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Abstract
Quantification of plasma HIV-1 RNA below the limit of FDA-approved assays by a single copy
quantitative PCR assays (SCA) has provided significant insights into HIV-1 persistence despite
potent antiretroviral therapy as well as a means to assess the impact of therapeutic strategies, such
as treatment intensification, on residual viremia. In this review, we discuss insights gained from
plasma HIV-1 RNA SCA and highlight the need for additional assays to characterize better the
cellular and tissue reservoirs of HIV-1. Accurate, reproducible, and sensitive assays to quantify
HIV-1 reservoirs, before and after therapeutic interventions, are essential tools in the quest for a
cure of HIV-1 infection.

Keywords
Single copy assay; Residual viremia; HIV reservoirs; HIV quantification; Ultrasensitive PCR;
HIV treatment intensification

Introduction
Current antiretroviral therapy (ART) inhibits HIV-1 replication and markedly lowers plasma
viremia (HIV-1 RNA), often below the limit of detection (LOD) of FDA-approved assays
(typically 50 copies/mL of plasma). Despite this profound antiviral effect, low level residual
viremia persists in most patients on current antiretroviral therapy [1, 2••]. To gain further
insight into residual viremia, a number of PCR-based assays have been developed with
enhanced sensitivity for HIV-1 RNA. Initially, these assays achieved a LOD of <10 copies/
mL through “home brew” methods [1] or through modifications to the commercially
available Amplicor HIV-1 Monitor test to accommodate larger plasma volumes [3–6].
Subsequently, the sensitivity of quantitative PCR (qPCR) assays was further improved such
that detection of a single copy of HIV-1 RNA in plasma was possible [7••]. Application of
this single copy plasma HIV-1 RNA assay (HIV-1 RNA SCA) has provided critical new
insights into HIV-1 persistence.

In this article, we review the methods behind HIV-1 RNA SCA and the insights made
possible through its uses. Expected advances in single copy assays will then be highlighted
along with their anticipated uses to further characterize HIV-1 persistence.
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Single Copy HIV-1 RNA Detection
The single copy assay was designed to detect as few as one copy of HIV-1 RNA in 7.5 mL
of plasma. Plasma is first isolated from whole blood by two sequential rounds of
centrifugation (400 g×10 min and 1350 g×15 min), which are critical steps for removing
cells and substances that interfere with PCR. Plasma is then spiked with an internal control
virus derived from the avian Rous sarcoma virus (RSV) SR-A strain (RCAS) to assess
virion recovery. Virions are pelleted by ultracentrifugation at 170,000 g for 30 min, digested
with proteinase K, and homogenized with guanidinium isothiocyanate supplemented with
glycogen. HIV-1 RNA is precipitated with isopropanol, washed with ethanol, and
resuspended in Tris-HCl supplemented with dithiothreitol and an RNase inhibitor. HIV-1
RNA and RCAS RNA are converted to cDNA and quantified by real-time PCR utilizing
external standard curves generated from serial dilutions of RNA transcripts synthesized in
vitro. Positive and negative control plasma standards, containing 5 copies/mL and 0 copies/
mL of HIV-1 RNA, respectively, are included in each assay to assess run to run variation
and to exclude false-positive results due to contamination. The RCAS internal standard is
used to evaluate the efficiency of virion recovery. As such, the development of the HIV-1
RNA SCA allowed quantification of plasma virus below that which was achieved
previously, providing important insights into viremia decay and low-level residual viremia
in patients on suppressive antiretroviral therapy.

Viremia Decay Kinetics and Residual Viremia (Fig. 1)
Following the advent of potent antiretroviral therapy, plasma HIV-1 RNA was initially
shown to undergo biphasic decay kinetics. The first phase of decay reflects the clearance of
free virus (t½=6 h) and short-lived productively infected cells (t½=1–2 days) [8, 9, 10••].
The second phase of decay (t½=1–4 weeks) is thought to reflect the loss of infected cells
that are more resistant to HIV-1 cytopathicity, such as partially activated T cells or
macrophages [11, 12••]. Based on the trajectory of the second phase, some believed decay
would continue until HIV-1 was eradicated. These hopes were shattered by the discovery of
long-lived, inducible reservoirs of HIV-1 in latently infected resting CD4+ memory cells
with an estimated half-life of 44 months [13, 14, 15••].

Studies using HIV-1 RNA SCA revealed a third phase of decay (t½=39 weeks) that
continues below the LOD of commercial assays [2••, 16••], followed by a fourth phase in
which viremia does not decay further (t½=infinity) for at least 7 years of suppressive ART
[16••]. Figure 1 provides an overview of the four phases of viremia decay after initiation of
antiretroviral therapy, the third and fourth of which were by HIV-1 RNA SCA.

Characteristics and Predictors of Residual Viremia on ART
In addition to decay dynamics, HIV-1 RNA SCA has revealed other notable properties of
residual viremia. The set point to which residual viremia decays correlates with several
parameters including 1) the level of pre-ART viremia [2••, 17], 2) the length of time
between infection and treatment [5, 17, 18], 3) the duration of treatment [19, 20], and
possibly 4) age [19], but not with CD4+ T-cell count or ART regimen [2••]. Immune
activation does not appear to correlate with the residual viremia set point [20], but this issue
has yet to be resolved fully. Together parameters that correlate with the residual viremia set
point likely reflect the infection frequency of long-lived cells; and subsequently, the rate of
virus release from these reservoirs during suppressive ART. This hypothesis is consistent
with a recent study that showed the frequency of infected CD4+ T cells, as measured by
HIV-1 proviral DNA, correlated with the level of residual viremia [21•].
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SCA Utility in Optimizing ART and Assessing Simplified Regimens
Residual viremia is thought to arise from cells that were infected before ART and that
cannot be eliminated by ART alone. Such long-lived cells may contribute to residual
viremia by 1) the occasional activation of latently infected cells to produce virus and/or 2)
the continuous or intermittent production of virus by cells resistant to HIV-1 cytopathicity.
Whether HIV-1 continues to undergo complete replicative cycles with infection of new cells
during suppressive ART has been the subject of much debate. In this regard, sensitive HIV-1
RNA assays, including HIV-1 RNA SCA, have been used to compare the efficacy of
different treatment regimens and to assess the impact of treatment intensification with an
additional, potent antiretroviral agent on residual viremia.

The efficacy of different ART regimens in suppressing viremia has been studied extensively.
An initial report suggested that tenofovir (TDF) was superior to stavudine (d4T) when
administered in combination with efavirenz (EFV) and lamivudine (3TC) [22]. In the TFV
arm, the mean post-treatment HIV-1 RNA was lower (3.8 vs 4.1 copies/mL) and the fraction
of patients with undetectable viremia was higher (47% vs 29%) than in the d4T arm. In a
more recent retrospective study, nevirapine (NVP) was claimed to be superior to EFV in
suppressing residual viremia below 1 copy/mL (81% vs 56%) when combined with
emtricitabine (FTC) and TDF [23]. However, randomized groups were not compared in this
analysis. A large randomized clinical trial of stavudine, lamivudine, and either nelfinavir or
lopinavir/ritonavir found residual viremia was not different between treatment arms [2••].
The latter finding is consistent with maximal suppression of residual viremia independent of
suppressive regimen.

Aside from achieving optimal virus suppression, it is often desirable to change or simplify
treatment regimens to reduce pill burden, treatment cost, drug toxicities, and drug-drug
interactions. Two recent studies investigated regimen simplification of standard ART
(typically two nucleotide reverse transcriptase inhibitors [NRTI] and one ritonavir-boosted
protease inhibitor [PI] to a single ritonavir-boosted PI alone). When continuous standard
ART was compared to regimen simplification with ritonavir-boosted lopinavir (LPV/r), 81%
(17 of 21) of patients’ viremia remained suppressed with no change in residual viremia
among those with suppressed viremia on the simplified regimen [24]. Similarly, when a
ritonavir-boosted atazanavir regimen (ATV/r) was initiated and NRTI were discontinued,
88% (30 of 34) of patients’ viremia remained suppressed with no changes in the level of
residual viremia among those with continued suppression of viremia [25, 26]. In the latter
study, viral rebound was predicted by an increase in residual viremia 4–12 weeks before
plasma HIV-1 RNA was detectable by commercial assays, showing the potential utility of
SCA in revealing early evidence of virologic failure. Overall, these studies indicate that
residual viremia remains unchanged in most patients after regimen simplification to a
ritonavir-boosted PI alone.

SCA Utility in Assessing Impact of Treatment Intensification (Table 1)
If ongoing cycles of viral replication persist during ART and contribute to residual viremia,
adding a new, potent drug to an existing suppressive regimen should further lower residual
viremia. Several studies report that intensification of therapy with a ritonavir-boosted PI,
efavirenz, or the integrase inhibitor raltegravir (RAL) does not reduce viremia [20, 27•, 28–
30, 31••]. Interestingly, one RAL intensification study showed 2-LTR circles increased
transiently in circulating mononuclear cells [27•], and another showed unspliced HIV-1
RNA in CD4+ T cells decreased in the ileum in 5 of 7 patients studied [31••]. These two
studies support ongoing HIV-1 replication because 1) RAL prevents integration of viral
cDNA, thereby promoting formation of viral episomes, including 2-LTR circles, and 2)
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inhibition of integration would results in reduced unspliced HIV-1 RNA levels only if
replicative cycles are ongoing. Additional studies are warranted to assess whether the
observed effects of RAL intensification on 2-LTR circles and HIV-1 RNA in ileal tissue are
reproducible. Recently, several intensification studies have been conducted using the entry
inhibitor maraviroc (MVC). Although one study found an increase in residual viremia
during intensification [32], later studies with larger sample sizes were unable to reproduce
this finding [33–35]. Overall, intensification studies suggest that if ongoing replication
occurs during suppressive ART, it is not reflected by plasma viremia. This conclusion
contradicts an earlier study that showed a reduction in viremia with abacavir intensification
of a two-drug regimen (EFV and indinavir) [36], however, this result may be a consequence
of incomplete viral suppression by the two-drug regimen. Indeed, a later studied showed that
abacavir intensification of a three-drug regimen (zidovudine/lamivudine/indinavir) had no
effect on viremia and no clinical benefit [37]. Table 1 provides a summary of intensification
studies and their results.

Other Applications of HIV-1 RNA SCA
In addition to quantification of residual viremia in patients on ART, HIV-1 RNA SCA has
been used to evaluate viremia in elite controllers. Elite controllers are rare individuals
capable of suppressive HIV-1 in the absence of ART. Most elite controllers (81%) have
residual viremia detectable by SCA [38], and no statistically significant difference was
found between the frequency of undetectable residual viremia (<1 copy/mL) in elite
controllers compared with patients on suppressive ART [39]. In contrast to patients on ART,
HIV-1 replication continues in elite controllers as evidenced by evolution of plasma virus
over time [40••]. Remarkably, virus evolution continues in elite controllers without
progressive escape from the immune response. The control mechanisms by which virus
escape is thwarted are the focus of intense investigation.

Beyond HIV-1 RNA SCA: Future Technologies and Their Applications
Despite the insights provided by plasma HIV-1 RNA SCA, a more complete picture of
residual HIV-1 infection is needed since viremia represents only one aspect of HIV-1
persistence. Indeed, the source of residual plasma viremia has not been well defined. To
fully characterize the location of HIV-1 reservoirs and their relative contribution to plasma
viremia, it will be necessary to go well beyond quantifying plasma HIV-1 RNA. Table 2
provides a list of assays that should be applied to identify and characterize persistent HIV-1
reservoirs.

HIV-1 DNA Assays
To define the origins of residual viremia, it will first be necessary to develop and apply
assays to enumerate and characterize HIV-infected cells. Although HIV-1 DNA
quantification in PBMCs and other cell sources has been reported [13, 14, 15••],
quantification of the different forms of HIV-1 DNA within cells remains a contemporary
research goal. The different forms of HIV-1 DNA include integrated HIV-1 DNA, linear
unintegrated HIV-1 DNA, and 1 or 2-LTR circles. HIV-1 DNA forms that can be quantified
include total HIV-1 DNA, 2-LTR circles, and integrated HIV-1 DNA, although methods for
the latter DNA form are still being optimized [41, 42]. Currently, no technique exists to
selectively quantify 1-LTR circles; however, they likely constitute a negligible portion of
HIV-1 DNA. Linear, unintegrated HIV-1 DNA is not amenable to specific quantification
because of near complete overlap with integrated DNA. Consequently, the difference
between total HIV-1 DNA and the sum of integrated HIV-1 DNA and 2-LTR DNA can
provide a reasonable estimate of unintegrated linear DNA (assuming a negligible quantity of
1-LTR DNA).
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Quantification the different forms of HIV-1 DNA will provide insight into tissue variation in
integrated versus episomal DNA and their relation to intracellular HIV-1 RNA levels as well
as persistent viremia. Furthermore, quantification HIV-1 DNA in immune cell subsets sorted
by flow cytometry will help characterize HIV-infected cellular reservoirs [43••].

Cell-associated HIV-1 RNA Assays
The next assay needed to characterize HIV-1 reservoirs is a cell-associated HIV-1 RNA
assay with single copy sensitivity. The objective of this assay would be to quantify the
expression of different splicing variants (both 2 kb and 4 kb transcripts) as well as aborted
transcripts and full length genomes (9 kb). This can be achieved by utilizing primer and
probe sets specific for distinct HIV-1 RNA forms, providing important information about
transcriptional activity in infected cells. It is expected that the majority of integrated HIV-1
DNA will be defective, “dead” DNA that does not lead to the production of full-length
transcripts. In addition to detecting distinct RNA forms, a cell-associated HIV-1 RNA assay
with single copy sensitivity would also be useful in investigating the amount of RNA that is
produced by infected cells during interventions designed to activate latent virus. Intracellular
HIV-1 RNA assays have been developed and implemented [31••], but were designed to
detect HIV-1 RNA in a population of cells. Methods to detect HIV-1 RNA expression in
single infected cells are thus a priority.

Sequencing of HIV-1 Genomes
In addition to qPCR-based techniques, single genome sequencing (SGS) will also be of
utility to understand better the genetics of the HIV-1 populations that persist despite
antiretroviral therapy. SGS has shown that sequences present in less than 10% of single
genomes are not readily detectable by population sequencing methods [44]. Even though
SGS was originally developed to sequence low-frequency genomes from plasma, the
method can be readily applied to genetically characterize HIV-1 DNA. Other groups have
used large volume blood draws to compare the sequences of plasma HIV-1 RNA over time
on suppressive ART to determine whether there are changes in the genetics of persistent
virus populations [45].

Similarly, new sequencing technologies are being applied to characterize the genetics of
persistent HIV-1 populations. Pyrosequencing (Life Sciences 454 platform) has emerged as
the initial leader in high-throughput technology [46]; however, the 454 platform uses the
same primer set to amplify all PCR product for sequencing, leading to the possibility of
contamination and false-positive sequences. This limitation can be overcome with the
advent of individualized”dog tagged” primers that can be used to uniquely mark amplicons
arising from specific primers [47]. These unique “dog tag” identifiers can then be used to
compile consensus sequences, effectively screening out the background of contaminating
sequences and sequencing errors. Thus, high-throughput sequencing is likely to be a useful
technique to characterize persistent HIV-1 populations in different tissues and cells types.

Sensitive sequencing methods were used by Bailey and colleagues to demonstrate that
sequences found in the low-level residual viremia of patients on suppressive ART are
infrequently found in circulating resting CD4+ T cells, and that identical sequences
(predominant plasma clones) can emerge after long-term viral suppression on ART [48••].
However, Anderson and colleagues recently showed that replicating virus isolated from
circulating, resting CD4+ T cells matched cell-free plasma HIV-1 RNA sequences (i.e.
virions) in two patients on suppressive ART [49••]. The source of residual viremia thus
remains a critical question, and its identification is an essential step toward its elimination.
Sensitive sequencing methods applied to plasma and tissues have the potential to identify
such sources.
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Surrogate for Infectious Virus Recovery?
The ability to quantify different HIV-1 DNA and RNA forms raises the key question about
which measure, if any, is indicative of the potential to produce infectious virus. A cell
culture–based assay for infectious virus recovery from CD4+ T cells, developed by the
Siliciano group [50], has provided critical insights into HIV-1 persistence. Although
informative, the infectious virus recovery assay is limited in that throughput is low and that
the assay is time consuming and resource intensive. A relatively high-throughput surrogate
for infectious virus recovery would allow for larger-scale studies of the impact of
therapeutic interventions.

Assessments of HIV-1 Reservoirs in Non-Blood Compartments
The blood compartment contains approximately 2% of total body lymphocytes. Therefore,
application of single copy assays to tissue samples is essential for identifying HIV-1
reservoirs that are not reflected in blood. An example of differences between blood and
tissue is evident in immune activation; the GI tract contains the majority of CD4+ T cells,
and chronic immune activation is more evident in cells from GI biopsies than those in blood.
Yukl and colleagues have demonstrated the feasibility of quantifying HIV-1 DNA and RNA
from various locations in the GI tract and also showed that levels of T-cell activation
markers in the gut are (paradoxically) negatively correlated with HIV-1 DNA levels in the
gut [31••]. This indicates that different mechanisms may contribute to HIV-1 persistence in
peripheral blood compared to the gut and should thus be evaluated further.

Additionally, bone marrow, cerebral spinal fluid (CSF), and both male and female
reproductive tracts represent other anatomical compartments that have been shown to harbor
HIV-1 infected cells. Regarding the bone marrow, multipotent hematopoietic progenitor
cells (CD34+ cells) capable of clonal expansion and differentiation into hematopoietic
lineages have long been know to be susceptible to HIV-1 infection [51]. These progenitor
cells are susceptible in vitro [52–54] and a compelling case has been made for infection of
these cells in vivo [55••]. As such, the quantification of HIV-1 DNA and RNA, as well as
sequence information from cells isolated from bone marrow, is likely to provide key clues
about the role of progenitor cells in the clonal expansion of HIV-1 as infected cells
proliferate and differentiate into different cell lineages, as suggested by Carter and
colleagues [55••].

Regarding the central nervous system, HIV-1 has been of great interest since the recognition
of AIDS-related dementia. While there are major barriers to direct sampling of tissue from
human brain, sampling of CSF for free virus is feasible. Additionally, markers of
inflammation in the CNS, such as neopterin, could be correlated with low-level CNS HIV-1
RNA, allowing conclusions about the extent of HIV-1 infection and immune-related
inflammation in the CNS [56]. In this regard, studies utilizing RT-SHIV in non-human
primate (NHP) systems may be informative for the study of reservoirs in tissues that are
intrinsically difficult to sample from human subjects [57].

HIV-1 Infection and Expression in Immune Cell Subsets
Quantification of HIV-1 nucleic acids in immune cell subsets isolated from peripheral blood
is expected to be more tractable than quantification in other anatomical compartments. A
typical bone marrow aspirate yields on the order of 105 CD34+ cells, which include
hematopoietic stem cells as well as early progenitor cell populations [55••]. Alternatively,
CD34+ hematopoietic progenitor cells can also be isolated from peripheral blood, where
they constitute approximately 0.02% of PBMCs [55••]. CD4+ T-cell yield from gut-
associated lymphoid tissue (GALT) is expected to be similarly limited. Infection of these
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populations in the bone marrow and GALT is sufficiently extensive to detect HIV-1 DNA
[31••, 55••]; however, it is anticipated that viral RNA expression will be rare and may not be
detected in all patients. Therefore, larger quantities of cells, such as those obtained during
autopsy, gut resections, or from NHP studies may be required to detect rare RNA
expression, particularly when examining discrete immune cell subsets.

The distinct subsets of immune cells that constitute HIV-1 reservoirs and the methods by
which these reservoirs are maintained is of great interest. Seminal work by Chomont and
colleagues has demonstrated that within the CD4+ T-cell compartment, transitional and
central memory T cells are more frequently infected by HIV-1 (i.e. HIV-1 DNA positive)
than effector memory or naïve T cells [43••]. Sequencing and phylogenetic comparisons
were used to infer that the transitional memory T-cell reservoir is replenished by antigen-
driven proliferation from the central memory T-cell reservoir and the central memory T-cell
reservoir is maintained through IL-7–mediated homeostatic proliferation [43••]. Expression
of the surface receptor programmed death-1 (PD-1) was also shown to be associated with
integrated HIV-1 DNA. Blockage of the PD-1 and PDL1 interaction with monoclonal
antibodies is currently being investigated as a means by which to induce HIV-1 expression
in an effort to reduce size of the HIV-1 reservoir [58].

Single Cell Technologies
A single cell sequencing method was recently reported by Josefsson and colleagues [59••] in
which cells were first sorted by flow cytometry and then diluted to the point where each
PCR reaction contained far fewer than one infected cell. HIV-1 DNA was sequenced, and
the genomes were then compared to HIV-1 DNA from other individual infected cells as well
as RNA sequences from plasma as determined by SGS [59••]. This single cell sequencing
analysis led to the conclusion that the large majority of infected CD4+ T cell contain only
one integrated HIV-1 DNA molecule, and that there is concordances between the sequences
from plasma virus and HIV-infected CD4+ T cells. Similar methods to assess other HIV-1
DNA and RNA forms on a single-cell basis will be useful in quantifying and characterizing
HIV-1 reservoirs before and after therapeutic interventions.

Conclusions
In order to reduce the number HIV-infected cells, it will first be necessary to understand
better the biology of HIV-1 reservoirs in suppressed patients. This will require the
application of highly specific and sensitive assays that are accurate and reproducible. Single
copy assays and single infected cell assays will be crucial in describing the size and location
of HIV-1 reservoirs, the extent of HIV-1 RNA expression, and the sources of persistent
residual viremia. Such assays, in addition to a molecular surrogate for infectious virus
recovery, will also be essential tools in evaluating the impact of interventions on HIV-1
reservoirs. Indeed, single copy assays have been used effectively to determine that the
intensification of ART does not generally result in a decrease in residual viremia. In the
search for a cure for HIV-1 infection, the ability to accurately assess the impact of
interventions designed to eradicate HIV-1 will be critical, and small but significant changes
may offer insights into the appropriate path toward a cure.
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Fig. 1.
Decay dynamics of plasma HIV-1 RNA during ART. Upon initiation of ART, viremia
decays in multiple overlapping phases, which reflects the turnover of cells infected prior to
ART with different half-lives. The first phase of decay has a half-life of approximately 1.5
days and represents the turnover of free virus and productively infected T cells [8, 9, 10••].
The second phase of decay, with a half-life of approximately 28 days, represents the attrition
of cells more resistant to HIV cytopathicity, such as partially activated T cells and cells of
the monocyte-macrophage lineage [11, 12••]. The third phase of decay, which has a half-life
of approximately 273 days, levels off to a stable set point that represents a fourth phase
showing no evidence of further decay [2••]. Viremia persists at this stable set point for at
least 7 years following the initiation of ART and reflects the remarkable stability of the
long-lived cellular reservoirs that maintain residual viremia [16••]. Blue = above clinical
limit of detection (LOD). Red = below clinical LOD (ie, detectable by SCA). Dotted lines =
theoretical decay slopes
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Table 1

Summary of antiviral intensification trials

Study Drug(s) added n Duration
(weeks)

Residual
viremia CD4 count T-cell activation Other major findings

Hatano [29] RALa 30 24 No changeb No change No change —

Yukl [31••] RAL 7 12 No change Increased in the
ileum

Decreased in CD4
and
CD8 cells

Decrease in unspliced HIV
RNA
in CD4 T cells in ileum

Gandhi [20] RAL 25 12 No change Slight increase No change —

Buzon [27•] RAL 45 24 No change No change No changec
Transient increase in 2-
LTR circles
in PBMCs

McMahon [30] RAL 10 4 No change No change — d —

Hilldorfere [33] MVCf 34 24 No change — — No change in 2-LTR
circles

Hunte [34] MVC 23 24 No change No change Increased, notably
in GALT

CD8 cells seemed to
relocate from
GALT to blood

Wilkine [35] MVC 34 24 — No change
Decreased in CD4
and
CD8 cells

Observed improvement in
markers
of apoptosis

Gutiérreze [32] MVC 9 48 Increased No change Increased in CD4
cells only

Reduction in latent
reservoir and
increase in 2-LTR circles

Dinoso [28] EFVg, LPV/rh,

or ATV/ri
9 4–7 No change — — —

Hammer [37] ABCj 116 272k No change No change — —

Havlir [36] ABC 8 24l Decreased No change Decreased in CD4
and CD8 cells

Reduced CD8 HIV Gag
and p24
antigen responses

a
Raltegravir

b
No clinically significant change among aggregate data or difference between intensified and placebo groups (when available)

c
A “normalization” of immune activation was observed in the 29% of patients with detectable 2-LTR circles

d
Parameter was not evaluated

e
Data has been presented at conferences, but has not yet been published in peer-reviewed journals

f
Maraviroc

g
Efavirenz

h
Lopinavir/ritonavir

i
Atazanavir/ritonavir

j
Abacavir

k
The median duration of treatment was 272 weeks (range, 3–283 weeks)

l
Post-intensification data was represented as the geometric mean of 6 samples drawn at 4-week intervals beginning 4 weeks after adding ABC
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Table 2

Molecular assays to quantify relevant HIV DNA and RNA forms

HIV form Detection method Pathogenetic relevance

Unintegrated, linear DNA Cannot be specifically detecteda Transient viral DNA intermediate

Integrated, linear DNA
qRT-PCR after gel separation of HMW

(≥20 kB) DNAb Stably integrated provirus; potential long-lived reservoir

1-LTR and 2-LTR circles
(episomes) Primer/probe set that detects circle junctions Dead-end products from failed integration; possible marker of

recent infection

Promoter proximal RNA qRT-PCR Indicative of stalled elongation of HIV transcripts

2-kb RNA transcripts
(cell-associated) qRT-PCR across 2-kb splice junctions Early transcription products coding for accessory genes

4-kb RNA transcripts
(cell-associated) qRT-PCR of vpu and gag/polc

Late transcription products coding for accessory genes and
envelope

9-kb RNA transcripts
(cell-associated) qRT-PCR of gag/pol Late transcription product encoding all genes

Virion-associated RNA qRT-PCR Viremia

a
PCR-based assays cannot specifically quantify unintegrated HIV linear DNA. Rather, it is derived by first quantifying total HIV DNA, then

subtracting integrated linear and 2-LTR DNA (1-LTR DNA is considered negligible)

b
High molecular weight

c
Vpu is encoded by both 4-kb and 9-kb transcripts, whereas gag and pol are encoded by only 9-kb transcripts. Therefore, 4-kb transcripts are

quantified by subtracting the number of transcripts encoding gag and pol from the number of transcripts encoding vpu
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