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Residual viremia and LLV: therapeutic
options

• The root mechanisms of RV have been one of the most 
debated topics in HIV-1 biology: is RV caused by ongoing 
viral replication, or is it the result of virus production from a 
pool of persistent cells infected before ART? 

• Understanding which of these two mechanisms contributes to 
RV and reservoir maintenance has profound implications, as 
it dictates whether the development of curative strategies 
should focus on antiretrovirals with better potency and 
tissue penetration, or the elimination of latently infected
cells
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Viral replication on ART due to low drug penetration and 
exclusion of immune cells in anatomical sanctuary sites 
suggest that some residual low-level viral replication on ART 
cannot be definitively ruled out.

• lymph nodes 

• cerebrospinal fluid 

• adipose tissue 

• gut-associated lymphoid tissue (GALT) 

• urethra 

Front Microbiol. 2019 Oct 15;10:2383.
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LLV definitions and applications in clinical practice

• Antiretroviral therapy (ART) halts HIV-1 replication resulting in the rapid reduction of plasma 
viral load to undetectable levels. Some people with HIV-1 (PWH) experience viral load above limit 
of detection of clinical assays (20-50 copies/mL) even after years of full suppression. The 
following definitions can help to frame viremia based on its magnitude, temporal pattern, and 
clinical implications.

• Low-level viremia (LLV): HIV-1 plasma viral load above the limit of quantification of clinical 
assays (20-50 copies/mL), usually between 20-500 copies/mL.

• Viral blip: an episode of LLV that is preceded and followed by suppression below the 
quantification limit.

• Persistent LLV: At least two consecutive episodes of LLV. In some individuals LLV can be 
persistent-intermittent, with episodic viral load below the limit of quantification and/or detection.

• Very low-level viremia (VLLV): HIV-1 plasma viral load detected by clinical assays but below 
their limit of quantification cutoffs. 

• Residual viremia: cryptic viral load present in most individuals on ART, between 1-10 copies/mL, 
is detected only by ultrasensitive assays.

• Virologic failure: repeated HIV-1 plasma viral load of >200 copies/mL after >6m of ART.
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Non suppressible viremia

The term NSV shifts the focus on the fact that this viremia, regardless of 
the amount of virus measured by clinical assays, is not due to viral 
replication and cannot be further decreased by modification or 
intensification of ART.

J Clin Invest. 2020;130:5847.
J Clin Invest. 2023;133:e165245

1 in 250 individuals on effective ART experiences NSV

How frequent is this problem in clinical practice?
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• At the time of referral, the median plasma HIV-1 RNA was 87 copies/mL (range 43–
197 copies/mL), despite 1 or 2 prior regimen changes in 5 of the 8 donors during the 
duration of the nonsuppressible viremia.

• Drug susceptibilities of the plasma viruses, predicted by sequence analysis, showed no 
evidence of drug resistance to each donor’s current ART regimen

• Drug concentrations for all donors were within the expected therapeutic range based 
on target trough concentrations

• Longitudinal analyses of the viral sequences in all donors showed no evidence of virus 
evolution over time, indicating that these viruses originated from a stable, nonevolving 
reservoir of infected cells



J Clin Invest. 2020;130(11):5847–5857.



• The important implications of these findings for clinical management 
are that changes in the antiretroviral drug regimen or efforts to 
enhance drug adherence are unlikely to change the viremia that is 
being produced by infected cell clones, which are not affected by 
current antiretroviral drugs.

• Drugs that block virion production from cells that are already 
infected would be expected to lower viremia, but such agents are not 
currently available. 

• HIV-1 protease inhibitors that are available block virion maturation 
into infectious particles, but do not reduce virion production from 
cells that are already infected

J Clin Invest. 2020;130(11):5847–5857.
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• CARD-8 => The protein encoded by this gene belongs to the caspase recruitment domain 

(CARD)-containing family of proteins, which are involved in pathways leading to activation 

of caspases or nuclear factor kappa-B (NFKB).

• Recent discoveries showed that the inflammasome molecule CARD8 can sense HIV-1 

protease activity in virus producing T cells and macrophages.

• HIV-1 eludes this innate mechanism because protease is mostly active only after viral 

particles leave the cell. 

• However, some nonnucleoside reverse transcriptase inhibitors (NNRTIs) that have been 

used for two decades to treat HIV-1, such as efavirenz and rilpivirine, have recently been 

shown to induce intracellular Gag-Pol dimerization and premature protease activation, 

triggering the CARD8 inflammasome, and death of HIV-1-producing cells via 

pyroptosis. 

• In the context of RV and NSV, the use of NNRTIs or other molecules inducing CARD8-

sensing of HIV-1 could represent a promising strategy to eliminate infected cells 

contributing to persistent viremia and accelerate reservoir decay.

Science. 2021 Mar 19;371(6535):eabe1707.

J Virol. 2022;96:e0219821.

Sci Transl Med. 2023;15:eabn2038.
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New drug options for NSV?

• Fostemsavir has no effect on virus production, it cannot reduce HIV-1 RNA 
expressed from persistent reservoirs. 

• In a recent study, fostemsavir intensification in a participant with NSV did not 
decrease plasma viral load

• Lenacapavir is a new-in-class long-acting capsid inhibitor that blocks core 
disassembly, the interaction between capsid and host factors, viral assembly, and 
maturation

• At higher concentrations, lenacapavir inhibits capsid assembly and viral particle 
formation in vitro, which may reduce HIV-1 RNA in plasma. 

• Future studies should investigate whether ART intensification with lenacapavir
could be a successful strategy to treat individuals with NSV.

J Clin Invest. 2023;133:e165245.
N Engl J Med. 2022;386:1793–803.
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Schematic of the potential response of a study participant with NSV to 

experimental interventions aimed at enhancing virus production and/or 

elimination of infected cells causing NSV

Cui prodest?



Lancet HIV. 2024 Apr 8:S2352-3018(24)00063-
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Conclusions

•NSV rather than LLV as clinical definition

•Short course treatment intensification required to 
confirm NSV

•No evidence of benefit of intensification 
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