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Abstract

Dried blood spots (DBSs) are a useful alternative to blood sampling especially in children or for screening
high-risk populations in developing countries. DBS blood collection can be employed in the diagnosis of
viral infections by PCR or RT-PCR and also in viral genome sequencing. In addition, the advent of multi-
plex PCR approaches has led to further diagnostic and methodological improvements allowing simultane-
ous detection of two or more different viral genomes in the same sample and amplification reaction. This
chapter describes general guidelines for the qualitative viral genome amplification and detection in DBS
providing an example application of a qualitative real-time SYBR Green-based multiplex RT-PCR assay
targeting two major viral pathogens, HIV-1 and HCV.
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1. Introduction

PCR direct detection of viral genomes in clinical samples has dra-
matically enhanced the performance of clinical virology laborato-
ries leading to major improvements in patient management and the
correct choice of therapy (1-3). PCR has evolved into a more use-
ful procedure represented by real-time PCR that has further
increased PCR applications in viral infection diagnosis offering sev-
eral advantages over classic PCR. Real-time PCR shows shorter
analysis time, lower contamination risk, and the possibility to per-
form reliable and easy quantitative detection of multiple targets
using different fluorophores. Software has been developed to man-
age assay results and many real-time PCR dedicated instruments
are available (4-6). Classic and real-time PCR can detect either one
target (“monoplex” PCR) or multiple targets (“multiplex” PCR)
in a single tube for the concomitant detection of two or more
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1.1. General Guidelines
for DBS Preparation
and Viral Nucleic Acid
Amplification

1.1.1. Clinical Sample
Preparation

Blood Collection

Dried Blood Spot
Assessment

viruses in clinical samples. The multiplex PCR assays save time and
money by identifying mixed infections (5, 7-10). Although some
commercial kits have appeared in recent years, specific multiplex
PCR settings are complex because they require a careful optimiza-
tion of specific PCR amplification reagents. Both monoplex and
multiplex platforms can be applied on different samples and then
even on DBS sampling where the blood sample is directly placed
on filter paper and dried facilitating blood collection and storage
even for molecular analysis (11, 12). This sampling alternative is
very useful in specific patient groups such as children from whom
it is relatively difficult to obtain large blood volumes. DBS is also
suited to developing countries where health system infrastructure
may be wanting (13, 14). This chapter describes general guidelines
for DBS preparation and amplification of viral targets providing an
illustrative application of a SYBR Green-based real-time multiplex
assay for HIV-1/HCV detection where this procedure has been
successfully applied in practice (15).

DBS assessment and subsequent qualitative determination of viral
genomes can be summarized in three major points: preparation of
DBS, nucleic acid extraction/purification, and specific viral target
amplification and detection (Table 1).

Blood is collected from patients by venipuncture in an EDTA-
containing vacutainer tube (at least 1 mL of blood is recom-
mended) or with a sterile lancet either from the heel or finger tip.
Finger tip and heel blood collections are especially indicated for
pediatric patients from whom it is often difficult to obtain optimal
volumes of blood. The operator must collect and handle the blood
sample taking into account that all human blood samples could
potentially be infectious for blood-borne pathogens and hence
standard “universal” precautions should be taken before, during,
and after the blood collection (http://www.cdc.gov/ncidod/
dhqp/bp_universal_precautions.html) and also when processing
blood derived samples such as DBS.

The blood is placed on a solid support, represented by filter paper,
just after the blood collection at room temperature or, at least,
within 6 h to achieve reliable results. Specific filter papers (i.e., S&S
n°903, Whatman BFC 180) can be used to retain the blood on their
surface with similar performances without any interference with the
following steps of nucleic acid extraction and amplification.

The blood must be spotted carefully onto a paper support
without excessive sample spreading: the optimal blood volume is
50 pL and several blood spots (i.¢., six or more) are recommended
for each patient in order to obtain sample replicates useful for
eventual re-testing or for recording. When the blood is collected
with a sterile lancet either from the heel or from finger tip, it is not
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Table 1

Flowchart of qualitative real-time PCR/RT-PCR in DBS

DBS assessment

A. Sample collection 1. Collect blood sample by venopuncture or with a

sterile lancet from heel or finger tip

2. Place blood sample (50 pL) on a paper support
minimizing blood spreading. It is reccommended to
prepare at least six blood spots

B. Drying procedure 3. Dry blood spots at room temperature for 3 hin a

safety cabinet or, alternatively, at 37 °C for 1 hin a
bio-containment box placed in a drying oven

C. Storage 4. Refrigerate DBS at +4 C or alternatively freeze

(at =20 °C or less) in an individual envelope if the
extraction and amplification assay is not immedi-
ately performed.

Nucleic acid D. Excision 5. Excise three punches from DBS
extraction and 6. Clean puncher between the samples to avoid carry
purification over contamination
E. Extraction and 7. Select nucleic acid extraction method. The choice of
purification kit procedure is related to the kind of nucleic acid target
involved (DNA/RNA). We strongly recommend the
use of DBS validated commercial kits
Amplification E. Real-time PCR/ 8. Assess real time PCR/RT-PCR technique. The
and detection RT-PCR technique choice of technique is related both to nucleic acid
of molecular target and amplification format. All critical param-
target(s) cters must be titrated to obtain better sensitivity and
specificity performance (see also Subheading
Monoplex and Multiplex Procedure)

9. Analyze qualitative data using the software dedi-
cated to real time apparatus only when all controls
are fully satisfied

G. Controls 10. Run each sample, positive and negative controls in
duplicate. Check the extraction performance
analyzing the presence of specific cellular mRNA or
single copy gene DNA. Amplification run is
validated when all controls are properly identified

possible to establish the exact blood volume spotted but, in this
case too, the operator should try to minimize blood spreading.
Following this stage, blood spots can be dried at room tempera-
ture for 3 h in a safety cabinet or, alternatively, at 37 °C for 1 h in
a biocontainment box placed in a drying oven with the paper in a
horizontal position. Drying time, at room temperature, may be
longer if the humidity is high and then is essential to check visually
that the sample is fully dried to avoid the failure of assay.

Storage of Dried Blood A major advantage of blood sampling like DBS is that the samples

Spots can be handled and /or shipped easily because they can be stored for

a long time before processing. The storage of DBS is a crucial point
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1.1.2. Extraction
and Purification of Nucleic
Acids from DBS

Preliminary Steps

Nucleic Acid Extraction

1.1.3. Amplification
and Detection of Nucleic
Acids Purified from DBS

in DBS management and can be done with different procedures.
Both DNA and RNA are well conserved for long periods when
DBS samples are refrigerated (+4 °C) in an individual envelope such
as a hybridization bag or in a zip-closure bag with desiccant packs
or frozen (-20 °C or less) showing a reliable recovery of RNA or
DNA for amplification after at least 1 year of storage (12, 16, 17).
DBS exposure to higher temperatures such as room tempera-
ture or 37 °C seems to be variably associated with a progressive
degradation of RNA, whereas DNA remains more stable in these
conditions. Several studies have demonstrated that RNA stability
progressively declines at 37 °C and after two months RNA loss is
very consistent (18). Room temperature storage in a dedicated
envelope with desiccant packs does not consistently affect RNA
stability for at least 3 months (19), even though other studies show
a good RNA stability for at least 1 year (16, 20). These conditions
allow the possibility of DBS shipping to reference laboratories from
rural areas where the cold chain of transport is not attainable.

To extract the nucleic acids from a paper support, the sample must
be excised from the support in paper disks using a paper puncher.
To avoid carryover contaminations, between the different DBS
samples, the puncher must be thoroughly cleaned with 70 % etha-
nol followed by PBS wash and by repeated punching of clean filter
paper between consecutive samples. This approach is sufficient to
rule out carry over contamination even though other alternative
procedures have recently been described (21). The carryover con-
tamination may, however, be monitored by placing reference nega-
tive samples between DBS achieved from patients.

The choice of nucleic acid extraction and purification procedure is
obviously related to the viral nucleic acid target and several methods
are able to extract DNA, RNA or both. Although it is possible to
use in-house extraction techniques (22-24), it is strongly recom-
mended to employ commercial DNA and/or RNA extraction kits
(i.e., Qiagen, Siemens, Roche, Invitrogen, etc.) that generally
assure a higher recovery and purity of nucleic acids without the
presence of amplification inhibitors. Importantly, these manufac-
turers have assessed effective nucleic acid extraction protocols
specifically applied to DBS. These commercial kits generally allow
a reliable recovery of nucleic acids greater than 75-80 %. We
encourage the use of these commercial kits because in-house
extraction procedures may exhibit some problems of reliability and
nucleic acid recovery effectiveness.

Correct DBS preparation and optimal nucleic acid extraction and
purification procedures are essential for the subsequentamplification
and detection steps that can be performed by classical or real-time
PCR/RT-PCR. The real-time approach is more functional for the
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Monoplex and Multiplex
Procedure

detection of viral genomes due to its flexibility and technical
characteristics. Real-time PCR or RT-PCR will disclose one (mono-
plex) or more (multiplex) specific viral genomes in the same run
using different chemistries (i.e., SYBR Green, Tagman, etc.).

As shown in several reports, a single viral target can be detected in
DBS using or slightly adapting qualitative or quantitative current
classical or real-time protocols already validated on nucleic acids
purified from blood or other body fluids without significant changes
in the mixture composition or amplification cycles. Although real-
time qualitative amplification monoplex assays are widely used in
pathogen diagnostics to qualitatively discriminate specific nucleic
acid targets, it is essential to determine assay performance such as
the low-end sensitivity and dynamic range of amplification. To esti-
mate the sensitivity limits, the protocol needs to assay blood samples
with a known scalar number of viral genomes. The lowest viral
concentration detected in over 95 % of replicates indicates the sen-
sitivity limit. In parallel, as previously indicated (25), it is important
to detect the dynamic range of amplification analyzing the calibra-
tion curve determined by amplification of reference sample dilu-
tions. The range must cover at least three orders of magnitude
(25). The assessment of RT-PCR or PCR multiplex procedures
(especially real-time multiplex) is more complex because the multi-
plex protocols suitable for adaption to DBS using the same format
are not yet as widely available as for monoplex PCR. For example,
a well-known multiplex format is the Tagman approach where
oligo probes (specific for each pathogen and labeled with distinct
fluorescent dyes with separate excitation and emission wavelengths)
discriminate the different pathogens after appropriate optimization
of the real-time instrument, fluorescent calibration and scanning.
On the other hand, even fluorochrome dyes binding non sequence-
specific dsDNA such as SYBR Green may be used in the multiplex
platforms. This approach is less complex and expensive than
Tagman because it needs a lower number of oligos for the
amplification reaction but distinct viral amplicon melting tempera-
ture values must be obtained for accurate identification of the
specific target (4, 26-28). Nevertheless, a reasonable starting point
for the assessment of multiplex real-time RT-PCR or PCR proce-
dures may be to attempt to combine two or more effective target-
specific monoplex techniques with the same format. This approach
can be useful but unfortunately the addition of extra primers and
probes may result in a loss of performance with reduced sensitivity
and/or formation of unspecific amplification products. To over-
come this drawback, an in-depth analysis of the target region is
required to determine primers/probes compatible with the multi-
plex assay. Several oligo primer design software programs are avail-
able to disclose the more promising oligos for specific multiplex
platform (e.g., Oligo, Primerplex). The amplification effectiveness
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of selected primers/probes must be challenged in an amplification
mixture where a careful optimization of the concentrations of the
oligos and key PCR reagents, such as the magnesium chloride
(tested generally between 1.5 and 8 mM), DNA polymerase
(1-3 U/reaction), dNTPs and reverse transcriptase (only for mul-
tiplex RT-PCR), is essential to achieve reliable and sensitive results.
These parameters can be evaluated by a chessboard procedure
where scalar concentrations of these molecules are challenged
among them on known reference samples positive for the target
viruses to identify the optimal amplification mixture. In addition, it
is noteworthy that some companies have assessed pre-formed mas-
ter mix solutions that can be directly used in several multiplex con-
texts or appropriately modified (7). The sensitivity limit and
dynamic range of amplification can be determined using a refer-
ence sample positive for the viruses of interest with a procedure
similar to those indicated in the monoplex approach.

Since multiplex formats detect mixed viral infections, it is con-
ceivable that the two (or more) viral targets, present in the DBS at
very different concentrations, can suffer a relevant competition
where the less represented target may be undetectable. To over-
come this drawback, a chessboard procedure challenging scalar
opposite dilution of two or more viral genomes in reference sam-
ples can reveal the conditions affecting the amplification of less
represented viral target. This analysis is pivotal because it is possible
that, in a mixed infection, the burden of a specific virus may be
generally higher than in another. This problem can be solved or at
least minimized by decreasing the primer concentration of prefer-
entially amplified target. When the monoplex or multiplex qualita-
tive real-time assays are set on reference samples, it is important to
verity the assay specificity on a large group of positive and negative
samples. Moreover, qualitative real-time assays must include posi-
tive and negative controls in each run. Positive controls with high
and low viral concentrations are recommended. In particular, the
low positive control should be added at a concentration near the
lower limit of detection to monitor the sensitivity performance of
amplification. Positive controls can be prepared for example, by
pooling negative blood sample with reference positive plasma. On
the other hand, negative controls are represented by a negative
blood sample. To check nucleic acid extraction in each sample, cel-
lular genes are amplified in the same or parallel amplification tube:
GAPDH, B-actin can be chosen for RT-PCR, whereas for PCR it is
important to select single copy genes such as HLA or B-globin.
Viral detection analysis must be performed with the dedicated soft-
ware of real-time instrument and the manufacturer’ instructions
must be followed to optimize analysis performance.

The next section provides an illustrative example of qualitative
real-time multiplex amplification procedures represented by simul-
taneous amplification of HIV-1/HCV genomes in DBS using a
SYBR Green-based qualitative real-time RT-PCR.
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2. Materials

2.1. Dried Blood Spot
Preparation

2.2. Nucleic Acid
Extraction

2.3. SYBR Green
Multiplex Real-Time
RT-PCR Amplification

All reagents should be stored at room temperature (unless otherwise
indicated) and all solutions must be nuclease-free. All waste disposal
regulations should be followed when disposing of waste materials.

1.
2.

N O U w

o]

10.
11.
12.

w N

o N O U

EDTA-containing vacutainer blood collection tubes.

Whatman No. 3 filter paper (Whatman, Maidstone, UK) (see
Note 1 and Subheading 1.1.1).

. Micropipettes and pipette tips with aerosol barrier.

. Drying oven instrument.

. Single-hole paper punch (3 mm diameter).
. Water baths or heating blocks (56, 70, and 85 °C).
. Microcentrifuge  (Eppendorf  5415D  microcentrifuge,

Eppendorf, Hamburg, Germany).

. Micropipettes and pipette tips with aerosol barrier.

. Vortexer.

. Microcentrifuge tubes (1.5 and 2 mL).

. QIAmp Mini spin column (Qiagen, Hilden, Germany) (see

Notes 2 and 3).

. ATL, AL, AW1, and AW?2 bufters (Qiagen) (sece Note 2).
. Proteinase K solution (600 mAU/mL; Qiagen). Store at

2-8 °C (see Note 2).
Ethanol (100 and 70 %).
Sterile PBS (phosphate buffered saline) bufter.

Deionized, double-distilled, nuclease (RNAase and DNAase)-
free water.

. Light Cycler instrument (Roche, Mannheim, Germany).
. Capillaries (20 pL; Roche).
. 2x Quantitect SYBR Green PCR master mix (Qiagen). Store

at —20 °C (see Note 4).

. Reverse transcriptase (RT) mix (Qiagen). Store at —20 °C (see

Note 4).

. Taq polymerase (Invitrogen, Carlsbad, USA). Store at —20 °C.
. dNTPs mix (10 mM). Store at —20 °C.
. MgClL, (25 mM).

. Oligonucleotide primers. Store at =20 °C. For sequences see

Table 2.

. Deionized double-distilled water.
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Table 2
Oligonucleotide sequences
Amplicon

Oligos Sequences length
HIV-1 gag (29) 5'-TGCTATGTCAGTTCCCCTTGGTTCTCT-3' (SK431; 142 bp
K03455 1473-1499)

5'-AGTTGGAGGACATCAAGCAGCCATGCAAAT-3’ (SK462;

1358-1387)
HCV 5'NCR (30) 5'-GTCTAGCCATGGCGTTAGTATGAG-3' (HCVP1; 77-100) 226 bp
AF009606 5'-ACCCTATCAGGCAGTACCACAAG-3' (HCVP2; 280-302)
B-Actin 5'-GACAGGATGCAGAAGGAGATCACT-3' (ACT1; 1015-1038) 142 bp
NM_001101.3 5'-"TGATCCACATCTGCTGGAAGGT-3' (ACT2; 1135-1156)
3. Methods

3.1. Preparation
of Dried Blood Spots

3.2. Nuclear Acid
Extraction

and Purification from
Dried Blood Spots

Blood specimens must be considered to be infectious and manipu-
lated under strict biosafety precautions. Essential precautions
include the availability of adequate hand washing facilities, work
practice controls, proper use of protective equipment such as
gloves, laboratory coats, the routine decontamination of work
areas, and the proper disposal of waste material (see also
Subheading 1.1). The following protocol is based on specific steps
allowing the amplification of specific targets of HCV and HIV-1
genomes from dried blood spots.

1.

Collect at least 1 mL of venous blood by venipuncture in
EDTA-containing vacutainer tube (see Subheading 1.1.1).

. Transport the sample tube to the virology laboratory at room

temperature (see Subheading 1.1.1).

. Carefully apply 50 pL aliquots of whole blood to Whatman

No. 3 filter paper using a micropipettor and sterile tips with
acrosol barrier (see Subheading 1.1.1).

. Let the blood spotted filter papers dry at 37 °C for 1 h in a

biocontainment box placed in a drying oven (see
Subheading 1.1.1).

. Use a single-hole paper punch to excise three filter punches

where DBS is visible (each punch about 3 mm in diameter; see
Subheading 1.1.2).

. Place the three punched-out circles into a microcentrifuge tube

(1.5 mL) and add 180 uLL of ATL buffer (see Note 2).

. Incubate at 85 °C for 10 min in a water bath. Briefly centrifuge

to remove the drops from inside the lid.
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3.3. SYBR Green-
Based Real-Time
RT-PCR Amplification
and Detection

4.

5.

10.

11.

12.

13.

14.

15.
16.

17.

18.

Add 20 pL of proteinase K solution to the sample and mix by
vortexing.

Incubate at 56 °C for 1 h in a water bath. Briefly centrifuge to
remove the drops from inside the lid.

. Add 200 pL of AL buffer to the sample. Mix thoroughly by

vortexing.

. Incubate at 70 °C for 10 min in a water bath. Briefly centrifuge

to remove the drops from inside the lid.

. Add 200 pL of 100 % ethanol to the sample, and mix thor-

oughly by vortexing. Briefly centrifuge to remove the drops
from inside the lid.

. Carefully apply the mixture to the QIAamp Mini spin column

(placed in a 2 mL sterile collection tube) without wetting the
rim (see Note 3).

Centrifuge at 6,000 x g for 1 min. Place the QIAamp Mini spin
column in a clean sterile 2 mL collection tube and discard the
tube containing the filtrate.

Add 500 pL of AW1 bufter in the QIAamp Mini spin column
without wetting the rim.

Centrifuge at 6,000 x g for 1 min and place the QIAamp Mini
spin column in a clean sterile 2 mL collection tube and discard
the collection tube containing the filtrate.

Add 500 pLL of AW2 buffer to the QIAamp Mini spin column
without wetting the rim. Close the cap and centrifuge at
16,000 x g for 3 min.

Place the QIAamp Mini spin column in a new clean and sterile
2 mL collection tube and discard the collection tube contain-
ing the filtrate.

Centrifuge at 16,000 x4 for 1 min.
Place the QIAamp Mini spin column in a clean and sterile

1.5 mL microcentrifuge tube and discard the collection tube
containing the filtrate.

Carefully add 30 pL of deionized, double-distilled, RNAase
and DNAase-free water to the center of the filter and incubate
at room temperature for 2 min, and then centrifuge at 6,000 x g
for 1 min.

The eluate can be processed immediately or stored at -70 °C
until use.

All materials and equipment must be rigorously clean and sterile.
A separate set of micropipettes and microcentrifuge tubes must be
used exclusively for this procedure.
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Table 3

Amplification reaction mixture

Reagents for each sample Volume
2x Quantitect SYBR Green PCR Master Mix 10 pL

10 mM dNTPs 0.4 pL
Taq polymerase (5 U/uL) 0.4 pL
25 mM MgCl, 0.2 pL
HIV-1 oligonucleotide mix (25 pM each) (see Note 6) 0.32 uL.
HCV oligonucleotide mix (25 uM each) (see Note 6) 0.16 puL.
RT Mix 0.25 pL
Deionized, double-distilled, nuclease-free water 0.27 uL
Total 12 ul
Table 4

SYBR Green real-time multiplex RT-PCR cycling conditions
Steps Cycles Temperature and times
Retrotranscription 1 50 °C for 20 min

Taq activation 1 95 °C for 15 min
Amplification 45 94 °Cfor5s

60 °C for 15 s
72 °C for 30 s
78 °C for 3 s (see Note 8)

Melting 1 from 60 to 95 °C with an
increase of 0.4 °C/s

Cooling 1 25 °C for 2 min

1. Add the following reagents (Table 3) for each sample in a
nuclease-free microcentrifuge tube (see Notes 4 and 5):

2. Add 8 puL of purified sample and transfer the whole PCR
amplification mixture to the Light Cycler capillary and per-
form the amplification reaction in the Light Cycler instrument
(see Note 7) following the procedure shown in Table 4.

3. Data analysis is performed by LightCycler 5.3.2 software (see
Note 7). The melting peaks are detectable at 81.6 °C and

86.5 °C for HIV-1 and HCV respectively. The controls are
summarized in Table 5.
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Table 5
SYBR Green real-time multiplex RT-PCR controls

Negative controls Two HIV-1,/HCV negative blood samples in
duplicate (see Note 9 and Subheading 1.1.3)

Positive controls HIV-1/HCV high positive blood sample in
duplicate (see Note 9 and Subheading 1.1.3)
HIV-1/HCV low positive blood sample in
duplicate (see Note 9 and Subheading 1.1.3)

Nucleic acid extraction  Amplification of B-actin mRNA in each tested
control sample in a parallel separate run (see Note
10 and Subheading 1.1.3)

4. Notes

1. We place the dried blood spots on Whatman No. 3 filter paper
but other filter papers such as S&S n°903 (Schelchter and
Schuell, Dassel, Germany) or Whatman BFC 180 (Whatman)
are useful alternative.

2. The ATL, AL, AW1, AW?2 buffers, QIAamp mini columns, and
proteinase K are supplied in the QIAamp DNA mini kit
(Qiagen, cat n°51304). Before using for the first time AW1 and
AW?2 butters (supplied in a concentrated solution) must be
diluted with 100 % ethanol (44 mL of AWI plus 25 mL of
100 % ethanol and 43 mL of AW1 plus 30 mL of 100 % etha-
nol) and are stable for 1 year at room temperature. Proteinase
K solution is stable for up to 2 months when stored at 2-8 °C.
Storage at -20 °C prolongs the stability of protease up to
6 months but repeated freezing and thawing of protease K
must be avoided. For this reason, we recommend the storage of
suitable aliquots of proteinase K at =20 °C. AL and AW1 buf-
fers contain guanidine hydrochloride and it is thus essential to
not add bleach or acidic solutions directly to the sample-prepa-
ration waste because it can form highly reactive compounds.
For more information, please consult the material safety data
sheets of AL, ATL, AWI1, AW2, and proteinase K solutions
online (http://www.qiagen.com/support,/msds.aspx).

3. We use as nucleic acid extraction and purification procedure
(fully described in Subheading 3.2, steps 2—18) the same pro-
tocol with minor adjustments indicated for dried blood spots
in the QIAamp DNA mini kit. The QIAamp mini spin col-
umns effectively bind both RNA and DNA nucleic acids (31),
potentially allowing the extraction of any viral genome by DBS.
Hence, these columns can represent a good tool to purify any
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virus to develop future real-time multiplex PCR or RT-PCR
for the diagnosis of mixed viral infections. In our model, HIV-1
is advantageously detected because the presence of proviral
DNA and viral RNA genome can be determined in the same
amplification reaction.

. Both Quantitect SYBR Green PCR Master Mix and RT mix

are available in the Quantitect SYBR Green RT-PCR kit
(Qiagen cat n°204243). These solutions are stable at =20 °C
for at least 1 year. The material safety data sheets are available
online (http: //www.qiagen.com/support/msds.aspx).

. The RT-PCR mixture of this multiplex assay was optimized

with a chessboard procedure by which the concentrations of
magnesium chloride, Taq, dNTPs, and HIV-1 and HCV oli-
gos were adjusted.

. The oligonucleotide sequences recognize the major HIV-1

subtypes and HCV genotypes as checked by BLAST program
(http: //blast.ncbi.nlm.nih.gov/).

. For the use and maintenance of LightCycler and dedicated

software, it is essential to follow the instructions in the instru-
ment manual. The technique may be applied to other com-
mercial real-time PCR dedicated instruments: in this case, it is
sufficient to scale-up the contents of all reagents appropriately
when other real-time instruments with higher volumes of
amplification reaction mixture are employed.

. The single fluorescence detection is performed at 78 °C to rule

out any possible interference of rare unspecific products such
as the formation of primer-dimers.

. Both negative and positive controls are treated as the samples

obtained from patients and are analyzed in duplicate. Negative
control samples are represented by HIV-1/HCV negative
blood samples from healthy donors. Positive control samples
can be obtained mixing HIV-1/HCV positive plasma with
negative healthy donor blood sample and spotted onto the
filter. The positive reference plasma can be supplied by specific
sources (e.g., NIBSC, London, UK, Siemens, Munich,
Germany). Alternatively, HIV-1,/HCV positive blood samples
can be used when the quantitation of viral genomes has been
previously performed by gold standard techniques such as
(b-DNA, quantitative real-time RT-PCR, etc.). The positive
controls are represented by high and low positive controls (4).
The high positive control is represented by DBS with HIV-1/
HCV at concentration of 1x10° HIV-1 copies/mL and
5x10° HCV copies/mL, whereas a low positive control is
indicated by an HIV-1/HCV positive sample with
1x 103 HIV-1 copies/mL and 5x10® HCV copies/mL. The
analysis of scalar HIV-1/HCV reference blood samples showed
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that, in our hands, this SYBR-green based real-time assay
consistently detects 4 x 10? copies/mL and 2.5 x 103 copies/mL
of blood for HIV-1 and HCV respectively (15).

B-Actin mRNA was selected as the target to determine the
effectiveness of extraction and purification of nucleic acids
(32). The oligonucleotide primers for B-actin are described in
Table 2.2. The amplification mixture solution and the
amplification conditions are the same as those shown in
Tables 2.3 and 2.4 except for the volumes of oligos and water
used in the mixture solution described in Table 2.3: 0.25 pL of

10.

B-actin primer mix (25 pM each) and 0.5 pL of water.

Acknowledgments
This work was supported by Fondazione Cassa di Risparmio
Bologna, Italy (No. 2006.0035, June 2006), “AIDS projects”
(30G.27) of the Italian Ministry of Health, the SIVIM study group
for test standardization, funds for selected research topics of the
University of Bologna and MURST 60 %.

References

1. Harrison TJ (1998) The PCR-a time of transi- 8. Naze F, Le Roux K, Schuffenecker I et al

tion from research to routine. J Clin Pathol
51:491-492

. Wagar EA (1996) Direct hybridization and

amplification applications for the diagnosis of
infectious diseases. J Clin Lab Anal 10:
312-325

. Elnifro EM, Ashshi AM, Cooper RJ etal (2000)

Multiplex PCR: optimization and application
in diagnostic virology. Clin Microbiol Rev
13:559-570

. Espy MJ, Uhl JR, Sloan M et al (2006) Real

time PCR in clinical microbiology: applications
for routine laboratory testing. Clin Microbiol
Rev 19:165-256

. Gunson RN, Bennett S, Maclean A et al (2008)

Using multiplex real time PCR in order to
streamline a routine diagnostic service. J Clin
Virol 43:372-375

. Mackay IM (2004 ) Real-time PCR in microbi-

ology laboratory. Clin Microbiol Infect 10:
190-212

. Gunson R, Maclean A, Davies E et al (2010)

Development of a multiplex real-time RT-PCR
that allows universal detection of influenza A
viruses and simultaneous typing of influenza
A/HINI1 /2009 virus. ]J Virol Methods 163:
258-261

10.

11.

12.

13.

(2009) Simultaneous detection and quantita-
tion of Chikungunya, dengue and West Nile
viruses by multiplex RT-PCR assays and den-
gue virus typing using high resolution melting.
J Virol Methods 162:1-7

. Moens B, Lopez G, Adaui V et al (2009)

Development and validation of a multiplex
real-time PCR assay for simultaneous genotyp-
ing and human T-lymphotropic virus type 1, 2,
and 3 proviral load determination. ] Clin
Microbiol 47:3682-3691

Wang W, Ren P, Sheng J et al (2009)
Simultaneous detection of respiratory viruses in
children with acute respiratory infection using
two different multiplex reverse transcription-
PCR assays. ] Virol Methods 162:40—45

Amellal B, Katlama C; Calvez V (2008)
Evaluation of the use of dried spots and of dif-
ferent storage conditions of plasma for HIV-1
RNA quantification. HIV Med 8:396-400
Reigadas S, Schrive MH, Aurillac-Lavignolle V
et al (2009) Quantitation of HIV-1 RNA in
dried blood and plasma spots. ] Virol Methods
161:177-180

Zhang Q, Wang L, Jiang Y et al (2008) Early
infant Human Immunodeficiency Virus type 1
detection suitable for resource-limited settings



34

14.

15.

16.

17.

18.

19.

20.

21.

22.

D. Gibellini et al.

with multiple circulating subtypes by use of
nested three-monoplex DNA PCR and dried
blood spots. J Clin Microbiol 46:721-726

Ou C, Yang H, Balinandi S et al (2007)
Identification of HIV-1 infected infants and
young children using real time RT-PCR and
dried blood spots from Uganda and Cameroon.
J Virol Methods 144:109-114

De Crignis E, Re MC, Cimatti L et al (2010)
HIV-1 and HCV detection in dried blood spots
by SYBR Green multiplex real-time RT-PCR.
J Virol Methods 165:51-56

Brambilla D, Jennings C, Aldrovandi G et al
(2003) Multicenter evaluation of use of dried
blood and plasma spot specimens in quantita-
tive assays for HIV RNA:measurement, preci-
sion and RNA stability. J Clin Microbiol 41:
1888-1893

Youngpairoj AS, Masciotra S, Garrido C et al
(2008) HIV-1 drug resistance genotyping
from dried blood spots stored for 1 year at 4 °C.
J Antimicrob Chemother 61:1217-1220

Monleau M, Butel C, Delaporte E et al (2010)
Effect of storage conditions of dried plasma
and blood spots on HIV-1 RNA quantification
and PCR amplification for drug resistance
genotyping. J Antimicrob Chemother 65:
1562-1566

Mbida AD, Sosso S, Flori P et al (2009)
Measure of viral load by using the Abbott Real-
Time HIV-1 assay on dried blood and plasma
spot specimens collected in rural dispensaries in
Cameroon. ] Acquir Immune Defic Syndr 52:
9-16

O’Shea S, Mullen J, Corbett Ket al (1999) Use
of dried whole blood spots for quantification of
HIV-1 RNA. AIDS 13:630-631

Mitchell C, Kraft K, Peterson D et al (2010)
Cross contamination during processing of dried
blood spots used for rapid diagnosis of HIV-1
infection of infants is rare and avoidable. J Virol
Methods 163:489-491

Nyambi N, Fransen K, Beenhouwer HD et al
(1994) Detection of human immunodeficiency

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

virus type 1 (HIV-1) in heel-prick blood on
filter paper from children born to HIV-1 sero-
positive mothers. ] Clin Microbiol 32:
2858-2860

Fiscus SA, Brambilla D, Grosso L et al (1998)
Quantitation of human immunodeficiency
virus type 1 RNA in plasma by using blood
dried on filter paper. J Clin Microbiol 36:
258-260

Uttayamakul S, Likanonsakul S, Sunthornkachit
R et al (2005) Usage of dried blood spots for
molecular diagnosis and monitoring HIV-1
infection. J Virol Methods 128:128-134
Bustin SA, Benes V, Garson JA et al (2009)
The MIQE guidelines: minimum information
for publication of quantitative real time PCR
experiments. Clin Chem 55:611-622

Persson K, Hamby K, Uguzzoli LA (2005)
Four color multiplex RT-PCR overcoming its
limitations. Anal Biochem 344:33—42

Aldea C, Alvarez CP, Folgueira L et al (2002)
Rapid detection of herpes simplex virus DNA
in genital ulcers by real-time PCR using SYBR
green I dye as the detection signal. J Clin
Microbiol 40:1060-1062

Espy MJ, Uhl R, Mitchell PS et al (2000)
Evaluation of LightCycler PCR for implementa-
tion of laboratory diagnosis of herpes simplex
virus infections. J Clin Microbiol 38:3116-3118
Christopherson C, Sninsky J, Kwok S (1997)
The effects of internal primer-template mis-
matches on RT-PCR: HIV-1 model studies.
Nucleic Acids Res 25:654-658

Komurian-Pradel F, Paranhos-Baccala G,
Sodoyer M et al (2001) Quantitation of
HCV RNAusingreal-time PCRand fluorimetry.
J Virol Methods 95:111-119

Read SJ (2001) Recovery efficiencies on nucleic
acid extraction kits as measured by quantitative
Lightcycler PCR. Mol Pathol 54:86-90

Katz RS, Premenko-Lanier M, McChesney MB
et al (2002) Detection of measles virus RNA in
whole blood stored on filter paper. ] Med Virol
67:596-602



2 Springer
http://www.springer.com/978-1-61779-936-5

Diagnosis of Sexually Transmitted Diseases
Methods and Protocols

MacKenzie, C.R.; Henrich, B. (Eds.)

2012, XMV, 439 p., Hardcover

ISBMN: @78-1-61779-936-5

A product of Humana Press



	Chapter 2: Guidelines for the Qualitative Detection of Viral Genomes in Dried Blood Spots
	1. Introduction
	1.1. General Guidelines for DBS Preparation and Viral Nucleic Acid Ampli ﬁ cation
	1.1.1. Clinical Sample Preparation
	Blood Collection
	Dried Blood Spot Assessment
	Storage of Dried Blood Spots

	1.1.2. Extraction and Puri ﬁ cation of Nucleic Acids from DBS
	Preliminary Steps
	Nucleic Acid Extraction

	1.1.3. Ampli ﬁ cation and Detection of Nucleic Acids Puri ﬁ ed from DBS
	Monoplex and Multiplex Procedure



	2. Materials
	2.1. Dried Blood Spot Preparation
	2.2. Nucleic Acid Extraction
	2.3. SYBR Green Multiplex Real-Time RT-PCR Ampli ﬁ cation

	3. Methods
	3.1. Preparation of Dried Blood Spots
	3.2. Nuclear Acid Extraction and Puri ﬁ cation from Dried Blood Spots
	3.3. SYBR Green-Based Real-Time RT-PCR Ampli ﬁ cation and Detection

	4. Notes
	References


