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What key question was asked?
Can broadly neutralizing antibody (bNAb) therapy impact the HIV 
reservoir?

What was the key finding / take-home message?
Changes in the size and composition of the intact proviral reservoir 
after bNAb therapy.

How is this important for an HIV cure?
Goal of HIV-1 cure research is to reduce or silence the 
reservoir.
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Figure 1 Extremely slow decay of the latent
reservoir in patients on HAART. (a) Frequency
of latently infected cells in 62 HIV-1-infected
adults who maintained suppression of viremia
on combination therapy without failure.
Results are expressed in terms of IUPM resting
CD4+ T cells. Colored lines, repeat
measurements in individual patients; closed
symbols, successful detection of resting CD4+

T cells harboring replication-competent HIV-1
at the indicated frequencies; open symbols,
unsuccessful virus isolation (in this instance,
the upper bound on the infected-cell
frequency, estimated based on the number of
input cells, is plotted.). (b) Decay of the latent
reservoir in the subset of 18 patients who
maintained suppression of viremia on HAART
for 3–7 years without blips (colored lines and
symbols). a and b: Heavy black line, mean
decay rate; light black lines, 95% confidence
interval around the mean decay rate. (c) Plasma virus levels and CD4 counts in eight representative patients who maintained suppression of viremia
on HAART for >3 years without blips. Open symbols, level of plasma viremia below limit of detection of the assay used (500 or 50 copies/ml). 
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Long-term follow-up studies
confirm the stability of the latent
reservoir for HIV-1 in resting
CD4+ T cells
Janet D Siliciano1, Joleen Kajdas1, Diana Finzi2, Thomas C Quinn1,2,
Karen Chadwick3, Joseph B Margolick3, Colin Kovacs4, Stephen J
Gange5 & Robert F Siliciano1

Latent HIV-1 persists in resting memory CD4+ T cells, even in
patients receiving highly active antiretroviral therapy (HAART).
It has been unclear how stable this latent reservoir is and
whether its persistence reflects replenishment by low-level
viremia. Here we show that even in treated patients who have
had no detectable viremia for as long as 7 years, the reservoir
decays so slowly (t1/2 = 44 months) that eradication is unlikely.

Treatment of HIV-1 infection with HAART can reduce plasma lev-
els of the virus to below the limit of detection1–3. HIV-1 establishes
latent infection in resting memory CD4+ T cells4,5, however, allow-
ing persistence even in the face of HAART6–9 (reviewed in ref. 10).
An initial study based on the first 3 years of treatment suggested
that the latent reservoir in resting CD4+ T cells was extremely sta-
ble, with a mean half-life (t1/2) of 44 months9. Other work sug-
gested that the t1/2 may be as short as 6 months11,12 in patients with

optimal suppression of viral replication. Even when viremia is
undetectable by the most sensitive clinical assays, free virions can
be measured in the plasma with even more sensitive methods13. In
addition, many patients who are responding well to HAART have
isolated episodes of clinically detectable viremia, called ‘blips’12.
The latent reservoir might decay more quickly in patients who do
not have blips12.

To define the t1/2 of the latent reservoir more precisely and
explore the effects of intermittent viremia, we carried out limiting
dilution virus culture assays on highly purified, resting CD4+ T
cells from 62 HIV-1-infected adults who maintained stable sup-
pression of viremia on HAART for as long as 7 years without failure
(for details, see Supplementary Methods online). Failure was
defined as consecutive positive HIV-1 RNA measurements necessi-
tating a change in drug regimen to maintain undetectable levels of
viremia. Figure 1a shows the frequencies of resting CD4+ T cells
harboring replication-competent HIV-1 in these patients. Despite
the wide confidence intervals around individual frequency meas-
urements (±0.7 log), a consistent pattern of stability emerged. The
frequencies of latently infected cells remained in a 2-log range,
0.03–3 infectious units per million (IUPM) resting CD4+ T cells,
with only a very slight decline at later time points. Unsuccessful
virus isolation did not become more frequent with increasing time
on HAART. Statistical analysis was carried out using a random-
effects regression model for decay with first-order kinetics (Table
1). This analysis assumes that patients have different initial num-
bers of latently infected cells and then provides an estimate of the
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1364 IgG Fc domain activity in microbial neutralization | Bournazos et al.

(Fig. 1 B). Furthermore, the capacity of other mammalian 
FcGRs to interact with human IgG molecules is indicative of 
the high degree of FcGR gene similarity (Fig. 1 C).

Despite such similarities in the FcGR structure and function, 
there are several fundamental di!erences among mammalian 
species stemming mainly from the unique characteristics of 
human FcGRs. For example, the human FcGR locus exhibits 
a unique organization pattern that is the result of a nonho-
mologous recombination event of the ancestral FcGR locus 
that gave rise to human FCGR2C and FCGR3B genes en-
coding for FcGRIIc and FcGRIIIb, respectively (Qiu et al., 
1990). Likewise, FcGR expression patterns on di!erent leu-
kocyte types di!er substantially between di!erent species. 
For example, nonhuman primate neutrophils express FcGRI, 
FcGRIIa, and FcGRIIb, whereas in humans, neutrophils express 
FcGRIIa, FcGRIIb, and FcGRIIIb (unpublished data). Like-
wise, mouse monocyte-derived DCs express FcGRI, FcGRIIb, 
FcGRIII, and FcGRIV, contrary to their human counterparts 
that express only FcGRIIa and FcGRIIb. Similar interspecies 
di!erences have been observed in other cell types, including 
NK cells, macrophages, and other e!ector leukocytes (Smith 
et al., 2012).

Such di!erences in the FcGR structure and expression 
pattern among di!erent mammalian species commonly used as 
infectious disease models do not allow for the precise evaluation 

role in modulating the e!ector activities of an antibody. For 
example, enhanced engagement of activating FcGRs by anti-
tumor mAbs greatly improves their cytotoxic activity (Clynes 
et al., 2000; Smith et al., 2012; Goede et al., 2014), whereas 
selective binding to the inhibitory FcGRIIb is necessary for 
optimal activity of agonistic anti-CD40 mAbs (Li and Ravetch, 
2011). In the context of infectious diseases, Fc–FcGR inter-
actions readily amplify the in vivo protective activity of neu-
tralizing antibodies through opsonization and clearance of 
microbes and their toxins, as well as by cytotoxic killing of in-
fected cells (Fig. 2; Bournazos et al., 2014a,c; DiLillo et al., 
2014). Additionally, FcGR engagement by immune complexes 
may induce pleiotropic proin"ammatory and immunomodu-
latory functions with the potential to initiate sustained anti-
microbial immune responses (Fig. 2).

FcGR interspecies conservation
With the exception of the high-a#nity FcGRI, all members 
of the FcGR family are mapped at a common FcGR locus 
(located at 1q23 for Homo sapiens) that is highly conserved 
among species. Indeed, the ancestral FcGR locus that encom-
passes the genes coding for the low-a#nity FcGRs (FcGRIIa/
b/c and FcGRIIIa/b) shares a common genomic organization 
that can be traced back early in evolutionary history and pre-
sents substantial similarities among di!erent mammalian species 

Figure 2. FcGR-mediated effector pathways during viral infection. Interactions of the IgG Fc domain have pleiotropic effects that contribute to 
the in vivo protective activity of antibodies during infection. (A) IgG-opsonized viral particles are cleared by FcGR-expressing effector leukocytes, like neu-
trophils, macrophages, and NK cells. (B) Additionally, IgG binding to infected cells expressing viral proteins on their surface recruits effector leukocytes, 
such as macrophages and NK cells, through Fc–FcGR interactions. Infected cells are thereby cleared by FcGR-expressing leukocytes, limiting the viral res-
ervoir and preventing further viral spreading. (C) Lastly, IgG–antigen immune complexes generated during these steps have the capacity to stimulate host 
immune responses through FcGR engagement on DCs, inducing cellular maturation and enhancing antigen presentation to T cells.
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1. Broadly neutralizing antibodies mediate effector functions

2. Therapy with bNabs potentially eliminates infected CD4+ T cells and 
reduces HIV-1 latent reservoir in people living with HIV
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three-week intervals beginning two days before treatment interruption  
(Fig. 1a). Individuals whose regimens contained non-nucleoside 
reverse transcriptase inhibitors were switched to an integrase inhibitor- 
based regimen four weeks before discontinuing ART (Extended 
Data Figs. 1b, 2a). Viral load and CD4+ T cell counts were monitored 
every 1–2 weeks (Supplementary Table 2). ART was reinitiated and  
antibody infusions were discontinued if viraemia of >200 copies per 
ml was confirmed. Time of viral rebound was defined as the first of 
two consecutive viral loads of >200 copies per ml. Fifteen individuals 
were enrolled, but four of them showed viral loads of >20 copies per 
ml two weeks before or at the time of the first bNAb infusion and 
they were excluded from efficacy analyses (Extended Data Fig. 1b and 
Supplementary Table 2).

Antibody infusions were generally safe and well-tolerated with no 
reported serious adverse events or antibody-related adverse events, 
except for mild fatigue in two participants (Supplementary Table 3). 
The mean CD4+ T cell count was 685 and 559 cells per µl at the time 
of first antibody infusion and at rebound, respectively (Extended Data 
Fig. 2b and Supplementary Table 2). Reinitiation of ART after viral 
rebound resulted in resuppression of viraemia (Supplementary Table 2). 
We conclude that combination therapy with 3BNC117 and 10-1074 is 
generally safe and well-tolerated.

The serum half-life of each antibody was measured independently 
by TZM-bl assay and anti-idiotype enzyme-linked immunosorbent 
assay (ELISA, Extended Data Fig. 2c, d and Supplementary Table 2). 
3BNC117 had a half-life of 12.5 and 17.6 days as measured using 
TZM-bl and ELISA, respectively (Extended Data Fig. 2c, d). The 
half-life of 10-1074 was 19.1 and 23.2 days as measured by TZM-bl 
and ELISA, respectively; significantly longer than 3BNC117 in both 
assays (P = 0.0002 and P = 0.02, Extended Data Fig. 2e, f). These 
measurements are similar to those observed when each antibody was 
administered alone in ART-treated HIV-1-infected individuals6,8,9. We 
conclude that the pharmacokinetic profiles of 3BNC117 and 10-1074 
are not altered when they are used in combination.

The combination of bNAbs maintains viral suppression
For the 11 individuals who had complete viral suppression (HIV-1 RNA 
<20 copies per ml) during the screening period and at day 0, combination 
antibody therapy was associated with maintenance of viral suppression  
for between 5 and more than 30 weeks (Fig. 1b, c and Supplementary 
Table 2). The median time to rebound was 21 weeks compared 
to 2.3 weeks for historical controls who participated in previous  
non-interventional ATI studies10 and 6–10 weeks for monotherapy with 
3BNC1179 (Fig. 1c). Together, 9 of the 11 participants maintained viral 
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Fig. 1 | Delayed viral rebound with 3BNC117 and 10-1074 combination 
therapy during ATI. a, Study design. Red and blue triangles represent 
3BNC117 and 10-1074 infusions, respectively. b, Plasma HIV-1 RNA 
levels (black; left y axis) and bNAb serum concentrations (3BNC117, red; 
10-1074, blue; right y axis) in the nine bNAb-sensitive participants (left) 
and the two participants with pre-existing resistance against one of the 
antibodies (right). Red and blue triangles indicate 3BNC117 and 10-1074 
infusions, respectively. Serum antibody concentrations were determined 
by TZM-bl assay. Grey-shaded areas indicate time on ART. Lower limit 
of detection of HIV-1 RNA was 20 copies per ml. c, Kaplan–Meier plots 
summarizing time to viral rebound for the participants with HIV-1 

RNA <20 copies per ml two weeks before and at the start of ATI (n = 11, 
left), for the participants sensitive to both antibodies (n = 9, centre), and 
for the participants that showed pre-existing resistance to one of the 
antibodies (n = 2, right). The y axis shows the percentage of participants 
that maintain viral suppression. The x axis shows the time in weeks after 
start of ATI. Participants receiving the combination of 3BNC117 and 
10-1074 are indicated by the blue line. Dotted red lines indicate a cohort 
of individuals receiving 3BNC117 alone during ATI9 (n = 13) and dotted 
black lines indicate a cohort of participants who underwent ATI without 
intervention10 (n = 52).
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Sequences recovered

902 intact (12.6%) proviruses 

6275 defective (87.4%) proviruses
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changes during a six-month interval in individuals who maintain sup-
pression while receiving repeated doses of anti-HIV-1 bNAbs.

Sequence-based reservoir analyses allow for the unambiguous iden-
tification of intact proviruses but, owing to the relative scarcity of intact 
proviruses in the latent reservoir, the analysis inevitably relies on small 
numbers and will need additional confirmation.

The results of this open-label study in chronically infected partici-
pants and the parallel placebo-controlled clinical trial in individuals who 
initiated ART during primary infection53 demonstrate that antibodies 
can maintain HIV-1 suppression for prolonged periods of time. Combi-
nations of antibodies targeting non-overlapping epitopes appear to be 
essential in this respect because of the emergence of antibody resistance 
during monotherapy11,13. In 76% (13 out of 17) of the limited number of 
individuals examined, most of whom were infected with clade B HIV-1, 
the 3BNC117 plus 10-1074 antibody combination maintained suppres-
sion in the absence of pre-screening for sensitivity. A key challenge in the 
further implementation of antibody therapy is that available combina-
tions do not cover 100% of all HIV-1 strains. In addition, antibody sensitiv-
ity testing remains suboptimal, in part because the depth of the reservoir 
makes it difficult to obtain fully representative samples. Although these 
are not yet available, careful selection of dosing regimens to avoid peri-
ods of antibody monotherapy, close monitoring and education of par-
ticipants with regards to risks associated with viral rebound during ART 
interruption studies are of utmost importance29. Despite these current 
challenges, long-acting antibodies may become a viable therapeutic 

option in combination with long-acting ART to achieve higher rates of 
sustained viral suppression among sub-populations of people living 
with HIV who face challenges with daily regimens.

The HIV-1 reservoir is composed of very large numbers of defective 
and intact proviruses integrated into a variety of genome locations30–32. 
Reactivation of intact proviruses in ART-suppressed individuals in 
whom treatment has been interrupted leads to rebound viraemia after 
two to four weeks in most individuals, even after periods of prolonged 
ART4. It has been estimated that a three to four orders of magnitude 
decrease in reservoir size would be required to alter rebound kinet-
ics33. bNAb therapy appears to accelerate intact reservoir decay but, 
as expected, the magnitude of the change in reservoir size after six 
months was not sufficient to delay rebound.

Several methods focusing on intact proviruses have been used to 
characterize the reservoir, including quantitative34 and qualitative35 
viral outgrowth assays, near full-length PCR36,37, intact proviral PCR27,38 
(IPDA), and Q4PCR21. Although the absolute number of intact proviruses 
detected by each of these methods varies39, they all report the same 
intact proviral reservoir half-life of between four and five years25–27,40,41. 
Defective proviruses, which are one to two orders of magnitude more 
abundant than intact proviruses, have a much longer half-life than 
intact proviruses26,28,37,42. The discrepancy between the size and half-life 
of the intact and defective reservoirs makes it essential that interven-
tions aimed at altering the intact reservoir are measured by methods 
that can definitively distinguish between these two compartments.
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Fig. 4 | Reservoir quantification and composition. a, Frequency of intact and 
defective proviral genomes per 106 CD4+ T cells (log normalized) as determined 
by Q4PCR pre-therapy and post-therapy (26 weeks) for bNAb therapy with 
participants who have been on ART for at least 7 years (top, circles) and baseline 
and follow-up (24–58 weeks) for ART-alone (bottom, squares) groups, 
respectively. All participants with paired reservoirs measurements were 
included (bNAb therapy with at least 7 years ART n = 12, ART alone n = 10). Open 
symbols represent lower limit of detection (defined as half of intact proviral 
frequency assuming one intact proviral genome in the total number of 
analysed cells without target identification). Green and red horizontal bars 
depict mean ± s.d. of intact and defective proviral frequencies, respectively.  
b, Longitudinal changes in relative representation of proviral subtypes in the 
bNAb therapy with at least 7 years ART (top) and ART-alone (bottom) groups, 
respectively. Depicted are the fractions of intact and defective proviral 

subtypes relative to total proviruses recovered from each participant at the 
indicated time point. Proviral subtypes: intact; SV, structural variation; MIG, 
missing internal gene; LTR, LTR defects; MSD, major splice donor mutation; 
and NF, non-functional. Participants in whom at least one intact proviral 
genome was recovered are shown (bNAb therapy with at least 7 years ART n = 11, 
ART alone n = 9). Horizontal bars show median and interquartile range.  
c, Relative change in proviral frequencies (indicated at the bottom of each 
dataset) between pre-therapy (T1) and post-therapy time points (T2) for intact 
(green) and defective (red) proviral frequencies in bNAb therapy (circles) and 
ART-alone (squares) groups, respectively. Horizontal bars indicate median 
change. Open square with cross represents individual data point outside the 
y-axis range (relative change TSC − 127 = 0.09). P-values are shown at the top of 
graphs and were determined using two-tailed paired Student’s t-test in a and 
two-tailed Wilcoxon matched-pairs signed-rank test in b, c.
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changes during a six-month interval in individuals who maintain sup-
pression while receiving repeated doses of anti-HIV-1 bNAbs.

Sequence-based reservoir analyses allow for the unambiguous iden-
tification of intact proviruses but, owing to the relative scarcity of intact 
proviruses in the latent reservoir, the analysis inevitably relies on small 
numbers and will need additional confirmation.

The results of this open-label study in chronically infected partici-
pants and the parallel placebo-controlled clinical trial in individuals who 
initiated ART during primary infection53 demonstrate that antibodies 
can maintain HIV-1 suppression for prolonged periods of time. Combi-
nations of antibodies targeting non-overlapping epitopes appear to be 
essential in this respect because of the emergence of antibody resistance 
during monotherapy11,13. In 76% (13 out of 17) of the limited number of 
individuals examined, most of whom were infected with clade B HIV-1, 
the 3BNC117 plus 10-1074 antibody combination maintained suppres-
sion in the absence of pre-screening for sensitivity. A key challenge in the 
further implementation of antibody therapy is that available combina-
tions do not cover 100% of all HIV-1 strains. In addition, antibody sensitiv-
ity testing remains suboptimal, in part because the depth of the reservoir 
makes it difficult to obtain fully representative samples. Although these 
are not yet available, careful selection of dosing regimens to avoid peri-
ods of antibody monotherapy, close monitoring and education of par-
ticipants with regards to risks associated with viral rebound during ART 
interruption studies are of utmost importance29. Despite these current 
challenges, long-acting antibodies may become a viable therapeutic 

option in combination with long-acting ART to achieve higher rates of 
sustained viral suppression among sub-populations of people living 
with HIV who face challenges with daily regimens.

The HIV-1 reservoir is composed of very large numbers of defective 
and intact proviruses integrated into a variety of genome locations30–32. 
Reactivation of intact proviruses in ART-suppressed individuals in 
whom treatment has been interrupted leads to rebound viraemia after 
two to four weeks in most individuals, even after periods of prolonged 
ART4. It has been estimated that a three to four orders of magnitude 
decrease in reservoir size would be required to alter rebound kinet-
ics33. bNAb therapy appears to accelerate intact reservoir decay but, 
as expected, the magnitude of the change in reservoir size after six 
months was not sufficient to delay rebound.

Several methods focusing on intact proviruses have been used to 
characterize the reservoir, including quantitative34 and qualitative35 
viral outgrowth assays, near full-length PCR36,37, intact proviral PCR27,38 
(IPDA), and Q4PCR21. Although the absolute number of intact proviruses 
detected by each of these methods varies39, they all report the same 
intact proviral reservoir half-life of between four and five years25–27,40,41. 
Defective proviruses, which are one to two orders of magnitude more 
abundant than intact proviruses, have a much longer half-life than 
intact proviruses26,28,37,42. The discrepancy between the size and half-life 
of the intact and defective reservoirs makes it essential that interven-
tions aimed at altering the intact reservoir are measured by methods 
that can definitively distinguish between these two compartments.
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Fig. 4 | Reservoir quantification and composition. a, Frequency of intact and 
defective proviral genomes per 106 CD4+ T cells (log normalized) as determined 
by Q4PCR pre-therapy and post-therapy (26 weeks) for bNAb therapy with 
participants who have been on ART for at least 7 years (top, circles) and baseline 
and follow-up (24–58 weeks) for ART-alone (bottom, squares) groups, 
respectively. All participants with paired reservoirs measurements were 
included (bNAb therapy with at least 7 years ART n = 12, ART alone n = 10). Open 
symbols represent lower limit of detection (defined as half of intact proviral 
frequency assuming one intact proviral genome in the total number of 
analysed cells without target identification). Green and red horizontal bars 
depict mean ± s.d. of intact and defective proviral frequencies, respectively.  
b, Longitudinal changes in relative representation of proviral subtypes in the 
bNAb therapy with at least 7 years ART (top) and ART-alone (bottom) groups, 
respectively. Depicted are the fractions of intact and defective proviral 

subtypes relative to total proviruses recovered from each participant at the 
indicated time point. Proviral subtypes: intact; SV, structural variation; MIG, 
missing internal gene; LTR, LTR defects; MSD, major splice donor mutation; 
and NF, non-functional. Participants in whom at least one intact proviral 
genome was recovered are shown (bNAb therapy with at least 7 years ART n = 11, 
ART alone n = 9). Horizontal bars show median and interquartile range.  
c, Relative change in proviral frequencies (indicated at the bottom of each 
dataset) between pre-therapy (T1) and post-therapy time points (T2) for intact 
(green) and defective (red) proviral frequencies in bNAb therapy (circles) and 
ART-alone (squares) groups, respectively. Horizontal bars indicate median 
change. Open square with cross represents individual data point outside the 
y-axis range (relative change TSC − 127 = 0.09). P-values are shown at the top of 
graphs and were determined using two-tailed paired Student’s t-test in a and 
two-tailed Wilcoxon matched-pairs signed-rank test in b, c.
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changes during a six-month interval in individuals who maintain sup-
pression while receiving repeated doses of anti-HIV-1 bNAbs.

Sequence-based reservoir analyses allow for the unambiguous iden-
tification of intact proviruses but, owing to the relative scarcity of intact 
proviruses in the latent reservoir, the analysis inevitably relies on small 
numbers and will need additional confirmation.

The results of this open-label study in chronically infected partici-
pants and the parallel placebo-controlled clinical trial in individuals who 
initiated ART during primary infection53 demonstrate that antibodies 
can maintain HIV-1 suppression for prolonged periods of time. Combi-
nations of antibodies targeting non-overlapping epitopes appear to be 
essential in this respect because of the emergence of antibody resistance 
during monotherapy11,13. In 76% (13 out of 17) of the limited number of 
individuals examined, most of whom were infected with clade B HIV-1, 
the 3BNC117 plus 10-1074 antibody combination maintained suppres-
sion in the absence of pre-screening for sensitivity. A key challenge in the 
further implementation of antibody therapy is that available combina-
tions do not cover 100% of all HIV-1 strains. In addition, antibody sensitiv-
ity testing remains suboptimal, in part because the depth of the reservoir 
makes it difficult to obtain fully representative samples. Although these 
are not yet available, careful selection of dosing regimens to avoid peri-
ods of antibody monotherapy, close monitoring and education of par-
ticipants with regards to risks associated with viral rebound during ART 
interruption studies are of utmost importance29. Despite these current 
challenges, long-acting antibodies may become a viable therapeutic 

option in combination with long-acting ART to achieve higher rates of 
sustained viral suppression among sub-populations of people living 
with HIV who face challenges with daily regimens.

The HIV-1 reservoir is composed of very large numbers of defective 
and intact proviruses integrated into a variety of genome locations30–32. 
Reactivation of intact proviruses in ART-suppressed individuals in 
whom treatment has been interrupted leads to rebound viraemia after 
two to four weeks in most individuals, even after periods of prolonged 
ART4. It has been estimated that a three to four orders of magnitude 
decrease in reservoir size would be required to alter rebound kinet-
ics33. bNAb therapy appears to accelerate intact reservoir decay but, 
as expected, the magnitude of the change in reservoir size after six 
months was not sufficient to delay rebound.

Several methods focusing on intact proviruses have been used to 
characterize the reservoir, including quantitative34 and qualitative35 
viral outgrowth assays, near full-length PCR36,37, intact proviral PCR27,38 
(IPDA), and Q4PCR21. Although the absolute number of intact proviruses 
detected by each of these methods varies39, they all report the same 
intact proviral reservoir half-life of between four and five years25–27,40,41. 
Defective proviruses, which are one to two orders of magnitude more 
abundant than intact proviruses, have a much longer half-life than 
intact proviruses26,28,37,42. The discrepancy between the size and half-life 
of the intact and defective reservoirs makes it essential that interven-
tions aimed at altering the intact reservoir are measured by methods 
that can definitively distinguish between these two compartments.
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Fig. 4 | Reservoir quantification and composition. a, Frequency of intact and 
defective proviral genomes per 106 CD4+ T cells (log normalized) as determined 
by Q4PCR pre-therapy and post-therapy (26 weeks) for bNAb therapy with 
participants who have been on ART for at least 7 years (top, circles) and baseline 
and follow-up (24–58 weeks) for ART-alone (bottom, squares) groups, 
respectively. All participants with paired reservoirs measurements were 
included (bNAb therapy with at least 7 years ART n = 12, ART alone n = 10). Open 
symbols represent lower limit of detection (defined as half of intact proviral 
frequency assuming one intact proviral genome in the total number of 
analysed cells without target identification). Green and red horizontal bars 
depict mean ± s.d. of intact and defective proviral frequencies, respectively.  
b, Longitudinal changes in relative representation of proviral subtypes in the 
bNAb therapy with at least 7 years ART (top) and ART-alone (bottom) groups, 
respectively. Depicted are the fractions of intact and defective proviral 

subtypes relative to total proviruses recovered from each participant at the 
indicated time point. Proviral subtypes: intact; SV, structural variation; MIG, 
missing internal gene; LTR, LTR defects; MSD, major splice donor mutation; 
and NF, non-functional. Participants in whom at least one intact proviral 
genome was recovered are shown (bNAb therapy with at least 7 years ART n = 11, 
ART alone n = 9). Horizontal bars show median and interquartile range.  
c, Relative change in proviral frequencies (indicated at the bottom of each 
dataset) between pre-therapy (T1) and post-therapy time points (T2) for intact 
(green) and defective (red) proviral frequencies in bNAb therapy (circles) and 
ART-alone (squares) groups, respectively. Horizontal bars indicate median 
change. Open square with cross represents individual data point outside the 
y-axis range (relative change TSC − 127 = 0.09). P-values are shown at the top of 
graphs and were determined using two-tailed paired Student’s t-test in a and 
two-tailed Wilcoxon matched-pairs signed-rank test in b, c.
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changes during a six-month interval in individuals who maintain sup-
pression while receiving repeated doses of anti-HIV-1 bNAbs.

Sequence-based reservoir analyses allow for the unambiguous iden-
tification of intact proviruses but, owing to the relative scarcity of intact 
proviruses in the latent reservoir, the analysis inevitably relies on small 
numbers and will need additional confirmation.

The results of this open-label study in chronically infected partici-
pants and the parallel placebo-controlled clinical trial in individuals who 
initiated ART during primary infection53 demonstrate that antibodies 
can maintain HIV-1 suppression for prolonged periods of time. Combi-
nations of antibodies targeting non-overlapping epitopes appear to be 
essential in this respect because of the emergence of antibody resistance 
during monotherapy11,13. In 76% (13 out of 17) of the limited number of 
individuals examined, most of whom were infected with clade B HIV-1, 
the 3BNC117 plus 10-1074 antibody combination maintained suppres-
sion in the absence of pre-screening for sensitivity. A key challenge in the 
further implementation of antibody therapy is that available combina-
tions do not cover 100% of all HIV-1 strains. In addition, antibody sensitiv-
ity testing remains suboptimal, in part because the depth of the reservoir 
makes it difficult to obtain fully representative samples. Although these 
are not yet available, careful selection of dosing regimens to avoid peri-
ods of antibody monotherapy, close monitoring and education of par-
ticipants with regards to risks associated with viral rebound during ART 
interruption studies are of utmost importance29. Despite these current 
challenges, long-acting antibodies may become a viable therapeutic 

option in combination with long-acting ART to achieve higher rates of 
sustained viral suppression among sub-populations of people living 
with HIV who face challenges with daily regimens.

The HIV-1 reservoir is composed of very large numbers of defective 
and intact proviruses integrated into a variety of genome locations30–32. 
Reactivation of intact proviruses in ART-suppressed individuals in 
whom treatment has been interrupted leads to rebound viraemia after 
two to four weeks in most individuals, even after periods of prolonged 
ART4. It has been estimated that a three to four orders of magnitude 
decrease in reservoir size would be required to alter rebound kinet-
ics33. bNAb therapy appears to accelerate intact reservoir decay but, 
as expected, the magnitude of the change in reservoir size after six 
months was not sufficient to delay rebound.

Several methods focusing on intact proviruses have been used to 
characterize the reservoir, including quantitative34 and qualitative35 
viral outgrowth assays, near full-length PCR36,37, intact proviral PCR27,38 
(IPDA), and Q4PCR21. Although the absolute number of intact proviruses 
detected by each of these methods varies39, they all report the same 
intact proviral reservoir half-life of between four and five years25–27,40,41. 
Defective proviruses, which are one to two orders of magnitude more 
abundant than intact proviruses, have a much longer half-life than 
intact proviruses26,28,37,42. The discrepancy between the size and half-life 
of the intact and defective reservoirs makes it essential that interven-
tions aimed at altering the intact reservoir are measured by methods 
that can definitively distinguish between these two compartments.
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Fig. 4 | Reservoir quantification and composition. a, Frequency of intact and 
defective proviral genomes per 106 CD4+ T cells (log normalized) as determined 
by Q4PCR pre-therapy and post-therapy (26 weeks) for bNAb therapy with 
participants who have been on ART for at least 7 years (top, circles) and baseline 
and follow-up (24–58 weeks) for ART-alone (bottom, squares) groups, 
respectively. All participants with paired reservoirs measurements were 
included (bNAb therapy with at least 7 years ART n = 12, ART alone n = 10). Open 
symbols represent lower limit of detection (defined as half of intact proviral 
frequency assuming one intact proviral genome in the total number of 
analysed cells without target identification). Green and red horizontal bars 
depict mean ± s.d. of intact and defective proviral frequencies, respectively.  
b, Longitudinal changes in relative representation of proviral subtypes in the 
bNAb therapy with at least 7 years ART (top) and ART-alone (bottom) groups, 
respectively. Depicted are the fractions of intact and defective proviral 

subtypes relative to total proviruses recovered from each participant at the 
indicated time point. Proviral subtypes: intact; SV, structural variation; MIG, 
missing internal gene; LTR, LTR defects; MSD, major splice donor mutation; 
and NF, non-functional. Participants in whom at least one intact proviral 
genome was recovered are shown (bNAb therapy with at least 7 years ART n = 11, 
ART alone n = 9). Horizontal bars show median and interquartile range.  
c, Relative change in proviral frequencies (indicated at the bottom of each 
dataset) between pre-therapy (T1) and post-therapy time points (T2) for intact 
(green) and defective (red) proviral frequencies in bNAb therapy (circles) and 
ART-alone (squares) groups, respectively. Horizontal bars indicate median 
change. Open square with cross represents individual data point outside the 
y-axis range (relative change TSC − 127 = 0.09). P-values are shown at the top of 
graphs and were determined using two-tailed paired Student’s t-test in a and 
two-tailed Wilcoxon matched-pairs signed-rank test in b, c.
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changes during a six-month interval in individuals who maintain sup-
pression while receiving repeated doses of anti-HIV-1 bNAbs.

Sequence-based reservoir analyses allow for the unambiguous iden-
tification of intact proviruses but, owing to the relative scarcity of intact 
proviruses in the latent reservoir, the analysis inevitably relies on small 
numbers and will need additional confirmation.

The results of this open-label study in chronically infected partici-
pants and the parallel placebo-controlled clinical trial in individuals who 
initiated ART during primary infection53 demonstrate that antibodies 
can maintain HIV-1 suppression for prolonged periods of time. Combi-
nations of antibodies targeting non-overlapping epitopes appear to be 
essential in this respect because of the emergence of antibody resistance 
during monotherapy11,13. In 76% (13 out of 17) of the limited number of 
individuals examined, most of whom were infected with clade B HIV-1, 
the 3BNC117 plus 10-1074 antibody combination maintained suppres-
sion in the absence of pre-screening for sensitivity. A key challenge in the 
further implementation of antibody therapy is that available combina-
tions do not cover 100% of all HIV-1 strains. In addition, antibody sensitiv-
ity testing remains suboptimal, in part because the depth of the reservoir 
makes it difficult to obtain fully representative samples. Although these 
are not yet available, careful selection of dosing regimens to avoid peri-
ods of antibody monotherapy, close monitoring and education of par-
ticipants with regards to risks associated with viral rebound during ART 
interruption studies are of utmost importance29. Despite these current 
challenges, long-acting antibodies may become a viable therapeutic 

option in combination with long-acting ART to achieve higher rates of 
sustained viral suppression among sub-populations of people living 
with HIV who face challenges with daily regimens.

The HIV-1 reservoir is composed of very large numbers of defective 
and intact proviruses integrated into a variety of genome locations30–32. 
Reactivation of intact proviruses in ART-suppressed individuals in 
whom treatment has been interrupted leads to rebound viraemia after 
two to four weeks in most individuals, even after periods of prolonged 
ART4. It has been estimated that a three to four orders of magnitude 
decrease in reservoir size would be required to alter rebound kinet-
ics33. bNAb therapy appears to accelerate intact reservoir decay but, 
as expected, the magnitude of the change in reservoir size after six 
months was not sufficient to delay rebound.

Several methods focusing on intact proviruses have been used to 
characterize the reservoir, including quantitative34 and qualitative35 
viral outgrowth assays, near full-length PCR36,37, intact proviral PCR27,38 
(IPDA), and Q4PCR21. Although the absolute number of intact proviruses 
detected by each of these methods varies39, they all report the same 
intact proviral reservoir half-life of between four and five years25–27,40,41. 
Defective proviruses, which are one to two orders of magnitude more 
abundant than intact proviruses, have a much longer half-life than 
intact proviruses26,28,37,42. The discrepancy between the size and half-life 
of the intact and defective reservoirs makes it essential that interven-
tions aimed at altering the intact reservoir are measured by methods 
that can definitively distinguish between these two compartments.
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Fig. 4 | Reservoir quantification and composition. a, Frequency of intact and 
defective proviral genomes per 106 CD4+ T cells (log normalized) as determined 
by Q4PCR pre-therapy and post-therapy (26 weeks) for bNAb therapy with 
participants who have been on ART for at least 7 years (top, circles) and baseline 
and follow-up (24–58 weeks) for ART-alone (bottom, squares) groups, 
respectively. All participants with paired reservoirs measurements were 
included (bNAb therapy with at least 7 years ART n = 12, ART alone n = 10). Open 
symbols represent lower limit of detection (defined as half of intact proviral 
frequency assuming one intact proviral genome in the total number of 
analysed cells without target identification). Green and red horizontal bars 
depict mean ± s.d. of intact and defective proviral frequencies, respectively.  
b, Longitudinal changes in relative representation of proviral subtypes in the 
bNAb therapy with at least 7 years ART (top) and ART-alone (bottom) groups, 
respectively. Depicted are the fractions of intact and defective proviral 

subtypes relative to total proviruses recovered from each participant at the 
indicated time point. Proviral subtypes: intact; SV, structural variation; MIG, 
missing internal gene; LTR, LTR defects; MSD, major splice donor mutation; 
and NF, non-functional. Participants in whom at least one intact proviral 
genome was recovered are shown (bNAb therapy with at least 7 years ART n = 11, 
ART alone n = 9). Horizontal bars show median and interquartile range.  
c, Relative change in proviral frequencies (indicated at the bottom of each 
dataset) between pre-therapy (T1) and post-therapy time points (T2) for intact 
(green) and defective (red) proviral frequencies in bNAb therapy (circles) and 
ART-alone (squares) groups, respectively. Horizontal bars indicate median 
change. Open square with cross represents individual data point outside the 
y-axis range (relative change TSC − 127 = 0.09). P-values are shown at the top of 
graphs and were determined using two-tailed paired Student’s t-test in a and 
two-tailed Wilcoxon matched-pairs signed-rank test in b, c.

• bNAb therapy associated 
with significant decrease 
in the intact proviral
reservoir 

• change in reservoir size 
was not sufficient to 
delay rebound
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à Immunotherapy with 3BNC117 and 10-1074 was associated with significant 
decrease in the intact proviral reservoir without measurable effect on the 
defective reservoir

Time

Hypothesis: 
Antibody therapies might interfere with 
clonal expansion and reservoir 
maintenance by targeting dividing cells
that express viral proteins directly or 
by enhancing CD8+ T cell immunity

Outlook:
Longer, and larger studies to 
determine immunological mechanisms 
as well as a precise half-life of the 
intact reservoir during antibody 
therapy

à However, magnitude of the change in reservoir size after bNAb therapy was not 
sufficient to delay rebound. 
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