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and mortality associated with the virus. Although the availability of these drugs remains poor in underde-

veloped countries, in developed countries up to 16 drugs exist within either the nucleoside reverse tran-
scriptase inhibitor (NRTI), nonnucleoside RT inhibitor (NNRTI) or protease inhibitor classes. A fusion inhibitor,
T-20 (enfurviritide) isalso a an advanced stage of clinica investigation.

T restment of HIV infection with antiretrovira (ARV) drugs has had a significant impact on the morbidity

Despite the positive impact of ARV drugs, failure of therapy occurs in a significant proportion of patients. The
causes are multifactoria, but usudly involve interactions between the patient, the drugs themsdlves and the virus.
For example, poor adherence by the patient because of a high pill burden or concomitant drug-associated adverse
side-effects, combined with the mutation frequency of HIV during replication, often leads to drug failure because
of the development of resistance.

Tests to detect ARV drug resistance are becoming widely available. These tests involve either nucleotide
sequencing (genotyping), direct evaluation of the replicative capacity of the virusin the presence of the ARV drug
(phenotyping), or a combination of both (virtual phenotyping). When genotyping is performed, the amino acid
sequence of the HIV RT, protease and gp41 (for T-20) is obtained and interpreted with respect to the likdly sus-
ceptibility of the virus to drugs targeting these proteins. Results are reported for each drug as resistant (clear-cut
evidence of mutations known to cause resistance), potentially resistant (mutations present which are likely to pre-
dispose to resistance) or sensitive. Quality assurance programs to monitor genotyping standards are in place, and
are essential to maintain the quality of sequencing, the ability to detect mixtures of nucleotides that may impact on
drug susceptibility, the appropriate interpretation of sequences, and timely reporting of the results to the treating
doctor.

Phenotyping has largely become the domain of commercia organisations. Phenotyping methods are roboticised
to some extent, and usudly involve the remova of the RT and protease genes from the plasma derived HIV grain
of interest, followed by the insertion of these genes into an RT/protease-deleted strain otherwise capable of repli-
cation in susceptible cels. This geneticaly engineered virus, which contains the sequences of interest, is then
alowed to replicate in the presence of the ARV drugs within each class that are available clinically. A 50%
inhibitory concentration (ICs) for each drug is cd culated and aresistance * cut-off’ value established for each drug
by reference to a pand of susceptible HIV dtrains. Cut-off values vary for each of the drugs within a class.
However, in general an 1Cx value greater than 3-fold that of wild-type viruses indicates resistance to a particular
NRTI. The corresponding values for NNRTIs and protease inhibitors are approximately 8-fold and 3-fold, respec-
tively.
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Virtual phenotyping relates the RT and protease sequences of the virus of interest to identical or near-identical
sequences of HIV grains whose phenotype (measured as an 1Cs) has been previoudy established. This informa
tion isheld within alarge proprietry database. While sequencing of the RT and protease genesis required, replica-
tion of thevirusin the presence of ARV drugsisnot.

A considerable amount of clinically-based evidence is accumulaing that shows drug resistance testing provides
virologica, and by implication clinica, benefit. The pioneering investigations in this regard were the GART and
Viradapt studies.*2 In particular, genotyping has been compared to standard of care (SOC) trestment in at least 4
studies. Only one, the NARVAL study,® did not find evidence of improved virologica response in patients who
received genotyping rather than SOC. When genotyping is undertaken using a commercia assay, the data gener-
ated is usudly interpreted using a supplied software package. Although at least one study (Havanga’) has shown
that genotyping results interpreted by the treating physician provide virologic benefit, it is generaly thought that
expert interpretation of these results provides additional benefit. The cost benefit of resistance testing, even if only
short term virological responses are gained asaresult, isarguably strong.

Most resistance testing performed a present involves genotyping, and most of this is performed in-house (that
is, without recourse to commercia assays). However, the list of commercia organisations providing genotyping
and phenotyping is growing. The Visble Genetics ‘ TRUEGENE HIV-1 Genotyping Kit' was the first assay to
gain US FDA approval for usein clinica practice. It isimportant that the manufacturers of such assays regularly
update the dgorithms used to provide information on ARV drug sensitivity, either through reference to peer-
reviewed literature or presentations at meetings relevent to the issue of drug resistance.

Problems associated with drug resistance testing should not be underestimated. These are technically complex
assays. For example, genotyping of plasma-associated HIV involves RNA extraction, reverse transcription, multi-
ple polymerase chain reactions, DNA purification, sequencing, sequence analysis and interpretation. This leadsto
considerable expense in terms of labour, consumables, kit costs and equipment. Another problem is the overal
lack of sengtivity of both phenotyping and genotyping. Not only does the virus load in the test plasma sample
need to be approximately 1000 copies per ml, but the ability of both assays to detect mixtures of susceptible and
resistant HIV strainswithin the one population isaso limited.

Neither phenotyping nor genotyping has the ability to detect viruses or mutations associated with past ARV drug
failure. The need for an accurate drug history to be maintained for dl patients is therefore of grest importance.
Findly, appropriate interpretation of the results, particularly those for genotype, is essentia but may not always be
avallableto treating doctors. Incorrect interpretation of results may lead to wasted opportunities for some patients.
Correct interpretation of genotyping resultsis therefore one of the most important aspects of drug resistance test-
ing. Fortunately, the application of rules-based genotype interpretation can be generalised within the HIV M
drains and, for most drugs, across the HIV-2 and group O dtrains aso. The exception is the lack of efficacy of
NNRTIs againgt HIV-2 and group O viruses because of anaturaly occurring Y 181-C mutation in the RT. Within
the M strain subtypes, mgjor resistance mutations do not occur as polymorphisms, athough some minor muta-
tionsin the protease gene may predispose to resistance in some cases.

It should not be assumed that genotyping and phenotyping results on the same specimen will dways be identi-
cal. Thisis partly because the interpreted sequence of the RT or protease may be more predictive of future out-
comes than the phenotype. That is, the sequence may contain mutations that predispose to resistance, and thisis
incorporated into the genotyping interpretive algorithm. An example is the L90-M mutation generated by
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saquinavir (and nelfinavir). Often, viruses containing this mutation will be phenotyped as susceptible to
saguinavir, but most genotyping agorithms assume resistance. In a sense both results are correct. Other differ-
ences in interpretation arise as a result of the ahility of the lamivudine induced M184-V mutation to resensitise
viruses containing a T215-Y resistance mutation to zidovudine susceptibility. Phenotyping often reports M184-
V/T215Y mutants as lamivudine resigtant/zidovudine sensitive, whereas genotyping calls them as resstant to
both drugs. Overdl, interpretation of sequences as part of the genotyping process is becoming increasingly diffi-
cult because of the above reasons and aso because of the impact of other non-intuitive factors. These include the
increased susceptibility to NNRTIs of patients with multiple NRTI exposure, the ability of mutations in the pro-
tease to cause crossresistance, and the existence of ZDV resistance-associated mutations (also cdled thymidine
associated mutations or TAMS) that cause significant cross-resistance within the NRTI class.

Cross-resstance within al drug classesis asignificant trestment issue, and impacts unfavourably on the number
of ARV drugs actudly available clinicaly. Within the NRTI class, mutations that predispose to resistance to more
than one drug include M184-V, the E44-D/V118-1 combination and L74-V. These occur in more than 8% of the
HIV drains of patients sampled in Melbourne, Austraia. Certain combinations of TAMs are also common.
Fortunately, K65-R and the classic multidrug resistant mutations (Q151-M and T69-S + insartions) arerare.

The basis of cross-resistance induced by TAMs has now been eucidated and involves the increased ability of
viruses containing these RT mutations to remove chain terminating dideoxynucl eotide monophosphates (ddNMP)
from DNA asit is synthesised as a result of reverse transcription. Thisis known as excision or pyrophosphoroly-
sis, and involves an interaction between the mutated enzyme, the chain-terminating ddNMP and cdllular dATP to
form a dinucleotide-tetraphosphate complex. As aresult, depending on the TAMS present, certain NRTIs are pref-
erentidly removed from the growing DNA chain, resulting in continued replication (and apparent resistance to
that NRTI).

Cross-resistance aso occurs within the NNRTI class, where it is associated mainly with K103-N and Y 181-C
mutations, and the protease inhibitors, where a combination of more than one primary, inhibitor-specific mutation
tends to generate resistance across the class.

Given that drug resistance testing provides clinical benefit, when should such testing be requested? There may
be some indication for testing at the time of primary infection if the incidence of transmisson of drug resistant
virus continues to increase. In Melbourne in 2002, the predominant HIV strain in approximately 14% of new
infections contained resistance mutationsin the RT gene, and 3% aso had mutations in the protease gene. Half of
these patients were infected with virus containing the K103N mutetion, effectively eiminating the NNRTI class
as atreatment option. Otherwise, resistance testing is recommended towards the end of pregnancy as a means of
optimising treatment for the mother and preventing infection of the neonate, and at the time of treatment failures.
Tegting at the time of the firgt failure documents ARV drug susceptibility at the time, and sets a baseline for future
testing. At second and subsequent failures, resistance testing may indicate new mutations, some of which may
cause cross-resistance.
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