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Appendix 1 (as supplied by the author): Discovery of 3TC and antiviral drug resistance 

Mark A. Wainberg 

To Whom it May Concern; 

It is with humility that I apply for the CIHR/CMAJ Recognition Award. 

In brief, I believe that my research on AIDS and HIV has contributed directly to the saving of 

millions of lives around the planet. First, I played a lead role in the discovery and development 

of 3TC, as a compound that has been used in the therapy of both HIV/AIDS and Hepatitis B 

virus for at least 20 years. Second, I independently discovered the problem of HIV drug 

resistance and have studied this issue at each of the epidemiological, public health, medical, and 

mechanistic levels since 1989. 

I was one of the first scientists anywhere to describe the problem of HIV drug resistance (1989), 

and described a number of mutations in the reverse transcriptase gene of HIV-1 that were 

associated with resistance to antiviral nucleosides. We performed site-directed mutagenesis 

experiments to confirm the biological relevance of these substitutions and also contributed 

multiple papers on the identification of mechanisms that lead to HIV resistance against antiviral 

drugs. This work included the purification of HIV reverse transcriptase molecules and the 

performance of biochemical evaluations of enzymatic activity in the presence of a variety of 

nucleoside triphosphate compounds. This work has had important practical application in our 

understanding of the appropriate use of antiretroviral compounds in HIV therapeutics. Our lab 

also contributed to studies on the genotyping of patient samples and the identification of relevant 

drug resistance-associated mutations, as a means of providing advice to clinicians regarding the 

appropriate selection of antiviral compounds for HIV therapy following earlier resistance-related 

treatment failure. Thus, we have had impact at both a clinical and basic science level. 

In recent years, we have also studied the important topic of HIV subtypes that circulate in 

various regions of the world, and the impact of these differences on the development of HIV 

drug resistance. This research focus is consistent with my advocacy as a champion of 

antiretroviral drug access for people at need in developing countries, something that I am very 

proud of. Briefly, we have shown that differences in drug resistance mutational profiles of 

various HIV subtypes is due, in some cases, to redundancies in the genetic code and codon 

usage. In contrast, in other cases, some viral templates, including the viral RNA and/or DNA of 

different subtypes, appear to be more prone to mutation at specific sites, giving rise to different 

patterns of mutations. We have explained biochemically and at a molecular level how the K65R 

mutation, that confers cross-resistance to many HIV drugs, occurs with far higher frequency in 

viruses of subtype C as opposed to subtype B origin. 

Indeed, such results were first published by our lab, in collaboration with scientists from the 

University of Botswana and Harvard University, and have since been duplicated by multiple 

other groups. In view of the fact that subtype C viruses are the most prevalent form of HIV in 



the world today, responsible for over 50% of all new HIV transmissions, this seminal finding is 

extremely important, and our work in this area has led to recommendations by the World Health 

Organization that the drug Stavudine (d4T), that efficiently selects for the K65R mutation in 

subtype C viruses, no longer be used in therapy and that other drugs such as Tenofovir, a 

different nucleoside compound, be used in its stead. 

My status as head of an HIV genotypic laboratory gives access to clinical samples that must be 

sequenced in the viral polymerase gene for the purpose of detecting drug resistance mutations of 

relevance. We used the sequence information thus derived to perform a phylogenetic tree 

analysis of all new HIV infections identified within the province of Quebec over the past 8 years. 

As a consequence, we were able to demonstrate clusters of HIV transmission involving groups of 

3-16 individuals. Most of these clusters are small, i.e. 3-4 persons, while others are far larger,

involving 12-16 newly infected persons. At the same time, our phylogenetic analyses have

revealed that approximately 50% of all new HIV transmissions in Quebec are probably

attributable to individuals who are themselves only newly infected by HIV and whose propensity

to transmit the virus stems from the fact that HIV viral loads are highest soon after infection

takes place. These findings have important global public health implications, as newly infected

individuals will often not yet have seroconverted and are thus not in a position to know, on the

basis of commonly used diagnostic technology, that they are HIV infected to begin with. For

this and other reasons, I have also turned my attention to efforts at HIV prevention and am a

strong advocate of novel testing procedures, based on PCR analysis, that may inform individuals

that they are HIV positive well before seroconversion occurs. I am also an advocate of the use of

antiretroviral drugs to prevent new infections in the context of both microbicides and a concept

termed pre-exposure prophylaxis, which involves the use of antiretroviral drugs to forestall HIV

infection among individuals at high risk.

In addition to our work in related areas, such as documenting HIV transmission clusters, I am

most proud of the fact that I served as President of the International AIDS Society between 1998-

2000 and was responsible for the organization of the XIIIth International Conference on AIDS

that took place in Durban, South Africa in 2000. This conference was important as it established

for many the hypocrisy of continuing to deny lifesaving HIV medications to people in

developing countries while such drugs were freely available to HIV infected individuals in

wealthier societies. History has shown that our actions were important in the saving and

extension of millions of lives.

I emphasize that I have often been privileged to have been in the right place at the right time in

regard to many of my accomplishments. I hope that the committee will not consider me to be

arrogant because of my willingness to submit this application for consideration.

Sincerely,

Mark A. Wainberg, OC, OQ, Ph.D., FRSC, D.Sc. (Hon)


