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Definitions

Residual viremia: Persistent HIV-RNA measured in

plasma at levels below the limit of detection of the

standard clinical assay

Viral reservoir: An anatomical site or cell type in

which a replication-competent form of HIV persists

accumulating with more stable properties than the

circulating pool of replicating virus. This HIV can

persist even during effective therapy.



The HIV hiding places



A lot of progresses has been done...



Berlin Patient: Summary of Results From Follow-
Up Tests for Viral Persistence (2011-2012)

Yukl SA, et al. PLoS Pathog. 2013

Testing Laboratories

(Positive Results/Total Number) Consensus

Typical Levels With ART 

Viral  Suppression

Fold 

Difference

Plasma HIV RNA 2/4 ?Intermittent positive

?<1 copy/mL

1-2 copy/mL 2-20

PBMC

HIV DNA

HIV RNA

0/4

0/3

Negative (<1 in 106-7)

Negative (<1 in 106-7)

751/106 total PBMC

66/106 total PBMC

750-7500

66-660

Sorted cells from blood

HIV DNA

HIV RNA

0/1

0/1

Negative

Negative

Unknown

Unknown

--

--

Peripheral CD4+ T (IUPM) 0/2 Negative (<1 IU/107-9) 1/106 CD4+ T cell 10-1000

CSF HIV RNA 0/2 Negative -- --

CSF cells HIV DNA 0/1 Negative -- --

Lymph node

HIV DNA

HIV RNA

0/1

0/1

Negative

Negative

1-12 copies/100 ng

<4 log10 copies/g

--

--

Rectum (biopsy or cells)

HIV DNA

HIV RNA

1/2

0/3

?Intermittent positive

Negative (<1 in 106-7)

777/106 total gut cells

21/106 total gut cells

780

21-210

Ileum (biopsy or cells)

HIV DNA

HIV RNA

0/1

0/2

Negative (<1 in 106)

Negative (<1 in 106)

415/106 total gut cells

37/106 total gut cells

415

37



..., but much more is needed

Latent infected cells

KEPLEF-186F



After 25-years improving therapies 

HIV cure is not feasible yet 

Adapted from Hilldopher et al Current HIV AIDS report 2012



Despite this profound antiviral effect, low level residual

viremia persists in most patients on current antiretroviral

therapy

S. Palmer et al., J Int Med 2011



Where does the residual viremia came from?

Where we are?



Shen, J Allergy Clin Immunol 2008  

 Ongoing virus replication in 

sanctuary cellular or body 

compartments due to poor 

drug penetration or activity

 Virus reactivation in latently 

infected cells in response to 

stochastic antigenic 

stimulation, with presence of  

HAART ensuring that new 

cells cannot be productively 

infected

Two models to explain residual 

viraemia



By measuring HIV DNA levels in sorted CD4+ T cell subsets, Chomont et al 

showed that the majority of the reservoir resides in central memory(TCM) and 

transitional memory (TTM) CD4+ T cells.

The relative contribution of TCM and TTM to the reservoir varied from one patient 

to another. 

Patients with high CD4+ cell counts had their reservoir mainly located in TCM, 

although TTM constituted the main reservoir in patients with low CD4+ cells. The 

TCM reservoir was maintained through T cell survival, and the TTM reservoir 

through homeostatic proliferation involving interleukin-7 (IL-7).

This work also showed that the naïve CD4+ T cell subset contribution to the 

reservoir was marginal (1.9%).



Long half-life of the latent reservoir

Finzi D, Blankson J, Siliciano JD et al. Latent infection of CD4+ T cells provides a mechanism for lifelong persistence of HIV-1, even in patients 

on effective combination therapy.; Nat Med. 1999 May;5(5):512-7.





2018





Ongoing replication vs Homeostatic proliferation in LN:

unresolved question



Modified from Lorenzo-Redondo, et al Nature 2016

The low drug concentration causes virus evolution and 

trafficking between tissue compartments in patients with 

undetectable levels of virus in their bloodstream

Main

Compartment

(blood)

-> high drug

concentration

Sanctuary site 

(lymphoid tissue) 

-> low drug

concentration



Ongoing replication vs Homeostatic proliferation in LN:

unresolved question



CROI 2018



CROI 2018



• Where can we find replication competent

provirus? Where we are



Rapid accumulation of defective proviruses…

as early as two to three weeks after infection to make up over 93% of all

proviruses, regardless of how early ART is initiated

LTR   gag

  pol

  vif

  vpr

  vpu  nef

  tat

rev

LTR

gag   env

Bruner et al, Nat Med 2016



• The vast majority of proviruses that persist on ART are defective. Of

the minority that are intact (~2%), the fractions that are latent or

replicative competent are not known.

• These “ZOMBIE” proviruses (Imamichi, H. et al., International AIDS

Conference, 2014) lack the ability to produce intact viruses but can

inflict harm by producing foreign nucleic acids and proteins.

Persistence of these proviruses may explain the persistent

seropositivity to HIV-1 and persistent immune activation seen in

patients with "undetectable" virus.





Nature 2017

CD32a expression in 

PBMCs pool from 3 

different HIV-1 positive 

patients 
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- Macrophages as Viral Tissue Reservoirs

Modified from Leonardo J. Galvão-Lima, Braz J Inf Dis 2017



- And allow the viral spread to CD4+T cell

• 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



2017



• The HIV-1 sanctuary: new insights



CROI 2018



CROI 2018



PULMONARY MUCOSAL T CELLS AS POTENTIAL HIV 

RESERVOIRS DURING LONG-TERM ART 

Author(s):  

Syim Salahuddin1, Omar Farnos2, Ron Olivenstein3, Aurelie Le Page1, Amelie Pagliuzza4, Christina de Castro1, 

Jean Bourbeau3, Petronela Ancuta4, Bertrand Lebouché1, Jean-Pierre Routy1, Nicolas Chomont4, Cecilia Costiniuk1, 

Mohammad-Ali Jenabian2 

CROI 2018

Cells from bronchoalveolar lavage (BAL), obtained by bronchoscopy, and matched peripheral blood samples 

were collected from n=16 HIV+ individuals without respiratory symptoms and under long-term suppressive ART 

(undetectable plasma viral load and CD4 count higher than 350 cells/mm3 for at least 3 years). T-cell subsets 

were characterized by flow cytometry, and total and integrated HIV DNA were assessed by ultrasensitive PCR. 

Paired t-test was used in statistical analyses. 

In virally suppressed HIV+ adults, the lungs contain higher levels of HIV DNA and higher frequencies of various 

T cell subsets known as preferential HIV reservoirs including CCR6+ and CD32a+ CD4 T cells as well as 

activated DN T cells when compared to peripheral blood. This particular distribution of mucosal T cells could 

contribute to the preferential persistence of HIV reservoirs within the lungs. 



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



• 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.





2015



2017



2016



Dispersal of viral populations among tissue and evidence of activated

macrophages surrounding HIV-1 expressing cells

Rose R et al., 2016
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1. Brain derived-viruses were compartmentalized from virus in

tissue outside the brain. Lymph nodes, blood, lung and colon

sequences were interspersed.



1. ENV from brain tissues conferred high level of infectivity to

macrophages in contrast to colon, lymph nodes, lungs.

Complete exclusion of X4 variants in brain



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…)



Alteri et al., Submitted

HIV-1 B subtype genetic evolution and impact on its pathogenic 1 

potential over the years 2003-2016 2 



Cillo & Mellors, Current opinion in virology 2016

In this scenario, a hybrid cure allowing the 

reduction in the size and diversity of the 

latent reservoir could be considered



Markers for HIV-1 

persistence:

Residual viremia



HIV-1 RNA Levels Over 50 wks of Suppressive 

Antiretroviral Therapy

Maldarelli et al., Plos Pathog 2007

Single copy assay results revealed that >80% of patients on

initial antiretroviral therapy for 60 wks had persistent viremia of

one copy/ml or more with an overall median of 3.1 (range 1-49)

copies/ml.

Longitudinal studies revealed no

significant decline in the level of

viremia between 60 and 110 wks of

suppressive antiretroviral therapy.

These data suggest that the

persistent viremia on current

antiretroviral therapy is derived, at

least in part, from long-lived cells

that are infected prior to initiation of

therapy.



Several studies demonstrated that an increased risk of

virological failure remains even in responder patients

with very low copies of viral replication during ART.

• Lambert-Niclot S, et al. Analysis and impact of ultra sensitive viral load on virological failure in 3 protease inhibitor

monotherapy trials as simplification regimen (ANRS and IMEA Studies). IAS 2017, abstract MOPEB0318.

• Gianotti N, et al., Refining criteria for selecting candidates for a safe lopinavir/ritonavir or darunavir/ritonavir monotherapy in

HIV-infected virologically suppressed patients. PLoS One 2017;12(2):e0171611.

• Gianotti et al., HIV DNA loads, plasma residual viraemia and risk of virological rebound in heavily treated, virologically

suppressed HIV-infected patients. Clin Microbiol Infect. 2015 21:103.e7-103.e10.

• Álvarez Estévez M, et al. Quantification of viral loads lower than 50 copies per milliliter by use of the Cobas AmpliPrep/Cobas

TaqMan HIV-1 test, version 2.0, can predict the likelihood of subsequent virological rebound to >50 copies per milliliter. J Clin

Microbiol. 2013, 51:1555-7.

• Maggiolo F, et al. Ultrasensitive assessment of residual low-level HIV viremia in HAART-treated patients and risk of virological

failure. JAIDS. 2012;60:473-82.

• Doyle T, et al.. Plasma HIV-1 RNA detection below 50 copies/ml and risk of virologic rebound in patients receiving highly active

antiretroviral therapy. CID 2012, 54:724-32.

• Charpentier C, et al. Persistent low-level HIV-1 RNA between 20 and 50 copies/mL in antiretroviral-treated patients: associated

factors and virological outcome. JAC 2012.67:2231-5.

• Lambert-Niclot S, et al. Factors associated with virological failure in HIV-1-infected patients receiving darunavir/ritonavir

monotherapy. J Infect Dis. 2011, 204:1211-6.

• Bonora S, et al. 2009. Ultrasensitive assessment of residual HIV viremia in HAART-treated patients with persistently

undetectable plasma HIV-RNA: a cross-sectional study. J Med Virol. 81:400–405.
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Lambert-Niclot et al., CID 2018

Ultrasensitive HIV-1 viral load appears to be a useful virological

marker to RV and VF at W96 for patients under PI/r monotherapy as

well as for those under triple therapy



Markers for HIV-1 

persistence:

Total HIV-DNA



In particular, HIV-1 DNA may be a strong predictor 

of :
• clinical progression (CD4 <350) in absence of cART.

• clinical progression (CD4 <350) following treatment 

interruption.

• time to viral rebound.

Williams, eLife 2014



Total HIV DNA is associated with other easier-

to-measure parameters in patients under 

successful therapy 

• Pre-therapy plasma HIV RNA

– Hocqueloux, JAC 2013; Lambert-Niclot, PLoS ONE 2012

• Residual viremia, even when simply classified as detectable vs. 

undetectable 

– Chun, JID 2011; Lambert-Niclot, PLoS ONE 2012; Mexas, AIDS 

; Parisi et al., JCM 2012; Falasca et al., JAIDS 2015; Parisi, CMI 

2015.

• Nadir CD4 counts 

– Watanabe, BMCID 2011; Lambert-Niclot, PLoS ONE 2012

• Duration of suppression of plasma HIV RNA

– Watanabe, BMCID 2011

• Earlier treatment start

– Hocqueloux, JAC 2013



Pre-ART HIV-1 DNA in CD4+T-cells correlates with baseline viro-immunologic 
status and outcome in patients under first-line ART
Francesca CECCHERINI-SILBERSTEIN1*, Alessandro COZZI LEPRI2, Claudia ALTERI14 , Esther MERLINI3, Matteo SURDO1,4, Giulia
MARCHETTI3, Maria Rosaria CAPOBIANCHI55 , Andrea DE LUCA6, Nicola GIANOTTI7, Pierluigi VIALE8, Massimo ANDREONI1, Andrea
ANTINORI56 , Carlo Federico PERNO5,9, Antonella D’ARMINIO MONFORTE3 7 on behalf of ICONA Foundation Study Group†

Abstract

Objectives: We evaluated the association between pre-ART HIV-DNA and HIV infected participants’ characteristics

at baseline as well as with their response to first-line ART.

Methods: 433 patients of the ICONA-cohort, starting first-line ART after year 2000 were analysed. Pre-ART HIV-

DNA was quantified with a modified COBAS TaqMan-HIV-1 Test, and normalized by CD4+ T-cells. Linear

correlation between pre-ART HIV-DNA and other continuous markers (HIV-RNA, CD4 count, markers of

inflammation and coagulation) at baseline was evaluated by means of Pearson correlation coefficient and linear

regression-model. Survival-analyses and Cox regression models were used to study the association between pre-

ART HIV-DNA and time to viro-immuno-clinical events.

Results: Pre-ART HIV-DNA (median [IQR]: 10,702 [3,397-36,632] copies/106 CD4+ T-cells) was correlated with

pre-ART HIV-RNA (R-square=+0.44, (p<0.0001)), CD4+ T-cells (-0.58, (p<0.0001)), CD4/CD8 ratio (-0.48,

(p<0.0001)), while weaker correlations were observed with CD8+ T-cells (-0.20, p=0.01), IL-6 (+0.16, p=0.002) and

sCD14 (+0.09, p=0.05). Patients with higher pre-ART HIV-DNA showed lower rate and delayed virological response

(defined as HIV RNA≤50 copies/mL), compared with those having lower HIV-DNA (67.2% for >10,000 copies/106

CD4+ T-cells, 81.1% for 1,000-10,000, and 86.4% for 10-1,000,p=0.0004). Higher pre-ART HIV-DNA also

correlated with increased risk of virological rebound (defined as HIV RNA>50 copies/mL) by 24-months (17.2% for

>10,000, 7.4% for 1,000-10,000, 4.3% for 10-1,000, 42 p=0.0048). Adjusted hazard-ratios of all virological rebound

definitions confirmed these findings (p<0.02).

Conclusion: Pre-ART HIV-DNA, along with HIV-RNA and CD4+ T-cells count, should be considered as a new

staging marker, to better identify people at lower (or higher) risk of viral rebound following achievement of

virological suppression ≤50 copies/mL.

Accepted on JAC



Ceccherini-Silberstein et al. , Accepted on JAC

As expected, correlations between higher levels of pre-ART HIV-DNA and 1)
higher plasma HIV-RNA, 2) lower CD4+ T-cells and 3) lower CD4/CD8 ratio, all
collected at baseline of ART, were confirmed by significant linear correlations.



By considering the 397 patients achieving virological suppression, the
probability of experiencing virological rebound, defined by 2 confirmed
plasma HIV-RNA >50 copies/mL, was 12% (95% CI: 8.6-15.5). By stratifying
patients for the 3 different pre-ART HIV-DNA levels, increasing rates of
virological rebound were found by increasing pre-ART HIV-DNA.

17.2%

7.4%
4.3%

15.2%

4.8%

0%

Ceccherini-Silberstein et al. , Accepted on JAC



Prognostic value of pre-ART HIV-DNA and pre-ART HIV-RNA 

on virological rebound

Looking at the risk of virological rebound in people who initially achieved
virological suppression, in the bivariable model only patients with a higher pre-
ART HIV-DNA were at higher risk of virological rebound, with all definitions of
rebound (confirmed >50 copies/mL, confirmed >200 copies/mL, or single >1,000
copies/mL), independently of pre-ART HIV-RNA (HR [95% CI]: 1.96 [1.32–2.92];
HR [95% CI]: 2.94 [1.58–5.47], HR [95% CI]: 2.24 [1.36, 3.70], respectively).

In contrast, after controlling for HIV-DNA, pre-ART HIV-RNA was not associated
with the risk of viral rebound which ever was the definition.

Interestingly, in all three models with adjustment for other confounding factors,
higher pre-ART HIV-DNA was confirmed to be the only factor to have a strong
prognostic value for viral rebound, whatever definition was applied for it.

Ceccherini-Silberstein et al. , Accepted on JAC



DETERMINANTS OF HIV-1 RESERVOIR 

SIZE AND LONG-TERM DYNAMICS 

UNDER SUPPRESSIVE ART

Bachmann N, AB: LB69 



Various studies have shown that the level of baseline HIV-

DNA can also influence the maintenance

of virological success under simplification therapy

2013

Virological Factors Associated With Outcome of Dual ETR/RAL Therapy (ANRS-163 Trial)

Cathia Soulie, Lambert Assoumou, Sophie Sayon, Thuy Nguyen, Marc-Antoine Valantin, Virginie Ferre, Chakib Alloui, Brigitte Montes,

Véronique Avettand-Fenoel, Constance Delaugerre, Diane Descamps, Esteban Martinez, Jacques Reynes, Gilles Peytavin, Dominique

Costagliola, Christine Katlama, Vincent Calvez, Anne-Geneviève Marcelin.

PS6/4

FACTORS PREDICTING VIROLOGICAL FAILURE DURING DOLUTEGRAVIR MAINTENANCE MONOTHERAPY
Ingeborg Wijting, Sofie L. Rutsaert, Casper Rokx, David M. Burger, Elrozy Andrinopoulou1, Linos Vandekerckhove, Bart 
Rijnders



The level of baseline HIV-DNA is also associated

with the level of HIV-DNA, residual viremia and/or

the presence of viral blips after therapy simplification



Markers for HIV-1 

persistence:

CA HIV-RNA



Viral transcriptional activity as future marker for 

clinical progression and therapy monitoring (?)

Modified from Pasternak, Abstr N. 286 CROI 2017



Pasternak, Abstr N. 286 CROI 2017



• The spotlight  entry of  CRISPR/Cas9 technology

J Neurovirology 2015

Science 2013

PNAS 2014



• The spotlight  entry of  CRISPR/Cas9 technology

Science 2013

The type II prokaryotic CRISPR (clustered regularly interspaced

short palindromic repeats)/Cas nuclease adaptive immune system

has been shown to facilitate RNA-guided site-specific DNA

cleavage.

We engineered two different type II CRISPR/Cas systems and

demonstrate that Cas9 nucleases can be directed by short RNAs to

induce precise cleavage at endogenous genomic loci in human and

mouse cells. Cas9 can also be converted into a nicking enzyme to

facilitate homology-directed repair with minimal mutagenic activity.



Gene Therapy 2016

Crispr/Cas9 inoculation resulted in the cleavage of integrated HIV-1 DNA and 

substantially decreased the level of viral gene expression in circulating blood 

lymphocytes







From Soriano V. in Gene Therapy with CRISPR/Cas9 Coming to Age for HIV Cure AIDS Rev 2017

“Before moving to the clinic the CRISPR/Cas9 must

solve several major issues:

- Selection of resistance

- Presence of mutant viral strains showing poor or no-

cleavage at all

- Delay but no complete elimination of viral replication

- Need of a safe and effective mechanisms of delivery

- No platform for gRNA candidate evaluation

- No data about access to all tissues (Cas9/gRNA

nanoparticle formulations)



Conclusions

 HIV-1 is incurable to date because effective antiviral
therapies target only replicating viruses.

 The Berlin Patient: a proof of concept that a
“functional cure” may be possible.

 There is still debate regarding the origin of the residual
viremia.

 The identification of cells carrying replication
competent or/ and trascriptionally active viruses is
still far



 Molecular knives, as the CRISPR/Cas9 system, can
excise any genome, thus provide a great opportunity to
destroy the HIV-1 genome….a promising pathway to
HIV cure….

 Treating patients as soon as possible at the early
stages of acute infection

Today still essential the construction and
management of antiretroviral therapy designed taking
into account a long-term strategy finalized to
decrease to the lowest possible level of HIV
replication and disease /comorbidity progression

Conclusions


