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lA HIV prevention strategy that women can 

initiate or control in the form of a microbi-
cide was first proposed almost two decades 
ago. Since then, various candidate microbides 
have entered effectiveness trials to assess their 
impact on the prevention of HIV infection. 
These include trials of nonoxynol-9 (N9) 
sponge [1], N9 film [2], N9 gel (COL-1492) [3], 
SAVVY® (Biosyn, MA, USA) [4], cellulose sul-
fate (CONRAD, VA, USA) [5], Carraguard® 
(Population Council, NY, USA) [6] and, most 
recently, the HIV Prevention Trials Network 
(HPTN  035) trial that assessed the safety 
and effectiveness of BufferGel™ (ReProtect, 
MD, USA) and 0.5% PRO 2000 gel (Endo 
Pharmaceuticals Solutions, DE, USA) for the 
prevention of male-to-female HIV transmis-
sion [7]. Out of all these products only 0.5% 
PRO 2000 gel has been able to demonstrate 
any reduction in HIV infection; three prod-
ucts have shown no impact on HIV (N9 film, 
Carraguard and BufferGel), one trial did not 
produce a meaningful result owing to lower 
than expected HIV incidence in the study 
population (SAVVY) and three trials suggested 
that the product may be harmful (N9 sponge, 
N9 gel and cellulose sulfate). 

The results from the HPTN  035 trial 
demonstrated that, although not statistically 
signif icant, 0.5% PRO  2000 gel resulted 
in a 30% reduction in HIV infection in an 
intent-to-treat analysis and a subgroup analy-
sis provided further corroborating data for a 
potential protective effect of the gel [7]. These 
results show promise for the field of micro
bicides since they are the first indication that 
a microbicide gel can at least partially reduce a 
woman’s risk of becoming infected with HIV. 
These results have also reinforced the idea that 
coitally related products can prevent HIV and 
have rekindled interest in polymer products. 
However, these results are insufficient to make 

any conclusive statement on 0.5% PRO 2000 
gel as a protective microbicide and further tri-
als are needed to provide a clearer indication 
of the impact of 0.5% PRO 2000 gel on HIV 
infection. A larger Phase III effectiveness trial 
of 0.5% PRO  2000 gel in the Microbicide 
Development Program (MDP 301) study of 
9389 women is currently underway and its 
results are expected in late 2009. 

Even if the MDP 301 study provides further 
evidence that 0.5% PRO 2000 gel can protect 
against HIV there will still be a strong need 
for other microbicide candidates and indeed, 
other HIV prevention options. Successful 
microbicides will probably be delivered in 
many forms, such as gels, creams, suppositories, 
films, sponges and vaginal rings. Some will be 
contraceptive while others not [8]. 

Current state of clinical development  
of microbicides

There are several candidate microbicides in 
various stages of development; it is worth not-
ing that testing the safety and efficacy of can-
didate microbicide products takes many years. 
According to the Alliance for Microbicide 
Development, there are currently more than 
50 candidate microbicide products in preclini-
cal development and 11 products are being 
tested in 21 ongoing trials. In addition, a 
further 16 clinical trials are planned [101]. 

PRO  2000 gel and tenofovir gel are the 
candidate microbicides in the most advanced 
stages of effectiveness testing. PRO 2000 gel 
is a polyanionic polymer consisting of alternat-
ing 2-naphthalene sulfonic acid sodium salt and 
methylene units, and is an entry/fusion inhibi-
tor designed to hamper HIV’s ability to attach 
to, and infect, healthy cells [102]. In comparison, 
tenofovir is an antiretroviral-based microbicide, 
manufactured by Gilead Sciences, Inc. (CA, 
USA), and licensed to CONRAD. Tenofovir 
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has potent activity against retroviruses and 
interrupts replication of the virus once it enters 
cells [9]. Tenofovir is already widely used for the 
treatment of AIDS.

The pipeline of new products is growing 
too slowly; beyond VivaGel® (Starpharma, 
Australia) and dapivirine (International 
Partnership for Microbicides, VA, USA), there 
are no products likely to enter Phase IIb and III 
trials in the near future. Early developmental 
research is also starting to focus on combina-
tion microbicides that will include multiple 
active ingredients or mechanisms of action, but 
these have extremely long timelines, as each 
component of the combination may have to 
demonstrate effectiveness to warrant inclusion 
in a combination product. Microbicide candi-
dates currently in clinical trials are summarized 
in Table 1. 

Obstacles to  
microbicide development

Several obstacles continue to hamper the 
development of a safe and effective micro
bicide. Financial commitments have been one 
of the biggest obstacles. According to the HIV 
Vaccines and Microbicides Resource Tracking 
Working Group, the total global investment 
in microbicide research and development was 
approximately US$226.5 million in 2007, with 
the public sector providing 90% ($203.0 mil-
lion) of funds [103]. This is compared with fund-
ing of $961 million for HIV-vaccine-related 
research and development in the same year [103]. 
This huge discrepancy in funding is partly due 
to the difficulties experienced in mobilizing 
pharmaceutical industry support for micro
bicide research and development. Although 
funding of microbicide research has signifi-
cantly increased over the years, a successful 

product will require extensive and sustained 
investment in research and development, access 
and advocacy [8]. In general, the product pipe-
line needs a very large number of products in 
Phase I owing to the high attrition rate before a 
product warrants assessment for efficacy against 
HIV infection. At present, the dearth of prod-
ucts in the preclinical and Phase I pipeline is a 
source of major concern.

There are also several logistical and ethical 
issues involved in the conduct of microbicide 
trials. Microbicides are typically tested in large 
numbers of sexually active people from selected 
populations that are likely to be at high risk of 
acquiring HIV infection. Thus, clinical trials 
are often carried out in developing countries 
that have high levels of infection [8]. This has 
raised concerns about the potential for exploita-
tion of vulnerable populations; a concern that 
is, fortunately, not borne out of reality due 
to the high ethical and care standards main-
tained in all the current microbicides trials. 
Furthermore, microbicide trials are, in reality, 
being conducted in many countries throughout 
the world including Europe and the USA. 

During the conduct of microbicide trials 
researchers are ethically obliged to promote 
and counsel on the use of proven HIV pre-
vention options, such as condoms. Under 
these conditions the trial can only measure 
whether microbicides improve upon the pro-
tection afforded by existing proven preven-
tion technologies, especially condom use [8]. 
Microbicides will also only work if they are 
widely accepted and used consistently by 
women. Measuring adherence is challenging 
and current clinical trials all include some 
form of assessment of product use, but these 
measures, such as self-report, can sometimes 
be unreliable. Other practical challenges that 

Table 1. The current microbicide candidate pipeline.

Phase Candidate Mechanism of action Current status

Phase III PRO 2000/5 gel
Tenofovir gel

Entry/fusion inhibitor
Replication inhibitor

Ongoing
Planned

Phase IIB Tenofovir gel
Tenofovir gel

Replication inhibitor
Replication inhibitor

Ongoing
Planned

Phase II/III Invisible Condom® Physical barrier and surfactant Planned

Phase I/II VivaGel®† (SPL7013 gel) Entry/fusion inhibitor Ongoing

Phase I Dapivirine† (TMC120) gel
Ethanol in emollient gel
UC-781
CAP vaginal soft tablet
MIV-150 gel

Replication inhibitor
Surfactant
Replication inhibitor
Combination product
Combination product

Ongoing
Ongoing
Ongoing
Planned
Planned

CAP: Cellulose acetate phthalate. 
Adapted from [105].
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undermine the goals of a microbicide-effective-
ness trial are behaviors, such as anal sex and 
use of other intravaginal substances.

A significant concern in the clinical assess-
ment of microbicide effectiveness is the poten-
tial hazard related to reproductive toxicity. 
Women who become pregnant during the 
microbicide trial are required to discontinue 
product use, as the full effects of the product on 
a pregnancy are not well understood. Several 
microbicide studies have experienced high rates 
of pregnancies [104], which adversely affects the 
power and minimizes the effect size of the study 
outcome in an intention-to-treat analysis. This 
is because pregnant women who acquire HIV 
during the time when they are not using the 
product are counted as a microbicide ‘failure’.

Conclusion
Although there have been a number of setbacks 
in the microbicide field, the results from the 
HPTN 035 study provide hope that the devel-
opment of a safe and effective microbicide is pos-
sible. Despite the many challenges, microbicides 
provide a real potential to influence the course of 
the HIV epidemic and are likely to be available 
and accessible sooner than HIV vaccines and 
will fill an important gap for women-controlled 
prevention methods.

Future perspective
n	If the MDP 301 study produces a similar level 

of PRO 2000 gel effectiveness as HPTN 035, 
data will be needed to address the main obsta-
cles to widespread use, specifically, safety in 

pregnancy, long-term safety, safety in very 
high frequency use (beyond 28 applications in 
a fortnight), effectiveness against nonclade C 
HIV, approaches to increase over-the-counter 
access to the product, messaging to promote 
uptake and low-cost applicators with ease 
of disposal.

n	Which formulation of microbicides will be 
most acceptable (gel, vaginal ring etc)?

n	How should a microbicide product be 
formulated to promote adherence?

n	How can the Phase I pipeline be expanded?
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