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Nonsuppressible HIV-1 viremia
Rare is the paper that provides insight into 
a fundamental scientific issue while also 
solving a long-standing clinical dilemma. 
In this issue of the JCI, Halvas et al. (1) 
explored the clinical dilemma that some 
HIV-1–infected individuals on optimal 
antiretroviral drug regimens continue to 
have detectable viremia. Since the intro-
duction of effective combination antiret-
roviral therapy (ART) in 1997 (2, 3), the aim 
of treatment has been to suppress plasma 
virus levels to below the limit of detection. 
With good adherence, suppressing detect-
able viremia is generally achievable and 
allows near-normal life expectancies (4). 
However, due to the persistence of a stable  
reservoir of latently infected cells (5–8), 
viremia rebounds within weeks if ART is 
interrupted (9), and progression toward 
AIDS resumes. Therefore, sustained sup-

pression of detectable viremia is the goal 
of treatment. When viremia remains or 
becomes detectable in people on ART, cli-
nicians suspect problems with adherence 
or, less commonly, mutations confer-
ring resistance to drugs in the regimen or 
issues with drug metabolism. Alternative 
regimens are often recommended. Rarely, 
viremia remains detectable in individu-
als who are adherent, have no resistance 
mutations, and have drug levels in the 
therapeutic range. This scenario presents 
a challenge for clinical management. Hal-
vas et al. provide one fascinating explana-
tion for this phenomenon involving the 
clonal expansion of latently infected cells.

To understand nonsuppressible HIV-1 
viremia, it is useful to consider how vire-
mia is measured. Clinical assays for plasma  
HIV-1 RNA typically use some form of 
quantitative RT-PCR to measure genomic 

viral RNA, 2 copies of which are present in 
each virion (10). In untreated individuals, 
typical values are in the range of 10,000 to 
100,000 copies of HIV-1 RNA per mL of 
plasma. Following initiation of ART, vire-
mia falls in biphasic fashion to below the 
limit of detection for these assays (20–50 
copies/mL) within a few months (2, 3). 
Much evidence suggests that ART regi-
mens cause a complete block in new infec-
tion of susceptible cells (reviewed in ref. 
11), and therefore this rapid decay in vire-
mia reflects the turnover of cells that were 
infected at the time treatment was started 
(2). Interestingly, although ART suppresses  
viremia to below the limit of detection of 
clinical assays, sensitive research assays 
can still detect virus in the plasma (12, 
13). It appears that ART simply reduces 
viremia to a new steady-state level that is 
slightly below the limit of detection of clin-
ical assays (Figure 1A). This trace level of 
residual viremia is often in the range of 1–3 
copies/mL (13, 14). The residual viremia 
appears to represent virus that originates 
from the latent reservoir rather than ongo-
ing cycles of replication because it cannot 
be further reduced by intensifying treat-
ment (15, 16).

The latent reservoir
Given that all treated individuals have 
some level of viremia derived from the 
latent reservoir, it is logical to assume that 
in rare individuals who have an unusu-
ally high frequency of latently infected 
cells, the steady-state level of plasma 
virus derived from the reservoir may be 
high enough to be detected with clinical 
assays. Unfortunately, measuring the fre-
quency of latently infected cells is com-
plicated by several factors, including the 
high frequency of defective viral genomes 
(17), and is not yet part of clinical manage-
ment. The original viral outgrowth assay 
(6) detects replication-competent viruses 
but misses many viruses in the reservoir 
that are not activated in this assay (18, 19). 
Standard DNA PCR assays mainly detect 
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Antiretroviral therapy (ART) generally reduces plasma HIV to undetectable 
levels, although virus persists in latently infected CD4+ T cells. In some 
individuals, viremia remains detectable despite adherence to ART and the 
absence of drug resistance mutations. In this issue of the JCI, Halvas et 
al. describe HIV RNA sequences from plasma of 8 donors with persistent 
viremia. Residual viremia was dominated by identical HIV-1 RNA sequences 
that remained relatively constant over 4 years. Plasma virus matched 
replication-competent virus cultured from CD4+ T cells. Integration site 
analysis confirmed the presence of large clones of infected cells. These 
results indicate that nonsuppressible viremia can be due to expanded clones 
of infected CD4+ T cells carrying replication-competent virus. The individuals 
described here represent extreme examples of a phenomenon that is seen in 
all infected individuals and that is a major barrier to curing HIV infection, the 
in vivo proliferation of latently infected cells.
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infected cells that release identical viruses 
that can be detected in the plasma. They 
studied 8 infected individuals who had 
persistently detectable viremia (median  
value, 87 copies/mL) for an average of 
4.1 years. In all 8 individuals, sequencing 
residual viremia revealed the presence of 
identical sequences, which comprised an 
average of 58% of the sequences obtained. 
In infected individuals who started ART 
during the chronic phase of infection,  
rapid viral evolution generates a vast 
diversity of viral sequences, and thus the 
presence of a large number of identical 
sequences is unexpected and can only be 
explained by extensive proliferation of a 
clone of infected cells, which would copy 
the viral genome without error into all of 
the progeny cells. If the clone is sufficiently 
large, virus production by only a small frac-
tion of the cells comprising the clone could 
give rise to levels of viremia in the detect-
able range (Figure 1B). Importantly, Hal-
vas et al. provided definitive proof that at 
least in some cases the identical sequences 
were truly representative of infected cell 
clones by showing that multiple cells car-
rying these identical viral sequences had 
exactly the same proviral integration sites. 
They also proved that at least in some cases  
the viruses were replication competent as 
assessed by in vitro replication in a viral 
outgrowth assay.

Clinical implications
The study by Halvas et al. has important 
implications for clinical management and 
for the search for a cure. It now appears that 
in some cases nonsuppressible viremia can 
be attributed to large clones of infected cells 
that release virus into the plasma. If other 
causes of persistent viremia are ruled out, 
then this form of viremia need not neces-
sitate a change in treatment. This phenom-
enon does highlight a major challenge we 
face in the search for a cure, namely the fact 
the latently infected cells that represent 
a major barrier to cure can proliferate in 
vivo. Understanding what causes the pro-
liferation is crucial. Previous studies have 
suggested that proviral integration into 
certain cellular genes involved in cell sur-
vival or proliferation might drive the clonal 
expansion of infected cells through a form 
of promoter insertion mutagenesis (24, 25). 
The integration sites identified in Halvas et 
al. are in genes that do not have an obvious 

evidence for the proliferation of latently  
infected cells came from early studies 
examining the residual viremia in treated  
individuals who had plasma virus levels 
below the limit of detection of clinical 
assays (22, 23). These studies showed that 
the residual viremia is often dominated 
by identical viral sequences likely derived 
from clones of infected cells. Subsequent 
studies used integration site analysis to 
provide definitive proof for the in vivo 
proliferation of infected cells (24, 25). 
Viral outgrowth assays were then used to 
show that CD4+ T cells carrying replica-
tion-competent viral genomes could pro-
liferate in vivo (18, 26–28). It is now clear 
that the latent reservoir is dominated by 
large clones of infected cells. Interestingly,  
these clones do not continually expand. 
Rather, they appear to wax and wane on 
a time scale of month to years (29), such 
that the total size of the reservoir remains 
roughly constant.

Halvas and colleagues asked whether 
cases of nonsuppressible viremia could be 
attributed to the presence of large clones of 

defective proviruses and are not useful 
(17). Newer assays such as the intact pro-
viral DNA assay (IPDA) may eventually 
allow accurate measurement of reservoir 
size in the clinic (20). Using older reservoir 
assays, Halvas et al. found that some but 
not all individuals with nonsuppressible 
viremia had a high frequency of latently  
infected cells. However, rather than 
focusing on reservoir size, the researchers 
addressed another aspect of the problem 
that explains how the reservoir expands 
and persists.

The reservoir consists of resting CD4+ 
T cells, each carrying a stably integrated 
viral genome that is transcriptionally silent 
as long as the cell remains in a resting state 
(21). The absence of viral gene expression 
allows latently infected cells to avoid elim-
ination by immune mechanisms. In recent 
years, it has become clear that cells com-
prising the reservoir can undergo exten-
sive proliferation in vivo, generating large 
clones of CD4+ T cells that carry identical 
proviruses integrated into an identical 
position in the human genome. The first 

Figure 1. Nonsuppressible viremia can result from large clones of infected cells. (A) Plasma virus 
levels before and following initiation of antiretroviral therapy (ART). ART, represented as 3 gray bars 
to show a combination therapy regimen, generally blocks new infection of susceptible cells and 
reduces viremia to below the limit of detection of clinical assays (dotted black line). However,  
low-level viremia persists (dashed red line), representing virus release from cells in the latent 
reservoir that have become activated. (B) CD4+ T cells comprise the latent reservoir, with colors 
representing different clonal lineages. The size and composition of the reservoir are generally such 
that the level of virus released from reservoir cells is below the limit of detection of clinical assays 
(dotted line). However, in some individuals, clones can expand to a very large size (yellow and blue 
cells) and release a sufficient amount of virus to produce detectable viremia. This viremia cannot be 
suppressed by ART, which continues to block new infection of susceptible cells but not virus release 
from previously infected cells.
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clones. To achieve a cure, we may need to 
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