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Dried blood spots (DBS) on filter paper facilitate the collection, transport, and storage of blood samples for
laboratory use. A rapid and simple DNA extraction procedure from DBS was developed and evaluated for the
diagnosis of human immunodeficiency virus type 1 (HIV-1) infection in children by an in-house nested-PCR
assay on three genome regions and by the Amplicor HIV-1 DNA prototype assay version 1.5 (Roche Molecular
Systems). A total of 150 samples from children born to HIV-1-infected mothers were collected in Kigali,
Rwanda, in parallel as DBS and as peripheral blood mononuclear cell (PBMC) pellets. The results obtained
on DBS by the two PCR assays were compared to the results of nested PCR on PBMCs. Of 150 PBMC samples,
10 were positive, 117 were negative, and 23 were indeterminate for HIV-1 infection. In DNA extracted from filter
papers and amplified by using the in-house nested PCR, 9 of these 10 positive samples (90%) were found to be
positive, and 1 was found to be indeterminate (only the pol region could be amplified). All of the negative
samples and all of the 23 indeterminate samples tested negative for HIV-1 infection. When we used the
Amplicor DNA test on DBS, all of the 10 PBMC-positive samples were found to be positive and all of the 23
indeterminate samples were found to be negative. Of the PBMC-negative samples, 115 were found to be
negative and 2 were found to be indeterminate. We conclude that this simple rapid DNA extraction method on
DBS in combination with both detection methods gave a reliable molecular diagnosis of HIV-1 infection in
children born to HIV-infected mothers.

Vertical transmission of human immunodeficiency virus type
1 (HIV-1) leads to a high level of infant mortality, especially
during the first 2 years of life (19). It is therefore necessary to
make an early diagnosis of HIV-1 infection in newborns to
initiate therapy of infected infants as early as possible. Sero-
logical tests are not useful, since maternal antibodies can be
present in children until the age of 18 months (17). Virologic
tests such as virus cultures (14) and RNA (20) or DNA PCRs
result in an earlier diagnosis. However, virus cultures are time-
consuming, require a biosecurity laboratory, and have a poor
sensitivity, and data regarding HIV RNA PCR sensitivity are
limited. P24 antigen detection is an alternative method to
detect the presence of the virus, but the sensitivity is still lower
than that of PCR (15).

For these reasons, amplification of the integrated viral ge-
nome by PCR has been the preferred method for the diagnosis
of HIV infection in children for many years (11). However, this
method requires venipuncture in newborns for blood sampling
and preparation of lymphocyte pellets, both of which are dif-
ficult to perform, particularly in developing country settings.

Dried blood spot (DBS) samples are an interesting alterna-

tive for lymphocyte pellets since only a few droplets of blood
are required and can be directly collected on a filter paper.
Storage and shipment of filter papers is easy since they can be
kept at room temperature and DNA has a good stability in
dried samples. Finally, DBS have been used for the detection
of HIV-1 genome by PCR since 1991 (3–5) with good sensi-
tivity and specificity.

However, previous studies on DNA detection in DBS often
applied labor-intensive protocols with multiple extraction steps
(6, 7, 9, 16) that cannot easily be performed in the field. A
recent study used the DBS directly as a template for PCR, with
a sensitivity of 95.4% (2). The extraction steps were therefore
simplified, but a commercial washing buffer was still needed.
More importantly, only one region of the pol gene was ampli-
fied.

We present here part of a study on vertical transmission of
HIV-1 infection in Kigali, Rwanda. Our goals were (i) to de-
velop an easy and rapid method to extract DNA from DBS and
(ii) to compare two PCR assays: an in-house nested PCR and
Amplicor DNA prototype assay version 1.5, which has already
been shown to be sensitive in detecting HIV-1 DNA in whole
blood in EDTA and in cell pellets (13).

MATERIALS AND METHODS

A total of 150 blood samples were obtained from 139 children born to HIV-
1-seropositive mothers in Kigali, Rwanda. Samples were collected as whole blood
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on EDTA and as DBS when the children were between 2 and 26 months old. The
age distribution of the samples was as following: 71 samples were collected when
the children were less than 4 months old, 44 samples were collected when the
children were between 5 and 12 months old; and 35 samples were collected when
the children were between 13 and 26 months old.

From July 2002, patient follow-up was more efficient, and 11 children could be
sampled twice. Nine of these sample pairs were collected the first time at
between 2 and 4 months and the second time at between 6 and 8 months; samples
from one child were collected at 6 and at 11 months, and the last sample pair was
collected when the child was 14 and 18 months old.

Sample preparation. For each sample, four drops of ca. 50 �l of blood were
spotted on filter paper (Isocode Card; Schleicher & Schuell, Dassel, Germany)
by direct application from a heel stick. The DBS were dried at room tempera-
ture, stored in separated plastic bags, and shipped to the Retrovirology Labora-
tory in Luxembourg for processing.

Positive DBS controls were generated with ACH2 cells (which contain a single
integrated copy of HIV-1 HXB2 strain per cell), diluted in HIV-negative EDTA-
blood to yield 25, 50, 100, and 500 proviral copies per 50 �l, dropped onto filter
papers, and dried at room temperature. Negative DBS controls were obtained by
spotting ca. 50 �l of the same HIV-negative whole blood.

Peripheral blood mononuclear cells (PBMCs) were isolated from ca. 1 ml of
venous EDTA-blood by density gradient centrifugation (LymphoPrep; AXIS-
SHIELD Poc AS, Oslo, Norway), washed in phosphate-buffered saline, and
resuspended in 5 ml of medium (88% RPMI 1640, 10% heat-denatured fetal
bovine serum, 1% penicillin-streptomycin [10,000 U/ml and 10,000 �g/ml, re-
spectively], and 1% L-glutamine at 200 mM). The cell concentration was deter-
mined by cell counting in a Coulter ZF cell counter (Analis, Namur, Belgium).
PBMCs were then diluted in medium to a concentration of 106 cells/ml and spun
to obtain pellets of 106 cells. Pellets were stored at �80°C and shipped to
Luxembourg for processing.

Positive cell pellet controls were obtained by diluting ACH2 cells in the same
medium as the PBMCs to obtain 25 and 50 ACH2 cells in 106 uninfected MT4
cells to reproduce the situation in blood, in which most of the cells are unin-
fected. Negative cell pellet controls consisted in pellets of 106 MT4 cells.

DNA extractions. DNA extraction of PBMC pellets and of ACH2 control
pellets was performed with the QIAamp mini kit (Westburg, Leusden, The
Netherlands), according to the manufacturer’s instructions except for the elution,
which was performed in 100 �l of elution buffer instead of 200 �l. Samples were
immediately used for PCR or stored at �20°C.

For DNA extraction of the DBS, one spot of DBS or of positive or negative
DBS control was put into a 1.5-ml Eppendorf tube; the cap was used to detach
the spot to avoid cross-contamination. Spots were washed twice in 1 ml of
phosphate-buffered saline–0.1% Tween during 10 min at room temperature with
shaking. Spots were then transferred to 2-ml screw-caps tubes and 200 �l of
Chelex-100 resin (biotechnology grade; Bio-Rad, Nazareth, Belgium) diluted at
5% in H2O was added. Elution was carried out for 30 min at 60°C, followed by
boiling at 100°C for 30 min. The samples were then quick-spun to collect the
Chelex in the bottom of the tube, and the supernatant was immediately used for
PCR or stored at �20°C. After extraction, DNA from PBMC samples and DBS
were processed in the same way.

In-house nested PCR. A total of 10 �l of DNA solution extracted from PBMCs
or from DBS was used for nested PCR to amplify parts of the HIV-1 pol, gag, and
env genes.

(i) gag region. The primers were H1G777 and H1P202 (12) and the cycle
protocol on a Perkin-Elmer GeneAmp 9600 thermocycler was 2 min at 94°C and
35 cycles of 30 s at 94°C, 30 s at 50°C, and 90 s at 72°C, followed by 7 min at 72°C.
Then, 2 �l of outer PCR product was used for the inner PCR with the primers
H1gag1584 and G17 (12), and the cycle protocol was 1 cycle of 2 min at 94°C,
followed by 35 cycles of 30 s at 94°C, 30 s at 50°C, and 60 s at 72°C, and then 1
cycle of 7 min at 72°C.

(ii) env region. Primers ED5 and ED12 (8) were used for outer PCR, and
primers ES7 and ES8 (8) were used for nested PCR. The cycling conditions for
both reactions were as follows: 2 min at 94°C, followed by 3 cycles of 60 s each
at 94, 55, and 72°C; followed by 32 cycles of 15 s at 94°C, 45 s at 55°C, and 60 s
at 72°C, with final extension for 7 min at 72°C.

(iii) pol region. Primers A1 and A2 (11) were used, and the cycle protocol was
60 s at 94°C, followed by 35 cycles of 30 s at 94°C, 15 s at 50°C, and 45 s at 72°C,
with final extension for 10 min at 72°C. For nested PCR, the primers were A3 and
A4 (11), and the cycling conditions were 60 s at 94°C, followed by 25 cycles of 30 s
at 94°C, 15 s at 50°C, and 30 s at 72°C, with final extension for 10 min at 72°C.

(iv) Extraction and inhibition control. To test for the presence of PCR inhib-
itors, the human �-globin (HuBG) gene was amplified in a single PCR assay with

the primers PC03 and KM38 (18) under the same conditions as described above
for the outer pol fragment.

Nested-PCR products were visualized after electrophoresis on an ethidium
bromide-stained 2% agarose gel by transillumination at 250 nm. If the �-globin
fragment was not present, the sample result was scored as indeterminate for
HIV. If the �-globin gene was amplified, results were analyzed as following: if
two or more amplifications of the pol, gag, and env genes were positive, the
samples were considered HIV positive; if only one region was amplified, the
results were reported as indeterminate for HIV; and if none of the three regions
were amplified, the samples were considered HIV negative.

Evaluation of the Amplicor DNA prototype assay (v1.5). To compare the
prototype test with the in-house PCR, we adapted the Amplicor DNA prototype
assay v1.5 (Roche Molecular Diagnostics) to use directly the DNA extracted
from DBS: amplification of a 142-bp fragment of the gag gene was performed in
a 100-�l mixture containing 3.6 �l of internal control DNA diluted to 1/5 in
distilled water, 50 �l of DNA extracted from DBS, and 50 �l of a master mix
containing dATP, dCTP, dGTP, dUTP, AmpErase, AmpliTaq polymerase, salts,
and the biotinylated gag primers SK145 and SKCC1B. The cycling conditions
were 2 min at 50°C, followed by 5 cycles of 10 s at 95°C, 10 s at 55°C, and 10 s
at 72°C, and then followed by 30 cycles of 10 s at 90°C, 10 s at 60°C, and 10 s at
72°C. Amplicons were totally denatured with 100 �l of denaturation solution for
10 min at room temperature.

A 25-�l sample of denatured product was then transferred in a control plate
coated with internal control specific probe CP35 to check the presence of PCR
inhibitors and in the HIV-1 detection plate coated with HIV-1-specific probe
SK102. Colorimetric revelation was performed as indicated by the manufacturer.
Appropriate positive and negative controls provided in the kit were added in
each assay. ACH2 DBS-positive controls were also tested to evaluate the detec-
tion limit of the test.

Interpretation of the results was done as previously described (21). In brief,
when the optical density at 450 nm (OD450) in the control plate was �0.2, the
presence of PCR inhibitors was detected, and the sample could not be analyzed.
When the OD in the control plate was �0.2, the sample was considered HIV
negative if the OD in the HIV-1 detection plate was �0.2, HIV indeterminate if
the OD was �0.2 but �0.8, and HIV positive if the OD was �0.8. All negative
controls should have an OD of �0.2, and positive controls should have an OD of
�1.5.

RESULTS

Detection limit of HIV-1 DNA extracted from DBS. To eval-
uate the detection limit of HIV, PCR was performed on 10 �l
of DNA eluate extracted from DBS containing 25, 50, 100, or
500 ACH2 cells in 50 �l of whole blood. With the in-house
nested PCR, the 25 ACH2 standard could be detected in 9 of
12 tests (75%), the 50 ACH2 standard could be detected in 15
of 18 tests (83.3%), the 100 ACH2 standard could be detected
in 20 of 23 tests (87%), and the 500 ACH2 standard could be
detected in 6 of 6 tests (100%). The results are summarized in
Table 1. We chose to use a 50 ACH2 and a 100 ACH2 standard
as positive controls for each DNA extraction from the DBS.
The Amplicor DNA test was able to detect 50 and 100 ACH2
cells/spot in 100% of the tests, corresponding to calculated

TABLE 1. Detection limit of nested PCR on DBS

No. of ACH2
cells/spota

Eluate vol for
PCR (�l)

No. of HIV proviral
copies/PCRb % Positive

25 10 1.25 75
50 10 2.5 83.3

100 10 5 87
500 10 25 100

a Each spot consisted of 50 �l of HIV-negative whole blood spiked with ACH2
cells.

b The number of HIV proviral copies per PCR was calculated by the following
equation: (number of ACH2 cells per spot/elution volume [200 �l]) � eluate
volume used for PCR.
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amounts of 12.5 and 25 HIV proviral copies, respectively, in
the 50 �l of eluate used per PCR.

Sensitivity of nested PCR in DBS and PBMCs. Nested PCR
was performed on 150 DBS samples, and the results were
compared to amplifications obtained in the corresponding
PBMC samples.

Among the 150 samples tested in duplicate, the HuBG gene
could not be amplified in 23 PBMC samples (15.3%) and in 7
DBS (4.6%). These samples were considered indeterminate
for HIV infection. No repeat could be performed on PBMCs
since the number of pellets available for each patient was
limited. After a new DNA extraction from a second spot, six of
seven indeterminate DBS samples tested negative for HIV
(and positive for HuBG) and one sample remained indetermi-
nate because of HuBG amplification failure.

Of the 127 PBMC samples in which the �-globin gene could
be amplified, 10 were positive (7.8%) and 117 were negative
for HIV. Among the 10 positive samples, one was a duplicate
sample 2 months after the first sample from one child, so there
were nine different children positive for HIV-1 infection.

For the 10 positive samples, HIV provirus was also detected
in 9 by nested PCR in DBS. The remaining sample was con-
sidered indeterminate since only the pol region could be am-
plified, despite repeated testing. The 23 �-globin-negative
PBMC samples were HIV negative on DBS. The initial results
and after repeated tests are shown in Table 2.

Compared to PBMCs, the overall sensitivity of nested PCR
on DBS was 90%, and the specificity after repeat of indeter-
minate samples was 99%.

Table 3 shows the results according to the children’s age at
collection time: of the 10 PBMC positive samples, 4 were
collected before 4 months of age, 2 were collected at between
4 and 12 months, and 4 were collected at between 12 and 26
months. The sensitivity of nested PCR on DBS was 100% for
children less than 4 months old, 100% for children between 4
and 12 months, and 75% for children between 12 and 26
months old.

Evaluation of the Amplicor DNA prototype test. The 150
DBS samples were analyzed with the Amplicor DNA proto-
type assay version 1.5, and the results were compared to those
obtained with nested PCR on PBMCs.

The results obtained are summarized in Table 4. The 23
�-globin-negative PBMC samples were found to be HIV neg-
ative and 10 of 10 HIV-positive PBMC samples were found to
be positive with the commercial test. Of the 117 HIV-negative
PBMC samples, 2 were indeterminate for HIV, 106 were HIV

negative, and 9 were detected as HIV-positive with the Am-
plicor test. After repeated testing, the two indeterminate sam-
ples remained indeterminate, with an OD450 of between 0.2
and 0.8, and the nine presumed falsely HIV-positive samples
were found to be HIV negative. According to these results, the
sensitivity of this test was 100%, and the specificity was 98%
after repeated testing (Table 4).

Table 5 summarizes the results by age. HIV infection in four
of four children less than 4 months old could be detected by
the Amplicor DNA test, so the sensitivity of the test in the first
4 months of life is equivalent to that in the first 26 months of
life.

For the 11 children who could be sampled twice at least at a
2-month interval, all of the results obtained by nested PCR and
with the Amplicor DNA prototype test were concordant with
the first samples.

DISCUSSION

The DBS extraction procedure described here is rapid and
easy to perform. Indeed, this procedure requires only two
buffers that are easy to prepare and relatively little laboratory
material. Therefore, it can be performed under field condi-
tions.

TABLE 2. Sensitivity and specificity of nested PCR on DBSa

Nested PCR on PBMCs
(no. of samples)

Nested PCR on DBS (no. of samples)

First testb Repeatc

� � Ind � � Ind

� (10) 9 0 1 9 0 1
� (117) 0 110 7 0 116 1
Ind (23) 0 23 0 0 23 0

a �, HIV-positive result; �, HIV-negative result; Ind, indeterminate result for
HIV.

b Sensitivity, 90%; specificity, 94%.
c Sensitivity, 90%; specificity, 99%.

TABLE 3. Results of nested PCR on DBS distributed by age at
sample collectiona

Infant age (mo) Nested PCR on PBMCs
(no. of samples)

Nested PCR on DBS
(no. of samples)

� � Ind

�4b � (4) 4 0 0
� (62) 0 61 1
Ind (5) 0 5 0

�4 to �12c � (2) 2 0 0
� (31) 0 31 0
Ind (11) 0 11 0

�12 to �26d � (4) 3 0 1
� (23) 0 23 0
Ind (7) 0 7 0

a �, HIV-positive result; �, HIV-negative result; Ind, indeterminate result for
HIV.

b Sensitivity, 100%; specificity, 98%.
c Sensitivity, 100%; specificity, 100%.
d Sensitivity, 75%; specificity, 100%.

TABLE 4. Sensitivity and specificity of the Amplicor DNA test
on DBSa

PBMC nested PCR resulta

(no. of samples)

Amplicor DNA test v1.5 on DBS (no. of
samples)

First testb Repeatc

� � Ind � � Ind

� (10) 10 0 0 10 0 0
� (117) 9 106 2 0 115 2
Ind (23) 0 23 0 0 23 0

a �, HIV-positive result; �, HIV-negative result; Ind, inderminate result for
HIV.

b Sensitivity, 100%; specificity, 90%.
c Sensitivity, 100%; specificity, 98%.
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The detection limit of the nested PCR on DBS was deter-
mined to be 25 ACH2 cells in 50 �l of whole blood, which were
detected in 75% of the tests. Since this corresponds to a value
of 1.25 proviral copy in 10 �l of eluate used for the PCRs, we
do not expect to improve this limit, unless by an increase in the
volume of eluate used for each PCR.

The number of indeterminate samples probably due to the
presence of PCR inhibitors was significantly higher (P value �
0.01 [chi-square test]) in the nested PCR on PBMCs (15.3%)
than in the nested PCR or in the Amplicor test on DBS (4.6
and 0%, respectively). These results suggest that lymphocyte
pellets are probably difficult to prepare in the field, and we
suppose that the presence of the PCR inhibitors could be due
to hemoglobin remaining in the pellets. The DBS avoid the
separation of lymphocytes; moreover, the elution with Chelex-
100 should eliminate the potential PCR inhibitors, since
Chelex is a cation-chelating resin: the positively charged ions
are captured by the resin, whereas the DNA, negatively
charged, remains free in the solution.

The sensitivities of the Amplicor DNA test and of the nested
PCR on DBS were similar (100 and 90%, respectively), but
nested PCR is theoretically more stringent since three different
regions of the HIV-1 genome are amplified, whereas the com-
mercial test amplifies only one region. Moreover, the specific-
ity of the nested PCR is significantly better than the specificity
of the Amplicor DNA test, which presented a number of false-
positive results (7.1%, P � 0.01 [chi-square test]) in the first
run, even if all false-positive results could be corrected after a
repeated test. Nested PCR on DBS presented no false-positive
samples but did present a number of indeterminate results in
the first run, probably because of the presence of PCR inhib-
itors, as suggested by the failure to amplify the �-globin gene.
All of these samples were HIV negative in a repeated test.
Compared to nested PCR, which is time-consuming and re-
quires good technical experience in PCR, the commercial test
is rapid, requires less equipment, and is easy to perform.

The nested-PCR primers were able to amplify fragments of
175, 700, and 460 bp from the pol, env, and gag regions, re-

spectively, confirming that DNA fragments from different sizes
can be amplified from DBS. These fragments could potentially
be used for other applications, such as sequencing.

Previous results have shown that most of the patients in
Rwanda are infected with HIV-1 subtype A (1). Therefore, one
can speculate that both the nested PCR and the Amplicor
DNA test could be used for HIV-1 detection in regions where
non-B subtypes are predominant.

In conclusion, the DNA extraction method from DBS de-
veloped here is rapid, is easy to perform, and permits reliable
diagnosis of HIV-1 infection when combined with nested PCR
or with the Amplicor DNA prototype assay. Both PCR meth-
ods have a sensitivity superior to 90% and a high specificity
(�98%) and seem to be able to detect patients infected with
non-B subtypes. Moreover, no difference of sensitivity was
observed in the assays in children up to 4 months old compared
to assays with children up to 26 months. The most ideal time to
perform HIV-1 diagnosis would be the neonatal period when
both mother and child are still in the hospital, but even the
DNA PCR on PBMCs has a sensitivity of only 38% at 48 h of
life. The sensitivity then increases rapidly to 93% at 2 weeks of
age (10). In any case, children also have to be tested when they
are between 2 and 4 weeks old.

The choice of one test instead of the other depends on the
setting in which it is to be used: if screening of a large number
of children is needed in a short time in difficult laboratory
conditions, the Amplicor test is preferable, but nested PCR
might be better in studies involving a reduced number of sam-
ples and laboratory technicians experienced in PCR.

Further evaluation of this test is currently ongoing in Kigali
in 1-month-old children to evaluate the sensitivity of the test in
younger children. Moreover, the entire procedure (sample col-
lection, DNA extraction, and PCR) is now being performed in
Kigali to confirm that it can be done under field conditions.
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