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Abstract. Despite the availability of antiretroviral combination therapies, suc-
cess in drug treatment of HIV-infected patients is limited. One reason for ther-
apy failure is the development of drug-resistant genetic variants. In principle,
the viral genomic sequence provides resistance information and could thus
guide the selection of an optimal drug combination. In practice however, the
benefit of this procedure is impaired by (1) the difficulty in inferring the clini-
cally relevant information from the genotype of the virus and (2) the restricted
availability of this information. We have developed a secure platform for
collaborative research aimed at optimizing anti-HIV therapies, called Arevir. A
relational database schema was designed and implemented together with a web-
based user interface. Our system provides a basis for monitoring patients, deci-
sion-support, and computational analyses. Thus, it merges clinical, diagnostic
and bioinformatics efforts to exploit genomic and patient therapy data in clini-
cal practice.

1 Introduction

1.1 Antiretroviral Therapy

There are currently 25 licensed, antiretroviral agents (including 5 fixed-dose combina-
tions) available in industrialized countries for the treatment of HIV-infected patients.
The majority of these drugs targets one of the two viral enzymes, the protease or the
reverse transcriptase (RT). Additionally, a new class of drugs called entry inhibitors is
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under development, with a subclass called fusion inhibitors. One such drug has been
approved so far, which targets the gp41 protein located on the surface of HIV [1].
However, despite the introduction of combination therapy (called HAART - highly
active antiretroviral therapy, usually consisting of three or more drugs) eradication of
the virus from the patient’s body cannot be achieved by current regimens [2]. There-
fore, treatment strategies aim at maximal suppression of the viral load, i.e., the num-
ber of free virus particles per mL of the patient’s blood serum. Besides the strong side
effects of the inhibitors [3], the long-term effectiveness of HAART is also limited by
the development of drug-resistant genetic variants [4]. Consequently, HIV resistance
testing becomes increasingly important in the management of infected patients.

Resistance testing can be performed either by measuring viral activity in the pres-
ence or absence of a drug (phenotypic resistance testing [5]), or by scanning the viral
genome for resistance-associated mutations (genotypic resistance testing [6]). It has
been shown that patients can benefit from both genotypic and phenotypic testing [7].
Genotyping is faster and cheaper, whereas phenotypic results are easier to interpret.
Direct sequencing produces genomic data of about 1200 base pairs of the HIV pol
gene, which codes for protease and RT. This sequence carries the information about
susceptibility or resistance of the patient’s virus to each of the available drugs. How-
ever, it is challenging to infer resistance from the sequence and the optimal way of in-
terpreting the genotype with respect to clinical outcome is not known.

1.2 Public Databases and Related Work

The HIV Sequence Database in Los Alamos provides a public repository for anno-
tated HIV sequence data and is centered on sequence analysis. The HIV Drug Resis-
tance Database in Stanford, formerly called the HIV RT/Protease Sequence Database,
collects and analyzes sequences associated with the development of viral resistance. It
is focused on sequences coding for the molecular targets of anti-HIV therapy. It in-
cludes drug susceptibility data and clinical histories [8]. The public website contains
also a tool, HIVdb, for the interpretation of genotypic resistance. This system predicts
resistance to a drug by scoring observed mutations in the drug’s target protein. Muta-
tion scores are derived manually by human experts based on reviewing links between
mutations and resistance phenotypes described in the literature.

Another approach to interpreting genotypic resistance tests that avoids this bias lies
in the systematic analysis of large sets of matched genotype-phenotype pairs. Statisti-
cal and machine learning methods have been applied successfully to derive models
that predict phenotypic resistance from the genotype [9-13]. However, the predicted
phenotype is only a first step towards understanding the clinical impact of resistance
mutations. Selecting an optimal drug combination has become more difficult, because
resistance testing adds complex genomic information to the decision-making process.
Furthermore, the growing number of available drugs implies an exponentially grow-
ing number of possible drug combinations. Extending the data mining approach to
related sequences, therapy histories and clinical outcomes promises to identify the de-
terminants of the clinical resistance phenotype. However, this approach presumes
large sets of curated and structured data.

Further related work can be found at the HIV Resistance Response Database Initia-
tive (www.hivrdi.org), the Forum for Collaborative HIV Research (www.hivforum.
org) and EuResist (www.euresist.org).



