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 Le contexte scientifique du projet 

 

The HIV infection often leads to very few symptoms and can easily go unnoticed for years. This yields one of the 

biggest challenge left in the fight against HIV: the hidden HIV epidemic, the HIV epidemic of those who are 

infected and do not know it, yet. It is estimated that, in France, around 25 000 individuals are infected with HIV, 

without being aware of their status (1). It is believed that the vast majority of new HIV transmissions that occur 

each year (6000-7000, in France) originate from individuals who are unaware of their HIV status. Under the 

current circumstances in France, a newly HIV-infected individual takes in median, 3.3 years to go get tested and 

diagnosed (1). Furthermore, most of HIV testing leading to new diagnoses is laboratory testing undertaken at 

doctor's advice.  

 There is an urgent need to increase the HIV testing rates and decrease the time interval between HIV 

infection and HIV diagnosis.  Recently, the French authorities decided to release on the market a rapid HIV home 

test, hoping to increase the annual number of HIV diagnoses. The test is available in pharmacies, without medical 

prescription, for about 20-25 euros. The sensitivity and specificity of the HIV self-test are >95% and >99%, 

respectively (2), slightly less than the parameters of the 4th generation assays for laboratory testing (i.e., 100.0% 

and >99.6%, respectively) (3). 

 The consequences of the decision to commercialize a rapid HIV home test are not fully understood. Insight 

in this problem may come from the experience with voluntary testing for pregnancy or hyperglycemia (in the case 

of diabetes). These are examples of very successful health practices that got established in society in the 20th 

century. Kits for pregnancy home testing entered the market in the 1970's.  When used by professionals, these 

tests are nearly as accurate as laboratory testing (97.4%, (4)).  However, in hands of consumers, accuracy may 

drop to as low as 75% (4). Similar problems may be expected for HIV home testing.  Hence, it is not clear that the 

number of HIV diagnoses will increase with increasing testing rates and availability of testing tools, particularly if 

they are used to replace laboratory testing. 

 Self-testing of urine for hyperglycemia started in 1945, shortly followed by self-testing of blood with dry-

reagent strips, introduced in 1950-1960. The first blood glucose meters appeared in 1970–1980. Medical 

technology continued to improve, with a net benefit for the consumer who, presently, has at disposal a broad array 

of high quality self-testing options. Without doubt, the HIV self-test will continue to improve, to address the 

needs of an increasing market. However, in contrast to self-testing for pregnancy and hyperglycemia, which are 

symptom-driven, the HIV infection often has very few symptoms and self-testing is motivated on fundamentally 

different grounds. 

 



Mathematical modeling has been extensively used to describe the HIV epidemic and evaluate public health 

interventions. In particular, compartmental models have been used to describe HIV transmission at the population 

level and evaluate the impact of HIV testing at given rates (5). However, the question of how to achieve these 

testing rates at the population level is never addressed; the simulation parameters are only assumed realistic. Yet, 

in the course of an epidemic, individuals may decide to get tested according to their perceived risk of infection, its 

consequences, the availability of testing tools, and related benefits and constraints. Individual decisions on 

whether or not to get tested may be biased, yet closely relate to the course of the epidemic. In turn, the sum of 

new yearly diagnoses, in the context where efficient treatment is available, curbs down the epidemic.  

Indeed, the risk of infection depends on disease prevalence, which in turn depends on the accuracy and 

coverage of testing. Each individual’s decision is indirectly influenced by the decisions of others, since the sum of 

all decisions determines the voluntary testing coverage, the number of new diagnoses and impacts epidemic 

progression. There are various ways to address decision making at the individual level. A vast array of 

mathematical tools for qualitative and quantitative analyses of these processes is offered by game theory. To the 

best of our knowledge, no study has addressed individual-level decision-making on whether or not to get tested (in 

particular, using a self-test) and thus evaluated the impact of voluntary testing on the HIV epidemic.  

 

 Les questions posées 

 

Given that the HIV infection is largely asymptomatic, what drives individuals to get tested for HIV? 

Will reducing the price/cost for the HIV self-test increase the number of yearly HIV diagnoses?  

How to describe HIV self-testing and evaluate its impact on the epidemic using mathematical modeling?  

What incentives could be offered to the individual so they self-test more often? 

 

We will focus on the impact of self-testing among the population of men-who-have-sex-with-men (MSM) living in 

France, which is the population the most affected by HIV in France. Around 40% of new HIV infections occur 

among MSM, while they represent less than 2% of the general population (1).   

 

 Les sources de données qui seront utilisées 

 

Epidemiological and behavioral data will be reviewed and used to characterize the HIV epidemic among MSM in 

France. Regarding self-testing, we will use data collected by the survey "VIH: Teste-Toi Toi-même (V3T)" to 

describe knowledge, interest and use of HIV self-tests. 

 Data resulting from behavioral surveys (6) will be used to define individuals’ sexual behaviors (condom use, 

the annual number of sex acts and the annual number of partners). Data from the literature will be used to 

determine the per-act risk of infection (7) and rates of HIV infection progression (8). We will use estimates of 

HIV incidence, times from infection to diagnosis, number of people living with HIV undiagnosed, diagnosed and 

treated   to describe the HIV epidemic among MSM (9). 

 "VIH: Teste-Toi Toi-même (V3T)" is a study in the French community of men-who-have-sex-with-men 

(MSM) that was launched on the 28th of October 2016 and concluded in early 2017 (10). The study consists in an 

online survey addressing questions about knowledge, interest and use of HIV self-tests, sexual behavior and 

other HIV risks, as well as access to health care and a six-month follow-up with free access to self-tests.  

 Three thousand four hundred six MSM answered the online questionnaire, including questions about their 

current HIV testing behavior, and their current or future use of HIV self-tests according to their perception of 

the reliability of the self-tests and the price of self-tests. They also mentioned whether they would use self-

testing in addition to the other testing tools or in replacement. Eight hundred two MSM were followed-up over 6 

months with free access to self-tests. The objective of the follow-up phase was to describe HIV testing behavior, 

including self-test, with regard to risk taking over a period of time sufficiently long to address issue concerning 

the window period, during which the virus goes undetected, and in case of positive result, confirmatory testing and 

access to care.  

 Dr. Virginie Supervie, co-director of this PhD project, is a partner of the V3T study and has full access to 

these data.  



 

 Les méthodes  

 

We aim to obtain a theoretical understanding of whether and how HIV home testing may change the course of the 

HIV epidemic, particularly among MSM. The paradigm model has two components. First, we will use ordinary 

differential equations (ODE) to develop a mathematical model for the HIV epidemic in the MSM community. The 

ODE system will comprise a stratified mixing pattern for a core-group MSM structure. In particular, from the 

perspective of acquiring HIV disease, we distinguish high- and low-risk behavior in the MSM community. Recently, 

the use of Truvada-based PrEP becomes increasingly popular. We will briefly evaluate its impact on the HIV 

epidemiology and adjust the model to account for PrEP use in a parsimonious way. Obviously, HIV testing will be 

explicitly represented in the ODE model. Regular HIV testing, at doctor's advice (i.e., not voluntary) will be 

included. The model will be calibrated to existent data on the MSM community in France. 

 Second, we will use game theory to describe the individual-level decisions to self-test at home. The rational 

approach to analyzing pros and cons for self-testing, next to regular laboratory testing, will be summarized by a 

utility function. Various utility functions may result depending particularly on how individuals perceive the benefit 

of having been tested recently. Utility of testing will be maximized, depending on the epidemiological conditions 

captured by the ODE model, to obtain the probability of self-testing. Incentives to self-test can be studied in a 

similar fashion. We will also investigate whether a model can be built using an inductive rather than a deductive 

game. 

 This type of mixed models has been previously used to study voluntary vaccination (11). However, voluntary 

testing has many features that are fundamentally different than voluntary vaccination. Thus, many modeling 

aspects will be completely reconsidered and fully adapted to the problem of self-testing. 

 

 Le thème de chacun des articles prévus.  

 

1) We aim to write an article on the conceptual problem of voluntary testing for an asymptomatic infectious 

disease (e.g., HIV, HCV, etc.) where efficient treatment is readily available. The key objective is to construct a 

simple yet representative model that is tractable analytically. In this fashion, the mathematical complexity of the 

problem becomes fully transparent and all key lessons are learned for how to conduct the same analysis in 

numerical fashion.  

 

2) We aim to write an article applying our methodology to the HIV epidemiology. It will very likely be the case that 

epidemic model complexity will prevent an analytical treatment. We will use the knowledge generated with our first 

article to guide numerical analysis. 

 

 Le calendrier prévisionnel  

 

Trimester 1: Literature review on voluntary testing and game theory 

Trimesters 2-4: Development and analysis of a conceptual model, combining game theory with an infectious disease 

transmission model, to study voluntary testing 

Trimester 5: Writing and submission of the first article 

Trimester 6: Analysis of the V3T data and data collection on the HIV epidemic in the MSM community 

Trimester 7: Development and calibration of an ODE model to mimic the HIV epidemic in the MSM community  

Trimester 8-9: Combining the ODE model with a single-player game for the individual-level decision to get tested 

for HIV and numerical analysis of the model 

Trimester 10: Writing and submission of the second article. 

Trimester 11: Writing and submission of the thesis. 

Trimester 12: Examination of the thesis by the defense committee members and preparation of the defense. 
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