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Matching microbicides to transmission mechanisms

Nature Reviews Microbiology 2003, 1: 25-34.
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PlosMedicine 2006 August 15  (http://dx.doi.org/10.1371/journal.pmed.0030351)
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The microbicide pipeline
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Targeting the virus
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Compound must be 
present at the time of 
viral exposure
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Targeting 
cells
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First generation microbicides

(PRO2000, Carraguard, Cellulose Sulphate, Buffer ge l,)

Advantages
• Safe � Cheap � User-friendly � Broad activity �

Disadvantages
• No proof of concept in animal models (R5)
• Broad activity may reduce potency 
• Coitally dependent - high compliance burden



Co-receptor

a) X4 viral phenotype  

gp120

CD4 binding induces conformational
change in gp120, exposing net positive
charge. Polyanion inhibits susequent 
interaction with co-receptor and 
eventual fusion

Dependant upon charge, polyanions 
can bind to free virus rendering them
non-infectious

b) R5 viral phenotype

For R5 virus, charge residues on 
gp120 are not accessible for 
polyanion interaction.

free polyanion

c)

Shattock | 2003

Most HIV 
transmission is 
mediated by R5 
virus

First generation polyanions work best against X4 virus

PRO2000
Carraguard
Cellulose  

Sulphate

Fletcher et al,
Retrovirology
2006 ;3(1):46 



PRO2000 blocks HIV-1 infection of cervical tissue

Retrovirology. 2006 ;3(1):46 



ARV microbicides

(TMC-120, UC-781, MIV-150, PMPA)

Advantages
• Safe � Cheap � Highly active � Could be formulated for 

sustained release.

Disadvantages
• Potential for resistance
• Lack of activity against other STDs 
(both could be overcome with combination products)

Require proof of concept studies in animal models



PMPA is active against both localized infection 
and dissemination pathways

Cervix p24 Cervix: provirus DC-dissemination



NNRTIs demonstrates significant memory effects

TMC-120

Cervix p24 Cervix: provirus DC-dissemination

Also demonstrated for UC781 (J Virol 2005. 79:11179-86)



Entry inhibitor microbicides

(CMPD-167, BMS-806, PSC-RANTES)

Advantages
• Highly active � Could be formulated for sustained 

release.

Disadvantages
• Lack of activity against X4 virus
• Lack of activity against other STDs

(both could be overcome with combination products)

PlosMedicine 2006 August 15  (http://dx.doi.org/10.1371/journal.pmed.0030351)



Only limited animal model data exist for current 
microbicide candidates

Compound     Dose protection virus

Virus binders
MAb b12 5 mg/ml   1/5 R5
CV-N                           5 mg/ml 0/5 X4
BMS-806                         3 mg/ml    2/8    R 5

Entry inhibitors
CAP                            100 mg/ml    3/10  R 5
PRO-2000               5 mg/ml           0/7    X4
CMPD 167                  5 mg/ml    2/10 R5
PSC-RANTES            5 mg/ml    0/10 R5

Need for expanded animal studies to allow side by side 
comparison of compounds and formulations



Combinations have several advantages over single 
agents for microbicides, just as for therapy

• Combinations may permit the simultaneous blockade o f more 
than one possible transmission pathway increasing e fficacy.

• Synergy between some inhibitors may reduce the conc entrations 
needed for effective inhibition and increase potenc y.

• An increased breadth of coverage against circulatin g HIV-1 
strains and other STDs may be provided by combinati ons.

• Combinations may reduce the probability of transmis sion of 
variants that are resistant to any one inhibitor.

• May reduce viral shedding in those unaware of their  status

Disadvantages:
Unclear regulatory pathway, complex trial design, i ncreased 
potential for toxicity, cross company/institutional  agreements



Single entry inhibitors and combinations protect mo nkeys 
against vaginal challenge by SHIV-162P3

9/9 control animals given placebo gel were infected .            

21/28 (75%) of animals given one inhibitor were 
protected (p = 0.000092).

16/20 (80%) of animals given two inhibitors were 
protected (p = 0.000071).

3/3 (100%) of animals given three inhibitors were 
protected (p = 0.0045).

Overall, 40 of 51 (78%) inhibitor recipients were p rotected.

John Moore, Toronto  2006



Rectal microbicides?

AIDS. 2006;20:1237-45.

FASEB J. 2006; 20:356-8

AIDS Res. Hum. Retro. 2003, 19, 535–541 



How will they be used

Coitally
dependent gel

Once-a-day
gel

30 day ring 90 day ring

Units/year 100 365 12 4
$ cost/unit 0.6 0.6 5-10 5-10
$ cost/year 60 219 60-120 20-40

(based on phase 3 unit costs - source: IPM)



Future Direction
• Rational drug development strategy 

(product selection/rationalization)
• Access to animal models/development of new models

Strategies to provide sustained delivery(reduction of 
compliance burden)

• Development of potent combinations
(increased potency, decreased resistance)

• Strategies to enhance innate protection
• Integrating with other prevention strategies

(vaccines, PreP, HSV Suppression, cervical 
barriers, circumcision)



Research Staff
Lucia Fischetti
Trish Fletcher
Sarah Harman

Madeleine Hayes
Qinxue Hu

Charlotte Styles
Pedro Mesquita

Naheed Mahmood
Irene Monahan

Dhayaneethie Perumal
Martha Stefanidou

Susan Schader
Lea Stock

Greg Wallace

An international partnership

Collaborators
John Moore, Cornell, NY
Melissa Pope, Pop Council, NY
David Fairhurst, IPM, DC
Charles Lacey, Imperial College
Ron Veasey, Tulane
Michael Lederman, Chicago
Robert Neurath, NYBC
Cecilia Cheng-Mayer, Aaron Diamond
Mary Klotman & Betsy Harold, Mount 
Sinai
Karl Malcom, Queen’s University
Peter Anton & Ian McGowan UCLA
Zeda Rosenburg, & Mark Mitchnick, IPM
Polly Harrison and Trisha Lamphear,   

Alliance for Microbicide Development
Johnathan Weber, Imperial
Quentin Sattentau, Oxford

Funding agencies 
and programmes

EC

NIH


