Interpreting the PNAS article on Modeling ARV-based Microbicides
Recently, various news outlets covered the release of an article, “The paradoxical effects of using antiretroviral-based microbicides to control HIV epidemics” by David Wilson et al. published in the Proceedings of the National Academy of Sciences. It describes the use of mathematical models to examine the possible implications of testing and introducing ARV-based microbicides.  These news reports contained various misleading statements about the article and the study findings.

To help advocates understand and interpret the study’s actual findings, this brief describes the model; its limitations; and some of its predictions. It also comments on some findings in simplified terms. 

How the Model Works

The article used a complicated mathematical model to explore what might happen under two different circumstances: 

1) 
An antiretroviral (ARV)-based microbicide is tested in a large-scale, effectiveness trial that enrolls sex workers and other women at high risk of HIV;

2)        An ARV-based microbicide is made available for widespread use among women in the general population, without additional public health interventions like regular HIV testing of microbicide users. 
The authors attempted to “model” reality, but the predictive power of their model is only as good as their starting assumptions and the quality of the input data. The Wilson and Blower article used fairly standard and well accepted assumptions about sexual transmission of HIV.  The innovation in the article is that it attempts to consider what would happen if an ARV-based microbicide caused a user to develop resistance to one or more of the drugs that are used to treat HIV.
Modeling Drug Resistance in a Data-Sparse World 

Systemic absorption of an ARV-based microbicide

The model considers two types of microbicide candidates: those that are easily absorbed into the bloodstream and those that are not.  The ones that are not easily absorbed may be less likely to result in the development of drug-resistant HIV.. The authors label these different candidates “high risk” and “low risk” microbicides respectively—a confusing and problematic term because it evokes notions of high versus low risk of side effects, or high versus low risk of sexual transmission. 

In theory, use of an ARV-based microbicide by an HIV-positive woman could result in drug resistance if the microbicide is absorbed into the bloodstream.  However, most scientists believe that the development of drug-resistant HIV is unlikely if the microbicide is absorbed mainly into the vaginal or rectal tissue, with little or no drug passing in the bloodstream. The article explored mostly what might happen if a microbicide which is likely to enter the bloodstream is used. We should not discount this, but the majority of clinical studies so far do not show that this will necessarily occur.
Bi-directionality of protection

The model also looked at various levels of protective effect that the microbicide might have for the male partners of women using it. The vast majority of the model simulations described in this article were based on an assumption called bi-directional protection.  This means they assumed that, if an HIV positive woman used the microbicide, it would have an effect on the HIV in her vaginal secretions and, thus, help reduce her male partners’s risk of becoming infected during sex.  There is currently no evidence, however, that an ARV-based candidate microbicide (or any candidate microbicide) can offer bi-directional protection.
The Article Findings
The article emphasized a number of potential outcomes of microbicide testing and introduction that it says are “surprising.”  We summarize these findings below, and argue that most of the findings are not surprising at all.  In fact, they are highly predictable. 

Finding 1:
Few cases of drug resistant virus will likely emerge during phase III testing of ARV based microbicides because the trial protocols call for monthly HIV testing. However, resistance could emerge if the same product were widely introduced into population who are not receiving HIV testing on a regular basis. 
Comment:
Clinical trials of ARV-based candidate microbicides include frequent HIV testing specifically to protect women in the trial by limiting their chance of developing drug resistant virus. Women who seroconvert are taken off of product before resistance would likely develop. This is entirely appropriate and ethical when attempting to answer the initial question which is “does the candidate microbicide work at all?”. This first question must be answered before it is possible to consider any of the subsequent questions, such as “what might happen if women who become infected continue to use the product?”.  It is not surprising that the model suggests that very few resistant cases will develop within the context of an effectiveness trial.
Once a product is shown to work, it will be important to evaluate the potential impact of its use by women who are HIV positive, either because they continue to use the product after becoming infected or because they begin using an ARV-based microbicide when they are already HIV positive.  We will not know whether resistance is likely to develop in this context until the “next question” studies are done to find out.
If studies suggest that use by HIV-positive women is likely to generate resistance, it might be necessary to recommend that women only get access to the microbicide if they are also able to receive routine HIV testing. The risks posed by resistance also mean that we must continue to pursue the development of non-ARV based candidate microbicides or combination products. Clearly, we need products that allow for widespread distribution of microbicides without the need for constant HIV testing.
Finding 2:
Even a moderately effective microbicide (~50%) could have a positive effect on the epidemic by decreasing HIV transmission, if widely available and widely used.  Use and adherence proved to be more important than the product’s level of efficacy in preventing the greatest proportion of infections.

Comment:
Although buried in the article, this is one of the article’s most important findings.  Similar findings have been reported by Watts and colleagues in previous modeling efforts.
  It is also a lesson that has been demonstrated repeatedly in the family planning field.  Moderately effective contraceptives that are used very consistently tend to be more effective overall than more highly effective contraceptives that are not used consistently. 
Finding 3:
A significant number of men could benefit from the introduction of an ARV-based microbicide.

Comment:
The article placed considerable emphasis on the supposed “paradoxical” effect that a woman-initiated method could have substantial benefits for men. The fact that a microbicide designed to benefit women could also benefit men is neither unexpected nor unwelcome.  The goal of microbicide development is to fill an essential gap in global HIV prevention options—to provide women with a method they can initiate.  That men might also benefit is an added bonus.

 
The potential benefit of microbicides to men, however, will depend on the degree to which the protective effect of an ARV-based microbicide is bi-directional and also how easily drug-resistant HIV is transmitted.  As mentioned previously, although it is theoretically possible that a product that protects a women user would also protect her male partner, it is also possible that they won’t. 
The article summarized thousands of possible outcomes, each of which used different starting assumptions. Not all of these outcomes are equally likely, and the researchers did not address which combination of input assumptions might most accurately reflect reality. Consequently, the results of this modelling are a bit confusing when one is trying to draw conclusions about “real world” impact. 
To summarise, we won’t know the benefit of a microbicide on an HIV positive woman’s negative male partner until separate clinical trials are done among couples to evaluate this. 






� These two studies both found that the most important factor in determining the effectiveness of an ARV-based microbicide in reducing HIV incidence is the degree of coverage and frequency of use, making access and adherence incredibly important aspects of any microbicide intervention.  





