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A novel method for the collection and transportation of dried-blood-plasma samples, SampleTanker (ST),
was developed and compared to standard shipping protocols for frozen-plasma specimens containing human
immunodeficiency virus type 1 (HIV-1) and/or hepatitis C virus (HCV). Matched frozen and dried 1-ml
EDTA-containing plasma samples were collected and analyzed by several molecular-based virologic assays.
After addition of 1.175 ml of reconstitution buffer, 1.035 ml of dried plasma was recovered. Mean intra-assay
variances were 0.05, 0.05, and 0.06 log,, copies/ml for the Versant, Amplicor, and NucliSens QT HIV-1 load
assays, respectively (P, not significant). However, mean HIV-1 viral load was consistently reduced in dried
samples by 0.32 to 0.51 log,, copies/ml, depending on assay type (P < 0.05). Infectious HIV-1 was not recovered
from dried ST plasma. There was no significant difference in HIV-1 viral load results obtained using ST after
8 weeks of storage at ambient temperature. Compared to frozen plasma, HIV-1 genotypic results were >99%
concordant at the nucleotide and amino acid levels, as well as for resistance-associated mutations. We further
demonstrated successful detection of multiple analytes, including HIV-1 viral load, HIV-1 antiretroviral
resistance genotype, and HCV genotype, from a single ST unit. Dried plasma collected with ST yielded
comparable results to frozen samples for multiple-analyte clinical testing. As such, ST could be a useful
alternative for virologic tests and clinical trials worldwide by significantly diminishing transportation cost and

the sample volume restrictions associated with dried-blood-spot technology.

Diagnostic and therapeutic monitoring assays for human
immunodeficiency virus type 1 (HIV-1) and hepatitis C virus
(HCV) infections are useful surrogate markers in the manage-
ment and treatment of these infections (29). In addition,
HIV-1 and HCV viral load, HCV genotype, and HIV-1 resis-
tance testing are strongly correlated with response to antiviral
therapy (27). Currently, blood tests which utilize HIV-1 and
HCYV viral nucleic acid require plasma separation and freezing
at —70°C or greater within a few hours of collection. Most
clinical samples and those associated with clinical trials require
overnight shipment to reference laboratories under frozen
conditions, which is expensive and cumbersome. In addition,
the processing, storage, and transportation requirements for
these assays limit their utility and accessibility in resource-poor
environments.

The use of dried blood, serum, or plasma transport medium
for viral diagnostics and therapeutic monitoring would offer
several advantages over current sample collection and trans-
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portation requirements. The utility of using a dry blood spot
(DBS) on filter paper has been a well-established whole-blood
collection method for congenital and inherited metabolic neo-
natal screening programs and was demonstrated to be effective
in the collection of serum containing thyroid hormone several
decades ago (16). The utility of DBSs was reported early in the
AIDS epidemic for HIV-1 antibody detection (12) and contin-
ues to be evaluated for antibodies to various subtypes and for
p24 antigen testing (4, 17, 18, 21, 31). The DBS has also been
used for detection of antibodies against other viral infections
such as HCV, human T-cell leukemia virus type 1, and hepa-
titis B surface antigen (10), as well as HIV-1 proviral DNA in
peripheral blood mononuclear cells (PBMCs) and HIV and
HCV RNA viral load using PCR (6, 7, 13, 14, 28, 30). Dried-
blood samples have been used for HIV-1 subtype analysis and
CD4" T-cell and plasma antiretroviral drug concentration
quantification (8, 19, 24, 26, 33), and antiretroviral (ARV)
genotypic resistance testing has been demonstrated (5, 22, 32,
35). Phenotypic ARV resistance testing or the feasibility to
assay multiple viral nucleic acid analytes simultaneously from a
single sample has not been described.

In this study, we describe a novel, non-paper-based matrix
sample collection and transportation device called Sample-
Tanker (ST), which was used to collect dried blood plasma for
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virologic testing. We evaluated the feasibility, precision, and
short-term stability of using ST as a transportation method for
shipping specimens at ambient temperature and for subse-
quent individual or simultaneous testing using HIV-1 viral
load, HIV genotypic resistance testing, and HCV genotyping
assays.

MATERIALS AND METHODS

Institutional review boards at the University of Texas Medical Branch,
Galveston, TX, and Stanford University, Stanford, CA, approved the protocol.
‘Whole-blood samples containing EDTA as an anticoagulant were collected from
HIV-1-infected subjects, and separated blood plasma was stored at —80°C.
Deidentified samples were pulled from freezer storage and shipped to Research
Think Tank, Inc., Buford, GA, on dry ice for next-day arrival. Samples arrived
frozen with dry ice still visible in the shipping container. Samples were pooled
and mixed thoroughly to create a master pool, and nine 1-ml aliquots were taken
for viral load determination using the Cobas Amplicor HIV-1 Monitor Standard
assay (Roche Molecular, Branchburg, NJ). The master pool was determined to
have an HIV-1 viral load of approximately 350,000 copies/ml. A 1:100 dilution
was performed using the master pool and Base Matrix (normal human plasma;
SeraCare Life Sciences, Milford, MA) to obtain a low-viral-load determinant
point of approximately 3,500 copies/ml as determined by the Amplicor HIV-1
Monitor standard viral load assay.

Five 1-ml replicates each were created representing high (350,000 copies/ml)
and low (3,500 copies/ml) viral load control reference standards and immediately
frozen at —80°C. One milliliter of the experimental plasma at the high and low
determinant points was directly applied to five replicate ST units to determine
short-term stability under the temperature conditions room temperature (23°C,
42% humidity), 37°C (incubator, 42% humidity), and —80°C and the termination
points day 2, day 7, day 14, day 24, and day 56. ST units were then placed on the
front grill of a Baker class I A/B3 externally venting biological safety cabinet. All
drying ST units were left with the cabinet running overnight with a relative
humidity reading of the interior hood of 32 to 35%.

Once ST units reached the termination time point for the condition and time
noted above, they were pulled and observed for color change of the desiccant in
the transport indicator capsule. Color was logged, and each respective experi-
mental ST unit was rehydrated and incubated with 1.175 ml of rehydration buffer
for approximately 30 min at ambient room temperature before recovery. Recon-
stituted plasma was recovered using the ST sample recovery kit. The reconsti-
tuted plasma was then used for molecular testing.

All stability experiment samples were run using the Amplicor HIV-1 Monitor
standard viral load assay. The control frozen plasma reference standards were
only run with the day 2 ST experimental samples. These frozen plasma viral load
values were used as the reference for comparisons to all subsequent ST stability
experimental samples. The additional samples were all reconstituted, and viral
load was determined on the day specified above.

HIV-1 and HIV-1-HCV-coinfected clinical specimens were selected for test-
ing using precharacterized samples with known results for HIV-1 viral load and
HIV and HCV genotyping tests. Specimens were unlinked to identifying infor-
mation including date, patient identifier, patient name, and health center iden-
tifier. Replicate, deidentified, and coded 1-ml frozen-plasma samples, collected
in standard EDTA-containing blood collection or plasma preparation tubes
(Becton Dickinson, Franklin Lakes, NJ), and matched ST samples were prepared
for shipping simultaneously. Frozen samples were shipped overnight on dry ice
to the testing facility (Research Think Tank, Inc., Buford, GA) according to
standard shipping requirements. ST samples were prepared using the ST sample
recovery kit (Research Think Tank, Inc., Buford, GA). One thousand microliters
of plasma was added directly to the ST matrix and completely air dried for a
minimum of 5 h at ambient room temperature in a certified biological safety
cabinet. STs were shipped at ambient temperature in air-tight, sealed, desiccant-
containing ST transport and storage tubes, via U.S. mail or a commercial courier
service using standard mailing envelopes according to the CDC guidelines for
dried-blood shipment (9).

Additional patient samples were used to determine intra-assay variability and
possible differences in HIV-1 viral load from paired frozen- and reconstituted-
plasma replicates using the Versant HIV-1 RNA 3.0 assay (Siemens, Tarrytown,
NY) and NucliSens HIV-1 QT assay (bioMerieux, Durham, NC), in addition to
using Amplicor HIV-1 Monitor standard or ultrasensitive test, version 1.5
(Roche Diagnostics, Branchburg, NJ). HCV genotyping was performed using the
TruGene HCV 5'NC genotyping kit (Siemens, Tarrytown, NY). HCV genotyp-
ing results were compared using the automated reporting of the HCV TruGene
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5'NC assay and OpenGene system. HIV-1 genotypic resistance testing was per-
formed using the TruGene HIV-1 resistance genotyping kit (Siemens, Tarry-
town, NY). To assess short-term stability for HIV-1 genotypic resistance testing,
three dried-plasma samples were compared to frozen samples and evaluated at
day 1 and day 7 of storage. All plasma samples used for genotyping were
extracted using the QIAamp viral RNA minikit (Qiagen, Valencia, CA). All
sequencing, data processing, and reporting were performed using the OpenGene
DNA sequencing system (Siemens, Tarrytown, NY). HIV-1 genotypic analysis
for dried specimens was accomplished using FASTA nucleotide and translated
amino acid sequences in direct comparison to the corresponding sequence de-
rived from frozen plasma. The FDA-approved TruGene sequence from frozen
plasma served as the standard or reference sequence for comparison to the
paired TruGene sequence obtained from ST samples. Stringent scoring of se-
quence and detected mixtures was accomplished using universal IUB base cod-
ing. As a secondary and confirmatory analysis, the polymorphic fingerprints or
differences in nucleotide and amino acid sequences as compared to a fixed
reference of HIV-1, 4; were also compared.

Dried-plasma samples were cultured for infectious HIV using the following
protocol. Briefly, 1 ml of EDTA plasma from an HIV-uninfected donor was
spiked with approximately 1 X 10° tissue culture infectious dose (TCID)/ml of
the HIV-1 NL4-3 strain. Infectious plasma samples were applied to STs in
triplicate, allowed to dry, and eluted as described above. Reconstituted ST
plasma was incubated with 1 million phytohemagglutinin-stimulated PBMCs in
medium (RPMI 1640, 10% fetal calf serum) for 1 h. PBMCs were washed with
phosphate-buffered saline twice, resuspended in 1 ml of complete culture me-
dium, and transferred to 24-well plates. Cultures were held for a total of 14 days,
with a medium exchange and additional PBMCs added on day 7. Day 14 culture
supernatants were assayed for HIV p24 antigen using a commercially available
kit (Zeptometrix, Buffalo, NY). Positive controls included cultures of NL4-3-
spiked EDTA-containing plasma that was not applied to STs, including dilutions
(10° to 10" TCID/ml) of the spiked plasma that were used to verify the infectious
titer. Negative controls included cultures of non-virus-spiked HIV-1-negative
plasma.

Descriptive statistics were used to calculate mean variances of log;,-trans-
formed viral load copy number/ml and percent change in log,,/ml copy number,
and the nucleotide differences comparing paired frozen and dried samples.
Student’s ¢ test or Wilcoxon’s signed-rank test was utilized to measure differences
in log,, viral load copy number or changes in log,, percent comparing frozen to
dried samples and dried-sample intra-assay variability as appropriate. Signifi-
cance was defined as P < 0.05.

RESULTS

ST stability results. HIV-1 viral load results were deter-
mined from replicate samples stored on ST at 37°C, 23°C, and
—80°Cfor 2, 7, 14, 24, and 56 days. After reconstitution, the ST
specimens yielded a mean recovered plasma volume of 1.035 =
0.041 ml. Compared to baseline frozen plasma, there were
mean reductions in viral load of 0.38 to 0.45 and 0.23 to 0.53
log,, copies/ml for the high- and low-copy-number samples,
respectively, at day 2 depending on the temperature of storage
(all comparisons, P < 0.05). However, when day 2 ST was
compared to day 56 ST, there was no significant difference in
HIV log,, copy number out to 56 days of storage at 23°C or
—80°C and out to 24 days at 37°C, but there was a further
significant decline in viral load in samples held at 37°C for 56
days (P < 0.05) (Fig. 1). The log,, copy/ml percent loss be-
tween baseline frozen plasma and day 2 ST was 6.4 to 8.8% at
the high copy number and 7.1 to 14.8% at the low copy number
(P < 0.05 for all temperatures). When day 2 ST log,, copy/ml
was compared to day 56 ST, the percent loss ranged from <1
to 9% at the high copy number (P < 0.05 for the 37°C samples
only) and 2.6 to 10.7% at the low copy number, which were not
significantly different at any temperature.

Multiple HIV-1 viral load assay results. HIV-1 RNA from
frozen and dried plasma samples was successfully obtained in
all samples with known prior detectable viral load. Intra-assay
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FIG. 1. HIV-1 viral load results at high (350,000 copies/ml) and low (3,500 copies/ml) copy numbers expressed as log;, copies/ml according to
time and temperature variation. Squares with solid lines, —80°C; triangles with dotted lines, 23°C; diamonds with hatched lines, 37°C. Error bars

indicate standard deviation. FC, frozen control.

variation was determined in 12 patient samples by analyzing
multiple ST replicates from three different clinical samples (six
replicates each) using the Versant assay, three replicates from
six clinical samples (three replicates each) using the Amplicor
HIV-1 Monitor assay, and five replicates from three clinical
samples (five replicates each) using the NucliSens QT assay.
Intra-assay overall mean variances were 0.05, 0.05, and 0.06
log,, copies/ml for the Versant, Monitor, and NucliSens QT
assays, respectively (data not shown; P not significant).

Comparisons between 31 matched frozen- and dried-plasma
samples demonstrated mean differences of 0.36, 0.51, and 0.32
log,, copies/ml for the Monitor (n = 9), Versant (n = 12), and
NucliSens QT (n = 10) assays, respectively (Table 1) (P < 0.05
for individual assay analyses and for all three assay results
combined). HIV-1 viral loads obtained from the ST matrix
were consistently lower than those obtained from frozen
plasma regardless of the HIV-1 viral load assay used and re-
sulted in significant losses of 8%, 12.7%, and 8.3% in mean
log,, copies/ml for the Monitor, Versant, and NucliSens assays,
respectively (P < 0.05 for individual assay analyses and for all
assays combined).

HIV-1 genotypic resistance testing. Twenty archived frozen-
plasma-derived HIV-1-positive samples with viral loads rang-
ing from 3,100 to 258,000 copies/ml (3.49 to 5.41 log,, copies/
ml) were tested using the TruGene HIV-1 genotyping assay.
Mean accuracy and concordance of HIV-1 genotypic results
between frozen and dried plasma were 99.7% at the nucleotide
level (n = 924 nucleotides sequenced/sample) and 99.8% at
the amino acid level (n = 308 amino acids). Reported resis-

TABLE 1. HIV-1 viral load comparison between frozen- and dried-
plasma samples

Mean log,,
N No. of copies/ml in Diﬁfi«l‘ence
ssay samples plasma 1 10810
copies/ml
Frozen Dried

Amplicor HIV-1 Monitor, v1.5 9 472 436 0.36
Versant HIV 3.0 12¢ 4.38 3.87 0.51
NucliSens HIV-1 QT 10 407 375 0.32

“ Three samples were <75 (1.87 log,,) copies/ml for both frozen and dried
plasma.

tance-associated mutations (RAMs) as defined by the TruGene
assay demonstrated 99.9% concordance for genotyping assays
(Table 2). There was no difference in the RAMs detected when
day 1 and 7 dried-plasma samples were compared, and the
overall mean sequence accuracy was =99.9% (data not
shown). These results are comparable to results published in
the TruGene product insert comparing duplicate frozen-
plasma accuracy and reproducibility experiments with the U.S.
FDA-approved kit.

TABLE 2. HIV-1 genotypic resistance test results comparing
frozen- and dried-plasma specimens

Amt of % Similarity score for frozen vs. dried plasma“
frozen RAMs Polymorphic fingerprint
Sample no. plasma
RNA . Amino . Amino
(logo Nucleotides acids Nucleotides acids
copies/ml) (n = 165) (n = 55) (n =924) (n = 308)

1 3.49 99.4 100 99.9 100
2 3.59 99.7 100 98.3 97.6
3 4.14 100 100 99.7 100
4 4.23 99.4 99.1 99.7 99.4
5 4.34 100 100 99.8 99.8
6 4.40 100 100 99.6 100
7 4.45 100 100 100 100
8 4.50 99.4 99.1 99.4 99.4
9 4.59 100 100 99.6 99.7
10 4.62 99.7 100 99.7 99.8
11 4.68 99.7 100 99.7 100
12 4.81 100 100 100 100
13 4.84 100 100 99.5 100
14 4.86 100 100 99.7 100
15 4.94 100 100 99.5 100
16 4.97 99.7 99.1 99.7 99.7
17 4.99 100 100 99.9 100
18 5.00 100 100 100 100
19 5.26 100 100 99.9 100
20 5.41 100 100 99.9 100
Mean score 99.9 99.9 99.7 99.8

“ Specimens were air dried and stored at ambient temperature for 4 to 7 days
prior to testing. TruGene HIV-1 genotyping kit-derived real-time first-pass se-
quences were used as the “gold standard” reference sequence for comparison to
dried ST specimens. Stringency of scoring includes IUB base codes for mixture
detection.
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TABLE 3. Multiple-analyte comparison of frozen- and dried-plasma specimens from HIV-1-HCV-coinfected samples by HIV-1 viral load,
genotypic resistance testing, and HCV genotyping

% Similarity score for frozen plasma reference vs. dried plasma“®

HCV genotype from

Al f dried . . b
Sample no. plg;trr?a erich RAMs Polymorphic fingerprint plasma
(log;( copies/ml) Nucleotides Amino acids Nucleotides Amino acids F Dried
(n = 165) (n = 55) (n = 924) (n = 308) rozen e
1 2.57 99.2 100 99.4 99.8 la la
2 4.01 99.1 99.1 99.4 99.4 2b 2b
3 4.53 100 100 99.9 100 3¢ 3a
Mean score 99.4 99.7 99.6 99.7

@ HIV-1 viral load (analyte 1) was determined by the Amplicor HIV-1 Monitor test, version 1.5 (standard method). Specimens were air dried and stored ambient
for 7 days prior to testing. For genotypic resistance testing (analyte 2), TruGene HIV-1 genotyping kit-derived real-time first-pass sequences were used as the “gold
standard” reference sequence for comparison to dried ST specimens. Stringency of scoring includes IUB base codes for mixture detection.

® HCV genotype results represent analyte 3. Results are from the TruGene HCV 5'NC genotyping kit.

¢ Subtype not resolved.

Multiple-analyte testing of HIV-1-HCV-coinfected samples.
Three HIV-1-HCV-coinfected clinical samples were used to
explore the feasibility of detecting multiple molecular analytes
from a single dried ST specimen. HIV-1 viral load, ARV ge-
notype, and HCV genotype results were successfully deter-
mined for each unique sample (Table 3). Comparison of dried
with frozen plasma indicated >99% genotypic concordance in
the detection of RAMs by TruGene (Table 3). It was also
noted that the signal/noise ratio and overall peak signal inten-
sity of dried ST specimens using the TruGene assay were
improved over those of frozen plasma (data not shown). The
TruGene HCV 5’ NC genotyping assay demonstrated identical
type determinations for dried- versus frozen-plasma samples
(Table 3), whereas, subtyping results were also concordant for
two of three samples. One frozen-plasma sample did not sub-
type, while the corresponding dried specimen did give a sub-
type result.

HIV-1 infectivity testing. HIV culture results were positive
in all fresh plasma replicates at 10° to 10" TCID/ml, whereas all
HIV cultures from ST dried plasma were negative for HIV-1
p24 antigen (data not shown).

DISCUSSION

We have shown that quantitative and qualitative virologic
results obtained from dried-plasma samples collected and
shipped using ST are comparable to those obtained from nor-
mally processed samples. Viral load results among dried sam-
ples using ST with U.S. FDA-approved quantitative HIV-1
viral load assays were highly reproducible. Intra-assay results
were within previously published acceptable limits for all as-
says (25). Although quantitation of HIV-1 viral load assays
using ST dried plasma yielded somewhat lower values, consis-
tent with findings using DBS (2), results were generally within
the variation described for replicate samples previously de-
scribed. Additional experiments with 750 and 500 pl of elution
volume still yielded similar reduced HIV viral load results
(data not shown). Thus, concentration of ST dried plasma did
not correct for lower HIV viral loads seen with larger eluent
volume. This indicates that there is likely some loss in HIV
RNA as a result of the drying process. Evaluation is ongoing to
determine optimal conditions for drying that could reduce or

eliminate this discrepancy. However, the data on comparability
and reproducibility suggest that ST has promise for clinical
care and in clinical trial management of HIV- and HCV-in-
fected individuals.

There was no significant difference in sensitivity on nucleic
acid sequences, as demonstrated by the high correlation com-
pared with frozen plasma. Genotype accuracy and reproduc-
ibility using ST were comparable to data published in the
TruGene product inserts for frozen plasma samples (15, 20).
Finally, HCV genotyping was concordant with matched frozen-
and ST plasma specimens. As proof of concept, three clinical
samples were tested for multiple analytes and demonstrated
that HIV viral load, HIV genotypic resistance testing, and
HCV genotyping results could all be obtained from a single
dried 1-ml sample. Improved raw data were noted for the dried
ST specimens over the neat plasma when using the HIV-1 or
HCV genotyping assays. This suggests the possible removal of
interfering substances after the drying and subsequent rehy-
dration steps using the ST sample recovery Kkit.

As previously mentioned, multiple studies have been pub-
lished evaluating filter paper as an efficient method of whole-
blood or serum collection for a variety of analytes. Although an
efficient method of collection, the assessment of multiple ana-
lytes from DBSs is limited due to sample volumes of 25 to 50
wl per spot. Thus, multiple DBSs or filter cards maybe neces-
sary in order to perform multiple assays. In addition, there is
concern about how filter card samples are processed and han-
dled and their ability to withstand various temperature and
humidity conditions. A recent study analyzing the stability of
DBSs held at 37°C and 85% humidity for 3 months with a
desiccant found ARV genotypic results to be highly correlated
with frozen plasma (5). In addition, ARV genotypic analyses
performed on DBSs stored for 5 to 6 years found that those
stored at —20°C and —70°C, as opposed to those stored at
room temperature, were comparable to frozen plasma (23).
HIV viral load results were found to be highly concordant
between DBSs and frozen plasma stored at ambient tempera-
ture or 37°C for 7 days (1). No long-term studies using DBSs
for viral load measurement have been performed. We have
shown that samples held at ambient room temperature or at
37°C for over 3 weeks are extremely stable, do not gain mois-
ture (assessed by dessicant color change), and yield compara-
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ble, although slightly lower, viral load results to fresh frozen-
plasma samples or immediately processed ST samples.

Most nucleic acid assays using DBSs require separation by
cutting or punching out the spots and placing them into a
buffer prior to nucleic acid extraction. There is significant risk
of contamination between samples if the equipment used in
cutting the DBSs is not sufficiently decontaminated between
samples or subsequent pooling of multiple spots if required,
although recent data analyzing HIV DNA (not plasma HIV-1
viral load) suggest this might not be as great a concern as
previously thought (11). However, whole-blood DBSs may not
be as sensitive as plasma DBSs, limiting their utility for HIV-1
viral load testing (3). ST removes these concerns as each sam-
ple utilizes its own sample collection kit, the recovered volume
of reconstituted plasma is sufficient to assess multiple analytes,
no cutting or pooling is required, and samples are transported
within a sealed vial. Therefore, there is minimal risk of con-
tamination compared to DBS samples prepared on filter pa-
per. Furthermore, recent data indicate that successful ampli-
fication of nucleic acid for HIV-1 genotyping from DBS was
approximately 82 to 93%, depending on storage conditions,
ability to resolve mixtures, whether plasma RNA or cellular
DNA was tested, and which HIV-1 gene was analyzed (5, 22,
32, 34). We demonstrated no such loss in sensitivity in detect-
ing nucleic acid for HIV-1 genotyping from plasma dried on
the ST matrix.

DBSs have been determined to be noninfectious and thus do
not require specialized handling (9). Although ST contains
significantly more plasma volume, and hence a greater possi-
bility of infectious HIV, we did not find this to be the case
using standard HIV culture techniques and high-infectious-
titer reconstruction experiments. Whether other infectious
agents such as HCV retain their infectivity in ST dried plasma
requires further study. Thus, if blood samples applied to ST
were also declared not infectious, they would offer the advan-
tage of using standard mail or commercial shipment without
the use of dry or wet ice, special biocontainment vessels, and
the requirement for hazardous shipment designation. The av-
erage cost for commercial shipment of biohazardous material
ranges from $50 to $100 for U.S. domestic shipping to several
hundred dollars for international shipping. Transition to dried-
blood specimens for virologic testing would result in millions of
dollars saved in associated shipping costs. As more countries
respond to the global AIDS crisis, the need for virologic assays
will increase. Limited resources should not be used to pay for
costly, specialized sample shipment. Transportation and stor-
age systems like ST could help facilitate clinical trials and
clinical practice to proceed in resource-limited areas by allow-
ing samples to be dried, temporarily stored, and sent to re-
gional or international reference laboratories with the assur-
ance that results are valid and reproducible.

In summary, ST is a convenient, cost-effective alternative to
the storage and shipping of frozen plasma for nucleic acid
testing. ST could eliminate the need for frozen specimen ship-
ments for HIV clinical trials worldwide. Further comparison
studies are ongoing for virologic as well as biochemical ana-
lytes and show promise for ST use in a wider array of clinical
testing.
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