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Are elite controllers a model for a functional cure?
§ Is it the virus?

o Resevoirs, evolution, virus intactness?

§ Is it the host?
o Genetics, immunology, immuno-genetics?

§ But elite controllers are heterogeneous in terms of long-term clinical, 
virological and immunological progression

§ Are SOME elite controllers a model for a functional cure?
o Undetectable plasma viremia and normal CD4 T-cell counts for >10 years appear 

to represent a very promising model

Autran et al. 2011. Curr Opin HIV AIDS; Canoui et al. 2017. Open forum Infect DisJMPicado_Montreal-220728
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“Exceptional” HIV Elite Controllers (EEC)
the limitation of definitions …

§ People with HIV that spontaneously control viral replication in absence 
of immune dysfunction

§ No disease progression in absence of antiretroviral therapy
§ Extraordinarily low HIV burdens
§ Comparatively weak immune response
§ Long-term control: >10-25 years
§ Partially reactive for HIV-specific antibodies
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Reports on Exceptional HIV Elite Controllers

May 2012

Mendoza et al.
Blood

4 people
USA

1–14 years

Feb 2020

Casado et al.
Sci Rep

3 people
Spain

25–29 years

Sep 2020

Jiang et al.
Nature

2 people
USA

12–28 years

Jan 2022

Turk et al.
Ann Intern Med

1 person
Argentina
8 years

1 person in common
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Mendoza et al. Blood May 2012 (#4) 14 28Jiang et al. Nature Sep 2020 (EC-2)

Years after HIV diagnose
29

28

Casado et al. Sci Rep feb 2020 (EEC-3)

Casado et al. Sci Rep feb 2020 (EEC-56)

25Casado et al. Sci Rep feb 2020 (EEC-9)

12*

12Jiang et al. Nature Sep 2020 (EC-1)

Mendoza et al. Blood May 2012 (#2)

8

6

1*

Mendoza et al.
Blood May 2012 (#1)

Mendoza et al.
Blood May 2012 (#3)

Turk et al.
Ann Int Med Jan 2022

Years at the time of publication
Light blue denotes temporal antiretroviral therapy
* No subsequent follow up after publication

Mendoza et al. 2012; Casado et al. 2020; Jiang et al. 2020; Turk et al. 2022
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Clinical evolution

§ Median of 24 (range 6–64) plasma viral load tests
o Always below the limit of detection of contemporary assays

o Except for ≤2 non-consecutive blips below 400 cps/ml

§ Ultrasensitive plasma viremia / SCA below 0.4 cps/ml
o Except for 1 sample of 2 cps/ml

§ Median absolute CD4+ T cells in last determination of 921 (range 529-1488)

§ Ratio CD4/CD8 always >1
o Except for the Esperanza’s case in whom is variable

5SCIENTIFIC REPORTS |         (2020) 10:1902  | https://doi.org/10.1038/s41598-020-58696-y

www.nature.com/scientificreportswww.nature.com/scientificreports/

one intracellular cytokine (TNF!, IL-2 and/or IFN"). EEC presented higher levels of Gag-speci!c total CD8+ 
T-cells when compared with HIV-1-infected individuals on suppressive ART (Fig."3A). Such di#erences were 
also detected in Central Memory (CM), E#ector Memory (EM) and Terminally Di#erentiated (TD) CD8+ T-cell 
levels (Supplementary Information. Figure"2A,C). Simultaneous release of multiple cytokines was determined 
using the poly-functionality index (pINDEX). $e pINDEX in Gag-speci!c total CD8+ T-cells in EEC was higher 
in three-, four- and !ve-functions (p = 0.017, p = 0.022, and p = 0.008 respectively) when compared with subjects 
on suppressive ART (Fig."3B and Supplementary Information. Figure"2D,E). $ese values were clearly higher than 
those of previously published with transient EC one year before the loss of control10.

CD4+ susceptibility and CD8+ viral inhibition. To analyze the susceptibility of the target cells to HIV-1 infection, 
we pulsed autologous CD4+ T cells from each individual with laboratory-adapted R5- and X4-tropic viral strains 
for 7 days (Fig."3C,D). $is assay shows that CD4+ T cells from the individuals were susceptible to HIV-1 infec-
tion. When we added autologous CD8+ T cells to these co-cultures, we observed a reduction of viral replication 
from 11 to 74% with the X4-tropic virus and up to 63% with the R5 tropic virus (Fig."3C,D). $us, host CD4+ T 
cells are not intrinsically refractory to HIV-1 infection with R5 or X4-tropic viruses, and that host CD8+ T cells 
are e#ective in suppressing viral replication ex vivo.

Myeloid cell quanti!cation. We also compared innate immune cellular subsets from EEC with HIV-1-infected 
individuals on ART and with non-HIV-1-infected healthy donors (HD) who were matched with EEC by sex 
and age. EEC had increased levels of total peripheral mDCs compared with subjects on ART (Fig."3E), while no 
statistical di#erences were observed comparing EEC with HD. Similar results were obtained comparing the levels 
of myeloid subsets CD1c+ and CD141+ (Suppl. Figure"2F,G). No di#erences were observed in pDCs (data not 
shown). $us, EEC showed more preserved levels of CD1c+ and CD141+cells than subjects on ART, and similar 
levels than sex/age-matched HD and other EC32.

In"ammation biomarkers. EEC had lower levels of hsCRP, #2-microglobulin and D-dimer levels than subjects 
on ART, but comparable to HD (Fig."4A–E). IL-6 and sCD163 were similar between EEC and ART groups, despite 
the levels of IL-6 and sCD163 were higher than in HD, probably due to previous history of HCV and residual 
expression of HIV antigens.

Figure 1. Clinical characteristics and HIV-1 reservoir quanti!cation. (A–C) Plasma RNA viral load, absolute 
CD4+ and CD4+ T cell percentage over time in the individuals studied. Grey symbols for viral load indicate 
values below the detection limit. (D–G) Viral reservoir measurements of (D) total HIV-1 DNA, (E) Infectious 
Units per million cells (IUPM) in a qVOA assay, (F) ultrasensitive plasma viral load and (G) cell associated RNA 
(caHIV-1-RNA). Open symbols indicate undetectable values. Light grey bands are the interquartile range from 
standard HIV-1-infected individuals under treatment26.

Plasma viremia (cps/ml)

CD4 T (cells/µl)

CD4 T (%)

Mendoza et al. 2012; Casado et al. 2020; Jiang et al. 2020; Turk et al. 2022JMPicado_Montreal-220728



Host Genetic Determinants

#1 #2 #3 #4/SFO EEC-3 EEC-9 EEC-56 Esperanza

CCR5 WT/Δ32 WT/WT WT/WT WT/WT WT/WT WT/WT WT/WT WT/WT

HLA class I 
A loci

24, 31 02, 30 02, 02 02, 31 01, 02 02, 31

HLA class I 
B loci

40, 44 15, 57 44, 51 13, 57 27, 58 39, 57 14, 57 15, 44

CCR2 V64I 
rs1799864

WT/WT WT/WT WT/WT

HLA C 
rs9264942

-35 TT➔CC -35 TT➔CC -35 TT➔CC

Migueles et al. 2000; Kiepiela et al. 2004; Lambotte et al. 2005; Bailey et al. 2006; Fellay et al. 2006; McLaren et al. 2012; 
Mendoza et al. 2012; Casado et al. 2020; Jiang et al. 2020; Turk et al. 2022 

JMPicado_Montreal-220728



Proviral DNA and qVOA
#1 #2 #3 #4/SFO EEC-3 EEC-9 EEC-56 Esperanza

Proviral DNA 6.56 25.2 n.a. IPDA– 27.09 8.75 10.05 n.a.

copies/E6 cells PBMC PBMC 14E6 rCD4+ 4E6 tCD4+ 2.6E6 tCD4+ 3.2E6 tCD4+

qVOA <0.004 <0.002 0.046 <0.004 <0.025 <0.018 <0.018 <LOD

copies/E6 cells 41E6 tCD4+

340E6 rCD4+
28E6
tCD4+

38E6
tCD4+

63E6
tCD4+

150E6
rCD4+

Tissues
copies/E6 cells n.a.

colon 
2.8cp 

E6/CD4

colon
1.9cp

E6/CD4

HIV DNA– in 4E6 
CD45+ from 

rectum & ileum*
n.a. n.a. n.a. placenta

(neg)

qVOA: quantitative Viral Ourgrowth Assay; rCD4+: resting CD4+; tCD4+: total CD4+; n.a.: no available
*, a previous sample from 2012 : <2.6 copies/106cells in colon, and 42.4 copies/106cells in ileum
Mendoza et al. 2012; Casado et al. 2020; Jiang et al. 2020; Turk et al. 2022JMPicado_Montreal-220728



ECC-3

ECC-9
ECC-56

4.0 E6 CD4+ + 2.0E6 PBMC

4.0E6 CD4+ + 2.4E6 PBMC

4.4E6 CD4+ + 2.0E6 PBMC

Near-full length virus sequencing

337 amplification attempts with 12.4E6 CD4+ and 6.4E6 PBMCs
Casado et al. 2020 

(2017)

⎥⎥

MSD site
290 G➔A
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Viral Evolution and Genetic Variability

6SCIENTIFIC REPORTS |         (2020) 10:1902  | https://doi.org/10.1038/s41598-020-58696-y

www.nature.com/scientificreportswww.nature.com/scientificreports/

Figure 2. Genetic variability and evolutionary dynamics of viral populations (A) Phylogenetic trees with env 
gene sequences of the individuals during follow-up. !e evolutionary history was inferred in trees by using 
the Maximum Likelihood method based on the General Time Reversible model. !e percentage of trees in 
which the associated taxa clustered together with values over 70% is shown next to the branches. Initial tree for 
the heuristic search was obtained by applying the Neighbor-Joining method to a matrix of pairwise distances 
estimated using the Maximum Composite Likelihood approach. A discrete Gamma distribution was used to 
model evolutionary rate di"erences among sites (4 categories). !e tree is drawn to scale, with branch lengths 
measured in the number of substitutions per site. Evolutionary analyses were conducted in MEGA6. Di"erent 
colors were used to indicate the sampling time. (B) Genetic variability analysis of samples from di"erent groups 
of HIV-1 individuals with a controlled infection (see Materials and Methods).

6SCIENTIFIC REPORTS |         (2020) 10:1902  | https://doi.org/10.1038/s41598-020-58696-y

www.nature.com/scientificreportswww.nature.com/scientificreports/

Figure 2. Genetic variability and evolutionary dynamics of viral populations (A) Phylogenetic trees with env 
gene sequences of the individuals during follow-up. !e evolutionary history was inferred in trees by using 
the Maximum Likelihood method based on the General Time Reversible model. !e percentage of trees in 
which the associated taxa clustered together with values over 70% is shown next to the branches. Initial tree for 
the heuristic search was obtained by applying the Neighbor-Joining method to a matrix of pairwise distances 
estimated using the Maximum Composite Likelihood approach. A discrete Gamma distribution was used to 
model evolutionary rate di"erences among sites (4 categories). !e tree is drawn to scale, with branch lengths 
measured in the number of substitutions per site. Evolutionary analyses were conducted in MEGA6. Di"erent 
colors were used to indicate the sampling time. (B) Genetic variability analysis of samples from di"erent groups 
of HIV-1 individuals with a controlled infection (see Materials and Methods).

Env-based heterogeneity

§ Very restricted genetic diversity: 0.010 ± 0.003 s/n
§ Almost null viral genetic evolution

↓8-fold

86 env sequences (all R5-tropic)

Casado et al. 2020

Inferred HIV-1 infection time:
1983 to 1986 

Combination of low evolving 
virus and clonal expansion

JMPicado_Montreal-220728



Envelope Functionality

§ Cloned Envs from EEC allowed 
functional characterization of the initial 
events of the viral infection:

o Ineffective binding to CD4 and the 
subsequent signaling activity to modify 
actin/tubulin cytoskeletons 

Casado et al. 2017 mBio

FIG 3 Analysis of HIV-1 Env-mediated cell-to-cell viral transfer. (A) An outline of the experimental model used for the analysis of Env-mediated cell-to-cell fusion
and viral transfer is shown. Briefly, 293T cells were cotransfected with env and a !env HIV-1 expression plasmid. After 24 h, effector cells producing HIV-1
particles were cocultured with primary CD4! T cells to force synapsis formation and massive binding of budding particles to target cells. Env expression and

(Continued on next page)

Inefficient Viral Envelopes in LTNP Elite Controllers ®

March/April 2018 Volume 9 Issue 2 e02338-17 mbio.asm.org 7
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Cellular Immune Responses
§ HIV-specific T-cell responses were present

o Comparatively higher and greater polyfunctionality than those from PWH on ART
o Similar to other LTNP/EC 

7SCIENTIFIC REPORTS |         (2020) 10:1902  | https://doi.org/10.1038/s41598-020-58696-y
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HIV-1-speci!c antibody levels. All EEC included in this study had detectable antibodies against all viral pro-
teins in the LIA-scan analysis and western blot analysis. However, HIV-1-speci!c antibody levels, determined 
by ELISA over 14 to 19 years of follow-up, were consistently lower (p = 0.0040) than in viremic LTNP controls 
(Fig."4F). Participants displayed a low, albeit persistent, neutralizing response against a mini panel of isolates (data 
not shown).

Discussion
Herein we characterize three exceptional elite controllers who spontaneously controlled HIV-1 replication and its 
associated clinical pathogenesis for more than 25 years. According to our observations, the almost total absence 
of viral diversity and evolution analyzed during at least 15 years, probably due to a replication-impaired viral res-
ervoir, adds to previously described protective host genetic factors and e#ective immune responses.

All three EEC individuals included in this study showed a consistently low viral DNA reservoir in peripheral 
CD4+ T cells that was 50 times lower than in individuals on ART using the most sensitive techniques26. Total 
HIV DNA, cell-associated HIV RNA, residual plasma viremia, and IUPM were also lower than other values inde-
pendently reported for EC33,34. Moreover, HIV-1 env sequences had nearly null viral genetic evolution, extremely 
low complex populations and ancestral dating supporting the absence of viral replication over three decades. 
$is replication impairment is further supported by the variation in only two nucleotides between the only com-
plete genomic sequence of EEC-3 and another one obtained 12 years earlier15. $e lack of sequence heterogene-
ity despite a long-term untreated infection might re%ect a combination of a slow-evolving virus and the clonal 
expansion of infected immune cells35 as suggested by the presence of identical viral clusters in the phylogenetic 
trees. Finally, the low levels of proviral DNA seemed to be largely defective (>92%), since they had no capacity to 
generate viral mRNA, viral particles or replication competent virions, implying limited viral persistence in these 
EECs. $e lack of viral replication, as shown by di#erent markers (Fig."1D–G) and low hypermutation, despite 
detectable HIV-1 DNA has been mainly associated with the presence of proviral defective genomes and the sta-
bility of the viral reservoir15,16,36.

Low population size and viral diversity are associated with low replication and viral !tness37. $ese viral char-
acteristics favour important !tness losses, because of the irreversible accumulation of deleterious mutations, 
known as the Muller´s ratchet e#ect as observed “in vitro”38. $e combination of these factors is able to prevent 
viral !tness recovery, and even if some remaining virus is present in the body, it will not generate replication com-
petent viruses because viral populations do not have enough variability to recover !tness39. $e low diversity and 

Figure 3. Cellular Immune responses. (A) Total CD8+ T-cell Gag-speci!c response from EEC and HIV-
1-infected individuals on suppressive ART. (B) INDEX of polyfuncionality (pINDEX) of Gag-speci!c total 
CD8+ T-cells from EEC and HIV-1-infected individuals on suppressive ART based on the proportions of cells 
producing intracellular combinations of IFN-!, TNF-", IL-2. (C,D) Viral inhibition assay. Assay of the ex vivo 
ability of CD8+ T cells to inhibit superinfected autologous CD4+ T cells of the three individuals. $e !gure 
shows day 7 of an infection with a laboratory viral strain (C) HIV-1NFN-NX (CRR5-tropic) and (D) HIV-1NL4–3 
(CXCR4-tropic). Percentage of inhibition of CD4+ vs CD4+:CD8+ T cells is indicated in each individual. (E) 
Total myeloid dendritic cell quanti!cation, comparing EEC with HIV-1-infected individuals on ART and non-
HIV-1-infected healthy donors (HD). (A,B and E) Di#erences between groups were determined by Mann-
Whitney U test.

measured by this approach were intermediate between those of
viremic progressors (5.4%, P ! .02) and Rx"50 (0.14%, P ! .003).

Despite the relatively low frequencies of HIV-specific CD8#

T cells determined in a 6-hour assay, the capacity of these cells to

Figure 5. HIV-specific antibody response profiles clearly distinguished cases from other chronically infected patients, including typical LTNPs/ECs. (A-E) Antibody
response profiles specific for the HIV-1 gene products gp41 (A), p24 (B), matrix (MA) protein (C), reverse transcriptase (RT; D), and integrase (E), as determined by the LIPS
assay and reported in log10 luminometer units (LU), are shown for the cases (C1, $; C2, †; C3, !; and C4, ◊), HIV-negative controls (n ! 7), typical LTNPs/ECs (n ! 12), and
viremic progressors (Prog; n ! 11). Horizontal lines represent median values. Comparisons were made using the Wilcoxon 2-sample test. Only P values referring to
comparisons between the responses of the cases and other groups are shown.

Figure 6. Low frequencies of HIV-specific CD8! T cells in the cases exhibited significant proliferative and cytotoxic responses after 6-day stimulation that were
less than those of typical LTNPs/ECs. (A) Frequencies of IFN-%–secreting CD8# T cells measured in response to peptide pools spanning the HIV-1 Nef, Gag, and Pol gene
products are shown for the cases (C1, $; C2, †; C3, !; C4, ◊), typical LTNPs/ECs (n ! 21), viremic progressors (Prog; n ! 12), and Rx"50 (n ! 14). (B) Frequencies of
IFN-%–secreting CD8# T cells measured in response to autologous HIVSF162-infected CD4# T-cell targets are shown for the 4 cases, typical LTNPs/ECs (n ! 27), viremic
progressors (Prog; n ! 13), and Rx"50 (n ! 50). (C) Proliferation as assessed by CFSE dilution over 6 days in response to autologous HIVSF162-infected CD4# T-cell targets is
shown for the 4 cases, HIV-negative controls (n ! 11), typical LTNPs/ECs (n ! 24), viremic progressors (Prog; n ! 11), and Rx"50 (n ! 55). (D-E) Total cytotoxic responses
measured by GrB target cell activity (D) or ICE (E) with day 6 CD8# T cells are shown for the 4 cases, HIV-negative controls (n ! 11), typical LTNPs/ECs (n ! 18), viremic
progressors (Prog; n ! 17), and Rx"50 (n ! 17). Horizontal lines represent median values. Comparisons were made using the Wilcoxon 2-sample test. Only P values
referring to comparisons between the responses of the cases and other groups are shown. (F) Using day 6 CD8# T cells, GrB target cell activity correlates directly with ICE
(n ! 67). Statistical analysis was performed using the Spearman correlation.

4652 MENDOZA et al BLOOD, 17 MAY 2012 ! VOLUME 119, NUMBER 20

For personal use only.on October 8, 2019. by guest  www.bloodjournal.orgFrom 

Appendix Figure 2. Immunologic characteristics of the Esperanza patient.
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Annals of Internal Medicine Annals.org

§ Host CD4+ T cells are susceptible to infection with R5 or X4-tropic HIV
§ Host CD8+ T cells are effective in suppressing viral viral replication ex vivo

Mendoza et al. 2012; Casado et al. 2020JMPicado_Montreal-220728



Humoral Immune Responses

§ All weakly reactive, either Western Blot or ELISA
o But superior to 2 cases of stem-cell transplant with CCR5Δ32/Δ32 donor cells (IciStem cohort)
o Viral antigens and/or truncated viral proteins could be generated from defective genomes

8SCIENTIFIC REPORTS |         (2020) 10:1902  | https://doi.org/10.1038/s41598-020-58696-y

www.nature.com/scientificreportswww.nature.com/scientificreports/

population size could have contributed to the maintenance of the control of viral replication in the participants 
during the follow-up. All study subjects showed the lowest viral diversity values among comparative groups of 
subjects on ART or LTNP with viral load control. In addition, in a previous study we showed that low diversity 
and lack of viral evolution was highly correlated with permanent viral control in persistent EC10. On the contrary, 
transient EC who lost control during the follow-up showed higher levels of genetic diversity10 (Fig.!2B). "us, 
extremely low viral diverstiy could be a convenient prognostic marker for the identi#cation of these EEC.

"e functional characterization of viruses from EEC has been limited by the impossibility of complete virus 
recovery. In a previous study, EEC-56 showed the major presence of 228 nucleotide deletions in the 5! LTR–gag 
region; in EEC-3 a 247 nucleotide deletion was positioned in pol gene up to the vif orf15. "ese deleted genomes 
became dominant during follow-up15. In other studies, we could clone env sequences from EEC-3 in recombinant 
viruses that displayed a very limited and retarded replication capacity40,41, similarly to what has been observed in 
env recombinant viruses from some EC42. Pseudoviruses with env clones from EEC-3 exhibited a very low CD4 
binding, transfer and fusion capacity, and a very ine$cient cell signaling resulting in a very restricted replicative 
capacity41.

According to the data reported in this work, viral antigens and/or truncated viral proteins could be generated 
in these individuals from defective genomes or from new alternative spliced HIV-RNA variants with transla-
tionally competent ORFs as reported in cART subjects43. "e apparent limited amount of peripheral viral anti-
gen might be associated with the observed low, albeit detectable, levels of HIV-1-speci#c antibodies, including 
neutralizing antibodies (data not shown). However, such levels were still superior to those of the two long-term 
described cases of HIV-1 cure a%er allogeneic stem cell transplant with a CCR"32 donor4,5. Likewise, both fre-
quency and poly-functionality of Gag-speci#c CD8+ T-cell responses were higher in EEC when compared with 
subjects on ART (Fig.!3A) and similar or above the median of a group of persistent EC (with more than 18 years 
of controlled infection) and higher than those of transient EC10. "e CTL responses supported the capacity of the 
immune system to mount e&ective adaptive immune responses as con#rmed by the ex vivo viral inhibition assay. 
Inhitibion from autologous CD8+ T cells was similar to previous described EC and higher than comparisions 
with non-HIV infected donors44. Innate immune responses seem to be relatively normalized as for the quanti#-
cation of in'ammation biomarkers and frequency of myeloid cells when compared to HD individuals. Only IL-6 
and sCD163 were slightly superior compared to HD to subjects on ART. Values shown in Fig.!4A–E were in the 
range of those found in indepentdent cohorts of EC32,45. "is could be due to the previous long-term story of HCV 
infection, and in fact, sCD163 has been proposed as a marker of liver #brosis46. "is is a substantial di&erence 
with previously published EC pro#les where despite the viral control, in'amation levels were maintained over 

Figure 4. In'ammation biomarkers and antibody titers. (A–E) Di&erent in'ammatory markers were analyzed 
including (A) hsCPR, (B) #2-microglobulin, (C) D-dimer, (D) IL-6 and (E) sCD163. EEC individuals were 
compared with HIV-1-infected individuals on ART and non-HIV-1-infected healthy donors (HD). (F) Plasma 
antibody titers, expressed as the inverse of the #nal serum dilution with a positive signal, in two samples 14 to 
19 years apart.

measured by this approach were intermediate between those of
viremic progressors (5.4%, P ! .02) and Rx"50 (0.14%, P ! .003).

Despite the relatively low frequencies of HIV-specific CD8#

T cells determined in a 6-hour assay, the capacity of these cells to

Figure 5. HIV-specific antibody response profiles clearly distinguished cases from other chronically infected patients, including typical LTNPs/ECs. (A-E) Antibody
response profiles specific for the HIV-1 gene products gp41 (A), p24 (B), matrix (MA) protein (C), reverse transcriptase (RT; D), and integrase (E), as determined by the LIPS
assay and reported in log10 luminometer units (LU), are shown for the cases (C1, $; C2, †; C3, !; and C4, ◊), HIV-negative controls (n ! 7), typical LTNPs/ECs (n ! 12), and
viremic progressors (Prog; n ! 11). Horizontal lines represent median values. Comparisons were made using the Wilcoxon 2-sample test. Only P values referring to
comparisons between the responses of the cases and other groups are shown.

Figure 6. Low frequencies of HIV-specific CD8! T cells in the cases exhibited significant proliferative and cytotoxic responses after 6-day stimulation that were
less than those of typical LTNPs/ECs. (A) Frequencies of IFN-%–secreting CD8# T cells measured in response to peptide pools spanning the HIV-1 Nef, Gag, and Pol gene
products are shown for the cases (C1, $; C2, †; C3, !; C4, ◊), typical LTNPs/ECs (n ! 21), viremic progressors (Prog; n ! 12), and Rx"50 (n ! 14). (B) Frequencies of
IFN-%–secreting CD8# T cells measured in response to autologous HIVSF162-infected CD4# T-cell targets are shown for the 4 cases, typical LTNPs/ECs (n ! 27), viremic
progressors (Prog; n ! 13), and Rx"50 (n ! 50). (C) Proliferation as assessed by CFSE dilution over 6 days in response to autologous HIVSF162-infected CD4# T-cell targets is
shown for the 4 cases, HIV-negative controls (n ! 11), typical LTNPs/ECs (n ! 24), viremic progressors (Prog; n ! 11), and Rx"50 (n ! 55). (D-E) Total cytotoxic responses
measured by GrB target cell activity (D) or ICE (E) with day 6 CD8# T cells are shown for the 4 cases, HIV-negative controls (n ! 11), typical LTNPs/ECs (n ! 18), viremic
progressors (Prog; n ! 17), and Rx"50 (n ! 17). Horizontal lines represent median values. Comparisons were made using the Wilcoxon 2-sample test. Only P values
referring to comparisons between the responses of the cases and other groups are shown. (F) Using day 6 CD8# T cells, GrB target cell activity correlates directly with ICE
(n ! 67). Statistical analysis was performed using the Spearman correlation.
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Inflammation Biomarkers
§ Similar to those in the blood of healthy donors

o Innate immune responses seem to be relatively normalized
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population size could have contributed to the maintenance of the control of viral replication in the participants 
during the follow-up. All study subjects showed the lowest viral diversity values among comparative groups of 
subjects on ART or LTNP with viral load control. In addition, in a previous study we showed that low diversity 
and lack of viral evolution was highly correlated with permanent viral control in persistent EC10. On the contrary, 
transient EC who lost control during the follow-up showed higher levels of genetic diversity10 (Fig.!2B). "us, 
extremely low viral diverstiy could be a convenient prognostic marker for the identi#cation of these EEC.

"e functional characterization of viruses from EEC has been limited by the impossibility of complete virus 
recovery. In a previous study, EEC-56 showed the major presence of 228 nucleotide deletions in the 5! LTR–gag 
region; in EEC-3 a 247 nucleotide deletion was positioned in pol gene up to the vif orf15. "ese deleted genomes 
became dominant during follow-up15. In other studies, we could clone env sequences from EEC-3 in recombinant 
viruses that displayed a very limited and retarded replication capacity40,41, similarly to what has been observed in 
env recombinant viruses from some EC42. Pseudoviruses with env clones from EEC-3 exhibited a very low CD4 
binding, transfer and fusion capacity, and a very ine$cient cell signaling resulting in a very restricted replicative 
capacity41.

According to the data reported in this work, viral antigens and/or truncated viral proteins could be generated 
in these individuals from defective genomes or from new alternative spliced HIV-RNA variants with transla-
tionally competent ORFs as reported in cART subjects43. "e apparent limited amount of peripheral viral anti-
gen might be associated with the observed low, albeit detectable, levels of HIV-1-speci#c antibodies, including 
neutralizing antibodies (data not shown). However, such levels were still superior to those of the two long-term 
described cases of HIV-1 cure a%er allogeneic stem cell transplant with a CCR"32 donor4,5. Likewise, both fre-
quency and poly-functionality of Gag-speci#c CD8+ T-cell responses were higher in EEC when compared with 
subjects on ART (Fig.!3A) and similar or above the median of a group of persistent EC (with more than 18 years 
of controlled infection) and higher than those of transient EC10. "e CTL responses supported the capacity of the 
immune system to mount e&ective adaptive immune responses as con#rmed by the ex vivo viral inhibition assay. 
Inhitibion from autologous CD8+ T cells was similar to previous described EC and higher than comparisions 
with non-HIV infected donors44. Innate immune responses seem to be relatively normalized as for the quanti#-
cation of in'ammation biomarkers and frequency of myeloid cells when compared to HD individuals. Only IL-6 
and sCD163 were slightly superior compared to HD to subjects on ART. Values shown in Fig.!4A–E were in the 
range of those found in indepentdent cohorts of EC32,45. "is could be due to the previous long-term story of HCV 
infection, and in fact, sCD163 has been proposed as a marker of liver #brosis46. "is is a substantial di&erence 
with previously published EC pro#les where despite the viral control, in'amation levels were maintained over 

Figure 4. In'ammation biomarkers and antibody titers. (A–E) Di&erent in'ammatory markers were analyzed 
including (A) hsCPR, (B) #2-microglobulin, (C) D-dimer, (D) IL-6 and (E) sCD163. EEC individuals were 
compared with HIV-1-infected individuals on ART and non-HIV-1-infected healthy donors (HD). (F) Plasma 
antibody titers, expressed as the inverse of the #nal serum dilution with a positive signal, in two samples 14 to 
19 years apart.
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§ Analyses in greater number of subjects is required
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Is the HIV provirus intact? Where does HIV 
integrate in the genome?

Proviral HIV intactness and chromosomal location
distinct proviral reservoir configurations in natural viral control 

Jiang C et al. 2020 Nature 2020; Turk et al. 2021. Ann Intern MedJMPicado_Montreal-220728



Breakthroughs on the SFO and Esperanza cases

San Francisco’s

Bruce Walker, Steven Deeks, Janet Siliciano, Robert Siliciano
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Near-full length virus sequencing

Essentially … Defective Proviruses
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§ Full-Genome Individual Proviral Seq
§ IPDA
§ Viral outgrowth assay

JMPicado_Montreal-220728



Conclusions
§ Consistently low, and apparently defective, viral DNA reservoir
§ Practically null viral genetic evolution and extremely low complexity of the viral populations 
→ absence of viral replication for >25 years

§ Low population size and viral diversity are associated with low replication and viral fitness
§ Contribution of host genetic factors and cellular-adaptive immune responses

§ Hypotheses:
o Primary infection might have occurred with a low fitness viral founder strain
o Initial innate immune responses might have shaped the selection of an unfit virus

§ Is it possible to induce a permanent control of HIV-1 pathogenesis? 

JMPicado_Montreal-220728



Future directions
§ Current cases on follow up (years)

*, unpublished cases
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Exceptional Elite Controllers

Future directions

n=990

<50

3+ years on ART

Extremely low viral reservoir (LoViReT)

Gálvez et al. 2020. EBioMedicine; Gálvez et al. 2022. J Int Med

Adam Castillejo
London Patient

4.5 years

Düsseldorf Patient
3.5 years

4
Transfusion Medicine

knockout of CCR5
Towards a cure of HIV Infection

Stephen Crohn
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Hütter et al. 2009 NEJM; Gupta et al. 2019 Nature; 
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Non-CCR5Δ32 donors
on ART
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Artículos científicos, libros, capítulos de libros, etc.  

Para la filiación de las publicaciones donde participen investigadores de un área 
CIBER (Ej: CIBEREHD) existen las siguientes opciones, todas válidas:  

- CIBEREHD 
- CIBER de Enfermedades Hepáticas y Digestivas 
- Centro de Investigación Biomédica en Red de Enfermedades Hepáticas y 

Digestivas 
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