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ABSTRACT

Dried blood spot specimens on filter paper were evaluated to determine the viral load of the human immunodeficiency
virus type 1 (HIV-1), through the Cobas®Ampliprep/Cobas®Tagman® HIV-1 test. RNA levels were quantified in
pairs of plasma and dry blood spot specimens on filter paper from persons infected with HIV-1. The Pearson linear
correlation coefficient was calculated as well as the agreement by the Bland-Altman method. Studies on precision,
linearity and analytical sensitivity of the assay were also carried out. The linear regression model was used to predict
the value of the viral load in the plasma. There was a high correlation in viral load measurements in the plasma and
dried blood spot specimens, in 39 out of the 43 sample pairs studied (r = 0.964, p < 0.0001). Detection rate was
90.7 % and the test behaved linearly between 134 and 420 000 copies/mL of viral RNA, showing good precision. No
statistically significant differences were observed between the means of the true and predicted values of viral load in
the plasma, with a 95 % confidence level. These results support the use of dried blood spots on filter paper for viral
load determination with the Cobas®Ampliprep/Cobas®Tagman® HIV-1 Test. Authors recommend the validation of
the model proposed with a larger number of samples.

Keywords: HIV-1, RNA, viral load, dried blood spots, CAP/CTM HIV-1 Test

Biotecnologia Aplicada 2014;31:146-149

RESUMEN

Determinacion de la carga viral del VIH-1 en muestras de sangre seca en papel de filtro. Para la determinacion
de la carga viral del virus de la inmunodeficiencia humana tipo 1 (HIV-1), se evaluaron muestras de sangre seca en papel
de filtro, mediante la prueba Cobas® Ampliprep/Cobas®Tagman® HIV-1. Se cuantificé el ARN en pares de muestras
plasma-sangre seca en papel de filtro, provenientes de personas infectadas con el HIV-1. Se calculé el coeficiente de
correlacion lineal de Pearson y la concordancia mediante el método de Bland y Altman. Se estudiaron la precisiény la
linealidad, y se determiné la sensibilidad analitica del ensayo. El modelo producto de la regresién lineal se utilizé para
pronosticar el valor de la carga viral en el plasma. Hubo una elevada correlacién entre las mediciones de la carga viral
en el plasmay la sangre seca en papel de filtro, en 39 de los 43 pares de muestras estudiados (r = 0.964, p < 0.0001).
La tasa de deteccién fue del 90.7 %. Se aprecié un comportamiento lineal entre 134 y 420 000 copies/mL de ARN
viral, con precisién satisfactoria. Se demostré que no existen diferencias estadisticamente significativas entre las
medias de los valores de carga viral pronosticados y reales en el plasma, mediante un nivel de confianza del 95 %.
Tales resultados apoyan el empleo de muestras de sangre seca en papel de filtro, para la determinacion de la carga
viral del HIV, mediante la prueba Cobas®Ampliprep/Cobas® Tagman® HIV-1. Se recomienda validar el modelo

propuesto con un nUmero mds amplio de muestras.
Palabras clave: VIH-1, ARN, carga viral, sangre seca en papel de filtro, CAP/CTM HIV-1 Test

Introduction

The quantitative determination of RNA or viral load
(VL) of human immunodeficiency virus type 1 (HIV-1)
in the plasma, is an essential tool to assess the risk
of the progress of the infection toward the acquired
immunodeficiency syndrome (AIDS), and the effec-
tiveness of the anti-retroviral therapy in patients [1].
Commercial assays available today to determine
VL are the outcome of advances in research, mainly
focused on increasing the sensitivity, precision,
dynamic ranges and identification of the genetic
variants of a virus characterized by its high mutation
rate [2, 3]. These trials operate on technologies such as
real time polymerase chain reaction (RT-PCR), which

has enabled the automation of the systems, reducing
human error and increasing working efficiency [4].

Although the ideal specimen for VL quantification
of HIV-1 is the plasma, certain researchers have
tested dried blood spots specimens (DBS) on filter
paper using different commercial kits or standardized
laboratory methods, because of its economic and
technical advantages. DBS has shown its usefulness,
above all in locations lacking the costly infrastructure
used for regular trials [5-9].

In Cuba, as part of the decentralized medical
care medical care of people living with HIV/AIDS,
several laboratories have been set up to facilitate the
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patients’ access to VL determinations. A test from
Roche Molecular Systems, which has been validated
for human plasma specimens, is used for this purpose.
However, specimen processing and transportation
for the assay is hindered in rural and mountainous
areas.

This test has not been well assessed with DBS,
but this sample type has advantages that makes it
attractive. They include its stability, in spite of high
temperature, and ease of transportation, by which
specimens can even be sent through the postal system.
Therefore, we decided to evaluate DBS with the
Cobas®Ampliprep/Cobas® Tagman® HIV-1 test, ver-
sion 2.0 (Roche Molecular Systems, Inc., New Jersey,
USA), as an alternative to simplify specimen pro-
cessing and transfer for VL determination in special-
ized laboratories.

Materials and methods

Ethics

Procedures followed the ethical standards of the
Ministry of Public Health (MINSAP), and of the
Ministry of Science, Technology and Environment
(CITMA), of the Republic of Cuba, which take into
account the principles of the Helsinki Declaration
for medical research in humans [10]. An informed
consent was obtained from each patient participating
in the study before taking the blood sample, and their
identity remained confidential.

Patients and specimens, blood processing,
HIV-1 RNA quantification

Forty-three specimens of total blood were obtained
from persons infected with HIV-1, using ethylene-
diamine-tetra acetic acid (EDTA) as the anticoagulant,
to study the correlation between VL in the plasma and
in the DBS. The samples were taken regardless of the
infective genetic variant of the subjects in the study
and whether or not they were under anti-retroviral
treatment. Drops of 50 pL of blood were applied on
cards of filter paper 903 (Whatman, Madstone, United
Kingdom), which had been labeled to identify each
patient. The remaining blood plasma was separated by
centrifugation at 1600 x g for 20 min, in a centrifuge
model 3K15 (Sigma, USA); it was dispensed in aliquots
of 1.5 mL in sterile polypropylene test tubes and
frozen at -15 °C. The cards with the blood spots were
left to dry at room temperature (approximately 24 °C)
for 16 to 18 h. They were later placed in individual
plastic bags containing desiccants and stored at
2-8 °C until their analysis. Both the plasma and the
DBS cards were preserved until they were used.

To evaluate linearity, precision and the sensitivity
of the trial with DBS we also obtained total blood,
using EDTA as the anti-coagulant, from a patient with
a plasma VL of 4.2 x 10° copies/mL. Serial dilutions
were prepared on a basis of 5, from 1:5 to 1:15 625,
for which O negative blood (O-) from a donor who
was seronegative to HIV, as well as to the Hepatitis C
and Hepatitis B viruses, was used as a diluent. The
product of each dilution was applied in drops of 50 uL
on filter paper cards, and the same procedure described
above was used for drying and preservation. Linearity
was assessed by three trials. The VL was quantified in
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the pure DBS specimen and in the six serial dilutions
prepared from it. Three replicates of all concentrations
used were tested, and the trials were performed on
different days, so that the results could be used to
analyze precision and determine sensitivity.

For DBS specimen processing two spots were cut
(equivalent to 100 pL), from the filter paper card, and
they were then cut again into smaller fragments and
placed in a sterile polypropylene test tube. A total of
1.2 mL of the regulating solution Tris-EDTA (Tris-
HCI1 1.0 mol/L, pH 8.0; EDTA 0.1 mol/L) were added
for blood elution for 2 h, at 2-8 °C. Later, 1 mL was
recovered from the content of the test tube, for its
analysis.

The Cobas®Ampliprep/Cobas®Taqman® HIV-1
Test, version 2.0 (Roche Molecular Systems, Inc., New
Jersey, USA) was used according to the manufacturer’s
indications. The only change was the use of a sample of
DBS by the described procedure. This test, targeted on
the gag and LTR regions of the genome of the HIV-1, for
its amplification and detection, and having a sensitivity
of 20 copies/mL, was carried out on the platform for the
real time PCR Cobas® Ampliprep/Cobas® Tagman®
48 (CAP/CTM 48) (Roche Molecular Systems, Inc.,
New Jersey, USA), and all operations were performed
from the data station of the device, using the Amplilink,
version 3.2 program.

Statistical processing and interpretation
of results

The values of VL are transformed to log,  for the calcu-
lations. With the values of VL, we analyzed the regre-
ssion in the plasma-DBS pairs using the InfoStat,
version 1.1 statistical program (Cordoba, Argentina).
The model from the regression analysis obtained
was used to predict the VL in the plasma through the
result given by the DBS. The values of the VL of the
DBS specimens were thereby interpolated in the x
axis, and the resulting values from the y axis were the
values predicted from the VL of the plasma in these
same samples. The means of the true and predicted
values of VL were compared by a Student's t test
for independent samples, with the Statgraphics Plus
softwarefor Windows, version 5.1 (Maryland, USA).

The correlation between the results of both types
of samples was evaluated through the Pearson linear
coefficient of correlation, and for their agreement the
Bland-Altman method was used [11]. Before this, the
Shapiro-Wilk test was carried out, with the statistical
package R, version 3.0.1 (Statistics Department of the
University of Kentucky, USA) to know if the differ-
ences between the values of the VL in the plasma-
DBS pairs followed a normal distribution.

Finally, the regression in the linearity study was
analyzed, and the coefficients of variation were cal-
culated to evaluate the intra- and inter-assay precision.

Results and discussion

The values of RNA in the plasma of the 43 specimens
studied were in the range of 40 to 2450 000 copies/mL,
with a mean of 10 000 copies/mL. No RNA was de-
tected in four specimens of DBS, for a total detection
rate of 90.7 % (Table 1). The VL in the 39 samples of
DBS with detected RNA averaged 2250 copies/mL and
ranged from 40 to 155 000 copies/mL. The VL in the
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plasma of four samples, where the RNA was not detected
in the DBS, was in the range of 40 to 216 copies/mL.
The viral RNA was quantified in 63.6 % of the spe-
cimens showing levels of VL in the plasma lower than
1000 copies/mL, when using DBS. This effect on the
sensitivity of the DBS specimen when viral levels are
low has also been found in other VL quantification tests
[12-14]. Nonetheless, although the virologic success of
the antiretroviral therapy is measured by the VL reach-
ing undetectable levels, in clinical practice it is normal
to make decisions when the levels of viral RNA surpass
1000 copies/mL. Therefore, under our conditions, the
ineffectiveness of RNA quantification in 36.4 % of
the DBS specimens with less than 1000 copies/mL is
irrelevant for the follow-up of these patients.

In the 39 pairs of samples where RNA was detected,
we obtained a high correlation of the VL (r = 0.964,
p < 0.0001) (Figure 1), as reported by other groups
[15-18].

The average difference between the values of
the VL obtained for both types of samples was of
1.07 log,, copies/mL. Differences of 0.53 log,, have
been reported between the results of the researchers
using platforms and assays that are similar to this study
[17]. In another study there was an average difference
of 1.0log, ,, by using the Cobas® TagMan® instrument
and with an extraction procedure that differed from
ours [14]. According to the Bland-Altman model, the
agreement limits were 0.378 (0.178-0.577) and 1.771
(1.571-1.969) log,, copies/mL (mean = 1.96 times
the standard deviation), respectively, and 94.8 %
of the values were in that range. This showed a high
agreement between the values of the VL for both types
of samples (Figure 2).

The regression analysis in the linearity evaluation
with the sample of DBS, in the three assays, showed
regression values that were very close to 1, with an
average of 0.98. This value is very similar to that
reported by the manufacturer of the test for the plasma
specimen (0.989). The detection of RNA in DBS was
linear within a wide dynamic range of 134-420 000
(2.1-5.6 log, ) copies/mL. The lower limit of detection
(LLD) in this study was less than the LLD found by
other researchers in similar studies [19-21].

Since the input volume and the type of sample
influence the sensitivity of these tests, and in this study
we are testing a different type of sample and a volume
lower than that recommended by the manufacturer, the
challenge is to know when a result with DBS should
be considered cautiously. This depends on a possible
contradiction with other factors and parameters ana-
lyzed in the patient in this study. Probably, in specific
cases, it may be necessary and advisable to analyze the
VL in the plasma.

Atthe sametime, the levels of VL that would indicate
when important therapeutic decisions must be made,
such as the start of the treatment and a change in the
therapeutic regime, the latter being generally necessary
because of the virological failure, are quantified here
using DBS, since the dynamic range shown by the
test with this type of sample is able to cover it. The
levels of VL leading to these decisions are when
viral load is higher than 40 000 or 50 000 copies/mL,
or when the CD4 count is less than 350 cells/mm?,
according to the Cuban standards for comprehensive
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Table 1. Detection rate of HIV-1 RNA in dried blood spots on filter paper

Plasma viral load

Detection rate

(log,, copies/mL) Samples Positive samples (%)
2-2.99 11 7 63.6
3-3.99 6 6 100
4-4.99 12 12 100
>5 14 14 100
Total 43 39 90.7
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Figure 1. Analysis of the correlation between the viral load (VL)
obtained from plasma specimens and dried blood spots (DBS) of
patients with the human immunodeficiency virus type 1 (HIV-1).
Pearson’s correlation coefficient: r = 0.964 (p < 0.0001).

medical care for persons living with HIV/AIDS. Sev-
eral studies have demonstrated that the use of DBS
is reliable for quantifying levels of viremia that char-
acterize these infection stages [12, 14, 19]. Moreover,
it is known that the VL is not the only parameter eval-
uated by specialized clinical physicians when design-
ing therapeutic strategies.

The volume of DBS used to quantify the VL has been
variable [22]. Some authors using a volume similar
to that of this study obtained results showing less
sensitivity [20, 21]. One explanation for this could be
that the tests used (Abbott Real Time, NucliSENSEasy
Q HIV-1 and CAP/CTM HIV-1 Test; from several
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Figure 2. Analysis of the agreement between the values of viral
load (VL) of the plasma and dried blood spots (DBS), according
to the Bland-Altman method: The continuous line represents
the mean difference, and the dotted lines are the upper and
lower intervals of 1.96 times the standard deviation.

Biotecnologia Aplicada 2014; Vol.31, No.2

11.Bland JM, Altman DG. Statistical
methods for assessing agreement between
two methods of clinical measurement.
Lancet. 1986;1(8476):307-10.

12.Johannessen A, Garrido C, Zahonero
N, Sandvik L, Naman E, Kivuyo SL, et al.
Dried blood spots perform well in viral
load monitoring of patients who receive
antiretroviral treatment in rural Tanzania.
Clin Infect Dis. 2009;49(6):976-81.

13. Marconi A, Balestrieri M, Comastri G,
Pulvirenti FR, Gennari W, Tagliazucchi S,
et al. Evaluation of the Abbott Real-Time
HIV-1 quantitative assay with dried blood
spot specimens. Clin Microbiol Infect.
2009;15(1):93-7.



Nancy M Ruiz et al.

HIV-1 viral load on dried blood spot specimens

companies) do not focus on the same region of the
genome for the analysis; they differ in the amplification
principle, in the lower detection limit, and in the
reagents and methodologies used for the lysis [2].

Table 2 shows the results of the intra- and inter-assay
precision tests. The coefficients of variation obtained,
which were less than 10 %, indicate that the precision of
thetest withthe DBS sample was satisfactory. However,
in the concentrations of 2.8 log, and 2.1 log  some of
the values are higher than 10 %; and although it has
been stated that high coefficients of variation, of over
20-30 %, are considered acceptable for crude data [23],
the effect may be largely due to incorrect handling,
rather than the type of specimen.

Thelinearregressionanalysisinthe correlationstudy
resulted in the following equation: y = 1.18 x + 0.47.
This was used as described in the Materials and Meth-
ods section. The results of the comparison between
the true and predicted values of the VL, in the plasma
of the samples studied, are shown in figure 3. It was
demonstrated that there is no significant statistical
difference between the means of both values, for a con-
fidence level of 95 %. Therefore, this way of cal-
culating the value of the viral load of HIV-1 in the
plasma of infected persons, could be effective if we
consider that the model should be validated with a
larger number of samples.

Conclusions

Satisfactory results were obtained in this studyafter
quantifying the RNA from the HIV-1 through DBS spec-
imens with the Cobas® Ampliprep/Cobas® Tagman®
HIV-1 test, version 2.0 (Roche Molecular Systems,
Inc., New Jersey, USA), endorsing its use. Although
the universe of the study was not sufficiently large,
these results are encouraging, due to the possibilities of
the use of this type of specimen as a valid alternative.
This may be beneficial for persons living with HIV/
AIDS who have to come from Cuban areas located far
from the laboratories for the analyses of their viral load.
It is also useful for those people living in areas where
the conditions are inappropriate for blood processing,
plasma storage and its refrigerated transportation.
After validating the model for the prediction of the
VL in the plasma through the use of DBS, it may be

Table 2.Results of the intra-and inter-assay precision studies

Nominal concentration of

Intra-assay precision

Inter-assay precision

HIV-1 RNA in plasma (CV; %) (CV; %)
(log,, copies/mL)® Assay 1 Assay 2 Assay 3
5.6 2.40 1.30 1.10 1.70
49 0.90 2.30 2.00 0.90
42 3.00 2.50 1.60 0.46
35 3.30 4.80 4.30 2.00
2.8 8.40 8.03 27.70 10.20
2.1 9.20 15.30 16.70 7.30

°The nominal concentration 1.4 of the HIV-1 RNA in plasma was also tested, but its viral load was undetectable

in dried blood spots on filter paper. Therefore, its coefficient of variation (CV) was not calculated.
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Figure 3. Comparison of the means per t test between the
true and predicted values of viral load (VL) of the human im-
munodeficiency virus type 1 (HIV-1) in the plasma: the 95 %
confidence interval (Cl 95 %) for the mean of the true VL:
4.43462 +0.377713 (4.0569; 4.81233). Cl 95 % for the mean
of the predicted VL: 4.46283 + 0.370786 (4.09204; 4.83361).
The cross represents the median of the data distribution.

possible to recommend the utilization of this type of
sample in a reliable manner.
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