
Comparison of Viral Load and Resistance Genotyping Between Frozen Plasma and a Novel Dried Plasma Transportation Medium
(SampleTanker™) on Treated Patient Samples.

R.M. Lloyd JR1, D.A. Burns1, A. Thompson1, J.T. Huong1, R.L. Mathis1, M. Holodniy2, B. Yen-Lieberman3, W. Armstrong3, A. Taege3 and P.M. Feorino1

1Research Think Tank, Inc., Alpharetta, GA, 2 Veterans Affairs Medical Center, Palo Alto, CA and 3Cleveland Clinic Foundation, Cleveland, OH, USA.

BACKGROUND

REFERENCES

METHODS

CONCLUSION

HIV-1 viral load and genotypic drug resistance testing are useful in monitoring infection and treatment strategies.1  Both viral load and resistance
testing have strong correlation with response or lack of response to antiviral therapy.2  Reference laboratories and clinical trial sponsors require
patient plasma to be shipped to testing facilities under frozen conditions, which is expensive and cumbersome.  Dried blood spots on filter paper
have shown promise as a method of sample collection for CD4+ counts, serology, PCR tests and quantitative assays.3-9  Although filter paper has
potential as a collection medium, inhibition and sensitivity remain questionable.  This study evaluates a novel dried sample collection medium,
SampleTanker Beta (Research Think Tank, Inc., Alpharetta, GA.), a non-paper-based matrix, as a potential alternative to frozen plasma and filter
paper methods for the storage and transportation of virus-infected plasma specimens.  This study will present initial viral load (HIV) and genotyping
data (HCV and HIV) obtained from SampleTanker specimens after being stored dry at ambient temperatures for 1 and/or 7 days.

Viral load, RNA extraction, and genotyping: HIV-1 viral loads were determined using either the Standard or
UltraSensitive AMPLICOR HIV-1 MONITOR“ Test v1.5 (Roche Diagnostics, Indianapolis, IN), VERSANT“ HIV-1 RNA
3.0 Assay (bDNA) (Bayer Healthcare, Tarrytown, NY) or NucliSens“ HIV-1 QT Assay (bioMerieux, Durham, NC).
Total viral RNA for all samples used in genotyping were extracted using the QIAamp“ Viral RNA Mini Kit (Qiagen,
Valencia, CA).  HIV-1 genotype was determined using either or both the TRUGENE“ HIV-1 Genotyping Kit (Bayer
Healthcare) and the HIV-1 GeneTanker Genotyping Complete Assay (Research Think Tank, Inc).  The HCV genotype
was determined using the TRUGENE HCV 5’NC Genotyping Kit (Bayer Healthcare).  All sequencing, data processing
and reporting were performed using the OpenGene“ DNA Sequencing System (Bayer Healthcare).

Viral load assays:  The mean log10 difference between matched frozen and SampleTanker dried plasma specimens using the standard AMPLICOR
HIV-1 and VERSANT HIV-1 assay was 0.36 and 0.51, respectively (Table 1A and B). Intra-assay quantitative reproducibility experiments for
SampleTanker indicated an overall Log10 mean variance of 0.05 for the UltraSensitive AMPLICOR HIV-1 assay at day 7 (Table 2), 0.05 for the
VERSANT HIV-1 assay at day 1 (Table 3) and 0.06 for the NucliSens HIV-1 QT assay at day 3.5 (Table 4). Viral load values obtained from
SampleTanker specimens were consistently lower than those obtained from matched frozen plasma specimens.

Genotyping assays:  The sequence quality generated between matched SampleTanker and frozen plasma specimens was comparable.  However,
in several sequences SampleTanker specimens exhibited an increase in sequence quality (data not shown).  Mutation profiles obtained using either
the TRUGENE HIV-1 and/or HIV-1 GeneTanker genotyping kits exhibited a high degree of concordance between matched SampleTanker and
frozen plasma specimens (Table 5 and 6).  This concordance was consistent regardless of HIV-1 viral-load, storage time or shipping conditions prior
to genotype testing.  Among matched co-infected SampleTanker and frozen plasma specimens, there was a 100% concordance at the genotype
level for HCV using the TRUGENE HCV 5’NC kit.  While samples 37 and 39 were in agreement at the subtype level, HCV subtype was unable to be
determined for the sample 38 plasma specimens.

Phenotyping: Phenotype results were successfully obtained for all matched HIV-1/HCV co-infected SampleTanker and frozen plasma specimens
(data not shown).

• Intra-assay viral load results using SampleTanker for three FDA approved quantitative assays were highly reproducible.

• Reproducibility results suggests that SampleTanker has promise in clinical trial management.

• Genotype accuracy and reproducibility using SampleTanker are comparable to data published in the TRUGENE product inserts for frozen
plasma samples.

• Mutation profiles for the expanded regions of the HIV-1 GeneTanker Genotyping Complete Assay were concordant with those gene regions
contained in the TRUGENE HIV-1 Genotyping Assay for all frozen and SampleTanker plasma specimens.

• HCV genotyping was concordant with matched frozen and SampleTanker plasma specimens.

• SampleTanker yielded results in a recombinant HIV-1 phenotyping assay.

• The ability to produce viral load, genotype and recombinant phenotype reports for all SampleTanker specimens suggest its potential utility in
other quantitative and qualitative assays.

• Use of the SampleTanker dried plasma technology gives adequate results for quantitative and qualitative clinical specimen testing.

• SampleTanker is a convenient, cost-effective alternative to the storage and shipping of frozen plasma for nucleic acid testing, in turn possibly
eliminating the need for batched specimen shipments in real-time trials worldwide.

• Further comparison and time point studies are ongoing and show promise for SampleTanker use in clinical studies.
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Figure 1: SampleTanker.

SampleTanker (Beta version) general methodology:  The SampleTanker matrix (Figure 1) has a maximum capacity of 1 mL.  A 1 mL volume of
plasma was added to each matrix, allowed to air-dry in a biosafety cabinet for 4-5 hours, then packaged in the SampleTanker tube and stored or
shipped at ambient temperature.  Dried sample matrices were re-hydrated with the appropriate volume of Reconstitution Buffer to recover 1mL of
reconstituted plasma.

Amplicor viral load intra-assay reproducibility using SampleTanker: Three matrices were prepared for each of six randomly selected HIV-1
positive plasma samples (N=18).  The matrix specimens were reconstituted and recovered on day 7 post preparation and were used to examine the
intra-assay viral load reproducibility of the UltraSensitive AMPLICOR viral load assay.

Versant viral load intra-assay reproducibility using SampleTanker:  Six matrices were prepared for each of three serial dilutions from an HIV-1
positive sample (N=18).  The matrix specimens were reconstituted and recovered on day 1 post preparation and were used to examine the intra-
assay viral load reproducibility of the Versant viral load assay.

NucliSens viral load intra-assay reproducibility using SampleTanker: Five matrices were prepared for each of three randomly selected HIV-1
positive plasma samples (N=15).  The matrix specimens were reconstituted and recovered on day 3.5 post preparation and were used to examine
the intra-assay viral load reproducibility of the NucliSens viral load assay.

HIV-1 genotyping stability:  Three archived HIV-1 positive plasma samples with previously determined viral-loads were randomly selected to
prepare SampleTanker matrices for genotype stability testing. Two identical sets of matrices were prepared for each sample following the method
described above.  The dry packaged matrices were stored at ambient temperature for up to 7 days.  Reconstituted plasma for each set of matrices
was recovered on either day 1 or day 7, respectively.  For each sample the entire recovered volume was extracted.  Genotyping was performed on
all samples using the TRUGENE HIV-1 genotyping kit, following the manufacturer’s protocol. The matrix genotypes were then compared with
previously determined frozen plasma-derived genotypes.

HIV-1/HCV co-infection:  For each of three HIV-1/HCV co-infected plasma samples, a single matrix and frozen plasma aliquot were prepared by an
external laboratory and shipped overnight to Research Think Tank.  The plasma aliquots were shipped on dry ice, while the SampleTanker
specimens were shipped separately at ambient temperature.  Upon receipt, the matrix specimens were stored at ambient temperature until
reconstituted for testing on day 7 post preparation.  The corresponding frozen plasma were thawed for testing in parallel on day 7.  All samples were
assayed for viral load in duplicate using the Standard AMPLICOR viral load assay.  A 140 µL volume of each sample was extracted for total RNA
(HIV-1 and HCV), then genotyped using the TRUGENE HIV-1, H IV-1 GeneTanker Complete and HCV TRUGENE 5’NC kits, following
manufacturer’s protocol.

Phenotyping: RNA extracted from matched SampleTanker and frozen plasma H IV-1/HC V co-i nfected speci mens w ere submitted for
Phenoscript‘(VIRalliance, Paris, France) phenotyping analysis.

RESULTS
SampleTanker Characteristics:  The SampleTanker consisted of an absorbent fibrous matrix for the preparation of dried plasma specimens and a
desiccant storage/transportation tube.  The matrix yielded an approximate recovered plasma volume of 1.035 +/-0.03mL.  SampleTanker specimens
were dried in a biosafety cabinet, at ambient temperature, for a minimum of 4.5 hours prior to packaging into storage tube.  The storage tubes
contained desiccant to maintain a dry environment for the specimen during storage and/or transportation.
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RNA
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Mean RNA
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Variance*RNA Log10
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*SampleTanker Overall Mean Variance = 0.06.

Table 4: bioMerieux NucliSens HIV-1 QT Assay
reproducibility using SampleTanker.

Table 5: HIV-1 anti-retroviral resistance-associated mutations using the TruGene HIV-1 kit for three frozen
plasma and SampleTanker isolates genotyped at day 1 and day 7.

PR

Frozen
Plasma

Sample-
Tanker day 1

Sample-
Tanker day 7

S37N S37N S37N

R41K R41K R41K
D60E D60E D60E
I62V I62V I62V
L63P L63P L63P
I72M I72M I72M

V77I V77I V77I

RT

R83K R83K R83K
D121A D121A D121A
D123E D123E D123E
I135V I135V I135V
I202V I202V I202V
L214F L214F L214F

Sample 34 (v-load 100,000 c/mL)

PR

L10I L10I L10I
I13V I13V I13V

V32I V32I V32I
L33F L33F L33F
S37N S37N S37N
M46L M46L M46L

I54V I54V I54V
L63P L63P L63P

A71V A71V A71V
V77I V77I V77I

V82A V82A V82A
L90M L90M L90M

RT

M41L M41L M41L
K43E K43E K43E
E44D E44D E44D

D67N D67N D67N
T69D T69D T69D
R83K R83K R83K
V118I V118I V118I
D123N D123N D123N

E138G E138G E138G
G196E G196E G196E

L210W L210W L210W
L214F L214F L214F
T215Y T215Y T215Y
D237E D237E D237E

Frozen
Plasma

Sample-
Tanker day 1

Sample-
Tanker day 7

Sample 35 (v-load 64,700 c/mL)

PR

L10I L10I L10I
V11L V11L V11L

I13V I13V I13V
K14N K14N K14N
L33F L33F L33F
S37N S37N S37N
I54M I54M I54M
I62I/V I62I/V I62I/V
L63P L63P L63P

A71V A71V A71V
G73S G73S G73S
V77I/V V77I/V V77I/V
I84V I84V I84V
L89V L89V L89V
L90M L90M L90M

RT

M41L M41L M41L
K43Q K43Q K43Q
L74V L74V L74V

E122K/E E122K/E E122K/E
D123E/D D123E/D D123E/D

I135T I135T I135T
S162H S162H S162H

D177D/G D177D/G D177D/G
I178I/M I178I/M I178I/M
M184V M184V M184V
L210W L210W L210W

R211K R211K R211K
L214F L214F L214F
T215Y T215Y T215Y
L228H L228H L228H

Frozen
Plasma

Sample-
Tanker day 1

Sample-
Tanker day 7

Sample 36 (v-load 24,792 c/mL)

Key:
PR = protease
RT = reverse transcriptase.
RED = Drug resistance associated-mutations.
GREEN = Mutations at non-drug resistance
sites.

Note:
SampleTanker Genotypes were obtained
from RNA extracted from a 1 mL volume of
reconstituted plasma.  viral load values were
determined from frozen-plasma.

Table 6: HIV-1/HCV Co-infected isolates HIV drug-resistance associated mutation genotype, HCV subtype
and Roche Amplicor viral-load.

Sample

37 18,151 23,783

12,906 7,743

38 119,043 106,266

30,119 38,267

39 3,653 7,752

317 418

v-load 1
c/mL

v-load 2
c/mL

Frozen Plasma

SampleTanker day 7

20,967

10,325

112,655

34,193

5,703

368

Avg. v-load
c/mL

Frozen Plasma

SampleTanker day 7

Frozen Plasma

SampleTanker day 7

Type

B.

2b 2b 3 3a 1a 1a

Frozen
Plasma

Sample-
Tanker day 7

Frozen
Plasma

Sample-
Tanker day 7

Frozen
Plasma

Sample-
Tanker day 7

Sample 37 Sample 38 Sample 39

C.

Key:
PR = protease
RT = reverse transcriptase.
RED = Drug resistance associated-mutations.
GREEN = Mutations at non-drug resistance sites.
ORANGE = Unexpected mutation at drug resistance
associated-mutation sites.

Note:
SampleTanker Genotypes were obtained from RNA
extracted from a 140 uL volume of reconstituted
plasma.  Viral load values were determined from
frozen-plasma.

E35D E35D E35D E35D
S37N S37N S37N S37N
V77I/V V77I/V V77I/V V77I/V

K101K/E K101K/E K101K/E K101K/E
V106A/V V106A/V V106A/V V106A/V
E122K E122K E122K E122K
R211K R211K R211K R211K
L214F L214F L214F L214F
T215Y T215Y T215Y T215Y
V245K V245K X X

PR

RT

Frozen
Plasma

Sample-
Tanker day 7

Sample-
Tanker day 7

Frozen
Plasma

TruGene HIV-1 HIV-1 GeneTanker

Sample 38 (avg. plasma. v-load 112,655 c/mL).

PR

I15V I15V I15V I15V
E35E/D E35D E35D E35D
M36I/L M36I M36I M36I
S37N/S S37N S37N S37N
R57K R57K R57K R57K
I62I/V I62I/V I62V I62V
L63A L63A L63A L63A

RT

K64R K64R K64R K64R
E122K/E E122K/E E122K/E E122K/E

I135T I135T I135T I135T
R211K R211K/R R211K R211K
L214F L214F L214F L214F
V245E V245E X X

Frozen
Plasma

Sample-
Tanker day 7

Sample-
Tanker day 7

Frozen
Plasma

TruGene HIV-1 HIV-1 GeneTanker

Sample 37 (avg. plasma v-load 20,967 c/mL).

I15V I15V I15V
E35D E35D E35D E35D

M36I M36I M36I
S37D S37D S37D S37D

R57K/R R57K R57K R57K

M41L M41L M41L M41L
K43K/T K43K/T K43K/T K43N
E44E/D E44E/D E44E/D E44D
D67N D67N D67N D67N

D123N D123N D123N D123N
G196E/G X G196E/G

Q207E Q207E Q207E Q207E
L210W L210W L210W L210W

R211K R211K R211K R211K
L214F L214F L214F L214F
T215Y T215Y T215Y T215Y

Frozen
Plasma

Sample-
Tanker day 7

Frozen
Plasma

TruGene HIV-1 HIV-1 GeneTanker

Sample 39 (avg plasma. v-load 5,703 c/mL).

Sample-
Tanker day 7

PR

RT

I15V

M36I

X

A.

Table 3: Bayer bDNA HIV-1 viral load reproducibility
using SampleTanker.
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5,905

2.75

726

522
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417
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Sample Description
RNA

copies/mL
Mean RNA

Log1 0

Mean Log1 0
Variance*RNA Log10

0.03

0.04

0.07

*SampleTanker Overall Mean Variance = 0.05.

Table 2: Roche UltraSensitive HIV-1 viral load
reproducibility using SampleTanker.

*SampleTanker Overall Mean Variance = 0.05.

Sample Description
RNA

copies/mL
Mean RNA

Log1 0

Mean Log1 0
Variance*

22 SampleTanker 3,861
3.60

23

SampleTanker 4,060

4.04

SampleTanker 4,085

4.28

4.44

SampleTanker 14,640

3.19

24

SampleTanker 9,314

3.04

SampleTanker 9,249

25

SampleTanker 19,981
SampleTanker 19,816
SampleTanker 16,788

26

SampleTanker 21,757

27

SampleTanker 25,155
SampleTanker 37,087

1,275SampleTanker
SampleTanker
SampleTanker

SampleTanker
SampleTanker
SampleTanker

1,837
1,590

1,037
981

1,274

RNA Log10

3.59
3.61
3.61

4.17
3.97
3.97

4.30
4.30
4.23

4.34
4.40
4.57

3.11
3.26
3.20

3.02
2.99
3.11

0.01

0.09

0.03

0.09

0.05

0.05

Table 1: A. Standard Roche viral load for 9 randomly
selected specimens.  B. Bayer bDNA HIV-1 viral load
for 12 randomly selected specimens.

Sample Description
RNA

Copies/mL
RNA
Log1 0

1 Plasma 23,150 4.36
SampleTanker 7,879 3.90 0.46

2 Plasma 544,255 5.74
SampleTanker 231,247 5.36 0.38

3 Plasma 33,178 4.52
SampleTanker 20,364 4.31 0.21

4 Plasma 4,108 3.61
SampleTanker 2,493 3.40 0.21

5 Plasma 394,709 5.60
SampleTanker 106,412 5.03 0.57

6 Plasma 130,543 5.12
SampleTanker 54,631 4.74 0.38

7 Plasma 11,280 4.05
SampleTanker 6,530 3.81 0.24

8 Plasma 601,857 5.78
SampleTanker 397,276 5.60 0.18

9 Plasma 4,738 3.68
SampleTanker 1,155 3.06 0.62

Log1 0
Difference

*Overall Mean Variance between frozen plasma and SampleTanker = 0.36.

A.

*Overall Mean Variance between frozen plasma and SampleTanker = 0.51.

Sample Description
RNA

Copies/mL
RNA
Log1 0

10 Plasma 18,207 4.26
SampleTanker 4,880 3.69 0.57

11 Plasma 49,228 4.69
SampleTanker 16,555 4.22 0.47

12 Plasma <75 NA
SampleTanker <75 NA NA

13 Plasma <75 NA
SampleTanker <75 NA NA

14 Plasma <75 NA
SampleTanker <75 NA NA

15 Plasma 458,600 5.66
SampleTanker 224,340 5.35 0.31

16 Plasma 416 2.62
SampleTanker 101 2.00 0.62

17 Plasma 26,112 4.42
SampleTanker 7,860 3.90 0.52

18 Plasma 40,855 4.61
SampleTanker 12,053 4.08 0.53

19 Plasma 2,081 3.32
SampleTanker 376 2.58 0.74

Log1 0
Difference

20 Plasma 225,361 5.35
SampleTanker 88,648 4.95 0.40

21 Plasma 32,481 4.51
SampleTanker 11,191 4.05 0.46

B.


