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Vaginal medications containing the spermicidal surfac-
tant nonoxynol-9 have been used for more than 50 years
to reduce the risk of unwanted pregnancy. The demon-
stration that nonoxynol-9 not only attacks sperm but
can also destroy the human immunodeficiency virus
(HIV)1,2 provided the initial stimulus to search for
products that, when used vaginally, would prevent the
sexual transmission of this deadly virus. Initially termed
‘virucides’, the name now commonly accepted for such
products is ‘MICROBICIDES’, reflecting the intention that
they should protect not only against viruses, such as HIV
and genital herpes, but also against common bacterial
infections, such as gonorrhoea and chlamydia.

The basic concept is simple.Anti-infective chemicals,
selected from the great variety of substances that are
known to block HIV and other sexually transmitted
PATHOGENS in the laboratory, are formulated to create
products suitable for insertion into the vagina before
intercourse. These can be in the form of gels, creams,
foams, impregnated sponges, suppositories or films. The
chemical and physical actions of the product will protect
the uninfected person, man or woman, from infectious
agents that might be present in the genital secretions of
his or her sexual partner. Microbicides will also protect
HIV-infected people from other sexually transmitted
infections (STIs), including possibly drug-resistant or
more virulent HIV strains. This will be particularly

important in immunocompromised individuals, who
are especially vulnerable to infections. Research is also
under way on microbicides for use in rectal sex.

Although this might sound straightforward, the
process of developing and evaluating microbicides is
highly complex. As well as providing effective protec-
tion, they must also be safe to use, chemically and
physically stable, compatible with latex and other
materials used in barrier devices, and affordable and
acceptable to the end-user.

The need for microbicides
Why do we need to develop microbicides given that
efforts to produce anti-HIV vaccines are under way and,
in addition, the condom is known to offer good protec-
tion against HIV and other STIs? Regrettably, the devel-
opment of an AIDS vaccine — which will ultimately
have a crucial role in the war against the HIV pandemic
— is proving to be a great deal more technically challeng-
ing than many had expected.Vaccines suitable for large-
scale administration over diverse geographic regions
might be many years away. Furthermore, condoms are
effective against these infections only if they are used con-
sistently and correctly3,4, and this is seldom the case.
Unprotected sex remains widespread, as can be judged
from the continuing growth of the global HIV epi-
demic (4.3 million new adult cases of HIV during
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MICROBICIDE 

(Virucide). An anti-infective
medication formulated for
topical self-administration
before intercourse to protect
against HIV and other sexually
transmitted pathogens.

PATHOGEN

A microorganism that causes
disease.
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EPITHELIUM

The tissue that covers the surface
of the body and lines hollow
structures, including the male
and female genital tracts and the
rectum. Its structure varies
depending on location and role.

ULCER

A lesion in the epithelium that
extends through to the
underlying connective tissue.
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The first large-scale (Phase III) clinical trial to evaluate
nonoxynol-9 involved female sex workers in Nairobi10. To
be statistically significant, such trials typically require
several thousand female volunteers who are willing to be
randomized to use either the microbicide or a placebo,
and who are also willing to undergo regular testing for
HIV and other STIs over many months.

Phase III trials are usually designed to provide infor-
mation on the long-term safety and acceptability of a
product, as well as its effectiveness. However, a trial on
this scale, with its logistical complexities and exacting
ethical requirements11, is justified only if the product has
previously been shown to be safe and acceptable in
smaller trials. A Phase I trial provides initial data in per-
haps 10–20 healthy women at low risk of infection. This
is followed by a Phase II trial to confirm the findings over
a longer period in perhaps 200–300 women — including
some HIV-positive women — preferably in a population
similar to that in which it is intended to carry out the
Phase III trial. Safety end points include the absence of
systemic toxicity and local adverse effects on the
EPITHELIUM that lines the vagina and cervix, and minimal
disturbance of the bacterial flora normally resident in the
healthy vagina. Penile safety studies are also necessary.
Detailed information about clinical studies in micro-
bicide development is available in a document prepared
for the International Working Group on Microbicides11.

In the Nairobi trial, the product being tested was a
commercially available contraceptive sponge impreg-
nated with 1,000 mg of nonoxynol-9. The outcome was
disappointing: the product did not protect against HIV,
gonorrhoea or chlamydia, and seemed to be responsible
for genital ULCERS in some of the women10. Several subse-
quent Phase III trials of different nonoxynol-9 formula-
tions also failed to show any benefit. These included a
study in the Cameroon of a vaginal contraceptive film
incorporating 70 mg of nonoxynol-9 (REF. 12) and a trial of
a contraceptive gel (known as COL-1492) containing 52.5
mg of the substance, which was carried out in several
African sites13. In the latter trial, use of the surfactant was
associated with a significant increase in the incidence of
HIV infection. This was particularly pronounced among
the women who were more frequent users of the product
(mean use >3.5 times a day), and in the same group, there
was a higher incidence of genital ulcers than in the
equivalent placebo group. In neither trial was there an
effect on gonorrhoea or chlamydia infection rates. It is
unclear why the earlier safety studies with COL-1492
failed to show an excess of ulcers14, but this was probably
because of their short duration and insufficient power to
detect an effect of the size seen in Phase III studies. In a
further study carried out in the Cameroon, a different gel
containing 100 mg nonoxynol-9 also failed to protect
women against the two bacterial infections (HIV was not
a primary end point in this trial)15.

After the initial announcement of the COL-1492
result in 2000, several national and international 
bodies issued statements advising on its implications
for the use of nonoxynol-9 in both stand-alone prod-
ucts and condom coatings. In June 2002, the World
Health Organization released a report containing the 

2001, 1.8 million of them in women5) and from the
annual burden of around 340 million cases of other
STIs6. Intensive campaigns to promote condoms remain
as important as ever, and there have been some successes;
most notably in Thailand and Uganda. But the fact
remains that they are not popular, particularly with men,
and in many of the societies in which HIV is prevalent,
women lack the power to negotiate their use.

By contrast, microbicides will provide a user-friendly
technology that will widen the range of protective
options and, importantly, will be under the control of
women. Several studies predict that they will be widely
acceptable to both men and women7–9. Unlike con-
doms, microbicides will not create a physical barrier to
intimate contact, and women will be able to apply them
a considerable time before intercourse takes place.
Ideally, they will be colourless, odourless and tasteless,
and non-messy to use. Moreover, the use of a micro-
bicide need not necessarily prevent conception, as the
intention is to develop both contraceptive and non-
contraceptive products.

Studies with nonoxynol-9
The need for microbicides is urgent. A fast-track
approach is to investigate products that are already
licensed for vaginal use, such as the spermicidal contra-
ceptives that are now on the market, and find out
whether they will protect individuals in a population at
high risk of HIV infection. Nonoxynol-9 is a surfactant
that works as a spermicide by disaggregating the lipid
membranes of spermatozoa. It has a similar effect on the
lipid membranes of HIV, the genital herpes virus and sex-
ually transmitted cellular pathogens, such as Chlamydia
trachomatis and Neisseria gonorrhoeae (FIG. 1a).
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Figure 1 | Some microbicides work by damaging the lipid membrane of the pathogen.
a | Surfactants, such as nonoxynol-9 and C31G, disaggregate the membranes of cells and
enveloped viruses. b | Certain antibiotic peptides, such as gramicidin and defensins, act as
ionophores and create holes in the membrane.
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the host cell. This is followed by an interaction between
a specific gp120 domain and a cellular co-receptor,
which triggers a conformational change in the viral
envelope that leads to fusion of the viral and host-cell
membranes and entry of the viral genome into the host
cell17. Two CHEMOKINE receptors on the cell surface —
CCR5 and CXCR4 — serve as co-receptors for HIV, and
different HIV strains tend to have a strong preference
for one or the other.

The epithelium that lines the vagina and the exter-
nal surface of the cervix is multilayered, and is relatively
strong and durable. Beneath this is a layer of connective
tissue — the lamina propria. Within these structures
are several classes of lymphoid cell, including dendritic
cells, macrophages, T lymphocytes and Langerhans
cells (FIG. 2). Much has been written about the role of
these tissues and cells in the transmission of HIV from
males to females, and some aspects are controversial.
(The detailed mechanism by which penile tissue
becomes infected is also unclear, although there are
likely to be some similarities.) A considerable body of
evidence has been derived from experiments on
EXPLANTS of human vaginal and cervical tissues infected
with HIV in vitro, and from studies in macaque mon-
keys infected vaginally with the simian immuno-
deficiency virus (SIV). Most of the findings support the
view that the primary initial sites of HIV infection are
lymphoid cells in the lamina propria — dendritic cells
and macrophages in particular, but possibly also 
T lymphocytes — that have both CD4 and the co-
receptors for the virus18–20. The Langerhans cells in the
genital epithelium (in contrast to those in human skin)
do not seem to be as readily infectable by the incoming
virus, probably because, although they express CD4,
they express little of the co-receptors18. However, the
possibility that they have a role in the infection process
cannot be ruled out.

Infected dendritic cells can migrate to the local lymph
nodes, where extensive HIV replication takes place, lead-
ing to generalized systemic infection. HIV particles can
also attach to the surface of dendritic cells, without infect-
ing them, through an interaction between mannose-rich
residues in gp120 and specific lectins in the cell mem-
brane, including one known as DC-SIGN. The signifi-
cance of this finding is not yet clear, but it is possible that
this is an important route by which non-replicating, but
infectious, HIV could be carried to the lymph nodes and
be presented to susceptible cells21. If so, it provides
another potential target for microbicide intervention.

The non-lymphoid squamous cells, which comprise
the bulk of the multilayered genital epithelium, have
none of the necessary receptors for HIV and — subject
to the technical limitations of the assay systems — seem
to be resistant to infection18. Furthermore, these cells
(unlike the cells of the epithelium that lines the gastro-
intestinal tract22) do not allow the virus to migrate
through them by passive transcytosis. This raises the
question of how HIV — whether the free virus parti-
cles or HIV-infected lymphoid cells — manages to pass
through the resistant epithelial barrier. Studies in tissue
explants have given rise to several proposals18,23–25.

recommendations of a meeting of experts who had
concluded, after careful scrutiny of all the available evi-
dence on the potential benefits and hazards of
nonoxynol-9, that this substance should not be used as a
microbicide (although it remains a contraceptive option
for women at low risk of HIV)16. The report stresses that
alternative microbicides, which are safe and effective,
need to be developed as a matter of urgency.

There is insufficient information to be able to offer
definitive guidance about the value of other surfactants
as microbicides, although research is continuing with a
number of them. For example, C31G, an equimolar
mixture of the amphoteric surfactants cetyl betaine and
myristamine oxide, has successfully completed a Phase I
safety study (A.-M. Corner, personal communication).

Mechanism of HIV transmission
To understand why nonoxynol-9 failed to protect
against HIV in the above trials, and why there is consid-
erable optimism about the eventual success of some of
the alternative microbicides that are under investigation
at present, we need to consider the biological mecha-
nism by which HIV is transmitted sexually. Potential
sources of transmissible HIV are free virus particles and
infected LYMPHOID CELLS in semen, in cervicovaginal secre-
tions and in blood or other fluids present as a result of
physical trauma or genital infections. The first steps in
HIV infection normally involve the attachment of the
virus, through the gp120 GLYCOPROTEIN on its outer mem-
brane, to its primary receptor, CD4, on the surface of

LYMPHOID CELLS

Types of immune cell, including
macrophages, lymphocytes,
Langerhans cells and dendritic
cells, that have specific roles in
the diverse components of the
immune response to foreign
antigens.

GLYCOPROTEIN

A protein combined with a
carbohydrate, such as mannose
or galactose.

CHEMOKINES

A group of small proteins
involved in intracellular
signalling — a subgroup of
the cytokines.

EXPLANT

Living tissue excised from the
body and maintained in culture
medium.

Figure 2 | Structure of the human vaginal epithelium. The multilayered epithelium and the
underlying connective tissue contain several types of potential target cell for HIV. 
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can result from infection with other pathogens, from
physical trauma or, as we have seen, from the use of the
surfactant nonoxynol-9.

Surfactant-induced ulcers take several days to heal, so
in clinical trials in populations in which sex is frequent, it is
perhaps not surprising that nonoxynol-9 showed no net
benefit26. Phase I studies have shown that nonoxynol-9
can also give rise to localized inflammation27, and it is

One is that Langerhans cells and T lymphocytes in the
epithelium might have the capacity to bind the virus
and migrate with it to the lamina propria. However, sev-
eral observations indicate that HIV can reach its subepi-
thelial target cells only if there are physical breaches in
epithelial integrity18. Clearly, such lesions will make it
easier for HIV to infect cells in the lamina propria even
if there are other routes through the epithelium. They

CYTOKINES

Small protein molecules that
control the activity of immune
cells, produced, for example, as
part of the inflammatory
response.

Table 1 | Examples of substances under investigation as potential microbicides*

Type of compound Name

Group A: disrupt or otherwise disable HIV

Surfactants Nonoxynol-9 (further investigation unlikely), octoxynol-9, benzalkonium 
chloride, menfegol, docosanol, C31G (Savvy), sodium cholate, 
polybiguanides, sodium dodecyl sulphate

Antibiotics Gramicidin, magainins, defensins, protegrins

Acidifying agents BufferGel, Acidform, Lactobacillus crispatus suppositories

Oxidising agents Chlorhexidine, povidone iodine, hydrogen peroxide/peroxidase gel

Antibodies Anti-HIV ‘plantibodies’

Long-chain anionic polymers Cellulose acetate phthalate (also in group B)

Reverse-transcriptase inhibitors UC781 (also in group C)

Group B: block HIV attachment/fusion

Long-chain anionic polymers Dextrin-2-sulphate, naphthalene sulphonate polymer (PRO 2000), 
carrageenan, polystyrene sulphonate, cellulose sulphate, cellulose acetate 
phthalate (also in group A), polymeric sodium dimandelic acid ether (SAMMA)

Dendrimers SPL7013

HIV-binding peptides/proteins Cyanovirin, T-20

Lipid-membrane modifiers β-Cyclodextrin

Anti-CD4 antibodies B-12

Group C: prevent intracellular HIV replication

Reverse-transcriptase inhibitors Nevirapine, loviride, tenofovir, UC781 (also in group A)

Group D: mechanism unclear

Plant products Praneem, gossypol, pokeweed antiviral protein

*The microbicide pipeline is continually evolving, so tables such as this can present only a ‘snapshot’. 

First cases of
AIDS identified.

The surfactant spermicide
nonoxynol-9 shown to
destroy HIV in vitro.

1980 1983 1985–1988 1992 1994 1997 1998–2002 2000 2001

Several novel non-
surfactant microbicides
shown to be safe and
acceptable in small-scale
(Phase I) clinical trials in
female volunteers.

Further large-scale
(Phase III) trials of
nonoxynol-9 show no
protection against HIV,
gonorrhoea or
chlamydia.

First major international
conference dedicated
to microbicides.

Unsatisfactory result of first major (Phase III) clinical trial of nonoxynol-9
against HIV transmission.

The start of a systematic search for safe and effective microbicides.

HIV identified as
causitive agent.

Demonstration that nonoxynol-9 applied vaginally in the macaque
monkey reduces the risk of infection by a vaginal inoculum of the
simian equivalent of HIV.

International Working Group on Microbicides established to facilitate global coordination of microbicide development
(2002 representation: AIDS Society of India, Alliance for Microbicide Development, Contraceptive Research and
Development Program (CONRAD), European Commission, Family Health International, French National Agency for AIDS
Research, Institute of Tropical Medicine (Belgium), International Partnership for Microbicides, Joint United Nations
Programme on HIV/AIDS, Population Council, Program for Appropriate Technology in Health, Society for Women and
AIDS in Africa, South African Medical Research Council, UK Medical Research Council, US Agency for International
Development, US Centers for Disease Control and Prevention, US Food and Drug Administration, US National Institute
of Allergy and Infectious Diseases (National Institute of Health; NIH), US National Institute of Child Health and Human
Development (NIH), US Office of AIDS Research (NIH), World Health Organization). 

Numerous potential microbicides under development.

Several promising microbicides
enter expanded (Phase II)
clinical trials to confirm safety
and acceptability.

Timeline | Key events and predictions in the development of microbicides; 1980–2017

STI, sexually transmitted infection.
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to prevent viral replication in cultured human lymph-
oid cells, and its cytotoxic effects can be studied in sim-
ilar cultures31. More sophisticated in vitro systems have
also been developed, which are designed to mimic sex-
ual transmission as closely as possible. These include
explants of human vaginal or cervical tissue main-
tained in culture fluid, which can be infected with a
range of HIV strains and used to assess microbicide
potency under relevant physiological conditions, such
as at various pHs and in the presence of human
semen18 (R. Shattock, personal communication).

Microbicides can also be tested in various animal
systems. Female macaques develop systemic infection
if they are given a vaginal inoculum of SIV or SHIV 
(a genetically engineered hybrid that comprises the viral
core of SIV and an HIV outer envelope). Microbicides
can be placed in the vagina before the virus to see if they
protect against such infection32–36. Work is also in
progress to develop small-animal models for studying
infection/ protection with HIV itself, in immunodeficient
mice either reconstituted with human lymphocytes37 or
bearing human vaginal XENOGRAFTS38. The efficacy of
microbicides against the human genital herpes virus can
be studied both in vitro and also against vaginal infection
in a mouse model39–41. Activity against N. gonorrhoeae
and C. trachomatis can be assessed in cultures of these
organisms growing, respectively, on agar plates or in suit-
able human cell cultures.

Thorough toxicological investigations of potential
microbicides are imperative to detect any local or 
systemic effects, or reproductive toxicity. General recom-
mendations for the preclinical assessment of micro-
bicides, including activity, toxicology and formulation,
are included in a document produced by the
International Working Group on Microbicides42 (see
TIMELINE), and updated preclinical recommendations
will be published shortly.

Anionic polymers. Laboratory tests such as these have
resulted in the spotlight being turned on a group of
ANIONIC POLYMERS. Unlike nonoxynol-9, they are not
cytotoxic, but they are potent inhibitors of HIV infec-
tion in vitro. This is illustrated in FIG. 3, which clearly
shows that the naphthalene sulphonate polymer PRO
2000 has a far better therapeutic index than the surfac-
tant nonoxynol-9. Importantly, these substances retain
antiviral activity in the presence of semen33. As well as
inhibiting infection by free virus particles, they can
block transmission by HIV-infected lymphoid cells43

(A. Profy, personal communication), and one of them
— PRO 2000 — has been shown in vitro to block the
attachment of HIV to DC-SIGN (R. Shattock, per-
sonal communication). They also show activity
against other STI organisms, including the genital
herpes virus, N. gonorrhoeae, C. trachomatis and
Trichomonas vaginalis44,45.

The relatively high molecular masses of these sub-
stances mean that they are poorly absorbed through the
vaginal epithelium, reducing the risk of systemic toxicity.
Several anionic polymers have been shown to be protec-
tive, to varying degrees, against vaginal challenge with

likely that this also enhances the risk of HIV infection;
for example, by CYTOKINE activation of potential target
cells18. Moreover, nonoxynol-9 adversely affects the lacto-
bacilli that live in the healthy vagina and whose secretion
of lactic acid and hydrogen peroxide creates a second line
of defence against invading pathogens27–29.

Microbicides under investigation
The problems experienced with nonoxynol-9 have
focused attention on microbicides that work by differ-
ent mechanisms, and which neither damage the vaginal
lining nor affect the lactobacilli. Many such agents are
now under investigation. To prevent HIV transmission,
a microbicide must either inactivate the virus (both free
and cell-associated) while it is still in the vaginal lumen,
prevent the virus from attaching to and fusing with its
host cells (or attaching to DC-SIGN) or prevent the
virus from replicating if it should succeed in infecting
these cells. TABLE 1 includes examples of substances that
have the potential to intervene at one or other of these
stages of the HIV infection process. Many are active
against a wide range of HIV strains, and most also show
some activity against other STI organisms. The latter are
responsible for substantial morbidity and mortality.
There is also evidence that STIs enhance the susceptibil-
ity of an affected person to infection by HIV30. So, at the
community level, by protecting against these infections,
it is likely that microbicides will have an indirect impact
on HIV levels as well as a direct impact on the trans-
mission of the virus.

Preclinical assessment of candidate microbicides.
Before such substances can be tested in human sub-
jects, they must undergo a battery of laboratory investi-
gations to establish levels of efficacy and toxicity.
Simple in vitro systems for evaluating the efficacy of a
microbicide against HIV assess the ability of the agent

XENOGRAFT

Living tissue from one species
grafted into or onto another.

ANIONIC POLYMER

A long-chain molecule
composed of linked, negatively
charged units.

Second-generation
microbicides; 70–90%
effective against HIV.

Several microbicides expected to enter
large-scale (Phase III) trials of effectiveness
against HIV, gonorrhoea and chlamydia.

2002 2003–2004 2007 2012 2017

International Partnership for Micro-
bicides established to accelerate
progress on all fronts.

Third-generation microbicides;
85–97% effective against HIV. Active
against a range of other STIs, with a
90–97% contraceptive option.

First-generation
microbicides on the
market; 50–60%
effective against HIV.

WHO report on nonoxynol-9 con-
cludes that this substance should
not be used for HIV/STI prevention.
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The HIV strains involved in human sexual trans-
mission generally show a preference for the CCR5 co-
receptor (R5 strains), whereas the SHIV strains used in
many of the macaque experiments have a preference for
the CXCR4 co-receptor (X4 strains) and are therefore
less biologically relevant49. Studies in vitro have shown
that anionic polymers are equally effective in blocking
infection by either type of HIV if the microbicide is pre-
sent when the virus interacts with its host cells.
However, direct inactivation of virus particles before
their interaction with the cells requires a higher concen-
tration for R5 than for R4 viruses (R. Shattock, personal
communication), and this might be relevant to micro-
bicide activity against HIV in the vaginal lumen.

Several anionic polymers, including carrageenan,
dextrin-2-sulphate, PRO 2000, cellulose sulphate and
polystyrene sulphonate, have successfully undergone
clinical studies at the Phase I level or beyond, providing
evidence of their safety and their acceptability to the
individuals who participated50–53.

Lowering the vaginal pH. Certain microbicides are
designed to enhance the natural defences of the
vagina. BufferGel, an acidifying agent that is intended
to reduce the vaginal pH and keep it low even after the
arrival of the alkaline ejaculate, has completed Phase I
trials successfully54. A Lactobacillus suppository,
designed to re-colonize the vagina with these lactic-
acid- and hydrogen-peroxide-producing bacteria, has
also completed Phase I trials (S. Hillier, unpublished
observations).

Microbicides at earlier stages of development. Several
other agents are still in the process of early clinical test-
ing, and far more are undergoing preclinical investiga-
tion. Cyanovirin is a potent HIV-inactivating protein
that has low cytotoxicity. It was originally isolated from a
blue-green alga but is now produced by recombinant
technology. It binds to gp120 and prevents its inter-
action with CD4 and co-receptors on the host cell55. The
antibiotic microbicides include naturally occurring
cyclic peptides, such as the defensins56 and gramicidin33.
These act as ionophores, intercalating into the lipid
membrane of the pathogen and thereby creating pores
(FIG. 1b). The use of specific antibodies as microbicides
has become a realistic option now that humanized
MONOCLONAL ANTIBODIES can be produced in large quanti-
ties in plants into which the relevant genes have been
engineered57. It has been shown that these ‘plantibodies’
can remain intact and active for many hours in the
human vaginal environment.

Some of the antiretroviral drugs originally developed
for therapeutic use — for example, reverse-transcriptase
inhibitors, such as tenofovir — are now being evaluated
as microbicides (FIG. 5). The reverse-transcriptase
enzyme of HIV, which exists within the virus particle, is
responsible for a crucial early stage of HIV replication
in its host cell: the synthesis of a DNA copy of the viral
RNA. These drugs block that step. Of course, they will
not prevent migratory dendritic cells from transporting
non-replicating HIV particles bound to DC-SIGN.

SIV or SHIV in the macaque. These include dextrin-2-
sulphate33, PRO 2000 (REFS 33,34), cellulose acetate
phthalate35 and carrageenan (J. van de Wijgert, personal
communication). PRO 2000 (REF. 39), carrageenan40 and
cellulose acetate phthalate41 have also been shown to pro-
tect against genital herpes virus in the mouse model.

Anionic polymers do not physically destroy HIV, as
do the surfactants, but work by preventing the attach-
ment–fusion step of the infection process. Exactly how
they do this is unclear (FIG. 4). It is possible that as a result
of their high charge, they act as ‘sticky’ molecules that
interfere relatively non-specifically with the virus–cell
interaction through STERIC HINDRANCE46. At the same time,
there is some evidence for a more specific mechanism by
which the polymer binds to the particular gp120 domain
that interacts with the co-receptor47,48.

STERIC HINDRANCE

Interference with a molecular
interaction by the spatial
arrangement of the structures
involved.

MONOCLONAL ANTIBODY

Multiple copies of a single
antibody derived from the
identical descendants of a single
antibody-producing cell.
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Figure 3 | Comparison of nonoxynol-9 with the anionic polymer PRO 2000: anti-HIV
potency and cytotoxicity in vitro. a | Nonoxynol-9 inactivates both the virus and the cells. 
b | By contrast, PRO 2000 affects only the virus. A450, optical absorbance at wavelength 
450 nm; dpm, disintegrations per minute.
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the potential for long-term toxicity if these drugs are
absorbed into the systemic circulation to any significant
extent, and the possible emergence of drug-resistant
HIV strains. Although cost might be another issue, this
should decrease as production rates grow.

Fortunately, however, some drugs, such as UC781, have
such a high affinity for the reverse transcriptase that
they bind to it inside the HIV particle, even before
the virus enters the cell, and therefore render it non-
infectious58. Issues that remain to be resolved include

CD4 primary
HIV receptor HIV co-receptor

gp120
glycoprotein

spike

Specific?b

Cell

Non-specific?a

Cell
Anionic polymer

HIV HIV

Figure 4 | Anionic polymers as microbicides: mechanism of action. The precise mechanism is unclear. a | The charged
polymer might bind non-specifically to the viral and cell surfaces and prevent the close encounter required for infection to
take place. b | The polymer might block the interaction between a specific gp120 domain and the HIV co-receptor on the cell
surface. (The diagram shows only one of numerous gp120 ‘spikes’ on the lipid envelope of HIV.)

Figure 5 | Antiretroviral drugs (reverse-transcriptase inhibitors) as microbicides. These drugs enter the cell and lie in wait
for any HIV genomes that manage to get in. Some of them, such as UC781, can penetrate the intact HIV particle and disable its
reverse-transcription mechanism even before the virus infects a cell.
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be no more than 60% effective against HIV transmission,
but they would meet the urgent need for this kind of
intervention and would have a major public health bene-
fit. The results of epidemiological modelling indicate that
such a microbicide could avert 3.7 million infections
globally over a three-year period if it were used in only
50% of sex acts not protected by condoms, and assuming
that it was used by only 30% of individuals easily reached
by existing health services63. Concern has sometimes been
expressed about the possibility that the introduction of
such a product could lead to migration away from con-
dom use and thereby increase overall HIV risk.
Mathematical modelling indicates that although this
might be a problem if there is a high level of condom use,
say in more than 70% of sex acts, if condoms are used
fairly infrequently, say in 30% of sex acts, a considerable
level of migration to microbicide could be tolerated with-
out increasing HIV risk64.

By 2012, second-generation products could be on
the market62. These might be 70–90% effective against
HIV, with good activity against gonorrhoea, chlamydia,
genital herpes and papilloma virus. The Rockefeller
report further predicted that by 2017, microbicides
would be 85–97% effective against HIV, and a 90–97%
contraceptive option would be available.

In reality, how soon these benefits materialize will
depend on how successful we are in tackling not only
the scientific challenges but also several societal issues.
The level of funding for microbicide development needs
to be greatly increased. The Rockefeller consultation
estimated the requirement over the next five years to be
US $775 million, whereas the overall level of public sup-
port for the field over that period stood at approxi-
mately US $230 million62. This can be compared with an
estimated US $400 million per annum of public support
for AIDS vaccine development65. Microbicide advocacy
needs to be intensified so that health policy officials,
health providers and potential end-users are properly
informed. Knowledge and expertise must be shared
internationally. Finally, there is growing evidence that in
the longer term, microbicides could be highly
profitable8,9,62, and the current reluctance of the major
pharmaceutical companies to engage seriously in this
field needs to be overcome. The ultimate objective is to
provide a user-friendly option that sexually active people
might choose to use to protect themselves against HIV,
other sexually transmitted diseases and unwanted preg-
nancy. Microbicides will not solve the immense problem
of HIV and AIDS alone, but together with condoms,
and eventually AIDS vaccines, they will give people a
wider choice of protective technologies.

Microbicide combinations. The notion of combining
two or more microbicides that have different mecha-
nisms of action within a single product is an attractive
one, and more work on this is highly desirable.
Combination products could in principle provide 
a greater degree of protection than single agents, a
broader spectrum of activity against various pathogens
and, by allowing a lower dose of each component,
a lower risk of adverse reactions.

Product formulation. In parallel with research on the
active agents, attention is being given to the best ways of
formulating products, and to the design of suitable
applicators, so that microbicides are easy to use, well tol-
erated, appropriately distributed in the vagina and
retained there for several hours. Distribution and reten-
tion can be investigated by magnetic-resonance imaging
techniques and this has shown that gels can be retained
in the vagina for many hours, even in ambulatory
women59 (C. Lacey, personal communication). The possi-
bility of providing microbicides through sustained-
release systems, such as impregnated silicone intravaginal
rings or loaded cervical caps, is also being explored.

Rectal microbicides. Efforts are also being made to
develop microbicides for rectal use, to combat HIV infec-
tion as a result of anal sex. This presents some difficult
challenges. The rectum is an open-ended system, not a
pouch like the vagina, so achieving a stable and adequate
distribution of product will be problematic. Ensuring
product safety will also be challenging. The epithelium
that lines the rectum is not a tough, multilayered struc-
ture like the vaginal epithelium, but a single layer of
columnar cells. This is easily damaged and offers little
protection to the underlying lamina propria, which is rich
in CD4+ macrophages and dendritic cells that are readily
infectable by HIV. Nonoxynol-9 products have often been
used in rectal sex. However, there are now active cam-
paigns to ban the use of this surfactant in sex lubricants
and condoms. It has been shown to enhance rectal infec-
tion by genital herpes virus in mice60 and its injurious
effect on the human rectal epithelium is pronounced61.

The future
Several microbicides are scheduled to enter Phase III clin-
ical trials over the next year or so, including carrageenan,
BufferGel, PRO 2000 and dextrin-2-sulphate. Others will
follow. The report of a recent international consultation
sponsored by the Rockefeller Foundation62 concluded
that at least one microbicide could be on the market as
early as 2007. These first-generation microbicides might
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