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The Majority of People Living with HIV Infection In the 
US Are Over Age 50 Years   



HIV Infection Entry Into CNS Prior to ARV 

(Modified) Zayyad, Zaina, and Serena Spudich Current Hiv/Aids Reports, 12(1), pp.16-24. 



Multiple Anatomical Compartments Exist for CNS HIV Infection  

CSF 

(Modified) Zayyad, Zaina, and Serena Spudich Current Hiv/Aids Reports, 12(1), pp.16-24. 



(Modified) Valcour V et al Journal of  Infectious Diseases, 206(2), pp.275-282.   

HIV Enters the Central Nervous System 
Early in Acute Infection 



HIV Enters the Central Nervous System 
Early in Acute Infection 

(Modified) Valcour V et al Journal of  Infectious Diseases, 206(2), pp.275-282.   



Neuroinflammation and Neuroanatomical 
Changes Occur in Acute HIV Infection   

Spudich, Serena, et al.  Journal of Infectious Diseases 204.5 (2011); 753-760. Kessing, Cari F., et al. JAIDS  75.1 (2017): 108-117; 
 Wright, Patrick W., et al.  AIDS 30.11 (2016): 1789-1794. 

 



Neuroinflammation Persists in Chronic HIV 
Infection Despite ARV 

Positron emission tomography (PET): 
Abnormal brain uptake of ligand 
targeting activated microglia vs. HIV- 
controls (mean age 40 yrs; ARV 4 years) 

Vera, Jaime H. et al.  Neurology 86.15 (2016); Edén, Arvid, et al. Journal of Infectious Diseases 196.12 (2007): 1779-1783.  
 

CSF: Elevated Neopterin levels and abnormal  intrathecal humoral 
responses in CSF despite ARV (mean age 51 years; ARV 4.8yrs) 



Landscape of Cognitive Impairment in HIV Infection 
has Changed Dramatically with ARV 

Adapted from Saylor et al,  Nature Reviews Neurology, 12(4), pp.234-248; McArthur et al, Aids, 24(9), pp.1367-1370;  
Heaton et al, Journal of neurovirology, 17(1), pp.3-16.; Heaton et al, Clinical Infectious Diseases, 60(3), pp.473-480. 

HAD: HIV associated dementia 
MND: Mild neurocognitive disorder 
ANI: Asymptomatic neurocognitive impairment 

Therapeutic paradox: ARV has reduced prevalence of most severe manifestation of HAND 
(dementia) but not less severe manifestations. 

 HAND may continue to affect daily functions, quality of life, ART adherence 

Slide courtesy of Raj Gandhi 



Slide Courtesy of Kevin Robertson 
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Clinical Spectrum of HIV-Associated Neurocognitive Disorders 
(HAND) 



Adapted from Park et al.,  Visuospatial and Verbal Memory Across the Adult 
Lifespan, Psychol & Aging 17:299-320, 2002 

Cognitive Functioning Across the Lifespan In The 
General Population 
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Key Questions Regarding the Relationship of HIV 
Infection and Age to Cognitive Function 

Earlier onset 
cognitive 
decline 

Interaction with other 
forms of dementia 



Source:  Division of HIV/AIDS Prevention, National Center for HIV/AIDS, Viral Hepatitis, Sexual Transmitted Diseases and Tuberculosis Prevention, Centers 
for Disease Control and Prevention. 

The Challenge: New Diagnoses Among Older People 
Living with HIV Infection Is Population At Risk 

40% had late stage 
infection at HIV 
diagnosis 



Older People Living with HIV Infection Is Population 
At Risk for Cognitive Impairment 

Neurocognitive Testing: The odds of neurocognitive impairment 
increased by 20% every decade of life  in virologically suppressed 
PLWH who were ART adherent at 97% of visits over 2 years (median 
age 38 yrs). 

Coban, Hamza, et al. Aids 31.11 (2017): 1565-1571. 



Early ARV Treatment 

Oliveira, Michelli F., et al.  PLoS pathogens 13.1 (2017); 
 Modified Kore, Idil, et al. Journal of acquired immune deficiency syndromes 70.4 (2015). 

CSF:  Early ART resulted in lower IL-6 and TNF-a levels but 
did not differ for other soluble inflammatory markers (early 
ART [<4mo EDI] vs late ARV [>14mo EDI])  

CSF: Predicted higher percentage of viral diversity 
with longer time to ARV in CSF but not PBMCs 

Neurocognitive Testing:  Early ART resulted in 
subtle improvement in some cognitive test. 
Those with impaired baseline cognitive 
function had higher CSF HIV viral load and did 
not reverse with early ART (Mean age 28, EDI 
19 days, CD4 411) 



Prevention of Metabolic and Cardiovascular Disease 

Nakamoto, Beau K., et al Journal of acquired immune deficiency syndromes 57.3;  
Mukerji, Shibani., et al Clinical Infectious Diseases 63.8  

 

Neurocognitive Studies: Among older (>50 years old) 
HIV+ adults compared to HIV- controls, tobacco use 
and diabetes was associated with worse cognitive 
scores (mean age 55 years). 

Neurocognitive Studies: In longitudinal studies elevated 
total cholesterol predicted increased rate of cognitive 
decline among HIV+ adults (median age 51 years) 



 ARV drugs have variable distribution into the CNS 
and may contribute to neuropathology  
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NRTIs Zidovudine Abacavir Didanosine Tenofovir 

Emtricitabine Lamivudine Zalcitabine 

    Stavudine  

NNRTIs Nevirapine Delavirdine Etravirine 

    Efavirenz     

PIs Indinavir-r Darunavir-r Atazanavir Nelfinavir 

Fosamprenavir-r Atazanavir-r Ritonavir 

Indinavir Fosamprenavir Saquinavir 

Lopinavir-r Saquinavir-r 

Tipranavir-r 
Entry/Fusion 

Inhibitors   Maraviroc   Enfuvirtide 
Integrase  
Inhibitors  Dolutegravir* Raltegravir  Elvitegravir   

Letendre SL, et al Topics in Antiviral Medicine 19(4):137-42; Smurzynski M et al,  AIDS 25(3), p.357.;  
Caniglia, E.C et al Neurology, 83(2), pp.134-141; *informal communication with Scott Letendre   

CNS Penetration Effectiveness Score (CPE) 
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 The relationship between CNS penetration scores 
and neurological outcomes remain unclear  

  
Best, Brookie M., et al. AIDS (London, England) 23.1 (2009); Carvalhal, Adriana, et al. Journal of neurovirology 22.3 (2016); 

 Caniglia, E.C et al Neurology, 83(2), 

CSF: Median CSF concentrations of PIs are up to 100 
fold lower than plasma concentrations event with 
ritonavir boosting.  For Atazanavir, CSF concentrations 
may not consistently exceed wide-type IC50. 

Neurocognitive Testing:  Some studies have shown that individuals with high CPE scores (≥ 9) had better cognitive scores and decreased odds 
of impairment (left). In contrast, other studies have shown that higher CPE scores are associated with increased risk of HIV dementia (right) 



Persistent CNS HIV on ARV with Plasma Viral Suppression:  
CSF ‘Escape’ 

Mukerji., et al. Journal of acquired immune deficiency syndromes 75.2 (2017): 246 



Symptomatic CNS HIV on ARV with Plasma Viral Suppression:  
CSF ‘Escape’ 

CSF Genotype 
PI: I13V, K20R, M36I, I54V, 
L63P, V82A  
NRTI: M41L, E44D, D67N, V118I, 
M184V, L210W, T215Y 
 
3TC* 
ABC* 
LPV/r** 

Peluso, Michael J., et al. AIDS (London, England) 26.14 (2012). 



Tenofovir
-FTC 

Darunavir/ 
ritonavir 

Raltegravir 

Elvitegravir/ 
cobi 

Dolutegravir 
Abacavir- 

3TC 

• No CSF abacavir pharmacokinetic data with daily dosing 

• Good CSF concentration 
• Disadvantage: Less well tolerated than other 

agents 

• Good CSF concentration 
• Disadvantage: twice daily (other agents are 

once daily) 

• No CSF pharmacokinetic data 

• Good CSF concentration 
• Once daily 
• Well tolerated 

Panel on Antiretroviral Guidelines for Adults and Adolescents. Guidelines for the use of antiretroviral agents in HIV-1-infected adults and adolescents. 
Department of Health and Human Services. Available at http://aidsinfo.nih.gov/contentfiles/lvguidelines/AdultandAdolescentGL.pdf. 

+ 

or 

Slide adapted from Dr. Scott Letendre 

Current First-Line Antiretroviral Regimens and  
Neurological Considerations 

http://aidsinfo.nih.gov/contentfiles/lvguidelines/AdultandAdolescentGL.pdf
http://aidsinfo.nih.gov/ContentFiles/AdultandAdolescentGL.pdf


Take Home Points 

• HIV enters the central nervous system early 
• CNS has multiple anatomical compartments  

• CSF is one representative biofluid 

• Neuroinflammation is established early in HIV infection and persists 
in chronic infection despite ART 

• Neurological Cognitive Impairment is Common Among HIV infected 
Individuals on ART and Increases with Age 

• Metabolic and Cardiovascular Disease Risk Factors are Targets to 
Impact Cognitive Function 

• ART does not equally penetrate all tissue compartments  
• CSF resistance may be considered in patients with new neurological symptoms 

 

 


