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HIV persistence in deep tissues 

Ø Why is this important? Studying deep tissue reservoirs in humans 
(i.e. HIV reservoir in organs) is difficult for obvious safety and ethical 
reasons. Deep tissues are accessible when people living with HIV give 
their body to science.

Ø What is the objective? To define how much HIV persists in different 
parts of the human body during long-term antiretroviral therapies.

Ø What did we find? Both intact and defective HIV persist in many 
deep tissues, and identical HIV can be found in different organs.

Ø What are the implications for a cure? To specifically target the 
tissues in which most of the intact (i.e. replication-competent) virus 
is found.
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Ø Antiretroviral therapies (ART) do not eradicate HIV.
Ø HIV reservoirs studies are, for the vast majority, performed on circulating CD4+ T cells.

Why studying anatomical HIV reservoirs?

AIDS 2022 Affiliated Event

Understanding where and how HIV persists in deep tissues is a
prerequisite for the development of curative strategies.

A. Chaillon et al. JCI 2020S. Lamers et al. JVI 2016

HIV+ (red) 
and  HIV- (green) 
proportions in 
tissues

Mathias Lichterfeld’s group

C. Wang et al. Clin Infect Dis 2022



Case study

AIDS 2022 Affiliated Event

We report here a case study of 2 people living with HIV
(PLWH) and under long-term suppressive ART who gave
their bodies for HIV research to the Canadian Collaboratory
CanCURE in 2018.

We obtained a high number of near-full length proviral
sequences to identify potential anatomical sites of viral rebound
caused by persistent intact HIV genomes.
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Ø To evaluate and quantify the presence of persistent latently infected 
cells in the different tissues collected post-mortem from 2 ART-
treated participants

Ø To assess the integrity, the clonality and the distribution of the 
proviral populations in multiple tissues

Characterization Proviral 
Integrity

Clonality Anatomical distributionQuantification

Objectives
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Participants clinical histories

AIDS 2022 Affiliated Event

Participant #1 : 
From Ottawa

Ø 67-year-old HIV+ male diagnosed with 
AIDS-related symptoms in May 1987

Ø Undergoing palliative care, Medical 
Assistant at Death (March 16th, 2018)

Ø Records of opportunistic infections

Ø Multiple ART regimens (mono or 
combination)

Ø Reported taking his medication until one 
day before his death

Ø Had neither AIDS related diseases at the 
time of death nor other illness



Participants clinical histories
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Participant #2 : 
From Edmonton

Ø 68-year-old HIV+ male, diagnosed HIV in 
2003

Ø Died of non-Hodgkin large B cell lymphoma 
(June 12th, 2018)

Ø Two ART regimen during his life

Ø Undetectable viral load at the time of 
death. 

Ø Diabetes, hypertension, HCV infection, HIV-
associated peripheral neuropathy and minor 
neurocognitive disorder



Total HIV DNA quantification in deep tissues

AIDS 2022 Affiliated Event

Ø Total HIV DNA was detected in all tissues analyzed (n = 15 and 14, respectively).
Ø Highest HIV DNA levels are found in the different lymph nodes (Ottawa) or liver and

spleen (Edmonton).

Each dot represents an independent measure from a different piece.
Empty dots represent samples with undetectable values and are plotted at the limit of detection (calculated from cell input).
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Characterizing the persistent tissue reservoir
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• 300 proviral 
genomes, 
ranging from 
150 to 9064 
bp (mean of 
5797 bp);

Characterizing the persistent tissue reservoir
Ottawa participant



Ottawa participant
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• 300 proviral 
genomes, 
ranging from 
150 to 9064 
bp (mean of 
5797 bp);

• From 14 
deep-tissues, 
between 1 and 
67 HIV 
sequences per 
tissue.

Characterizing the persistent tissue reservoir



Ottawa participant
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• 300 proviral 
genomes, 
ranging from 
150 to 9064 
bp (mean of 
5797 bp);

• From 14 
deep-tissues, 
between 1 and 
67 HIV 
sequences per 
tissue.

• 2% of the 300 
proviral 
sequences are 
intact. They 
were found in 
the spleen 
(2), in the 
mediastinal 
(2) and 
mesenteric 
(1) lymph 
nodes

Characterizing the persistent tissue reservoir



Edmonton participant
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• 141 proviral 
genomes, 
ranging from 
490 to 9051 
bp (mean of 
4848 bp);

Characterizing the persistent tissue reservoir



Edmonton participant
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• 141 proviral 
genomes, 
ranging from 
490 to 9051 
bp (mean of 
4848 bp);

• From 8 deep-
tissues, 
between 6 and 
33 sequences 
per tissue.

Characterizing the persistent tissue reservoir
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• 141 proviral 
genomes, 
ranging from 
490 to 9051 
bp (mean of 
4848 bp);

• From 8 deep-
tissues, 
between 6 and 
33 sequences 
per tissue.

• 26% of 
proviral 
sequences 
(36) are 
intact. They 
were found in 
all analyzed 
tissues 
except for 
inguinal LN 
and 
duodenum.

Edmonton participant

Ø Intact sequences, although rare, are mainly found in lymphoid organs,
but can also be retrieved in other deep tissues (lungs, liver, gut).

Characterizing the persistent tissue reservoir
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Ø ~50% of the reservoir in deep tissues is composed of clonal expansions (i.e., 100%
identical)

Ø Clonally expanded HIV genomes were observed in every deep tissues where more than
1 provirus was sequenced.
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Clonality of proviruses in tissue reservoirs
Edmonton participantOttawa participant



Edmonton participant
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Distribution of the clonal reservoir in tissues
Ottawa participant

# of clones
per tissue

# of clones
per tissue

Ø In both participants, each tissue shares identical proviruses with other anatomical
sites

Ø Many of these shared clones have also expanded locally.



Edmonton participantOttawa participant
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Shared clonal proviruses between tissues

# of
connections

# of
connections

Ø A given tissue shares clonal proviral sequences with :
Ø 3 to 11 of the 13 other tissues (Ottawa)
Ø 2 to 5 of the 7 other tissues (Edmonton)



Edmonton participantOttawa participant
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Ø Two given organs share from 1 to 11 clones (Ottawa) and 1 to 2 clones (Edmonton)
Ø Lack of compartmentalization of the anatomical reservoir

Compartmentalization of the tissue reservoir

# of
connections

# of
connections
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Ø There is a significant correlation between the size of a clone (# of copies) and the
number of different tissues where these copies are located.

r2=0.8159
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Larger clones are found in more anatomical sites
Edmonton participantOttawa participant



Ø During long-term antiretroviral therapies, latently infected cells persist in all deep
tissues analyzed in this study in both participants, with different frequencies.

Ø The majority of HIV proviral sequences in deep tissues harbor defects
preventing them to be replication-competent.

Ø The anatomical reservoir harbors intact proviruses, mainly but not exclusively
in lymphoid tissues (LNs and spleen).

Ø Half of the persistent reservoir during long-term ART encompasses clonally
expanded proviruses that are frequently found in multiple locations.

To sum-up

AIDS 2022 Affiliated Event



In this study, we performed near-full length proviral sequencing of various human
deep tissues of 2 PLWH, allowing for a precise genotypic characterization of
integrity, clonality and viral distribution of HIV during long-term ART.

This project, which supports the “Last Gift Study” results, highlights the presence of
persistent HIV in all collected tissues.

The two participants have different infection and antiretroviral treatment histories, a
factor that explains the distinct proviral integrity proportions.

Our results suggest that clonal expansion is an important mechanism of
persistence of the HIV reservoir, and that infected cells circulate throughout
different anatomical sites.

AIDS 2022 Affiliated Independent Event

In conclusion
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Reservoir	measurements	on	sorted	subsets:
• Integrated	DNA
• TILDA

HIV	persistence	in	lymph	nodes	from	virally	suppressed	

individuals :	residual	production	vs.	latency

Introduction
HIV preferentially persists in follicular helper
T cells (Tfh) from lymph nodes (LN) in virally
suppressed individuals. However, whether
these cells are latently infected or support
low levels of viral production is still unclear.

We evaluated the relative contributions of
latency and viral production to HIV
persistence in LN from individuals on
suppressive ART.
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Conclusions:

• The frequency of germinal center Tfh cells tends to be higher in short term
suppressed individuals (n=3) compared to long-term suppressed individuals
(n = 13)

• Levels of residual transcription in lymph nodes inversely correlate with the
CD4/CD8 ratio

• Within the total pool of CD4 infected T cells, the proportion of latently
infected cells tends to increase with the CD4/CD8 ratio and the time spent
on ART, whereas the proportion of cells undergoing residual transcription
decreases

• The contribution of Tfh cells to the HIV reservoir is minor after several years
of viral suppression

Phenotypic	characterization	of	Tfh cells

Figure 1A: Representative dot plots
of the co-staining CXCR5/PD-1 in

the LN and in the Blood

Figure 1B: The frequency of germinal

center Tfh cells (CXCR5highPD-1high) from

LN is highly variable between virally

suppressed individuals

Mononucleated cells were isolated from
LN biopsies/FNA and matched peripheral
blood samples, and the frequencies of
CXCR5highPD-1high cells were analyzed by
flow cytometry. For statistical analysis, the
Wilcoxon signed-rank test was used.

Figure 3A: Cell sorting strategy (biopsies)

Methods
Ø LN mononuclear cells were obtained by LN biopsies (n=6) or fine needle aspirates (n=10) from 16
virally suppressed participants on ART for 1.2 to 14 years. Matched peripheral blood samples
were also obtained.

Ø The frequency of Tfh cells was measured by flow cytometry in all samples.
Ø Relative contributions of residual transcription and latency were measured by Tat/Rev Induced
Limiting Dilution Assay (TILDA) in total CD4 T cells using the unstimulated and stimulated
versions of the assay, respectively.

Ø Tfh-enriched cells (CD45RA-PD-1+) and non-Tfh cells (CD45RA-PD-1-) were sorted by flow
cytometry from the 6 biopsies. Frequencies of HIV-infected cells in sorted subsets were
measured by alu-qPCR and TILDA.

Ex	vivo	(unstimulated)

=	Residual	transcription

Stimulated

=	Latency

Sorted	subsets:	Integrated	HIV	DNA	(B)	and	TILDA	(C,D)
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Subject Gender Ethnicity Age Year of HIV 
infection

Duration of 
suppressive 
ART (years)

CD4/CD
8

Ratio
VL

1126 Male White 69 1995 8 0.985 <40

2114 Male White 74 1986 11 0.485 <40

2167 Male White 60 1989 14 0.985 <40

2286 Male White 50 2002 13 1.104 <40

2511 Male White 48 2001 10 1.190 <40

2185 Male African
American 60 1999 13 1.553 <40

1379 Male African
American 49 2005 7 0.800 <40

2610 Male White 54 2009 4 0.941 <40

2402 Male African
American 41 2004 1.4 0.860 122

1626 Male Hispanic/
Latino 52 1995 1.2 0.381 <40

2008 Male White 62 1991 14 0.80 <40

2377 Male White 63 2007 9 0.89 <40

2274 Male White 56 2002 14 1.24 <40

3162 Male White 56 1987 11 1.09 <40

2511 Male White 50 2001 12 0.95 <40

5003 Male Hispanic/L
atino 47 1993 11 0.64 <40

Median =	10.8	years

n =	6

n =	10

Biopsies

Fine	Needle Aspirates
CD3+Vivid-

44,1
Vivid+
0,96

0-103 103 104 105

Comp-AmCyan-A :: Vivid

0

-103

103

104

105

C
om

p-
A

le
xa

 F
lu

or
 7

00
-A

 ::
 C

D
3

CD45RA+
22,6

Cd45RA-
75,7

0-103 103 104 105

Comp-BUV737-A :: CD45RA

0

-103

103

104

105

C
om

p-
BV

65
0-

A
 ::

 C
D

27

CD4+
60,7

0-103 103 104 105

Comp-Qdot 605-A :: CD4

0

-103

103

104

105

C
om

p-
Pe

rC
P-

C
y5

-5
-A

 ::
 C

D
8

Naive
94,7

Q1
0,28

Q3
4,78

Td
0,21

0-103 103 104 105

Comp-BV650-A :: CD27

0

103

104

105

C
om

p-
PE

-C
y7

-A
 ::

 C
C

R7

Cm
46,4

Em
4,91

Q1
2,63

Tm
46,1

0-103 103 104 105

Comp-BV650-A :: CD27

0

103

104

105

C
om

p-
PE

-C
y7

-A
 ::

 C
C

R7

CXCR5-
44,3

PD-1+
36,5

PD-1-
58,6

Tfh
8,18

0 103 104 105

Comp-BB515-A :: CXCR5

0

-103

103

104

105

C
om

p-
A

PC
-A

 ::
 P

D
-1

0 104 105

Comp-BV 421-A :: ICOS

0

5,0

10

15

20

C
ou

nt

Tfh

0 104 105

Comp-BV 421-A :: ICOS

0

50

100

150

C
ou

nt

PD-1-

0 104 105

Comp-BV 421-A :: ICOS

0

20

40

60

C
ou

nt

PD-1+

Debris
25,8

Lymphocytes
66,2

0 50K 100K 150K 200K 250K

FSC-A

0

50K

100K

150K

200K

250K

SS
C

-A

FNA_2402_016.fcs

PD
-1

CXCR5

CXCR5high
PD-1high

Implications:

• The mechanisms of viral persistence in lymph nodes might be
different between individuals on short VS prolonged ART

• Therapeutic interventions aimed at eliminating HIV will need to
be adapted according to the duration of treatment

A

Figure 3C: Cells producing tat/rev RNA after

stimulation are more rarely detected in the Tfh-

enriched subset compared to non-Tfh cells

Tfh-enriched cells (CD3+CD8-CD45RA-PD-1+), non-
Tfh cells (CD3+CD8-CD45RA-PD-1-) and naïve cells
(CD3+CD8-CD45RA+) were sorted by flow
cytometry. TILDA was performed either in absence
of any stimulation or after a 12h-stimulation with
PMA/Ionomycin.

n=6	(all	suppressed	for	more	than	8	years)

Clinical data of the participants

Nested RT-PCR 
for msHIV RNA 
(24+40 cycles) 

Maximum likelihood  
method 

Frequency of cells 
with inducible 
msHIV RNA 

10-20 mL  
whole blood PBMCs 

Ficoll gradient 
centrifugation 

CD4+  

T cells 

Negative  
selection 

12h PMA
+ionomycin 

Distribute in 
limiting dilutions 

Frequency of cells 
with msHIV RNA 

baseline 

=	Contribution	of	residual	
transcription

=	Contribution	of	latency

Principle of the Tat/Rev Induced Limiting Dilution Assay (TILDA)
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Figure 3D: PD-1 negative cells are the major

contributor to the inducible reservoir in LN from

individuals on long-term ART

Tfh-enriched cells (CD3+CD8-CD45RA-PD-1+), non-
Tfh cells (CD3+CD8-CD45RA-PD-1-) and naïve cells
(CD3+CD8-CD45RA+) were sorted by flow
cytometry. The contribution of these 3 subsets to
the pool of cells producing inducible msRNA was
calculated. For statistical analysis, Friedman one-
way ANOVA with Dunn’s post-test was used
(*adjusted p value <0.05).
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A

Figure 2: Frequencies of cells expressing msHIV RNA in Blood and LN

measured by the unstimulated and stimulated versions of TILDA

Mononucleated cells were isolated from LN biopsies/FNA and matched
peripheral blood samples. TILDA measurements were performed on
total CD4 T cells in absence of stimulation or after maximal stimulation
with PMA/Ionomycin. Opened symbols represent undetectable
measurements. For statistical analysis, the Wilcoxon signed-rank test
was used.

TILDA	measurements	in	Blood	vs LN
B

Figure 3A: Residual transcription in LN is significantly

higher in individuals with a PI-based regimen (DRV/r)

Figure 3B: The contribution of latency to HIV

persistence in LN is significantly lower in individuals

with a PI-based regimen (DRV/r)

Mononucleated cells were isolated from LN biopsies or
FNA. TILDA measurements were performed on total CD4
T cells. For statistical analyses, the Mann-Whitney test
was applied.

Figure 3C: The CD4/CD8 ratio inversely correlates with

residual transcription in LN.

Figure 3D: The CD4/CD8 ratio positively correlates with

the relative contribution of latency to HIV persistence

Figure 3E: The relative contribution of latency to HIV

persistence in LN tends to positively correlate with the

duration of ART

Mononucleated cells were isolated from LN biopsies or
FNA. The relative contributions of residual transcription
and latency to HIV persistence were determined by using
the unstimulated and stimulated versions of TILDA,
respectively. The 3 individuals with a DRV/r regimen
were removed from the analyses. Statistical tests were
performed by using spearman correlations.

C ED

Figure 3B: Integrated HIV DNA tends to be higher

in PD-1+ cells from LN compared to all other

subsets

Tfh-enriched cells (CD3+CD8-CD45RA-PD-1+), non-
Tfh cells (CD3+CD8-CD45RA-PD-1-) and naïve cells
(CD3+CD8-CD45RA+) were sorted by flow
cytometry and the frequency of cells harbouring
integrated HIV DNA was measured by ultra-
sensitive alu-PCR in the sorted subsets.
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Reservoir	measurements	on	sorted	subsets:
• Integrated	DNA
• TILDA

HIV	persistence	in	lymph	nodes	from	virally	suppressed	

individuals :	residual	production	vs.	latency

Introduction
HIV preferentially persists in follicular helper
T cells (Tfh) from lymph nodes (LN) in virally
suppressed individuals. However, whether
these cells are latently infected or support
low levels of viral production is still unclear.

We evaluated the relative contributions of
latency and viral production to HIV
persistence in LN from individuals on
suppressive ART.
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Conclusions:

• The frequency of germinal center Tfh cells tends to be higher in short term
suppressed individuals (n=3) compared to long-term suppressed individuals
(n = 13)

• Levels of residual transcription in lymph nodes inversely correlate with the
CD4/CD8 ratio

• Within the total pool of CD4 infected T cells, the proportion of latently
infected cells tends to increase with the CD4/CD8 ratio and the time spent
on ART, whereas the proportion of cells undergoing residual transcription
decreases

• The contribution of Tfh cells to the HIV reservoir is minor after several years
of viral suppression

Phenotypic	characterization	of	Tfh cells

Figure 1A: Representative dot plots
of the co-staining CXCR5/PD-1 in

the LN and in the Blood

Figure 1B: The frequency of germinal

center Tfh cells (CXCR5highPD-1high) from

LN is highly variable between virally

suppressed individuals

Mononucleated cells were isolated from
LN biopsies/FNA and matched peripheral
blood samples, and the frequencies of
CXCR5highPD-1high cells were analyzed by
flow cytometry. For statistical analysis, the
Wilcoxon signed-rank test was used.

Figure 3A: Cell sorting strategy (biopsies)

Methods
Ø LN mononuclear cells were obtained by LN biopsies (n=6) or fine needle aspirates (n=10) from 16
virally suppressed participants on ART for 1.2 to 14 years. Matched peripheral blood samples
were also obtained.

Ø The frequency of Tfh cells was measured by flow cytometry in all samples.
Ø Relative contributions of residual transcription and latency were measured by Tat/Rev Induced
Limiting Dilution Assay (TILDA) in total CD4 T cells using the unstimulated and stimulated
versions of the assay, respectively.

Ø Tfh-enriched cells (CD45RA-PD-1+) and non-Tfh cells (CD45RA-PD-1-) were sorted by flow
cytometry from the 6 biopsies. Frequencies of HIV-infected cells in sorted subsets were
measured by alu-qPCR and TILDA.

Ex	vivo	(unstimulated)

=	Residual	transcription

Stimulated

=	Latency

Sorted	subsets:	Integrated	HIV	DNA	(B)	and	TILDA	(C,D)
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Subject Gender Ethnicity Age Year of HIV 
infection

Duration of 
suppressive 
ART (years)

CD4/CD
8

Ratio
VL

1126 Male White 69 1995 8 0.985 <40

2114 Male White 74 1986 11 0.485 <40

2167 Male White 60 1989 14 0.985 <40

2286 Male White 50 2002 13 1.104 <40

2511 Male White 48 2001 10 1.190 <40

2185 Male African
American 60 1999 13 1.553 <40

1379 Male African
American 49 2005 7 0.800 <40

2610 Male White 54 2009 4 0.941 <40

2402 Male African
American 41 2004 1.4 0.860 122

1626 Male Hispanic/
Latino 52 1995 1.2 0.381 <40

2008 Male White 62 1991 14 0.80 <40

2377 Male White 63 2007 9 0.89 <40

2274 Male White 56 2002 14 1.24 <40

3162 Male White 56 1987 11 1.09 <40

2511 Male White 50 2001 12 0.95 <40

5003 Male Hispanic/L
atino 47 1993 11 0.64 <40

Median =	10.8	years

n =	6

n =	10
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Implications:

• The mechanisms of viral persistence in lymph nodes might be
different between individuals on short VS prolonged ART

• Therapeutic interventions aimed at eliminating HIV will need to
be adapted according to the duration of treatment

A

Figure 3C: Cells producing tat/rev RNA after

stimulation are more rarely detected in the Tfh-

enriched subset compared to non-Tfh cells

Tfh-enriched cells (CD3+CD8-CD45RA-PD-1+), non-
Tfh cells (CD3+CD8-CD45RA-PD-1-) and naïve cells
(CD3+CD8-CD45RA+) were sorted by flow
cytometry. TILDA was performed either in absence
of any stimulation or after a 12h-stimulation with
PMA/Ionomycin.

n=6	(all	suppressed	for	more	than	8	years)

Clinical data of the participants

Nested RT-PCR 
for msHIV RNA 
(24+40 cycles) 

Maximum likelihood  
method 

Frequency of cells 
with inducible 
msHIV RNA 

10-20 mL  
whole blood PBMCs 

Ficoll gradient 
centrifugation 

CD4+  

T cells 

Negative  
selection 

12h PMA
+ionomycin 

Distribute in 
limiting dilutions 

Frequency of cells 
with msHIV RNA 

baseline 

=	Contribution	of	residual	
transcription

=	Contribution	of	latency

Principle of the Tat/Rev Induced Limiting Dilution Assay (TILDA)
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Figure 3D: PD-1 negative cells are the major

contributor to the inducible reservoir in LN from

individuals on long-term ART

Tfh-enriched cells (CD3+CD8-CD45RA-PD-1+), non-
Tfh cells (CD3+CD8-CD45RA-PD-1-) and naïve cells
(CD3+CD8-CD45RA+) were sorted by flow
cytometry. The contribution of these 3 subsets to
the pool of cells producing inducible msRNA was
calculated. For statistical analysis, Friedman one-
way ANOVA with Dunn’s post-test was used
(*adjusted p value <0.05).
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A

Figure 2: Frequencies of cells expressing msHIV RNA in Blood and LN

measured by the unstimulated and stimulated versions of TILDA

Mononucleated cells were isolated from LN biopsies/FNA and matched
peripheral blood samples. TILDA measurements were performed on
total CD4 T cells in absence of stimulation or after maximal stimulation
with PMA/Ionomycin. Opened symbols represent undetectable
measurements. For statistical analysis, the Wilcoxon signed-rank test
was used.

TILDA	measurements	in	Blood	vs LN
B

Figure 3A: Residual transcription in LN is significantly

higher in individuals with a PI-based regimen (DRV/r)

Figure 3B: The contribution of latency to HIV

persistence in LN is significantly lower in individuals

with a PI-based regimen (DRV/r)

Mononucleated cells were isolated from LN biopsies or
FNA. TILDA measurements were performed on total CD4
T cells. For statistical analyses, the Mann-Whitney test
was applied.

Figure 3C: The CD4/CD8 ratio inversely correlates with

residual transcription in LN.

Figure 3D: The CD4/CD8 ratio positively correlates with

the relative contribution of latency to HIV persistence

Figure 3E: The relative contribution of latency to HIV

persistence in LN tends to positively correlate with the

duration of ART

Mononucleated cells were isolated from LN biopsies or
FNA. The relative contributions of residual transcription
and latency to HIV persistence were determined by using
the unstimulated and stimulated versions of TILDA,
respectively. The 3 individuals with a DRV/r regimen
were removed from the analyses. Statistical tests were
performed by using spearman correlations.

C ED

Figure 3B: Integrated HIV DNA tends to be higher

in PD-1+ cells from LN compared to all other

subsets

Tfh-enriched cells (CD3+CD8-CD45RA-PD-1+), non-
Tfh cells (CD3+CD8-CD45RA-PD-1-) and naïve cells
(CD3+CD8-CD45RA+) were sorted by flow
cytometry and the frequency of cells harbouring
integrated HIV DNA was measured by ultra-
sensitive alu-PCR in the sorted subsets.
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