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Benefits and limitations of testing for resistance to HIV drugs
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Since drug resistance was first described in HIV in 1989, great progress has been made in our understanding
of its genetic basis and molecular mechanisms. Despite these advances and the introduction of many new
antiretroviral drugs, resistance remains prevalent. The types of drug resistance tests and their relative
advantages and disadvantages are reviewed. How and when these tests should be used to inform HIV
clinical practice and their place in anti-HIV drug development are considered.

Keywords: antiretroviral drugs, HIV drug resistance, resistance testing

When HIV drug resistance was first described,1 there was only one
approved antiretroviral drug, assays for drug resistance were slow
and cumbersome, and the genetic basis and the molecular mechanisms
of drug resistance were still being investigated. Now 20 drugs have
been approved for use, targeting envelope, protease and reverse tran-
scriptase. The genetic basis of drug resistance, with dozens of well-
characterized mutations, is broadly appreciated.2 The mechanisms of
drug resistance are well characterized.3 Drug resistance tests, based
on high-throughput and well-characterized assays for both pheno-
type and genotype, are commercially available.4 These assays are
now part of standard practice in the management of antiretroviral
chemotherapeutics.3–5

The pathophysiological basis for the emergence of HIV drug
resistance has been well delineated.5 The magnitude of HIV repli-
cation in patients is massive with 1010–1011 virions generated daily.6

With an error-prone reverse transcriptase and the absence of a proof-
reading mechanism, virtually all possible mutations must be generated
daily. Thus the selective pressure imposed by antiretroviral therapy
guarantees the emergence of drug-resistant virus unless the regimen
is sufficiently potent to suppress virus replication.

The development of regimens over the past few years with sufficient
potency, modest side-effect profiles and convenience of use (few
pills administered once or twice daily) has resulted in 90% success
rates at 1 year, with the failures often attributable to discontinuation
of drugs or loss to follow-up, rather than to true drug failure. These
results are encouraging since the most effective way to deal with drug
resistance is to prevent it.

Resistance is prevalent, however, due to the historical use of
sequential regimens, the prescription by some physicians of suboptimal
combinations, the difficulty for some patients to adhere to their regi-
mens and more recently the transmission of drug-resistant virus.7,8

This prevalence of drug resistance is best managed with the use of
drug resistance testing. Cost-benefit analyses have argued for the
utility of drug resistance tests.9 They avoid the costs and toxicity of

drugs not likely to work and identify drugs most likely to have sus-
tained benefit. Several prospective, randomized trials have demon-
strated the benefit of drug resistance tests; however, these trials can
usually be sustained only for short durations and have become very
difficult to design and conduct because drug resistance testing has
become the standard of practice.3 One of the most compelling docu-
mentations of the utility of both genotypic and phenotypic drug
resistance testing resulted from the registrational trials of enfuvirtide,
in which the efficacy of the background antiretroviral regimen was
assessed with these assays.10,11

Both phenotypic and genotypic assays are available to test drug
resistance. Phenotypic assays measure the actual inhibition of virus
replication by a drug. The initial assays were slow and cumbersome.
Now high-throughput, automated, recombinant virus assays are
available commercially to provide phenotypic drug susceptibility
results.12,13 The advantage of such assays is that they are as easy to
interpret as standard antimicrobial drug resistance assays, they are
quantitative and are ‘open-minded’ in the sense that they detect
resistance to new drugs or new mutations conferring resistance to old
drugs. Their disadvantage is their cost (∼$900 US to test 18 drugs)
and turnaround time (∼2 weeks).

Genotypic assays report mutations known to be associated with
drug resistance after performing nucleotide sequencing of the genes
of interest. Their relative benefits are cost (∼$400 US) and turna-
round time. They can be performed in a few days, but if they are sent
out the results usually are returned in about 1 week. In contrast to
phenotypic tests, genotypic tests can only interrogate what is known.
Although mutations are the basis of the phenotype, the identification
of the mutations that are important for conferring drug resistance
requires confirmation with phenotypic tests with viruses containing
selected mutations prepared by site-directed mutagenesis. Thus
genotypic tests are less interpretable with new drugs or newer muta-
tions selected by older drugs.
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A second disadvantage of genotypic tests is the difficulty of inter-
preting the results, which requires experience and effort in keeping
up with the published literature and unpublished studies. Updates are
maintained by expert panels2 (www.iasusa.org). Interpretation
schemes are also often provided with test results. There are many
such schemes, as well as various computer-based strategies of inter-
pretation, for example the Virtual Phenotype, which is an approach to
genotype interpretation. None has proven superior to another or to
interpretation by experts.3,4

Access to both phenotypic and genotypic assay results would be
ideal. When cost is an issue, this author resorts to the following
approach. A genotype assay is obtained first. The absence of drug
resistance or the presence of easily interpretable resistance patterns
(M184V or mutations to non-nucleoside reverse transcriptase inhibitors
in reverse transcriptase) is often sufficient. However, with certain
complex patterns of resistance to nucleosides and certainly to pro-
tease inhibitors when quantitative differences in resistance might be
important in selecting a regimen, then a phenotypic test is obtained.
For example, ritonavir-boosted protease inhibitors have been shown
to exert activity against certain degrees of protease inhibitor resistance.
These intermediate levels of resistance of five- to 50-fold are difficult
to ascertain with genotypic tests. Improvements will be forthcoming
in drug resistance technologies, but it is not clear what these will be.
The utility of therapeutic drug monitoring as a component of manage-
ment remains under active investigation.

When should drug resistance tests be obtained? Initially the indi-
cations were for patients who failed a regimen. The absence of drug
resistance is often informative about poor patient adherence. Except
in recently infected patients, drug resistance tests cannot be reliably
interpreted if a patient has discontinued his or her regimen for more
than a few weeks.14 Standard drug resistance assays do not detect
minority species in the circulation, or variants (either wild-type or
resistant) that are archived in the lymphoid system. Moreover, variants
may be replicating in the central nervous system and genital tract that
are poorly represented in the blood. More recently, many practitioners
are performing drug resistance tests on patients who have not yet
initiated treatment. Recent studies indicate that in many populations
primary HIV drug resistance is being transmitted in 5%–20% or more
of newly infected patients.7,8 Drug resistance testing is indicated with
prevalence of drug resistance of at least 5% in either recently infected
or even chronically infected drug-naive patients. Such rates have now
been documented in many areas of North America and Europe.
Furthermore, transmitted drug resistance, in contrast to acquired drug
resistance, persists in the patient for years after infection, since wild-
type virus is not archived in these patients to re-emerge in the absence
of the selective pressure of drug treatment.

The first years of experience with antiretroviral therapy almost
exclusively involved clade B infections in Europe and North America.
With the increasing proportion of non-clade B infections in Europe
and Israel and the significant extension of treatment to more
resource-constrained countries, the issue of differences in resistance
patterns and the utility of resistance assays becomes a concern. An
excellent recent review of the early data suggests that non-clade B
group M HIV-1 appears to exhibit similar patterns of susceptibility to
antiretroviral drugs; however, differences in nucleotide sequence
may result in distinctive genetic pathways to resistance in non-clade
B viruses.15 More data regarding patterns of both wild-type suscep-
tibility and patterns of resistance in these highly prevalent non-B
clades certainly will be generated over the coming years.

Drug resistance testing is an integral part not only of patient
management but also of new drug development. Candidate com-
pounds in all the classes of currently approved drugs are now being
designed to inhibit drug-resistant variants of HIV, since these are
highly prevalent and drugs in these classes for wild-type viruses are
already approved. This also provides the impetus for identifying new
classes of antiretroviral drugs, such as entry and integrase inhibitors.
During the drug development process, characterizing the activity of a
candidate drug against viruses from different clades and with different
drug resistance patterns is now standard. Moreover, the approval
process is expedited if a candidate drug can be shown to have efficacy
against virus from patients with limited options due to drug resist-
ance. In fact, the lopinavir/ritonavir co-formulation was the first drug
approved with a specified indication for the treatment of patients
infected with HIV having certain levels of protease inhibitor resist-
ance.

Drug resistance testing thus has become a standard component of
both drug development and patient management. The rapid evolution
of the field of antiretroviral chemotherapy, not to mention of the virus
itself, guarantees that the technology and the information regarding
drug resistance testing will be rapidly changing as well. This provides
challenges for drug development, assay development, regulatory
oversight and healthcare providers. For the practitioner, the demands
to keep up are appreciable and the stakes are high, but the opportunity
to make a difference in patient outcome is great.
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