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Abstract

Cell-free HIV RNA in plasma was detected and quantitated
after antiviral therapy by the polymerase chain reaction. RNA
was extracted from plasma, reverse transcribed to cDNA, am-
plified by polymerase chain reaction, and quantitated by absor-
bance based on an enzyme-linked affinity assay. 72 HIV anti-
body-positive subjects had one plasma sample taken. 39 who
were not receiving antiretroviral therapy at the time had a mean
plasma HIV RNA copy number of 690+360 (mean+=SEM) per
200 pl of plasma, while 33 subjects who had been receiving
zidovudine therapy for a minimum of 3 mo had a mean copy
number of 134+219 (P < 0.05).

27 additional HIV antibody-positive patients had two
plasma samples taken before and 1 mo after initiating dide-
oxynucleoside therapy. Plasma HIV RNA copy number fell
from 540+175 to 77+35 (P < 0.05). Finally, nine of these sub-
jects had two baseline samples obtained before initiating ther-
apy and two posttreatment samples 1 and 2 mo after therapy
was begun. Mean plasma RNA copy number declined from
794+274 to < 40 (below the lower limit of sensitivity) after 1
mo of therapy, with suppression maintained after 2 mo of
therapy.

These results suggest that gene amplification can be used to
detect and quantitate changes in plasma HIV RNA after di-
deoxynucleoside therapy. Plasma HIV polymerase chain reac-
tion may be a more sensitive marker to monitor antiviral ther-
apy, particularly in asymptomatic patients where measurement
of p24 antigen or quantitative plasma cultures are negative. (J.
Clin. Invest. 1991. 88:1755-1759.) Key words: AIDS « gene
amplification « cDNA e zidovudine ¢ antiviral

Introduction

The ability to detect and quantitate circulating virus in patients
infected with the HIV has largely been studied by culture of
infectious virus, either from circulating peripheral blood mono-
nuclear cells or cell-free plasma (1, 2). Several studies have
shown that infectious virus titers correlate with stage of disease
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(1-3) and are high in acute infection (4). One study has also
suggested that plasma virus titer, as measured by quantitative
culture, decreases with antiretroviral therapy (1).

Gene amplification by the polymerase chain reaction
(PCR)'! has been widely used for the detection, and, to a lesser
degree, quantification of circulating HIV nucleic acid. PCR has
been used to detect HIV proviral DNA in peripheral blood
mononuclear cells as a marker of HIV disease progression (5)
or as a measure of effectiveness of antiretroviral therapy (6) and
(6a). Cellular HIV RNA has also been detected by PCR after
reverse transcription in PBMC as a more specific measure of
HIV replication events (7). In addition, HIV RNA has been
detected in cell-free plasma or serum of HIV infected subjects.
HIV RNA has been detected in the plasma of patients before
and after acute seroconversion (8), in serum related to stage of
disease (9), in seropositive hemophiliacs (10), and in plasma
related to stage of disease and use of antiviral therapy (11). In
one study, a decrease in circulating plasma HIV nucleic acid
was found after passive immunotherapy with anti-HIV immu-
noglobulin (12). However, it is unclear whether cell-free
plasma HIV RNA can be used as a marker of viral load after
dideoxynucleoside therapy.

In the present study, we determined that plasma HIV RNA
copy number can be quantitated and does decrease during di-
deoxynucleoside therapy.

Methods

Patients. After informed consent was obtained, whole blood samples
were collected by venipuncture in the presence of acid-citrate-dextrose
as an anticoagulant. A single plasma sample was collected from 39 HIV
antibody-positive subjects who were not receiving antiretroviral ther-
apy at the time of collection and from 33 HIV antibody-positive sub-
jects who were currently on and had received zidovudine (ZDV) for a
minimum of 3 mo.

Two plasma samples were collected from an additional 27 subjects
before and 1 mo after initiation of dideoxynucleoside therapy. 18 of
these subjects received 500 mg/d of zidovudine orally. Seven subjects
received a combination of zidovudine (150-600 mg/d) and 2',3-
dideoxyinosine (ddI) (134-500 mg/d). Two patients received 500 mg/d
of ddI alone (see Table I for individual subject characteristics). Finally,
nine of these subjects had two plasma samples taken 1-3 wk before
initiating antiretroviral therapy and two plasma samples taken 1 and 2
mo after commencing therapy. Plasma was separated within 4 h by
centrifugation at 500 g for 10 min. A second centrifugation was per-

1. Abbreviations used in this paper: ddl, 2',3'-dideoxyinosine; HRP,
horseradish peroxidase; PCR, polymerase chain reaction; ZDV, zido-
vudine.
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Table I. Clinical Parameters and PCR Analysis of
Plasma HIV RNA from 27 Patients

Antiviral
Patient no. treatment Pre/post CD4 Pre/post HIV RNA
cellsfmm copy number[200 ul

1* ZDV? 647/561 106/90

2% ZDV 541/651 130/0

3 ZDV 840/874 550/0

4 ZDV 432/462 100/77

5* ZDV 379/415 87/57

6* ZDV 428/408 40/42

7 ZDV 422/345 94/94

8 ZDV 420/402 0/0

9 ZDV 432/532 93/65
10 ZDV 430/430 105/52
11 ZDV 429/404 123/50
12 ddI + ZDV?* 280/220 526/0
13 ZDV 323/320 78/45
14 ZDV 320/456 95/95
15 ZDV 353/387 301/0
16 ddI + ZDV* 309/399 300/0
17 ddI + ZDV* 337/398 260/0
18 ddr 328/310 966/0
19 ddI + ZDV* 383/491 245/0
20 ZDV 404/413 0/0
21 ZDV 270/450 958/72
22 ddI + ZzDV* 292/344 60/0
23 ZDV 320/295 2769/437
24 ddr 222/370 3944/0
25 ZDV 568/732 2014/925
26 ddl + ZDV** 367/473 217/0
27 ddI + ZDV** 310/399 439/0

* Remote history of ZDV use.

¥ ZDV dose 500 mg/d unless otherwise stated.
§ZDV 300 mg/d + ddI 334 mg/d.

I dd1 500 mg/d.

1ZDV 600 mg/d + ddI 500 mg/d.

** ZDV 150 mg/d + ddI 134 mg/d.

formed on the plasma at 500 g for 30 min to remove any cellular
material. 200 ul of plasma was then mixed with 200 ul of a solution
containing 5 M guanidinium thiocyanate, vortexed briefly, and stored
at —70°C until further use. All samples were assayed within 3 mo of
collection. To decrease variance, all specimens to be compared from
the same subject were run in the same assay.

Extraction of RNA from plasma. RNA was extracted from plasma
by a previously described method (13). Briefly, 200 ul of clarified
plasma to which 200 ul of 5 M guanidinium thiocyanate had previously
been added was extracted with phenol/chloroform and precipitated
with isopropanol. The resulting pellet was then washed in 75% ethanol,
dried, and brought up in diethylpyrocarbonate-treated glass distilled
water.

Reverse transcription and amplification of cDNA. HIV RNA was
transcribed to cDNA using Moloney murine leukemia virus reverse
transcriptase (Bethesda Research Laboratories, Gaithersburg, MD) by
a previously described method (14). Oligomers used for amplification
included SK38, SK39, and SK19, all of whose sequences have been
published previously (15). Biotinylation of SK38 and horseradish per-
oxidase (HRP) labeling of probe SK 19 were prepared as described (16).
Amplification of HIV ¢cDNA was carried out as follows: to a 100-l

reaction mixture was added the cDNA, 50 pmol of primers SK38 and
SK39, 10 mM of each ANTP, 10 mM Tris (pH 8.3), 2.5 mM MgCl,, 50
mM KCl, and 2.5 U of recombiTaq DNA polymerase (Perkin-Elmer
Cetus, Norwalk, CT). The mixture was then overlaid with 50 ul of
mineral oil. Tubes were placed in a DNA thermal cycler (Perkin-Elmer
Cetus) for 30 cycles of amplification with the following program: 95°C/
30, 55°C/30's, and 72°C/60 s for denaturation, annealing, and exten-
sion, respectively. Negative and positive controls which included both
high and low copy number HIV RNA and DNA were added at each
step.

Enzyme-linked affinity assay. To detect and quantitate PCR prod-
uct, 96-well microplates (Maxisorp; Nunc, Naperville, IL) were coated
with 100 ul of a 0.1-mg/ml solution of avidin (Sigma Chemical Co., St.
Louis, MO) in 50 mM Na,CO; (pH 9.6) overnight at room tempera-
ture. Wells were then washed twice with PBS. Wells were then filled
with 300 ul of a blocking solution containing 5X Denhardt’s solution,
1% gelatin (Sigma), 250 ug/ml sheared herring sperm DNA (Promega
Biotec, Madison WI) at least overnight at 4°C. Immediately before use,
the blocking solution was aspirated from each well and 5 ul of PCR
product and 65 ul of a hybridization solution, containing 5X saline
sodium phosphate EDTA, 5X Denhardt’s solution, and 1 pmol of
HRP-labeled SK 19 HIV gag specific probe was added to each well. A
capture and hybridization reaction was then carried out in the well for
1 h at 42°C. The 96-well microplate was then placed in a Biomek™
1000 Automated Workstation (Beckman Instruments, Inc., Palo Alto,
CA) where wells were washed 20 times with PBS containing 0.05%
Tween-20. The HRP substrate O-phenylenediamine (Sigma) was pre-
pared at 0.6 mg/ml in 0.1 M citrate buffer (pH 5.5) containing 0.03%
hydrogen peroxide. 150 ul of this substrate solution was added to each
well. After 10 min the reaction was stopped with 1 N H,SO, and the
optical density of each well measured at 490 nm by the Biomek 1000. A
lower level of positivity had been previously defined as an absorbance
of 0.135. This cutoff value was calculated from the mean absorbance
obtained from a group of seronegative samples plus three standard
deviations. Copy number from subject samples were determined from
the absorbances obtained from a dilution series of an RNA gag gene
construct of known copy number described previously (9). The lower
level of sensitivity in this assay was 40 copies of HIV gag gene RNA.

Plasma HIV culture and P24 antigen assay. Quantitative HIV
plasma microculture was performed according to the method de-
scribed by Ho et al. (1). P24 antigen was detected by an antigen capture
assay by a method provided by the supplier (Abbott Laboratories,
North Chicago, IL).

Statistical analysis. Sample optical density was converted to copy
number and analyses performed on samples expressed as RNA copy
number/200 ul of plasma. A ¢ test of independent samples was used in
analysis of subjects who did not receive antiretroviral therapy com-
pared to subjects who were receiving zidovudine. A ¢ test of paired
samples was used to analyze paired plasma data and CD4 counts from
subjects pre- and posttherapy. All ¢ tests were two tailed. A Fisher’s
exact test or chi square test were used for analysis of proportion where
appropriate. Statistical significance was defined as P < 0.05.

Results

72 subjects were evaluated in a cross-sectional study of HIV
disease to determine plasma HIV RNA copy number by PCR.
The results are presented in Fig. 1. 39 subjects who were not
currently receiving antiretroviral therapy and 33 subjects who
were receiving zidovudine were evaluated. Untreated subjects
were more likely to have a positive signal than treated subjects
(32 of 39 vs. 16 of 33, respectively, P < 0.008, chi square). In
the 39 subjects who were not currently receiving therapy, the
mean plasma HIV RNA copy number was 690+360
(mean+SEM) per 200 ul of plasma, while the 33 subjects who
had been receiving zidovudine therapy had a mean copy num-
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Figure 1. Human immunodeficiency virus RNA copy number in 200
ul of plasma from 72 subjects as determined by cDNA gene amplifi-
cation. Of 39 patients who were not currently receiving antiretroviral
therapy, 20 had a CD4 count < 200/mm?® (HIV copy number
1,369+707) and 19 had a CD4 count > 200/mm? (copy number
44+10). Of 33 subjects who were currently on zidovudine, 14 had a
CD4 count < 200/mm? (copy number 295+5) and 19 had a CD4
count > 200/mm? (copy number 16+5). Mean copy number (open
circles) of subjects not on therapy was 690+360 vs. 134+219 for pa-
tients currently on zidovudine (P < 0.05, independent sample ¢ test).

ber of 134+219 (P < 0.05). Mean CD4 count for each group
was 316+45 and 30037, respectively (P = NS).

Subgroups were then analyzed with respect to CD4 count.
Among those with < 200 CD4 cells, untreated subjects were
more likely to have positive signal than treated subjects (18 of
19 vs. 9 of 14, P < 0.04, Fisher’s exact test). Among those with
> 200 CD¥4 cells, 14 of 20 untreated subjects vs. 7 of 19 treated
subjects had a detectable signal (P = NS, Fisher’s exact test).
Untreated subjects with CD4 count < 200/mm? had a mean
RNA copy number of 1,369+707 and mean CD4 count of
73+17; untreated subjects with CD4 > 200/mm? had a mean
RNA copy number of 44+ 10 and mean CD4 count of 547+45;
treated subjects with CD4 counts < 200/mm?® had a mean
RNA copy number of 295+5 and mean CD4 count of 115+13;
and treated subjects with CD4 counts > 200/mm? had calcu-
lated mean RNA copy number of 16+5 (which is below the
level of detection of this assay and would be interpreted as
negative) and mean CD4 count of 437+41.

27 additional subjects were then evaluated before and 1 mo
after initiation of dideoxynucleoside therapy. Clinical parame-
ters of the subjects are presented in Table I. PCR results are
presented in Fig. 2. Results show that plasma HIV RNA copy
number fell from 540+175 to 77+35 after therapy (P < 0.05,
paired ¢ test). Mean CD4 count increased from 399+24 to
442425 after 4 wk of therapy (P < 0.006, paired ¢ test). Al-
though subjects received ZDV or ddI alone or in combination,
there were not enough subjects to comparatively evaluate anti-
viral efficacy of ddI alone or combination regimens.

Finally, 9 of the 27 subjects had two samples taken before
initiation of therapy and two samples taken 1 and 2 mo after
commencing therapy. The results are presented in Fig. 3. When
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Figure 2. Human immunodeficiency virus RNA copy number in
plasma from 27 subjects before (pre) and 1 mo after (post) dideoxy-
nucleoside therapy. (0) ZDV; (¢) ZDV + ddI; and (a) ddI alone. Mean
copy number decreased from 540+175 to 77+35 after therapy (P

< 0.05, paired ¢ test).

two pretherapy time points were analyzed for constancy of sig-
nal, results show that mean copy number for each pretherapy
time point was 945+377 and 643+392.

Two subjects had a second pretherapy sample which was
negative. When both pretherapy copy number values were
compared to posttherapy values, plasma HIV RNA copy num-
ber fell from 794274 to < 40 (which is below the lower level of
detection in this assay) after 1 and 2 mo of therapy (P < 0.05,
paired ¢ test). Mean CD4 count increased from 314+15 to
378+25 (P < 0.05, paired ¢ test).

Plasma culture was performed on fresh material obtained
from the initial pretreatment sample from 23 of 27 of these
patients. Only 7 of 23 were plasma virus positive by culture
(from 1 to 100 tissue culture infective dose/ml). All 23 of these
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Figure 3. Human immunodeficiency virus RNA copy number in
plasma from 9 subjects with two samples obtained before initiation
of therapy (prel and pre2) and two samples obtained 1 and 2 mo
after commencing therapy (postl and post2). (a) ddI alone; (o) ddI
+ ZDV.

post2
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patients were positive by PCR (> 40 copies/200 gl). In addi-
tion, a p24 antigen test was performed on all 27 pretreatment
samples. Only 2 of 27 had detectable p24 antigen present (> 30
pg/ml).

Discussion

The results presented here demonstrate that plasma HIV RNA
can be detected and quantified by copy number in the majority
of patients infected with HIV. In addition, plasma HIV RNA
copy number could serve as a marker of circulating HIV viral
load to assess treatment effect of dideoxynucleoside com-
pounds and other potential antiretroviral compounds. We ini-
tially conducted a survey to determine whether treatment or
degree of immunologic impairment, based on CD4 count, af-
fected plasma HIV RNA copy number. Untreated patients as a
group had higher copy numbers than treated patients. Un-
treated patients with < 200 CD4 cells/mm? had a higher mean
copy number than patients with > 200 CD4 cells/mm?. Like-
wise, treated patients with < 200 CD4 cells/mm? had higher
copy numbers than patients with > 200 CD4 cells/mm?3, sug-
gesting that patients with more advanced HIV disease have
higher circulating copy numbers than asymptomatic patients,
and that the antiretroviral benefit seen in patients with higher
CD4 counts may be waning.

To assess the short-term impact of antiretroviral therapy on
patients, 27 patients were evaluated before and 1 mo after initia-
tion of ZDV, ddI, or combination therapy. As CD4 counts
increased after 1 mo of therapy, HIV RNA copy number fell
significantly. However, the response of individual subjects was
variable. 16 of 27 subjects had a marked decrease in copy num-
ber and 11 of 27 did not. Because the majority of subjects
received ZDV alone, it was not possible to assess any differ-
ences between ZDV, ddl, or combination regimens.

Finally, nine subjects had two baseline time points taken in
the 3 wk before treatment, followed by two monthly samples
posttreatment. Pretreatment signal was constant in 7 of 9 sub-
jects, and 2 subjects had discordant samples, i.e., one was posi-
tive and one was negative. This could be related to real changes
in circulating HIV RNA, or introduced during sample collec-
tion, handling, or the assay. However, pretherapy and postther-
apy samples were run in the same assay and so were subject to
all of the same reaction conditions. When sample positivity
was considered in relation to therapy, 16 of 18 pretherapy sam-
ples had a positive signal vs. 0 of 18 posttherapy samples (P
< 0.001, chi square) showing suppression of HIV RNA copy
number with treatment.

Currently there is no standard method to assess circulating
viral load in all HIV-infected patients. Plasma viremia, mea-
sured by quantitative microculture, can identify and quantify
infectious virus in 50-100% of patients, principally those with
advanced stages of HIV disease, low CD4 counts, and p24 anti-
genemia (1-3). Many patients with > 200 CD4 cells/mm? do
not have detectable infectious plasma viremia. This may be
due to an absence of circulating infectious virus, virus which is
neutralized by specific antibody, or the insensitivity of culture
techniques. The results presented here suggest that the majority
of patients with > 200 CD4 cells/mm? do not have plasma p24
antigen or infectious virus detectable by culture techniques.
However, all of these patients have HIV RNA in their plasma
which can be detected and quantitated by PCR.

1758

Attempts have been made to assess HIV viral load in pa-
tients by molecular techniques, mainly by quantitative PCR of
HIV proviral DNA in circulating mononuclear cells or cell-free
virion-associated RNA in plasma. Published data suggest that
the number of cells infected with HIV increases with advancing
disease and that HIV proviral DNA content increases as well.
We and others have shown a decrease in HIV proviral DNA
with dideoxynucleoside therapy over time (6, 6a). This was not
the case in another published small series (17).

We have previously shown that HIV RNA could be quanti-
fied in serum and that copy number increased with disease
progression (9). Plasma HIV RNA has been shown to be pres-
ent before and after seroconversion with quantitative decreases
occurring after seroconversion (8). The recent report by Daar et
al. (4), showed a decrease in both plasma viremia and proviral
DNA from PBMC, coinciding with seroconversion after acute
infection. In one report, plasma HIV RNA levels fell with pas-
sive immunoglobulin therapy, suggesting a therapy-based re-
sponse in circulating HIV RNA load (12). Ottman and col-
leagues have been successful in detecting HIV RNA in plasma
from 95% of patients evaluated (11). They also studied a group
of patients who were receiving ZDV to determine whether
there was any therapeutic impact on HIV RNA signal. 24 of 25
patients who were receiving ZDV had detectable signal. How-
ever, methodological differences in that study vs. the present
study may have contributed to the differences noted between
them. First, Ottman et al. used an ultracentrifugation step to
sediment virus, enhancing virion-associated RNA recovery.
Second, 40 cycles of amplification after reverse transcription
were performed, which would certainly increase the sensitivity
of such an assay to successfully detect HIV RNA in virtually all
patients. Although sensitivity is increased with increased cycle
number, thus detecting signal in virtually all patients, the abil-
ity to show the quantitative changes demonstrated here with 30
cycles of amplification is lost.

We have previously shown in serum that quantitative
serum cultures were negative in the majority of patients with
> 200 CD4 cells/mm? (9). This is consistent with previously
published data. In the current study, 23 plasma samples were
evaluated by culture and PCR. All had detectable plasma HIV
RNA by PCR, but only seven were plasma HIV—culture posi-
tive. Other published experience comparing plasma HIV cul-
ture and PCR of HIV RNA from plasma is lacking. Ottmann et
al. tested only two patients, both of whom were positive in both
assays. Coyle et al. reported that 14 of 20 patients had positive
plasma cultures and 12 of 20 patients had detectable HIV RNA
in plasma, but no information was given regarding concor-
dance or discordance of samples (10).

The type of plasma sample and method of processing and
storage were found to be very important. This is especially ger-
mane if an assay of this nature were to be considered for wide-
spread use. The type of anticoagulant used for sample collec-
tion can affect detection of plasma RNA. We have previously
shown that plasma collected in the presence of heparin does
not allow detection of signal because of an inhibitory effect of
heparin on gene amplification (18). Although Coyle et al. (10)
found detectable signal from plasma collected in the presence
of heparin, an ultracentrifugation step preceding RNA analysis
lead to removal of most of the heparin from the enzyme-me-
diated assay system. However, no comparison experiments
among anticoagulants were performed to demonstrate any at-
tenuation of signal obtained in the presence of heparin.

M. Holodniy, D. A. Katzenstein, D. M. Israelski, and T. C. Merigan



Because of our concern for RNA degradation during speci-
men storage and freeze thawing, we decided to store fresh
plasma at —70°C in the presence of guanidinium and process
samples within 3 mo of collection. Samples were stored in
guanidinium for RNAase inhibition. Preliminary data from
our laboratory would suggest that plasma HIV RNA signal
decays with time in the absence of this RNA stabilizer.

In summary, we have shown that plasma HIV RNA copy
number can be quantitated by PCR and does decrease with
dideoxynucleoside therapy. The nonisotopic, microplate-
based format presented here makes it possible to process multi-
ple patient samples with replicates in a single amplification and
assay run. Further studies will be required to determine: (a) if
long-term suppression of plasma HIV RNA copy number can
be maintained during therapy; (b) whether return of or increase
in HIV RNA copy number can predict drug failure or disease
progression; (c) what, if any, short-term variability is present in
RNA signal from treated and untreated patients; and (d) speci-
men handling requirements necessary for short-term or long-
term preservation of plasma RNA to establish the use of this
assay in large multicenter clinical trials.
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