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Is HIV ERADICABLE???

From real lives to research: lessons from HIV 
cure cases



2006



AT 3 YEARS OF AGE, TESTS FOR HIV ANTIBODIES, DNA, P24, RNA, AND VIRAL COLTURES
WERE NEGATIVE. IN VIEW OF THIS, WE STOPPED TREATMENT.
1 WEEK AFTER STOPPING TREATMENT, THE PATIENT’S VIRAL LOAD WAS UNDETECTABLE
AND ANTIGEN AND ANTIBODY TESTS WERE NEGATIVE; HOWEVER, VIRAL LOAD
REBOUNDED (36,840 copies/ml) WITHIN 2 WEEKS. TESTS FOR HIV DNA, ANTIGENS AND
ANTIBODIES, WESTERN BLOT BECAME POSITIVE. VIRAEMIA WAS SUPPRESSED BELOW
DETECTABILITY BY MONTH 3 OF THERAPY

2014















What have we learned from cure cases?

••The ‘Berlin patient’ continues to provide a proof-of-concept that HIV cure is

possible (Yukl SA, et al. PLoS Pathog 2013;9:e1003347)

••Although haematopoietic stem cell transplant (HSCT) may lead to significant and 

sustained reductions in HIV reservoirs, infected tissue or cell-bound virus persists 

in many cases (Henrich TJ, et al. CROI 2014. Abstract 144LB. Available from: http://www.croiwebcasts.org/console/

player/22281?mediaType=audio& [Accessed August 2014])

••cART during primary infection may provide significant benefits in terms of 

reduction in viral reservoirs, preservation of immune responses and protection 

from chronic immune activation, but is unlikely to lead to cure even in infants 
(Persaud D, et al. N Engl J Med 2013;369:1828–35; National Institute of Allergy and Infectious Diseases. NIH News.

Available from: http://www.niaid.nih.gov/news/newsreleases/2014/Pages/MississippiBabyHIV.aspx [Accessed

August 2014])

••The time to HIV re-emergence after reservoir reduction is highly variable

••Data from cure cases has been used to develop a stochastic model of infection

dynamics to estimate the efficacy of latency-reversing agents (LRAs) needed to

prevent viral rebound after cART interruption (Hill AL, et al. Proc Nat Acad Sci 2014;37:13475–80.)

Model suggests ~2000-fold reductions are required to permit a majority of

patients to interrupt cART for 1 year without rebound



“It is now clear viral rebounds can happen at any time,
even months after stopping therapy. People will have
to be followed very carefully for more prolonged
periods than in the past”

Steven Deeks



- HIV naturally hides in different body compartments

- During latency it cannot be hit directly
- All available antiviral agents are virustatic, not
virucidal!!

- Continuous cell-to-cell transmission cycles, less sensitive to 
antivirals, cannot be excluded also when virus replication is
apparently controlled

UNDER THESE CONDITIONS, NEITHER 

NATURAL-, NOR THERAPY DRIVEN, 

HIV-ELIMINATION (BIOLOGICAL CURE) 

IS POSSIBLE!!







The International AIDS Society Scientific Working Group on HIV Cure; Nat Rev Immunol. 2013



Is HIV behaviour characteristic only of 
this virus?



RETROVIRUSES

Retroviruses are RNA viruses defined by their expression of reverse transcriptase and are 
characterized by an extraordinary

ability to persist indefinitely in their natural hosts

Voisset C et al., Microbiol Mol Biol Rev 2008



Human Endogenous Retroviruses (HERVs)

•HERVs are genetic elements that reside as proviruses in
host’s genome

•HERVs represent footprints of previous retroviral infection
and have been termed “fossil viruses”

•Constitute about 7%–8% of the human genome

Nelson PN et al., J Clin Pathol: Mol Pathol 2003



Bannert N, et al., Annu. Rev. Genomics Hum. Genet. 2006

Most endogenous retrovirus families in humans appear to be ancient. 

Several HERV families are present 
in both Old and New World monkeys, 
indicating that primary colonization 
Occurred  more than 35 million years (Myr) ago.

Phylogeny of primate species with approximate primary colonization times of selected HERV families. 
Important subsequent amplification periods of some families are indicated in blue.

Millions of years



HERVs: disease and health

•HERVs have been associated with a range of
disease processes including neoplasia, auto-
immunity and fetal malformations.

• HERVs have also been found to be expressed in 
healthy normal tissues, such as placenta where 
they are assumed to exert beneficial effects. 

O'Reilly RL, 1996
Blond JL, 1999
Armbruester V,2002





So……
• Retroviruses commonly interact with eucaryotic

genomes far before humans appeared on the face 
of Earth

• Retroviruses that interacted with human ancestors are 
still present (and active!!) in human genome

• Their integration is definitive
• Once viral DNA gets integrated within human genome

(so called, provirus), it cannot be naturally eliminated

• If integrated in active parts of human genome, they
can be metabolically active

• Their metabolites can harm the host or, due to 
adaptation and symbiosis, become important for body 
homeostasis, or even essential for life



What about the viral life cycle makes retroviruses so
difficult to eradicate?

- Integration of retroviral DNA into the host cell's genome is an essential and 
mandatory step in the viral replication cycle. 
- Normally, HIV does not show post-integration latency, and is metabolically active. 
- Therefore, clinical latency is an uncommon phenomenon (= disease progression)
- Biological latency is restricted only to cells in quiescent phase, such as CD4-resting 
lymphocytes (= reservoirs that make eradication impossible) 

The underlying reason for the persistence of these viruses

Suzuki Y et al., Nature 2007



Latent virus infections

THESE VIRUSES CAN BECOME NATURALLY 
LATENT FOR DECADES, OR EVEN FOR THE 

WHOLE LIFE!!!



• For herpesviruses and HBV, the clinically relevant 
achievement is not the eradication (biological cure, 
nearly impossible), but the stable control of the virus, 
kept in a continuous (lifelong?) status of biological 
and clinical latency (FUNCTIONAL CURE)

• Functional cure is naturally achievable for these 
viruses, without therapeutic interventions

• WHAT ABOUT HIV?



Compaction of chromatin around integrated HIV-1 proviruses may restrict access of key transcription
factors to the 50 long terminal repeat. However, this condensed chromatin state is reversed when cells
are activated. Activation leads to transcription factor access and effective RNA Pol II elongation, giving
rise to high-level virus production when HIV-1 Tat is produced.

Siliciano RF and Greene WC Cold Spring Harb Perspect Med 2011

The same
may apply to 
HIV………



Strategies and approaches stem from the three achievements in the field of studying HIV/AIDS. Each alone,
however, cannot achieve the goal toward an AIDS-free world. HAART decreases the HIV DNA thus increases the
memory CD4 T-cell function. Increased memory T-cell function in turn controls the activity of viral DNA therefore
increases the efficacy of HAART. Approaches with impacts on the triad, such as modulating memory CD4 T-cell
turnover, eliminating HIV reservoir, and silencing HIV DNA, ultimately lead to reprogram memory CD4 T-cell
repertoire and patient anti-HIV immunity. An AIDS-free world will be built on patient immunity against HIV,
regulated by memory CD4 T-cells endowed with long living, self-renewing, and differentiating into antigen specific
effector cells to control HIV provirus activation.

Zhang J and Crumpacker C, Front Immunol. 2013 

A trinity of HIV eradication and AIDS cure



Maximal Suppression of HIV  Replication

• Effective, highly bioavailable ARVs that have robust
lymphoid tissue penetration
Fletcher, CROI 2012

• Initiation of ARVs as early as possible during acute
infection
Jain, JID 2013; Saez-Cirion, PLoS Path 2013; Ananworanich, CROI 2013;
Persaud, NEJM 2013



Mucosal mononuclear (MMC) CCR5+CD4+ T cells of the gastrointestinal (GI) tract are selectively infected and depleted during acute
HIV-1 infection. Despite early initiation of combination antiretroviral therapy (cART), gut-associated lymphoid tissue (GALT) CD4+ T cell
depletion and activation persist in the majority of HIV-1 positive individuals studied. This may result from ongoing HIV-1 replication and
T-cell activation despite effective cART. We hypothesized that ongoing viral replication in the GI tract during cART would result in
measurable viral evolution, with divergent populations emerging over time. Subjects treated during early HIV-1 infection underwent
phlebotomy and flexible sigmoidoscopy with biopsies prior to and 15–24 months post initiation of cART. At the 2nd biopsy, three GALT
phenotypes were noted, characterized by high, intermediate and low levels of immune activation. A representative case from each
phenotype was analyzed. Each subject had plasma HIV-1 RNA levels <50 copies/ml at 2nd GI biopsy and CD4+ T cell reconstitution in the
peripheral blood. Single genome amplification of full-length HIV-1 envelope was performed for each subject pre- and post-initiation of
cART in GALT and PBMC. A total of 280 confirmed single genome sequences (SGS) were analyzed for experimental cases. For each
subject, maximum likelihood phylogenetic trees derived from molecular sequence data showed no evidence of evolved forms in the
GALT over the study period. During treatment, HIV-1 envelope diversity in GALT-derived SGS did not increase and post-treatment GALT-
derived SGS showed no substantial genetic divergence from pre-treatment sequences within transmitted groups. Similar results were
obtained from PBMC-derived SGS. Our results reveal that initiation of cART during acute/early HIV-1 infection can result in the
interruption of measurable viral evolution in the GALT, suggesting the absence of de-novo rounds of HIV-1 replication in this compartment
during suppressive cART.

February 2012 | Volume 8 | Issue 2 | e1002506



PBMC time point #1

PBMC time point #2

GUT time point #1 (pre-HAART)

GUT time point #2 (post-HAART)

Positive controls
(no HAART)

Cases control 
(HAART)

HIV-1 env phylogenies do not suggest measurable evolution on
suppressive cART

Evering et al, Plos Path 2012



Although intensification does not affect plasma 
viremia, it does alter episomal DNA levels (2-LTR circles), suggesting replication is 

occuring at low levels



Ananworanich et al., PlosOne 2012



In gut, for patients with an available sigmoid biopsy at 
baseline , a significant decrease in the median frequency of 
CD4+CCR5+ T cells was observed with increasing of Fiebig

stages (53% at Fiebig I and 19.3% at Fiebig III)

Ananworanich et al., PlosOne 2012



The total HIV DNA in PBMCs and CD4 T cells was 
significantly higher in subjects at Fiebig III and Fiebig II, 

compared to those at Fiebig I

Ananworanich et al., PlosOne 2012



Strategies and approaches stem from the three achievements in the field of studying HIV/AIDS. Each alone,
however, cannot achieve the goal toward an AIDS-free world. HAART decreases the HIV DNA thus increases the
memory CD4 T-cell function. Increased memory T-cell function in turn controls the activity of viral DNA therefore
increases the efficacy of HAART. Approaches with impacts on the triad, such as modulating memory CD4 T-cell
turnover, eliminating HIV reservoir, and silencing HIV DNA, ultimately lead to reprogram memory CD4 T-cell
repertoire and patient anti-HIV immunity. An AIDS-free world will be built on patient immunity against HIV,
regulated by memory CD4 T-cells endowed with long living, self-renewing, and differentiating into antigen specific
effector cells to control HIV provirus activation.

Zhang J and Crumpacker C, Front Immunol. 2013 

A trinity of HIV eradication and AIDS cure



- Very early treatment decreases HIV-DNA 

in reservoir

- This may imbalance virus/host

relationship (to the advantage of the 

host), thus favouring the conditions of 

host-driven virus-control also in the 

absence of therapy



CID 2014



HIV-1 DNA decreased
significantly from years 0–1 and
1–4 of ART. Decay was not
significant for years 4–7 or after
year 7 of ART. All participants
had detectable HIV-1 DNA after
10 years.

Participant-specific decay patterns of total HIV-1 DNA per million CD4+ T-cells.

Besson GJ et al., CID 2014



2013



Barriers to cure

• Residual viral replication

• Latently infected T-cells

• Anatomical reservoirs



• There is the evidence that cell-to-cell transmission can 

contribute to ongoing viral replication during suppressive 

HAART…..



Cell-to-cell HIV transmission occurs at the interface two cells. 

It is a highly efficient mode of HIV transmission since it 

allows multiple viral particles to infect a single cell, and…  

Zhong et al., Plos One 2013



Nature 2011

Nature 2011

• Cell-to-cell HIV transmission is so efficient that cannot be totally 

controlled by the current antiretroviral drugs

This gives rise to a cryptic ongoing replication representing:

• another source of residual viremia

• an obstacle against HIV cure 



Barriers to cure

• Residual viral replication

• Latently infected T-cells

• Anatomical reservoirs



The problem: 1 in a million cells is 

latently infected



Patients treated during Acute infection (AP) differed from patients
treated during Chronic infection (CP) by the dominance in latent
reservoir of variants resistant to dominant CTL responses.

Nature, 2015



Latent HIV-1 can be eliminated in chronically infected patients
despite the overwhelming presence of CTL escape variants only
after receiving CD81 T cells pre-stimulated with the mixture of Gag
peptides including dominant and subdominant epitopes.

Indeed, dramatic decreases in plasma HIV-1 RNA of 100- to 1,000-fold were
observed in all three mice that received CD81 T cells pre-stimulated

Kai Deng et al., Nature 2015



Barriers to cure

• Residual viral replication

• Latently infected T-cells

• Anatomical reservoirs



JID 2012



Clinical Case: ID 15757 Patient 

infected with HIV-1 F1 subtype

Age:

46

Sex: 

M

First Seropositivity:

Sept-2014 with acute infection

GRT from Plasma:

VL: 6,890,459 cps/ml

CD4: 944 cells/ul

PR: L10V K20R M36I L63T L89M

RT: None

IN: None

GP-120(V3): E25D T2I S11G I14L R18Q 

A19T T22A Q32K

Tropism*: Prevalence of a R5 tropic 

virus (FPR*: 91.4%)
* Geno2pheno algorithm

Other pol mutations

PR: I13V K14R E35D R41K R57K E65D K70R 

I72T

RT: V35T K43N V60I S68G D123E I135T 

S162H K173D Q174K D177E I178L T200A 

Q207A R211K V245Q E248N A272P T286A 

E291D V292I I293V P294T E297T A304E 

K311R D324E

IN: S17N R20KR S57GS I60V I84L L101I T112I 

T124S K136Q V201I A205S T218I L234V 

D256E S283G D286N

GRT from CSF:

VL: 164,686 cps/ml

CD4: 944 cells/ul

PR: L10V K20R M36I L63T L89M

RT: None

IN: None

GP-120(V3): E25D T2I S11G I14L R18Q 

A19T T22A Q32K

Tropism*: Prevalence of a R5 tropic 

virus (FPR*: 91.4%)
* Geno2pheno algorithm

Other pol mutations

PR: I13V K14R E35D R41K R57K E65D K70R 

I72T

RT: V35T K43N V60I S68G D123E I135T 

S162H K173D Q174K D177E I178L T200A 

Q207A R211K V245Q E248N A272P T286A 

E291D V292I I293V P294T E297T A304E 

K311R D324E

IN: S17N R20KR S57GS I60V I84L L101I T112I 

T124S K136Q V201I A205S T218I L234V 

D256E S283G D286N



GRT from plasma 3 July 2012 

HIV RNA: 1,519,237 cps/ml  

Subtype : B 

CD4: 234 cells/mm3 (14%) 

Resistance mutations

•PR: L63P V77I

•RT: V179E

•Int: none 

•GP41: none
Other mutations

•PR: N37S I64V

•RT: S162C Q207E  A272P T286A I293V E297T 
Q334G G335D 

•Int: E11D S17T M50I I72V Y99F L101I T112I S119P 
T122I T124A I135V I182V V201I K219N N222K 
D253E D256E

•GP41: L54M S129G N140I T268A

Tropism: R5 virus (FPR: 54.4%) 
GP120/V3: N5G H13P T22A E25D Q32K 

GRT from CSF 5 July 2012

HIV-RNA : 2,997,146 cps/ml

Subtype: B

Resistance mutations

•PR: L63P V77I

•RT: V179E

•Int: none 

• GP41: none
Other mutations

•PR: N37S I64V

•RT: S162C Q207E A272P T286A I293V E297T 
Q334G G335D 

• Int: E11D S17T M50I I72V Y99F L101I T112I 
S119P T122I T124A I135V I182V V201I K219N 
N222K D253E D256E

•GP41: L54M S129G N140I T268A

Tropism: R5 virus (FPR: 54.4%)    
GP120/V3: N5G H13P T22A E25D Q32K

Young patient infected with HIV : Clinical Case ID 13698



CONCLUSIONS 
- There are many obstacles, beyond the natural characteristics of 

retroviruses, and HIV in particular, that make very difficult
(impossible??) the eradication of the virus from the body (biological
cure)

- Latency, natural reservoirs, and residual replication, are the most
relevant ones

- The seeding the HIV throughout the body occurs in the first 
hours/days after entry. All intervention beyond this time point has
limited (or even no) chances to be successful in eradicating the virus

- A handful of proof-of-concept situations whereby the virus is stably
under control without antiviral therapy, demonstrates the possibility
of achieving a functional cure, without the need of eradicating the 
virus.

- This latter condition represents an achievable target based upon new 
and innovative therapeutic approaches

- Investments in this specific area may bring to the discovery of new 
therapeutic tools aiming at promising clinical results


