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229 varied autopsy tissues from 20 ART-
treated patients with low or undetectable
plasma viremia and cerebral fluid (CSF) VL 
prior to death, were analysed. HIV-DNA 
(>200 cp/106 cell) was identified in 48/87 
brain tissues and 82/142 non-brain 
tissues. Abnormal histological findings
were identified in all partecipants (brain, 
spleen, lung, lymph node, liver, aorta and 
kidney).

Tissues assayed with the number of HIV+ (red) 
and HIV- (green) tissues identified
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HIV DNA was detected in
most body tissues despite
long-term ART and
confirmed undetectable
HIV RNA at the time of
death. Based on the FL
HIV-env sequencing, most
HIV reservoirs appeared
to be intact provirus and
may present different viral
tropisms



In the quest for a functional cure or eradication of HIV infection, we need to know how
large the reservoirs are from which infection rebounds when treatment is interrupted.
To that end, we quantified SIV and HIV tissue burdens in tissues of infected non-human
primates and lymphoid tissue (LT) biopsies from infected humans. Before antiretroviral
therapy (ART), LTs harbor more than 98 percent of the SIV RNA+ and DNA+ cells.
While ART substantially reduced their numbers, vRNA+ cells were still detectable and
their persistence was associated with relatively low drug concentrations in LT compared
to peripheral blood. Prolonged ART also reduced the level of SIV and HIV-DNA+ cells, but
the estimated size of the residual tissue burden of 108 vDNA+ cells that potentially
harbor replication competent proviruses, along with the evidence for continuing virus
production in LT despite ART, identify two important sources for rebound following
treatment interruption.
The large sizes of these tissue reservoirs underscore the challenges in developing “HIV
cure” strategies that target multiple sources of virus production

Jacob D Estes Nature Medicine 2017

Defining total-body AIDS-virus burden with 
implications for curative strategies



Graphical representation of the proportion of vRNA+ cells in each
organ system before and during suppressive ART.

Jacob D Estes Nature Medicine 2017

Defining total-body AIDS-virus burden with 
implications for curative strategies

During ART the numbers of virus (v) RNA+ cells substantially decreased
but remained detectable. 
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Visual characterization of 
macrophage: T cell
interaction dynamics 
within a 3D environment
reveals that HIV infection 
alters the morphology
and cell-cell contact 
behaviors with 
susceptible
T cells.

Env:CD4 and LFA-
1:ICAM-1 contacts 
between infected 
macrophages and T 
cells are required for 
stable contact 
formation and optimal 
viral spread to T cells.



Viral spread from macrophages to CD4+T 
lymphocytes

• in vitro infection of MDM leads to
accumulation of infectious particles in a
surface-connected vesicular compartment
termed the virus-containing compartment
(VCC) (Deneka et al., 2007; Jouve et al.,
2007; Welsch et al., 2007)

• Infectious virus may be stored within the VCC
for extended periods (Sharova et al., 2005)
and then transferred rapidly to contacting
CD4+ T cells (Giese and Marsh, 2014;
Gousset et al., 2008; Groot et al., 2008).

• human CD169+ macrophages efficiently
capture blood- or lymph-borne retroviruses in
spleen and lymph nodes

2015



ART treatment is effective in preventing macrophage to T cell HIV spread at 
doses that inhibit infection by free virus.
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• The HIV-1 sanctuary: new insights
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HIV RNA and proviral HIV DNA can be detected in 
semen after 6 months of antiretroviral therapy 

although HIV RNA is undetectable in blood

Du et al Microbiol Immunol 2016



Higher diversity in the genital 
compartment suggests distinct
evolutionary dynamics.



Unique viral populations are observed in seminal plasma
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• The HIV-1 sanctuary: the meaning of
compartmentalization



Compared with concentrations in PBMCs, the concentration of 
TFV, FTC, ATV, DRV and EFV was lower in the lymphatic tissue

compartment, particularly in the lymph node.

Fletcher, PNAS 
2014



Lee, et al Abstr 407, CROI 2017

• This is the first study to evaluate GALT and
LN tissue concentrations in patients
receiving RAL and 800 mg daily DRV.

• Tissue:plasma ratios were higher in
ileum>rectum as shown previously, and
lowest in lymph node.

• In a limited number of participants,
concentrations of RAL were significantly
lower in lymph nodes vs. GALT, supporting
prior observations.

• These results support the current limited
data on tissue ART drug concentrations and
have potential implications on HIV cure
strategies.



Untreated
Treated

RALT: rectum
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Dispersal of viral populations among tissue and evidence of activated
macrophages surrounding HIV-1 expressing cells

Rose R et al., 2016



Factors that may influence 
compartmentalization, transcriptional 

potential, virus spread

• Physical isolation of a particular tissue/cell type

• Local concentrations of antiviral drugs and/or drug resistance

• Altered requirements for target cell entry and recognition (ENV 
variability, altered transcriptional potential, CTL escape…)



Conclusions

 Even if the most important hiding places for HIV
have been characterized, new sanctuaries and
the trafficking among them is still a focus of
HIV research

 Unmet need: The attention should be posed on
viral factors influencing
compartmentalization, reservoir seeding and
persistence.



Grazie per l’attenzione!
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