








were below 3.5 to 4.0 log10 copies/ml. This observation suggests
that the presence of proviral DNA can influence the viral load
results, especially in samples with low viral loads. Therefore,
we stratified the samples into two groups according to viral
loads in plasma: one group consisted of 12 patient samples with
plasma viral loads below 3.70 log10 copies/ml, and the second
group consisted of 27 samples with plasma viral loads above
3.70 log10 copies/ml (Fig. 4). We found that the viral loads
obtained from DBS prepared from patient samples with viral
loads of �3.70 log10 copies/ml and extracted with the Abbott
sample preparation system were slightly overestimated (me-

dian difference between plasma and DBS � �0.38 log10 cop-
ies/ml; P � 0.084) and had, as a consequence, a statistical
difference between viral loads measured in DBS and in DPS
(P � 0.025). Similarly, quantification from DBS samples ex-
tracted with the Nuclisens manual extraction kit was signifi-
cantly overestimated compared to that from plasma, with a
median difference of �0.49 log10 copies/ml (P � 0.005). On
the other hand, for samples with plasma viral loads of �3.70
log10 copies/ml, a slight but significant underestimation (me-
dian difference � 0.28 log10 copies/ml; P � 0.002) was ob-
served between DBS and plasma after extraction with the

FIG. 1. HIV-1 viral loads in patient samples (n � 47) of plasma and DPS after RNA extractions with a QIAamp viral RNA mini kit (Qiagen), the
Abbott sample preparation system, or a Nuclisens manual extraction kit (bioMérieux). (A) Comparison of median viral loads from DPS with those in
matched plasma samples. The gray squares represent medians, the boxes represent interquartile ranges, the whiskers represent lower and upper adjacent
values, and the black dots represent outside values. (B) Comparison of viral loads in DPS and corresponding plasmas, only for samples with detectable
viral loads, after RNA extraction with Qiagen (gray rhombuses), Abbott (black squares), and bioMérieux (white triangles) extraction kits. Viral loads are
expressed as log10 copies/ml. P values were calculated by the Wilcoxon test by comparing liquid plasma and spots.
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Nuclisens manual extraction kit, similar to what was previ-
ously observed for extraction with the Abbott sample prep-
aration system.

Effect of storage conditions on HIV-1 quantification and
PCR amplification with DPS. The conservation of viral RNA is

another major crucial step for the successful use of dried spots.
Two storage conditions of DPS prepared from the three dif-
ferent dilutions of spiked plasma samples, namely, 20°C in a
dry atmosphere and 37°C in a humid atmosphere, were tested
for conservation for up to 3 months for RNA quantification
(Fig. 5) and PCR amplification (Table 5). Samples were tested
in duplicate.

HIV-1 RNA quantification with DPS over time was compa-
rable to initial plasma viral loads when spots were stored at
20°C for 2 months and, to a lesser extent, until 3 months.
Median differences, in log10 copies/ml, between plasma and
DPS for the three dilutions over time were 0.71 (range, 0.1 to
1.04) and 0.36 (range, 0.1 to 1.41) after extractions with the
Abbott sample preparation system and the Nuclisens manual
extraction kit, respectively, and are thus similar to the differ-
ences observed at time zero for the different dilutions (Table
2). The most important differences were observed for the low-
est viral loads. Importantly, the capacity to amplify the RT and
PR fragments was not reproducible after 1 week of conserva-
tion for the sample with the lowest viral load and decreased
significantly after 1 month of conservation for the two other
dilutions, in particular for the longest PCR fragment (RT). At
37°C, viral load measurements from DPS started to decrease
after 1 month of conservation for both extraction kits. This
trend was confirmed by the results after 2 months of conser-
vation; the lowest dilution could not be quantified any more,
and median differences compared with plasma viral loads de-
creased, with 1.48 and 1.21 log10 copies/ml after extraction with
the Abbott sample preparation system and 1.15 and 1.23 log10

copies/ml after extraction with the Nuclisens manual extraction
kit for the two other dilutions. The capacity to amplify RT

FIG. 2. Bland-Altman analysis of HIV-1 viral loads in patient sam-
ples (n � 47) of plasma versus DPS after RNA extraction with a
QIAamp viral RNA mini kit (Qiagen) (A), the Abbott sample prepa-
ration system (B), and a Nuclisens manual extraction kit (bioMérieux)
(C). Horizontal black lines represent the mean difference, and dotted
lines show the standard deviation.

TABLE 4. Amplification of RT region of the HIV-1 pol gene after
RNA extraction of plasmas and DPS obtained from 20 patients

Viral load
in plasma

(log10 copies/ml)

RT region amplificationa

Plasma

DPS extracted
by QIAamp
viral RNA

mini kit
(Qiagen)

DPS extracted
by Abbott

sample
preparation

system

DPS extracted
by Nuclisens

manual
extraction kit
(bioMérieux)

3.14 � � � �
3.19 � � � �
3.42 � � � �
3.56 � � � �
3.59 � � � �
3.70 � � � �
3.88 � � � �
4.00 � � � �
4.07 � � � �
4.08 � � � �
4.10 � � � �
4.23 � � � �
4.59 � � � �
4.65 � � � �
4.65 � � � �
4.86 � � � �
5.08 � � � �
5.78 � � � �
5.79 � � � �
6.03 � � � �

a �, amplification; �, no amplification.
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fragments from DPS decreased rapidly after 1 week of storage
at 37°C.

DISCUSSION

In this study, we showed that the choice of the method used
to recover viral RNA from DPS or DBS is critical for viral load
measurement and PCR amplification. We also showed the
limits of DBS versus DPS for viral load measurements and the
difficulties of DPS storage over time under extreme environ-
mental conditions.

Efficiency of viral RNA recovery from DPS. First of all, we
evaluated the impact of RNA extraction methods on the effi-
ciency of HIV-1 RNA recovery. In contrast to previous studies,
which generally report on a single commercial HIV viral load
assay or compare two viral load assays, we assessed the role of
the extraction step in subsequent HIV-1 RNA measurements
by using the same HIV viral load assay after each different
extraction method. For DPS prepared from spiked plasma
samples, we observed a strong decline in HIV-1 RNA recovery
after extractions with the QIAamp viral RNA mini kit (Qiagen)

and the High Pure viral nucleic acid kit (Roche) but not after
extractions with the Abbott sample preparation system or the
Nuclisens manual extraction kit (bioMérieux). Moreover, the
results for viral load were concordant with the PCR amplifi-
cation results. Previous studies using Nuclisens commercial
viral load assays (nucleic acid sequence-based amplification
technology) (1, 3, 15) also reported a good correlation between
plasma and DPS or DBS. However, in a previous report on the
use of the Amplicor HIV-1 Monitor 1.5 assay (Roche) (2) with
DPS, a relatively important decrease in viral load was observed
compared to the results for plasma. This observation, in agree-
ment with our results, suggests that this could be related to the
extraction method. Studies have reported the use of QIAamp
viral RNA extraction kits for genotypic drug resistance testing
(12, 19), but never for viral load measurements, with DPS/
DBS. However, in these studies, the incubation of the spots
was performed in a special buffer before the lysis step with the
buffer from the kit to improve the quality of the extracted RNA
and subsequent amplification results. The compositions of the
lysis buffers in the various extraction kits could explain the
differences observed in RNA recovery from DPS. The most

FIG. 3. HIV-1 viral loads in patient samples (n � 39) of plasma versus DPS (black) and DBS (gray). HIV-1 RNA was measured in DPS and
DBS with detectable viral loads after RNA extraction with the Abbott sample preparation system (A) and a Nuclisens manual extraction kit from
bioMérieux (B) and then related to viral loads in plasma. Black vertical lines indicate 3.70 log10 copies/ml in liquid plasma. Bland-Altman analysis
was performed for spots after RNA extraction with the RNA extraction kits of Abbott (C) and bioMérieux (D). Horizontal lines represent the
mean difference, and dotted lines show the standard deviation (in black for DPS and in gray for DBS).
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important loss in RNA recovery was obtained after extraction
using the Qiagen and Roche kits, which use column extraction-
based techniques.

The assays of 47 patient samples confirmed our initial ob-
servations with spiked DPS for the QIAamp viral RNA mini
kit (median difference of 2.06 log10 copies/ml) and allowed a
better comparison between the performances of the Abbott
and bioMérieux methods. Viral load measurement from DPS
after extraction by the Abbott sample preparation system
showed a slight underestimation, with a median difference of
0.35 log10 copies/ml. In contrast, the viral load quantifications
in DPS extracted by the Nuclisens manual extraction kit were
comparable to those in plasma, and the differences between
plasma and DPS were uniformly distributed around 0, with the
lowest median difference of �0.03 log10 copies/ml. Only one
study reported the use of the Abbott sample preparation sys-
tem until now (C. Garrido, N. Zahonero, V. Soriano, and C.
De Mendoza, CROI poster 926, Boston, MA, 2008) and com-

pared the bioMérieux (Nuclisens Easy HIV-1) and Abbott
(RealTime HIV-1) commercial assays for viral load quantifi-
cation. For both techniques, a good correlation was observed
between DPS and fresh plasma, but the highest correlation was
seen using the bioMérieux assay, which is thus comparable to
our results and is thus most likely due to the extraction method
used.

In our study, the same trend between the two methods was
also observed for PCR amplification. The lower limits for PCR
amplification were 3 log10 copies/ml and 4 log10 copies/ml after
extractions with the Nuclisens manual extraction kit and the
Abbott sample preparation system, respectively. These detec-
tion limits are concordant with other published studies using
Nuclisens (bioMérieux) and modified Qiagen extraction (6, 14,
16, 17, 19).

Whole blood versus plasma spots for measurement of HIV-1
viral load. Because under field conditions DBS are easier to
prepare than DPS and can be collected by a simple finger prick

FIG. 4. HIV-1 viral loads (log10 copies/ml) in DPS and DBS after RNA extraction with the Abbott sample preparation system or a Nuclisens
manual extraction kit from bioMérieux for patient samples stratified according to plasma viral load. (A) Viral loads in plasma of �3.70 log10
copies/ml. (B) Viral loads in plasma of �3.70 log10 copies/ml. P values are calculated by the Wilcoxon test by comparing liquid plasma and spots.
The gray squares represent medians, the boxes represent interquartile ranges, the whiskers represent lower and upper adjacent values, and the
black dots represent outside values.

1114 MONLEAU ET AL. J. CLIN. MICROBIOL.

 on January 18, 2021 by guest
http://jcm

.asm
.org/

D
ow

nloaded from
 

http://jcm.asm.org/


and spotted directly onto filter paper, we also compared viral
load measurements from DBS and DPS with those from plas-
mas obtained from 39 HIV-1-seropositive patients. Pooling all
the results together, HIV-1 viral loads from DBS were not
dramatically different from the plasma viral loads. However, a
more detailed analysis, taking into account the plasma viral
loads, showed a low concordance between DBS and plasma
when viral loads were below 5,000 copies/ml. Only few studies
have compared viral load measurements from DBS and DPS
(1, 15, 23). For 300 DBS samples from patients on ART in
Uganda (23), a large number of false-positive results was re-
ported when viral loads were low. Our results confirm these

observations, and we interpret this difference as probably re-
lated to the presence of proviral DNA, leading to an overes-
timation compared to the plasma viral load.

Storage of DPS. The facility to prepare, transport, and store
dried spots is the major advantage of this sample support.
Different studies have shown that dried spots can be kept for
long periods when refrigerated or frozen in hermetic bags with
desiccant, such as 1 year at 4°C (25) and 4 years at �20°C (17)
for genotypic drug resistance testing and at least 15 days at 4°C
(1, 11) and 1 year at �70°C (10) for RNA quantification. These
data are important but are only applicable to reference labo-
ratories where the infrastructure for long-term storage is avail-

FIG. 5. HIV-1 viral loads over time and under different storage conditions, evaluated from DPS (duplicate mean) prepared from spiked plasma
samples with 3.30 (red), 4.31 (blue), and 5.32 (gray) log10 copies/ml and after RNA extraction with the Abbott sample preparation system (squares)
and a Nuclisens manual extraction kit (bioMérieux) (triangles). (A) Storage conditions of 20°C and a dry atmosphere. (B) Storage conditions of
37°C and a humid atmosphere.
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able. However, for application in the field, the limits of DBS or
DPS storage under more extreme conditions are also impor-
tant to know. It was reported in some studies that RNA quan-
tifications from DPS and DBS were still possible after 7 to 15
days at 37°C (1, 11, 15) and after 3 weeks to 1 year at room
temperature (10, 23). Results were also reported from DBS for
PCR amplification for genotypic drug resistance testing for up
to 3 months at 37°C (6) and 5 months at room temperature
(26) but were not possible anymore after 5 years at room
temperature (17). In resource-poor settings, the time between
collection and shipment of dried spots could be several weeks
or months, and conservation conditions in the field can vary
between different geographical areas, but also in the same
setting according to the seasons. In our study, the periods were
chosen because under programmatic conditions in some low-
income countries, most ART centers are expected to benefit
from at least one supervision visit per quarter or should be able
to ship the samples to a central laboratory with adequate
equipment at one of the proposed periods. Plasma viral loads
for a limited number of samples were stable for up to 2 months
when samples were stored at 20°C and declined slightly after 3
months. However, at 37°C, viral loads remained stable for only
1 month. Importantly, for PCR amplification, a more rapid
decline in PCR efficiency was seen: DPS could be stored for 1
week only at 37°C and for 1 month at 20°C. Differences in
results for viral load measurement and PCR as a function of
conservation conditions could be related to the different sizes
of the amplified fragments in both assays. Our results, espe-
cially those for PCR amplification, are somewhat lower than
some previously reported, but the storage conditions may not
have been completely identical. In our study, only a limited
number of samples were analyzed, and these preliminary re-
sults need to be confirmed with a larger number of patient
samples.

In conclusion, our study shows that the RNA extraction
method from DPS or DBS is an important factor in obtaining
reliable viral load and PCR amplification results for HIV-1.
DBS and DPS give comparable results when viral loads are
above 3.70 log10 copies/ml. We identified two extraction meth-
ods with relatively good performances, with the Nuclisens
manual extraction kit (bioMérieux) being more accurate and
having a better sensitivity than the Abbott sample preparation
system. However, depending on the field conditions and the
equipment available for viral load measurements, each labo-
ratory should evaluate the advantages and limits of the meth-
ods they choose as a function of other factors, such as the
prices of the tests and the performance of the subsequent viral
load assay in detecting circulating HIV-1 variants. DBS could
be used as an alternative for DPS if higher HIV RNA cutoffs
for virological failure are set, for example, 10,000 versus 1,000
copies/ml, as recommended by WHO in an ART strategy for
low-income countries (24). It is important that our study and
previous reports compare viral loads in DBS obtained after
venipuncture, and these results cannot readily be extrapolated
to viral loads in whole blood after a single finger prick. De-
pending on the storage conditions, the viral load measure-
ments remain stable for a longer time than PCR amplification
results, and long-term storage at 37°C in a humid atmosphere
must not be advised. Recommendations could be to collect
dried spots, store them at ambient temperature with a desic-

cant, and ship spots rapidly to a laboratory where they could be
stored at �4°C or �20°C. Additional studies of on-site storage
conditions, transport under various conditions, and subsequent
storage at the reference laboratory are needed to determine
the stability over time for viral load and genotypic drug resis-
tance testing.
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