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Human immunodeﬁciency virus (HIV) prevention tools that
women can use and control are urgently needed. Microbicides are
chemical products applied to the vagina or rectum to prevent the
sexual transmission of HIV. Four classes of candidate microbicides
have been tested to date: those that (1) enhance the natural
defences in the vagina to inactivate HIV; (2) inactivate HIV in the
vagina; (3) prevent HIV from attaching to, and fusing with, the
host cells; and (4) prevent HIV from replicating in genital tract host
cells. Despite numerous disappointing efﬁcacy trial results over the
past 20 years, substantial progress is now being made in microbicide development after the release of the CAPRISA 004 trial,
which provided proof-of-concept that topical antiretroviral
microbicides can prevent sexual transmission of HIV and herpes
simplex type-2 infection. Microbicides, which ﬁll an important gap
for women-controlled prevention methods, have the potential to
alter the course of the HIV pandemic.
Ó 2012 Elsevier Ltd. All rights reserved.

Women and human immunodeﬁciency virus
Nearly one-half of the 33.4 million people living with human immunodeﬁciency virus (HIV) and
acquired immune deﬁciency syndrome (AIDS) worldwide are women.1 In sub-Saharan Africa,
women account for 59% of all infected adults. Young women are especially vulnerable. Worldwide,
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60% of people aged 15–24 years with HIV are women, and between 70 and 90% of all HIV infections
among women are caused by heterosexual intercourse. In sub-Saharan Africa, women aged 15–24
years with HIV represent 76% of the total cases in that age group, outnumbering their male peers by
three to one.2,3
Why a women-controlled prevention option for human immunodeﬁciency virus?
Many factors make women more vulnerable than men to acquiring HIV during sex. These include
biological factors,4–6 sexual coupling patterns, where young women partner with older men who are
more likely to be infected,7 multiple concurrent relationships,8 low marriage rates,9 low consistent
condom use rates,10,11 and limited skills in negotiating safer sex practices. Gender-based violence12 and
poverty also increase a woman’s vulnerability for acquiring HIV infection.13 Despite the greater
vulnerability of women, current HIV-prevention strategies provide little protection for women,
especially young women, who can rarely negotiate condom use or faithfulness with their male partners. The female condom has been marketed as an alternative barrier method, but this device, like the
male condom, also requires acceptance by the male partner. New technologies that women can use and
control to prevent the sexual transmission of HIV in women are clearly needed.
What are microbicides?
Microbicides are chemical products that are self-administered prophylactic agents that can be
applied topically in the vagina or rectum as a single agent or multi-component strategy. They are one of
the most promising technologies under development to reduce the risk of sexual acquisition of HIV.
Their purpose is to prevent, or at least signiﬁcantly reduce, the acquisition and transmission of HIV (and
possibly other sexually transmitted infections) at the genital (vaginal, penile or both), gastrointestinal
(rectal) mucosa, or both.
In this chapter, we describe the different mechanisms of action of microbicides, the classes of
candidate microbicides tested to date, the current state of clinical development of microbicides, the
obstacles to the development of microbicides, and the future for microbicides.
Mechanisms of action of microbicides
The principal target of microbicides in women is to reduce acquisition (i.e. male-to-female HIV
transmission), although they could potentially prevent onward (i.e. female-to-male) transmission.
Candidate microbicides use one or more of the following mechanisms of action to combat infection: (1)
they can support normal vaginal defences (buffers); (2) destroy surface active pathogens by disrupting
membranes (surfactants); (3) inhibit pathogen entry into mucosal cells by creating a barrier between
the pathogen and the vagina (blockers); (4) prevent fusion between the membranes of the pathogen
and mucosal cells (inhibitors); and (5) inhibit a virus from replicating once it has infected the cells that
line the vaginal wall (replication inhibitors). Examples of microbicide candidates capable of these
actions are presented in Table 1. Most of microbicide candidates in late-stage development are
formulated with antiretroviral (ARV) drugs that inhibit viral replication.
Classes of candidate microbicides tested to date
Buffers
A microbicide could be used to supplement or enhance the natural immune defenses of the vagina.
Combinations of microbiological, chemical, and physical barriers act to protect the vagina naturally
from infection. The vagina is usually maintained at a low pH of about 4. This low pH is achieved through
the secretion of lactic acid by the lactobacilli, which occur naturally in the vagina. These lactobacilli are
sometimes destroyed by intercurrent vaginal infections (e.g. bacterial vaginosis). A disruption of the
natural balance of the vaginal ecosystem enhances the risk of HIV infection.
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Table 1
Mechanism of action of candidate microbicides.
Action

Examples of candidate microbicides

1.

Maintenance or mobilisation of normal vaginal defences

2.

Destroying surface active pathogens by disrupting membranes

3.

Inhibiting pathogen entry into mucosal cells

4.

Preventing fusion between the membranes of the
pathogen and mucosal cells
Inhibiting post-fusion replication
(poorly absorbed antiretroviral agents)

BuffergelÒ; engineered lactobacillus;
hydrogen peroxide and peroxidises.
Nonoxynol-9 and octoxynol-9;
benzalkonium chloride; C31
G – SAVVYÒ chlorhexidine zinc gel.
CarraguardÒ/PC-515; PRO2000Ò
gel; EmmelleÔ and dextrin-2–sulphate.
Maraviroc (CCR5 inhibitor); soluble CD4.

5.

Tenofovir (nucleotide reverse
transcriptase inhibitor).
Dapivirine (non-nucleoside
reverse transcriptase inhibitor).

The naturally low pH of the vagina is affected substantially by semen, which is alkaline and can
result in the loss of this barrier to pathogens. Microbicides have been developed to maintain the
colonisation of the vagina by lactobacilli or to recolonise the vagina with lactobacilli when these
commensal organisms have been adversely affected (e.g. by the use of antibiotics or genital tract
infections). The candidate microbicide, BuffergelÒ, which acts as a pH buffer, was not shown to alter the
risk of HIV infection when evaluated in a phase III effectiveness trial.14 Research into other candidates
that maintain or enhance vaginal defenses is continuing. For example, the use of a live recombinant
Lactobacillus, L. jensenii, has been shown to reduce simian HIV transmission by 63% in a repeat challenge macaque model.15
Surfactants
Surfactants act by inactivating pathogens, including HIV, while they are in the lumen of the vagina.
These products have a wide spectrum of activity against several microbes and spermatozoa. They
disrupt cell membranes or, in some instances, change the cell’s membrane structure to make it more
porous and thereby more liable to disruption. The best known product in this category is nonoxynol-9,
which had been widely available as a spermicide for many years. Various doses and formulations of
nonoxynol-9 were tested,16 including the sponge,17 ﬁlm18 and gel,19 but none were shown to prevent
acquisition of HIV. Several years later, another surfactant, SAVVYÒ (C31 G), was tested in Ghana and
Nigeria, but these studies also did not ﬁnd any signiﬁcant effect on HIV prevention.20,21 Surfactants are
no longer considered a viable option as a microbicide.
Blockers
This category of candidate microbicides includes the polyanionic sulfated or sulphonated polymers
that had a more limited spectrum of activity. The envelope of HIV, particularly the gp41 component,
which enables fusion with the cell membrane, is considered a critical target for preventing HIV
infection. Compounds such as PRO 2000Ò, CarraguardÒ, cellulose sulfate, and dextrin 2-sulfate, have
been evaluated as potential microbicides because of their ability to prevent the virus from attaching to,
and fusing with, the host cells. Despite compelling evidence of activity against HIV in vitro and in
animal studies,22–28 none of these products were shown to prevent HIV in large scale human
trials.14,29,30
Antiretroviral agents
Several antiretroviral drugs, which were originally developed as HIV therapeutics, are now being
tested as potential microbicides because of they can inhibit viral replication. These antiretroviral agents
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can act either locally in the reproductive tract mucosa or systemically at speciﬁc steps in the HIV
replication cycle, and therefore have a narrow spectrum of activity against HIV only. Tenofovir gel,
developed by Gilead Sciences, was recently shown to prevent sexually acquired HIV infection in
women.31
Two non-nucleoside reverse transcriptase inhibitors, dapivarine (TMC-120) and UC781 are also
being evaluated as candidate microbicides. UC781 is being developed by CONRAD. Although UC781
was found to be well tolerated and safe in women and men in early clinical studies, further research on
this candidate has been put on hold because of difﬁculties encountered with formulating UC781 in
alternative dosage forms (e.g. rings and ﬁlms) and in combination with tenofovir. Dapivarine is being
developed by the International Partnership for Microbicides in two dosage forms: a monthly vaginal
ring and a once-daily gel.
Antiretroviral candidates are also being evaluated in combination with other products (e.g. MIV150
in combination with CarraguardÒ).
Co-receptor blockers
Another critical step in the HIV life cycle is the binding of HIV to chemokine co-receptors such as
CCR5 or CXCR4 on the cell surface. Thus, molecules that are capable of attaching to these co-receptors
and thereby preventing them from attaching to the cell surface may also be potentially effective vaginal
microbicides. This is the mechanism of action of the co-receptor blocker, PSC-RANTES, which has been
shown to provide protection in vaginal challenge studies in rhesus macaques without causing
detectable toxicity or histological changes.32 Rhis requires high doses of PSC-RANTES, however, which
are expensive using current technology. In addition, resistant isolates to some CCR5 inhibitors have
already been described.33 The most valuable type of co-receptor blocker candidate microbicide will be
one that is capable of acting against diverse strains of HIV. One such molecule, C34, a 34-residue
peptide of gp41, is a promising candidate and it is a broad spectrum, highly potent inhibitor of
envelope-mediated cell fusion over the entire panel of HIV-1 and simian immunodeﬁciency virus
(envelope glycoproteins), which suggests that C34 may be a promising therapeutic against diverse or
resistant strains of HIV-1.34
Rectal microbicides
The mucosal surfaces in the rectum are vulnerable to physical damage during sex and potentially
increase the risk of HIV infection. It is a common misconception that anal intercourse is an exclusively
homosexual male practice, not only in Africa but throughout the world.35 Several surveys indicate that
heterosexual anal intercourse is far more common than generally acknowledged.36–39 Women who
engage in anal intercourse may be less likely to use condoms and more likely to engage in risky
behaviours.38 In some settings, unprotected anal intercourse is viewed as an alternative to vaginal sex
to preserve virginity in young women. In countries in Africa where female genital mutilation (female
circumcision) is practised, anal intercourse is often experimented with during the weeks and months
before painless vaginal penetration can be achieved.
Men who have sex with men (MSM) have been largely ignored in HIV prevention and treatment
efforts in Africa. A pattern is emerging of increasing transmission of HIV in African MSM, with HIV
prevalence rates ranging from 10.6% in Kenya to 33% in Zambia.40 A particularly high-risk subgroup,
with over 60% unprotected anal intercourse, is the rapidly growing group of MSM sex workers, mainly
in the big cities in Africa. Clearly, rectal microbicides are needed in a high-risk population like MSM and
female sex workers, but further research on the role of anal sex in HIV acquisition in women in the
general population in Africa is urgently required.
It is possible that vaginal microbicide products may also be beneﬁcial if used rectally in both men
and women. There are distinct structural differences, however, between the vagina and rectum, and
little is known about the necessary rectal mucous membrane coating required to prevent HIV. With
some candidate microbicide products, speciﬁc vaginal and rectal formulations are available, such as
a low osmolality tenofovir gel that has been speciﬁcally formulated for rectal use. Clinical trials evaluating the safety and effectiveness of rectal microbicides are under way.
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Formulations: sponges, ﬁlms, gels and rings
Effective microbicides will probably be delivered in many forms, such as gels, creams, suppositories,
ﬁlms, sponges and vaginal rings. Many microbicidal products are in various stages of development, but
testing the efﬁcacy and safety of microbicides involves many thousands of women over several years.
The number of topical microbicide candidates in development (pre-clinical and clinical) in the past 10
years has averaged between 50 and 60 products; however, only one, tenofovir gel, has been shown to
prevent HIV.
Current state of clinical development of microbicides
A women-initiated HIV prevention strategy was ﬁrst proposed more than 2 decades ago.41 Since
then, several candidate microbicides have entered effectiveness trials to assess their effect on the
prevention of HIV infection.
The ﬁrst microbicide gels to enter phase III trials were surfactants, nonoxynol-9 and SAVVYÒ(C31G), but both failed. The deﬁnitive trial of nonoxynol-9 among sex workers in Benin, Côte d’Ivoire, South
Africa, and Thailand showed that nonoxynol-9 increased the risk of HIV infection among women who
used the product more frequently, possibly owing to an increased frequency of epithelial disruption.19
SAVVYÒ, however, which was tested in two separate studies in Ghana and Nigeria, showed no
signiﬁcant effect on HIV prevention, primarily as a result of lower than expected HIV incidence rates in
the targeted population.20,21
Studies of the polyanions, including cellulose sulphate, CarraguardÒ, and PRO 2000Ò, conducted
between 2007 and 2009, also failed to show any signiﬁcant effect on HIV acquisition. The cellulose
sulphate trial conducted in several African countries and a site in India was stopped prematurely
because of safety concerns. Interim analysis suggested that the product may have increased the risk of
acquiring HIV. Final analysis suggested no effect on HIV acquisition.30 Carraguard was also shown to
have no effect on HIV.29 In 2009, there was a small glimmer of hope in the HPTN 035 study, which
showed that 0.5% PRO 2000Ò reduced HIV infection by 33%, although the results were not statistically
signiﬁcant.14 Subsequent ﬁndings from the almost three-fold larger MDP 301 trial,42 which had 0.5%
PRO 2000Ò and placebo groups comprising 6268 women with 253 HIV infections, showed that 0.5%
PRO 2000 had no protective effect against HIV infection (risk ratio: 1.05).
BufferGelÒ, designed to maintain a healthy vaginal milieu, was also tested alongside 0.5% PRO
2000Ò in the HPTN 035 trial, but no effect on HIV acquisition was detected.14
Given the disappointing clinical trial results with surfactants, and buffering agents, these candidates
have essentially disappeared from the product development pipeline.
The clinical development pathway is currently dominated by antiretroviral agents (Fig. 1).43 The
ﬁrst antiretroviral agent to be tested as a potential microbicide was tenofovir gel, which is also the only
microbicide candidate that has been shown to prevent HIV.31 Tenofovir, an adenosine nucleotide
analog with potent activity against retroviruses,44 was initially developed and tested as a prophylactic
in monkeys, and was subsequently formulated for oral use as tenofovir disoproxil fumarate (VireadÒ),
which is now widely used for HIV treatment. Tenofovir’s efﬁcacy in suppressing viral replication,
favourable safety proﬁle and long half-life,45 made it an ideal choice as the ﬁrst antiretroviral drug to be
formulated as a microbicide gel.
In 2010, the CAPRISA 004 tenofovir gel trial31 showed that tenofovir gel, applied before and after
sex, reduced HIV incidence by 39% (95% conﬁdence interval 6 to 60) overall and by 54% in women who
used the gel consistently. This trial provided proof-of-concept that an antiretroviral agent can prevent
sexual transmission of HIV in women and has provided the ﬁrst evidence that tenofovir gel is a safe and
effective microbicide.
In 2011, the Microbicide Trial Network’s VOICE study,46 which was examining the safety and
effectiveness of 1% tenofovir gel and two oral antiretroviral agents (tenofovir (TDF) and emtricitabine
(FTC-TDF)) taken daily to reduce the risk of HIV acquisition in women, announced that the tenofovir
tablet and tenofovir gel arms were to be halted because interim results showed that they were no
better than placebo in preventing HIV in the study women.47,48 These results are perplexing as there is
good evidence from laboratory research, animal studies and human trials showing that tenofovir gel
Please cite this article in press as: Abdool Karim SS, Baxter C, Overview of microbicides for the prevention
of human immunodeﬁciency virus, Best Practice & Research Clinical Obstetrics and Gynaecology (2012),
doi:10.1016/j.bpobgyn.2012.01.010

6

S.S. Abdool Karim, C. Baxter / Best Practice & Research Clinical Obstetrics and Gynaecology xxx (2012) 1–13
1990

1995

2000

2005

2010

2020

MTN Dapivarine
ring trial
FACTS 001
tenofovir
MTN tenofovir gel and
oral truvada
CAPRISA
tenofovir
gel trial
MDP 2% & 5%
PRO2000 trial
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Increased HIV infection
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Safe but not effective
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Fig. 1. Past and current microbicide effectiveness trials. Adapted with permission.

Planned
43

prevents HIV. A detailed systematic examination of the VOICE study data, which is planned to take
place in late 2012, will be needed to understand the reason for the results.
In the meantime, another placebo-controlled study, the Follow-on African Consortium for Tenofovir
Studies 001 (FACTS 001),49 is continuing to conﬁrm and extend the ﬁndings of the CAPRISA 004 trial31.
The FACTS 001 trail, which is testing tenofovir gel using the same BAT24 coitally related dosing regimen
as the CAPRISA 004 trial31 in 18–30-year olds could provide valuable data needed for regulatory
approval.
If proven effective, tenofovir gel has the potential to alter the course of the HIV epidemic. In South
Africa alone, it is estimated that, over the next 2 decades, this gel could avert 1.3 million new HIV
infections and over 800,000 deaths.50 Implemented on a broader scale, tenofovir gel could save
millions of lives over time.
In preparation for the implementation of tenofovir gel into the public health service, CAPRISA is
planning to undertake an implementation study (CAPRISA 008) in the communities where the CAPRISA 00431 trial took place. Trial participants and other women from the study communities will be
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invited to enrol in this study, which aims to address critical implementation questions about how best
tenofovir gel could be incorporated into current health systems and made accessible to women who
would beneﬁt most from this product while also providing a mechanism for ongoing post-trial access
to the tenofovir gel in these communities.
In addition to the clinical trials of tenofovir, a number of trials have assessed another antiretroviral
drug, dapivirine (TMC-120), formulated as a vaginal gel and a vaginal ring, and some early human
studies on two other classes of microbicides. These include: AmphoraÔ gel,51 a barrier and vaginal
defense enhancer, and VivaGelÔ, an entry and fusion inhibitor. Unfortunately, in addition to these
candidates, no products are likely to enter phase IIb and phase III trials in the near future. Current and
planned clinical trials of topical microbicide candidates are summarised in Table 2.52

Current state of preclinical development of microbicides
Over 70 microbicides candidates are in the preclinical development pipeline. These include 35
attachment, fusion, and entry inhibitors, 10 replication inhibitors, one vaginal defense enhancer, one
immunomodulator, and four with uncharacterised mechanisms of action.43 Early developmental
research is also starting to focus on candidates with multiple mechanisms of action (Table 3).43 The
development of these candidates, however, is more complex, as each component of the combination
may have to demonstrate effectiveness to warrant inclusion in a combination product.

Table 2
Ongoing and Planned Clinical Trials of Topical Microbicide Candidates (January 2012).
Phase Trial name

Candidate(s)

Mechanism of action Location

Population

IIIb
III

Tenofovir gel
Dapivirine
vaginal ring
Dapivirine
vaginal ring
Tenofovir gel
Tenofovir gel;
Oral TDF/FTCa
Reformulated
tenofovir gel for
rectal use
Dapivirine
vaginal ring
Dapivirine
vaginal gel
Dapivirine
vaginal gel
Dapivirine
vaginal gel
AmphoraÔ
/ACIDFORMÔ gel

Replication inhibitor South Africa
Replication inhibitor Malawi, South Africa,
Uganda, Zambia, Zimbabwe
Replication inhibitor Kenya, Malawi,
South Africa, Rwanda
Replication inhibitor South Africa
Replication inhibitor Malawi, South Africa,
Uganda, Zimbabwe
Replication inhibitor Peru, South Africa,
Thailand, United States

700 women planned
3476 women planned

CAPRISA 008
MTN020
IPM 027

IIb

FACTS 00149
VOICE46

II

MTN 017

I/II

IPM 01553
IPM 014A54
IPM 014B

54

IPM 02055
I

AF 02051

MTN 012/IPM 01056 Dipivarine
vaginal gel
MTN 013/IPM 02657 Dapivirine
and miraviroc
vaginal ring
MTN 00758
Reformulated
Tenofovir gel
for rectal use
59
Project gel
Tenofovir gel

Replication inhibitor South Africa, Kenya,
Malawi, Rwanda, Tanzania
Replication inhibitor Kenya, Malawi,
Rwanda, South Africa
Replication inhibitor South Africa

1650 women planned
2200 women
5000 heterosexual
women
216 men who
have sex with
men planned
280 women
320 women
320 women

Replication inhibitor United States

180 women

Barrier/Maintenance United States
of normal vaginal
defences
Replication inhibitor United States

36 women

48 men

Replication inhibitor United States

48 women

Replication inhibitor United States

63 women and men

Replication inhibitor US, Puerto Rico

240 MSM

Adapted from the Global Advocacy for HIV prevention tables on ongoing and planned clinical trials – http://www.avac.org/ht/d/
sp/i/3512/pid/3512.
a
Note the tenofovir gel, and oral TDF arms in this study were prematurely halted for futility. The FTC arm is continuing.
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Table 3
Microbicide candidates in preclinical development. Adapted with permission.43
Mechanism of action

Candidates in pre-clinical
development

Vaginal defense Enhancers
Attachment, fusion,
and entry inhibitors

Unipron
5P12-RANTES
Actohivin
C52L
CADA (cyclotriazadisul fonamides)
Cyanovirin-N (CV-N) (including
bioengineered Lactobacillus
expressing CV-N)
CMPD167
D-peptides
DS001/ L-860,167
DS003/BMS-599793
DS004/L-860,872
DS005/L-860,882
DS007/L0 644 peptide
EBd peptides
Flavonoids (EGCG)
Grifﬁthsin
ISIS 5320
K5-N, OS(H), K50SH
LMBL (Lactobacillus
mannose-binding lectin)
Maraviroc
Dapivirine (non-nucleoside reverse
transcriptase inhibitor)
Darunavir (protease inhibitor)
EFdA (nucleoside reverse
transcriptase inhibitor)
GS9160 (integrase inhibitor)
Lopinavir (protease inhibitor)
MIV-150 (non-nucleoside reverse
transcriptase inhibitor)
Glycerol monolaurate (GML)
Dapivirine and DS003
Dapivirine and maraviroc
Diterpene
HHA, KRV2110, T20 combinations
KP1, KP17
LNG and MIV-150 in a vaginal ring
mapp66 (combination of
anti-CCR5 and anti-HSV antibodies)
Maraviroc and tenofovir
MIV-150, zinc acetate, and
carrageenan (carrageenan is an
excipient)
NCp7 Thioesters (SAMTs)
Nisin
Novasomes
BASANT
C5A (virucide)

Replication inhibitors

Immunomodulators
Combinations
/multiple mechanisms

Novel and uncharacterised
mechanisms

NanobodiesÔ
Optimised dendrimers
PEHMB
PIE 12 trimers
PPCM (polycarboxylated aryl
oligomer,poly[1,4-phenylene-(1-carboxyl)methylene])
PSC-RANTES
RANTES peptides (including
bioengineered Lactobacillus expressing RANTES)
REP 9C, REP 9AC
Retrocyclins (RC101)
sCD4-17b
Single-chain ICAM
Sodium rutin sulfate (SRS)
Soluble DC-SIGN
Syndecan
T1249
Talactoferrin

Raltegravir (integrase inhibitor)
Ritonavir (protease inhibitor)
Saquinavir (protease inhibitor)
Tenofovir (nucleotide analog
reverse transcriptase inhibitor)

Opuntia spp (Osp)
Pyrimidinediones
Pyrimidinediones and ISIS 5320
siRNA
SJ-3991
UC-781 and KP17
UC-781 and progestin
UC-781 and tenofovir
x-REPLAB
Zinc acetate and MIV-150 in a vaginal ring
Zinc tetra-ascorbo-camphorate derivative “C14”

Zinc acetate and carrageenan
Zinc

Obstacles to microbicide development
Funding
Several obstacles continue to hamper the development of a safe and effective microbicide. Financial
commitments have been one of the biggest obstacles. In 2010, the total global investment for microbicide
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research and development was US$247 million, with the public sector providing 93% of the funds. This is
compared to funding of $859 million for HIV vaccine-related research and development in the same year:
3.5 times more than microbicides.60 This huge discrepancy is largely because it has been difﬁcult to
mobilise pharmaceutical industry support for microbicide research; none of the major pharmaceutical
companies have a substantive microbicide research and development portfolio, and none are conducting
human microbicide trials at present. The reluctance to invest in microbicide development centres on their
concerns about scientiﬁc and regulatory uncertainty and competing opportunities to invest in products
that are potentially more proﬁtable. Although funding of microbicide research has signiﬁcantly increased
over the years, a successful product will require extensive and sustained investment in research and
development. The product pipeline in general needs a 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 products in the phase I pipeline is a source of major concern.
Validated animal model
Several animal models are used in pre-clinical microbicide testing (e.g. the mouse HSV-2 model, the
rabbit vaginal irritation index), and the nonhuman primate (NHP) model. The predominant model
being used is the simian immunodeﬁciency virus and the simian HIV challenge in NHPs, but the
biological relevance of this model remains contentious.43 Owing to the substantial differences in the
human and primate vaginas (e.g. the primate vagina is neutral pH, whereas the human vagina has a low
pH), it is unclear whether the NHP model accurately predicts what would occur in humans. For
example, despite 0.5% PRO 2000Ò showing potent activity against HIV in vitro25,61,62 and in animal
models for vaginal HIV transmission,63,64 human studies show that, although safe, 0.5% PRO 2000Ò gel
may have little or no effect on reducing a woman’s risk of HIV infection.14,42 The absence of a validated
animal model is a major obstacle to microbicide development, as it means that costly and time
consuming human studies are required to assess any effect of a microbicide candidate.
Correlates of protection
Microbicide development has the distinct challenge of not having a precedent to emulate (e.g. HIV
vaccine development can follow previous successful strategies used to develop vaccines against other
viruses). Currently, no markers exist for the biological activity of microbicides and no markers have
been established as correlates of protection for microbicides. One analysis has suggested a 1000 ng/ml
drug concentration of tenofovir as a potential correlate of protection,65 but this needs to be prospectively assessed. This obstacle presents a major impediment to rapid progress in the ﬁeld, as HIV
infection in humans is the key marker of biological activity, safety and efﬁcacy. This means that
meaningful studies of safety and efﬁcacy of a microbicide can only be designed with HIV infection as
the primary end point.
Ethical and logistical issues
Several logistical and ethical issues are involved in the conduct of microbicide trials. To show safety
and efﬁcacy, the product must be tested on large numbers of sexually active people. Trials also need to
be conducted among selected populations that are likely to be at high risk of acquiring HIV infection.
Clinical trials are thus often carried out either in developing countries that have high levels of infection.66 This has raised concerns about the potential for exploitation of vulnerable populations;
a concern that is, fortunately, not borne out of reality owing to the high ethical and care standards
maintained in all the current microbicide trials. In addition, microbicide trials are, in reality, being
conducted in many countries throughout the world, including Europe and the USA.
Counselling on use and provision of condoms as a proven HIV prevention method, in addition to the
experimental product, is an ethical and moral pre-requisite in all HIV prevention trials, including
microbicide trials. Under these conditions, the trial can only measure whether microbicides improve
upon the protection afforded by condom use. Microbicides will also only work if they are widely
accepted and used consistently by women. Other practical, ethical and scientiﬁc challenges that
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complicate microbicide trial data include behaviours such as anal sex and the use of other intravaginal
substances.
Other concerns surrounding the development of microbicide include the potential hazards related
to reproductive toxicity and the increased risk of local toxicity from applying a product repeatedly to
the same tissue, which may have long-term effects that could enhance risk of infection. Studies are
under way to establish the safety of microbicide use during pregnancy. The threshold of acceptability,
toxicity and efﬁcacy will differ between countries, and those with an aggressive spreading disease,
such as developing countries, may be more likely to accept a partially effective product.
Resistance
Some challenges unique to antiretroviral products being developed as candidate microbicides are
concerns about the potential for development of drug resistance. Although resistance cannot develop
in people who do not have HIV, it could possibly develop if the person taking the prophylactic regimen
becomes infected with HIV while continuing to take the drugs. The contribution of acquired resistance
from prophylactic use of antiretrovirals is estimated to be a much smaller contributor to drug resistance than the use of antiretrovirals in treatment.67 Fortunately, to date, the studies investigating
tenofovir as prevention have not detected any tenofovir resistance.31,68
Adherence
Adherence to the prescribed treatment or prophylactic regimen is critical. Suboptimal adherence
will result in substantially lower effectiveness than that observed in the clinical trials. Evidence from
the CAPRISA 004 trial31 clearly demonstrates how effectiveness can be eroded with inconsistent use. In
CAPRISA 004, although overall effectiveness was 39%, women who used the gel most consistently (gel
adherence greater than 80%) had a 54% lower HIV incidence compared with women using the
placebo.31 Experiences from implementing antiretroviral therapy for AIDS treatment have shown that
high levels of adherence are achievable in a real world setting, even in developing countries.69–71
Although this is encouraging, this may not be readily applicable to adherence in asymptomatic
healthy people. On the other hand, a highly effective product and understanding of HIV risk may serve
as an incentive to use microbicides consistently. Suboptimal adherence could also exacerbate drug
resistance.
Behavioural disinhibition
A concern when introducing new prevention technologies is that people may stop using a more
efﬁcacious HIV prevention method (e.g. condoms) for a less efﬁcacious one (e.g. a partially effective
microbicide).72 This concern, commonly known as risk compensation or behavioural disinhibition,
could potentially undermine and even reverse the beneﬁcial effects of microbicides.73 Although a lowefﬁcacy intervention may be reversed by behavioural disinhibition, current evidence from medical
male circumcision implementation has found this concern to be baseless. An assessment of the realworld effect of the roll-out of medical male circumcision in a community in South Africa has shown
no evidence of risk compensation after 3 years.74 Furthermore, no signiﬁcant behavioural disinhibition
was observed in the CAPRISA 004 trial.31
Conclusion
A women-controlled method to prevent HIV infection is urgently needed. Substantial progress has
been made in the microbicide development ﬁeld and, for the ﬁrst time, the ﬁeld is optimistic. There is
now proof that a safe and effective microbicide, in the form of tenofovir gel, is possible. Despite
numerous scientiﬁc, ethical, methodological, and implementation challenges, microbicides provide
real potential to inﬂuence the course of the HIV epidemic, as they ﬁll an important gap for womeninitiated prevention methods.
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Practice points
 A women-controlled method to prevent HIV infection is urgently needed.
 Proof is now available that a safe and effective microbicide, in the form of tenofovir gel, is
possible.
 Microbicides provide real potential to inﬂuence the course of the HIV epidemic, as they ﬁll an
important gap for women-initiated prevention methods.

Research agenda
 The future microbicide development pipeline is likely to focus on ﬁnding a more efﬁcacious
microbicide product, dosing strategy and formulation than that observed with coitally related
use of tenofovir gel.
 Combination products and combination approaches are seen as offering a potential for
synergy, reduced drug resistance, and multiple targeting.
 Research on rectal microbicides is also likely to expand.
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