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Santé, Bangui, Central African Republic2; Clinical Research Unit, Department of Infectious and Tropical

Diseases, London School of Hygiene and Tropical Medicine, London, United Kingdom3; West African
Project To Combat AIDS and STD, Accra, Ghana4; Centre for International Health, University of

Sherbrooke, Quebec, Canada5; and Centre Médical, Institut Pasteur, Paris, France6

Received 5 August 2005/Returned for modification 15 September 2005/Accepted 16 November 2005

The accuracy and usefulness of laboratory-developed real-time PCR procedures using a Light Cycler
instrument (Roche Diagnostics) for detecting and quantifying human immunodeficiency virus type 1 (HIV-1)
RNA and DNA as well as herpes simplex virus type 1 (HSV-1)/HSV-2 DNA in cervicovaginal secretions from
women coinfected with HIV and HSV were evaluated. For HIV-1, the use of the NEC152 and NEC131 primer
set and the NEC-LTR probe in the long terminal repeat gene allowed us to detect accurately the majority of
HIV-1 subtypes of group M circulating in sub-Saharan Africa, including subtypes A, B, C, D, and G as well as
circulating recombinant forms 02 and 11. The detection threshold of real-time PCR for HIV in cervicovaginal
lavage samples was 5 copies per assay for both RNA and DNA; the intra- and interassay coefficients of variation
of CT values were 1.30% and 0.69% (HIV-1 RNA) and 1.84% and 0.67% (HIV-1 DNA), respectively. Real-time
PCR for HSV using primers and probe targeting the HSV DNA polymerase gene allowed both detection and
quantification of HSV DNA and also differentiation between HSV-1 and HSV-2 genotypes. The detection
threshold of real-time PCR for HSV was 5 copies per assay; the intra- and interassay coefficients of variation
of CT values were 0.96% and 1.49%, respectively. Both manual and automated silica-based procedures were
appropriate for combined extraction of HIV and HSV genomes from female genital secretions. Taken together,
these findings indicate that real-time PCR may be used as a unique nucleic acid amplification procedure to
detect and quantify HIV and HSV genomes in cervicovaginal secretions and thus to assess at reduced costs the
genital shedding of both viruses in women included in intervention studies.

Herpes simplex virus type 2 (HSV-2) infection is the primary
cause of genital herpes, increasingly regarded as the most com-
mon cause of genital ulcer disease worldwide (10, 49). In de-
veloping countries, the major public health importance of
HSV-2 relates to its potential role in facilitating human immu-
nodeficiency virus (HIV) transmission. HSV-2 seems to be
highly prevalent in most regions with severe HIV epidemics
(49). Genital ulcer disease is known to enhance the infectious-
ness of HIV-positive subjects and the susceptibility of HIV-
negative subjects, and clinical research has shown effects of
herpes on genital HIV shedding (3, 26, 32, 42). Accumulating
evidence suggests that HSV-2 may play a key role in HIV
transmission in some parts of Africa (48). The reciprocal effect
of HIV immune suppression on the exacerbation of HSV-2

symptoms implies that there may be a positive feedback loop,
with HIV enhancing HSV-2 expression which in turn may
enhance HIV transmission (2, 42). A workshop convened in
London in 2001 by the World Health Organization, UNAIDS,
and the London School of Hygiene and Tropical Medicine
reviewed the evidence for these important interactions be-
tween the two viruses and recommended that intervention
trials be conducted to test the impact of HSV control on HIV
transmission (50). Since then, a number of randomized trials,
using either episodic or suppressive antiviral therapy or other
strategies (e.g., microbicides, vaccines, circumcision, or behav-
ioral methods) to control genital herpes, which have measured
the impact on HIV acquisition (among HIV-seronegative in-
dividuals) or HIV transmission (from HIV-seropositive indi-
viduals or within serodiscordant couples) have been initiated in
various parts of the developing world (50). In particular, many
trials have had HIV and/or HSV-2 genital shedding as major
trial endpoints (50). It is believed that the presence of HIV and
HSV in the genital fluids will be an important indirect marker
of sexual transmissibility of the viruses, and reduction in the
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frequency and quantity of these viruses should translate into
some reduction in sexual transmission (7). The ability to assess
the viral burden of both HIV-1 and HSV-2 in genital secretions
is essential in understanding the pathophysiology of interac-
tions between both viruses and the effect of HSV-2 replication
on the infectiousness of HIV and in evaluating the effect of
antiherpes therapy on genital HIV shedding (10). Most studies
evaluate genital viral loads of both viruses in HIV-1- and HSV-
2-coinfected women (50). Inclusion of females instead of males
offers the possibility to do relatively easy genital sampling (37).

Given the importance of these biological outcomes for the
concerned trials and the high international expectations sur-
rounding these trials, it would be timely to agree on standard-
ization of some of the laboratory procedures in order to best
interpret, compare, and perhaps even pool in meta-analysis the
results of these trials. The availability of standardized assays
for the quantification of HIV-1 RNA and HSV-2 DNA that are
sensitive, specific, and reproducible therefore constitutes a
prerequisite for intervention studies.

Little information is available about the accuracy of different
nucleic acid or signal amplification techniques in quantifying
HIV-1 RNA and DNA and HSV-2 DNA in the genital tract of
women coinfected with HIV-1 and HSV-2 (9, 20, 32, 41).
Real-time PCR-based assays may allow us both to simplify the
detection and quantification of HIV and HSV genomes in
genital fluids and to decrease the cost of laboratory evaluation,
which is very important in intervention studies generally in-
cluding a huge number of samples. Some studies have evalu-
ated the ability of the real-time one-step reverse transcriptase
PCR (RT-PCR) to assess HIV-1 and HIV-2 RNA load in
plasma (11, 38, 40) and HIV-1 DNA proviral load in peripheral
blood mononuclear cells (12, 19, 22, 47). To our knowledge,
the use of real-time PCR assays has not yet been validated for
the quantification of HIV-1 RNA and proviral DNA in the
female genital tract. The main goal of the present study was to
evaluate the analytical performance characteristics of real-time
PCR to quantify HIV-1 RNA, HIV-1 proviral DNA, and
HSV-2 DNA in the female genital secretions in order to pro-
pose a useful and accurate tool to assess the genital shedding
of both viruses in women included in intervention studies.

MATERIALS AND METHODS

Clinical specimens. Cervicovaginal secretions (CVS) were obtained from 103
HIV-1-seropositive adult women (including 98 HSV-2-seropositive women) and
166 HIV-seronegative adult women (including 106 HSV-2-seropositive women)
suffering from genital ulcer disease who were enrolled in sexually transmitted
disease and family planning clinics in Ghana (n � 188) and the Central African
Republic (n � 81). Ethical approval was given by the London School of Hygiene
and Tropical Medicine, United Kingdom, and by national health authorities from
Ghana and the Central African Republic. Written informed consent was ob-
tained from all participants. Genital secretions were collected outside menstru-
ation successively by two different procedures. Briefly, following the introduction
of a speculum, a standardized 60-second lavage was performed with 3 ml of 1 M
phosphate-buffered saline (pH 7.2), as previously described (4). Second, a sterile
dry swab was applied gently on the cervical os. All samples were processed within
1 h of collection by centrifuging the cervicovaginal lavage fluid at 1,000 � g for
15 min followed by freezing the cell-free supernatant and cell pellet separately at
�80°C. All of the swab samples were rapidly stored at �80°C until use. Blood-
contaminated samples were excluded after the detection of hemoglobin (Hb) by
using Multistix 8 SG strips (Bayer Diagnostics, Puteaux, France). To avoid
possible misclassification of shedding that could result from the presence of
seminal plasma in the vagina, cervicovaginal lavage samples were further eval-
uated for Y chromosome traces, as described previously (8), with the slight

modification of using a real-time PCR assay on a Light Cycler instrument.
Cervicovaginal lavage samples positive for Y chromosome traces were excluded
from further analyses. Finally, 81 Hb- and Y chromosome-negative CVS from
HIV-positive women and 149 CVS from HIV-negative women were used in the
study.

In addition, Hb- and Y chromosome-negative CVS from HIV-seronegative
women were tested for HSV-2 DNA by real-time PCR in the DNA polymerase
gene, as described below. HSV-2 DNA PCR-negative CVS were then pooled to
be used for further HIV-1 RNA, HIV-1 DNA, and HSV-2 DNA quantification
assays.

Nucleic acid purifications. Nucleic acids were extracted from a 0.2-ml volume
of either a cervicovaginal lavage cell pellet suspension or cell-free supernatant.
DNA from cervicovaginal cell pellets and both RNA and DNA from cervico-
vaginal lavage supernatants were purified with a DNA extraction protocol from
cells (QiaAmp DNA; QIAGEN, Courtaboeuf, France) and an RNA and DNA
extraction protocol on a silica column system (High Pure viral nucleic acid kit;
Roche Diagnostics, Meylan, France), respectively, according to the manufactur-
ers’ recommendations. The total nucleic acids were eluted in 100 �l of RNase-
and DNase-free water. To compare manual to automated nucleic acid extraction
procedures, DNA from CVS cell pellet and RNA and DNA from CVS super-
natant samples were automatically purified on a MagNA Pure LC instrument
(software version 2.1) with a MagNA Pure LC DNA I isolation kit and a MagNA
Pure LC total nucleic acid isolation kit (Roche Diagnostics), respectively, ac-
cording to the manufacturer’s instructions. Elution was performed with 100 �l of
elution buffer. All purification runs included one previously tested negative
control sample. For the PeliCheck HSV-1/2 DNA-02 reference panel (see be-
low), nucleic acids were extracted from 1 ml of sample with a MagNA Pure LC
total nucleic acid isolation large-volume kit (Roche Diagnostics) and eluted in 50
�l.

HIV-1 RNA panels. Three HIV-1 RNA panels were prepared with viral stock
sources diluted in pooled cell-free CVS or plasma from HIV-seronegative con-
trol women whose vaginal secretions were negative for HSV-2 DNA. The first
panel consisted of the PeliCheck HIV-1 RNA-02 reference panel (prepared by
the Central Laboratory of the Blood Transfusion Service, Amsterdam, The
Netherlands, for the international Viral Quality Control [VQC] Programme),
containing 12 different samples with various viral load levels and HIV subtypes;
this panel was used as viral stock to assess the specificity and the sensitivity of the
real-time RT-PCR assay for different HIV-1 subtypes. The second panel was
obtained by spiking pooled CVS or plasma with serial dilutions of HIV-1 RNA
subtypes A and C reference stocks (at 109 copies/ml) obtained from the VQC
Programme. The third panel consisted of serial dilutions (5 � 107, 5 � 106, 5 �
105, 5 � 104, 5 � 103, 5 � 102, 2.5 � 102, 1 � 102, and 5 � 101 copies/ml) of
culture supernatant of the HIV-1 subtype A strain.

HIV-1 DNA provirus panels. The HIV-1 DNA panel was obtained by spiking
pooled cell-free CVS from HIV-seronegative control women whose vaginal se-
cretions were negative for HSV-2 DNA with successive dilutions of lymphoblas-
toid T-cell line 8E5 (NIH; ATCC 8993) containing a single proviral genome of
HIV-1 LAV per cell, with the following HIV-1 DNA predicted values: 100,000,
10,000, 1,000, 100, 50, 10, 5, and 1 copy for 106 cells of cervicovaginal pellet. The
number of cells was determined by cell numeration under a microscope with
confirmatory real-time PCR quantification of the albumin gene, as described
previously (28).

HIV-1 subtyping. HIV-1 subtyping was determined by phylogenetic analyses of
env gene sequences encoding the V3 loop gene (V3) and, for undetermined
genotypes only, of reverse transcriptase pol gene sequences, as previously de-
scribed (21). V3 and RT sequences were obtained from plasma HIV-1 RNA as
previously described, with slight modifications concerning the choice of primer
sets (31). In brief, HIV-1 virions in 1.0 ml of plasma were pelleted by centrifu-
gation at 30,000 � g for 60 min. The pellets were then resuspended in 200 �l of
RNase-free sterile distilled water, and RNA was recovered by using a Total
Nucleic Acid kit on the MagNA Pure system (Roche Diagnostics). RNA was
further reverse transcribed to cDNA. For RT sequences, two RT fragments
(RT1, codons 6 to 152, and RT2, codons 157 to 252) were amplified using the
previously published forward internal primers A and B (27) and the reverse
internal primers 5�-GGTGATCCTTTCCATCC-3� for RT1 and 5�-TCATTGG
ACAGTCCAGCT-3� for RT2. For V3 sequences, an RT-nested PCR amplifi-
cation was carried out using the following primers, as previously described (46):
E00, ES8B, E20, and E11. The final PCR products were purified, direct sequenc-
ing of amplicons was performed using an automatic sequencer, and sequences
were aligned with the software Sequencher (Gene Codes Corporation, Ann
Arbor, Michigan). The HIV-1 subtype was assessed by the BLAST program at
www.ncbi.nlm.nih.gov. Sequences yielding ambiguous results were further com-
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pared to reference sequences by phylogenetic analysis using the parsimony
method, as described previously (24).

Cloning HSV DNA and plasmid construction. A 324-bp PCR product encom-
passing nucleotides 2660 to 2963 of the UL30 gene of HSV-2 strain G (ATCC
VR-734) was generated with the primers HSVpol-1 (5�-CGGAATTCCGTCAT
CTCACGGGGACAC-3�) and HSVpol-2 (5�-CGGGATCCCGACGGTATCGT
CGTAAA-3�). This amplicon was further digested with BamHI and EcoRI and
inserted and cloned into the pcDNA3.1/HisC plasmid (Invitrogen, Cergy Pon-
toise, France). The resulting pcDNA3.1/HisC-ul30hsv plasmid was then purified
with a QIAGEN plasmid Maxi kit (QIAGEN) and was sequenced by the
dideoxynucleotide chain termination method (ABI Prism dRhodamine termina-
tor cycle sequencing ready mix; Applied Biosystems, Foster City, CA), according
to the manufacturer’s recommendations. The DNA concentration was assessed
by spectrophotometry at 260 nm and was calculated as the average of three
measurements. The plasmid was used in all experiments as a standard to quantify
HSV DNA genital load.

HSV DNA panels. Two HSV-1 and HSV-2 DNA panels were prepared with
viral stock sources diluted in pooled cell-free CVS from HIV-seronegative con-
trol women whose vaginal secretions were negative for HSV-1 and HSV-2 DNA.
The PeliCheck HSV-1/2 DNA-02 reference panel (VQC Programme) was com-
posed of serial 10-fold dilutions of HSV-1 and HSV-2 standards. The panel was
used as HSV stocks with the following predicted HSV DNA quantities (ex-
pressed as nucleic acid technology-detectable units by limiting dilution [NDU]/
ml) and type (1 or 2): 5, 50, 500, 5,000, and 50,000 NDU/ml for HSV-1 and 2.5,
25, 250, 2,500, and 25,000 NDU/ml for HSV-2. Concentrations were expressed in
NDU by probit analysis (the DNA input in PCR assays at the overall 63%
detection endpoint is equivalent to 1 NDU). One NDU is expected to be close
to 1 HSV DNA genome. The second panel was obtained by serial 10-fold dilution
of the pcDNA3.1/HisC-ul30hsv plasmid.

Detection and quantification of HIV-1 RNA and DNA in genital secretions.
HIV-1 RNA was detected and quantified in the acellular fraction of genital
secretions by real-time RT-PCR, and HIV-1 DNA was detected and quantified
in the cell pellet of genital secretions by real-time PCR. HIV-1 RNA and DNA
quantification used the forward NEC152 (5�-GCCTCAATAAAGCTTGCCTT
GA-3�) and reverse NEC131 (5�-GGCGCCACTGCTAGAGATTTT-3�) prim-
ers and the dually labeled NEC-LTR probe (5�-6-carboxyfluorescein-AAGTAG
TGTGTGCCCGTCTGTTRTKTGACT-6-carboxytetramethylrhodamine-3�) in
the long terminal repeat gene, as previously published (39). Primers and probes
were synthesized by Eurogentec SA (Seraing, Belgium).

HIV-1 RNA quantification was carried out by real-time RT-PCR with a Light
Cycler RNA amplification kit HybProbe specifically adapted for one-step RT-
PCR in glass capillaries using a Light Cycler instrument (Roche Diagnostics).
The master mix contained 1� RNA master hybridization buffer, including the
Tth DNA polymerase and deoxynucleoside triphosphate mix (containing dUTP
instead of dTTP), 2.5 mM Mn(OAC)2, and 0.3 �M concentrations of each
primer and probe. Cycling conditions were as follows: initial reverse transcription
at 61°C for 30 min, denaturation at 95°C for 30 s, and 45 cycles of denaturation
at 95°C for 1 s, annealing at 55°C for 15 s, and elongation at 65°C for 1 min with
a ramp of 5°C/s (with fluorescence acquisition at the end of each elongation
stage). The positive control consisted of culture supernatant of the HIV-1 sub-
type A strain. As a control for cross-contamination, a sample of distilled water
was subjected to the RNA extraction procedure, and the resulting extract was
amplified in duplicate. A standard graph of the CT values was obtained from
serial dilutions (5 � 107 to 50 copies/ml) of the HIV-1 subtype A reference strain.
The CT values from unknown samples were plotted on the standard curves, and
the number of HIV-1 RNA copies per milliliter was calculated. Finally, HIV-1
RNA loads in cervicovaginal lavage samples were expressed as HIV-1 RNA
copies per milliliter of cervicovaginal lavage sample.

For HIV-1 DNA quantification, the master mix contained 1� Fast-Start Taq
DNA polymerase reaction buffer (Roche Diagnostics) including deoxynucleoside
triphosphate mix, 3 mM MgCl2, and 0.3 �M concentrations of each primer and
probe. Cycling conditions were as follows: initial denaturation/Fast-Start Taq
DNA polymerase activation at 95°C for 10 min and then 45 cycles of denatur-
ation at 95°C for 10 s and annealing and extension at 60°C for 30 s with a ramp
of 5°C/s. The positive control consisted of DNA purified from lymphoblastoid
T-cell line 8E5. As a control for cross-contamination, a procedure similar to the
one described above was used for HIV-1 RNA quantification. A standard graph
of the CT values was obtained from serial dilutions (105 to 1 copy per assay) of
the 8E5 cells. The level of albumin DNA copies in the CVS cell pellet was used
as an endogenous reference to normalize the variations in cell number in cervi-
covaginal lavage or DNA extraction samples. The CT values from unknown
samples were plotted on the 8E5 standard curves, and the number of HIV-1
proviral DNA copies per assay was calculated. The normalized value of cell-

associated HIV-1 DNA load corresponding to the ratio (HIV-1 copy number/
albumin copy number) � 2 � 106 was finally expressed as the number of HIV-1
DNA copies per 106 cells of the cervicovaginal cell pellet.

Plasma HIV-1 RNA load quantification by branched DNA assay. To validate
the ability of laboratory-developed real-time RT-PCR to accurately quantify the
most frequent HIV-1 subtypes circulating in Africa, including A, C, G, and
recombinant forms (CRF02 and CRF11), which are highly prevalent in Central
Africa and West Africa (17, 36), plasma samples from HIV-1-seropositve women
were tested in parallel by the commercial Quantiplex HIV RNA 3.0 assay (Bayer
Diagnostics). This assay has been shown to have high sensitivity to detect and
quantify accurately the majority of HIV-1 subtypes of group M (14, 39, 45). The
Quantiplex HIV RNA 3.0 assay was carried out with 200 �l of plasma sample,
according to the manufacturer’s recommendations.

Detection and quantification of HSV in genital secretions. HSV DNA was
detected and quantified in the acellular fraction of genital secretions by real-time
PCR. The real-time PCR for HSV used the HSVpolF (5�-GCTCGAGTGCGA
AAAAACGTTC-3�) and HSVpolR (5�-TGCGGTTGATAAACGCGCAGT-3�)
primer set, allowing amplification of a 140-bp product, as previously published
(6). A pair of fluorescently labeled probes, HSV-2 FLU (5�-GCGCACCAGAT
CCACGCCCTTGATGAGC-FLUOR-3�) and HSV-2 LCR (5�-LC-Red 640-CT
TGCCCCCGCAGATGACGCC-phos-3�), was used for real-time quantification
and melting temperature differentiation of HSV-1 and HSV-2, as described
previously (6). In order to check the sensitivity of the assay to detect HSV-1, we
compared the results of HSV-1 DNA detection by using an HSV-1 ligase chain
reaction (LCR) probe (5�-LC-Red 640-CTTACCCCCGTAGATGACGCC-
phos-3�), which perfectly matched with the HSV-1 DNA polymerase sequence in
10-fold serial dilutions of HSV-1 DNA panel number 5 (HSV-1 at 50,000 NDU/
ml) from the PeliCheck HSV-1/2 DNA-02 reference panel and in 10-fold serial
dilutions of culture supernatant from an HSV-1 laboratory strain propagated in
Vero cells. The LC PCR master mix contained 1� Fast-Start Taq DNA poly-
merase reaction buffer (Roche Diagnostics), 3 mM MgCl2, 0.5 �M concentra-
tions of each primer, 0.2 �M HSV-2 FLU, and 0.4 �M HSV-2 LCR. Cycling
conditions were as follows: initial denaturation and Fast-Start Taq DNA poly-
merase activation at 95°C for 10 min, 45 cycles of denaturation at 95°C for 5 s,
annealing at 58°C for 10 s (with fluorescence acquisition at the end of each
annealing stage), and extension at 72°C for 12 s. After amplification was com-
plete, melting curve analysis was performed as follows: denaturation at 95°C for
20 s and annealing at 45°C for 30 s followed by a gradual increase in temperature
(transition rate of 0.1°C/s) to 85°C with continuous fluorescence acquisition.

The positive control consisted of the 324-bp pcDNA3.1/HisC-ul30hsv plasmid
containing targeted nucleotides 2660 to 2963 of the UL30 gene, as described
above.

As a control for cross-contamination, a sample of distilled water was also
subjected to the DNA extraction procedure, and the resulting extract was am-
plified in duplicate. A standard graph of the CT values was obtained from serial
dilutions (5 � 108, 5 � 107, 5 � 106, 5 � 105, 5 � 104, 5 � 103, 5 � 102, 2.5 �
102, 1 � 102, and 5 � 101 copies/ml) of the plasmid. The CT values from unknown
samples were plotted on the standard curves, and the number of HSV genomes
per milliliter was calculated. Each sample was analyzed in duplicate.

Differentiation between HSV-1 and HSV-2 by melting curve analysis. The
melting temperature of the HSV-2 LCR probe was used to determine whether
the amplified DNA sequence was related to HSV-1 or HSV-2, as described
previously (6). The HSV-2 LCR probe sequence is exactly complementary to
HSV-2 DNA, and it has a melting peak at 58°C when hybridized to HSV-1 DNA
and a peak at 71°C with a shoulder at 66°C when hybridized to HSV-2 DNA.

HIV-1 and HSV-2 detection and quantification in pools of cervicovaginal
secretions spiked with various levels of HIV-1 and HSV-2. Pooled cell-free CVS
from HIV-seronegative women whose vaginal secretions were negative for
HSV-2 DNA were spiked with large (250,000 copies/ml) or small (2,500 copies/
ml) amounts of HIV-1 RNA from culture supernatant of the HIV-1 subtype A
strain and with large (100,000 copies/ml) or small (1,000 copies/ml) amounts of
HSV-2 DNA from culture supernatant of HSV-2 VR-734 (ATCC). HIV-1 RNA
and HSV-2 DNA were further detected and quantified by real-time RT-PCR or
real-time PCR, as described above.

Statistical analysis. Standards were tested in duplicate in 10 separate runs to
determine the threshold, reproducibility, and linearity of the real-time PCR
assays. Quantitative HIV RNA and DNA and HSV-2 DNA values were log10

transformed for analyses. Linear regression analysis on log10-transformed values
was performed to compare expected values and those obtained by real-time
PCR-based quantifications. Comparison of the laboratory-developed real-time
RT-PCR assay with the commercial branched DNA assay by the mean differ-
ences (bias) was calculated by the Bland-Altman plot analysis (5). A comparison
of both extraction procedures was done with a paired-samples Student t test.

VOL. 44, 2006 ASSESSMENT OF GENITAL HSV-2 AND HIV-1 BY REAL-TIME PCR 425



Genital viral HIV-1 RNA loads between HSV-2 shedders and HSV-2 nonshed-
ders were compared using the Student t test. Correlation analysis between viral
loads was assessed by using Pearson’s correlation coefficient. Statistical analyses
were carried out using the software StatView SE 1 (Abacus Concepts, Inc.,
Berkeley, Calif.).

RESULTS

HIV-1 RNA quantification by real-time PCR. Tenfold serial
dilutions of culture supernatant of the HIV-1 subtype A strain
from 107 to 50 copies/ml (106 to 1 copy per assay) were used to
generate a standard curve. Each dilution was detected in trip-
licate. One copy per assay of HIV-1 subtype A RNA was
inconsistently detected (not shown), as expected from a Pois-
son distribution. The point of 5 copies per assay was detected
in 100% of runs and was thus considered to be the lowest limit
of quantification corresponding to 250 copies/ml. The linearity
and dynamic range of at least 6 log10 decades were confirmed
by the strong linear relationship between CT values and the
log10 of the starting copy number up to 107 copies (r2 � 0.99).
To determine the intra-assay reproducibility, six HIV-1 RNA
dilutions (10 to 105 copies per assay) from HIV-1 RNA sub-
type A culture supernatant were carried out simultaneously 10
times. The intra-assay coefficients of variation (CV) for the CT

values ranged from 0.8 to 2.2%. The corresponding standard
deviation of log10 copies/assay ranged from 0.01 for log10 5 to
0.15 for log10 1 (Table 1). These values are in the range of 0.1
to 0.2 log10 of intra-assay variations usually admitted with the
Virology Quality Assessment Program. The interassay repro-
ducibility determinations in 10 different runs gave similar re-
sults, with CV for the CT values ranging from 1.26 to 2.62%.

Table 2 depicts the raw data of HIV-1 RNA estimations
from CVS by real-time RT-PCR with the LC assay tested from
the PeliCheck HIV-1 RNA-02 panel. The mean �log10 (de-
fined as the log10 of the observed RNA level minus the log10 of
the expected RNA level) was �0.06 with the LC assay. All
�log10 values are below 0.25 log10 units. The linear regression
analysis of observed LC values versus expected values showed
a slope of 0.98 and an r2 value of 0.99 (P 	 0.001) (Fig. 1).

We next evaluated the accuracy of the real-time PCR assay
in genital fluid and in plasma for HIV subtypes A and C by
spiking pooled CVS and plasma from HIV-negative women
with serial dilutions of HIV-1 RNA subtype A from the Peli-
Check HIV-1 RNA subtype A and subtype C. Tables 3 and 4
depict the raw data of expected and observed values of HIV-1
RNA log10 copies/ml. The mean �log10 values (defined as the
log10 of the expected RNA level minus the log10 of the ob-
served RNA level obtained with the LC assay) were �0.06 and

0.11, respectively, for CVS- and plasma-spiked samples for
subtype A and �0.17 and �0.04 for subtype C.

In order to check possible detection of HIV-1 DNA in the
nucleic acids extracted from cell-free supernatant, we carried
out HIV-1 DNA detection by real-time PCR assay in 52 HIV-1
RNA-positive cervicovaginal lavage (CVL) supernatant sam-
ples. HIV-1 DNA was detected in only 11 samples (21%). The
proportion of HIV-1 RNA load in the total HIV-1 RNA load
and HIV-1 DNA load in the 11 HIV-1 RNA- and DNA-
positive samples was estimated as the ratio (RNA load � DNA
load)/RNA load � 99.9%, clearly indicating that the load of
HIV-1 DNA when present in the supernatant CVL did not
influence significantly the level of HIV-1 RNA load.

We determined the HIV-1 RNA load in CVS supernatant
and in plasma from 81 HIV-1-seropositive women. HIV-1
RNA was detected in 68% of cervicovaginal lavage fluids, with
a mean viral load of 3.73 log10 copies/ml and values ranging
from 2.40 to 5.54 log10 copies/ml. Plasma was found to be
positive for HIV-1 RNA in 84% of women, with a mean viral
load of 5.15 log10 copies/ml, values ranging from 2.39 to 6.72
log10 copies/ml, and values higher than 500,000 copies/ml (5.69
log10) for 22 samples. HIV-1 RNA genital and plasma loads
were significantly correlated (r � 0.50, P 	 0.0001).

Comparison of plasma HIV-1 RNA loads with branched
DNA assay. Twenty-seven plasma samples from women living
in the Central African Republic (from patients 110 to 148) and
23 from women living in Ghana (from patients 152 to 178)

TABLE 1. Repeatability assay resultsa

log10 copies

HIV-1 RNA HIV-1 DNA HSV-2 DNA

CV (%) of
CT values

SD of CT
values

SD of log10
copies

CV (%) of
CT values

SD of CT
values

SD of log10
copies

CV (%) of
CT values

SD of CT
values

SD of log10
copies

5 1.20 0.25 0.014 0.12 0.02 0.003 0.29 0.06 0.005
4 0.78 0.21 0.011 0.33 0.07 0.008 0.31 0.07 0.006
3 1.33 0.41 0.031 0.51 0.16 0.012 0.35 0.09 0.014
2 1.00 0.36 0.099 1.34 0.46 0.057 1.00 0.21 0.112
1 2.18 0.82 0.158 1.17 0.45 0.160 2.87 0.82 0.503

a Repeatability precision is determined by the CV of CT values and standard deviation (SD) of the values obtained by 10 simultaneous determinations of serial
dilutions from HIV-1 RNA culture supernatant, HIV-1 proviral DNA from 8E5 cells, and HSV-2 DNA from pcDNA3.1/HisC-ul30hsv plasmid.

TABLE 2. Quantification of HIV-1 RNA from the PeliCheck HIV-1
RNA-02 reference panel (VQC Programme) by HIV-1 RNA

real-time RT-PCR using a Light Cycler apparatus

Reference
panel no. Genotype

Expected result
(log10 copies/

ml)

Light Cycler assay
observed result

(log10 copies/ml)
�log10

a

1 C 3.20 3.10 0.10
2 B 6.40 6.49 0.09
3 NA 0.00 0.00 0.00
4 B 3.40 3.47 0.07
5 D 3.40 3.62 0.22
6 C 4.40 4.34 0.06
7 B 5.40 5.19 �0.21
8 NA 0.00 0.00 0.00
9 D 4.40 4.44 0.04
10 C 5.40 5.42 0.02
11 B 4.40 4.17 �0.23
12 D 5.40 5.22 �0.18

a �log10 is the difference between expected log10 values and observed log10
values obtained with a real-time RT-PCR assay. NA, not attributable.
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were quantified with both procedures. The results of viral load
determination by both assays and HIV subtyping show that
HIV-1 RNA quantifications gave similar results by both meth-
ods for all subtypes (P � 0.4), which include 5 subtype A
(patients 124, 135, 136, 138, and 167), 1 subtype C (121), 2
subtype F (120 and 133), 1 subtype G (118), 1 subtype H (139),
20 subtype CRF02 (110, 112, 117, 122, 134, 137, 141, 153, 154,
155, 157, 163, 164, 170, 172, 173, 174, 176, 177, and 178), 3
subtype CRF04 (126, 132, and 162), 5 subtype CRF06 (152,
160, 161, 166, and 165), 4 subtype CRF11 (129, 140, 143, and
148), 3 CRF13 (131, 128, and 171), and 5 undetermined (145,
146, 147, 158, 159) samples. The differences in log10 copies/ml
results versus the mean assay results were homogeneously dis-
tributed. Thus, the Bland-Altman analysis demonstrated a
mean difference (bias) between the branched DNA assay and
the real-time RT-PCR assay of �0.07 log10 copies/ml (Fig. 2).

For four samples, the quantification by laboratory-developed
real-time RT-PCR assay gave higher values (�log10 � 0.5)
than those observed with branched DNA (124, 128, 129, and
163), while the latter gave higher viral loads (�log10 � 0.5) for
five samples (138, 139, 160, 176, and 177). Most of the largest
differences occurred for recombinant forms of HIV.

HIV-1 DNA quantification by real-time PCR. The standard
curve of HIV-1 DNA was generated by successive dilutions of
a known number of 8E5 cells. The number of cells was con-
firmed by evaluating the number of albumin gene copies by
real-time PCR. Tenfold serial dilutions of the 8E5 cells from
105 to 5 copies per assay were used to generate a standard
curve. Each dilution was amplified in triplicate. One copy of
HIV-1 subtype A DNA was inconsistently detected (not
shown). The point corresponding to 5 copies per assay that
could always be detected was considered to be the lowest limit
of quantification. The linearity and the dynamic range of at
least 5 log10 were confirmed by the strong linear relationship
between CT values and the log10 of the starting copy number
up to 105 copies (r2 � 0.99).

To determine intra-assay reproducibility, six HIV-1 DNA
dilutions (10 to 105 copies per assay) from 8E5 cell lines were
carried out simultaneously 10 times. The intra-assay CV for the
CT values ranged from 0.1 to 1.2%. The corresponding stan-
dard deviation of log10 copies/assay ranged from 0.002 for log10

5 to 0.15 for log10 1 (Table 1). These values are in the range of
0.1 to 0.2 log10 of intra-assay variations usually admitted with
the Virology Quality Assessment Program. The interassay re-
producibility determinations in 10 different runs gave similar
results, with CV for the CT values ranging from 0.14 to 1.41%.

We determined the HIV-1 DNA proviral load in CVS cell
pellets from 73 HIV-1-seropositive women. No cells could be
detected in two samples. In the 71 remaining samples, 34 cell
pellets with numbers of cells ranging from 10,000 to 5 � 106

were found to be negative for HIV-1 DNA. The mean HIV-1
DNA proviral load in the 37 positive samples was 1,501 copies/
106 cells, with values ranging from 16 to 10,629 copies/106 cells.

FIG. 1. Scatter plot of observed versus expected HIV-1 RNA lev-
els, expressed in log10 copies, estimated by HIV-1 RNA Light Cycler
assay in HIV-1-negative CVS spiked with a known amount of HIV-1
subtype B, C, and D from an HIV-1 RNA PeliCheck-02 reference
panel.

TABLE 3. Quantification of a known amount of HIV-1 RNA
subtype A in pooled CVS lavage fluids and plasma samples from

HIV-negative women spiked with a known amount of HIV-1
subtype A reference control by HIV-1 RNA real-time

RT-PCR using a Light Cycler apparatusa

Expected result
(log10 copies)b

Cervicovaginal secretion Plasma

Observed result
(log10 copies) �log10

Observed result
(log10 copies) �log10

6.00 5.96 0.04 5.77 0.23
5.00 5.15 �0.15 4.80 0.20
4.00 4.21 �0.21 3.91 0.09
3.00 3.15 �0.15 2.83 0.17
2.70 2.82 �0.12 2.70 0.00
2.40 2.45 �0.05 2.36 0.04
2.10 2.20 �0.10 2.04 0.06
1.80 1.53 0.27 1.70 0.10

Mean �0.06 0.11

a �log10 is the difference between expected log10 values and observed log10
values obtained with a real-time RT-PCR assay.

b HIV-1 RNA subtype A at 109 copies/ml was obtained from the Viral Diag-
nostic Quality Control Programme, Amsterdam, The Netherlands.

TABLE 4. Quantification of a known amount of HIV-1 RNA
subtype C in pooled CVS lavage fluids and plasma samples from

HIV-negative women spiked with a known amount of HIV-1
subtype C reference control by HIV-1 RNA real-time

RT-PCR using a Light Cycler apparatusa

Expected result
(log10 copies)b

Cervicovaginal secretion Plasma

Observed result
(log10 copies) �log10

Observed result
(log10 copies) �log10

6.00 5.90 0.10 5.73 0.27
5.00 4.95 0.05 5.02 �0.02
4.00 4.27 �0.27 3.99 0.01
3.00 3.21 �0.21 3.02 �0.02
2.70 2.92 �0.22 2.67 0.03
2.40 2.62 �0.22 2.71 �0.31
2.10 2.37 �0.28 2.05 0.04
1.80 2.13 �0.33 2.10 �0.31

Mean �0.17 �0.04

a �log10 is the difference between expected log10 values and observed log10
values obtained with a real-time RT-PCR assay.

b HIV-1 RNA subtype C at 109 copies/ml was obtained from the Viral Diag-
nostic Quality Control Programme, Amsterdam, The Netherlands.
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HSV-2 DNA quantification by real-time PCR. Tenfold serial
dilutions of the pcDNA3.1/HisC-ul30hsv plasmid from 5 � 108

to 50 copies/ml were used to generate a standard curve. Each
dilution was detected in triplicate. One and 2 copies per assay
of the pcDNA3.1/HisC-ul30hsv plasmid were inconsistently
detected (not shown), while 5 copies per assay could be de-
tected in 100% of runs. This point was considered to be the
lowest limit of quantification. The linearity and dynamic range
of at least 7 log10 were confirmed by the strong linear relation-
ship between CT values and the log10 of the starting copy
number up to 107 copies per assay (r2 � 0.99).

To determine intra-assay reproducibility, six HSV-2 DNA
dilutions (10 to 105 copies per assay) from pcDNA3.1/HisC-
ul30hsv were carried out simultaneously 10 times. The intra-
assay CV for the CT values ranged from 0.3 for log10 5 to 2.9%
for log10 1 (Table 1). The interassay reproducibility determi-
nations in 10 different runs gave similar results, with CV for the
CT values ranging from 0.65 to 2.42%.

Despite the presence of two mismatches between the HSV-2
LCR probe and the sequence of the HSV-1 DNA polymerase,
real-time PCR assays carried out with either HSV-1 LCR or
HSV-2 LCR gave similar results. The CT values were not
significantly different between the two probes in both 10-fold
serial dilutions of HSV-1 DNA panel number 5 (HSV-1 at
50,000 NDU/ml) from the PeliCheck HSV-1/2 DNA-02 refer-
ence panel (mean �CT, 0.14; maximum �CT, 0.46) and HSV-1
laboratory strain culture supernatant (mean �CT, 0.18; maxi-
mum �CT, 0.68), indicating that HSV DNA real-time PCR
assay using the HSV-2 LCR probe was similarly reliable for
accurate detection and quantification of HSV-1 DNA and
HSV-2 DNA.

Table 5 depicts the raw data of HSV DNA level and typing
of PeliCheck HSV-1/2 DNA determined by real-time PCR

quantitation and melting curve analysis, respectively. All pos-
itive as well as negative results expected from the PeliCheck
HSV-1/2 DNA panel assay were confirmed by real-time PCR
assay, except one with low viral burden at the threshold value
(for patient 6). Sample 11 was positive after 40 cycles, which
does not allow us to give an accurate viral load. HSV genotypes
determined by melting curve analysis were all identical to the
PeliCheck HSV types. The linear regression analysis of LC
observed log10 values versus PeliCheck expected log10 values
(with 6 and 11 excluded) showed a slope of 0.97 and an r2 value
of 0.99 (P 	 0.001).

Among 269 women suffering from genital ulceration whose
cervicovaginal lavage samples were tested for HSV DNA, 103

FIG. 2. Differences between the mean loads measured by the branched DNA assay and real-time RT-PCR by using the Bland-Altman plot
analysis. The mean difference (bias) is indicated by a solid line, and the 95% confidence interval (
2 standard deviations) is represented by dotted
lines. The mean difference 
 standard deviation was 0.07 
 0.41 log10 copies/ml.

TABLE 5. Quantification and typing of HSV-1 and HSV-2 DNA
from the PeliCheck HSV-1/2 DNA panel by HSV DNA real-time

PCR using a Light Cycler apparatus

Reference
panel no.

PeliCheck
HSV-1/2 DNA

panel typea

Expected
result

(NDU/ml)

Light Cycler
assay observed

result
(copies/ml)

Melting
point

1 2 250 507 71°C
2 NA Negative 0 NA
3 1 50 159 58°C
4 2 25,000 39,475 71°C
5 1 50,000 77,450 58°C
6 1 5 Negative NA
7 NA Negative 0 NA
8 2 25 31 71°C
9 1 500 713 58°C
10 2 2,500 3,731 71°C
11 2 2.5 Positive	25 71°C
12 1 5,000 6,890 58°C

a NA, not attributable.
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(38%) were found to be positive for HSV-2 DNA, with viral
loads ranging from 100 to 2.7 � 108 copies/ml, and 1 was
positive for HSV-1 DNA. For 223 samples, cervicovaginal se-
cretions were collected by both washing and endocervical
swabbing. When cervicovaginal secretions were collected by
washing, HSV-2 DNA was detected in 98 (44%) cervicovaginal
lavage samples, whereas HSV-2 DNA was detected in only 57
(26%) endocervical swabbing samples (P 	 0.01). All but one
of the HSV-2 DNA-containing cervicovaginal secretions col-
lected by endocervical swabbing were also positive when col-
lected by cervicovaginal washing.

HIV-1 and HSV-2 in pools of cervicovaginal secretions
spiked with various levels of HIV-1 and HSV-2. In order to
check that CVS infection by both viruses does not modify the
specificity and sensitivity of quantification of each virus,
HIV-1- and HSV-2-negative CVS were spiked with a known
amount of HIV-1 subtype A and with a known amount of
HSV-2. The results depicted in Table 6 show that quantifica-
tions of HIV-1 RNA and HSV-2 DNA were not changed by
the presence of both viruses at high or low levels.

HIV-1 and HSV-2 detection in cervicovaginal secretions
from women coinfected with HIV-1 and HSV-2. Among the 78
semen-free cervicovaginal lavage samples collected from
women coinfected with HIV-1 and HSV-2, 46 were positive for
HSV-2 DNA, with a mean viral load of 3.77 log10 HSV-2 DNA
copies/ml (range, 1.70 to 7.10). Women with HSV-2 DNA
genital shedding were more likely to shed HIV-1 RNA than
were HSV-2 DNA-nonshedding women (30/46 [78%] versus
18/32 [56%]; P � 0.04). In addition, the mean HIV-1 RNA
genital tract load was significantly higher in HSV-2 DNA-
shedding women than in HSV-2 DNA-nonshedding women
(2.98 log10 copies/ml versus 2.04 log10 copies/ml, respectively;
P � 0.03) (Fig. 3). In contrast, there was no difference between
HSV-2 DNA shedders and nonshedders in HIV-1 RNA
plasma load (4.63 log10 copies/ml versus 4.61 log10 copies/ml,
respectively) or in HIV-1 DNA cell-associated genital load
(1.41 log10 copies/106 cells versus 1.36 log10 copies/106 cells,
respectively).

Comparison between manual and automated nucleic acid
extraction procedures. Finally, manual versus automated ex-
traction procedures of nucleic acid followed by real-time RT-
PCR detection/quantification of HIV-1 RNA or real-time PCR
detection/quantification of HSV-2 DNA and HIV-1 DNA were

compared in a series of 40 cervicovaginal samples from HIV-1-
and HSV-2-coinfected women. No significant differences (e.g.,
�0.5 log10) in resulting HIV-1 RNA or HSV-2 DNA loads
from CVS supernatants and HIV-1 DNA load from CVS cell
pellets were observed between the extraction procedures (not
shown).

DISCUSSION

In the present study, we demonstrate the accuracy and use-
fulness of laboratory-developed real-time PCR procedures for
detecting and quantifying HIV-1 RNA and DNA as well as
HSV DNA in cervicovaginal secretions from women coin-
fected with HIV and HSV.

Several molecular procedures have previously been pro-
posed to detect and quantify HIV or HSV genomes in female
genital secretions, including laboratory-developed quantitative
competitive RT-PCR assay (18) and various commercially
available assays (13, 25, 43) for HIV-1 RNA; laboratory-devel-
oped competitive PCR (44) and modified commercial PCR
amplification assay (1, 33) for HIV-1 DNA; and finally, com-
petitive PCR (20), real-time PCR assay (41), and PCR detec-
tion followed by DNA enzyme immunoassay hybridization (32)
for HSV DNA. All of these procedures do not allow a common
technique for the detection and quantification of both HIV
and HSV genomes, as needed, for example, in the assessment
of HIV and HSV genital shedding in intervention studies.
Furthermore, only a few of them have been previously evalu-
ated according to reference panels of HIV-1 or HSV-1/2
strains. Finally, the use of commercially available kits remains
expensive, especially when large series of clinical samples may
be tested.

We herein proposed to use real-time PCR assays to detect
and quantify both HIV and HSV genomes in female genital
fluids. Real-time PCR-based assays combine a wide dynamic

FIG. 3. Genital HIV-1 RNA shedding in HSV-2 DNA-shedding
and -nonshedding women coinfected with HSV-2 and HIV-1. Genital
HIV-1 RNA loads from HSV-2 DNA-shedding and HSV-2-nonshed-
ding women, expressed in log10 copies/ml, are represented by triangles.
Means of log10 copies/ml HIV-1 RNA load are indicated in each group
by a plain bar. HIV-1 non-RNA-shedding women were given a log-
transformed value of zero.

TABLE 6. HIV-1 RNA and HSV-2 DNA quantifications by real-
time RT-PCR or real-time PCR in four pools of HIV- and HSV-
negative cervicovaginal lavage samples spiked with large (250,000

copies/ml) or small (2,500 copies/ml) amounts of HIV-1 RNA
and with large (100,000 copies/ml) or small (1,000 copies/ml)

amounts of HSV-2 DNA

Pool
Amount
of HIV-1

RNA

Amount
of HSV-2

DNA

HIV-1 RNAa HSV-2 DNAa

Expected
result

Observed
result

Expected
result

Observed
result

Pool 1 Large Large 5.40 5.39 5.00 5.11
Pool 2 Small Large 3.70 3.89 5.00 5.00
Pool 3 Large Small 5.40 5.39 3.00 3.10
Pool 4 Small Small 3.70 3.59 3.00 2.96

a Observed results are expressed as log10 copies/ml and are the mean values
obtained for each pool tested in triplicate.
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range of quantification of 7 to 8 logarithmic decades, a high
technical sensitivity, a high precision, the absence of carryover
contamination, lower analytical turnaround times, and sub-
stantially decreased costs (29, 39).

HIV-1 RNA was quantified by one-step real-time RT-PCR
assay on a Light Cycler instrument using the primer sets and
exonuclease probe in the long terminal repeat gene, previously
validated for HIV quantitation in plasma by the quantification
working group of the French National Agency for AIDS Re-
search (39). We checked the accuracy of this real-time PCR
assay, which was able to detect similarly HIV-1 subtypes A, B,
C, D, and G as well as circulating recombinant forms 02 (AG)
and 11 (which are the most prevalent HIV-1 subtypes circu-
lating in Africa) and which showed a high correlation with
expected values from international controls and those obtained
with branched DNA assay. HIV-1 proviral DNA was measured
by using the same set of primers and probe as those used for
HIV RNA quantification. To express HIV-1 proviral load in
cervicovaginal lavage samples, it was necessary to normalize
HIV DNA quantification by the number of cells extracted in
the cervicovaginal secretion cell pellet by the additional quan-
tification of the albumin gene, due to the variation of the
number of genital cells recovered in cervicovaginal lavage sam-
ples. The threshold of sensitivity and the intra- and interassay
variations we observed for HIV-1 RNA detection and quanti-
fication by real-time RT-PCR and for HIV-1 DNA detection
by real-time PCR were similar to those previously reported by
Rouet and colleagues (39).

The quantification of HSV genomes by real-time PCR in
genital fluid has been previously reported in a few studies (3,
16, 34, 35, 41), but no published procedure has been validated
yet. We have herein validated a laboratory-developed one-step
real-time PCR assay to quantify accurately HSV DNA in cer-
vicovaginal fluid by using as standard a plasmid containing
HSV DNA polymerase target. Our results showed a high cor-
relation with VQC values (r2 � 0.99) and a slope close to 1.
The use of hybridization probes allowed perfect typing of HSV
DNA by the analysis of the melting curve at the end of the
PCR. This genotyping is presumably not required for studies
set in developing countries, where HSV-2 is the almost exclu-
sive etiology of herpes genital ulceration, but it may be useful
for studies taking place in industrialized countries, where
HSV-1 is an increasing cause of genital ulceration (30). The
threshold of sensitivity and the intra- and interassay variations
we observed for HSV DNA detection and quantification by
real-time PCR were of similar order to those observed for
HIV-1 RNA and HIV-1 DNA detection and quantification by
real-time PCR. In addition, we checked that spiking pools of
cervicovaginal secretions with both viruses does not modify the
ability to quantify each virus in mixed samples. These obser-
vations provide the rationale for the use of real-time PCR
procedures to quantify with similar accuracy levels both HIV
and HSV in clinical samples.

In the present series of women with genital ulceration,
nearly half of the cervicovaginal secretion lavage samples
found to be positive for HSV-2 DNA were negative when
endocervical swabbing samples were used to detect HSV-2
DNA. Although the cervicovaginal lavage washing carried out
prior to the endocervical swabbing may have removed some
cervical secretions, these observations are in keeping with pre-

vious data on asymptomatic genital herpes shedding showing
that the cervicovaginal washing procedure may be considered
more sensitive than the endocervicovaginal swabbing proce-
dure for detecting HSV-2 DNA in genital fluids (37).

In African women coinfected with HIV-1 and HSV-2 har-
boring genital secretions positive for HSV-2 DNA, the genital
replication of HSV-2 was associated with a 10-fold increase of
HIV-1 RNA genital shedding. These findings extend previous
observations reporting on the frequent detection of HIV-1
RNA within the herpetic genital ulcer lesions in men (42) or
women (26). These features are also in agreement with a pre-
vious report showing that HSV-2 DNA genital shedding was
associated with higher genital shedding of HIV-1 RNA in
asymptomatic HSV-2 DNA-shedding HIV-1-infected women
(32) and with the results from a recent randomized clinical trial
of vitamin A supplementation demonstrating that HSV shed-
ding was associated with significantly higher vaginal and cervi-
cal HIV-1 shedding (3). The levels of HSV-2 DNA in cervico-
vaginal secretions were not correlated with genital HIV-1
proviral DNA, as previously reported for genital secretions
among asymptomatic HSV-2 DNA-shedding women (33). Our
data also confirm that HSV-2 DNA shedding did not lead to an
increase in the HIV-1 RNA plasma viral load, confirming that
HSV-2 genital replication does not influence HIV-1 systemic
production (32). Taken together, these results provide the ba-
sis of increased genital HIV-1 infectivity during HSV-2 genital
replication in women.

The analytical turnaround times were below 2 hours for each
of the three assays. The use of a Light Cycler instrument
allowed quantification of 29 samples per run. HIV-1 RNA,
HIV-1 proviral DNA, and albumin DNA may also be quanti-
fied by a TaqMan instrument in 84 samples in a single run for
large series, while HSV quantification followed by genotyping
using melting curve analysis requires the use of a Light Cycler
instrument. The use of real-time PCR assays dramatically de-
creases the cost of quantification. For each real-time PCR on
a Light Cycler instrument, the cost per reaction was calculated
at 6.9 euros, while the price of HIV-1 RNA quantification by
branched DNA assay in our institution is roughly 38 euros.
Such cost savings should be considered in the design of inter-
national clinical studies. In addition to the costs associated
with viral load testing, the dynamic ranges of real-time PCR-
based assays may provide additional potential cost savings. The
branched DNA assay has a dynamic range of 50 to 500,000
copies/ml (15), while roughly 25% of plasma samples in our
series had a higher viral load. The Light Cycler assay, with a
dynamic range up to 107 copies/ml, avoids retesting diluted
samples.

One major concern for a transition from commercial kits to
real-time PCR is the need for an efficient automated method
for the extraction of nucleic acid. Extraction procedures for
nucleic acids contained in the female genital tract are also
critical to guarantee accurate and reproducible results. Since a
silica-based extraction procedure is likely one of the most ef-
fective to extract both DNA and RNA at the same time in
corporeal fluids (23), an automated method could be useful to
process a great number of samples with increased reliability.
We analyzed the performance of a MagNA Pure system for the
purification of both HSV DNA and HIV RNA in CVL super-
natant, HIV RNA in plasma, and DNA from cervicovaginal
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lavage cell pellet. Both manual and automated procedures
were found to be appropriate for combined extraction of HIV
and HSV genomes from genital secretions. For large series of
nucleic acid purifications, an automated method dramatically
decreases technical time. For 32 samples, processing by man-
ual extraction required 110 to 120 min of hands-on time, com-
pared to only 25 to 30 min with a MagNA Pure system. The
MagNA Pure cost per test was 3.38 euros compared to 2.50
euros for manual extraction by High Pure viral nucleic acid kit;
however, the automated method had a better overall cost con-
sideration by reducing technical time. Finally, the cost of HIV
quantification by real-time PCR, including automated extrac-
tion and real-time PCR assay, remains 5 times cheaper than a
commercial assay.

Our results indicate that real-time PCR assays, in combina-
tion with automated nucleic acid extraction, are efficient, reli-
able, and economic tools for HIV and HSV detection and
quantification in plasma and female genital fluid and should be
considered for clinical trials. The use of qualitative and quan-
titative quality control should also be systematically carried out
in order to be able to compare results between studies.
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