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Methods 

Significance 

Background 
The latent HIV-1 reservoir remains the greatest barrier to a cure in
people living with HIV (PLWH), despite effective antiretroviral
therapy (ART). 

Interruption of suppressive ART, typically results in rapid viral re-
bound from the latent reservoir. 

The viruses emerging during rebound only represent a fraction of 
this latent reservoir. 
Furthermore the viruses stimulated in vitro using methods such as 
quantitative viral outgrowth assays (qVOA) and those that emerge 
during rebound/treatment interruption overlap, but are distinct1,2. 

Previous studies have shown that the majority of the reservoir as 
measured by proviral or outgrowth virus sequencing was estab-
lished near the time of ART initiation3,4,5. We aim to evaluate if this
finding is consistent with rebound viruses. 
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Although antiretroviral therapy (ART) has been successful in suppressing viral replication in people living with HIV (PLWH), the virus persists in latently infected cells and can re-
emerge when therapy is interrupted. We previously observed, in women from the CAPRISA 002 acute infection cohort, Kwa-Zulu Natal, that the majority of replication-competent vi-
ruses induced from this latent reservoir were most closely related to viruses circulating in the blood within the year preceding ART initiation. While rebound and induced viruses orig-
inate from the same pool and overlap, they are not necessarily the same population. We aimed to determine when the rebound virus was seeded into the latent reservoir for nine wom-
en from the same cohort experiencing a viral rebound (>1000 RNA copies/ml) at least one-year post-ART initiation, using phylogenetic methods. Three gene regions, two in env and
one in nef were amplified and sequenced from plasma-derived viral RNA on average every six months from acute infection to ART initiation, and at the time of rebound, using Illumi-
na Miseq with Primer ID (PID). Relatedness of the rebound virus to pre-ART viruses was determined, using maximum-likelihood-like trees with patristic, clade and placement meth-
ods using a custom dating pipeline (https://primer-id.org/ogv). All three gene regions were successfully amplified and sequenced for the nine women. On average, 354 PID consensus
sequences (range 18-4760) per time-point per region pre-ART and 293 PID consensus rebound virus sequences (range 3-2383) at rebound were generated for each participant. Ambi-
guity in the phylogenetic trees, likely resulting from multivariant infection and divergent lineages was identified as a challenge to our timing approach. Determining the best method/s
for producing trees using optimal longitudinal alignments and for addressing the ambiguity that multivariant infection and divergent or recombinant lineages create is imperative. 

a viral rebound were identified. 

9 chronically infected PLWH from the CAPRISA002 cohort who
were virologically suppressed for a minimum of 1 year, followed by 

Timing of viral entry of rebound virus into the reservoir was done
using maximum-likelihood-like trees with patristic, clade and place-
ment methods using a custom dating pipeline (https://primer-id.org/
ogv) (Figure 1B). Three genomic regions (V1V2, V4V5 and nef, HXB2:

8678-9156) 
were amplified in a multiplexed reaction from plasma-derived RNA 
(Figure 2). Gene regions were selected based on previous work indi-
cating that they produced strong phylogenetic signal5. 

Less than 18 consensus sequences per time-point pre-ART was con-
sidered a failed run. 

Analysis of the temporal origins of rebound virus will provide a bet-
ter understanding of the fraction of the latent reservoir capable of re
-emerging during treatment interruption. 

Improved understanding of the HIV-1 reservoir dynamics could in-
form strategies for restricting the formation and persistence thereof. 

Illumina MiSeq deep sequencing with Primer ID was used to gener-
ate sequences from viral RNA derived from plasma, sampled every
6 months pre-therapy as well as at rebound (Figure 1A). 

541 10.5281/zenodo.3372204). 

Tree R2 values ranged from 0.036 to 0.712. Trees with R2 values
<0.4 were considered to have insufficient evolutionary signal/
ladder-like structure for timing analyses. 

Raw sequence reads were processed using a custom pipeline writ-
ten in Python and R programming languages (https://github.com/
HIVDiversity/NGS_processing_pipeline; DOI: 10.5281/
zenodo.3372202). 

Quality filtering, merging of overlapping paired-end reads and 
Primer ID processing was performed using the MotifBinner2.R 
program (https://github.com/HIVDiversity/MotifBinner2; DOI: 

Participants were infected for an average of 5 years (range 2.6-
8.2 years) and experienced a viral rebound after an average of 2.5
years on ART (range 1.3– 4 years). 

Of the participants 4 were identified as potential multivariant in-
fections (44.4%), 4 as single variant infections (44.4%) and 2 
were undetermined due to lack of early sampling (22.2%). 

Plasma viral load at rebound ranged from 1250 copies/ml to
640721 copies/ml. 

On average, 354 consensus sequences (range 18-4760) per time-
point per region were generated pre-ART (Figure 3) and 293 re-
bound virus consensus sequences (range 3-2383) were generated 
per participant (Figure 4). 

tiple gene regions where timing for each gene region are not con-
cordant. 

Multivariant infection affected tree structure in various ways as de-
picted by the trees for CAP228-C4C5 and CAP322-C1C2 (Figure
5). 

CAP228-C4C5 illustrates an instance where two lineages diverge 
and CAP322-C1C2 illustrates an instance where sequences from 
longitudinal time-points are mixed with two distinct primary infec-
tion clusters present. Both of these situations negatively impact tree 
structure (R2=0.256 and 0.21, respectively), which may affect the 
timing estimates made by our pipeline. 

To determine the best approach to address the ambiguity introduced
by multivariant infection and potential recombination. 
To derive a single timing estimate for the rebound virus using mul-
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Sequencing of pre-ART and rebound virus 

Multiplexed sequence depth and timing of rebound viruses 

All participants from CAPRISA 002 acute infection cohort 

Figure 1:  Overview of pre-ART and rebound virus sequencing approach. 

Figure 2: Regions amplified in the multiplexed approach for Illumina Miseq
sequencing with Primer ID. 

Figure 3: Average number of consensus sequences obtained per time-point for
each participant. 

Figure 4: Average number of consensus sequences obtained after viral rebound
for each participant. 

Figure 5: Representative maximum likelihood-like trees used to estimate rebound
virus timing. Sampling time-points pre-ART are colour coded from red (study en-
rolment to blue (year preceding ART). Rebound virus sequences are shown in pur-
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