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Suppl. Figure 1 Viral load kinetics after treatment interruption and VRCO1 infusion
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Viral load kinetics after treatment interruption and VRCO1 infusion. Viral load measurements
are figured in a different color for each treated participant and in grey for placebo recipients. The
time point used for sequencing at viral rebound is marked with a black dot. Asterisks mark
infections by non CRF01_AE viruses. The x axis is rescaled between days 90 and 270.



Suppl. Figure 2 Viral rebound despite VRC01 serum concentrations above 50 pg/mL
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Viral rebound despite VRCO1 serum concentrations above 50 pg/mL. Viral load
measurements are figured in grey with a shaded grey area to indicate the viral rebound period
(> 20 copies/mL); the time point used for sequencing is marked with a black dot. VRCO01 infusions
(40 mg/kg, every three weeks) are indicated with black arrows. VRC01 serum levels are figured
in a different color for each treated participant. Estimated IC80 values are represented with a
colored dotted line; a gray dotted line figures the target trough of 50pug/mL. Env-pseudotyped
viral strains from all participants except 3799 and 4011 were sensitive to VRCO1 in in vitro assays
(Figures 2, 3).



Suppl. Table 1 Characteristics of RV397 participants

Details on the participants and the sequencing data obtained at HIV-1 diagnosis and upon
rebound are provided in the table below.

Diagnosis Viral rebound
D ?::l?s(:ln z::g:ag I::X;T rDe?:utr?d VL genomes VL n pol nenv Subtype  Founder
3183 0 2 3.8 14 426,027 10 3,845 15 15 B Single
3499 1 3 3.1 296 3,811,036 10 1,769 15 15 AE/B Multiple
3500 1 1 2.5 43 58,434 10 5,038 15 15 01_AE Single
3799 1 2 3.6 14 3,260,216 10 3,072 15 15 01_AE Single
4011 1 3 6.6 29 913,670 10 2,440 15 15 B Single
4028 1 3 2.3 34 476,362 4 1,478 15 15 01_AE Single
4233 1 2 3.6 9 >10M 10 3,440 15 15 01_AE Single
4477 1 2 4 30 3,669,800 10 7,433 15 15 01_AE Single
4584 0 3 2.6 14 301,811 10 4,691 16 15 01_AE Multiple
4829 1 3 29 22 26,316 10 2,552 0 0 B Multiple
5040 1 2 2.4 21 229,991 10 439 0 0 01_AE Single
5382 1 3 4.5 14 674,135 10 1,083 0 0 01_AE Single
6031 0 2 2.7 29 1,542,886 10 2,341 15 15 01_AE Single
6587 1 2 2.4 19 437,266 10 31,807 15 15 01_AE Single
7242 1 2 5.2 65 708,317 20 9,212 15 18 AE/B/C  Multiple
8409 1 2 2.3 31 173,497 10 423 0 0 B Single
9090 0 2 2.3 14 >10M 10 26,865 15 15 01_AE Single
9325 0 3 3.1 14 1,038,623 10 1,401 15 15 01_AE Single




Suppl. Figure 3 HIV-1 phylogenetic analysis

Participants were diagnosed at Fiebig stages | to Ill and the median viral load at the time of
sequencing before ART was 691,226 copies/mL (range: 26,313 - >10,000,000). After treatment
interruption, plasma samples were collected a median of 7 days (range: 2-15) after the first viral
rebound measurement over 20 copies/mL; at that time, the median viral load for the 14
participants successfully sequenced was 3,643 copies/mL (range: 1,401 - 31,807); for the four
participants that failed sequencing, the median viral load was 723 copies/mL (range 423-2,552).
Most participants were infected with single HIV-1 founders represented by monophyletic viral
populations (14 of 18). As expected in Thailand, most infections corresponded to CRFO1_AE
viruses (12 of 18) and CRFO1_AE containing recombinants (n = 2), while four infections
corresponded to subtype B. The complex viral population in participant 7242 comprised multiple
founders with recombinants of CRF01_AE and subtypes B and C, with subtype B limited to the
3’ half of the genome. Hence, phylogenetic trees based on env showed that sequences from
7242 were polyphyletic while pol sequences all belonged to a monophyletic taxon.
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HIV-1 pol sequences sampled at HIV-1 diagnosis and upon viral rebound were intermingled
in phylogenetic trees. Maximum likelihood trees were reconstructed based on pol sequences
obtained from plasma samples collected in acute HIV-1 infection (when ART was initiated) and
upon viral rebound (following simultaneous VRCO1 infusion and treatment interruption, after an
average of three years on ART). Sequences derived in acute infection are displayed in black,
those sampled upon viral rebound are in colors. Trees with light gray dots indicate placebo
recipients. The horizontal bar represents the number of substitutions per site; the scale differs
for infections with single or multiple founders. Four participants had env sequences
corresponding to subtype B (3183, 4011) or a CRF01_AE containing-recombinant (3499, 7242).



Suppl. Figure 4a Divergence from the founder sequence
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S4a. Rare HIV-1 mutations identified upon viral rebound following treatment interruption
and VRCO1 infusion. Panel A shows the time course of the study. Mutations were identified by
comparing the nucleotide sequences sampled upon viral rebound to the founder consensus
derived from sequences sampled in acute HIV-1 infection. The number of mutations in env and
pol is reported in panels B and C, respectively. The median (line) and range of mutations
observed in RV397 sequences (left panel) is compared to the number of mutations that would
be expected to have occurred since treatment cessation (middle panel) or since the beginning
of the infection (right panel) in a given participant. Expected numbers were calculated based on
an independent dataset comprised of acutely infected, untreated individuals (Rolland et al., PLoS
Pathogens, in press). Mutations in each sequence were counted based on the consensus
derived from all sequences obtained at HIV-1 diagnosis. Participants 3499, 7242 and 4584 were
infected with multiple HIV-1 founder variants; mutation counts against the different variants are
shown in S4b. There was no significant relationship between the number of mutations and the
time to sequencing or to ART re-initiation after the ATI: Rho<0.26, p=0.38).



S4b. HIV-1 mutations identified in individuals with multiple founder variants upon viral
rebound following treatment interruption and VRCO1 infusion. Mutations were identified in
pol and env nucleotide sequences sampled upon viral rebound by comparison with the founder
consensus sequences derived from extant sequences sampled in acute HIV-1 infection.
Participants 3499, 7242 and 4584 were infected with multiple HIV-1 founder variants and
different founder consensus sequences were inferred to represent the different founders in each
participant’s viral population. The average number and range (in parentheses) of mutations
observed in RV397 sequences is compared to the number of mutations that would be expected
to have occurred since either the beginning of the infection or since treatment cessation in a
given participant. Expected numbers were calculated based on an independent dataset
comprised of acutely infected, untreated individuals (Rolland et al., PLos Pathogens, in press).

Participant (orrlla:;;vr(:drange) Expected since ATI Eixaze:\cot:ii since
Env 4584 26 (1-31) 0.1-11 8.6 -66.4
3499 4 (0-10) 2.7-20.9 12.7-98.3
7242 43 (29-47) 0.7-5.5 17.4 -135.2
Pol 4584 7 (5-10) 0-0.38 3-49.9
3499 1 (0-4) 0.9-15.8 4.4-741
7242 26 (15-32) 0.2-441 6-101.9




S4c. Most sequences diverged by less than 2 nucleotide mutations from the HIV-1
founder.
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Most sequences diverged by less than 2 nucleotide mutations from the HIV-1 founder. Each
participant’s rebound sequences were compared to their corresponding founder variant to count
the number of mutations from the founder. (A) The proportion of rebound sequences with a given
number of mutations from the founder consensus are reported for each participant. (B) The
proportion of polymorphic sites that represent mutations found in a single sequence or that are
shared across sequences from a participant. Most polymorphic sites among sequences from a
participant corresponded to singletons, and only a small proportion of shared mutations were
identified (here, shared mutations could reflect selection). For infections with multiple founders,
sequences within a founder lineage share mutations distinguishing that founder from other
founder(s), and therefore have fewer singleton sites by definition.



Suppl. Figure 5 Comparison of viral and VRCO01 neutralization sensitivity features
between HIV-1 acute infection and viral rebound in placebo recipients
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Sequence diversity, epitope distance and VRCO1-neutralization sensitivity values were
similar between HIV-1 acute infection and viral rebound in placebo recipients. Comparisons
showed no significant difference across time points for the median pairwise diversity across env
nucleotide sequences from each placebo participant (panel A), VRCO1-specific IC50 values
(panel B) and VRCO1 epitope distances (panel C). Wilcoxon signed-rank tests were used for
comparisons.



Suppl. Figure 6

Spearman's p=0.61, p=0.060
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Relationship between Hill coefficients and the time to rebound.
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Higher Hill coefficients were associated with delayed viral rebound. Hill coefficients
correspond to the slopes of the dose-response (VRCO1-neutralization) curves for each
participant. They are considered to predict better than IC50/IC80 values the inhibition potency
of an antibody at clinically relevant levels. The left panel corresponds to Hill coefficients based
on data from sequences from acute infection only; the panel on the right includes all the data
from the acute and rebound time points.
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Suppl. Figure 7

Spearman's p=-0.34, p=0.254

Spearman's p=-0.71, p=0.010

Relationship between the size of the reservoir and the time to rebound.
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No relationship between the reservoir size and time to rebound except if participant 3499
was excluded. The left panel shows no significant association. The panel on the right excludes
the participant who suppressed viremia for 296 days (3499) and shows that a larger reservoir
size before ATl was associated with a faster time to rebound. The size of the reservoir was
measured as the number of cells with HIV DNA per million CD4 cells.
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Suppl. Figure 8 Comparison of sequences from control participants who did not
receive VRCO1 infusion to sequences known to be the most sensitive to VRC01 or CD4
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Comparison of sequences from control participants who did not receive VRCO01 infusion
to sequences known to be the most sensitive to VRC01 or CD4. The top sequences
correspond to the consensus residues found in sequences that were experimentally identified
as the most sensitive to VRCO1 (1) and soluble CD4 (2). The importance of specific residues in
the interaction with Env (measured by the number of VRCO1 or sCD4 atoms that contact a given
residue) is figured below with darker colors corresponding to more influential residues. The core
and rim epitope sites had a weight of 2 and 1, respectively (details in the supplementary method).
Sequences from RV397 participants from the placebo group (n = 5) and participants in an ATI
study with no intervention (RV411, Colby et al., 2018) (n = 8) are labeled with a suffix
corresponding to the number of days that had elapsed when they rebounded. Numbers in
parentheses correspond to the number of sequences with the given epitope motif and the total
number of sequences sampled from a participant. Participants are ordered from longest to
shortest time to rebound (from 296 to 9 days).
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Suppl. Figure 9 Differential neutralization with VRC01 or CD4-lg for sequences with
D or N at position 279

Inspection of Env structures illustrates that the presence of D at position 279 could be favored
by CD4 (S12). One hypothesis is that it could facilitate HIV-1 entry/infection, meaning that VRCO1
competition might be less effective thereby reducing the VRC01-mediated viral containment. We
compared the CD4-lg sensitivity between individuals with either a D or an N at position 279:
while we noted that viruses with D at position 279 tended to be more CD4-sensitive than those
with N at 279, this difference was not significant; in contrast, viruses with D at 279 were
significantly more resistant to VRCO1 (p = 0.016).
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Differential neutralization with VRC01 or CD4-lg for participant-derived pseudoviruses.
IC50 and IC80 values were measured for VRC01 and CD4-lg against participant-derived
pseudoviruses. The participants’ pseudoviruses were compared based on the presence of N or
D at position 279 in Env.
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Suppl. Table 2 Amino acid frequencies across different HIV-1 subtypes at position 279
Alignments of Env sequences were prepared by curating publicly available sequences to retain
only those that had correct open reading frames, no hypermutations, no ambiguous
residues and information on their sampling dates and locations. Amino acid frequencies
are shown in percentages, based on sequence alignments that include between 116 and
1,184 sequences (subtype A1: n =203, subtype B: n = 1,035, subtype C: n = 1,184, subtype D: n
=116, CRFO1_AE: n = 577). N and D are the two most frequent AA found at position 279 for
each dataset; the third most frequent AA differs across subtypes, its frequency is shown in

parentheses.
Position 279 A1 B c D CRFO01_AE
N 62.1 47.8 48.8 71.6 64.1
D 33.0 49.8 47.6 24.1 34.3
Third AA S (2.0) E(1.2 S(1.2 S (3.5 E (0.7%)
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Suppl. Figure 10  Env complex structures with CD4 and VRCO1

ﬁ) k

CD4:Env (2ny3) VRCO01:Env (3ngb)

Env complex structures with CD4 and VRCO1. The structures 2ny3 and 3ngb are represented
to reflect potential differences associated with the presence of the residues N or D at position
279 for CD4 and VRCO1 binding. A putative salt bridge between Env position D279 and residue
K29 of CD4 is indicated by a dotted yellow line.

15



Suppl. Figure 11

Lack of relationship between the predicted VRCO01 epitope distance

and time to rebound in 13 participants who did not receive VRCO1 infusions
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Lack of relationship between the predicted VRCO01 epitope distance and time to rebound
in 13 participants who did not receive VRCO1 infusions. There was no association between
VRCO1 epitope distances (predicted in silico from each participant’s sequences) and the time to
viral rebound when the comparison was done using participants from the placebo group (n = 5)
and participants in an ATl study with no intervention (RV411, Colby et al., 2018) (n = 8) (panel A).
Panels B and C show the IC50 and IC80 values for placebo recipients in R397, respectively.
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Suppl. Figure 12 Relationship between the predicted VRCO01 epitope distance and
experimentally defined VRCO01 sensitivity in 17 RV397 participants
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Relationship between the predicted VRCO01 epitope distance and experimentally defined
VRCO01 sensitivity in 17 RV397 participants. Association between VRCO1 epitope distances
(predicted in silico from each participant’s sequences) and experimentally defined VRCO1-
specific IC50 (panel A) and IC80 (panel B) values. Participants who received VRCO01 infusions are
figured with colored symbols and placebo recipients are in grey.
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Suppl. Table 3 Summary Table with IC50/80 and ID50/80 neutralization titers

VRCO1 sensitivity in relation to serum antibody concentrations at the time of viral rebound for
the 13 participants who received VRCO1 infusions.

Time to Rebound Mean Mean Hill VRCO1_level ID50 titer ID8O titer
rebound VL IC50 IC80 coefficient  at rebound at at
ID (days) (copies/ml) (ug/ml) (ug/ml) (a) (ug/ml) (b) rebound rebound

3499 296 58 0.15 0.37 1.48 12.5 85.6 33.6
3500 43 230 0.63 1.73 1.36 202.8 324.0 116.9
3799 14 593 50 50 NA 3194 NA NA
4011 29 105 50 50 NA 358.4 NA NA
4028 34 787 2.47 9.29 1.05 289.2 1171 31.1
4233 9 68 1.59 9.8 0.76 332.9 209.4 34.0
4477 30 900 0.67 2.32 1.12 423.7 630.5 182.3
4829 22 50 1.52 3.98 1.44 173.9 114.4 43.7
5040 21 23 NA NA NA 225.2 NA NA
5382 14 21 1.51 6.13 0.99 2744 181.7 44.8
6587 19 52 1.37 5.9 0.95 2473 180.5 41.9
7242 65 664 1.37 4.27 1.22 326.2 238.1 76.3
8409 31 447 1.49 4.92 1.16 502.6 337.3 102.1

(@) Hill coefficient of dose-response curve estimated as log(0.8/0.2) / 1og(IC80/1C50).
(b) Experimental (if measured) or estimated VRCO1 level at the time virus rebound (>20

copies/mL) was detected
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Supplemental methods

HIV-1 sequencing

HIV-1 pro-RT (HXB2 corresponding numbers 2071-3870) and envelope gp160 (5956-9089) were
amplified from plasma RNA following our previously described single genome
amplification strategy (3). A nested PCR strategy was employed with primers specific for
CRFO1_AE and subtype B. cDNA synthesis was performed using JL68Rv2 (5-
CTTCTTCCTGCCATRKGARA 3’) for pro-RT and oligodT20 for gp160. First round primers were
pol_RT2071F (5’-GARAGRCAGGCTAATTTTTTAGG-3’) and pol_G.AGrev (5’'TRTCTACTTGTTCA
TTTCCYCC-3’) for pro-RT; polK3 (5’-TAAARYTAGCAGGAAGATGGCCAGT-3’) and uninef7 (5’-
GCACTCAAGGCAAGCTTTATTGAGGCTT-3’) for gp160. Second round primers were
polRT2071F (5’-GARAGRCAGGCTAATTTTTTAGG-3’) and polRT3870R (5’-CTATTRGCTGCCC
CATCTA 3’) for pro-RT, JL68 (5’-CTTAGGCATCTCCTATGGCAGGAAGAAG-3’) and JL89 (5'-
TCCAGTCCCCCCTTTTCTTTTAAAAA-3’) for gp160.

HIV-1 sequence analysis

Participant sequences were aligned with MAFFT (4) before manual editing using Aliview (5).
Maximum likelihood phylogenetic trees were derived using FastTree 2.1.10 compiled with double
precision (6). Mutation counts were obtained using InSites as implemented in DIVEIN (7)
(https://indra.mullins.microbiol.washington.edu/DIVEIN).

HIV-1 circulating env sequences were retrieved from the Los Alamos HIV Database
(http://www.hiv.lanl.gov/) on 06/03/2018 for subtypes A1, B, C, D and CRFO1_AE. The datasets
were curated to retain only independent sequences (one sequence per individual) with a correct
open reading frame; we removed sequences with no time stamp or subject identifier, with frame
shifts, stop codons or ambiguous residues, and with evidence of hypermutation or
recombination. Alignments were edited as described above.

The divergence of any sequence away from the founder consensus was calculated by fitting a
linear regression of the form: y = Bo + B1x, where x is the sampling time in days since the first
positive RNA test and y is the divergence from the consensus. The gradient of the regression
line, B71, estimated the substitution rate in substitutions per site per day; this gradient was derived
from an independent training data set that included 30 sequences sampled in the first six months
of infection from 12 individuals from the RV217 cohort infected with CRFQ1_AE viruses (Rolland
et al., in press) (8). Using the minimum and maximum substitution rates from the training set, the
expected number of substitutions was calculated as r » d = I, where r is the estimated rate from
the training set, d is the number of days to consider evolution and / is the sequence length. Two
possible periods of evolution were considered: 1) from ART interruption to rebound, counted as
the number of days from ART interruption to sequencing (not counting days after ART re-
initiation); and, 2) from sequencing at HIV-1 diagnosis to sequencing post-rebound, assuming
replication during ART.
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HIV-1 Env-pseudotyped virus production

Plasma-derived env genes were cloned into vector pVRC8400. Pseudoviruses for use in TZM-bl
neutralization assays were produced in 293T cells (HEK 293T/17, ATCC® CRL-11268™) by
cotransfection of a pSG3AEnv backbone plasmid and the full HIV-1 Env gp160-encoding
plasmid. Briefly, 2X10° cells in 20ml cDMEM (DMEM supplemented with 10% fetal calf serum
and 1X penicillin/streptomycin) were seeded in T75 flasks the day prior to cotransfection. For
transfection, 40 uL of FuGene 6 reagent (Promega, Fitchburg, WI) was diluted into 800 uL of
room temperature Opti-MEM | reduced serum medium (Thermo Fisher, Waltham, MA), followed
by addition of 10 ug of pPSG3AEnv backbone plasmid. 3.3 ug of HIV Env plasmid was then added
to the mixture, mixed, and incubated for 30 min at room temperature. The transfection mixture
was then added to media of previously seeded 293T cells in the T75 flask and then distributed
evenly on cells. The following day, media was replaced with 20ml fresh cDMEM. Virus was
harvested the following day by filtering cell supernatants with 0.45 mm Steriflip units (EMD
Millipore) and aliquoted.

In vitro neutralization assays

Ten pL of 5-fold serially diluted mAbs in cDMEM were incubated with 40 ul of diluted HIV-1 Env-
pseudotyped virus and incubated for 30 min at 37°C in a 96-well black tissue culture plate. 20
uL of TZM-bl cells (NIH AIDS Reagent Program, Catalog number: 8129)(10,000 cells/well) with
or without 70 mg/ml DEAE-Dextran (10 mg/mL final concentration) was then added and
incubated overnight at 37°C. Each experiment plate also had a column of cells only (no Ab or
virus) and a column of virus only (no Ab) as controls for background TZM-bl luciferase activity
and maximal viral entry, respectively. The following day, all wells received 100 uL of fresh
cDMEM and were incubated overnight at 37°C. The following day, 50 ul of Steadylite Plus
luciferase reagent (PerkinElmer, Inc., Waltham, MA) was added to each well, and plates were
shaken at 600RPM for 15 min. Luminometry was performed on a SpextraMax L luminometer
(Molecular Devices, San Jose, CA). Percent neutralization was determined by calculating the
difference in average RLU between virus-only wells (cells + virus column) and test wells (cells +
serum/Ab sample + virus), dividing this result by the average RLU of virus-only wells (cells + virus
column) and multiplying by 100. Background is subtracted from all test wells using the average
RLU from the uninfected control wells (cells only column) before calculating the percent
neutralization. Neutralizing serum antibody titers are expressed as the antibody concentration
required to achieve 50% neutralization and calculated using a dose-response curve fit with a 5-
parameter nonlinear function.

Estimation of VRCO01 decay rates
VRCO1 decay rates were estimated as the slope of the linear regression line of VRCO1
concentrations over time. We calculated decay rates after the first VRCO1 infusion or after the

last VRCO1 infusion before rebound.

Estimation of Hill coefficients
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The dose-response curve corresponding to the VRCO1 neutralization of pseudoviruses derived
from RV397 participants’ sequences was assumed as a Hill-curve. The Hill coefficient of a
neutralization curve, which characterizes how neutralization increases with higher VRCO1
concentrations, was estimated as log[0.8/(1-0.8)] / log(IC80/IC50), based on experimentally
determined IC50 and IC80 values. Higher Hill coefficients indicate increased effectiveness.

VRCO1 epitope distance prediction
The epitope distance between a virus sequence X and a reference sequence R was defined as:
D(R,X) = M(R,R) — M(R,X)
MR, X) = [ Xjw; - Sim(R;, X;) ]/ Xiw;
M (R, X) is the distance between R and X. The distance at the amino acid site i between R and
X, Sim (R;, X)), was calculated using BLOSUMBG2 (9) matrices; w; is the weight assigned to epitope
site i.
The weight of each epitope site was assigned based on the inspection of resolved VRCO1:Env
complex structures (PDB code: 3ngb (10), 4ist (11), 5fyj (12) and 5fyk (12)). Any Env site with
heavy atoms within 4 A of VRCO1 in the complexes was considered as an epitope site. The
weight of each epitope site was manually assigned, such that the core sites in the epitope (T278,
D279, N280, A281, R456, D457, G458, G459) had a weight of 2, the rim sites that loosely
contacted VRCO1 (K97, G197, G198, N276, T430, A460, N461, T463, N465, T467) had a weight
of 0 and sites in-between (K282, S365, G366, G367, D368, 1371, T455, R469, G473) had a weight
of 1; amino acid numbering corresponds to the PDB structure 3ngb.
The most susceptible strains to VRCO1 were used as references and were selected as the five
sequences with the lowest IC50 values in a panel of 136 viruses (1).

Statistical Analysis

Data analysis, visualization and statistical testing were performed in Python and R
(https://www.r-project.org/) environment (13-22). Statistical details of analyses can be found in
the main text and figure captions where applicable; significance was established at p < 0.05. A
link to the data archive and code to reproduce the analysis is provided below.

Data Availability
HIV-1 sequences were deposited in GenBank under accession numbers: MT121311-MT121958.
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