
ABSTRACT

S
exual transmission of HIV is the principal mode of
spread of HIV throughout the world. Whether the use
of combination antiretroviral therapy will affect the

sexual transmission of HIV remains to be seen. For an effect
to occur, the viral load reductions seen within the blood
need to be mirrored at a mucosal level, within the rectal
tissues, the female genital tract and the semen of HIV-1-
infected men. In part, this will be determined by the local
concentrations of drugs within the genital tract. In this
overview, we summarise the current knowledge on antiretro-
viral drug penetration into the male and female genital
tracts. We also review studies that have investigated the
effect of antiretroviral therapy on genital-tract shedding. The
clinical implications of these studies are discussed. We
conclude that the risk of HIV transmission exists as a
spectrum, with many factors, both behavioural and
biological, at interplay. It is conceivable that the use of
antiretroviral therapy could reduce the spread of HIV from
certain individuals. However, this idea is based on biological
plausibility and surrogate marker data, rather than
prospective population studies. In the worst-case scenario,
antiretroviral therapy may simply increase the transmission
of drug-resistant virus. 

INTRODUCTION

Combination antiretroviral therapy has brought about
individual health benefits in terms of reducing morbidity
and mortality [1]. However, whether this treatment will
affect the sexual transmission of HIV remains to be seen. For
this to be the case, the viral load reductions seen within the
blood plasma need to be mirrored at a mucosal level, within
the rectal tissues, the female genital tract and the semen of
HIV-1 infected men. In part, this will be determined by the
local concentrations of drugs within the genital tract. Here,

we summarise current knowledge of antiretroviral drug
penetration into the male and female genital tracts. We also
review studies that have investigated the effect of antiretro-
viral therapy on genital tract shedding. Finally, we discuss
the potential clinical implications of these studies.  

BACKGROUND

The efficacy of a pathogen in maintaining an epidemic
depends on its basic reproductive rate (R0). R0 designates the
number of individuals that are, on average, infected by one
single person. As long as R0 exceeds 1, the infection will
continue to spread [2]. For a sexually transmitted pathogen,
such as HIV, R0 is a function of the infection risk per
partnership (β), the number of sexual partners per unit of
time (c) and the duration of the infectiousness (D). Thus:

R0 = β × c × D

Furthermore, the infection risk per partnership depends
on the infectiousness of the infected individual (reviewed in
detail in [3] and [4]), the mode of the sexual contact and the
susceptibility of the uninfected partner (reviewed in [5]).
Reducing the latter is the main focus of preventive vaccine
and vaginal microbicide programmes, whereas promotion of
condom use and safer sex campaigns are the major
behavioural strategies aimed at reducing the risks of HIV
transmission (Table 1). In addition, the treatment of
sexually transmitted infections can affect both the potential
infectiousness of an individual [6–10] and the person’s
susceptibility to infection [11,12].

However, what we are considering in this review is
whether treatment of an individual with antiretroviral
therapy will render that person less infectious and, hence,
could this treatment affect the spread of the epidemic?
Classically, the parameter D, the duration of infectiousness,
has been considered to be the length of time a person
remains infected with HIV (i.e. in the absence of a cure, the
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Table 1: Factors and interventions that may increase or reduce the sexual transmission of HIV.

Factors likely to increase sexual transmission of HIV Factors likely to decrease sexual transmission of HIV

• Deferral of therapy • Using antiretrovirals that effectively reduce the genital tract viral load
• Sex during primary infection and late disease • Treatment during primary infection
• High seminal, cervical and rectal viral load • Identification and treatment of genital supershedders of HIV
• Structured treatment interrruptions • Continual maximally suppressive therapy
• Genital inflammatory conditions and ulceration • Treatment of sexually transmitted diseases
• Increase in risk-taking behaviours • Reduction in risk-taking behaviours
• Increase in numbers of sexual partners • Decrease in number of sexual partners
• Not using condoms • Consistent condom use



life of the individual). However, it is also hypothetically
feasible that antiretroviral therapy may also modulate the
effective duration of infectiousness at an individual level. 

FACTORS INFLUENCING INFECTIOUSNESS

Epidemiological studies have identified the factors that
influence infectiousness: advanced stages of HIV disease, a
low CD4 count [13–18] and the presence of sexually
transmitted infections [19–21] are all associated with an
increased risk of transmission. However, the most powerful
predictor of transmission so far identified is the blood viral
load in the infected partner [22–24]. In addition,
theoretical, biological and epidemiological evidence all
indicate that primary HIV infection is a major risk for the
sexual transmission of HIV (Table 1) [25–27]. 

Several studies have also shown convincingly that these
risk factors for sexual transmission are associated with
increased shedding of HIV in the genital tract [7,28–35].
This is unlikely to be purely coincidental. Rather, the factors
that increase genital shedding, in essence, render individuals
more infectious to their sexual partners.

Will the corollary be true? Will drugs that are effective in
reducing the plasma viral load, increasing the CD4 count
and reducing symptoms associated with HIV reduce the
sexual transmission risk? This will, in part, depend on
whether reductions in the plasma viral load are mirrored in
the genital tract. If this is the case, mathematical models have
predicted that the probability of sexual transmission can be
directly related to the seminal viral load in the index case
[36]. However, this benefit may be offset by any increase in 
the frequency of unsafe sexual behaviours in infected
individuals. 

A number of studies have now investigated the effect of
antiretroviral therapy in reducing genital tract secretions and
the findings are summarised below. However, many issues
remain unanswered. Do all antiretrovirals penetrate the
genital tract to the same extent? Is this reflected in the genital
tract viral load suppression or in the efficiency of viral
clearance? Does residual viral replication occur in the genital
tract in the face of a suppressed plasma viral load?
Ultimately, will this lead to the differential development and
sexual transmission of resistant HIV?

THE POTENTIAL IMPORTANCE OF

THERAPEUTIC DRUG CONCENTRATIONS IN

THE GENITAL TRACT

Several groups have investigated the penetration of
antiretrovirals into the male genital tract and it is now clear
that this penetration is highly drug-specific [37–56]. In fact,
concentrations can vary from drugs that are virtually
undetectable to drugs that appear to concentrate in genital
secretions. The potential clinical implications of these
differences are summarised in Table 2 and discussed below. 

Drugs that achieve high concentrations in genital
secretions may be good candidates for pre- or postexposure
sexual prophylaxis because these are the sites that are
involved with the first contact of the virus. Drugs that
achieve high concentrations in the female genital tract may
be particularly effective at preventing mother-to-child

transmission, provided most transmission occurs during
passage through the birth canal [57]. In addition, if the
genital tract truly represents a separate compartment, as
many studies now suggest [58–65], then drugs that achieve
therapeutic concentrations within this compartment may
well be important for controlling local viral replication. This
will certainly have implications for the prevention of sexual
transmission of the virus and also for the local development
of drug-resistant HIV. It has been postulated by Kepler and
Perelson [66] that the differential penetration of drugs into
body compartments such as the genital tract is likely to
promote the generation of resistant HIV. Whether this is
due to the concept of ‘compartmental monotherapy’ or
simply ongoing replication in the face of suboptimal drug
concentrations is currently unknown. 

DRUG PENETRATION INTO THE MALE

GENITAL TRACT

The studies that have investigated the penetration of
antiretroviral drugs into the male genital tract are
summarised in Tables 3, 4 and 5. In general, nucleoside
reverse transcriptase inhibitors (NRTIs) achieve concentra-
tions in the semen of HIV-1-infected men that are of a
similar magnitude or greater to those achieved in matched
blood plasma samples. In particular, zidovudine (ZDV) and
lamivudine (3TC) appear to concentrate in seminal plasma
to levels at least double those in plasma and often much
higher [37,43,52,53,67]. It has been proposed that this
apparent concentration of certain NRTIs may be due to as
yet undefined active drug transporters. Notably, it is the
intracellular triphosphorylated moiety that has antiviral
activity. To date, the only study to examine intracellular
levels of ZDV and 3TC triphosphate has shown that 3TC
triphosphate concentrations in seminal mononuclear cells
were equivalent to those found in peripheral blood
monocytes. In contrast, seminal ZDV triphosphate concen-
trations were only a fraction of those in blood [68]. The
significance of these findings requires further investigation. 

Data on all three of the currently licensed non-nucleoside
reverse transcriptase inhibitors (NNRTIs) have been pub-
lished or presented at international conferences [43,44,
54,69]. Nevirapine (NVP) has been shown to reach the
highest concentrations in semen, reported as 60–100% of
plasma levels irrespective of time after the dose [43]. These
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Table 2: The potential clinical implications of therapeutic versus
subtherapeutic drug concentrations in the genital tract.

Rapid and therapeutic drug distribution to rectal, vaginal and
cervical tissues may be crucial for agents that may be used for
pre- or postsexual prophylaxis regimens.

Therapeutic drug concentrations in the female genital tract may
be important for preventing mother-to-child HIV transmission.

Therapeutic drug concentrations in the genital tract may be
important for controlling local viral replication within the genital
tract, and hence for the potential to transmit virus sexually.

Subtherapeutic drug concentrations may encourage the local
development of drug resistance, which may either seed back into
the systemic circulation or be sexually transmitted.



Table 3: Median nucleoside reverse transcriptase inhibitor concentrations in the genital tract of male and female HIV-1-positive subjects.

Males Females

Refer- Semen, ng/ml Time after SP/BP Refer- CV fluid, ng/ml Time after CV/BP

ence (range) dose (h) (range) ence (range) dose (h) (range)

Abacavir [104] 370 (270–3360), n = 5 4–8 5.6 (3.3–19.7)
[49] 1223 (925–2051*), n = 4 2 NS

Lamivudine [43] 1224 (391–1606), n = 3 8–12 8.7 (4–16.3) UD 6770 (730–16730), n = 5 5–6 4.10 (1.26–8.62)
[52] 2701 (1460–4320), n = 82 0–12 12.4 (6.8–18.8*) [73] 69, n = 1 NS NS
[55] NS 0–12 AUC 6.6 (4–8.1)

Zidovudine [52] 292 (194–438), n = 79 ~6 15.7 (9.4–27*) UD 730 (50–1230), n = 4 5–6 1.85 (0.03–5.40)
[37] NS 0–12 AUC 2.2 (1.6–2.8) [73] 29.3±21.1, n = 5 NS NS
[55] NS 0–12 AUC 3.31

Stavudine [43] <25 (<25–388), n = 5 8–12 3.5 (1–6)

Didanosine [50] 430 (<50–1240), n = 5 4–12

Where possible, the absolute drug concentrations given are those obtained at the end of the dosing interval  (i.e. the approximate trough
concentration); the median semen or cervicovaginal fluid/blood plasma ratios given may have been collected over a wide range of time
intervals and may not represent the trough ratio. *Interquartile range. The didanosine dose was 400 mg once a day. AUC, area under the
curve ratio; BP, blood plasma; CV, cervicovaginal; n, number of samples; NS, not stated; SP, seminal plasma; UD, unpublished data (M Boffito
et al., 2003).

Table 4: Median non-nucleoside reverse transcriptase inhibitor concentrations in the genital tract of male and female HIV-1-positive subjects.

Males Females

Refer- Semen, ng/ml Time after SP/BP EC50 Refer- CV fluid, ng/ml Time after CV/BP

ence (range) dose (h) (range) (MEC) ence (range) dose (h) (range)

Nevirapine [43] 3900, n = 6 8–12 0.61 39.9 UD 1515, n = 2 5–6 0.27 
(1300–9100) (0.59–0.78) (3400) (900–2130) (0.25–0.30)

[75] Not stated 3–4 1.3
Not stated 12 0.8

Efavirenz [44] 238, n = 13 24 0.09 4.4
(49–1256) (0.03–0.43) (1100)

[54] n = 147 0–24 AUC 0.034
(0.02–0.05*)

Delavirdine [69] 1025, n = 4 6–9 0.16 [75] Not stated 3–4 0.05
(819–1210) (0.12–0.21)

[73] Not stated 12 0.5

Where possible, the absolute drug concentrations given are those obtained at the end of the dosing interval (i.e. the approximate trough
concentration); the median semen or cervicovaginal fluid/blood plasma ratios given may have been collected over a wide range of time
intervals and may not represent the trough ratio. *Interquartile range. AUC, area under the curve ratio; BP, blood plasma; CV, cervicovaginal;
EC50, protein-corrected 50% effective drug concentration previously proposed for blood plasma and based on in vitro determinations of 50%
inhibitory concentrations (IC50) with a correction factor for plasma protein binding from [105]; MEC, minimum effective plasma concentration;
n, number of samples; SP, seminal plasma; UD, unpublished data (M Boffito et al., 2003).

concentrations are approximately 100-fold the calculated
protein-corrected effective concentration that inhibits viral
replication by 50% (EC50) for NVP of 39.9 ng/ml [70], and
are equivalent to the suggested blood plasma minimum
effective concentration (MEC) of 3400 ng/ml [71].
Similarly, efavirenz (EFV) seminal plasma concentrations
can be said to exceed a proposed calculated plasma protein-
corrected EC50 of 4.4 ng/ml [70] by 50-fold. In contrast, if
the blood plasma proposed MEC of 1100 ng/ml is used
[72], then the seminal plasma EFV concentrations are only
20% of this value [44]. This huge range in potential
therapeutic levels within the genital tract emphasises the
complexities in trying to establish the actual drug
concentrations required for antiviral activity within the
genital tract. Furthermore, no studies have been able to
determine the effect of seminal protein binding on drug
activity, due to the technical difficulties involved with these
experiments.

Among the protease inhibitors (PIs), irrespective of the
target concentrations used, results from four studies have
shown that indinavir (IDV) achieves therapeutic trough
seminal plasma concentrations in excess of blood plasma
values [40,42,45,47]. These are even higher if IDV is co-
administered with ritonavir (RTV), possibly due to
inhibition of P-glycoprotein or other drug transporters at the
blood–genital tract interface [48]. One postulated reason for
the effective penetration of IDV is its relatively low protein
binding (60%). This hypothesis is supported by the fact that
amprenavir (APV), which is approximately 90% protein-
bound, reaches semen concentrations that are around 20%
of blood plasma levels and these are close to the protein-
corrected EC95 and MEC for APV [53]. 

The remaining PIs generally reach the semen at <7% 
of blood concentrations. However, absolute concentrations,
which are the more important measure, are achieved in 
the order lopinavir (LPV) >> RTV > saquinavir (SQV) =
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Table 5: Median protease inhibitor concentrations in the genital tract of male and female HIV-1-positive subjects.

Males Females

Refer- Semen, ng/ml Time after SP/BP EC95 Refer- CV fluid, ng/ml Time after CV/BP

ence (range) dose (h) (range) (MEC) ence (range) dose (h) (range)

Indinavir [45] 558, n = 7 6–8 1.44 42 [73] 0.31±0.09*, n = 7 NS NS 
(272–3178) (0.67–5.79) (100) [75] NS 3–4 0.7

[40] 714±170**, n = 12 NS 1.9 NS 12 1.45

Indinavir/r [48] 1634, n = 9 8–12 NS [74] 1800, n = 14 3–4 3.8
(1109–2431*) (280–5410) (0.99–10)

[47] 448, n = 39 8 NS 2040, n = 15 12 1.32
(240–1015) (480–28,100) (0.08–5.62)

Ritonavir [45] 295, n = 9 9–12 <0.04 1514 [75] NS 3–4 0.02 
(<25–870) (<0.02–0.11) (2100) NS 12 0.03

Saquinavir/r [45] <20, n = 7 9–12 <0.04 278
(<0.02–<0.06) (100)

Lopinavir/r [56] 230, n = 14 1–12 0.034 64.2† [75] NS 3–4 0.05
(46–3900) (0.02–0.07*) (1000) NS 12 0.05

[40] 1743±1066**, n = 7 NS 0.07 [74] 480, n = 4 3–4 0.07
(360–720) (0.026–0.091)

480, n = 7 12 0.062
(300–600) (0.013–0.42)

Amprenavir [53] 319, n = 43 0–12 0.2 102 [75] NS 3–4 0.5
(73–929) (0.1–0.39) (400)

Nelfinavir [40] 156±48**, n = 7 NS 0.07 567 (800)

Where possible, the absolute drug concentrations given are those obtained at the end of the dosing interval (i.e. the approximate trough
concentration); the median semen or cervicovaginal fluid/blood plasma ratios given may have been collected over a wide range of time
intervals and may not represent the trough ratio. *Interquartile range; **mean; †EC50 value. BP, blood plasma; CV, cervicovaginal; 
EC95, protein-corrected 95% effective drug concentration previously proposed for blood plasma and based on in vitro determinations of 95%
inhibitory concentrations (IC95) with a correction factor for plasma protein binding from [105]; MEC, minimum effective plasma concentration;
n, number of samples; NS, not stated; r, low-dose ritonavir; SP, seminal plasma.

nelfinavir (NFV) [40,45]. Although LPV seminal/blood
plasma concentration ratios are low, the absolute values 
may be high enough to exert antiviral pressure. Whether this
results in adequate suppression of genital tract viral load or
selects for viral resistance remains to be seen. 

DRUG CONCENTRATIONS IN THE FEMALE

GENITAL TRACT

While it is clear that antiretroviral drug concentrations
can be directly measured in seminal plasma, very few studies
have evaluated measurements in the female genital tract
[73–75]. 

Kashuba et al. [75] investigated different class antiretro-
viral drug concentrations in blood plasma and cervicovaginal
secretions (CVS) in nine HIV-infected women. The overall
ranking of antiretroviral drug penetration into the female
genital tract, among the drugs studied, was IDV> NVP>
APV > delavirdine (DLV) > LPV = RTV. This is similar to
the pattern observed in men and confirmed the negative
impact of protein binding on compartmental penetration. 

More recently, the diffusion of IDV and LPV in genital
secretions of 19 HIV-infected women has been further
investigated. A total of 70 blood plasma/CVS sample-pairs
were analysed. Median CVS:blood plasma ratios were low
for LPV (0.06 trough and 0.07 peak concentration) and
high for IDV (1.32 and 3.8, respectively) [74]. Interestingly,
IDV concentrations in the 14 CVS samples with detectable

IDV at the end of the dosing interval were above the 
MEC able to suppress HIV wild type in plasma (100 ng/ml)
[76]. This suggests that IDV reaches therapeutic concentra-
tions in the female genital tract, as it does in the male genital
tract.

At the University of Turin, Italy, a study to assess CVS
and blood plasma antiretroviral drug concentrations in HIV-
infected women is currently under way. Preliminary results
in five women (Tables 3 and 4 ) show a moderate diffusion
of NVP, and diffusion of the NRTIs ZDV and 3TC similar
to that observed in seminal plasma. All samples (both blood
and CVS) were taken 4–6 hours after drug intake. Blood
plasma and CVS viral loads were measured at the same time
and found to be undetectable in all except one blood plasma
sample (unpublished data, M Boffito et al., 2003).

THE EFFECT OF ANTIRETROVIRAL THERAPY

ON GENITAL TRACT SHEDDING

Tables 6 and 7 summarise the studies that have inves-
tigated the effect of antiretroviral drugs on genital tract
shedding in males and females, respectively. Many more
groups have studied the effects of antiretrovirals on HIV
shedding in the male than in the female genital tract. In
general, early studies using monotherapy regimens revealed
only a modest effect on genital tract shedding [28,77].
However, as combination therapy has become the norm (in
developed countries), the effect on seminal shedding has also
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appeared to improve. In the best-case scenario in one of 
the largest studies looking at the effect of combination
antiretroviral therapy on seminal HIV shedding, seminal
plasma HIV RNA was detectable in only two of 114 men
(<2%). However, cell-associated DNA could still be detected
in 16% of men [78]. The duration of effective therapy also
appears important. Leruez-Ville et al. [79] observed a reduc-
tion in both HIV-1 RNA and DNA over time, so that by 18
months of effective antiretroviral therapy, all patients in that
study had <400 HIV-1 RNA copies/ml in seminal plasma
and none had detectable HIV DNA. 

However, these studies appear to represent the best cases.
Of more concern are patients in whom the seminal plasma
viral load remains detectable in the face of a suppressed or low
blood plasma viral load. This has been found most frequently
in studies using suboptimal antiretroviral regimens [10,40,
80–84]. Furthermore, replication-competent virus can be
recovered from seminal cells in patients with an undetectable
seminal plasma viral load [85]. Thus, while men on anti-
retroviral therapy will probably be less infectious than
untreated men, they must still be considered able to transmit
HIV.

THE EFFECT OF ANTIRETROVIRAL THERAPY IN

THE FEMALE GENITAL TRACT

Studies on the effect of antiretroviral therapy in the
female genital tract are far less complete than those for the
male (Table 7). Also, they are of much greater concern
regarding drug efficacy and viral clearance. In general, the
use of antiretroviral therapy appears to reduce genital
shedding in the female genital tract. However, the published
data so far are less impressive with regard to viral clearance.
In the largest study to date [86], of 311 women, 33%
(27/83) with plasma viral loads <400 HIV-1 RNA copies/ml
still had detectable viral loads in cervicovaginal lavage
samples. This was despite the fact that 52% of these women
were on antiretroviral regimens containing a PI. Unlike
previous work in the male genital tract, these authors
analysed HIV-1 RNA in an extract of the whole genital
secretion, including cellular components. Thus, the detec-
tion of HIV-1 RNA originated from intracellular (messenger
RNA) HIV as well as from cell-free HIV-1 RNA. Therefore,
residual HIV-1 RNA in this work may also signify detection
of HIV-infected lymphocytes in cervicovaginal lavage [86].
Similarly, Si-Mohamed et al. [73] found that although
combination antiretroviral therapy on the whole was more
effective at reducing HIV-1 RNA in cervicovaginal lavage
than mono- or dual therapy, proviral HIV-1 DNA was
detectable in 50% of the cervicovaginal lavage samples.
Moreover, of 14 cervicovaginal samples analysed for HIV
resistance, 12 contained resistance-associated mutations
[73]. Therefore, to date, on the basis of published studies,
the effect of antiretroviral therapy in reducing the potential
infectiousness of women is not as robust as in the male. 

DOES THE COMPOSITION OF THE REGIMEN

MATTER? 
So far, differences found in the penetration of PIs into the

genital compartment have not been convincingly associated

with either rates of HIV-1 RNA detection in the genital tract
or the development of resistance, as has been postulated
[66]. However, PIs are usually given in combination with
NRTIs which, in general, penetrate well in to the genital
compartment, as described above [46]. However, one
published study has presented data suggesting that drug
penetration may be important in controlling compartmental
replication. Laffeuillade et al. [40] studied 42 HIV-positive
men on antiretroviral regimens for at least 6 months. These
contained two NRTIs plus NFV or LPV/RTV or IDV. Six
patients in this study had a detectable seminal plasma viral
load despite therapy. Importantly, three of these had a
detectable seminal plasma viral load despite a blood plasma
viral load of <50 HIV-1 RNA copies/ml, two on NFV and
one on LPV. In particular, all three patients had NRTI-
associated mutations in the seminal plasma. The authors
postulate that the poor penetration of NFV and LPV into
semen may have resulted in a therapeutic state of only two
drugs (NRTIs) rather than three or four antiretrovirals in
this compartment, leading to viral escape and the develop-
ment of resistance [40]. 

Differences in genital compartment penetration might
need to be reconsidered if regimens using PIs only are used.
In a small 48-week pilot study, treatment with a single PI
alone did result in similar success rates in semen as treatment
with a standard PI/NRTI combination [87]. However,
treatment in the PI-only arm was with APV, which does
reach therapeutic drug levels in the male genital tract, unlike
other PIs such as RTV, SQV and NFV.

Furthermore, a recently presented pilot study of 12
patients treated with RTV-boosted IDV alone showed
persistent viral suppression for up to 48 weeks [88]. It
remains to be shown whether PI-only regimens that do not
enter the genital compartment as efficiently as IDV or APV
will allow persistent genital HIV shedding, or even lead to
the local development of drug-resistant viruses. 

WILL ANTIRETROVIRAL THERAPY REDUCE

SEXUAL TRANSMISSION? 

To date, only one published study has formally addressed
this question, and that was in the monotherapy era. Musicco
et al. [18] followed 436 monogamous HIV-negative females
who were in sexual relationships with HIV-positive men.
Over the duration of the study, 27 women seroconverted.
This was more likely with inconsistent condom use,
advanced stage of disease in their partner and without use of
ZDV. When the analysis took disease stage into account, the
rate of transmission from ZDV-treated men was lower than
from untreated men (relative risk 0.5, 95% confidence
interval 0.1–0.9) [18]. 

The more recent findings of effective suppression of 
HIV-1 RNA and DNA levels in the male genital tract
certainly give rise to the hope that antiretroviral therapy may
at least reduce the infectiousness of some males infected with
HIV. However, given the current lack of hard evidence, in
addition to the cost, toxicities and complexity of current
antiretroviral therapy, it cannot be considered worthwhile as
a preventive public health method at this time. Nevertheless,
the effect of treatment on the sexual transmissibility of HIV
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Table 6: Studies looking at the effect of antiretroviral therapy on seminal HIV shedding.

Ref., study Source, semen Detection HIV Detection HIV ART, effects

type (n) HIV detection in SP/NSC in BP (related SP) on SP HIV Results and key findings/conclusions of study

Krieger et al. NSC culture 28% +ve (CS) 88% +ve (PBMCs) ZDV 22, 23% Seminal shedding not associated with CD4 or CD8
1991 [77] 50% at least 1 +ve not on ZDV, counts, disease stage or ZDV therapy.
CS (34), LS (6) +ve (LS) 41% +ve on ZDV

Hamed et al. DNA PCR on NSC DNA +ve 67% 6/6 DNA +ve in None (9 pts), 1 (23), Seminal shedding not associated with disease stage, 
1993 [106] RT PCR on SP RNA +ve 44% PBMCs in LS 2 (4 pts); treated DNA CD4 count or ART. In LS a decrease in SP VL was
CS (36), LS (6) +ve 78%, RNA 48% noted in only 2/6 men.

Kroodsma et al. RT PCR on SP 44% SP RNA +ve 68% BP RNA +ve ZDV/ddI (3), ZDV (7) 25% of drug-resistant genotypes discordant in SP and BP
1994 [92] DNA PCR on NSC RNA and DNA ddI (6); drug-resis- for ZDV- and ddI-associated mutations. In LS, mutations
CS (16) sequenced ant variants in SP found first in SP/BP and before detection in NSCs/PBMCs.

Krieger et al. NSC and SP 67% from NSC Not stated No drug (9), ZDV or ZDV or ddI had little effect on seminal shedding. CMV
1995 [31] culture 14% from SP ddI (30) detected in 30% of semen samples.
LS (56)

Vernazza et al. NSC MC 37% culture +ve Median BPVL 4.96 1NRTI (2), 2 NRTI (5) Treatment-induced changes in BPVL generally associated 
1997 [107] NASBA on SP 68% SP RNA +ve 2NRTI+PI or NNRTI with similar SP changes. All pts with undetectable BPVL 
CS (44) Median SPVL  (22); +TX 12% culture also had undetectable SPVL.

3.91 log10 +ve, 27% SP RNA +ve 

Gupta et al. NASBA on SP + 66% RNA +ve 32/34 RNA +ve IDV±EFV in LS. SPVL 10–1000-fold higher than previous estimates; whole
1997 [33] whole semen Median SP 5238 Median BPVL All pts BLD in SP semen VL > SPVL. RT PCR suffered inhibition by seminal 
CS (34), LS (14) c/ml, semen 33,000 c/ml post-TX plasma. NASBA RNA↑ all samples. BPVL/SPVL highly cor-

11,000 c/ml related (P <0.001). Seminal shedding not associated CD4. 

Gilliam et al. NSC MC 50% culture +ve 100% No drug (6), others Only 0.1% samples culture +ve post-TX. SPVL↓ ~1 log10.  
1997 [108], LS NASBP on SP before TX 1/2 NRTIs ± NNRTIs ART effectively reduced seminal shedding.
(22), ART (11) 78% pts BLD post-TX

Zang et al. RT PCR on SP SP RNA BLD 7/7; BP RNA BLD 7/7, 2 NRTI + PI 5–41 HIV DNA still in 3/7 NSCs and replication-competent virus
1998 [85] DNA PCR on DNA detectable DNA detectable mths SP RNA BLD; cultured in 2 despite long-term HAART. WT sequences 
CS (7) NSC+ PBMCs; 4/7 NSCs; 2/7 3/7; 3/7 PBMCs no resistance recovered on sequencing seminal cell-associated virus.

NSC culture NSCs culture +ve culture +ve mutations detected

Taylor et al. NASBA on SP 4/7 detectable SP 7/7 detectable BP RTV/SQV+d4T; Poor penetration RTV/SQV in semen (<5% of BP levels). 
1998 [42] HPLC on SP for RNA pre-TX; SPVL VL pre-TX; median 6/7 pts BLD Despite this, SPVL suppressed BLD in all patients.
LS (7) SQV/RTV median 4600 c/ml BPVL 18,000 c/ml at 24 wks

Dornadula et al. Ultrasensitive RNA 8/20 pts SP RNA 20/20 pts BP still 3 drugs, all BPVL With HAART, low-level BP and SP RNA still detectable at 
1999 [109] assay <5 c/ml >5 but <50 c/ml detectable (mean <50 c/ml >5 to <50 c/ml despite BP RNA levels <50 c/ml.
CS (20) despite HAART 17 c/ml) on HAART

Luizzi et al. SP RNA↓ at 1, 3, ZDV 0.7, 0.5, 0.2; ZDV 0.6, 0.4, 0.2; 1, 2 or 3 drugs HIV-1 RNA levels in BP/SP related to duration/type/no. 
1999 [110] 6 (4) mths after ZDV/ddI 1.1, 1.4, ZDV/ddI 1.4, 1.3, (values in previous drugs used. With PI + 2 NRTIs, strong ↓ in cell-free HIV-1
LS (17) start TX 1.3; 2 NRTIS + PI  1.1; 2 NRTIS + PI 2 columns are log10) RNA in semen.

1.2, 2.2, 3 (mth 4) 1.8, 1.7, 2.4 (mth 4)

Mayer et al. SP RNA, cell RNA SP RNA (400,000 Not stated SP RNA/DNA +ve in When IDV added to regimens with 2 NRTIs only, DNA/
1999 [83] and cell DNA c/ml), SP DNA +ve 31% (RNA 27,000 RNA persisted in semen in 31%, but no +ve HIV cultures
LS (22) PCR baseline 59% pre-TX; cell c/ml); cell RNA isolated from semen. PI resistance mutations identified in

+ 6 mths RNA 10,000 c/ml, 80,000 c/ml; cell seminal leukocyte DNA from 2 pts which differed from
cell DNA 70,000 DNA 3000 c/ml mutations in PBMCs.

Tachet et al. RT PCR on SP 87% RNA +ve 98% median 21% pts on TX; no 1/3 of men had SP RNA similar/equal BP RNA. Cell-assoc-
1999 [84] DNA PCR on NSC 57% NSCs +ve BPVL 4.2 log10 significant difference iated DNA in men with –ve SP RNA. SPVL/BPVL correlated
LS (22) and SPZ between RX and no RX (rs = 0.56, P<0.0001). DNA in SPZ, contamination?

Winter et al. NASBA on SP 58% pts no TX 100% pts no TX 13% 2 drugs, 38% Seminal shedding associated with BPVL (AOR 19.3, CI 2.6–
1999 [10] had median SPVL had median BPVL no drug, 49% 3/4 144 per 10-fold ↑ BPVL). Asymptomatic urethritis in 9%,
CS (94) 4.7 log10; 10% pts 4.7 log10; drugs; if no TX, significantly associated seminal shedding. 53 men on ART

on TX had median pts on TX had 11× more likely to tested for urethritis; men urethritis +ve were >8× more
SPVL 2.9 log10 BPVL 2.6 log10 shed HIV in semen likely to shed HIV in semen. BPVL/SPVL correlated (rs=

0.6; Spearman’s rank P<0.001).

Speck et al. HIV RNA, HIV/ SP detection ↑ Not stated SP detection ↓ with Best multivariate model predicting +ve semen VL had 2
1999 [111] CMV coculture with ↑ polymorph ≥2 drugs systemic host factors, CD4 <200 (OR 3.0; 95% CI 1.3, 
CS (49) nuclear count, +ve 6.9) and NRTI (1 drug OR 0.5; 95% CI 0.3, 1.0; ≥2 drugs

CMV coculture, OR 0.4; 95% CI 0.2, 0.9), and +ve CMV coculture (OR 
CD4 <200 1.7; 95% CI 1.0, 3.0).

Ball et al. NASBA on SP 7/12 pts RNA 9/12 pts RNA 2NRTIs, IDV added Stable ↓ BP/SP VL not achievable in significant proportion 
1999 [80] and BP +ve pre-TX SPVL +ve pre-TX SPVL 5/12 BPVL +ve and of NRTI-experienced men when IDV added to a failing 
LS (12) median 4.56 log10 median 4.81 log10 2/12 SPVL +ve regimen.

Barroso et al. NASBA on SP 69/73 (74%) 889/93 (96%) 6 mths post 2/3 ART reduces HIV shedding in semen. A substantial number
2000 [81] and BP SP RNA +ve BP RNA +ve drugs BP RNA +ve of pts still have detectable RNA, may remain infectious.
LS (93) pre-TX pre-TX 38%, SP RNA 33%

Eron et al. SP and BP RNA Pre-TX 4/30 pts Not stated 19 APV alone, 11 First to show that 1PI (APV) ↓ seminal shedding but 8 (27%)
2000 [87] SPVL >6.10 log10 APV/ZDV, 3TC; post- had +ve SP HIV RNA at last visit. Persistent HIV replication
LS (30) TX, 77% SPVL BLD in genital tract may ↑ transmission of resistant virus.

Vernazza et al. HIV RNA and SP RNA in 2/114 BP RNA detec- 114 men stable on Optimal TX-induced suppression of BPVL leads to undetec-
2000 [78] DNA on TX, 67% no TX; table in 0/114 HAART versus 55 table semen HIV (<2%); seminal shedding of cell-free/cell-
CS (114 TX, DNA +ve 16% TX, on TX controls associated HIV significantly ↓ versus asymptomatic no TX.
55 controls) 38% no TX
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Table 6: Studies looking at the effect of antiretroviral therapy on seminal HIV shedding (continued)

Ref., study Source, semen Detection HIV Detection HIV ART, effects

type (n) HIV detection in SP/NSC in BP (related SP) on SP HIV Results and key findings/conclusions of study

Taylor et al. NASBA on SP Median pre-TX in Pre-TX BPVL in EFV regimens; by 24 Prospective study of EFV effect on SP RNA. SP EFV only   
2001 [44] and BP; EFV in naive pts SPVL naive pts 4.9 log10, wks, BPVL in 16/18 10% of BP levels. SPVL suppressed by 24 wks of TX in all
LS (19) SP and BP 3.48 log10, 5.88 log10 with <50 c/ml, SPVL  in patients. Authors concluded that EFV-containing regimens

4.51 log10 post TX post TX 18/18 <400 c/ml have antiviral activity in male genital tract.

Gunthard et RT PCR and 3/23 samples BPVL BLD all pts IDV/3TC/ZDV >2 Lymphoid compartment is important reservoir of residual
al. 2001 NASBA on BP detected HIV RNA years; 20/23 HIV in pts with successful ART for >2 years, but HIV RNA 
[112] LS (28) and SP >50 but <400 c/ml samples BLD undetectable in all CSF samples and 20/23 SP samples.

Boulet et al. RT PCR on BP, SP RNA +ve in BP RNA +ve in 33/40 pts on ART BPVL/SPVL strong positive correlation (r S=0.59, P<0.0001);
2001 [113] SP and saliva 17/44 (39%) of 37/46 (80%) of >3 mths; 11 on 2 BP/saliva weak correlation (r S = 0.31, P<0.05); none for
(40; 23 ART) samples samples drugs, 18 on 3 saliva/semen. Mean BPVL and SPVL significantly affected by

drugs no. of drugs (P<0.001 and P<0.05, respectively).

Taylor et al. NASBA on SP and 7 IDV pts SPVL 7 IDV pts BPVL IDV+2NRTIs (7) or SP IDV > therapeutic level; SQV/RTV high in BP but sub-
2001 [45] BP; IDV/RTV/SQV <800 c/ml; 12/16 <400 c/ml; 12/16 regimen containing therapeutic in SP. SPVL/BPVL detected in 4 pts, 3 on ART 
CS (23) in SP and BP RTV/SQV pts RTV/SQV pts RTV/SQV (16) 4 wks only; 4th pt on TX 24 weeks, had SPVL 42,000 

<400 c/ml <400 c/ml c/ml and BPVL 1100 c/ml.

Kalichman et NASBA on semen SPVL 1.7±2 if SPVL 53% with no BPVL Various ART (2/3 BPVL/SPVL not associated. SPVL > BPVL in 34% pts. BPVL 
al. 2001 [82] (whole or SP not =BPVL (29 pts), 5.2± but SPVL detectable; drugs) suppressed in 15/35 (=suboptimal ART?). 53% with undetec-
CS (44) given); RT PCR BP 0.7 if SP>BP (15 pts) 31% vice versa table BPVL had detectable SPVL.

Celum et al. RT PCR on BP 67% SPVL +ve if BP In general, ↑ BPVL 88% of 54 on TX had SPVL more variable than BPVL. SPVL usually 1 log10
2001 [114] NASBA on SP VL >50,000 c/ml, associated with undetectable SPVL; lower than BPVL. When BPVL <5000 c/ml, 32% with  
(89) 61% +ve if BPVL ↑ SPVL 12% detectable no TX, 13% on NRTIs and 7% on PIs still had detectable

10,000–50,000, SPVL despite ART SPVL.
40% +ve if <10,000

Pilcher et al. Roche Amplicor Mean SPVL in sero- Mean BPVL in sero- After diagnosis, pts SPVL highly variable; in 3/8 pts SPVL > BPVL and needed 
2001 [102] for BP; NASBA converters 3.98± converters 5.49±0.8 started 4 drugs with >24 wks TX to be undetectable. SPVL found before symp-
LS (8) for SP 1.43 log10 versus log10 versus NVP, ddI, d4T, HU toms (virus in genital tract early?). High seminal shedding

3.61±1 log10 4.28±0.8 log10 of HIV associated with other STD co-infection.

Sadiq et al. RT PCR and I8/24 men on TX 5/6 men with ART ≥2 drugs for Effective ART limited urethritis effect on SPVL, but if poor
2002 [8] NASBA on BP and +urethritis had SPVL detectable SPVL ≥3 mths in men control of BPVL, ↑ SPVL during urethritis. In 1 pt, SPVL
LS (24 cases, SP in men with/ <1000 c/ml; 6 had had detectable with/without ↓ 20-fold after TX for gonococcal urethritis.
16 controls) without urethritis detectable SPVL BPVL urethritis

Leruez-Ville RT PCR in SP 92% RNA +ve and 100% baseline HAART 18 mths, SP By mth 6, SPVL detectable in only 11% pts; by mth 18 of 
et al. 2002 and BP, RNA 66% DNA +ve at DNA +ve, 100% RNA ↓1.8 log10 mth 1, HAART, all pts <400 c/ml, all NSC DNA –ve, but SPVL 
[79] NSC DNA baseline (median VL ↓ 2 log10 (mth 1), all NSC DNA –ve 292, 100, 10 c/ml in 3 pts. Do infected cells in male 
LS (39) DNA VL 1.1 log10) mth 18 still +ve by mth 18 genital compartment come from intermittent blood 

lymphocyte passage?

Reddy et al. Roche Amplicor No SPVL found in BPVL <2.6 in 4/9 EFV in regimen Prospective study of EFV effect on SP RNA. EFV > HIV-1
2002 [54] on BP, NASBA 8 (89%) EFV-naive, (44%) EFV-naive (9 EFV-naive, 10 WT IC50 over whole dose interval. Authors conclude that
LS (21) on SP nor 10 others (83%) and 5/12 others with previous EFV) EFV in TX regimen can suppress SPVL.

Nunnari et al. Detection of Viral growth in Viral growth in Men on fully With suppressive HAART, new cellular infections occurred
2002 [115] 2LTR circles; viral 5/28 (18%) NSCs; 16/26 (57%) suppressive HAART; in PBMCs but not seminal cells in vivo (in which mainly
CS (28) coculture assay 0/28 samples PBMCs; 18/28 VL <50 c/ml latent HIV-1 found). Is this a compartment-specific 

2LTR +ve 2LTR +ve mechanism of residual HIV-1 disease?

Laffeuillade Roche Amplicor SPVL <50 c/ml in BPVL detectable 2NRTIs + IDV (16) SP/BP ratio 1.9 IDV, 0.07 NFV, 0.07 LPV. Detectable SP
et al. on HIV RNA 28/34 pts; 6 had in 4 men on IDV, 2NRTIs + NFV (13) VL in 6 pts associated with detectable BPVL in 3 (NFV 1, 
2002 [40] plus PI analyses median 556 c/ml 5 NFV, 4 LPV 2NRTIs + LPV/r (12) LPV 2) and BPVL <50 c/ml in 3 (NFV 2, LPV 1). 3 semen 
CS (41) (3 with BPVL <50 c) samples of latter had NRTI mutations (=low PI in semen?).

Liuzzi et al. Branched DNA In STI, all SPVL In STI, all BPVL Various 3-drug regi- BPVL and SPVL rebound in 12/12 pts with STI of effective 
2003 [116] assay BP and SP rebounded (1136– rebounded (69– mens. STI for median HAART. BPVL rebound > SPVL rebound, but highest VL in 
LS (12) HIV RNA in pts 1,000,000 c/ml) >500,000 c/ml) 4 mths. 7 pts restarted semen (2 pts). Both VLs ↓ with restart TX (after 1–2 mths, 

with STI TX after 34–192 days 4/7 pts BLD in semen).

Barroso et al. NASBA in BP and Baseline: median Baseline: median 2/3 drugs; after 6 After 6 mths TX, median BPVL in semen HIV shedders was 
2003 [117] SP for HIV RNA SPVL 7800 c/ml BPVL 47,000 c/ml mths, 20 shed HIV in 22,000 c/ml, BLD in non-shedders. Strong association of 
LS (93) (24/93 pts BLD) (4/93 pts BLD) semen (VL 11,000 c) poor adherence with persistent HIV seminal shedding.

Laffeuillade et RT PCR and NASBA SPVL found in 3 BPVL BLD in 13/23 2NRTIs + LPV/r (19) LPV poor level in SP (6% of BP). SPVL BLD in 87% pts on
al. 2003 [97] for HIV RNA (median 704 c/ml, detectable in 10 2NRTIs + EFV + salvage regimen with LPV/r. Pts with ↑ LPV resistance
CS (23) range 274–5100) (median 357 c/ml) LPV/r (4 pts) may be BLD in BP but not SP due to insufficient SP IQ.

AOR, adjusted odds ratio; APV, amprenavir; ART, antiretroviral therapy; BLD, below the limit of detection; BP, blood plasma; CI, confidence
interval; CMV, cytomegalovirus; CS, cross-sectional study; CSF, cerebrospinal fluid; ddI, didanosine; EFV, efavirenz; HAART, highly active
antiretroviral therapy; HPLC, high-performance liquid chromatography; IC50, 50% inhibitory concentration; IDV, indinavir; LPV, lopinavir; LS
longitudinal study; LTR, long terminal repeat; MC, microculture; mth, month; NASBA, nucleic acid sequence-based amplification; NFV,
nelfinavir; NNRTI, non-nucleoside reverse transcriptase inhibitor; NRTI, nucleoside reverse transcriptase inhibitor; NSC, non-seminal cells; OR,
odds ratio; PBMC, peripheral blood monocyte; PCR, polymerase chain reaction; PI, protease inhibitor; pts, patients; r, low-dose ritonavir; ref.,
reference; RT, reverse transcriptase; RTV, ritonavir; SP, seminal plasma; SPZ, spermatozoal fraction; SQV, saquinavir; STI, structured treatment
interruption; 3TC, lamivudine; TX, treatment with antiretroviral therapy; +ve, positive; VL, viral load (measured as HIV-1 RNA copies/ml or as
log10 HIV-1 RNA copies/ml (log10); wk, week, WT, wild-type HIV; ZDV, zidovudine.
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Reference,

study type (n)

Loussert-Ajaka et al.
1997 [118]

Hart et al. 1999 [119]

Di Stefano et al. 1999
[94]

Cu-Uvin et al. 2000
[120]

Si-Mohamed et al.
2000 [73]

Kovacs et al. 2001
[86]

Debiaggi et al. 2001
[121]

Ellerbrock et al. 2001
[122]

Coombs et al. 2001
[123]

Method used to

collect CVS

CV lavage

CV lavage and
cytobrush

CV lavage

CV lavage

CV lavage

CV lavage and pap
smear

CV lavage and CV
swabs

CV lavage and
cytobrush

SNO-STRIP™ wicks,
cytobrushes
(endocervix) and CV
lavage (ectocervix)

No. of women

enrolled

43 (pregnant
HIV-infected
women)

n = 52

n = 2

n = 205

n = 58
(samples
obtained from
54 women
have been
analysed)

n = 311

n = 37 (total
number of
samples: 128
pairs blood
and CV)

n = 15

n = 55

ARV regimens

used

ZDV monotherapy

31/52 women stable
on ART regimens; 11
started or changed
ART (2NRTIs and IDV)

The patients were
multiexperienced to
various ART regimens
n = 74, not on
treatment
n = 65, on NRTIs
n = 67, on HAART

n = 12, treatment-
naive n = 12, ZDV on
monotherapy
n = 12, 2 NRTI
n = 18, HAART
(various combination
therapies)

Various ART
combination therapies

n = 26, 2 NRTIs and
IDV
n = 11, 2 NRTIs

ZDV or d4T plus 3TC
and IDV added to the
regimen after 6
months of therapy

Three quarters of the
patients were on a
PI-containing regimen

Summary of results and key findings of study

HIV-1 RNA was detected in 10/43 CV samples and ranged from 280 to
36,080 copies/mL (median: 1320 copies/ml). ZDV therapy at the time
of sampling was associated with a lower rate of HIV DNA detection in
the CVS suggesting that ART can reduce HIV excretion in the FGT.

Cell-free vaginal HIV-1 RNA was detected in 32 (46%) of the 52 lavage
samples with a range of <1000 to 122,000 copies/lavage (median:
2600 copies/lavage). The initiation of ART significantly reduced the
amount of HIV RNA, both in plasma and CVS.

Multidrug-resistant HIV-1 variants were detected in the CVS of two
women treated with different ART regimens.

51 (25%) had HIV-1 RNA detected in both plasma and GT secretions.
The CV HIV-1 RNA load was positively correlated with the plasma viral
load and negatively with the CD4 cell count. The use of ART was
associated with low HIV replication in both plasma and CVS.

In total, HIV RNA found in 21/54 (39%) of CV samples. CV HIV-1 RNA
was detectable in 9/12 of treatment-naive patients (2.95±0.40 log10
c/ml), 8/12 on ZDV monotherapy (2.88±0.30 log10 c/ml), 2/12 on
2NRTIs (1.57±0.14 log10 c/ml) and 2/18 on HAART (1.66±0.20 log10
c/ml). Persistence of cell-associated DNA provirus in the FGT was
detected in 50% of CVS samples, suggesting that treated women remain
potentially infectious during heterosexual intercourse. 12/14 detectable
CV samples contained resistance-associated mutations.

Plasma RNA concentration was the most important factor in predicting
genital HIV-1 shedding, even among women receiving ART. Of concern
33% (27/83) women with BPVL <500 still had detectable HIV-1
shedding in the genital tract. 74% of these were on combination ART
and 52% were receiving ART including a PI, suggesting that a separate
reservoir of HIV-1 replication may exist in some women.

HIV RNA was detectable in 40 (31%) CV samples. The prevalence of
HIV-related nucleic acids in CVS was significantly associated with the
presence of HIV RNA in plasma. However, the positive correlation
observed in this study provides no assurance that HIV shedding does not
occur in the FGT with undetectable VL in plasma. Therefore, the impact
of systemic ART on HIV shedding needs further investigation.

Differences in the development of drug resistance-associated mutations
in cell-free HIV-1 in blood compared with that in genital tract secretions
were observed. These suggest that local HIV-1 replication kinetics or
drug availability in the FGT may be decreased, compared with that in
plasma. These differences suggest that locally produced, cell-free HIV-1
in genital secretions was under different selective pressures than in
blood.

The general pattern of HIV-1 shedding showed the lowest levels of viral
RNA in the follicular phase immediately following menses with a
gradual increase throughout the luteal phase until the next menses. 
HIV-1 shedding was dependent on the genital subcompartment sampled
and was associated with ART, >plasma viral RNA and the presence of
genital tract infections. A greater natural short-term variation of HIV-1
RNA in the genital tract (13-fold) compared with blood (7-fold) was
observed. The authors conclude that further studies are warranted to
better understand the impact of systemic and topical ART to prevent both
horizontal and vertical transmission.

ART, antiretroviral therapy; BP, blood plasma; CV, cervicovaginal; CVS, cervicovaginal secretions; FGT, female genital tract; HAART, highly
active antiretroviral therapy; IDV, indinavir; NRTI, nucleoside reverse transcriptase inhibitor; PI, protease inhibitor; VL, viral load, measured
as HIV-1 RNA copies/ml or as log10 HIV-1 RNA copies/ml (log10); ZDV, zidovudine.

could, theoretically, have a relevant effect on the spread of
the epidemic. The magnitude of the treatment effect is likely
to vary considerably. Further, it may be inextricably linked
to the coexistence of sexually transmitted infections [6–8,
10,12,89,90] and the change in sexual behaviours of treated
individuals [91]. In the best case, highly motivated men,
who are on maximally suppressive antiretroviral therapy and
are free from genital infections, are probably less infectious
to their sexual partners. Nevertheless, this is relative, and
they will still pose a transmission risk. 

ANTIRETROVIRAL THERAPY IN THE

TRANSMISSION OF RESISTANCE

The presence of drug-resistant HIV has been documented
in both male and female genital secretions [40,59,62,64,
83,92–97]. The increase in the transmission of drug-
resistant viruses is evidence of their transmissability
[62,98–100]. The influence of differential penetration of
antiretroviral therapy on the development of resistance, as
described above, has not yet been proved conclusively, but
remains plausible. Differences in resistance mutations have



been detected between the blood and genital tract [40,64,
92,101]. However, several groups have also found identical
mutations in both compartments [59,62,73], suggesting that
the degree of compartmentalisation may vary between
individuals. Of greater concern for the transmission of
resistance may be the concentration of resistant virus in the
genital tract. Hence, the poorly adherent patient, on sub-
optimal therapy, with a sexually transmitted infection, who
engages in unsafe sexual acts, probably represents the worst-
case scenario in terms of the rapid spread of resistant HIV
[95]. In such cases, antiretroviral therapy could paradoxically
increase the spread of resistant HIV. 

Given the adverse consequences for the transmission of
resistance by poorly motivated individuals or those taking
suboptimal regimens, the widespread use of antiretroviral
therapy as a method of limiting the spread of HIV may be
inappropriate. 

TARGETING ANTIRETROVIRAL THERAPY FOR

PEOPLE AT HIGH RISK OF TRANSMISSION

The concept of preventing HIV transmission by reducing
the infectiousness of the infected individual might be a valid
option if treatment is targeted towards core groups, whose
potential for transmitting HIV is high. Such targeted
preventive efforts might be appropriate for patients with
primary HIV infection and those with large numbers of
sexual partners and a limited uptake of safer sex recom-
mendations. Furthermore, a small proportion of individuals
with HIV infection appear to have increased levels of genital
HIV shedding [8,62,82,84,87,102]. This group, also known
as ‘super-shedders’ [103], might be an alternative target for
such a strategy, once genital infections are ruled out.
However, for the intervention to be effective, adherence to
medication is a prerequisite and this, again, requires
motivation from the individuals involved. 

CONCLUSIONS

The risk of HIV transmission exists as a spectrum. Many
factors, both behavioural and biological, are interacting. It is
feasible that the use of antiretroviral therapy could reduce
the spread of HIV from certain people. However, this is
based on biological plausibility and surrogate marker data,
rather than prospective population studies. 

The drug-specific nature of drug penetration into both
the male and female genital tracts is intriguing. The use of
wide-reaching drugs is intuitively attractive. However, no
major clinical studies, to date, have conclusively demon-
strated a benefit from a penetrating rather than a non-
penetrating regimen, neither in terms of efficacy nor in
genital tract suppression. 
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