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Abstract: Human immunodeficiency virus (HIV) DNA polymerase chain reaction (PCR) test using venous
blood sample has been used for many years in low resource settings for early infant diagnosis of HIV
infection in children less than 18 months. The aim of this study was to evaluate and compare the performance
characteristics of Amplicor HIV-1 DNA assay version 1.5 following processing of venous blood and dried
blood spot (DBS) samples by Roche manual DNA extraction and automated Roche MagNA Pure LC instrument
(MP) for HIV-1 DNA PCR testing in Dar es Salaam, Tanzania, in order to scale up early infant diagnosis of
HIV infection in routine practice. Venous blood samples from children under 18 months born to HIV-infected
mothers between January and April 2008 were collected. Venous blood was used to prepare cell pellet and DBS
samples. DNA extractions by manual procedure and MP were performed each on cell pellet, venous blood and
DBS samples and tested by Amplicor HIV-1 DNA assay. Of 325 samples included, 60 (18.5%) were confirmed
HliV-infected by manual extraction performed on cell pellets. Sensitivity of the assay following MP processing
of venous blood was 95% (95% CI; 86.1-99.0%) and 98.3% (95% CI; 91.1 to 99.9%) for the manual extraction
and processing by MP performed on DBS samples. Specificity of the assay with all DNA extraction methods
was 99.6% (95% CI; 97.9 to 100%). Performance of the assay with Roche manual extraction and processing
by MP on DBS samples compared well with Roche manual extraction performed on cell pellet samples. The
choice of DNA extraction method needs to be individualized based on the level of laboratory facility, volume
of testing and cost benefit analysis before it is adopted for use.
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Introduction

It is estimated that 370,000 children worldwide
became infected with human immunodeficiency
virus (HIV) in 2007, the vast majority of them being
newborns (UNAIDS, 2008). Sub Saharan Africa has
remained most heavily affected by HIV accounting
for 67% of all people living with HIV and for 72%
of acquired immunodeficiency syndrome (AIDS)
deaths. In 2007, 33% of pregnant women in low and
middle-income countries were offered antiretroviral
therapy to prevent HIV transmission to their
newborns (UNAIDS, 2008). Children born to HI'V-
infected mothers are usually offered services for
HIV-1 DNA PCR testing and those that are found to
be HIV-infected are referred to HIV and AIDS care
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and treatment clinics for further management. Early
initiation of care and treatment to infected infants
born to HIV-1 infected mothers has remained a great
challenge in Africa due to lack of access to early and
accurate diagnostic method. This has lead to high
mortality rate in vertically HIV-1 infected infants in
Africa (Newell et al., 2004).

HIV-1 DNA polymerase chain reaction
(PCR) test using venous blood sample has been
used in low resource settings for early infant
diagnosis of HIV infection in children less than 18
months (Sherman et al., 2005). The use of venous
blood sample has limitations including lack of
expertise needed for venipuncture of small infants,
transportation and storage at 2-25°C, and processing
within 4 days of specimen collection. Various
studies in several settings, have demonstrated
excellent transfer from venous blood to dried blood
spot (DBS) specimen, which has the advantages
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of requiring only a few drops of blood (20-50 uL)
obtained from a heel prick and applied to the filter
paper. Once dried, a filter paper can be stored at
room temperature eliminating the need to store
and transport whole blood at 2-25 °C (Fisher et al.,
2004; Nyambi et al., 1994; Sherman et al., 2005;
Beck et al., 2001). Use of filter papers also provides
fewer chances for mislabeling though it can occur,
because there are fewer transfer steps once the blood
is applied to the paper. The DNA in the filter paper
also remains stable for a longer time. Recently,
usefulness of DBS specimens has been emphasized
as a means for ensuring greater accessibility to HIV
testing for the paediatric population (Stevens et al.,
2008).

DNA extraction is a critical step performed
before extracted DNA is amplified and detected
and diagnostic accuracy of HIV DNA PCR result is
key to HIV and AIDS care and treatment. Previous
study done in Tanzania to evaluate the performance
of the Amplicor HIV-1 DNA assay version 1.5
(Roche Molecular Systems, Branchburg, NJ, USA)
using venous blood samples from pregnant women
and manual DNA extraction showed sensitivity of
99.1% and specificity of 100 % (Lyamuya et al.,
2000). Among the most technically demanding and
labor-intensive procedure in performing the HIV-1
DNA PCR testing is the nucleic acid isolation since
it is still performed manually in many laboratories
in resource constrained countries. Development of
an automated nucleic acid extraction technology
was an important achievement in resolving this
problem particularly in a busy routine molecular
diagnostic laboratory. Previous study done in South
Africa to evaluate the diagnostic accuracy of the
Amplicor HIV-1 DNA assay version 1.5 (Roche
Molecular Systems, Branchburg, NJ, USA) on
DNA extracted from DBS specimens using the
nucleic acid purification technology MagNA Pure
LC instrument (MP) (Roche Applied Science,
Indianapolis, IN, USA) showed sensitivity of
98.28% and specificity of 98.68% (Patton et al.,
2007). Another study conducted in USA to evaluate
the performance of Amplicor HIV-1 DNA assay
version 1.5 (Roche Molecular Systems, Branchburg,
NJ, USA) following automated sample processing
by the MP on whole blood specimen showed an
analytical sensitivity of 95% with clinical sensitivity
and specificity of 100% (Germer et al., 2006). The
performance of MP has also been reported in other
settings (Loeffler et al., 2002; Fiebelkorn et al.,
2002; Kessler et al., 2001). Data on the performance
characteristics of Amplicor HIV-1 DNA assay
version 1.5 with sample processing by the MP in
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settings with diversity of HIV subtypes is limited.
The aim of this study was to evaluate and compare
the performance characteristics of Amplicor HIV-
1 DNA assay version 1.5 following processing of
venous blood and DBS samples by Roche manual
DNA extraction and automated MP for HIV-1 DNA
PCR testing in Dar es Salaam, Tanzania, in order to
scale up early infant diagnosis of HIV infection in
routine practice.

Materials and Methods

DNA assays

Venous blood samples from children under 18
months (6 weeks to 12 months) born to HIV-infected
mothers attending HIV and AIDS care and treatment
clinics in Dar es Salaam, Tanzania between January
and April 2008 were used for evaluation. Of one
mL of venous blood collected, 500 uL. was used to
prepare peripheral blood mononuclear cells (PBMC)
or cell pellet for Roche manual DNA extraction and
200 pL for automated DNA extraction by MP (Roche
Applied Science, Indianapolis, IN, USA). Amplicor
HIV-1 DNA assay version 1.5 (Roche Molecular
Systems, Inc., Branchburg, NJ, USA) reagents were
used for Roche manual DNA extraction on cell
pellet. Briefly, one mL of Roche blood wash solution
was added to appropriate number of 2 mL screw cap
tubes. The venous blood sample was inverted 10-15
times to mix thoroughly, and 500 puL were pipetted
into a tube containing specimen wash solution,
tightly caped, labeled and vortexed for 10 seconds,
and incubated for 5 minutes at room temperature.
The tubes were then centrifuged at 20800 x g for
3 minutes. Using a fine-tipped transfer pipette, the
supernatant was aspirated carefully not to disturb
the cell pellet. Similar procedure was repeated three
times to give deposition of PBMC or cell pellets at
the bottom of the tubes. The PBMC or cell pellets
were stored at -80 °C freezer until the time for DNA
extraction.

Remaining venous blood sample was used
to prepare five 20 uL. blood spots on filter papers
(Schleicher & Schuell, S&S grade 903, Dassel,
Germany). Briefly, the blood spots were placed on a
horizontal drying rack to air dry for at least 3 hours
to overnight to obtain DBS samples, avoiding direct
sun light, dust, bugs and contacts between cards.
Each DBS card was then stored in separate glassine
envelope and then every 10 of them were put into
a zip lock plastic bag with desiccant packages.
A humidity indicator card was added in a bag, air
was removed, sealed and kept at room temperature
until time for DNA extraction. DNA extractions by
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Roche manual procedure and MP (Roche Applied
Science, Indianapolis, IN, USA) were performed
each on cell pellet, venous blood and DBS sample
as used previously (Lyamuya et al., 2000; Sherma
et al., 2005; Patton et al, 2007; Germer et al.,
2006). Each DNA extract was amplified and tested
by Amplicor HIV-1 DNA assay version 1.5 assay
(Roche Molecular Systems, Branchburg, NIJ,
USA). Three negative and one positive controls
were included in each HIV DNA PCR assay run as
per manufacturer’s instructions. Known Virology
Quality Assurance (VQA) proficiency testing
panel pellets were included in every assay run. All
assay runs were validated to ensure accuracy and
reliability of results.

Ethical considerations

The study was carried out in line with existing
ethical guidelines. Ethical approval was obtained
from the Research and Publications Committee
of Muhimbili University of Health and Allied
Sciences. Written informed consent was obtained
from parent/guardian prior to the enrolment of the
child into the study. Children found to be HIV-
infected were referred to care and treatment centers
for further management according to national
guidelines.

Statistical analysis

Roche Amplicor HIV-1 DNA assay version 1.5 with
Roche manual DNA extraction performed on cell
pellet sample was used as a reference method. Epi
Info™ program version 6.7 was used for analysis.
Sensitivity, specificity, PPV and NPV with 95%
confidence intervals (CI) for the Amplicor HIV-1
DNA assay version 1.5 were calculated by each of
the DNA extraction method evaluated. Operational
characteristics of the Amplicor HIV-1 DNA assay
version 1.5 by DNA extraction methods which
included amount of blood required, total DNA
extraction time, total hands on time for extraction,

231

Volume 12, Number 4, October 2010

throughput and appraisal by testing personnel were
compared and assessed among the DNA extraction
methods.

Results

Three hundred and twenty five children samples
were included in the study. The mean age of children
was 5 months (3 weeks to 12 months). Many children
(46.8%) were in the 0-3 months of age. Sixty
(18.5%) samples were confirmed HIV-infected by
the Roche Amplicor HIV-1 DNA assay version 1.5
with Roche manual DNA extraction performed on
cell pellet. Of these children samples, 23 (15.1%)
were from 0-3 months, 11 (19.3%) from 4-6 months,
7 (20.6%) from 7-9 months and 17 (25%) from 10-
12 months of age.

The  sensitivity, specificity, positive
predictive value (PPV) and negative predictive value
(NPV) of the Amplicor HIV-1 DNA assay version 1.5
by Roche manual DNA extraction and processing by
the MP are summarized in Table 1. The sensitivity
of the assay following MP processing of venous
blood was 95% (95% CI; 86.1-99.0%) and 98.3%
(95% CI;91.1 t0 99.9%) for the Roche manual DNA
extraction and processing by the MP performed on
DBS sample. The specificity of the assay with all
DNA extraction methods was 99.6% (95% CI; 97.9
to 100%). The Amplicor HIV-1 DNA assay version
1.5 following Roche manual DNA extraction and
processing by the MP performed on DBS specimens
revealed similar sensitivity, specificity, PPV and
NPV. When the prevalence of HIV-infected children
was 15.1%, the PPV and NPV of the assay with all
DNA extraction methods were 95.7% and 99.2%,
respectively, except for venous blood processing by
the MP which had NPV of 98.5%. At the highest
prevalence of 25%, the PPV and NPV of the assay
with all DNA extraction methods were 100% except
for venous blood processing by the MP which had
NPV of 98.7%.

Table 1: The sensitivity, specificity, PPV and NPV of Amplicor HIV-1 DNA
assay version 1.5, by DNA extraction methods

Performance Automated DNA extraction Roche
on venous blood samples by extraction on DBS samples
No. of samples

% (95% CI)

characteristic
the MP
No. of samples
% (95% CI)

DNA Automated DNA extraction on
DBS samples by the MP

No. of samples

% (95% CI)

manual

Sensitivity (n=60) 57 59
95 (86.08-98.96%)

Specificity (n=265) 264 264
99.6 (97.92-99.99%)

99.6 (97.92-99.99%)

98.3 (91.06-99.96%)

59
98.3 (91.06-99.96%)

264
99.6 (97.92-99.99%)
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Performance Automated DNA extraction Roche
on venous blood samples by extraction on DBS samples
No. of samples

% (95% CI)

characteristic
the MP
No. of samples
% (95% CI)

manual DNA Automated DNA extraction on
DBS samples by the MP

No. of samples

% (95% CI)

PPV (n=60) 59 59
98.3 (90.76-99.96)

NPV (n=265) 262 265
98.9 (96.75-99.77%)

98.3 (91.06-99.96%)

99.6 (97.92-99.99%)

59
98.3 (91.06-99.96%)

265
99.6 (97.92-99.99%)

PPV, positive predictive value; NPV, negative predictive value; DBS, dried blood spot; MP, MagNA Pure LC

instrument

The Amplicor HIV-1 DNA assay version 1.5
following Roche manual DNA extraction and
processing by the MP performed on venous blood
and DBS samples had variable operational DNA
extraction characteristics. The Amplicor HIV-1
DNA assay version 1.5 with Roche manual DNA
extraction performed on DBS sample required 20-
50 pL of blood compared to 500-1000 uL, 200 uL
and 50 pL for manual extraction on cell pellets,
processing of venous blood and DBS specimens by
the MP, respectively. Processing of venous blood by
the MP required 90 and 10 minutes of total extraction
time and hands on time for extraction, respectively.
The Amplicor HIV-1 DNA assay version 1.5 with
the four DNA extraction methods showed variable
throughputs, 32 samples/hour being for processing
of either venous blood or DBS specimens by the MP.
Cost per the Amplicor HIV-1 DNA assay version 1.5
following automated sample processing by the MP
was more expensive (18 vs. 15 USD) compared to
the Roche manual DNA extraction. The Amplicor
HIV-1 DNA assay version 1.5 following automated
processing of venous blood by the MP was appraised
as very easy to perform.

Discussion

The study aimed to evaluate and compare the
performance characteristics of the Amplicor HIV-
1 DNA assay version 1.5 following processing of
venous blood and DBS samples by Roche manual
DNA extraction and automated MP for HIV-1
DNA PCR testing for early infant diagnosis of
HIV infection in Dar es salaam, Tanzania. Study
findings showed that the sensitivity of the assay
following MP processing of venous blood samples
was 95% and 98.3% (95% CI; 91.1 to 99.9%) for the
Roche manual extraction and processing by the MP
performed on DBS samples. Specificity of the assay
with all DNA extraction methods was 99.6% (95%
CI; 97.9 to 100%).

The study showed that the sensitivity of the

assay following the MP processing of venous blood
was 95% (95% CI; 86.1-99.0%). The sensitivity
for both Roche manual extraction and processing
by the MP performed on DBS sample was 98.3%.
Three specimens tested initially false negative
by the Amplicor HIV-1 DNA assay version 1.5
following the MP processing of venous blood, one
of these being false negative to both Roche manual
extraction and processing by the MP performed on
DBS samples. It can not be excluded that the initial
false negative results obtained when testing was due
to a technical error. Repeat testing was possible for
Roche manual extraction and processing by the MP
performed on DBS sample but did not improve the
sensitivity to 100%. Repeat testing for automated
DNA extraction using venous blood was not possible
due to insufficient sample at the time of testing and it
was not possible to trace the infant for repeat blood
draw. Persistence of false negative results following
processing of DBS and venous blood samples by the
MP has been previously reported by other studies
(Patton et al., 2007; Schuurman et al., 2005). The
study showed that the specificity of the assay with
all DNA extraction methods was 99.6% (95% ClI,
97.9 to 100%).

Our study findings compare with findings
reported from the previous studies (Fisher et al.,
2004; Nyambi et al., 1994; Sherman et al., 2005;
Beck et al., 2001; Patton et al., 2007). In Rwanda,
where HIV subtype A is predominant, Fischer et
al compared the performance of Amplicor HIV-
1 DNA assay version 1.5 on heel stick DBS to
PBMCs using manual DNA extraction method for
HIV-1 DNA PCR diagnosis in children born to HIV
infected mothers, and showed sensitivity of 100%
and specificity of 98% (Fisher et al., 2004). In their
study DNA extraction method used Chelex-100 resin
which is too labour intensive compared to the manual
and automated DNA extraction methods used in our
study. In Kenya, Nyambi et al showed a sensitivity
of 95%-100% and a specificity of 100% from heel
stick DBS (Nyambi et al., 1994). However, manual
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DNA extraction method was used followed by an in-
house nested PCR testing to detect HIV-1 proviral
DNA. In South Africa, Sherman et al showed that
the Amplicor HIV-1 DNA assay version 1.5 had
a sensitivity of 100% and a specificity of 99.6%
using manual DNA extraction on DBS collected on
Whatman no. 1 filter paper from 288 infants born
to HIV infected mothers compared with venous
blood manual DNA extraction for the diagnosis
of HIV infection on HIV-1 DNA PCR (Sherman
et al., 2005). Patton et al showed the sensitivity of
98.28% and specificity of 98.68% of the Amplicor
HIV-1 DNA assay version 1.5 on DNA extracted
from pediatric heel prick DBS by the MP (Patton et
al., 2007). In USA, following the MP processing of
venous blood specimens from healthy blood donors
and HIV-1 seropositive patients, the Amplicor HIV-
1 DNA assay version 1.5 showed an analytical
sensitivity (95% detection rate) of 66.3% copies/mL
(Germer et al. 2006). However, in the current study,
plasma HIV-1 RNA levels were not determined.
HIV-1 subtypes A, C, D and circulating recombinant
forms are prevalent subtypes in Tanzania (Arroyo et
al., 2004; Kiwelu et al., 2003; Renjifo et al., 1998).

The costs of DBS collection kit and
transportation altogether were higher (2 vs. 3 USD)
than those of venous blood sample. Comparison of
operational characteristics of Amplicor HIV-1 DNA
assay version 1.5 with different DNA extraction
methods showed that processing of venous blood
sample by the MP is the best alternative in a high
volume testing laboratory such as Zonal/National
hospital as it required about 10 minutes of hands on
extraction time for processing 32 samples. However,
the cost per assay excluding the initial investment
on the MP (75,000 USD) was higher and although
it required 200 puL of venous blood, it shared
other venous blood specimen setbacks regarding
collection, transportation and storage conditions.
Processing of DBS specimen by the MP was labor-
intensive and time-consuming for excising the blood
spots (Stevens et al., 2008) and required 45 minutes
of hands on DNA extraction time. It also required
20-50 uL of blood (Fisher et al., 2004; Nyambi et
al., 1994; Sherman et al., 2005; Beck et al., 2001)
and equally expensive to processing of venous blood
sample by the MP. Manual DNA extraction on DBS
samples is labour-intensive and prone to cross-
contamination in high-volume testing laboratory
contrary to the processing of DBS sample by the MP.
Difficulties in testing DBS specimens especially
in high-volume testing laboratories have been
described previously (Stevens et al., 2008). Manual
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processing of DBS samples had the advantage of
being cheaper, it also required about 20uL of blood
but required the longest hands on time (133 min)
for DNA extraction. The use of an automated punch
system should significantly improve the efficiency of
DBS specimen processing although there is a need
for further validation of a system (Stevens et al.,
2008). Automated DNA extraction by the MP had
the advantages of high sensitivity and specificity,
high throughput in high volume testing laboratories
such as Zonal/National Hospital and its feasibility
in resource-limited countries but limited by higher
costs including the initial investment and preventive
maintenance. In South Africa where demand for
HIV DNA PCR testing is high, the MP results
have shown good correlation with Roche manual
extraction procedure on cell pellets prepared from
venous blood specimens (Sherman et al, 2005).
In settings with limited initial investment, reagent
rental program is an alternative way to acquire
the instrument based on the volume of samples in
the testing laboratory. Thus, the choice of DNA
extraction method should be determined by the level
of laboratory facility. Cost benefit analysis is also
important to make informed decision on the choice
of DNA extraction method to be adopted. One study
limitation is the fact that limited amount of venous
blood collected from children hindered viral load
testing for quantification of plasma HIV-1 RNA
levels.

In conclusion, the performance of the assay
with Roche manual extraction and processing by
the MP on DBS sample compared well with Roche
manual extraction performed on cell pellet sample.
The choice of DNA extraction method needs to
be individualized based on the level of laboratory
facility, volume of testing and cost benefit analysis
before it is adopted for use.
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