
and past correlative work from our group notes  
associations to cognitive impairment when intra-
cellular suppression is incomplete.1,5,18,25-27 This 
work should encourage further research into the 
monocyte reservoir as a therapeutic target for 
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HAND. In a past study of  treated patients with 
suppressed HIV RNA, a novel score of  antiretro-
viral effectiveness in monocytes was higher in  
subjects without HAND.8 Thus, the presumed 
concentrations of  antiretrovirals in the brain, as 
measured by the CPE, incompletely informs the  
effectiveness of  cART on HAND. 

Another strength of  this work is the availability of  
normative data and the use of  consensus diagnostic 
conference for HAND.16 The population was 
selected to be cART-naïve but with CD4+  
T-lymphocyte counts indicating a need to start 
cART (<350 cells), though several cases had higher 
levels at enrollment. Our findings can only inform 
a similar population, but a longitudinal follow-up 
of  this group is underway. The predominant HIV 
subtype in Bangkok is the circulating recombinant 
form (CRF) AE_01, but our past work notes  
similar characteristics of  HAND in CRF AE_01 
compared to other clades, and we have previously 
identified associations between HIV DNA and 
cognition in clade B infected subjects.5,14,28 The 
sample size, while small, was planned to have  
sufficient power based on past data. Nevertheless, 
the effect sizes noted in comparison to the NPZ-
global score appeared substantially smaller than 
those seen in past studies by our group.4 These past 
studies enrolled participants with chronic, treated 
HIV infection, a suggestive finding that more  
profound effects may be identified in the setting of  
cART. It is possible that the effects of  low CD4+ 
T-lymphocyte count and high plasma HIV RNA 
mask the impact of  HIV DNA among untreated 
cases. 

In summary, the level of  HIV DNA in circulating 
cells with CD14+ phenotype is related to risk for 
HAND in treatment-naïve Thai subjects with  
moderate to advanced immune suppression. This 
marker also correlates to MRS markers of  brain  
injury and, nominally, to CSF neopterin levels. New 
efforts are needed to understand the mechanisms 
by which intracellular HIV DNA levels contribute 
to neuronal injury. 
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ABSTRACT

Recent publications estimate the prevalence  
of  human immunodeficiency virus (HIV)– 
associated neurocognitive disorders (HAND) 
exceeds 50%, and this rate is likely higher 
among older patients. Cognitive impairment 
may impact medication adherence, and  
symptomatic impairment has been linked to 
all-cause mortality providing some impetus for 
early detection. There are currently insufficient 
data to inform solid recommendations on 
screening methods. Most HIV-specific tools 
have poor performance characteristics for all 
but the most severe form of  impairment, which 
accounts for <5% of  cases. Reliance on  
symptoms is likely to miss a substantial  
proportion of  individuals with HAND due to 
poor insight, confounding mood disturbances, 
and lack of  well-informed proxies. In the aging 
HIV-positive population, broader screening 
tools may be required to allow sensitivity for 
both HIV and neurodegenerative disorders. 
We describe the clinical presentation of  
HAND, review existing data related to  
screening tools, and provide preliminary and 
practical recommendations in the absence of  
more definitive studies.

THE SCOPE OF COGNITIVE DISORDERS 
IN THE ERA OF COMBINATION 
ANTIRETROVIRAL THERAPY

Human immunodeficiency virus (HIV) is neuro-
virulent. Prior to widespread availability of  combi-
nation antiretroviral therapy (cART), the prevalence 
of  HIV-associated dementia was estimated to be 
between 6 and 30% among patients with AIDS. 

With treatment, the frequency of  dementia is  
attenuated, but milder forms of  impairment remain 
highly prevalent and increase with age.1 Less severe 
impairment correlates to measurable abnormalities 
on tasks associated with daily functioning, thus 
deeming them important clinical syndromes.2 The 
presence of  symptomatic cognitive impairment 
predicts non–central nervous system (non-CNS) 
morbidity and overall HIV mortality.3

The current diagnostic categories of  HAND are 
designed for research settings and emphasize  
performance on comprehensive neuropsycho- 
logical testing batteries.4 The most severe form of  
impairment is HIV-associated dementia (HAD),  
requiring test performance >2 standard deviations 
below average in 2 cognitive domains (e.g., memory 
and executive function) and marked evidence of  
impaired daily function. Mild neurocognitive  
disorder (MND) similarly requires confirmation of  
impact on daily activities, but to a lesser degree, and 
involves less-severe neuropsychological impair-
ment. A third diagnostic category, asymptomatic 
neurocognitive impairment (ANI), is used for  
participants with impaired neuropsychological  
performance in the absence of  identifiable  
functional deficits. Such cases are frequent in  
research settings. A recent survey of  1555  
community-dwelling HIV-positive participants in 
the United States reported HAD frequency at about 
2%, but identified non-HAD impairment in 45% 
of  participants who lacked major confounding  
factors (12% MND and 33% ANI).1 Thus, among 
impaired participants, most were asymptomatic. 
Using impairment ratings rather than diagnostic 
categories, 1 group noted no change in the  
frequency of  impairment when comparing pre- and 
post-cART eras.5 In short, the frequency of  severe 
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impairment has decreased with cART, but the  
frequency of  all severities of  cognitive impairment 
appears to be unchanged. Cognitive impairment is 
often present among individuals who do not  
endorse functional symptoms when asked.

Asymptomatic neuropsychological testing  
abnormalities may not represent disease in all  
participants, and there is a substantial lack of  clarity 
regarding the long-term clinical implications of  
ANI. The frequency of  neuropsychological  
abnormalities among ANI participants exceeds the 
variability inherent in neuropsychological testing, 
and studies demonstrating everyday functional  
abnormalities that correlate to testing impairment 
do not require symptoms.2 These testing 
abnormalities may sometimes be severe and  
occasionally correlate to MRI changes (Figure 1). 
Together, this information suggests that ANI does 
not represent disease-free baseline performance for 
many individuals. The designation of   
‘‘asymptomatic’’ may more accurately reflect our  
inability to document impaired function, possibly 
related to lack of  insight, frontal lobe processing 
deficits, limited daily activity (floor effect), or poor 
objective proxy information. Undetected cognitive 
impairment may increase the risk of  poor  
adherence, lead to financial errors, or result in other 
adverse outcomes.2,6 Because functional 
impairment is the cornerstone of  diagnosing  
dementia, optimal assessments may require  
objective evaluation of  everyday function.

AGING AND COGNITIVE DISORDERS IN 
HIV

Nearly all studies investigating the effects of  age on 
the frequency of  HAND identify increased risk;  
although data are mixed when considering only 
neuropsychological testing performance.7 Few 
studies include sufficient numbers of  cases over age 
60 and none have systematically addressed potential 
non-HIV etiologies such as Alzheimer’s disease 
(AD). In older participants, comorbidities such as 

cumulative cerebrovascular disease may have  
significant contributions.

The risk for acceleration of  neurodegeneration in 
HIV has been raised, though the issue currently  
remains largely theoretical. Proteins associated with 
age-related neurodegenerative disorders, such as 
ubiquitin, amyloid, and tau, have been noted in  
neuropathological tissues with some studies noting 
a higher frequency of  these proteins in the era of  
cART.8 Prior to cART, pathologists noted 
accumulation of  amyloid protein in diffuse but 
non-neuritic plaques, with neuritic plaques being 
the hallmark of  AD.9 A report using an amyloid-
specific positron emission tomography (PET)  
ligand, Pittsburgh compound B (PIB), in younger, 
healthy and non-impaired HIV-positive participants 
failed to identify a pattern of  uptake that would be 
typical for AD.10 The PIB compound identifies only 
neuritic and not diffuse plaques, and this work must 
be extended to a population of  older participants 
where sufficient baseline risk for AD exists.  
Ultimately, longitudinal evaluations may be  
essential, because HAND is more likely to present 
as static impairment with some fluctuation rather 
than the relentless insidious deterioration that is the 
cornerstone of  neurodegenerative disorders.4

CLINICAL CHARACTERISTICS OF HIV-
ASSOCIATED DEMENTIA—IMPACT ON 
SCREENING TOOLS

HIV enters the central nervous system (CNS)  
during acute infection; however, neurons remain 
largely uninfected and the primary mechanism of  
brain injury relates to extensive inflammation  
leading to neuronal dysfunction and synapto- 
dendritic injury.8 Early studies identified HIV 
staining concentrated in subcortical and deep grey 
matter structures, an anatomy that informs the  
clinical presentation of  HAND, with motor,  
behavioral, and predominantly subcortical  
cognitive features.11 Early neuropsychological 
screening batteries were designed with a focus on 
these subcortical features, targeting psychomotor 
speed and information processing as well as  
executive functioning and memory. The clinical–
anatomic correlations are further bolstered by  
findings associating cognitive impairment and  
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apathy to deep grey matter structures, principally 
the caudate nucleus and the nucleus accumbens,  
respectively. Extrapyramidal motor features are  
often observed and increase with age.12 Although 
memory deficits occur, the pattern typically  
involves inefficient learning and problems with  
executive functioning and retrieval rather than pure 
difficulty in formulating a memory itself  (encoding 
deficits).13 These features contrast sharply with the 
cortical deficits typical of  AD where encoding of  
new memories is common. Screening instruments 
intended for older HIV-positive populations will 
need to consider both presentations. The motor 
deficits observed in HIV are generally not seen in 
early stage AD but may be seen in Parkinson  
disease–spectrum disorders. The added increased 
frequency of  cerebrovascular comorbidity in HIV 
may further complicate the clinical scenario.

SCREENING RECOMMENDATIONS 
FORDEMENTIA IN HIV-NEGATIVE  
POPULATIONS

Most agencies provide mixed or limited support for 
routine screening for dementia in HIV-negative 
populations, despite knowledge that dementia  
remains frequently under-diagnosed.14 Citing 
limited outcome data for clinical intervention,  
effects related to stigma associated with cognitive 
disease, and lack of  specificity for existing  
screening instruments, the most recent (2003)  
United States Preventative Service Task Force 
(USPSTF) guidelines concluded that there is  
insufficient evidence to recommend for or against 
routine screening in the absence of  known  
impairments.15 The recommendations suggest 
screening for patients who exhibit functional 
changes. The American Academy of  Neurology 
recommends increased screening for patients with 
mild cognitive impairment (MCI) due to  
heightened risk for progression to dementia;  
however, for asymptomatic elders, it concurs with 
the USPSTF.16 Past recommendations from the 
American Geriatric Society, the American Medical 
Association, and the American Academy of  Family 
Physicians similarly focus on symptomatic disease 
rather than screening asymptomatic participants.17

HIV DEMENTIA SCREENING TOOLS

The most commonly referenced HIV screening 
tool is the HIV Dementia Scale (HDS).18 This tool 
provides a rapid assessment of  eye movements, 
motor skills, simple learning, and attention. The 
HDS performance characteristics are modest with 
acceptable sensitivity only for the most severe  
disease. For example, among hospitalized patients, 
12% of  whom met clinical criteria for HAD, the 
sensitivity at a cut-point of  10 (out of  16) was 0.92 
and the specificity was 0.71, resulting in a positive 
predictive value (PPV) of  0.3 and a negative  
predictive value (NPV) of  0.98.19 The  
performance characteristics are much worse for  
detecting milder impairment.20,21 A study of  HIV-
positive individuals interested in returning to work 
noted sensitivity and specificity for all impairment 
to be only 39% and 85%, respectively.22

Adjusting for age and education substantially  
improves performance but simultaneously  
complicates interpretation for primary care settings. 
Even with adjustment, the HDS demonstrates only 
modest ability to identify impairment (70%  
sensitivity).23 A modified version (mHDS) excludes 
the anti-saccade eye movement task, which may be 
the most sensitive aspect of  the HDS. The mHDS 
was no better than a simple test of  psychomotor 
speed and manual dexterity (the grooved pegboard 
test) in identifying dementia.24 Substantial 
educational attainment effects have also been  
noted.25 Taken together, these data are concerning 
that the HDS is suboptimal for most HAND  
patients given that HAD constitutes 5% of   
impaired cases among community-dwelling adults. 

Reliance on patient self-report of  symptoms is not 
ideal. Studies have revealed limited correlation  
between self-reported memory impairments and 
performance on objective neuropsychological tests, 
and tighter association with depressive symptoms. 
The Patient Assessment of  Own Functioning 
(PAOF), for example, identified depressive  
symptoms and psychomotor inefficiency rather 
than neuropsychological testing performance, and 
when applied to HIV-negative substance abusers, 
there was no correlation to neuropsychological 
testing performance.26,27 Importantly, screening for 
symptoms would not identify ANI, the largest  
subset of  impaired participants. It is possible that, 



Page | 80

combined with a clinical risk identification schema 
that includes risk factors such as CD4 nadir count, 
plasma viral load, and age, these metrics could be 
improved, given reports that such clinical variables 
may have some utility.28

Computer-delivered cognitive assessments have a 
theoretical benefit in that they alleviate the time 
burden on clinical staff. In the pre-cART era, the 
Sequential and Choice Reaction Time Program 
(CALCAP), a measure of  reaction time, attention, 
psychomotor speed, and memory, identified  
advanced disease but not milder disease.29,30 More 
recently, the CogState was evaluated and similarly 
performed well in identifying advanced dementia.31 
A pilot study revealed some promise in using the 
Computer-based Assessment of  Mild Cognitive 
Impairment (CAMCI); however, the study design 
and size limited interpretation for the clinical  
setting.32 In general, computer approaches have 
several important limitations including an inability 
to test verbal learning efficiency, complicated  
outputs requiring interpretation, cost burdens,  

limitations in the face of  literacy and non-English 
speakers, and a need to train staff.

Understanding which subtests within  
comprehensive batteries best correlate to cognitive 
impairment could provide pivotal information for 
screening tool development. A domestic study  
noted that a combination of  tests tapping verbal 
memory (Hopkins Verbal Learning Test—revised 
total recall) and psychomotor speed (Grooved  
Pegboard or digit symbol modalities) emerged as 
best predictors of  rater-determined impairment.33 

The combined tests outperformed the HDS. A  
second international trial noted that verbal learning 
efficiency (WHOUCLA auditory verbal learning 
sum of  trials 1–5), psychomotor speed (digit  
symbol modalities test) and motor speed (timed 
gait) together best distinguished HAD from non-
HAD cases among cART-naive advanced HIV-
positive participants.34 However, the time needed to 
perform the list-learning task (verbal learning  
efficiency) in each study effectively precludes its use 
in simple screening instruments. A shorter battery 
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that was limited to tests of  psychomotor speed 
(digit symbol, Trails A) and cognitive flexibility 
(Trails B) generally performed worse in accurately 
categorizing impairment (60% of  cases when less 
stringent cut-points were used).35

There are considerable differences between  
screening tools for HIV and those with utility for 
other disorders encountered in older age. The most 
widely used screening tool for AD, the Mini Mental 
State Exam (MMSE), does not test executive  
function or motor skill, rendering it less sensitive to 
subcortical neuropathology, and limited  
investigations confirm poor sensitivity to 
HAND.36,37 Among the first 75 cases enrolled into 
the UCSF Memory and Aging HIV Cohort (all with 
age >60 years), the MMSE did not appear to  
provide sufficient variability by cognitive group to 
help diagnostically [mean score out of  30 possible 
points (sample size, standard deviation) were as  
follows: normal cognition: 29.3 (37, 0.75); ANI: 
28.7 (13, 1.49); MND: 28.3 (20, 1.26) and HAD: 23 
(4, 11.37) (unpublished data). Notably, the HAD 
group included 1 patient thought to have comorbid 
advanced AD and an MMSE score of  6]. Overall, 
the narrow distribution of  these scores  
demonstrates poor likelihood of  utility even in aged 
HIV-positive participants.

In summary, studies related to screening have broad 
limitations, are often underpowered, and attempt to 
identify only the most severe form of  impairment 
(Table 1). Nearly all have been completed in 
younger populations; it is anticipated that the  
performance characteristics would be even less  
favorable in older participants. There are  
insufficient data to make firm recommendation on 
optimal screening tools, but it appears clear that the 
MMSE is not a good choice.

SHOULD WE SCREEN FOR COGNITIVE 
IMPAIRMENT AND IF SO, HOW?

We could find no published dementia screening 
guidelines in the setting of  HIV. The American 
Academy of  HIV Medicine recently convened  
a panel to address clinical recommendations  
for aged HIV-positive participants. These  
recommendations, still unpublished, will  
likely focus on symptomatic cases (personal  

communication as a panel member). It is critical 
that practical recommendations consider  
competing priorities in complex HIV care settings. 
The use of  comprehensive neuropsychological  
batteries is not feasible for screening. The USPSTF 
compiled a series of  key questions to consider in 
developing cognitive screening recommendations, 
considered in the context of  a predominantly HIV-
negative population (Table 2). Although these may 
serve as a template for future studies, because most 
of  these questions are inadequately addressed in 
HIV, recommendations must necessarily be based 
on empiric evidence and expert opinion.

Prevalence estimates of  cognitive impairment  
differ substantially among studies owing to  
differing methodological approaches and study 
populations. More impairment is typically noted in 
studies with more untreated participants, persons 
with AIDS, or older participants. Choice of   
normative data may also influence prevalence  
estimates. When compared with co-enrolled risk 
and demographically matched HIV-negative 
groups, the differences in neuropsychological  
testing performance associated with HIV appear 
less than would be anticipated in comparison with 
studies that utilize published normative data. This 
suggests that some of  the impairment noted in 
HIV-positive populations is influenced by other co-
existing factors that are absent in published control 
data sets. In the current era, the prevalence of   
cognitive impairment in HIV infection appears to 
be high, estimated at 46% in cases without severe 
confounding factors when published controls are 
used for comparison.1 Among these impaired  
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participants, most are asymptomatic (meet ANI  
criteria). Neuropsychological impairment has been 
linked to medication adherence; however, there are 
no studies demonstrating that early identification 
will impact adherence. Based on our knowledge 
from HIV-negative populations, other potential 
benefits of  early recognition may ensue, including 
protection from unsafe situations and financial 
abuse, and increased quality of  life through  
information sharing and improved life planning.38 
Generally, providing information to patients is an 
important aspect of  clinical care and serves as a 
mechanism to develop or implement compensatory 
strategies to maintain independence.

Medication treatment strategies for impairment 
have been disappointing. The potential benefits of  
CNS-penetrant antiretroviral drugs in the setting of  
long-term plasma suppression of  virus are unclear 
despite published case series where intervention to 
change antiretroviral choice is required.39 Should 
clear data emerge recommending specific treatment 
strategies, or should adjuvant treatments prove to 
be efficacious, the need for early identification 
would be greater. Identification of  cognitive  
impairment could provide a stimulus for starting 
cART in ART-naive patients, or signal the need for 
intensified adherence counseling in those patients 
already receiving treatment. Among impaired  
participants with comorbid conditions that may 
lead to cognitive impairment (e.g., obstructive sleep 
apnea, coexisting neurovirulent infections such as 
syphilis, vitamin deficiencies, and metabolic  
derangements), it is reasonable to believe that  
treatment may improve cognition. Counseling to 
avoid psychoactive medications and illicit drugs 
may also be advantageous. In summary, it is likely 
that identifying impairment may impact treatments 
aimed at improving quality of  life, but intervention 
trials are lacking and this effort must be considered 
within the context of  competing priorities for  
primary care settings. Given the frequency of   
cognitive impairment in the HIV-positive  
population, screening is likely to identify far more 
truly impaired cases than false-positive cases.

GENERAL RECOMMENDATIONS AND 
CONCLUSIONS

At this point, only general recommendations can be 
made regarding appropriate screening tools for 
HAND. Both HIV and cerebrovascular disease–
specific pathology would be expected to  
demonstrate preferential subcortical involvement, 
thereby negating the utility of  screening measures 
that do not adequately tap cognitive domains and 
effectively excluding use of  the MMSE as a  
screening tool. Currently available HIV-targeted 
screening instruments, such as the HDS, have 
marked limitations in that they are sensitive only for 
the most severe forms of  impairment.

Screening tools that tap both cortical and sub- 
cortical processes exist, but have not been broadly 
used in HIV. Among such tools is the Montreal 
Cognitive Assessment (MoCA), which is free 
(http://www.mocatest.org/) and translated (but 
not necessarily validated) in many languages. The 
MoCA provides some coverage of  executive  
function, motor skill, language fluency, and verbal 
learning. To date, the MoCA has been tested in a 
pilot study of  119 relatively young (mean age 43 
years) participants identifying 45 of  78 impaired 
participants (59%) at a cut-point of  ≤25 (PPV: 
85%, NPV: 53%). Shifting the cut point to 27  
increased sensitivity but overall performance  
characteristics were not reported.40 A recent  
publication identified that the MoCA may benefit 
from modifications designed to increase difficulty 
of  some items for application in typical HIV c 
linics.41 Other tests that combine list-learning tasks 
with tasks of  cognitive flexibility and psychomotor 
speed may be superior. Individuals with symptoms 
may require more in-depth neuropsychological  
testing if  screening is negative, because false  
negative cases occur with all screening tests. This 
should be combined with a screen for depression 
(e.g., Back Depression Scale-II). These can be  
completed in about 10 minutes. Use of  only  
symptom-based screening tools is likely to miss 
>50% of  impaired cases. The addition of  a neuro-
logical examination focused on motor speed, tone, 
and reflexes and integration with clinical variables 
(e.g., CD4 nadir, viral load) may add specificity.

Overall, there are important considerations for  
early detection of  cognitive impairment,  
particularly among older HIV-positive patients.  
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Unlike the general healthy population, older HIV-
positive patients are managing a complex medical 
condition that disrupts CNS integrity and cognitive 
function and may be life threatening if  not  
adequately controlled through medical interven-
tion. With HIV, treatment failure and broad anti-
retroviral medication resistance are potential  
outcomes of  cognitive impairment. As such, unlike 
in the healthy older population, failure to identify 
cognitive deficits in the HIV-positive population 
may directly influence successful management of  
the disease. In balance, there are important clinical 
needs that can be addressed by research aimed at 
demonstrating whether improved detection results 
in improved outcomes.
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ABSTRACT

International studies of  HIV-associated  
neurocognitive disorder (HAND) are needed 
to determine the viral and host factors  
associated with cognitive impairment  
particularly as more than 80% of  HIV+  
subjects reside in resource-limited settings. 
Recent diagnostic nomenclature of  HAND  
requires comparison of  cognitive performance 
specifically to local normative data. To evaluate 
this need for local norms, we compared  
normative data obtained locally in Thailand to 
Western norms. The current study examined 
cognitive performance in 477 seronegative Thai 
participants (male = 211, female = 266) who 
completed a battery of  tests sensitive to  
cognitive changes in HIV. The cohort was  
divided into three age brackets (20–34; 35–49; 
50–65 years) and four educational levels (no 
education or primary education, less than  
secondary certificate, high-school/associates 
degree, bachelor’s degree or greater). The Thai 
cohort was compared (using analysis of   
covariance, ANCOVA) on a number of   
measures to a seronegative US cohort (n = 236; 
male = 198, female = 38) to examine cultural 
differences in performance. Normative data are 
provided with age and education stratification. 

The Thai and US groups performed  
significantly differently on all neuropsycho-
logical measures with the exception of  verbal 
fluency. The Thai group performed better on 
measures of  verbal learning (p<0.001) and 
memory (p<0.001) and measures of  psycho-
motor speed (p<0.001). Education was a more 
powerful predictor of  performance in the Thai 
cohort than in the US group. These results 
highlight the continued need for the  
development of  normative data within local 
populations. The use of  Western norms as a 
comparison group could lead to inaccurate 
identification of  HAND in culturally distinct 
groups.

INTRODUCTION

Cognitive dysfunction associated with human  
immunodeficiency virus (HIV) remains a global 
health concern. Despite advances in the availability 
of  antiretroviral therapy worldwide, the frequency 
of  cognitive impairment among individuals  
infected with HIV remains high. Recent studies in 
North America and in international settings suggest 
that as many as 50% of  individuals infected with 
HIV experience some form of  cognitive  
impairment.1,2 While access to treatment has 
reduced the frequency of  the most severe form of  
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cognitive impairment, persistent complications  
associated with mild to moderate impairment  
represent important limitations for patients.

International studies of  HIV-associated neuro- 
cognitive disorder (HAND) have become  
increasingly concerned with determining the viral 
and host factors associated with cognitive  
impairment. This interest is promoted by debate  
regarding potential differences in the neuro- 
virulence of  various HIV clades distributed  
globally.3,4 Members of  our team have been 
particularly interested in HAND among Thai  
patients, who are predominately infected with clade 
A/E recombinant HIV. An early study assessing 
HIV-associated cognitive impairment in Thailand 
reported that the prevalence of  cognitive  
impairment in Thailand was 18.4% among  
symptomatic HIV+ individuals (Centers for  
Disease Control and Prevention, CDC, Stage IV).5 
Recently, members of  the research team assessed 
the frequency of  cognitive impairment among 
combination antiretroviral (cART) treated Thai  
patients using 230 HIV-negative controls, all of  
whom are included in the current study, for  
comparison.6 Unlike the Maj study, the Pumpradit 
study included well-controlled HIV+ individuals 
without symptomatic HIV disease. Still, 37% of  the 
study population had some form of  HAND when 
compared to local HIV-negative controls.  
Additional studies reveal elevated HIV DNA in 
monocytes among Thai patients diagnosed with 
HIV dementia (HAD) compared to patients  
without HAD, and these elevated levels remain  
after treatment among individuals exhibiting  
impairment.7,8 Furthermore, there have been 
studies reporting an increased expression of  mono-
cyte markers among both demented and non- 
demented patients relative to healthy controls, the 
latter representing a different pattern than what is 
evident in clade B HIV among North American  
patients.9

The assessment of  cognitive status obtained 
through neuropsychological test batteries has  
become necessary to understand the deficits  
associated with HIV in international settings, yet 
relatively little information is available regarding 
normative comparisons. Given that most neuro-

psychological measures used to assess HAND have 
been developed in English-speaking countries, 
there is a need to examine normative performance 
on cognitive tests among local cultural groups. Such 
normative data are critical, as cognitive rating  
systems such as the global deficit score and the  
recent diagnostic nomenclature of  HAND  
described by Antinori et al. require comparison of  
cognitive performance to local norms.10,11 Cultural 
and demographic influences within various  
international regions likely influence performances 
on cognitive measures to a degree that invalidates 
the application of  western norms for use with  
clinical rating scales such as the GDS and the most 
current diagnostic system. Currently there are no 
published normative data for the Thai population 
available. The purpose of  this study is to examine 
normative performance on a battery specifically  
designed to assess HIV-associated cognitive  
function in an international setting and report  
normative scores for this cohort with age and  
education adjustments. We applied this international 
battery to a normative population in Thailand, one 
of  the five original sites used to validate the cross-
cultural application of  these cognitive tests.5 
Additionally, we examined performances of  the  
seronegative Thai individuals compared to those of  
a comparison group composed of  a culturally  
diverse group of  seronegative individuals recruited 
for comparison to HIV cohorts in the US.

METHODS

Thai cohort participants: Participants from 
Thailand were recruited for the study via posters, 
flyers, and word of  mouth with a target of  25  
individuals per age–education stratum. Four  
hundred and seventy-seven individuals between the 
ages of  20 and 65 years were included. Data from 
230 of  these individuals have been used in other 
studies of  HAND in Thailand.12 The study was 
conducted at two locations in Bangkok: SEARCH-
Thailand, a research office affiliated with the Thai 
Red Cross AIDS Research Centre, and the Division 
of  Neurology at Phramongkutklao Hospital. Each 
participant provided informed consent. A trained 
physician assessed neurological function and  
recorded a history of  medical illnesses. To  
minimize potential confounds, individuals were  
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excluded from the study if  they reported any factor 
deemed by the clinician to potentially impact  
cognition, including: head injury with loss of   
consciousness >1 hour, current or past illicit drug 
use or positive drug screen, severe illness within 30 
days of  study, current or recent fevers or meningeal 
signs, history of  previous neurologic disease  
including stroke, multiple sclerosis, or autoimmune 
disease, active major depressive disorder  
(controlled or minor depressive symptoms not  
excluded), known learning disability including  
dyslexia, confusion, or other signs and symptoms 
of  metabolic encephalopathy or delirium, or focal 
neurologic deficit on examination.

Hawaii cohort participants: A sample of  
culturally diverse seronegative individuals enrolled 
in the Hawaii Aging with HIV Cohort was included 
to provide a comparison to an independent control 
group utilized in HIV studies of  neuropsycho- 
logical function.13 Two hundred and thirty-six 
individuals (ages 20–65 years) who met the  
inclusion/exclusion criteria provided informed 
consent as per the guidelines of  the University of  
Hawaii Institutional Review Board. In general, the 
same criteria for exclusion criteria were used in 
both the Thai and Hawaii cohorts; however, the  
exclusion for history of  drug use was slightly  
different in the Hawaii group. Individuals with self-
reported drug use within the 30 days prior to  
enrollment or a positive urine toxicology screen 
were excluded; drug use more than 30 days prior to 
enrollment was not exclusionary.

Procedure: Demographic information was 
collected along with an assessment of  neurological 
function, an HIV screen, and a history of  medical 
illness. After screening, Thai participants underwent 
neuropsychological assessment using the WHO/
NIMH/UCLA (World Health Organization/ 
National Institute of  Mental Health/University of  
California, Los Angeles) International Battery and 
completed the Thai Depression Inventory.5,14,15 The 
WHO/NIMH/UCLA International Battery  
consists of  10 measures (Table 1) assessing motor 
speed and fine motor control, verbal learning and 
memory, attention, cognitive flexibility, visual  
memory, and verbal fluency. The battery was  
chosen by experts in order to meet the following 
criteria: sensitive to HIV-affected domains of   
cognitive function, sensitive to milder forms of  
cognitive dysfunction, ability to administer on a 
large scale, and lacking cultural biases. The battery 
was developed specifically for administration in the 
cross-cultural setting and was validated in five  
regions, including Bangkok.5 For the purpose of  
the present study, the battery was modified to  
ensure cultural relevancy of  the words comprising 
the verbal memory test. One measure, the WHO/
NIMH/UCLA Picture Memory and Interference 
test was not included in this study. Instead, the 
Brief  Visual Memory Test–Revised was added to 
the battery to provide an additional measure of  
learning and memory.5 A trained nurse or 
technician at each location administered all  
measures with quality assurance completed every 
six months or with turnover of  staff.
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Participants were grouped into 15-year age bands 
(20–34; 35–49; 50–65 years). The 15-year age band 
was selected as previous studies have utilized a  
similar stratification approach allowing for  
comparison to the extant literature.16-18 In addition, 
this distribution provided more than 25 individuals 
per cell, providing increased confidence that the 
mean scores on the measures within age and  
education brackets accurately reflect population 
means. Education was subdivided into four groups: 
no education or primary certificate (typically 6 years 
or less), less than secondary certificate, high-school 
or associate’s degree, and bachelor’s degree or  
beyond.

Statistical analysis: Prior to analyses, distributions 
of  all neuropsychological variables were examined 
to ensure normality of  distributions. Several  
variables did not fit a normal distribution, and these 
were subsequently log-transformed and utilized in 
all subsequent analyses (Trails A, Color Trails 1 and 
2, Grooved Pegboard dominant and non-dominant 
hands). Residual plots were checked to ensure a  
linear relationship between the variables.  
Correlations were analyzed to determine  
relationships between age group and highest  

education completed on all of  the neuropsycho-
logical measures; t-tests were used to compare the 
effects of  gender on each of  the measures.  
Stepwise linear regressions were implemented to 
determine the contribution of  age and years of  
education on each of  the neuropsychological  
variables. This analysis was performed to determine 
whether stratification for age and education or  
gender would be necessary for any or all of  the  
variables. Analyses of  variance (ANOVAs) were 
completed for each of  the measures to determine 
differences between age groups and education  
levels and whether or not there was an age by  
education interaction. Finally, one-way analyses of  
covariance (ANCOVAs) were conducted to  
compare the scores between the Thai and Hawaii 
cohorts on select neuropsychological measures that 
were obtained in both groups covarying for age, 
education, and gender. Regression analyses were 
performed to determine the predictive value of  age 
and education level on each of  the measures  
completed by the Hawaii cohort for comparison 
with the Thai cohort. 
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RESULTS

As demonstrated in Tables 2 and 3, there were 
significant differences between the cohorts in terms 
of  education level and gender due to recruitment 
practices that matched local epidemiology of  HIV. 
The Hawaii cohort was predominantly male, with 
only 38 total female participants out of  236 given 
that this cohort aimed to enroll socioeconomically 
matched individuals, often related to the subjects. 
The Thailand cohort had more female than male 
participants in most of  the education strata given 
broad community enrollment to better match  
the epidemic in Thailand. In the latter, the only  
exception was in the secondary education level 
where the percentage male to female was  
proportionate.

Normative analyses (among Thai cohort only): 
Correlational analyses revealed that both age and 
education levels were significantly associated with 
all neuropsychological measures. Gender was most 
significantly associated with finger tapping speed, 
but had only a nominal correlation with the other 
neuropsychological measures. The stepwise linear 
regressions indicate that education was the  
strongest predictor of  performance on the Block 

Design task (R2= 0.17, p <0.001), verbal fluency 
tasks (first names R2=0.17, p<0.001, and animals 
R2=0.13, p<0.001), Wechsler Adult Intelligence 
Scale–Third Edition (WAIS–III) Digit Symbol 
(R2=0.31, p<0.001), verbal learning (WHO/UCLA 
Auditory Verbal Learning Test, AVLT, R2=0.09, 
p<0.001), and the Brief  Visuospatial Memory 
Test–Revised (BVMT–R) delayed recall (R2=0.136, 
p<0.001). Age was the best predictor of  perform-
ance for finger tapping (dominant R2=0.10, 
p<0.001, and non-dominant R2=0.10, p<0.001), 
verbal learning delay (AVLT delay R2=0.10, 
p<0.001), the BVMT–R learning (total Trials 1–3, 
R2=0.15, p<0.001), Color Trails 1 (R2=0.20, 
p<0.001) and Color Trails 2 (R2=0.22, p<0.001), 
Grooved Pegboard (dominant R2=0.19, p<0.001, 
and non-dominant R2=0.15, p<0.001), Timed Gait 
(R2=0.16, p<0.001), and Trails A (R2=0.22, 
p<0.001). The predictive values of  both age and 
education were significant on all measures and were 
included in the subsequent ANOVAs. The t-tests 
comparing male to female performance for each of  
the neuropsychological measures did not indicate 
any significant differences between the genders on 
any of  the measures; gender was not included as an 
additional stratification for further analysis.
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For each of  the ANOVAs, differences on each 
measure for age group and education level were 
considered, as well as a possible interaction between 
age group and education level. Significant age group 
by education level interactions were observed where 
older age and low education resulted in the lowest 
scores for Block Design, BVMT–R learning and 
delay, Grooved Pegboard (non-dominant hand), 
and Trails A. Table 4 provides mean and standard 
deviation values for each of  the measures stratified 
by age group and education level.

DISCUSSION

The present study provides a large-scale evaluation 
of  neuropsychological function among sero- 
negative individuals in Thailand, with comparisons 
to a demographically similar cohort of  seronegative 
individuals in Hawaii. Normative data on this  
international battery have not been previously  
available. Previous studies of  HAND in Thailand 
by members of  the research team have been  
conducted using a smaller number of  healthy, local 
controls (n=230) with different age stratifications.6,12 
Since those studies were published, the number of  
healthy controls available for comparison has  
doubled, and the current stratification changes  
provide more stable normative data.

Comparison with the Hawaii cohort highlights the 
importance of  using culturally specific normative 
data when assessing HIV neurocognitive disorders 
to ensure appropriate classification of  HAND  
(Table 5). This is necessary even among tests that 
are not altered when translated into foreign  

languages. Measures of  psychomotor speed and 
motor tasks such as finger tapping, grooved  
pegboard tests, and timed gait may be influenced  
by underlying cultural importance of  speed  
emphasizing that cultural factors influence  
performance. There was a stronger effect of   
education on performance for most measures in 
the Thai group than in the Hawaii cohort. This was 
the case even when subjects with very limited  
education were removed from the analysis.  
Education has been shown to be a better predictor 
of  performance in other cultural groups, when 
compared to US cohorts.19,20 There were virtually 
no individuals in the Hawaii group who did not 
complete a high school education. Although  
education was predictive of  performance on almost 
all measures in the Thai cohort, education was not 
a good predictor of  performance in the Hawaii  
cohort. This could be due to a ceiling effect of   
education on the measures in the Hawaiian group, 
as most of  the cohort had at least a high-school 
education, whereas there were a number of  Thai 
individuals who had less than a high-school  
education.

The difference in educational impact between the 
two cohorts underscores the importance of   
culturally specific norms that reflect the population 
of  interest with regard to socioeconomic status,  
access to educational resources, and other  
environmental factors. Neuropsychological tests 
commonly administered to assess HAND in North 
America utilize norms that often correct for  
differences in age, sex, and, in some cases,  
education. Results from the present study indicate 
that similar cognitive tests require correction for 
age and education but not neurocognitive  
impairments in Thailand. Studies are needed to  
determine whether similar culturally specific  
corrections are needed in other international  
settings where HAND is actively investigated.

The classification of  HAND requires assessment 
of  functional status as well as neurocognitive  
performance. At present, methods to determine 
functional status rely on rating scales and self- 
report measures that emphasize western-oriented 
activities such as driving, financial management, 
and employment. In international settings,  
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particularly rural regions, these categories of   
function can be particularly challenging to assess, 
and modifications are likely required in order to 
better match the functional activities of  the  
population under consideration. The assessment of  
culturally relative measures of  function is beyond 
the scope of  this paper, but remains an important 
area of  research to accurately diagnose HAND  
internationally.

Limitations of  this study include the differences in 
educational structure between Thailand and  
Hawaii. In order to minimize the differences we 
considered both the number of  years of  formal 
education and certificate earned to group  
individuals. The measures available for comparison 
between the groups were limited; however, the  
observed group differences further emphasize the 
need for the development of  normative data in  
local populations to accurately characterize HAND 
in an international setting. Also, individuals from 
the Thai cohort did not report past histories of  
drug use whereas the Hawaii cohort had a number 
of  individuals with a history of  previous drug use. 
Although there were no individuals from the  
Hawaii group who had current drug use or self- 
reported drug use in the past 30 days, it is uncertain 
whether or not past drug use may have altered  
current performance on any of  the measures.

Overall the present results provide additional  
information to assist with the diagnosis and  
classification of  HAND in Thailand. The results 
also provide novel information regarding the  
impact of  demographic factors on cognitive status 
in a unique cultural population relative to a US 
comparison group. Additional studies are needed 
that provide similar input regarding functional  
status in international settings. Collectively this 
work facilitates efforts to understand the impact of  
HIV on the nervous system, which remains a global 
concern in both developed and less developed  
regions of  the world.

REFERENCES
1. Heaton RK, Clifford DB, Franklin DR, Jr., et al. 
HIV-associated neurocognitive disorders persist in the 
era of potent antiretroviral therapy: CHARTER Study. 
Neurology. Dec 7 2010;75(23):2087-2096.

2. Robertson KR, Smurzynski M, Parsons TD, et al. 
The prevalence and incidence of neurocognitive im-
pairment in the HAART era. AIDS. Sep 12 
2007;21(14):1915-1921.

3. Ranga U, Shankarappa R, Siddappa NB, et al. Tat 
protein of human immunodeficiency virus type 1 sub-
type C strains is a defective chemokine. J Virol. Mar 
2004;78(5):2586-2590.

4. Satishchandra P, Nalini A, Gourie-Devi M, et al. Pro-
file of neurologic disorders associated with HIV/AIDS 
from Bangalore, south India (1989-96). Indian J Med 
Res. Jan 2000;111:14-23.

5. Maj M, Janssen R, Starace F, et al. WHO Neuropsy-
chiatric AIDS study, cross-sectional phase I. Study de-
sign and psychiatric findings. Archives of general psy-
chiatry. Jan 1994;51(1):39-49.

6. Pumpradit W, Ananworanich J, Lolak S, et al. Neu-
rocognitive impairment and psychiatric comorbidity in 
well-controlled human immunodeficiency virus-infect-
ed Thais from the 2NN Cohort Study. J Neurovirol. 
Feb 2010;16(1):76-82.

7. Shiramizu B, Ratto-Kim S, Sithinamsuwan P, et al. 
HIV DNA and dementia in treatment-naive HIV-1-
infected individuals in Bangkok, Thailand. Int J Med 
Sci. 2007;4(1):13-18.

8. Valcour VG, Shiramizu BT, Shikuma CM. HIV 
DNA in circulating monocytes as a mechanism to de-
mentia and other HIV complications. J Leukoc Biol. 
Apr 2010;87(4):621-626.

9. Ratto-Kim S, Chuenchitra T, Pulliam L, et al. Ex-
pression of monocyte markers in HIV-1 infected indi-
viduals with or without HIV associated dementia and 
normal controls in Bangkok Thailand. J Neuroimmu-
nol. Mar 2008;195(1-2):100-107.

10. Heaton R, Kirson D, Velin R, Grant I. The utility 
of clinical ratings for detecting cognitive change in HIV 
infection. In: Grant I, Martin A, eds. Neuropsychology 
of HIV infection. New York, NY: University Press; 
1994.

11. Antinori A, Arendt G, Becker JT, et al. Updated 
research nosology for HIV-associated neurocognitive 
disorders. Neurology. Oct 3 2007;69(18):1789-1799.

12. Valcour VG, Sithinamsuwan P, Nidhinandana S, et 
al. Neuropsychological abnormalities in patients with 
dementia in CRF 01_AE HIV-1 infection. Neurology. 
Feb 13 2007;68(7):525-527.

13. Valcour V, Shikuma C, Shiramizu B, et al. Higher 
frequency of dementia in older HIV-1 individuals: the 
Hawaii Aging with HIV-1 Cohort. Neurology. Sep 14 
2004;63(5):822-827.



Page | 94

14. Maj M, D’Elia L, Satz P, et al. Evaluation of two 
new neuropsychological tests designed to minimize cul-
tural bias in the assessment of HIV-1 seropositive per-
sons: a WHO study. Arch Clin Neuropsychol. Mar 
1993;8(2):123-135.

15. Lotrakul M, Sukanich P. Development of the Thai 
Depression Inventory. J Med Assoc Thai. 
1999;82(12):1200-1207.

16. Hsieh SL, Tori CD. Normative data on cross-cul-
tural neuropsychological tests obtained from Manda-
rin-speaking adults across the life span. Arch Clin Neu-
ropsychol. Mar 2007;22(3):283-296.

17. Norman MA, Evans JD, Miller WS, Heaton RK. 
Demographically corrected norms for the California 
Verbal Learning Test. J Clin Exp Neuropsychol. Feb 
2000;22(1):80-94.

18. Ruff RM, Parker SB. Gender- and age-specific 
changes in motor speed and eye-hand coordination in 
adults: normative values for the Finger Tapping and 
Grooved Pegboard Tests. Perceptual and motor skills. 
Jun 1993;76(3 Pt 2):1219-1230.

19. Manly JJ, Miller SW, Heaton RK, et al. The effect 
of African-American acculturation on neuropsychologi-
cal test performance in normal and HIV-positive indi-
viduals. The HIV Neurobehavioral Research Center 
(HNRC) Group. J Int Neuropsychol Soc. May 
1998;4(3):291-302.

20. Ponton MO, Satz P, Herrera L, et al. Normative 
data stratified by age and education for the Neuropsy-
chological Screening Battery for Hispanics (NeSBHIS): 
Initial report. J Int Neuropsychol Soc. Mar 
1996;2(2):96-104.

KEYWORDS
HIV-associated neurocognitive disorders; Thailand; 
Neuropsychological; Cultural; Normative

ACKNOWLEDGEMENTS
We thank the study participants. This work was  
supported by R01 NS061696 (V.V.) and U54 NS43049 
(S.C.).

PERMISSIONS
This article reproduced here in pre-publication form 
(last pre-published version). The work was later  
published in the J Exp Clin Neuropsych in 2012 



Page | 95



Page | 96

SUPPLEMENTAL TABLES



Page | 97



Page | 98

Chapter 10

Trail Making Test A test improves 
performance characteristics of 
the International HIV-Dementia 
Scale to identify symptomatic 
HAND

Journal of Neurovirology
2012



Page | 99

ABSTRACT

Objectives: Although HIV-Associated Dementia 
(HAD) occurs in less than 5% of  individuals with 
access to combination antiretroviral therapy 
(cART), rates of  milder forms of  HIV-Associated 
Neurocognitive Disorder (HAND) are much  
higher. We sought to define an optimal cut-point 
for the International HIV-Dementia Scale (IHDS) 
for the identification of  symptomatic HAND,  
defined as both HAD and Mild Neurocognitive 
Disorder (MND). We then sought to determine if  
adding a simple test from a larger neuropsycho-
logical battery could improve the performance 
characteristics for identifying symptomatic HAND

Design: A cross-sectional cohort of  75 HIV-
infected cART-naïve individuals recruited in  
Thailand. Methods: Subjects completed neuro- 
psychological tests and underwent a full neuro- 
logical assessment. HAND diagnoses were  
determined by consensus conference using the 
2007 Frascati criteria, blinded to the IHDS results. 
The optimal IHDS cut-point was determined by 
Receiver Operating Characteristic (ROC) analysis 
with cross-validation. Individual neuropsycho- 

logical tests were then evaluated and combined with 
the IHDS to test performance characteristics. 

Results: The IHDS was poor at detecting sympto-
matic HAND at the optimized cut-point of  ≤10 
(sensitivity: 53.3%, specificity: 89.8%). The Trail 
Making Test A was most effective in improving 
performance characteristics when combined with 
the IHDS, with net sensitivity of  86% and  
specificity of  79%. Conclusions: In this setting,  
the IHDS performed poorly in identifying sympto-
matic HAND, but was substantially improved by 
the addition of  Trail Making Test A, which typically 
requires less than two minutes to complete. If   
validated, this combination can address the critical 
need for HAND screening instruments in  
international settings. 

INTRODUCTION

Since reaching an apex in 1999, the worldwide rate 
of  new HIV infections has fallen by 19%, and  
access to treatment has increased 13-fold in the past 
decade. However, these encouraging statistics give 
way to a hidden truth: the number of  individuals in 
the world living with HIV is now estimated at over 
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33 million.1 With increasing life expectancy aided 
by greater access to antiretroviral treatment,  
addressing the conditions of  chronic HIV infection 
is of  paramount importance.

The propensity of  HIV infection to cause neuro-
logical and neurocognitive impairment has been 
well documented.2,3 While the exact mechanism of  
HIV infection in the central nervous system is not 
firmly established, the prevalence of  cognitive  
impairment is remarkably high: an estimated 35 - 
50% of  community-dwelling HIV infected  
individuals show evidence for HIV-associated  
neurocognitive disorder (HAND).4-8 Even in 
settings with access to cART, HAND remains  
prevalent and while frank dementia (HIV- 
associated dementia, or HAD) may account for less 
than 20% of  HIV-infected individuals even the 
milder forms of  cognitive impairment have been 
linked to functional limitations, decreased  
medication adherence, and mortality.4,5,9-19 Today, 
more than 80% of  cognitively impaired community 
dwelling HIV-infected patients in the U.S. qualify 
for a diagnosis of  asymptomatic neurocognitive 
impairment (ANI) or mild neurocognitive disorder 
(MND) rather than HAD, and we can expect these 
rates to extend to international settings where  
access to cART is becoming widespread.10,20 
Correctly identifying and diagnosing milder forms 
of  HAND is crucial to developing appropriate 
treatment strategies.

The current HAND diagnostic criteria classify  
patients based on cognitive performance and  
report of  functional impairment, with  
asymptomatic ANI patients lacking functional 
complaints while individuals reporting functional 
deficits are categorized as symptomatic MND and 
HAD.21-23 These diagnostic criteria rely on time-
consuming neuropsychological testing, which  
requires the availability of  trained neurologists and 
neuropsychologists, making the criteria difficult to 
apply in resource-limited settings. Given that nearly 
half  of  all HIV-infected individuals live in low- and 
middle-income countries, developing a simple 
screen to identify those with HAND is a key step 
towards improving diagnoses and care worldwide.1

The HIV Dementia Scale (HDS) was developed in 
1995 and later modified for international  

settings.24,25 A short, easy-to-administer, and reliable 
screen for dementia, the IHDS has proven  
successful.5,6,12,20,25-31 However, populations with 
access to cART are undergoing a shift towards less 
severe impairment, and an incremental  
improvement is needed to enhance screening for 
milder forms of  HAND, as the current form of  the 
IHDS substantially restricts its usefulness in  
resource-limited settings. 32,33

Our study focused on a cohort of  HIV-infected  
individuals in Bangkok, Thailand. We sought to  
define an optimal cut-point for the IHDS to  
identify all symptomatic HAND (MND and HAD). 
We also sought to determine if  a simple test from 
our neuropsychological testing battery could be 
added to the IHDS to improve performance in 
identifying milder cases of  HAND while  
maintaining efficiency as a screening tool.

METHODS

Participants: All subjects (n=75) were enrolled 
into one of  two studies underway in Bangkok, 
Thailand (SEARCH 007: NCT00777426 and 
SEARCH 011: NCT00782808), both designed to 
investigate markers of  cognitive impairment among 
cART-naïve HIV-infected individuals. All subjects 
met Thai Ministry of  Public Health criteria for  
initiating cART (CD4 count <350 cells/mm3 or 
symptomatic disease).34 The SEARCH 011 study 
(n=61) enrolled subjects stratified by both  
peripheral blood mononuclear cell HIV DNA  
levels (>/< 1000 copies of  HIV DNA/106 cells) 
and age (>/< 35 years). Exclusion criteria for both 
studies were similar and included head injury, illicit 
drug use, acute illness, pre-existing neurologic or 
psychiatric conditions, and learning disability. Two 
participants were excluded shortly after enrollment 
upon identification of  existing infection  
(toxoplasmosis and tuberculosis); both were  
subsequently replaced. All subjects signed consent 
forms approved by the University of  California 
(San Francisco, CA) and the Chulalongkorn  
Hospital (Bangkok, Thailand) institutional review 
boards. Trained clinicians conducted the IHDS and 
were blinded to the results of  the subject’s further 
testing.

Characterization of  HAND: Trained nurse-



Page | 101

psychometrists, who were in turn blinded to the 
IHDS result, conducted the neuropsychological 
(NP) testing battery, which had been designed for 
international use as previously described35, and a 
non-neurologist clinician completed a full neuro-
logical examination based on that used by the Adult 
AIDS Clinical Trials Group.27,36 Individual raw NP 
scores were transformed to standardized z-scores 
using normative data from an HIV-negative control 
cohort evaluated at the same site in Thailand 
(n=307 initially, increased to 448), although both  
z-scores and raw scores were considered during  
diagnostic conference because certain age- 
education strata from the normative cohort had 
less than 20 cases. We defined a composite z-score 
of  all tests in our battery as the arithmetic mean of  
all z-scores (NPZ global). The nurses and  
physicians separately scored each subject’s level of  
functional impairment based on semi-structured 
interviews with the subject and, when possible, 
proxy informants. A cognitive diagnosis was  
determined at consensus conference using all  
clinical data, excluding the IHDS data. Conference 
participants included a U.S.-trained neuropsycho-
logist (RP), a neurologist (DC), and a geriatrician 
(VV), all with expertise in HIV.

The 2007 Frascati guidelines for HAND were used 
as follows: normal (NL): performance on testing 
that was deemed to be within expectations for age 
and educational attainment; ANI: performance that 
was deemed to be lower than could be expected 
from normal test variation (typically involving at 
least two domains) but without evidence of   
functional impairment; MND: performance on 
testing that was moderately abnormal (typically 1 to 
2 SD below the normative data, typically two cogni-
tive domains) and with evidence of  functional im-
pairment; or HAD: performance that showed  
severe impairment (typically worse than -2 SD) in 
two cognitive domains with clear evidence of   
functional impairment. Consensus was reached by 
three investigators (VV, RP, DC) for each case.

Statistical Analysis: Analyses were performed 
using Stata/IC 12.1 for Windows (StataCorp LP, 
TX, USA). Pairwise comparisons of  the IHDS 
were completed using nonparametric Mann- 
Whitney U tests. Hypothesis testing used a 

significance level of  0.05. We defined three models: 
Classification I, which distinguished all HAND 
subjects (ANI+MND+HAD) from normal (NL) 
subjects; Classification II, which distinguished 
symptomatically impaired subjects (MND+HAD) 
from normal and asymptomatic subjects 
(NL+ANI); and Classification III, which  
distinguished only the severely impaired subjects 
(HAD) from all others (MND+ANI+NL). The 
ability of  the IHDS to screen for each classification 
was assessed by Receiver Operating Characteristic 
(ROC) analyses with overall performance evaluated 
using the area under the ROC curve (AUC). The 
optimal cut-point was determined from sensitivity 
and specificity. We then cross-validated the IHDS 
for Classification II by identifying the optimal cut-
point in a randomly selected training set of  90% of  
the subjects (n=68), and then calculated the  
effective sensitivity and specificity of  that cut-point 
on the remaining test set of  subjects (10%, n=7). 
After ten iterations, sensitivities and specificities 
were averaged to provide the cross-validated  
sensitivity and specificity of  the IHDS.

In order to improve the performance of  the IHDS 
in identifying symptomatic HAND cases  
(Classification II), we selected eleven tests from the 
NP battery, each of  which are distinct from tests 
already part of  the IHDS and require ≤5 minutes 
to complete: Color Trails I and II, Grooved  
Pegboard dominant and non-dominant hands, 
Timed Gait, Trail Making Test A, Brief  Visual 
Memory Test – Revised (BVMT-R), Escala de  
Inteligencia de Wechsler para Adultos (EIWA),  
digit symbol task (DST), block design, verbal  
fluency first names and verbal fluency animals. We 
again used ROC analyses and the AUC to identify 
the optimal cut-point for identifying symptomatic 
HAND from the full data set (n=75), rounded to 
the nearest one-half  standard deviation. For the 
cross-validation of  the NP tests, we used training 
sets of  80% of  the subjects (n=60) and test sets of  
20% (n=15) because a small test set of  10% did not 
provide enough variance to validate the test, After 
five iterations, sensitivities and specificities were  
averaged to provide the cross-validated sensitivity 
and specificity of  the individual test. We then  
calculated the cross-validated net sensitivity and 
specificity of  simultaneously applying the IHDS 



Page | 102

and the NP test.

RESULTS

We enrolled 75 patients between 2008 and 2012. 
Among these, 42 were female (56%) and the mean 
(SD) age was 34 (7.0) years. We diagnosed cognitive 
impairment in 38 subjects (51%), of  which 20 
(27%) were symptomatically impaired (MND or 
HAD). No significant differences in demographic 
or clinical variables were noted between the groups 
with and without symptomatic HAND (Table 1).

Our initial analysis using Pearson’s correlations 
identified a moderate association between  
the IHDS and a composite measure of  all  
neuropsychological tests in our battery (NPZ  
global) (r=0.57, p<0.0001, Figure 1); however, 
mis-categorization of  individuals by diagnostic 
group was apparent, and became more so in ROC 
analyses.

For the IHDS, the area under the curve (AUC) for 
Classification III (HAD vs. all others) was greatest 
compared to other models: 0.944, compared to 
0.612 for Classification I and 0.774 for Classifica-
tion II (Figure 2). In Classification II (symptomatic 
HAND), the IHDS performed best at the  
recommended cut-point of  ≤10, however the  
sensitivity and specificity were only 53.3% and 
89.8%, respectively (Table 2). Using the threshold 
of  ≤10, the IHDS captured 8 of  the 9 HAD cases 
but only 4 of  the 11 MND cases.

Among the individual tests in our battery, when 
analyzed on their own, four emerged with high 
AUCs for Classification II: Trail Making Test A 
(0.773), verbal fluency for first names (0.723), Color 
Trails I (0.709), and Color Trails II (0.709). When 
simultaneously administered with the IHDS,  
the Trail Making Test A provided the greatest  
improvement, increasing sensitivity from 53.3% to 
86.0%. The IHDS and Trail Making Test A  
combined correctly identified 18 out of  20 patients 
clinically diagnosed with symptomatic HAND, 
while misclassifying only 11 of  the remaining 55 
ANI or NL subjects as symptomatically impaired.

When used to distinguish all types of  HAND  
including ANI (Classification I), the IHDS had an 
AUC of  0.612 with a non-cross validated sensitivity 
and specificity of  34.2 and 86.5, respectively. The 
three tests which provided the highest AUC for 
Classification I were again Trail Making A (0.703), 
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verbal fluency for first names (0.690), and Color 
Trails II (0.685). 

DISCUSSION

Previous studies identify the IHDS as a useful 
screening tool for severe cognitive impairment, and 
our findings concur with this conclusion; however, 
performance for all symptomatic HAND was less 
favorable, an important shortcoming given the high 
prevalence of  non-HAD impairment. Based on 
these data, the IHDS cannot be recommended for 
the identification of  HAND. 

We show that the addition of  a simple test of   
psychomotor speed, the Trail Making Test A,  
greatly improved the IHDS for this purpose. This is 
congruent with pre-cART data identifying psycho-
motor speed as a sensitive indicator for cognitive 
impairment.37 The improvement gained by 
including this test is particularly encouraging given 
the ease and speed with which the test may be  
administered, requiring only a pencil, paper, and 
stopwatch. Furthermore, the test is non- 
proprietary. 

There are many strengths to our work. The  
neuropsychological testing battery employed in this 
study was specifically designed for international use 
and benefitted from a large sample of  normative 
data with which to interpret impaired performance. 
The IHDS was administered by non-neurologist 
clinicians, typical of  resource-limited international 
settings where ready access to neurologists is  
uncommon. The clinicians and consensus  
conference investigators were carefully blinded to 
the results of  each other’s data to prevent bias. The 
consensus conference investigators were not  
blinded to the individual NP tests used for the  
second portion of  our analysis. While the cross-
validation was used to mitigate this bias, the finding 
with the Trail Making Test A may not be considered 
a proper validation, and should be repeated in a 
separate setting.

Neurocognitive testing in international settings may 
be influenced by cultural factors, and therefore  
diagnosis which relies solely on test performance 
may lead to misidentifying cognitively normal  
patients as impaired.38 By using culturally 
appropriate normative data and focusing on  
patients with known functional impairment, we  
reduced the likelihood of  misclassifying unimpaired 
subjects. Our decision also reflects the challenges 
clinicians face with competing demands and limited 
resources, making asymptomatic conditions a lower 
priority. 

This focus, however, may require broadening.  
The existing nosology denotes ANI as a distinct 
category from MND and HAD solely based on 
identification of  functional impairment, but  
function is often self-reported and subject to  
inaccuracies.39,40 The long-term outcomes 
associated with ANI have not been conclusively 
demonstrated, but emerging data suggest similar 
neuropsychological impairment levels between 
ANI and MND subjects, and unconfirmed data 
demonstrate correlations between neuropsycho-
logical testing and both brain size and integrity,  
regardless of  the presence of  symptoms.11,17,21,41

Lack of  local, culturally appropriate normative data 
may be an immediate limitation in some settings, 
but the ease of  performing the Trail Making Test A 
also allows for easy testing of  local control subjects 
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to estimate normative performance. In the interim, 
data captured from other settings may be helpful.42 

Similar constraints exist with the IHDS; it has been 
suggested that the cut-point of  the scale should be 
adjusted to account for the demographics of   
different populations.43-45

In conclusion, the IHDS is a useful tool to screen 
for HAD; however, it cannot be recommended for 
identifying all types HAND. In resource-limited 
clinics, adding the Trail Making Test A to the IHDS 
is a promising means of  improving performance 
for symptomatic HAND. 
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Summary and General Discussion

The work presented in this thesis results from a 
decade of  successful international collaborations 
with colleagues in Bangkok, Thailand. As a group, 
the chapters represent a combination of  scientific 
discovery on the topic of  neuroAIDS and the  
development of  research tools to build research  
capacity in Thailand. Our research agenda is  
founded upon the hypothesis that the brain injury 
sustained in the setting of  HIV is driven in large 
part by the host’s inflammatory response to the  
virus. Within this thesis are three reviews that  
provide extensive discussion of  the primary themes 
presented: the pathogenesis of  cognitive disorders 
in the current HIV era (Chapter 2), the role of  
monocyte HIV DNA reservoirs in cognitive  
disorders (Chapter 5) and the limitations inherent 
in current cognitive screens (Chapter 8). The 
reader is referred to these chapters for a detailed 
discussion; a brief  review is provided here.

The neuropathogenesis of  HIV

HIV has long been known to have neurovirulent 
properties. Even with access to treatment, it is now 
estimated that more than 50% of  HIV-infected  
patients will suffer from cognitive impairment,  
although many of  these individuals will not  
recognize this impairment (e.g.: Asymptomatic 
Neurocognitive Impairment by the revised 2007 
criteria).1 Despite having mild or no symptoms, 
these individuals perform worse on tests of   
everyday function, including tasks related to  
medication adherence.2 CD4 T-lymphocyte counts 
and plasma HIV RNA levels used to be helpful in 
identifying risk for cognitive impairment, but these 
blood tests that are typically measured in clinical 
settings are no longer very helpful. A Central  
Nervous System (CNS) penetration effectiveness 
score was established with thoughts that poor  
penetration of  antiretroviral drugs through the 
blood brain barrier would explain persistent brain 
injury despite treatment; however, studies that have 
emerged using this scale clearly identify broad  
limitations to utility in the clinical setting (more in 
Chapter 2).

The hypothesized mechanistic pathway of  brain  
injury in the setting of  HIV includes an active role 

of  cells from the monocyte lineage. More than a 
decade ago, seasoned investigators hypothesized a 
Trojan Horse mechanism for virus entering the 
brain by way of  monocytes trans-migrating the 
blood brain barrier.3 Building on this foundation, 
much of  the science presented in this thesis 
emerged. In Chapter 4, we identified CNS viral 
activity within the first week after viral exposure 
among patients who had not yet developed an  
antibody response to infection. These “hyper-
acute” patients harbored HIV RNA in cerebro- 
spinal fluid (CSF) and demonstrated an  
inflammatory profile within both CSF and brain 
parenchyma (as measured by magnetic resonance 
spectroscopy, MRS). The inflammatory signature 
included indications of  a monocyte-based  
inflammatory response with elevation of  CSF  
neopterin compared to US normative controls. 
Treatment with antiretroviral medication quickly 
suppressed this inflammatory signature.  
Unexpectedly, a small number of  individuals 
(<10%) did not have evidence of  CSF HIV RNA 
despite detectable levels in plasma. These curious 
cases are being followed to determine the clinical 
significance of  this finding.

Among chronically-infected Thai individuals, our 
early work identified the peripheral marker of  HIV 
DNA in circulating monocytes to be a robust  
marker of  dementia in patients with advanced  
disease (Chapters 5 and 6). In this early work 
among 30 chronically- infected, treatment-naïve 
Thais, monocyte HIV DNA completely and  
perfectly separated patients with dementia from 
non-dementia subjects. Moreover, many individuals 
with elevated levels of  monocyte HIV DNA failed 
to suppress this reservoir 12 months following HIV 
RNA suppression in plasma with antiretroviral 
treatment. The analyses were completed in a post-
hoc manner on a cohort enrolled for another  
purpose. We then obtained funding to confirm this 
finding in a prospective manner. Data presented in 
Chapter 7 are yet to be published at the time of  
writing this thesis, but represent the culmination of  
this effort. Here, we enrolled 61 subjects stratified 
by HIV DNA level and prospectively confirmed 
that HIV DNA level is predictive of  cognitive  
impairment among Thais naïve to treatment. We 
also noted a correlation with brain injury by  
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magnetic resonance spectroscopy (MRS). Our find-
ings were independent of  plasma and CSF HIV 
RNA levels. This new work will add appreciably  
to the published literature at a time that HIV  
eradication strategies are focused on activating  
sequestered reservoirs that are not adequately  
targeted by current treatment strategies due to  
latency. While most investigators working on HIV 
cure focus on T-lymphocytes, our work adds  
important data support the view that the monocyte 
reservoir cannot be ignored.

HIV-related cognitive impairment in Thailand

We started our work in Thailand with little  
infrastructure for neuroAIDS research. Thus, our 
earliest work in Bangkok sought simply to confirm 
the presence of  HIV-associated dementia among 
individuals infected with clade AE virus (Chapter 
3).  We noted that published earlier work brought 
into question whether clade E virus induced  
encephalopathy at a time that an international  
interest emerged for comparative studies evaluating 
neurovirulence of  HIV by viral strains, questioning 
if  detrimental or beneficial viral signatures could be 
identified as they relate to brain health and  
proposing that these findings could be exploited to 
improve cognitive outcomes.4 With few validated 
instruments on which to complete this work in 
Thailand, we relied on the gold standard of   
neurologist-confirmed dementia in the setting of  
HIV, excluded other causes, then confirmed the 
presence of  neuropsychological testing  
abnormalities in these individuals. This work also 
demonstrated that some subjects with advanced 
disease, despite not being treated, remained  
cognitively normal, a finding that has been  
described in clade B virus (US and Europe), under-
scoring the multi-dimensional mechanisms of  brain 
injury with HIV infection. We defined the pattern 
of  neuropsychological testing abnormality to have 
similar qualities to that defined in the US with few 
exceptions that may have related to referral bias 
(grooved pegboard testing results were not as  
severely impaired as anticipated). This laid the  
foundation for future work that supported the  
contention that cognitive impairment can be found 
in all subtypes and without clearly defined  
differences in the quality of  presentation.

Building capacity while conducting research

We have had the great privilege of  simultaneously 
developing research capacity while completing 
most of  the work presented in this thesis. Adopting 
the WHO international battery for neuropsycho-
logical testing, we soon found a need for normative 
data acquired in the language and cultural context 
of  Thailand. An effort that has taken more than 5 
years allowed us to acquire nearly 500 normative 
examinations resulting in the first published  
normative database for this battery in Thailand 
(Chapter 9). This dataset will allow future studies 
to investigate HIV-related cognitive disorders in 
Thailand – some studies have already occurred.5,6 
More recently, we analyzed the data from HIV- 
infected subjects with clinical and neuropsycho-
logical testing-based cognitive diagnoses to identify 
the optimal cut-point for the International HIV 
Dementia Scale (IHDS) in Thailand (Chapter 10). 
We highlighted to grave limitations of  this test in 
detecting the cognitive impairment in the era of  
HIV treatments since it failed to identify all but the 
most severe cases of  impairment (dementia).  
Fortunately, adding one simple non-proprietary test 
(Trails A Test) modestly improved the performance 
characteristics of  this screen, allowing us to  
recommend a validation study for the use of  the 
IHDS and Trails A together to screen treatment-
naïve HIV-infected individuals for cognitive  
impairment. Our finding that the IHDS was  
suboptimal was not surprising, as reviewed in 
Chapter 8. The fact that a simple test can greatly 
improve performance was novel but requires  
external validation before it can be broadly  
employed with confidence.

In sum, the work we have been able to accomplish 
through immensely fruitful collaborations not only 
expanded our understanding of  HIV neuropatho-
genesis, but also developed a foundation for future 
discovery. And the work is not complete. New  
studies are now underway which include  
investigation of  neurodevelopment in children  
aging up with HIV and the treatment of  hyper-
acute HIV infected patients with goals of  reducing 
viral reservoirs while contributing to the HIV cure 
agenda. I am grateful to my colleagues who have 
made this international effort a remarkable success.
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Samenvatting en Discussie

Het werk dat in dit proefschrif  gepresenteerd wordt 
is het resultaat van een decade van succesvolle  
internationale samenwerking met collega’s in  
Bangkok, Thailand. De hoofdstukken  
vertegenwoordigen een combinatie van  
wetenschappelijk onderzoek op het gebied van 
neuroAIDS en de ontwikkeling van “research 
tools” om onderzoekscapaciteit in Thailand op te 
bouwen. Onze onderzoeksagenda stoelt op de  
aanname dat de hersenschade die gezien wordt als 
gevolg van HIV infecties voor een groot deel 
veroorzaakt wordt door de ontstekingsreactie van 
de gastheer op het virus. Het proefschrift bevat drie 
overzichtsartikelen die een uitgebreide  
discussie bevatten van de primaire thema’s waar het 
om gaat: de pathogenese van cognitieve  
aandoeningen in het huidige HIV tijdperk  
(hoofdstuk 2); de rol van monocytaire HIV DNA 
reservoirs bij cognitieve afwijkingen (hoofdstuk 5); 
en de beperkingen die inherent zijn aan de huidige 
cognitieve screens (hoofdstuk 8). De lezer wordt 
naar deze hoofdstukken verwezen voor een  
gedetailleerde discussie; hier volgt slechts een 
beperkt overzicht. 

De neuropathogenese van HIV

Het is allang bekend dat HIV neurovirulent is. Zelfs 
met toegang tot antiretrovirale behandeling, wordt 
nu geschat dat meer dan 50% van mensen met een 
HIV infectie last zal krijgen van cognitieve beperkin-
gen , hoewel veel van deze individuen dit niet als 
zodanig zullen herkennen (“Asymptomatic Neuro-
cognitive Impairment” volgens de herziene 2007 
criteria).1 Ondanks het feit dat deze 
individuen milde of  geen symptomen hebben, doen 
ze het relatief  slecht in tests van alledaagse functies, 
inclusief  functies van belang voor therapietrouw.2 
CD4 T-lymfocyten aantallen en plasma HIV RNA 
gehaltes waren voorheen behulpzaam bij het  
inschatten van het risico op cognitieve  
beperkingen, maar deze zijn in het tijdperk van  
effectieve antiretrovirale therapie niet meer zo 
bruikbaar voor dit doel. A “Central Nervous  
System (CNS) Penetration Effectiveness Score” 
werd ontwikkeld met als achterliggende gedachte 
dat slechte penetratie van antiretrovirale middelen 

door de blood-brain-barrier persistente  
hersenafwijkingen tijdens antiretrovirale therapie 
kon verklaren. Studies die deze score hebben  
gebruikt laten echter de nodige beperkingen zien 
(meer in Hoofdstuk 2).

De theoretische basis van hersenschade ten gevolge 
van HIV vraagt om een actieve rol van cellen van de 
“monocyten-lineage”. Meer dan 10 jaar geleden 
werd door ervaren onderzoekers de hypothese  
gelanceerd dat er een “Trojan Horse” mechanisme 
bestond, waardoor virus het brein binnen kon 
komen via monocyten die door de blood-brain- 
barrier transmigreerden.3 Veel van het werk in dit 
proefschrift bouwt verder op deze basis. In 
hoofdstuk 4 identificeren we virale activiteit in het 
centrale zenuwstelsel (CZS) in de eerste week na 
oplopen van de HIV infectie, in patiënten die nog 
geen antistof  respons tegen HIV ontwikkeld  
hadden. Bij deze “hyper-acute” atiënten kon HIV 
RNA in de liquor (CSF) worden gevonden en ze 
lieten verder een “inflammatory profile” in zowel 
CSF als brein-parenchym (gemeten met magnetic 
resonance spectroscopy, MRS) zien. Het  
inflammatoire beeld liet onder meer een  
monocytaire ontstekingsreactie en verhoogde CSF 
neopterine gehaltes zien in vergelijking met US 
controles. Behandeling met antiretrovirale  
medicate onderdrukte deze inflammatoire reactie 
snel. Bij een klein aantal individuen (<10%) kon 
geen HIV RNA in de CSF worden aangetoond,  
ondanks aantoonbaar HIV RNA in plasma. Deze 
opmerkelijke gevallen worden verder gevolgd om 
de klinische relevantie van deze bevinding vast te 
stellen. 

Ons vroege werk identificeerde HIV DNA in  
circulerende monocyten als een robuuste marker 
van dementie in Thaise patiënten met een  
chronische vergevorderde HIV infectie  
(hoofdstukken 5 en 6). In dit vroege werk in 30 
antiretroviraal-naïeve Thai bleek de hoeveelheid 
monocyten HIV DNA perfect individuen met of  
zonder dementie te scheiden. Bovendien bleek dat 
in veel individuen met verhoogde gehaltes aan 
monocyten HIV DNA, antiretrovirale therapie dit 
reservoir 12 maanden na plasma HIV RNA  
suppressie niet onderdrukte. Deze analyses waren 
post-hoc gedaan in een cohort van patiënten dat in 
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eerste instantie met een ander studiedoel 
gerekruteerd was. Daarna kregen we de  
mogelijkheid deze bevindingen in een prospectieve 
studie te bevestigen. De data die in hoofdstuk 7 
gepresenteerd worden moeten nog gepubliceerd 
worden, maar vormen de culminatie van deze  
inspanning. In deze studie sloten we 61 personen in 
die gestratificeerd werden naar HIV DNA gehalte 
in perifere monocytaire cellen en konden  
bevestigen dat dit voorspellend is voor  
vermindering van cognitieve functies; dit  
onafhankelijk van plasma- en CSF HIV RNA  
hoeveelheden. We vonden ook een correlatie tussen 
de grootte van het monocytaire HIV DNA  
reservoir en tekenen van breinschade gevonden 
met “magnetic resonsnce spectroscopy” (MRS). 
Dit nieuwe werk zal een belangrijke bijdrage  
leveren aan de gepubliceerde literatuur in een tijd 
dat strategieën gericht op curatieve therapie van 
HIV focussen op het aanpakken van  
gesequestreerde virale reservoirs die met de huidige 
behandelingen niet bereikt worden. Terwijl de 
meeste onderzoekers zich richten op T lymfocyten, 
laten onze data zien dat het monocyten reservoir 
niet genegeerd kan worden.

HIV-gerelateerde vermindering van cognitieve 
functies in Thailand

We zijn ons werk in Thailand begonnen terwijl er 
weinig infrastructuur was voor neuroAIDS  
onderzoek. Daarom was ons vroegste werk in  
Thailand simpelweg gericht op het bevestigen van 
het vóórkomen van HIV-geassocieerde dementie in 
personen die geïnfecteerd waren met clade AE  
virus (hoofdstuk 3). Eerder gepubliceerd werk 
stelde vraagtekens bij het veroorzaken van HIV-
encefalopathie door clade E virussen in een tijd dat 
de internationale belangstelling voor het vergelijken 
van de neurovirulentie van verschillende HIV  
stammen toenam, met als doel om vast te stellen of  
er wat dit betreft gunstige of  ongunstige virale  
“signatures” waren en om te zien of  deze  
bevindingen konden worden geëxploiteerd om 
cognitieve uitkomsten te verbeteren.4 Aangezien er 
weinig gevalideerde instrumenten waren om dit 
werk in Thailand te doen, moesten we ons verlaten 
op de gouden standaard van de door een neuroloog 
bevestigde diagnose van dementie in het kader van 

een HIV infectie, andere oorzaken uitsluiten en 
vervolgens in deze individuen de aanwezigheid van 
abnormale neuropsychologische testresultaten  
confirmeren. Dit werk demonstreerde onder meer 
dat in sommige personen met een vergevorderde 
HIV infectie, die geen antiretrovirale therapie 
ontvingen, er geen cognitieve afwijkingen  
gevonden werden. Dit fenomeen is ook beschreven 
in clade B virus infecties in de VS en Europa en 
onderschrijft het multidimensionele karakter van 
hersenschade bij HIV infecties. Het patroon van 
afwijkingen gevonden bij neuropsychologisch 
onderzoek leek op dat gevonden in de VS, met  
enkele uitzonderingen, die mogelijk het gevolg zijn 
van referral bias (“grooved pegboard” test  
resultaten waren minder afwijkend dan verwacht). 
Dit werk legde de basis voor toekomstig werk dat 
ondersteunde dat cognitieve beperkingen in alle 
HIV subtype infecties kunnen optreden en dat er 
geen duidelijke verschillen in de presentatie zijn. 

Capaciteitsopbouw tijdens het doen van  
onderzoek

We hebben het grote voorrecht gehad om  
onderzoekscapaciteit op te bouwen terwijl we het 
onderzoek dat in dit proefschrift gepresenteerd 
wordt uitvoerden. Terwijl we de WHO  
“international battery for neuropsychological  
testing” gebruikten, vonden we al snel dat er  
behoefte was aan normatieve data die verzameld 
waren in de taal en culturele context van Thailand. 
Een inspanning die meer dan vijf  jaar gekost heeft 
heeft ons in staat gesteld om bijna 500 normatieve 
onderzoeken te verrichten, die geresulteerd hebben 
in de eerste gepubliceerde normatieve database 
voor de “WHO batterij’ in Thailand (hoofdstuk 9). 
Deze dataset is van belang voor vervolg-studies be-
treffende HIV-gerelateerde cognitieve afwijkingen 
in Thailand, waarvan er al enkele gepubliceerd 
zijn.5,6 

Recentelijk hebben we de data geanalyseerd van 
HIV-positieve personen met klinische en op  
neuropsychologische tests gestoelde diagnoses van 
cognitieve afwijkingen, om de optimale cut-off  
voor de International HIV Dementia Scale (IHDS) 
in Thailand te bepalen (hoofdstuk 10). We 
benadrukken de ernstige beperkingen van deze test 
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in de era van HIV-behandeling, omdat er alleen de 
ernstigste gevallen van cognitieve schade  
(dementie) mee konden worden aangetoond.  
Gelukkig bleek het toevoegen van één niet- 
gepatenteerde test (Trails A Test) de uitkomsten 
van de IHDS te verbeteren, hetgeen tot de  
aanbeveling leidt een validatie studie van gelijktijdig 
gebruik van de IHDS en Trail A te doen in  
antiretroviraal-naieve patiënten. Onze bevinding 
dat de IHDS test niet optimaal was, is overigens 
niet verbazingwekkend (zie hoofdstuk 8).

Samenvattend: het werk dat we hebben kunnen 
doen door zeer vruchtbare samenwerking, heeft 
niet alleen ons begrip van de HIV-neuro- 
pathogenese vergroot, maar ook de basis gelegd 
voor toekomstige ontdekkingen. En, het werk is 
niet afgerond. Nieuwe studies zijn gaande die onder 
meer naar “neurodevelopment “ kijken in kinderen 
die opgroeien met een HIV infectie en naar de  
behandeling van hyperacute HIV-infecties met het 
oog op reductie van virale reservoirs in het kader 
van de “HIV cure” agenda. 

Ik ben mijn collega’s die deze internationale  
samenwerking zo’n succes hebben gemaakt dank 
verschuldigd.
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