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BACKGROUND RESULTS
• Persistent low-level vire-
mia (LLV) can occur de-
spite continuous ART, but 
the mechanism remains 
unclear.  j
• Here, we describe an in-
dividual living with HIV 
for >20 years with per-
sistent LLV over 4.5 years 
despite high levels of 
self-reported ART adher-
ence, detectable ARV 
levels and multiple chang-
es to the ART regimen.  j
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Persistent HIV Low-Level Viremia Can Arise From An Active Proviral Clone

Figure 4
Composition of the reservoir 

Figure 3
NJT for Pro-RT sequences from HIV-1 

plasma and intact proviruses

TDF: Tenofovir Disoproxil Fumarate; FTC: Emtricitabine; RPV: Rilpivirine; TAF: Tenofovir Alafenamide; DTG: Dolutegravir; DRV, Darunavir; yrs: years; cps: copies; WGA: Whole Genome Ampli�cation; MIP-Seq: Matched Integration Site and Proviral Sequencing; PSC: Premature Stop Codon; PSI: Packaging Signal; NJT: Neighbor-joining tree 
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Figure 6

• Nested amplifi-
cation of Pol-Env 
or Pro-RT was 
performed on 
plasma viral RNA 
at limiting dilu-
tion.

• DNA extracted 
from PBMCs was 
subjected to whole 
genome amplifica-
tion (WGA) fol-
lowed by 
near-full-length 
amplification of 
the provirus, 
known as 
MIP-Seq 
(Matched Integra-
tion Site and Pro-
viral Sequencing).
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• Intact proviruses made up 9.1% of the proviral reservoir 
within this participant across all timepoints (Fig 4).
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• Two clonal populations comprised 95% of plasma 
RNA Pro-RT sequences, with the largest comprising 
86% and harboring no drug resistance (Fig 3).
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ACKNOWLEDGMENTS
This work was supported in part by the Harvard Unversity Center for AIDS Research (P30 AI060354, which is supported by the following NIH co-funding and participating institutes and 
centers: NIAID, NCI, NICHD, NHLBI, NIDA, NIMH, NIA, FIC, and OAR (to Dr. Li). ML is supported by NIH grants AI117841, AI120008, and AI130005. XGY is supported by NIH grants 
DA047034 and HL134539. We are grateful for the contributions of this participant who made our study possible. We appreciate the support of the staff at the MGH sequencing core facility 
and thank Phillip Tomezsko, the Tsibris and Kuritzkes labs for their valuable feedback.

• Persistent low-level viremia can arise from a clonally-expanded cellular popula-
tion without viral evolution.

• Although STAG2 is a highly expressed gene, few plasma sequences were detected
for the HIV clone inserted into this 
gene, suggesting that host transcrip-
tional interference could be responsi-
ble for reduced transcription levels 
from proviral clone 1 (Fig 7).                                            

• Viral suppression in these individu-
als will require targeting of this clon-
ally-expanded, highly expressed res-
ervoir.                 j                                      

• Intact proviruses that exactly matched 
the largest plasma clonal variant, clone 
2, were identified, but comprised only 
6% of all intact proviruses. Interestingly, 
the majority of intact proviruses consist-
ed of one clonal proviral sequence, clone 
1, present at 9% of plasma HIV RNA 
population (Fig 5).

Figure 6

• RNA-Seq was performed on total memory CD4 T cells to assess expression level 
of STAG2 and CD200R1 (Fig 6A).
• We tested the correlation between expression levels of the top 10% of highly ex-
pressed host genes, that overlap in the opposite orientation. In 95 gene pairs, we 
found a strong negative correlation between the expression of one gene and its 
overlapping neighboring gene (Fig 6B).
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