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Abstract
Patients with human immunodeficiency virus type 1 (HIV-1) who receive antiretroviral ther-

apy (ART) often achieve increased survival and improved quality of life. In this respect,

monotherapy with darunavir/ritonavir (mDRV/r) can be a useful treatment strategy. This pro-

spective study analyses the effect of mDRV/r on sperm quality and viral load in a group of

28 patients who had previously been given conventional ART and who had recorded a viral

load <20 copies/mL for at least six months. These patients were given mDRV/r at a dose of

800/100 mg for 48 weeks. At baseline (V0), CD4, CD8, FSH, LH and testosterone levels

were measured, together with HIV-1 viral load in plasma and semen. In addition, seminal

fluid quality was studied before mDRV/r treatment was prescribed. At week 48 (V1), HIV-1

viral load in plasma and semen and the quality of the seminal fluid were again measured.

The results obtained indicate that at V0, 10% of the patients with ART had a positive viral

load in seminal fluid (>20 copies/ml), and that at V1, after mDRV/r treatment, this figure had

fallen to 3%. The quality of seminal fluid was close to normal in 57% of patients at V0 and in

62% at V1. We conclude that, similar to ART, mDRV/r maintains HIV-1 viral load in most

patients, and that there is no worsening in seminal fluid quality.

Introduction
The principal route of transmission of the human immunodeficiency virus (HIV-1) is hetero-
sexual activity. However, the risk of transmission from HIV-1 males who have successfully
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completed a course of antiretroviral therapy (ART) is close to zero (1:100000) if the plasma
viral load has been undetectable during the previous six months, if the patient has adhered
strictly to the ART and if no other sexually transmitted disease is present [1].

Sexual transmission between partners is significantly reduced when the seropositive mem-
ber receives highly active antiretroviral therapy (HAART) [2,3]. Some authors have observed
decreased seminal fluid parameters in patients with HIV-1 [4–7], but others have found no sig-
nificant differences in this respect [8]. In patients who began treatment with HAART, a reduc-
tion in the percentage of motile sperm after 48 weeks of follow-up was observed [9]. Decreased
mitochondrial DNA in the sperm of patients treated with nucleoside reverse transcriptase
inhibitors has been reported [10,11].

Treatment guidelines for patients with HIV-1 recommend ART [12,13]. However, due to
possible side effects from the nucleotides or nucleosides that form part of this therapy, it has
been suggested that these should be replaced by protease inhibitors in monotherapy, such as
lopinavir/ritonavir (LPV/r) [14,15] or DRV/r [16]. Both drugs can be used safely in patients
with suppressed viral load, without resistance against LPV [15] or DRV [17], and with an effi-
cacy slightly lower than that achieved by ART [18]. No immune-activation has been observed
during episodes of transient viremia (blips) in patients with mDRV/r [19] nor has any replica-
tion of the HIV-1, such as proviral-DNA, been seen during blips with mDRV/r [20]. According
to extended follow-up observation, good results are achieved and maintained with mDRV [21]
or with LPV/r in monotherapy [22].

It has been shown that monotherapy with LPV [23] or with DRV [24] can reverse certain
secondary effects, attributable to nucleosides, resulting from mitochondrial DNA damage.
Accordingly, for some cases treatment with protease inhibitors in monotherapy has been rec-
ommended [12,13]. No differences at the neurocognitive level have been observed between
ART and monotherapy with protease inhibitors [25].

Studies have analysed monotherapy with LPV/r [26] and DRV/r [27], but none have investi-
gated semen quality in this respect. DRV in seminal fluid was measured in a study with 10
patients receiving ART with DRV/r (800/100 mg), following previous therapy with antiretrovi-
rals and other protease inhibitors; in this group, the DRV concentration was above EC50 for
wild-type in nine of the ten patients [28]. Moreover, some had above-EC50 levels for resistant
virus [29]. In another study, the levels of darunavir observed in seminal fluid were 200 times
greater than the EC90 of the HIV-1 [30].

The aim of the present study was to evaluate the changes produced in the quality and viral
load of seminal fluid in HIV-1 patients who had previously received ART, and who were then
treated with mDRV/r for 48 weeks. Concurrently, we evaluated the viral load in seminal fluid
and other parameters of semen quality in patients receiving ART, seeking to relate these
parameters to CD4 lymphocytes and the CD4 nadir.

Patients and Method
HIV-1 patients were drawn from those attending the outpatient infections clinic at Virgen de
las Nieves university hospital (HUVN) (Granada, Spain). These patients were receiving stable
conventional ART, including two analogues of nucleotides and a third drug. All had undetect-
able viral load (<20 copies/mL). All these patients provided signed informed consent to partic-
ipate in the study. Those with active sexually transmitted diseases at the time of sample
collection were excluded. The study was approved by the hospital’s ethics committee. The
patients’ data were codified to maintain anonymity, in accordance with Spanish data protection
laws.
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Inclusion criteria

• Males infected with HIV-1, with undetectable plasma viral load (<20 copies/mL) for at least
six months;

• At least 18 years of age.

Exclusion criteria

• Patients not adhering to scheduled outpatient appointments;

• Patients with a history of endocrinological or genital treatment or disease that could affect
semen quality.

Study design
Prospective, observational study over 48 weeks, with determination at baseline (V0) and at
week 48 (V1) of follow-up. All patients were informed of the nature of the study prior to the
first sample acquisition. The sample was obtained by masturbation following 3–4 days of sexual
abstinence.

The outpatient visits were scheduled for each patient every four months. Adherence to the
medication was evaluated by checking with the hospital’s pharmacy regarding the patient’s pre-
scription record, and by questioning the patient in the outpatient clinic.

Variables analysed
The parameters recorded were age, alcohol and tobacco consumption, androgenic history,
reproductive history, CD4 count, CD4 nadir, type of ART, HIV-1 viral load in plasma and
seminal fluid. The parameters considered in the semen quality analysis were viscosity, visual
aspect, liquefaction, volume, pH, total sperm count, percentage of sperm with progressive
motility and percentage of live sperm with normal forms. The teratozoospermia index was cal-
culated. Serology was performed for hepatitis B and C, FSH, LH and testosterone.

Semen analysis
Most of the samples were collected in the laboratory of the Reproduction Unit at HUVN. Less
than 5% of the samples were collected by the participants in their own homes. In the latter
case, the semen sample was maintained at body temperature and delivered to the laboratory
within 45 minutes. On receipt of the sample in the laboratory, the following data were
recorded: period of abstinence from sexual activity, whether any fraction of the ejaculate was
lost, drugs taken, recent fever, body mass index and any recent participation in extreme sports.
All samples were analysed within one hour of collection. Analyses were performed by a single,
well-trained investigator with over 10 years’ experience and who regularly participates in such
studies. This procedure minimised inter-individual variation in analyses and maximised the
precision of the study.

Each participant provided four semen samples: two before starting monotherapy and
another two after 48 weeks. The interval between the first and the second of each pair of sam-
ples was 15 days.

The ejaculates were analysed in accordance with WHO recommendations [31] and with
international recommendations for the study of seminal fluid quality [32]. Sperm concentra-
tions and those of round cells were determined using an improved Neubauer counting cham-
ber and positive-displacement pipettes. The total number of sperm was calculated by
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multiplying the sperm count by the seminal fluid volume which, in turn, was measured as sam-
ple weight. Sperm motility was evaluated visually and expressed as a percentage. The percent-
age of those participants whose values were observed to be below the lower limit of reference
values (WHO 2010) for sperm parameters was calculated.

Determination of viral load in seminal liquid
Two fractions were generated by centrifugation (3000 g, 15 min). Real time polymerase chain
reaction (RT-PCR) was used to quantify RNA HIV-1 in the final sample, applying a technique
adapted for HIV-1 in the COBAS analyser (Ampliprep/Taqman assay version 2.0; Roche).

Two determinations were performed on seminal fluid samples acquired 15 days apart,
before commencing monotherapy. A further two were obtained following the conclusion of the
monotherapy administration, separated by the same interval (four samples in total per
patient).

Statistical analyses
Descriptive analyses were performed on the principal variables collected. For quantitative vari-
ables, measures of central tendency (mean and median) and of dispersion (standard deviation
and range) were calculated. For the qualitative variables, absolute and relative frequencies were
calculated. Differences in pre and post- monotherapy values, in relation to semen quality, were
evaluated using the McNemar test for the qualitative variables and the Student t-test for related
quantitative variables. The Wilcoxon test was used when the distribution was non-normal. The
concentrations and total numbers of sperm, which presented a non-normal distribution (non-
Gaussian), were log transformed to approximate a normal distribution [32].

The level of statistical significance was set at p<0.05. IBM SPSS 19 statistical software was
used throughout.

Results

Participants
Of the 31 patients who met the selection criteria and were initially selected, 28 were recruited
to the study. Subsequently, three were excluded (one who refused consent and two who failed
to donate semen). Of the remaining 28 patients, four did not enter the monotherapy phase (on
the advice of the attending physician), although they did provide semen samples at the baseline
visit. Three failed to provide a semen sample at 48 weeks, and thus 21 patients with mDRV/r
finally completed the 48-week follow-up. No patient left the study due to positive viral load in
plasma, or because of side effects (Fig 1).

General characteristics of the patients included in the study (V0)
At baseline, 28 patients were included in the study. The mean age was 41 years (SD: 9.3), the
median CD4 value was 659/mL (range: 230–1242) and the median CD4 nadir was 270/mL
(range: 10–634).The ART treatment is summarised in Table 1.

Baseline results (V0)
Viral load in seminal fluid. At V0, HIV-PCR in the seminal fluid was analysed on the

first sample provided by 27 patients (one was not processed because of PCR inhibition); four
(15%) were positive (>20 copies/mL), with a range of 35–1210 copies/mL.
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The second HIV-PCR analysis in seminal fluid at V0 was performed on 22 samples from 28
patients (six were unsuccessful because of PCR inhibition); one (5%) was positive, with 399
copies/mL.

At V0, 5 of the 49 samples (10%) presented HIV-1-positive viral load in seminal fluid.

Fig 1. Flow of patients through the study.

doi:10.1371/journal.pone.0159305.g001
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Semen quality in the patients on ART (V0). The data on semen quality in patients on
ART (V0) are summarised in Table 2. Only 16 of the 28 samples (57.1%) patients at V0 pre-
sented higher sperm values than the lower limit of the WHO 2010 reference values. The alter-
ations most frequently observed were oligozoospermia and teratozoospermia. No significant
differences were observed in the sperm parameters analysed at V0 and V1 (Table 3).

Results at 48 weeks (V1)
Serological and hormonal status. No change was observed in serostatus against hepatitis

B or C, or in the hormonal profile studied (FSH, LH and testosterone).
Viral load in seminal fluid at week 48. In the first seminal fluid sample, only 1 of 17

patients (6%) had a positive viral load (139 copies/mL). No results were obtained from the
remaining four patients, due to PCR inhibition.

With respect to the second sample, none of the 15 patients analysed had a positive viral load
(of the total of 21 patients; no results were obtained from six, due to PCR inhibition). Of the total
sample of 32 mDRV/r patients, only one (3%) was positive. This patient was also positive at V0.
The percentage of semen samples with a positive viral load was similar in monotherapy and in
tri-therapy (3% vs. 10%) and no statistically significant differences were observed (p = 0.3946).

Semen quality at week 48 (V1). Table 2 summarises the results obtained at V1 (48
weeks). No statistically significant differences were observed in the percentage of patients with

Table 1. ART scheme at V0.

Original treatment type Initial sample; Initial treatmenta Final sample; Initial treatment

TDF+FTC+efavirenz 12 10

TDF+FTC+etravirine 1 -

TDF+FTC+raltegravir 2 2

TDF+FTC+DRN/r 3 2

TDF+FTC+atazanavir 1 1

TDF+FTC+nevirapine 1 -

TDF+FTC+atazanavir/r 2 2

ABC+3TC+atazanavir/r 1 1

ABC+3TC+DRV/r 3 2

ABC+3TC+Lopinavir/r 2 1

Total 28 21

Notes
a Numbers represent the numbers of patients for each kind of initial treatment before the monotherapy.

TDF: tenofovir; FTC: emtricitabine; DRN/r: darunavir/ritonavir; ABC: abacavir; 3TC: lamivudine.

doi:10.1371/journal.pone.0159305.t001

Table 2. Semen quality in patients receiving ART andmDRV/r.

Semen quality: ART V0: n = 28 V1: n = 21

Normal 16 (57.1%) 13(61.9%); p = 0.755

Oligoteratospermia 2 (7.1%) 2(9.6%)

Oligoastenospermia 2 (7.1%) 1(4.8%)

Oligoteratoastenospermia 3 (10.7%) 1(4.8%)

Teratozoospermia 4 (14.3%) 1(4.8%)

Astenozoospermia 0 (0%) 2(9.6%)

Oligozoospermia 1 (3.6%) 1(4.8%)

doi:10.1371/journal.pone.0159305.t002
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sperm values above than the lower limit of the WHO 2010 reference values. As shown in
Table 3, there were no statistically significant differences between the seminal parameters at V0
and V1 in the patients who completed the study.

Bivariate analyses
With respect to semen sample quality, no statistically significant associations were observed at
V0. This applied not only to CD4 levels (p = 0.781) but also to the CD4 nadir (p = 0.3). At V1,
too, there were no statistically significant associations in the semen quality with respect to CD4
levels (p = 0.750) or the CD4 nadir (p = 0.595).

Discussion
The aim of this study was to evaluate the viral load in the genital compartment, a possible sanc-
tuary site, following treatment with mDRV/r, and to determine whether this treatment,
extended to include nucleos(t)ide analogues, improved seminal fluid quality in HIV-1-positive
patients.

The mDRV/r treatment combination was adopted because of its potency and ease of admin-
istration and because our team, as well as others, had considerable experience in its use [16].

The seminal fluid viral load of the patients receiving ART was analysed in 49 samples (in
the remaining cases, no such analysis was possible, due to PCR inhibition). These samples were
obtained from 27 of the 28 patients who began the study; for one patient, it was not possible to
determine the viral load in any of the semen samples provided, due to PCR inhibition. Of these
49 samples, only five (10%) were positive (>20 copies/mL), with the viral load ranging from 35
to 1210 copies/mL. These values are slightly lower than those observed by Torres-Cornejo et al.
[33]. Of the 28 initial patients, 21 completed the 48-week follow-up and provided two samples
each. Viral load was determined in 32 of 42 samples provided. The 3% positivity obtained with
mDRV/r is lower than the 16% positivity in monotherapy with protease inhibitors observed by
Torres-Cornejo et al. [33] and the 20% reported by Gutmann et al. [34], using LPV/r in mono-
therapy. Other studies have obtained results similar to ours; thus, Ghosn et al. [26] reported
0%, using LPV/r in monotherapy, and Lambert-Niclot et al. [27] obtained 4%, using mDRV/r
at a dose of 600/100 b.i.d. The latter two studies employed viral load detection limits of 100 and
200 copies/mL, respectively, which were higher than the system used in the present study.

Table 3. Seminal fluid values of the 21 patients who completed the study.

V0 aMedian (Q1-Q3) V1Median (Q1-Q3) p

Volume; mL 2.3(1.7–3) 1.9(1.5–3.37) 0.146

pH 7.5(7.2–7.5) 7.5(7.2–7.7) 0.976

Sperm; x106/mL 59(20.5–141.5) 39(14–109.5) 0.068

Round cells; x106/mL 3(1–8) 2(1.12–3.75) 0.178

Total sperm count; x106 154(42–319.5) 132(31.8–259.5) 0.117

Motility; % 45(32.5–62.5) 52.5(40–65) 0.755

Motility; total 60(42–70) 60(45–709) 0.657

Normal structure 5(3–6) 4(4–7.5) 0.388

Live sperm; % 88(79.5–90.5) 86.5(80.5–90.75) 0.176

Teratospermia index 1.3(1.2–1.4) 1.3(1.2–1.4) 0.950

a Mean values of the two samples analysed at V0 and V1.

doi:10.1371/journal.pone.0159305.t003
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Only one patient receiving mDRV/r treatment had a positive viral load of 139 copies/mL,
which cannot be compared with the viral load values of the patients receiving ART. This
patient presented a positive viral load in seminal fluid while receiving ART.

These findings of a very low percentage of positive viral load with mDRV/r in seminal
fluid lead us to believe that this type of therapy is as safe as ART, with respect to levels of
viral load seminal fluid. In the central nervous system, similarly good results have been
reported for mDRV/r [25, 35, 36]. Monotherapy with protease inhibitors has been shown to
produce results to comparable with those of ART in other body compartments, such as lym-
phatic tissue [37].

With respect to the quality of seminal fluid, after discarding endocrinological and genital
abnormalities (data not shown), only 57% of the patients receiving ART surpassed the lower
limit of the WHO 2010 reference values for semen quality [31] (see Table 3). These data con-
firm the poor quality of semen of HIV-1 patients–with or without treatment [5, 6]–and the
negative influence of this condition on the quality of seminal fluid in patients commencing
ART [9]. The reasons for this poor seminal fluid quality are unclear, but presumably it results
from the HIV-1 infection itself [38], or the damage attributable to the retroviral therapy [39],
specifically, the mitochondrial damage caused by nucleoside analogues [10].

Of the patients who proceeded to receive mDRV/r, the percentage with normal semen rose
to 62%, although the difference, as regards the overall quality of the semen, was not statistically
significant (Table 3). The maintenance of sperm quality observed in the study could be due to
the analogues being received by the ART patients (Table 1), as these analogues are less associ-
ated with mitochondrial toxicity [39, 40, 41]. Although a decrease in sperm concentration was
observed between V0 and V1, when the total number of ejaculated sperm were taken into
account, this decrease was less marked. According to the WHO semen analysis manual, this
latter parameter is of most clinical value in the study of spermatogenesis.

According to our literature review, no previous studies have been conducted to compare
changes in seminal fluid quality after patients proceed from ART to mDRV/r treatment, or to
LPV/r in monotherapy.

In our study, neither in the ART patients nor in those receiving mDRV/r were any statisti-
cally significant relationships observed between CD4 levels and seminal quality. Neither were
there significant relationships between the CD4 nadir and semen quality.

In view of the results obtained in the present study, we conclude that the viral load in semi-
nal fluid has the same characteristics in ART patients as in those receiving mDRV/r, and that
there was no worsening of semen quality relative to baseline. The possibility of changes in the
cells and molecules of the immune system, with respect to sperm, cannot be discounted and
this question needs to be analysed in future studies. The results we report could provide clini-
cians with guidance in providing an appropriate response to the reproductive desires of the
seronegative partner of an HIV-1-positive patient [42]. Nevertheless, the present findings need
to be confirmed in studies with larger numbers of patients.
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