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CLINICAL APPLICATION

OF REVERSE
TRANSCRIPTION-POLYMERASE
CHAIN REACTION FOR

HIV INFECTION

Mark Holodniy, MD

B LAY

- Notice: This material may be
. protected by copyright iaw
- (Title 17 U.S. Code).

Gene amplification was first described in 1985 using a thermolabile
Escherichia coli Klenow fragment.® Three years later in 1988, a thermo-
stable DNA polymerase was described that could withstand multiple
cycling temperatures and, thus, no longer required the addition of
further DNA polymerase to allow a reaction to be completed.™ In 1987
the polymerase chain reaction (PCR) was described for cellular DNA
containing HIV proviral DNA.?® In 1988 a report described the ability to
detect intracellular RNA from HIV-infected cell lines using reverse
transcription (RT) followed by PCR.'® This was quickly applied to HIV-
infected patient material in which RT-PCR was used for the detection of
mRNA in peripheral blood mononuclear cells (PBMCs)*** and virion-
associated RNA in serum.?

" Previous detection of RNA was accomplished by traditional molecu-

lar biological techniques such as Northern analysis or protection assays.

With the advent of RT-PCR, the ability to detect rare species of mRNA or

viral RNA was enhanced because of the amplification effect of these rare’
species. A lengthy description of the procedure is beyond the scope of

this article, and the reader is referred to a standard manual on PCR

techniques.® :

Briefly, cellular or virion-associated RNA from fluid or tissue is
obtained by some extraction'® or lysis method. The resulting RNA is
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reverse transcribed via a reverse transcriptase enzyme to cDNA. This
DNA can then can be amplified with a primer pair specific for the
sequence of interest. By varying PCR cycle number, one can exploit
RT-PCR to increase sensitivity by increased cycle numbers. This may
affect specificity or result in false-positive reactions because of miss-
priming events. Lower cycle numbers can result in quantitative results
but may sacrifice sensitivity leading to false-negative results. PCR prod-
uct or amplicon can be detected or quantitated in a variety of ways, such
as ethidium bromide gel electrophoresis, high-pressure liquid
chromatography, capillary electrophoresis, direct incorporation of
radioactive isotope-labeled dNTPs into amplicon, or hybridization tech-
niques using solid phase membrane or liquid. This can subsequently be
followed by electrophoresis or ELISA on microplates utilizing isotopical-
ly or nonisotopically labeled (enzyme or chemiluminescent) probes with
specific complimentary sequences to the amplicon.

The RT-PCR reaction requires a priming event to initiate RT. This
can be accomplished by the use of random hexamers, oligo dT, or the
downstream PCR primer. Some investigators believe that random
hexamers yield better results; however, all of the priming events have
been used with approximately equal efficacy.®! Different reverse trans-
criptases can be used, such as an avian or a murine leukemia virus
reverse transcriptase. Although a rigorous comparison has not been
published, the results with either enzyme appear to be equal.> Recent-
ly, a thermostable reverse franscriptase has been described, which also
has DNA polymerase activity.*® Thus, one enzyme is capable of RT and
PCR by varying the active cation from manganese to magnesium in the
RT and PCR reactions, respectively. The use of this enzyme has now
been applied to quantitation of HIV virion-associated RNA in plasma.®®

OTHER TECHNOLOGY

In addition to RT-PCR, other amplification technologies have been
described to detect or quantitate HIV genetic sequences. The 3SR reac-
tion, originally described by Guatelli et al,"® is an isothermal three-
enzyme system that can also amplify RNA sequences. This system
incorporates the use of three enzymes, namely, reverse transcriptase,
RNAase H, and T7 RNA polymerase. Briefly, double-stranded cDNA is
synthesized from RNA by reverse transcriptase. The template RNA is
degraded by RNAase H. Transcription of an antisense RNA from the
transcription-competent ¢<DNA by T7 RNA polymerase results in an
RNA copy that continues the cycle. The 3SR reaction has been used to
detect RNA species from HIV-infected CEM cells with good results.

A transcription-based amplification system (TAS) also has been
described. The system described by Kwoh et al* involves the synthesis
of a cDNA from an RNA target by reverse transcriptase from a primer
that incorporates a binding sequence for a T7 polymerase and a target
complimentary sequence. Subsequent incubation of the double-
stranded ¢cDNA with T7 RNA polymerase results in the synthesis of
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multiple RNA transcripts from the double-stranded DNA template. The
cyce can be repeated multiple times, resulting in a tremendous

-amplification of the original RNA sequence. A recent study by Davis et

al* compared the use of TAS versus RT-PCR for the detection of HIV
RNA and found them to be almost equivalent in detection ability. A
recent study by Bush et al® compared the use of 3SR technology with
plasma culture for the detection of RNA in HIV-infected plasma of
infants. In the 19 pediatric patients sampled, there was agreement
between both assays in 14 of 19 samples. Of the five samples that were
discordant, four were positive by 3SR and negative by culture, which
implied an enhanced sensitivity with the use of 35R when compared
with culture. '

Another new assay describes the use of branch DNA signal
amplification in which HIV RNA in plasma is bound to a solid phase in a
microplate well. A DNA probe specific for a pol gene sequence is hybri-
dized to the RNA, forming a RNA/DNA hybrid. The branch nature of
the DNA allows for the attachment of alkaline phosphatase molecules
and a subsequent chemiluminescent reaction, which is quantitative in
nature.! The ligase chain reaction (LCR) is being applied for amplifica-
tion and single nucleotide discrimination in DNA sequences. Thermo-
stable DNA ligases have been found that attach perfectly complimentary
adjacent oligonucleotides to a target DNA sequence. If a base mismatch
appears, there will be no effective ligation, and, therefore, no amplified
product will be obtained.® Although effectively described for specific
DNA amplification, it is easy to envision the application of this technolo-
gy with prior RT and subsequent LCR, possibly for analysis of
quasispecies or nucleoside-resistant strains of HIV.

ASSAY PRECISION AND SAMPLE HANDLING ISSUES

Of critical importance in the application of RT-PCR assays for
monitoring HIV-infected patients are issues that revolve around the
reproducibility and the precision of the assay and the stability of RNA in
clinical samples. The majority of this work has been described in the
assays used to detect and quantitate virion-associated RNA in the plas-
ma of HIV-infected patients. Aoki-Sei et al' have described various assay
conditions that might affect RNA-PCR. A volume relationship was
found in patient samples whereby an increase in plasma volume re-
sulted in an increase in HIV particle detection after ultracentrifugation.
Plasma had an eightfold higher particle count than the equivalent serum
sample from patients with high particle counts (=10°/mL). There was no
difference in detectable signal with a cycle of freeze-thaw. Interexperi-
mental and intraexperimental data suggested that variability of the test
on a particular sample was within one-third of an order of magnitude.
We have also shown that there is good correlation between samples
from the same individual which are extracted, reverse transcribed, and
amplified on the same day. However, when samples are run on separate
days, there is less concordance. Multiple replicates of the same
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PCR reaction yielded less than 10% variation in absorbance in an RT-
PCR ELISA format.? This has been further characterized by Semple et
al®® who found that assay reproducibility studies on 24 plasma samples
revealed a mean difference of 3.4% between duplicate pairs. Intra-assay
reproducibility for moderately viremic samples varied by 9% but was
increased in the low viremic samples up to 15% of the mean value. As
expected, the intra-assay variance on different days was greater; the
difference between mean values was 25% for moderate viremic values
and 79% for low viremic values.

A recently completed multicenter study attempted to evaluate
several assays that quantitate plasma HIV RNA. An identical blinded
panel of nine samples was provided to several laboratories. All of the
'Jaboratories correctly identified the negative sample, but the interlabora-
tory variation for positive samples was a 1- to 2-log difference in RNA
concentration.”? Lu showed that serum from HIV-infected patients
stored for 6 to 12 months yielded stable levels of HIV RNA by RT-PCR.
Lu also showed that fresh serum samples could be held up to 4 days at
37°C and have stable RNA copy numbers.*’ The precise sample han-
dling procedure used for these samples was not discussed, and
benchtop results utilizing whole blood have yielded a different result
when analyzed by our group.* When whole citrated blood was held at
room temperature for up to 72 hours before plasma separation to sim-
ulate sample transport conditions, a precipitous fall off of as much as
80% of the RNA copy number in plasma was found. Thus, if serum or
plasma is immediately separated from cellular constituents, RNA can
remain stable for up to several days at room temperature, and the results
obtained from shipped material will be the same as those from material
processed within a 2- to 4-hour time frame.

Collection in specific aniticoagulants may have an effect on RT-PCR.
We reported that samples collected in heparin could affect results
obtained from DNA PCR and RT-PCR of RNA associated in cells and of
virion-associated RNA in plasma.?® Although DNA and mRNA from
PBMCs were clearly detectable in samples collected in the presence of
heparin, there was a significant quantitative difference in terms of PCR
product obtained in comparison with EDTA or citrate samples. This was
magnified when plasma samples were tested for the presence of HIV
RNA by RT-PCR; plasma samples collected in heparin yielded no detect-
able signal. Thus, citrate or serum has been touted as the appropriate
material for collection of HIV RNA in plasma. Heparinase can reverse
the effect seen in samples amplified in the presence of heparin. This has
been confirmed recently by Imai et al®® who demonstrated the recovery
of HIV RNA from heparinized plasma utilizing heparinase. Alternative
strategies for the collection of plasma HIV RNA could include ul-
tracentrifugation to pellet HIV virions, with subsequent removal of the
supernatant containing heparin, or particle capture via latex beads
which are coated with IgG monoclonal antibodies to gp41 or gp120.%
Coombs et al'® reported plasma RNA stability and handling factors
using immunocapture cONA PCR. The signal appeared to be higher in
plasma compared with serum in three of seven subjects. There did
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not appear to be a difference in signal from plasma collected in the
presence of heparin or citrate nor when plasma (not whole blood) was
kept at ambient temperature for 2 and 6 days and freeze-thawed up to
nine times. Plasma supernatants were not tested for HIV RNA content
after particle capture. Thus, neutralized or immunecomplexed virus
might not be detected by this method. Currently, it is probably prudent
when quantification of HIV RNA in plasma is contemplated that citrate-
containing plasma be used. Primer design may allow selective amplifica-
tion of HIV RNA in the presence of contaminating DNA whereby
DNAase treatment and, thus, an additional step may no longer be
necessary.>

QUANTIFICATION

Although detection of PCR products by RT-PCR in HIV disease is
important, particularly in the diagnosis of pediatric infection, the desire
for quantification to measure disease progression or antiretroviral effect
has become much more important. Several methods to quantitate PCR
product have been reported recently. An external RNA control was
described by our group, which utilizes a gag gene RNA standard con-
structed from a plasmid with a T7 promoter and gag gene insert. This
external control is utilized in a separate reaction series that employs the
same gag gene primer pair used for the patient sample RT-PCR
reaction.? When coupled with a nonisotopic ELISA-based microplate
format, a log linear relationship between absorbance and copy number
is seen over a 3-log range. The advantage of such a system revolves
around the fact that one patient sample in duplicate or triplicate can be
assayed with an entire external standard curve. This would not control
for individual tube variation in the RT-PCR reaction.

Aoki-Sei et al' utilized an external standard curve with an HIVmg
virus stock as the standard curve. Rabbit globin mRNA was added to
each plasma sample as an internal control to check for RT efficiency
using an additional primer pair. Yerly et al”> employed a semiquantita-
tive approach by absorbing viral particles in plasma to beads, perform-
ing RT and then utilizing a LAV-8E5 DNA dilution series for
semiquantitation. ‘

Other groups have described the concept of an internal competitive
template for HIV quantitation. Originally described by Wang and
Mark,% the strategy here is to co-amplify a competitive template with
the target template, either using a mutant with a new restriction site,
which can be distinguished from the target by restriction enzyme diges-
tion and size fragmentation, or by creation of a deletion mutant, which
utilizes the same primer pair sequence as the target but can be resolved
from the target on the principle of size with electrophoresis separation.
Stieger et al®* were successful in creating an internal HIV gag gene
standard with a unique Bgl II restriction site. Both target and competitor
were amplified with the same primer pair. The PCR product was di-
gested with Bgl 1, hybridized to a radioactive probe, and resolved by
size using gel electrophoresis.
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Piatak et al®® have recently described quantitative competitive PCR.
They constructed a competitive template in the gag region with an
80-base pair deletion and from which a dilution seties of known copy
number of the competitive template can be co-amplified with a target
sequence of unknown copy number. Product is quantitated by ul-
traviolet fluorescence on ethidium bromide-stained gels. This method
was applied to clinical samples from patients with acute infection or to
measure a response to antiretroviral therapy.>

Nucleic acid sequence-based amplification allows direct isothermal
amplification of patient plasma HIV RNA with an internal RNA stan-
dard. The standard is constructed in such a fashion as to have equal
amplification efficiency. After amplification, specific radioactive probes
for wild-type and the RNA internal standard are hybridized to the
products and counted.”” The major limiting factor in such a scheme is
the multiple dilutions required for each sample of RNA.

Although it is desirable to have an internal competitive sequence, it
may not be practical for large-scale testing in clinical trials in which
multiple patients and multiple time points are contemplated. The ability
for high throughput of patient sample processing may be difficult unless
autornated systems are developed and applied. An additional reason for
having an internal control rather than an external control is the fact that
minor differences in RT or amplification efficiency could result in wide
differences in quantitative results, If both the target template and the
internal control are subjected to the same reaction conditions in RT-PCR,
some of these variabilities and inefficiencies will be controlled for. The
one aspect of RT-PCR that is not controlled for in such competitive
assays is the nucleic acid extraction step. Preliminary data from Menzo
et al** demonstrated that, by extracting a known number of HIV RNA
copies, a 36% mean loss was observed after extraction, implying that
one third of potential clinical sample copy number could be lost on the
extraction procedure alone. Thus, the ultimate quantitative assay will
probably require that a control template be placed in raw plasma before
extraction to control for this variable.

CLINICAL APPLICATION

Although most studies have looked at HIV RNA in PBMCs and
plasma, other body fluids also have been studied. Spector et al* used
RT-PCR to detect virion-associated RNA in the cerebral spinal fluid of 25
seropositive patients. RNA was detected in 11 of 11 samples that were
culture-positive and in 9 of 14 samples that were culture-negative, im-
plying a much greater sensitivity using PCR to detect HIV RNA in spinal
fluid. Also of note, 6 of 10 samples that were DNA PCR-negative were
RT-PCR-positive. There was no apparent correlation with neurologic
disease, and zidovudine therapy did not alter the culturability of virus or
the presence of HIV RNA in spinal fluid. Yolken et al”® studied fecal
shedding of HIV in pediatric patients. Of 19 patients, 9 presented with
diarthea, and, of those, 5 of 9 were positive for HIV in the stool as
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ve PCR. o detected by RT-PCR. Of the 10 patients without diarrhea, only 1 of 10
~ith an was positive for HIV in the stool, and although only six patients were
m copy s analyzable, there was a quantitative difference in the amount of HIV
a target RNA copies detected in those patients with diarrhea in comparison with
by ul- the one patient without diarrhea.
méthod , Mermin et al2 and Hamed et al' studied the ability to detect
on or to 1. virion-associated RNA in cell-free seminal fluid. Fifteen of 23 HIV-
: - infected subjects (65%) and 30 of 52 (58%), respectively, were positive
thermal : for HIV RNA by RT-PCR utilizing a gag gene primer pair. The presence
‘A stan- of RNA in seminal fluid also correlated with the presence of serum p24,
e equal ; lower CD4 counts, and the presence of HIV DNA in nonspermatozoa
+ probes mononuclear cells in semen.
. to the o Gianetti et al”” recently reported on the presence of spliced iat
heme is o mRNA via RT-PCR in epidermal Langerhans cells. Of nine patients who
were in Centers for Disease Control group IV, six of nine had mRNA
tence, it o present in Langerhans cells, whereas zero of nine of the Langerhans
1 which cells—depleted epidermal cell fractions contained any HIV RNA.
e ability Pantaleo et al®? have recently reported on the relationship between
t unless - peripheral blood-and lymph node tissue with respect to viral load.
ason for i Twelve patients had both PBMCs and lymph node mononuclear cells
act that i (LNMC) analyzed for the presence of gag gene and {at/rev mRNA expres-
in wide ! sion. Semiquantitatively in the early stage of disease, expression of gag
and the L and tat/rev was barely detectable in PBMCs but was found to be at a high
IT-PCR, level in LNMCs. In late-stage patients there was an increase in expres-
for.-The sion in PBMCs but still less expression than that found in LNMCs, and
petitive i both adenoids and tonsillar tissue contained great quantities of mRNA
-Menzo U expression. These findings may have important implications in terms of
[V RNA HIV pathogenesis and future clinical trials.
ing that L Wormser et al’”® studied eccrine sweat for the presence of HIV RNA
t on the and proviral DNA. No HIV viral DNA or RNA was detected in 40 sweat
say will i samples tested. Although 15 patients were receiving antiretroviral ther-
a before ) apy regimens, 24 patients were not, which implies that the finding of no
NI HIV RNA in sweat is 9probably a real phenomenon.
e Kaneshima et al® utilized a SCID mouse model to measure the
effect of zidovudine on plasma RNA levels. Using an RT-PCR format,
- they were able to show that virion-associated HIV RNA was detectable
‘;\ in 30% of infected mice by day 7 and in more than 95% of infected mice
[Cs and N by day 14 and was tissue culture, infectious dose—-dependent. A zidovu-
19 used dine effect also could be demonstrated on plasma RNA levels in this
1id of 25 B3 animal model.
at were Other important applications have included the study of in vitro
ive, im- i transcription events to define temporal kinetics of mRNA expression,
n spinal novel mRNAs, and in vitro response to therapy. Klotman et al®> and
ve were » Stevenson et al®® have studied the kinetics of expression of HIV RNA
urologic 2 species utilizing quantitative RT-PCR. Employing cell lines, Seshamma
virus or- - et al*! used RT-PCR to quantitate the relationship of intracellular multi-
ed fecal . spliced and unspliced RNA in both stimulated and unstimulated cells.
ed with Atrigo et al® used RT-PCR in vitro to demonstrate regulation of specific
stool as R tatlrev in RNA. We have described the use of RT-PCR techniques to
R
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monitor the kinetics of acutely infected PBMCs for viral replication,
antiviral activity, and viral drug resistance.® Thus, specific questions
regarding both pathogenesis and antiretroviral activity can easily be
studied using RT-PCR techniques.

CELLULAR HIV RNA REVERSE
TRANSCRIPTION-POLYMERASE CHAIN REACTION

Hart et al*® evaluated 21 patients using a spliced #zt mRNA se-
quence via RT-PCR and found that 13 of 21 (62%) had positive RNA
signal of varying intensity. Also of note, five of six patients who were
p24-antigenemic were also positive for tat mRNA. Interestingly, four of
the subjects were receiving zidovudine and still had positive signal for
tat mRNA. Thus, in this early qualitative study utilizing a single time
point, some distinction could be made as to which patients had tran-
scriptionally active virus. Patients who were negative for RNA in this
study all had high CD4 counts greater than 200 cells/mm?,

Bagnarelli et al’ assayed 37 patients for both proviral DNA and
cellular RNA using a gag gene primer pair. This was a detection study
only using 35 cycles of amplification, and no information was given as to
whether patients were receiving antiretroviral therapy. Of the 23
patients who had CD4 counts greater than 400 cells/mm?, all were
positive for proviral DNA, and 12 of 23 were positive for gag gene RNA

. by RT-PCR. Two of 23 patients were p24-antigenemic. Of 14 patients

with less than 400 CD4 cells/mm?, all were positive for proviral DNA,
and 11 of 14 were positive for gag gene RNA by RT-PCR; 9 of 14 patients
were p24-antigenemic. )

Schnittman et al®® studied 49 patients in all stages of disease, 23 of
whom were receiving antiretroviral therapy. The gag gene, envelope,
major splice junction, and tat/rev mRNAs were investigated. A tyrosine
kinase mRNA control was included. Results showed that 84% of sub-
jects had expression of at least one mRNA species, and that the spliced
tat/rev mMRNA was the most common, found in 29 of 49 patients. There
did not appear to be any association between the stage of disease and
the pattern of mRNA expression, and gag gene mRNA was found more
frequently in those subjects with a lower CD4 percentage. It was
hypothesized that, in this study, antiretroviral therapy could have
altered the pattern of mRNA expression in these patients.

Michael et al®® studied 31 subjects in regards to their total and
genomic intracellular RNA using a beta-actin gene mRNA as a control.
Both total cellular and genomic HIV RNA demonstrated a 100-fold
increase in copy number with decreased CD4 count. However, RNA
could be demonstrated at all stages of disease. Viral RNA was ultimately
detected in only 21 of 31 patients. An increase in the gag RNA to DNA
ratio was demonstrated in patients of all stages, but the ratio was
greatest in those patients with decreased CD4 counts. In terms of dis-
ease progression, there was a shift toward genomic RNA versus spliced
mRNA.
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Clementi et al** studied 45 patients, 8 of whom were also hepatitis
B-positive. A total of 34 of 45 patients (75%) had evidence of HIV gag
gene transcripts in PBMCs, 16 of 19 with CD4 counts less than 400
cells/mm®, and 18 of 26 with CD4 counts greater than 400 cells/mm?, Of
the eight subjects who were hepatitis B and HIV-positive, all eight
demonstrated HIV provirus and hepatitis B DNA by PCR, and, in
addition, eight of eight had HIV RNA gag gene transcripts present.
Hepatitis B transcripts in the S and C regions were positive in three of
eight and six of eight patients, respectively, thus, demonstrating active
transcription of both HIV and HBV simultaneously.

Bagnarelli et al® studied 33 patients for virion-associated plasma
RNA, PBMC proviral DNA, and PBMC gag gene mRNA. All three
markers showed a trend toward a quantitative increase with disease
progression, and when the markers were analyzed together, a signifi-
cant correlation was seen between plasma RNA, proviral DNA, and
active gag gene expression.

Seshamma et al®? studied 52 subjects who were not receiving anti-
retroviral therapy. By RT-PCR high levels of multiply spliced RNA and
low levels of unspliced RNA were demonstrated in asymptomatic sub-
jects. In patients with ARC and AIDS, the level of unspliced RNA was
much higher. In fact, 50% of asymptomatic subjects had no unspliced
RNA. This led the investigators to conclude that some asymptomatic
patients may have. a large reservoir of latently infected cells that are
blocked at an early state of infection.

All of the studies described previously have presented data only
from a single time point. It is difficult to determine what biologically
significant changes may be seen within a patient when no longjtudinal
data are described. Furtado et al'® recently studied 10 patients before
and after the initiation of zidovudine therapy to detect PBMC proviral
DNA and tat mRNA expression. Eight of 10 patients showed a decrease
in fat mRNA and proviral DNA levels 4 to 20 weeks after the initiation of
therapy. However, in 2 of 10 patients, there was an increase in both st
RNA and proviral DNA. No information was given as to why this could
have occurred in these patients. Tetali et al®® found that if PBMCs were
stimulated first before RT-PCR, this resulted in increased sensitivity.
Eleven asymptomatic subjects had PBMCs collected at time zero and 36
hours after incubation with phytohemagglutinin (PHA) and phorbol
myristate acetate (PMA). Using a gag gene sequence and quantitative
RT-PCR, a statistically significant increase in gag gene mRNA was
demonstrated after stimulation. No other mRNA species were studied.
This may prove to be a useful method for identifying HIV mRNA in
asymptomatic patients or for studying ex vivo activation.

PLASMA HIV RNA REVERSE
TRANSCRIPTION-POLYMERASE CHAIN REACTION

Although infectious plasma HIV viremia is present only in certain
patients, investigators have explored whether PCR techniques could
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increase the sensitivity of detection of cell-free virus. Hewlett et al®®
reported on four HIV-infected subjects whio were studied retrospective-
ly after acute seroconversion. A semiquantitative presence of both HIV
RNA and DNA was described in the serum of these patients. This was
one of the first reports of detectable HIV RNA in serum. These in-
vestigators subsequently studied HIV-infected hemophiliacs and their
sexual partners and children for the presence of HIV DNA in $erum. Of
27 partners, 5 were seropositive and PCR-positive, 11 were negative for
both, and surprisingly, 11 were seronegative and PCR-positive. This
study also used HLA primers on all samples, which revealed that all of
the samples tested were positive for HLA, implying that amplifiable
DNA in serum had come from PBMCs. Also reported were cases of PCR
positivity in seronegative offspring of PCR positive-seronegative
mothers.?

Busch et al® further evaluated this method in a blinded fashion.
They found a 25.5% sensitivity and 18.5% false-positive rate for the
detection of HIV DNA in serum. They concluded that this was a poorly
reproducible marker of HIV infection. We have used a formal RNA
extraction method on serum and have found no detectable signal with-
out prior RT.? Bruisten et al’ further confirmed the lack of HIV DNA in
plasma but reported that 56 of 70 (80%) plasma samples contained HIV
RNA by RT-PCR. In a platelet-rich fraction of plasma, 29 of 63 (46%)
samples revealed HIV RNA by RT-PCR. This implies a compartmental
model whereby HIV RNA contained in plasma may be truly cell-free or
platelet-associated.

We and others have reported that patients without demonstrable
infectious virus may have HIV RNA present in plasma or serum.”** In
addition, several studies have demonstrated a correlation with stage of
disease, p24 antigenemia, or CD4 counts.152%395459.60.72 gome have
reported the presence of HIV RNA in plasma during the time of acute
infection.>* In a study by Henrard et al”!, one patient demonstrated
RNA in plasma 5 to 8 months before the presence of antibody, and, in
another patient, RNA in plasma was detected 2 days before the presence

of p24 antigen. In another case report de Saussure et al>® described a

patient who demonstrated HIV RNA in plasma 18 days before p24
antigenemia and 36 days before HIV antibody formation.

Other relevant studies describe the ability to co-amplify sequences
of both hepatitis C virus and HIV from the sera of patients with dual
infection. Nedjar et al* reported that hepatitis C virus was detected in
the sera of all 13 subjects and HIV RNA in 11 of 13, thus, demonstrating
the feasibility of such a strategy. Other infections may likewise affect
RNA levels in plasma. Semple et al®® described an acute 10-fold rise in
plasma HIV RNA with the onset of herpes simplex infection, despite
uninterrupted zidovudine therapy. This suggests that other factors such
as concomitant herpetic infections may be involved in active HIV
replication and perhaps impact on plasma HIV RNA levels.

In studies evaluating the ability to detect RNA in plasma during
antiretroviral therapy, Ottman et al®® were successful in detecting HIV
RNA in plasma in 95% of subjects evaluated, including in 24 of 25
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subjects receiving zidovudine, Bagnarelli et al* examined 27 subjects, 5
of whom were receiving azidothymidine therapy; four of five had de-
tectable plasma HIV RNA, and three of these four had cellular HIV
mRNA present as well. All of these patients had CD4 counts below 200
cells/mm?, three of five were p24-antigenemic, and the methodological
approach involved ultracentrifugation to sediment virus, enhancing vi-
rion-associated HIV RNA recovery. In addition, 40 and 35 cycles of
amplification after reverse transcription were performed by Ottman and
Bagnarelli, respectively. This method would increase the sensitivity of
such an assay to detect HIV RNA, but the ability to show quantitative
changes unless a limiting dilution were performed would be lost. Scad-
den et al* reported on 11 patients, all with CD4 counts less than 200
cells/mm?®. Four of eleven patients were not currently receiving anti-
retroviral therapy, and two of these four had therapy withdrawn within
4 weeks of this study. Mean copy number for the subjects not receiving
therapy was significantly higher than that for patients receiving therapy.

In studies of therapeutic response, Karpas et al*’ reported that
serum HIV RNA and DNA levels fell to undetectable levels in 10 sub-
jects with advanced HIV disease after 2 months of passive immunoglob-
ulin therapy, suggesting an immune therapy-based response in circulat-
ing HIV RNA load. However, another study of the quantification of HIV
proviral DNA in five patients with ATDS who received immunoglobulin
therapy showed no significant decrease in provirus when compared
with that in three patients who were receiving placebo.?® In the latter
study, HIV plasma RNA was not measured.

Several studies have reported an acute decrease in éalasma HIV
RNA after the initiation of zidovudine therapy.l27.39.545%.60 Semple et
al® and Piatak et al® reported rapid decreases in HIV RNA in five and
four patients, respectively, as soon as 1 week after the initiation of
zidovudine. Piatak et al®* also reported on three patients who discontin-
ued zidovudine therapy after 6 weeks and who experienced a rebound
in plasma RNA after 1 week off therapy. Aoki-Sei et al' reported an
acute decrease in plasma HIV RNA in 10 of 11 subjects who received
dideoxyinosine for 8 weeks or greater. A decrease was also seen in seven
patients who had received dideoxyinosine for 46 to 70 weeks.* Recently,
we evaluated 72 patients in a cross-sectional study of HIV disease to
determine the impact of zidovudine therapy on plasma HIV RNA copy
number. Thirty-nine subjects who were not currently receiving therapy
had a mean copy number of 690 £ 360 in comparison with 33 subjects
currently receiving zidovudine who had a mean copy number of 134 *
219/200 uL (P < 0.05). In addition, 27 subjects were evaluated before and
1 month after the injtiation of dideoxynucleoside therapy. Plasma HIV
RNA copy number decreased from 540 + 175 to 77 = 35 after therapy (P
< 0.05).

Data also have been reported in regards to the long-term effect of
antiretroviral therapy on plasma RNA levels. We recently reported on
five drug-naive, asymptomatic subjects who initiated combination ther-
apy with dideoxyinosine and zidovudine. Plasma RNA levels showed a
dramatic fall at 1 month, with continued suppression after 12 months of -
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