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VACUTAINER PPT plasma preparation tubes were evaluated to determine the effects of various handling
and shipping conditions on plasma human immunodeficiency virus (HIV) load determinations. Plasmas
obtained from PPT tubes stored and shipped under nine different conditions were compared to conventional
EDTA tube plasmas stored at 270°C within 2 h after phlebotomy. Compared to viral loads in frozen EDTA
plasma, those in PPT tube plasma that was frozen immediately and either separated or shipped in situ were
not significantly different. Viral loads in PPT tube plasma after storage for 6 h at either room temperature or
4°C, followed by shipment at ambient temperature or on wet or dry ice, were not significantly different from
baseline viral loads in EDTA or PPT plasma. The results of this study indicate that the HIV load in PPT tube
plasma is equivalent to that in standard EDTA plasma. Plasma viral load is not affected by storage or shipment
temperature when plasma is collected in PPT tubes. Furthermore, plasmas can be shipped in spun PPT tubes,
and the tubes provide a safer and more convenient method for sample collection and transport than regular
EDTA tubes.

The level of virion-associated human immunodeficiency vi-
rus (HIV) RNA has been shown to be a prognostic marker of
clinical disease (2, 11–14) and is used to predict clinical out-
come early in infection, initiate antiviral therapy, and monitor
response to treatment (2, 5, 6, 8, 10, 17). Thus, accurate and
reliable quantitation of the virus is an essential part of the
management of patients who become infected with HIV.

HIV loads, while highly predictive of a patient’s clinical
outcome, vary significantly between individuals irrespective of
disease status and CD4 count (16). Furthermore, it is the
increase or decline in the viral load in serially obtained sam-
ples, rather than the absolute copy number, which is most
indicative of disease progression and response to therapy (3, 6,
8, 9, 15, 18). It is therefore highly important to minimize
preanalytical variables caused by differences in sample han-
dling and treatment.

Previous studies (7) (B. Yen-Lieberman, R. Carroll, C. Star-
key, T. G. Spahlinger, and J. B. Jackson, Abstr. 34th Intersci.
Conf. Antimicrob. Agents Chemother., abstr. I194, 1994) have
shown that HIV-1 RNA levels are initially higher and more
stable in plasma than in serum, that the viral load is unstable in
whole blood (4), and that EDTA is preferred over heparin and
ACD as an anticoagulant for samples used in PCR-based viral
load assays (4).

These initial studies compared the stability of the HIV load
collected in several kinds of blood collection tubes, and the
sample handling protocol assessed the short-term, ambient-
temperature stability of plasma viral loads in tubes processed
within 2 h of collection and in tubes processed 8 and 30 h after

collection. The present study expands on this earlier work by
testing EDTA only as the anticoagulant of choice and deter-
mining the effect on viral load of shipping under three separate
temperature conditions.

Becton Dickinson Vacutainer Systems (Franklin Lakes,
N.J.) has developed a plastic evacuated tube for the collection
of venous blood which, upon centrifugation, separates undi-
luted plasma for use in molecular diagnostic test methods. The
tube has been modified from previously tested, prototype de-
vices (7) to contain 9 mg of dried K2EDTA rather than sodium
citrate. This modification yields a ratio of 1.8 mg of K2EDTA
per ml of blood when the evacuated tube is filled correctly to
its 5-ml draw volume. The tube also contains a material that,
upon correct centrifugation (1,100 3 g for 10 min), forms a
barrier between the plasma and most of the cellular elements,
allowing for transportation of the sample without first remov-
ing the plasma into secondary tubes. This study was conducted
to determine optimal handling and shipping conditions for
HIV plasma samples for viral load determinations.

MATERIALS AND METHODS

Patient population. Subjects of this study were consenting adults determined
to be HIV positive by immunoassay or PCR. Study monitors were blinded with
regard to patient status, CD4 count, drug therapy, sex, and date of diagnosis of
infection.

Study protocol. A schematic of the study protocol is depicted in Fig. 1.
Sample collection devices. All sample collection tubes were obtained from

Becton Dickinson and Company. VACUTAINER brand EDTA tubes were
plastic, 6-ml-draw-volume, whole-blood tubes containing spray-dried K2EDTA
with a Hemogard closure. VACUTAINER brand PPT plasma preparation tubes
were plastic, 5-ml-draw-volume, whole-blood tubes with a Hemogard closure
containing spray-dried K2 EDTA and a separator gel. PPT tubes are cleared by
the Food and Drug Administration for use in molecular diagnostic tests.

Sample processing. A summary of the sample processing, storage, and ship-
ping conditions is given in Table 1. Briefly, venous whole blood was obtained
from 19 consenting HIV-seropositive subjects who had viral loads of $5,000
RNA copies/ml. For each subject, blood was collected in one EDTA tube and
four PPT tubes.

* Corresponding author. Mailing address: Becton Dickinson VA-
CUTAINER Systems, 1 Becton Dr., M/C338, Franklin Lakes, NJ
07417. Phone: (201) 847-4559. Fax: (201) 847-4851. E-mail: lynne
_rainen@bdhq.bd.com.
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The EDTA tube and three PPT tubes were centrifuged at 1,100 3 g for 10 min
within 1 h of collection. Separated EDTA tube plasma, one full PPT tube
(containing plasma), and separated PPT tube plasma were frozen at 270°C
within 1 h of processing. Two PPT tubes containing plasma were held, one at
room temperature (RT) and one at 4°C, for 6 h. One PPT tube containing whole
blood was held on the bench at RT for 6 h and then centrifuged. Samples were
then shipped overnight at ambient temperature or on wet or dry ice. Tempera-
ture monitors recorded internal shipping box temperatures overnight. Samples
were then further processed the next day, when all samples were frozen at 270°C
until they were assayed. The plasma viral load was determined by using the
Roche Amplicor HIV-1 Monitor assay. The EDTA control was tested in dupli-
cate.

Statistical analysis. The logarithm transformation of the data was applied in
order to stabilize the variances of responses to different handling conditions. The
analysis of variance (ANOVA) was conducted by constructing clusters of group
means in order to determine which ones were not statistically different. Corre-
lation plots comparing viral loads obtained with each PPT tube handling condi-

tion to that obtained with the paired EDTA control (average of two measure-
ments taken from the EDTA control tube) were constructed. The results for
samples were excluded if they were above the linear range of the assay (750,000
RNA copies/ml). A regression analysis was performed, and the correlation co-
efficient (r) and equation of the line for each correlation plot was calculated. The
coefficient of variation (CV) of the duplicate measurements from EDTA control
tubes was obtained in order to validate the quality of the control data. The CV
estimate for the two EDTA control tube measurements was calculated to be
equal to 2.2%, which speaks in favor of the quality of the control data.

RESULTS

Correlation of PPT test results to results for EDTA tube
controls. Eight correlation plots comparing viral load measure-
ments obtained in PPT tubes handled under various conditions

FIG. 1. Schematic of study protocol. WB, whole blood.

TABLE 1. Summary and handling codes of processing, storage, and shipping conditions

Code Handling condition
designation

Time as whole blood
(h)

Plasma storage condition
preshipping

Plasma shipping
condition

1 EDTA controla 1 270°C Dry ice
2 PPT control 1 270°C Dry ice
3 PPT RT/6 h 1 In situ,b 6 h, RT Dry ice
4 PPT RT/in situ 1 In situ, 6 h, RT In situ, RT
5 PPT 270°C/in situ 1 In situ, 270°C In situ, dry ice
6 PPT 4°C/6 h 1 In situ, 6 h, 4°C Dry ice
7 PPT 4°C/in situ 1 In situ, 6 h, 4°C In situ, wet ice
8 PPT WB/6 h 6 270°C Dry ice
9 PPT WB/6 h/RT/in situ 6 In situ, 6 h, RT In situ, RT

a A K2 EDTA tube was used. PPT tubes were used for all other handling conditions.
b In situ, in the tube in which the blood was originally collected.
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to those obtained with EDTA control plasma were con-
structed. A summary of correlation data obtained from all
eight correlation plots is given in the second and third columns
of Table 2. Linear regression analysis of the data yielded Pear-
son’s r2 values of 0.898 to 0.965, demonstrating that the log
transformed viral load data fall on a straight line. The slope
and intercept ranges were 0.9075 to 1.0366 and 20.011 to
0.389, respectively, indicating that the viral loads obtained with
the PPT tubes were highly correlated and equivalent to those
obtained with the EDTA tubes. These results indicate that
viral loads obtained from plasma shipped in PPT tubes under
all conditions studied are not statistically different from viral
loads in EDTA plasma stored at 270°C within 2 h after phle-
botomy and prior to analysis.

The 95% confidence intervals for the means for each han-
dling condition, including the duplicate EDTA control mea-
surements, are listed in the fifth column of Table 2. Lower and
upper limits for this confidence interval were calculated by
subtracting or adding the interval to the average viral load
obtained for all samples subjected to each handling condition.
The lower and upper confidence interval limits were then com-
pared to the lower and upper limits of clinical indifference,
respectively. Limits of clinical indifference were calculated by
subtracting or adding 0.5 log unit to average viral loads ob-
tained for all samples subjected to each handling condition. In
each case, the confidence interval limits are well within the
limits of clinical indifference, indicating that sample handling
and shipping conditions in this study did not affect the clinical
interpretation of viral load results.

Difference plots. The correlation between viral loads in PPT
tubes and EDTA controls was calculated by the method of
Bland and Altman (1) by plotting the difference between PPT
test values and the average of two EDTA control measure-
ments against the average of PPT and EDTA control results.
Eight difference plots, one for each handling condition, were
constructed. In order to determine whether EDTA control and
PPT tube viral load differences were related to viral load mag-
nitude, regression analysis was performed on each difference
plot. The slope was calculated for each regression line, and P
values were calculated for the hypothesis of equality of the
slope to zero. A summary of the data analysis for all difference
plots is given in Table 3. All slopes for difference plot regres-
sion lines were indistinguishable from zero, as indicated by the

P values, which were all ,0.05. This indicates that there is no
dependence of differences on viral copy number.

DISCUSSION

The effects of eight handling conditions for samples in PPT
tubes on viral loads in HIV-positive patients with viral loads
greater than 5,000 copies/ml were assessed. In particular, the
viral loads for each of the evaluation conditions were com-
pared to results obtained with EDTA control tubes, and the
effect of each handling condition on viral load stability was
determined.

ANOVAs and multiple comparisons showed that the differ-
ences in viral load results between each of the handling con-
ditions in PPT tubes and the EDTA control were not greater
than the differences expected between two replicate EDTA
tube samples. Confidence intervals for differences from control
results were well within the 60.5 log unit range of clinical
indifference. Furthermore, statistical correlation analysis indi-
cated that with respect to HIV viral load, plasma collected,
processed, stored, and shipped in PPT tubes is indistinguish-
able from EDTA plasma frozen immediately after separation
from whole blood.

In conclusion, the HIV viral load obtained from PPT tube
plasma is equivalent to that in standard EDTA plasma. Whole
blood can be collected in PPT tubes, held at room temperature

TABLE 2. Correlation summary of regression analyses of EDTA control tube viral loads versus PPT tube viral loads and statistical analysis
of viral load variability obtained with various handling conditions

Handling condition
designation (code)

Correlation plot summary,
EDTA vs PPT tube Statistical analysis of VL variability with each handling conditiona

r2 Regression
line slope

Log10
avg
VL

95%
CI

Lower limit of: Upper limit of:

95%
CI

Clin.
Indif.

95%
CI

Clin.
Indif.

PPT control (2) 0.965 1.0099 4.868 0.379 4.489 4.368 5.246 5.368
PPT RT/6 h (3) 0.893 1.0128 4.913 0.401 4.512 4.413 5.314 5.413
PPT RT/in situ (4) 0.940 0.9075 4.831 0.386 4.445 4.331 5.216 5.331
PPT 270°C/in situ (5) 0.937 0.9427 4.898 0.373 4.525 4.398 5.272 5.398
PPT 4°C/6 h (6) 0.936 0.9226 4.923 0.349 4.573 4.423 5.272 5.423
PPT 4°C/in situ (7) 0.902 0.9683 4.960 0.355 4.606 4.460 5.315 5.460
PPT WB/6 h (8) 0.898 1.0366 4.995 0.389 4.606 4.495 5.385 5.495
PPT WB/6 h/RT/in situ (9) 0.918 0.9611 5.021 0.399 4.622 4.521 5.421 5.521
EDTA control 1 (1) 4.970 0.376 4.595 4.470 5.346 5.470
EDTA control 2 (1) 4.888 0.362 4.525 4.388 5.250 5.388

a VL, viral load; CI, confidence interval; Clin. Indif., clinical indifference. 95% CI 5 log10 average viral load 6 t(0.025, df) 3 standard error, where standard error 5
standard deviation/=n. The upper and lower limits of clinical indifference were determined by adding or subtracting 0.5 log unit from the log10 average viral load.

TABLE 3. Results of difference plots comparing EDTA controls to
PPT tubes handled under various conditions

Code Handling condition
designation Observations Slope P Log10

Diffavg
a

1 EDTA control 17 20.0636 0.2881 20.0876
2 PPT control 17 0.0281 0.5746 20.0655
3 PPT RT/6 h 16 0.0711 0.4413 20.0379
4 PPT RT/in situ 15 20.0669 0.3503 20.0592
5 PPT 270°C/in situ 16 20.0266 0.7027 20.0467
6 PPT 4°C/6 h 16 20.7071 0.4932 0.0030
7 PPT 4°C/in situ 17 0.1934 0.8120 0.0564
8 PPT WB/6 h 16 0.0921 0.3102 20.1089
9 PPT WB/6 h/RT/in situ 14 0.0031 0.9710 0.0160

a Diffavg, average difference.
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for as long as 6 h after collection, and shipped as plasma
overnight at ambient temperature or on wet or dry ice without
affecting the HIV viral load. Furthermore, because whole
blood can be collected in PPT tubes and processed into plasma
that is shipped in situ, the PPT tube offers a closed sample
collection system which is safer and more convenient than
conventional EDTA tubes.
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