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Human immunodeficiency virus type 1 (HIV-1) RNA levels in plasma are currently widely used clinically for
prognostication and in monitoring antiretroviral therapy. Accurate and reproducible results are critical for
patient management. To determine the effects of specimen collection and handling procedures on quantitative
measurement of HIV-1 RNA, we compared anticoagulants and sample processing times. Whole blood was
collected from 20 HIV-1-infected patients in EDTA, acid citrate dextrose (ACD), and heparin tubes, aliquoted,
and stored at room temperature. Plasma was separated from whole-blood aliquots prepared at <1, 3, 6, 24,
and 48 h postcollection and then stored at 270°C until use. HIV-1 RNA levels were determined by the
AMPLICOR HIV-1 MONITOR assay. Heparinized plasma samples, which were pretreated with heparinase
prior to analysis, had the lowest baseline HIV-1 RNA levels. In the first 6 h, HIV-1 RNA levels decreased by
10, 20, and 31% in EDTA, ACD, and heparin tubes, respectively. From 6 to 48 h postcollection, HIV-1 RNA
levels decreased in all anticoagulants, albeit at a slower, more consistent rate. Our results indicate that EDTA
should be the anticoagulant of choice for plasma HIV-1 RNA measurement by reverse transcriptase PCR, but
ACD tubes are acceptable if the plasma is separated within 6 h of blood collection. Caution must be applied
in the interpretation of absolute HIV-1 RNA copy number values obtained with suboptimal specimen collection
and processing procedures.

The level of human immunodeficiency virus type 1 (HIV-1)
RNA in plasma of infected individuals serves as an indicator of
total viral load and can be used to infer viral replication rates
(10, 17). Quantitation of plasma HIV-1 RNA levels has been
shown to be an important marker of disease progression, an-
tiretroviral therapy efficacy, and risk of perinatal transmission
(6–9, 12). A variety of commercial assays for quantitation of
HIV-1 RNA in patient samples have recently become available
(4, 16, 20). The availability of standardized laboratory assays
for HIV-1 RNA quantitation should help to decrease both
intra- and interlaboratory variability in results, which is essen-
tial both in clinical trials and for patient management. A better
understanding of the factors influencing the outcome of quan-
titative HIV-1 RNA assays is needed to compare results from
studies conducted with the various methodologies in real time
or with frozen, batched specimens and to provide clinicians
with the most accurate and reproducible results for use in
patient management.

The AMPLICOR HIV-1 MONITOR assay uses reverse tran-
scriptase (RT) PCR amplification to achieve high levels of
sensitivity ($400 HIV-1 RNA copies/ml) in the quantitation of
HIV-1 RNA levels (16). PCR has limitations as a quantitative
assay, however, including decreased efficiency at higher initial
copy numbers (5) and inhibition by heparin present in blood
samples (1). The accuracy of quantitative HIV-1 RNA mea-
surements in plasma specimens can be affected by both the
choice of anticoagulant and specimen-handling procedures
(13, 19, 21). In order to determine the effects of specimen

collection and handling procedures on quantitation of plasma
HIV-1 RNA, we compared anticoagulants and sample process-
ing times with quantitative RT-PCR. We also analyzed possi-
ble patient variables influencing HIV-1 RNA loss, including
age, gender, pregnancy status, antiretroviral treatment status,
initial HIV-1 RNA copy numbers, and CD4 cell counts.

(This work was presented in part at the 36th Interscience
Conference on Antimicrobial Agents and Chemotherapy, New
Orleans, La., September 1996.)

MATERIALS AND METHODS

Study population. Twenty HIV-1-seropositive patients monitored at the Uni-
versity of California, Los Angeles, MCIC and CARE clinics were studied, with
informed consent obtained under the guidelines of the UCLA Human Subjects
Protection Committee. The study population consisted of 12 adults ranging from
22 to 38 years old and 8 children ranging from 2 to 16 years old. The current
antiretroviral treatment history, CD4 cell count, and Centers for Disease Control
and Prevention (CDC) classification (2, 3) were obtained for each patient at the
time of sample collection.

Serological assays. HIV-1 antibodies were detected by enzyme immunoassay
(Abbott Laboratories, North Chicago, Ill.) and confirmed by Western blot assay
(Du Pont, Wilmington, Del.).

Sample preparation. Whole blood was collected into EDTA, acid citrate
dextrose (ACD), and heparinized VACUTAINER tubes (Becton Dickinson,
Franklin Lakes, N.J.), aliquoted, and stored at room temperature. Plasma was
separated from the whole-blood aliquots within 1 h of collection (baseline) and
then at 3, 6, 24, and 48 h postcollection. Blood was centrifuged at 400 3 g for
10 min in a Sorvall RT 6000B swinging bucket centrifuge (Du Pont) at room
temperature. Plasma was transferred to a new tube, and platelets were removed
by a second spin at 800 3 g for 10 min. The clarified plasma aliquots were stored
at 270°C until use.

Quantitative RNA PCR. Quantitative HIV-1 RNA PCR was performed on
batched plasma samples with the AMPLICOR HIV-1 MONITOR assay accord-
ing to the manufacturer’s instructions (Roche Molecular Systems, Somerville,
N.J.). RNA was prepared from EDTA- and ACD-treated plasma according to
the MONITOR assay protocol. Briefly, plasma samples (200 ml) were added to
lysis buffer (600 ml) containing guanidinium thiocyanate and an internal quan-
titation standard. After a 10-min incubation, RNA was precipitated by the ad-
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dition of 800 ml of isopropanol. RNA was pelleted by centrifugation at 16,000 3
g for 15 min in a microcentrifuge (Brinkman Instruments, Westbury, N.Y.),
washed once with 70% ethanol, and pelleted again at 16,000 3 g for 5 min. RNA
was resuspended in a low-ionic-strength diluent (400 ml). Heparinized samples
were pretreated for 1 h at room temperature with 7.5 units of heparinase I
(Sigma Chemical Company, St. Louis, Mo.) in 13 heparinase buffer (15 mM Tris
base, 3 mM CaCl2, 45 mM NaCl, 0.02% bovine serum albumin [pH 7.5]). The
heparinase I reaction was stopped by the addition of EDTA to a final concen-
tration of 10 mM prior to extraction by the MONITOR assay protocol.

Fifty microliters of each prepared RNA sample was used for PCR. Following
amplification and detection of the PCR product, the starting HIV-1 RNA copy
number in each sample was calculated by comparison with the internal quanti-
tation standard, and results were expressed as the numbers of HIV-1 RNA
copies per milliliter of plasma. Baseline (#1 h postcollection) HIV-1 RNA levels
were determined in duplicate and the results were averaged.

Statistics. Descriptive statistics are provided as means 6 standard deviations
(SD). Correlations between patient variables were determined with the Spear-
man rank correlation coefficient. Virologic variables between groups were com-
pared by the Mann-Whitney and Kruskal-Wallis tests. Statistical significance was
defined as a P value of less than 0.05.

RESULTS

Study population. The average CD4 cell count for the 12
adults enrolled in this study was 275 6 185/mm3 (range, 22 to
522/mm3). Among the 12 adults in the study there were 4 men,
4 nonpregnant women, and 4 pregnant women. Nine of these
12 adults were receiving zidovudine (ZDV) monotherapy at
the time of sample collection. All 12 adults had symptomatic
HIV-1 disease (CDC classes B2 through C3). Among the eight
children in our study, the average CD4 count was 527 6 478/
mm3 (range, 14 to 1,429/mm3). Six of the eight children had
symptomatic disease (CDC classes A2 through C3), and five
were being treated with ZDV monotherapy at the time of
sample collection. A total of 360 quantitative HIV-1 RNA
PCRs were run on the samples from the 20 patients enrolled in
this study.

Effects of anticoagulants on baseline plasma HIV-1 RNA
levels. The HIV-1 RNA copy numbers measured at base-
line varied over a wide range for all three anticoagulants,
as would be predicted from the range in CD4 cell counts
among study participants (Fig. 1A). Baseline (within 1 h
postcollection) HIV-1 RNA levels were highest in plasma
collected in VACUTAINER tubes with EDTA as the antico-
agulant. HIV-1 RNA levels in plasma collected in EDTA
VACUTAINER tubes were, on average, 14% higher than
those measured in ACD tubes and 31% higher than those
measured in heparinized tubes (P , 0.0001) (Fig. 1B) at base-
line.

Stability of HIV-1 RNA in whole blood. Whole-blood ali-
quots were made within 1 h of blood collection, and the ali-
quots were held at room temperature for either 3, 6, 24, or
48 h before plasma processing. Plasma HIV-1 RNA levels
decreased over time in all anticoagulant tubes tested but were
most stable when collected in EDTA tubes (Fig. 2A). At 24 h
postcollection, HIV-1 RNA levels had decreased by 20, 29, and
40% in EDTA, ACD, and heparinized plasma, respectively
(P # 0.0001) (Table 1). In comparison to baseline EDTA
plasma, ACD and heparinized plasma samples had 39 and 60%
less HIV-1 RNA, respectively, when measured at 24 h post-
collection (P # 0.0001) (Fig. 2B; Table 1).

The average rate of HIV-1 RNA loss in whole blood was
0.8%/h for EDTA, 1.2%/h for ACD, and 1.7%/h for hepa-
rinized blood samples held at room temperature for 24 h (P ,
0.0001). However, as shown in Fig. 2, the rate of HIV-1 RNA
loss was greater during the first 6 h postcollection for all three
anticoagulants tested. The decay rate during the first 6 h of
room temperature storage was 1.8%/h for EDTA samples,
3.3%/h for ACD samples, and 5.0%/h for heparinized samples
(P # 0.0001) (Fig. 2). Between 6 and 48 h postcollection, the

HIV-1 RNA decay rate decreased dramatically and remained
consistent for all three anticoagulants. This suggests the pres-
ence of a population of highly labile HIV-1 virions in the blood
of infected patients which is degraded rapidly in the first few
hours postcollection.

Correlation between patient variables and HIV-1 RNA loss.
We also correlated a variety of patient parameters with the
average rate of HIV-1 RNA loss over time. The stability of
HIV-1 RNA in plasma was not influenced by the status of
the patient as adult versus child (RNA loss, 0.849%/h versus
0.761%/h [P 5 0.643]) or male versus female (0.761%/h versus
0.617%/h [P 5 0.671]). Among the eight adult women in our
study, four were pregnant and four were not pregnant at the
time of sample collection; however, this did not influence the
stability of HIV-1 RNA levels (RNA loss, 0.795%/h versus
0.880%/h [P 5 0.797]). No correlation was seen between the
use or nonuse of antiretroviral therapy and the rate of HIV-1
RNA loss over time (0.772%/h versus 0.912%/h [P 5 0.322]).
Neither patient CD4 count (r 5 0.085; P 5 0.716) nor initial
HIV-1 RNA copy number (r 5 0.196; P 5 0.395) correlated
with the stability of HIV-1 RNA in plasma stored at room
temperature.

DISCUSSION

Determination of HIV-1 RNA levels in plasma is now used
widely in laboratory evaluations of HIV disease status and
prognosis (15, 18). Caution must be applied in the interpreta-
tion of absolute HIV-1 RNA values determined in real time

FIG. 1. (A) Baseline (#1 h) HIV-1 RNA copy numbers in plasma collected
from infected individuals with three anticoagulants. HIV-1 RNA levels are ex-
pressed as the numbers of HIV-1 RNA copies per milliliter of plasma. Symbols:
E, patients who were being treated with ZDV at the time of specimen collection;
F, patients who were not receiving ZDV at the time of specimen collection.
Horizontal bars indicate the means of the measured variables. (B) Comparison
of HIV-1 RNA copy numbers, as determined by RT-PCR, of EDTA-, ACD-, and
heparin-treated plasma at baseline. Results are expressed as percentages of the
mean EDTA baseline HIV-1 RNA copy number. Horizontal bars indicate SD. P
values were determined by the Kruskal-Wallis test.
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for measurement of antiretroviral effects and patient manage-
ment, as a variety of factors can influence the outcome of
quantitative HIV-1 RNA measurements, including the method
used to make the determination, the genotype of the virus,
and specimen-handling procedures (13). We compared differ-
ent anticoagulants and various specimen processing times in
order to determine optimal handling procedures for plasma
HIV-1 RNA quantitation by RT-PCR.

The differences between baseline HIV-1 RNA levels
measured in EDTA and ACD plasma can be accounted for
by the increased volume of anticoagulant present in ACD
VACUTAINER tubes, resulting in dilutions of plasma HIV-1
RNA levels in these tubes. However, it is not clear why hepa-
rinized plasma showed the lowest baseline HIV-1 RNA lev-

els. Because heparin has been shown to inhibit PCR (11), we
attempted to inactivate heparin by pretreating the plasma sam-
ples with heparinase. The significantly lower levels of HIV-1
RNA measured in heparinized plasma at baseline may, there-
fore, reflect incomplete inactivation by heparinase.

The fact that plasma HIV-1 RNA levels decreased over time
in blood stored in all three anticoagulants but were most stable
in EDTA-treated whole blood is of major importance both for
in-house assays and in clinical trials which may involve ship-
ment of whole-blood specimens overnight at ambient temper-
atures to control laboratories. HIV-1 RNA levels showed a
significant decline from baseline in heparin-treated samples
after as little as 24 h of storage, indicating that heparinized
blood is not suitable for studies involving shipment of blood at
ambient temperatures. Interestingly, plasma HIV-1 RNA lev-
els decreased more rapidly in the first 6 h postcollection than
in hours 6 to 48 with all three anticoagulants tested. This may
reflect the presence of defective virions in which RNA may be
degraded by RNase present in plasma soon after blood draw.

In this study, we found that the stability of HIV-1 RNA in
whole blood was not influenced by a variety of individual pa-
tient parameters, including gender, age, and pregnancy status.
We also saw no correlation between antiretroviral treatment
status, initial CD4 count, or initial HIV-1 RNA copy number
and the rate of HIV-1 RNA loss over time. These data strongly
suggest that anticoagulants and specimen processing times can
influence RNA stability, while host factors seem to be less
important.

Proper specimen-handling procedures are of major impor-
tance in the design of new clinical trials and the interpretation
of previous trials involving quantitative HIV-1 RNA analysis.
Samples collected during such studies may not have been pro-
cessed within optimal time limits or with EDTA used as an an-
ticoagulant. Direct comparison of previous reports shows that
HIV-1 RNA levels measured in patients with similar profiles
by different methods can give rise to severalfold-different ab-
solute copy numbers (14, 17, 20). Our results indicate strongly
that valid comparisons of study results will occur only if all
studies involved use the same specimen-handling procedures
and quantitate HIV-1 RNA levels with consistent methodolo-
gies.

In summary, samples collected in EDTA VACUTAINER
tubes provided the highest baseline HIV-1 RNA levels and
showed the best stability of HIV-1 RNA levels in whole blood
stored up to 48 h at room temperature. These results indicate
that EDTA should be the anticoagulant of choice for quanti-
tative HIV-1 RNA PCR performed either in-house or follow-
ing overnight shipment to a testing facility. Samples collected
in ACD tubes are acceptable for quantitation of HIV-1 RNA
levels if plasma is separated within 6 h of blood draw. In
contrast, heparinized plasma is poorly suited to HIV-1 RNA
quantitation by RT-PCR due both to difficulties in specimen
processing and to the poor quality of results generated regard-
less of the length of storage. Our results indicate clearly that
tube type and sample processing time should be consistent in
order to ensure optimal and reproducible results with quanti-
tative HIV-1 RNA PCR.
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FIG. 2. (A) Stability of HIV-1 RNA in whole blood stored at room temper-
ature. Results are expressed as mean percentages of baseline copy numbers for
EDTA (top curve), ACD (middle curve), and heparinized (bottom curve)
plasma. Horizontal bars represent SD. (B) Stability of HIV-1 RNA in whole
blood stored at room temperature in comparison to mean baseline (#1 h)
EDTA-treated specimens. Results are expressed as mean percentages of EDTA
baseline copy numbers for EDTA (top curve), ACD (middle curve), and hepa-
rinized (bottom curve) plasma. Horizontal bars represent SD.

TABLE 1. Stability of HIV-1 RNA in whole blood stored
at room temperaturea

Time post-
collection

(h)

% of baseline
HIV-1 RNA in:

% of EDTA baseline
HIV-1 RNA in:

EDTA ACD Heparin ACD Heparin

,1 100 6 0 100 6 0 100 6 0 86 6 12 69 6 13
3 95 6 8 90 6 10 80 6 14 77 6 13 54 6 13
6 90 6 7 80 6 10 69 6 12 69 6 14 48 6 12

24 80 6 8 71 6 9 60 6 12 61 6 12 41 6 11
48 72 6 8 61 6 8 51 6 11 53 6 10 34 6 12

a Baseline, ,1 h. Values are means 6 SD based on quantitation of copies of
HIV-1 RNA per milliliter.
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