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The semen plasma virus load is measured to ensure the safety of sperm processing during medically assisted
procreation (MAP) for couples with a human immunodeficiency virus type 1 (HIV-1)-infected man. A practical,
automated protocol using the COBAS Ampliprep CAP/CTM kit in the COBAS TaqMan96 system was devel-
oped to measure the HIV-1 load in semen plasma samples. HIV-1 was detected in 13.4% of the semen samples
processed at our MAP center. Of the eight patients having a detectable semen HIV-1 load, five had no
detectable virus in their blood plasma. This highlights the residual risk of HIV-1 transmission during
unprotected intercourse and raises the question of the possible consequences of ineffective highly active
antiretroviral therapy in the genital tract.

Detection of the human immunodeficiency virus (HIV) ge-
nome in semen samples is commonly used to check the safety
of semen-processing procedures before medically assisted pro-
creation (MAP) and to monitor processed samples. This prac-
tice is now widespread in European MAP centers, helping
serodiscordant HIV type 1 (HIV-1)-infected couples to con-
ceive without HIV transmission (4). Since residual virus repli-
cation within the male genital tract can occur despite highly
active antiretroviral therapy (HAART) being chronically ef-
fective in controlling the blood virus content (3, 15, 18), testing
the semen HIV-1 load (SVL) could also be useful for studying
the dynamics of virus replication and the efficacy of antiretro-
viral treatment in the male genital tract reservoir. Thus, SVL
may help us to assess the risk of transmission during unpro-
tected sexual intercourse before giving a “license to love” (31).

The development and automation of real-time PCR over the
past few years have greatly improved the performance and
practicability of kits for measuring the HIV-1 load. But these
kits were designed to work with blood plasma or serum sam-
ples, and laboratories measuring the HIV-1 load in semen
plasma were obliged to use manual techniques or to adapt one
of the commercially available kits for use with semen plasma.
This led to the development of many different protocols and
hence discrepancies between the results in different laborato-
ries, as shown in a multicenter quality control (16). We have
developed a standardized protocol for semen samples based on
the COBAS Ampliprep TNAI kit and the COBAS TaqMan48
HIV-1 system (19). New reagents, particular for the COBAS

Ampliprep CAP/CTM kit and the new COBAS TaqMan96
system, have become available for the fully automated testing
of the HIV-1 blood plasma viral load (BPVL). This system may
be used to test semen samples by including a short specific
preanalytical step.

We have assessed the performances of the COBAS Ampliprep
CAP/CTM kit and the COBAS TaqMan96 system for testing
semen samples for HIV-1 RNA with reference to the former
protocol and prospectively evaluated its potential for labora-
tory practice.

MATERIALS AND METHODS

Clinical specimens. The semen samples used for sensitivity studies were pro-
duced by HIV-positive and HIV-negative volunteers by masturbation. The sam-
ples were pooled to provide sufficient seminal plasma volumes and cell counts.
The correlation study was done on consecutive semen samples routinely col-
lected at the Laboratory of Spermiology, CECOS Midi-Pyrénées (Toulouse
University Hospital). The prospective evaluation of the assay was done on 82
semen samples given by 37 HIV-1-infected men attending our MAP center. All
semen samples were processed in the laboratory of spermiology as previously
described (3, 17).

Standard samples. Aliquots of processed seminal plasma (200 �l) and har-
vested spermatozoa (3 � 106/vial) from HIV-negative donors were placed in
1.5-ml Eppendorf vials and spiked with known quantities of HIV-1.

A pool of blood plasma from HIV-1 subtype B-positive patients that was
stored at �80°C was diluted in HIV-negative blood plasma and used for HIV-1
spiking. This pool was used as an independent quality control and tested daily
(COBAS TaqMan96 system; Roche Diagnostics, Meylan, France); it had a mean
viral load of 260,000 RNA copies/ml in three measurements.

Quantifying HIV genomes in semen with the COBAS Ampliprep TNAI and
TaqMan HIV-1 HPS kits in the COBAS TaqMan48 HIV-1 system. Samples were
prepared with the Ampliprep Total Nucleic Acid Isolation (TNAI) kit and the
COBAS TaqMan48 HIV-1 system (19). This extraction kit is not specific for any
particular virus and so needs specific reagents for the internal quality standard
(IQS) and PCR mixture. Briefly, aliquots of seminal plasma (340 �l) were placed
in the COBAS Ampliprep instrument (COBAS Ampliprep system; Roche Di-
agnostics, Meylan, France) and nucleic acids were extracted from 200 �l of each
sample with the TNAI reagent and protocol. The IQS (50 �l HIV) was added to
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each sample before extraction, as recommended by the manufacturer. A sample
of extract (50 �l) was mixed manually with 50 �l COBAS TaqMan HIV-1 HPS
test premix reagent and amplified with the real-time PCR COBAS TaqMan
48 instrument (COBAS Ampliprep analyzer; Roche Diagnostics, Meylan,
France). The default results were multiplied by 5/2 (COBAS Ampliprep input of
200 �l instead of the normal 500 �l) and multiplied by 2, because of the initial
twofold dilution, to obtain the corrected results.

Quantifying HIV genomes in semen with the COBAS Ampliprep CAP/CTM
kit in the COBAS TaqMan96 system. This kit was designed to specifically mea-
sure HIV-1 loads and contains all of the necessary reagents, including an IQS,
ready for use with COBAS machines. Samples were prepared with the COBAS
Ampliprep CAP/CTM kit and the COBAS TaqMan96 system with 200 �l of
seminal plasma diluted in 850 �l of HIV-negative blood plasma (dilution, 0.19).
The seminal plasma was well mixed by micropipetting, and bubbles were re-
moved by a short centrifugation. The total volume was placed in COBAS Am-
pliprep entry tubes, extracted, and amplified as recommended by the manufac-
turer for blood plasma samples. Since this protocol did not modify the IQS used,
the default results were divided by 0.19 to obtain the corrected viral loads.

RESULTS

Performance of the COBAS Ampliprep CAP/CTM kit in the
COBAS TaqMan96 system. Sensitivity was assessed by testing
semen samples containing various concentrations of HIV-1
particles (National Institute for Biological Standards and Con-
trol standard). Detection was 100% positive for 10 semen
plasma samples containing 400 RNA copies/ml (10/10). Detec-
tion was 96.7% positive for 30 semen plasma samples contain-
ing 200 RNA copies/ml (29/30).

Specificity was assessed with negative controls in each run.
Specificity was 100% (27/27 runs), and there was no cross
contamination in 10 samples with alternation of positive and
negative controls.

Intraassay reproducibility was tested in three measurements
within the same run for three SVLs (Table 1). The coefficients
of variation were 2.2% for 10,000 RNA copies/ml, 6.9% for
1,000 RNA copies/ml, and 14.9% for 500 RNA copies/ml.

Interassay reproducibility was tested in three measure-
ments performed in three different runs at three SVLs (Ta-
ble 1). The coefficients of variation were 2.4% for 10,000

RNA copies/ml, 2.6% for 1,000 RNA copies/ml, and 1.8%
for 500 RNA copies/ml.

Linearity of quantification was assessed by using the results
of the reproducibility analyses; the coefficient of correlation
was R2 � 0.998 (y � 1.06x � 0.31).

Comparison of the COBAS Ampliprep CAP/CTM kit in the
COBAS TaqMan96 system with the COBAS Ampliprep TNAI
kit in the COBAS TaqMan48 system. The two protocols were
compared by using 11 clinical samples, 10 quantified standards,
and 14 negative controls. All of the negative samples gave
negative results with both protocols, except for one sample that
had an invalid IQS by the TaqMan96 system protocol.

We found no significant differences between the protocols
for clinical samples (3.33 � 0.66 versus 3.24 � 0.57, P � 0.45),
for quantified standards (2.76 � 0.5 versus 2.76 � 0.5, P �
0.74), or in a global analysis (3.06 � 0.63 versus 3.01 � 0.59,
P � 0.52). Spearman’s coefficient of correlation between the
two protocols was r � 0.89 (P � 0.0001) (Fig. 1A). There was
no systematic bias of measurement in the Bland-Altman plots
used to graphically assess the magnitude of disagreement be-
tween the two protocols; all values were within the mean � 3
standard deviations (SD) (Fig. 1B).

Prospective SVL testing of patient samples with the COBAS
Ampliprep CAP/CTM kit. The new protocol was used to assay
routine semen samples from 1 January to 15 July 2008. A total
of 31 SVL assays were performed. An independent internal
quality control sample was included in each run and went
through all of the analytical steps. The mean independent
internal quality control was 2.75 � 0.13 log copies/ml, and the
coefficient of variation (CV) was 4.76%. Twenty-nine (93.5%)
of 31 measurements were within the mean � 2 SD, and 100%
were within the mean � 3 SD.

A total of 82 SVL measurements were performed on sam-
ples provided by 37 patients (mean CD4 cell count, 605 �
210/mm3). The semen from each patient was tested by using
one to eight samples (mean number of samples per patient,
2.22 � 1.5). One semen sample gave an invalid IQS (1.2%),
and two samples had to be diluted twofold before testing be-
cause the volume of semen plasma was too small. Of the 82
SVL samples tested, 11 (13.4%) had detectable HIV-1 RNA.
The median SVL was 2.78 log RNA copies/ml, with a maxi-
mum of 6.26 log RNA copies/ml. Of the 82 BPVL samples
tested, 18 (22%) had detectable HIV-1 RNA. The median
BPVL was 2.45 log RNA copies/ml, with a maximum of 4.84
log RNA copies/ml. There were 66 samples from patients on
HAART and 16 from four untreated patients. The BPVLs
measured in samples taken the same day as the 11 semen
samples with detectable SVLs were undetectable (�40 HIV-1
RNA copies/ml) in seven cases (54%) (Table 2). Eight patients
(21.6%) had a detectable SVL in at least one sample during
follow-up, and three of these eight patients had a detectable
BPVL, while five had an undetectable BPVL on the day of
sampling. The five patients who had an undetectable BPVL
and a detectable SVL were under efficient HAART for more
than 6 months (7 to 48 months). The CD4 cell counts of the
patients with a detectable BPVL and HIV-1 shedding (mean,
512 � 256) and those with no shedding (mean, 622 � 199, P �
0.11) were similar. The CD4 cell counts of patients with unde-
tectable BPVLs with HIV-1 shedding (mean, 576 � 288) and
without shedding (mean, 609 � 199, P � 0.76) were similar.

TABLE 1. Intra- and interassay reproducibility

Target no. or
parameter

Assay reproducibilitya at SVL of:

4 log/ml 3 log/ml 2.7 log/ml

Intraassay test
1 3.90 2.90 2.51
2 3.80 2.77 2.42
3 3.73 2.77 2.44

Median 3.80 2.77 2.44

CV (%) 2.36 2.63 1.89

Interassay test
1 3.59 2.47 2.43
2 3.69 2.83 2.54
3 3.75 2.65 1.90

Median 3.69 2.65 2.43

CV (%) 2.19 6.88 14.94

a Reproducibility values represent the coefficients of variation calculated using
inter- and intra-assay measurements.
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DISCUSSION

The analytical performance of the protocol assessed in this
study was similar to that of the previous protocol, but the new
protocol is much more practical (19). As there is only one
simple manual step in the sample preparation, the procedure is
fully automated and blood and semen plasma samples can be
included in the same run of extraction and amplification. This

reduces the cost per test (number of controls) and shortens the
wait for results. The detection threshold of 200 RNA copies/ml
is higher than for BPVL (50 RNA copies/ml) and is directly
linked to the sample input volume (200 �l versus 1 ml). The
sensitivity of a protocol is important for safety reasons, partic-
ularly for MAP centers. We believe that this sensitivity of 200
HIV-1 RNA copies/ml is sufficient to ensure the safety of

FIG. 1. Comparison of the COBAS Ampliprep CAP/CTM kit in the COBAS TaqMan96 system with the COBAS Ampliprep TNAI kit in the
COBAS TaqMan48 system. (A) Correlation between HIV-1 RNA quantifications in semen plasma by the COBAS TaqMan48 system with the former
protocol and by the COBAS TaqMan96 system with the new protocol. (B) SVLs obtained for all specimens with the CAP/CTM and TNAI/HPS assays.
Difference � CAP/CTM value � TNAI/HPS value (log10 copies/ml). Average � (CAP/CTM value � TNAI/HPS value)/2 (log10 copies/ml).
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semen samples. It first reduces the risk of false-negative results
that are mainly due to defective sampling, nucleic acid extrac-
tion, or amplification. These risks are well controlled through-
out the automated analysis, in particular by the IQC. This
avoids missing high-SVL samples (more than 1,500 RNA cop-
ies/ml) that indicate a real risk of transmission (6, 22). Second,
if the effective HIV-1 SVL of the sample is lower than 200
RNA copies/ml, the risks of infection and HIV transmission
are probably very low and not significantly different than those
for samples with 50 RNA copies/ml. All of the studies that
have assessed the rate of HIV transmission during a single
instance of sexual intercourse have correlated it with the BPVL
or HAART (5, 21, 34) but not with the SVL. This sensitivity
can be increased by using a larger volume of semen plasma, but
this has not been checked for PCR inhibitors. This protocol
can also be used to test semen cells for the HIV-1 genome with
a sensitivity of 200 RNA copies per 5 � 106 cells (data not
shown).

Despite the efficiency of HAART at reducing the BPVLs of
most patients, there may still be an HIV-1 SVL. The majority
of patients shedding HIV into their semen attending our MAP
center had undetectable BPVLs and no indication of a risk of
sexually transmitted disease. This raises the questions of the
sexual transmission of HIV in this population and the effi-
ciency of HAART in the male genital tract and its potential
consequences. It is now widely agreed by both physicians and
patients that HAART reduces the genital shedding of HIV and
its transmission during unprotected intercourse (7, 28). But
how safe is it, and should we recommend it (1, 33)? The
residual risk of sexually transmitted HIV is probably very low,
since only one case has been documented (26), and it is still
being discussed (32). In contrast, there have been reports of
natural conceptions under HAART with no transmission of
HIV to the partner (2, 30). Nevertheless, most studies of HIV
shedding seem to have looked at a short period after HAART
initiation in which patients reached undetectable levels after 6
months on a HAART regimen containing protease inhibitors
(11, 15). HIV shedding may continue for up to 2 years in a few
patients and may be high enough for sexual transmission (18).
The different rates at which HAART acts on the two compart-
ments seems to be directly linked to the poor diffusion of some

antiretroviral drugs in the male genital tract, as indicated by
drug concentrations in semen (20, 23, 25, 27, 29) and to intra-
cellular active drug concentrations that are too low (8). Some-
what surprisingly, there have been no reports of impaired
HAART efficiency (14) or local selection of resistant HIV (9,
10, 12, 13, 18) despite poor local drug concentrations and
residual HIV shedding. Short-term residual shedding may be
linked to HIV replication in genital tract cells that lack effec-
tive drugs with a poor yield of cell reinfection. There may also
be a gradual decrease in local inflammation within the genital
tract as immune cells become infected and shed HIV. Inflam-
mation has been identified as the main source of HIV shedding
in semen (3, 24). As the genital tract is not impermeable to
blood components, the gradual reduction of shedding to ex-
tinction may be due to HAART interrupting the supply of virus
from the blood.

In summary, we have described an automated and very con-
venient method for quantifying HIV-1 RNA in semen. This
protocol can be used to assay both blood and semen samples in
the same run. The quantification of HIV in semen is a key
assay in the context of HIV infection and procreation, but its
use may be extended to evaluation of the risk of HIV sexual
transmission in cases of unprotected intercourse and to general
assessment of the efficiency of HAART in the genital tract.
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