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in controlling human immunodeficiency virus
1 shedding in the male genital tract
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Abstract
Cross-sectional study comparing seminal human immunodeficiency

virus type 1 (HIV-1) shedding in patients receiving boosted

protease inhibitor monotherapy (mtPI/rtv) (n = 66) versus triple

therapy (TT) (n = 61). Seminal HIV-1 shedding rates in patients

with undetectable plasma HIV-RNA were 16.0% on mtPI/rtv

compared with 28.6% on TT (p 0.173). Aviraemic status and

time on viral suppression were independently associated with

lack of seminal HIV-1 shedding. During TT, non PI/rtv-based

regimens were associated with a better control of HIV infection

in semen despite similar time on viral suppression. The use of

mtPI/rtv in well-controlled patients is not associated with

increased seminal HIV excretion compared with TT.
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Effective triple antiretroviral therapy (TT) is able to control

human immunodeficiency virus (HIV) viraemia and significantly
decreases transmission to heterosexual partners [1,2]. Howev-
er, there is evidence of an intermittent seminal HIV shedding in

approximately 15% of virologically suppressed males receiving
TT [3–8]. Ritonavir-boosted protease inhibitor monotherapy

(mtPI/rtv) has been proposed to both facilitate adherence and
reduce adverse effects and costs in virologically well-controlled

patients [9,10], showing a slightly lower efficacy than TT in
controlling viral replication. Nevertheless, little is known about

its impact on HIV sanctuaries, such as the male genital tract. In a
cross-sectional study, we compare the rate of seminal HIV-1

shedding of patients without previous virological failure on
protease inhibitors and �6 months of viral suppression on TT
who switched to mtPI/rtv (lopinavir/ritonavir, 200/100 mg every

12 h, or darunavir/ritonavir, 800/100 mg once a day) compared
with patients on TT for �3 months with two nucleos(t)ide

reverse transcriptase inhibitors plus a ritonavir-boosted prote-
ase inhibitor (PI/rtv; n = 26), a non-nucleoside reverse tran-

scriptase inhibitor (n = 31) or raltegravir (n = 4).
All patients were negative for sexually transmitted infections

at enrolment and all provided informed consent. Paired pe-
ripheral blood and semen samples were collected and HIV-
RNA levels were determined in both blood plasma (BP) and

seminal plasma (SP) by real-time PCR (AmpliPrep/COBAS
TaqMan HIV-1 Test, Roche Diagnostics, Basel, Switzerland),

with limits of detection of 20 and 30 copies/mL, respectively
(see Supplementary material, Appendix S1). Linear regression

analysis and Spearman’s correlation coefficients were used to
correlate viral load in blood and semen. For group comparison,

the χ2, Mann–Whitney U or Kruskal–Wallis tests were used.
Logistic regression analysis was used to identify the indepen-

dent predictive variables associated with HIV shedding in semen
in the different subsets of patients.

Patients’ baseline characteristics are shown in the Supple-

mentary material (Table S1). Longer time on treatment and
viral suppression, as well as higher CD4+ T-cell counts were

observed on the mtPI/rtv group compared with the TT group.
Overall, there was a significant positive correlation between BP

and SP viral loads (r = 0.266; p 0.002) and negative correlations
between seminal HIV-RNA levels and the time on both
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FIG. 1. Correlations between seminal human immunodeficiency virus (HIV) RNA levels and (a) blood plasma, and seminal plasma HIV-RNA levels and

(b) seminal plasma HIV-RNA levels and time on antiretroviral therapy, and (c) time on viral suppression.
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antiretroviral treatment (r = –0.239, p 0.007) and viral sup-

pression (r = –0.295, p 0.0007) (Fig. 1).
The proportion of patients with undetectable BP viral load

and detectable SP HIV-RNA levels (BP−/SP+) was similar for
lopinavir/ritonavir and darunavir/ritonavir (19% and 13%,
respectively; p 0.719); hence, both groups were analysed

together (Fig. 2). Among the 13 patients on mtPI/rtv who
showed positive SP HIV-RNA, similar levels of seminal HIV-

RNA were found irrespective of the HIV-RNA levels in
plasma (p 0.285).
FIG. 2. Concordances and discordances of blood and seminal plasma hu

strategies.
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In the setting of TT, the seminal HIV-RNA shedding rate was

28.6% among the 56 patients with undetectable viraemia. The
remaining five patients had detectable viraemia and four of

them also had positive SP, but without correlation between
HIV-RNA levels in both compartments (Fig. 2 and see Supple-
mentary material, Table S2). Among this group, a higher

discordance rate (BP−/SP+) was observed on PI/rtv-based
treatment than on non-PI/rtv-based regimens (52% versus

12.1%; p < 0.001) despite similar time on treatment (32 versus
37 months; p 0.457), previous time on viral suppression
man immunodeficiency virus RNA levels among the two therapeutic

Infectious Diseases. Published by Elsevier Ltd. All rights reserved, CMI, 22, 98.e7–98.e10



98.e9 Clinical Microbiology and Infection, Volume 22 Number 1, January 2016 CMI
(6 versus 6 months; p 0.938), and CD4+ T-cell counts (533

versus 608 cells/μL; p 0.373).
As a result of the sample size, differences in HIV seminal

shedding between mtPI/rtv and TT did not reach statistical
significance within aviraemic patients (16.0% versus 28.6%; p

0.173) or viraemic patients (40.0% versus 80.0%; p 0.282). For
those subjects on mtPI/rtv, only the time on viral suppression
showed a trend to be associated with HIV shedding in SP (OR

0.98 for each additional month; 95% CI, 0.960–1.0; p 0.090). By
contrast, for those patients on TT, the variables independently

associated with seminal HIV shedding were an undetectable
viraemia (OR 0.076; 95% CI 0.006–0.998; p 0.050) and a non-

PI/rtv-based regimen (OR 0.110; 95% CI 0.030–0.420; p 0.001).
To date, only three studies have assessed the seminal viral

shedding in patients with undetectable viraemia receiving lopi-
navir/ritonavir (26 patients) or darunavir/ritonavir (23 patients)
monotherapies showing positive SP in 15.4% and 4.3%,

respectively [11–14]. However, there are two main differences
with our study: the limit of quantification for SP HIV-RNA was

established on 200 copies/mL and, in the case of darunavir/ri-
tonavir, the dosing regimen used (600/100 mg twice a day) was

higher than the dosing regimen that we used (800/100 mg once
daily). Although both factors might contribute to the higher

incidence of seminal HIV shedding in our study, we believe that
the first one could have more influence as more than 65% of

these positive SP samples in our study had HIV-RNA levels
<200 copies/mL.

Our results suggest that both monotherapy regimens (lopi-

navir/ritonavir and darunavir/ritonavir) exert a similar control
on HIV replication in the male genital tract, with an incidence of

positive SP HIV-RNA even lower than in patients on PI/rtv-
based TT, though it could be explained by the shorter time

on viral suppression in this TT group (6 months versus 32
months). On the other hand, the lower efficacy of PI/rtv-based

TT regimens to control HIV replication in the male genital tract
compared with a non-PI/rtv-based TT might be explained, in
part, by better drug penetration into the genital compartment

by the non-nucleoside reverse transcriptase inhibitors
compared with PIs/rtv [15], resulting in a better control of HIV

replication in this anatomical compartment. The penetration of
the protease inhibitors into the male genital tract is low, largely

because of their high degree of plasma protein binding. This,
together with the high inter-subject variability in plasma con-

centrations and transporter activities, makes the protease in-
hibitor seminal plasma levels vary widely [12,16–18]. It would

be worthwhile to evaluate the relationship between pharma-
cokinetics and viral load in seminal plasma to better understand
viral dynamics in the male genital tract and the potential role

that low levels of seminal HIV-RNA shedding might have on
sexual HIV transmission.
Clinical Microbiology and Infection © 2015 European Society of Clinical Microbiology and Infect
In summary, these data suggest that the use of mtPI/rtv in

previously well-controlled patients is not associated with
increased seminal HIV excretion when compared with TT.
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