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Uncertainty, and how we cope with it,
continues to be a major challenge in the
management of HIV infection. Despite
significant reductions in the number of
people dying from AIDS or developing
opportunistic infections that have been
achieved by combination antiretroviral
therapies, major uncertainties continue to
exist about the longer-term side-effects of
these therapies and the reason for
virological failure with specific
antiretroviral combinations. In addition, as
therapies move from research trials through
compassionate release to become licensed
products, we become increasingly aware of
drug interactions with both other licensed
therapies and recreational drugs.
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This is the fourth in a series of 
bulletins focusing on advances in
therapy for HIV/AIDS, particularly
developments in triple therapy
employing protease inhibitors.

This bulletin looks at HIV drug 
resistance testing and considers the

availability, uses and interpretation of
phenotypic and genotypic assays.
There is also an update to the article
on drug interactions in HIV therapy,
which appeared in the last bulletin.

Watch out for further update 
bulletins in the coming months.
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2 CLINICAL ISSUES IN HIV/AIDS

The articles in this issue are up to date and
extremely clearly written, and will go some way
towards ameliorating the areas of uncertainty
that currently exist in the questions and
dilemmas that we daily face with patients in our
clinics. It is vital, however, that we continue to
strive to bridge the knowledge gap that can easily
develop between specialist clinicians and the
patients for whom we care.

Because clinical guidelines on antiretroviral
therapy are drawn up reflecting data that is often
only available in abstract form from specialist
clinical meetings, it is important that the
reasoning behind the choice of those specific
options is discussed and conveyed to patients in a
coordinated and coherent manner by all
members of the multidisciplinary care team. This
places a responsibility for remaining up to date
and well informed on all medical practitioners
caring for individuals with HIV, as well as on
their colleagues in nursing, dietetics, pharmacy,
health advising and other important areas of
liaison. Furthermore, it is essential that
communication with GPs is maintained and

enhanced, particularly to avoid drug interactions
from concomitant medications for patients on
antiretroviral therapy.

However, as we struggle with these important
clinical issues, the uncertainty is worsened by a
lack of clear policy on the continuation of a
national funding system for HIV care provision
and the absence of a national AIDS or sexual
health strategy. Within this framework the
challenge of caring for people with HIV infection
has never been greater. To rise to this challenge
we must look to the historical basis of our success
in partnership with our patients, collaboration
with other statutory and voluntary bodies, and
our belief that combining clinical research with
excellence in clinical service will be rewarded
with support and proper provision of resources
from politicians and health planners.

Simon Barton BSc MD MRCOG HIV/GUM Consultant,
Chelsea & Westminster Hospital, London 
David Hicks FRCOG MFFP DipVen HIV/GUM Consultant
Physician, Department of Genitourinary
Medicine, Royal Hallamshire Hospital, Sheffield

Clinical utilities of HIV drug
resistance testing
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Commentary continued

Biological basis of resistance

Within the HIV-infected individual, the virus
exists as multiple variants, termed quasi-species.
These variants are generated through high level
viral replication in conjunction with the inherent
error rate of the viral reverse transcriptase. Within
this population, in the untreated individual, will
exist minority populations of virus with reduced
drug susceptibility. Thus, when a selection
pressure is imposed (drug therapy), these viruses
will preferentially replicate and further evolve,

and will become the dominant species. Reduced
drug susceptibility is defined as an increase in the
concentration of drug required to inhibit virus
replication – in other words, a raised IC50 or IC90

compared with pretreatment virus. It follows that
drug resistance is not ‘all or none’, but rather a
quantitative measure of the degree of reduced
drug susceptibility. Assays that measure this
aspect of drug resistance are known as
phenotypic assays. Underpinning the phenotypic
change are alterations in the genes coding for
reverse transcriptase and/or protease. The



underlying genetic changes associated with
resistance are termed the viral genotype, and this
is what is detected by genotypic assays.

Available assays
Phenotypic assays
Cell culture-based assays, such as the peripheral
blood mononuclear cell (PBMC) assay, have
hitherto been regarded as the gold standard for
determining drug susceptibility of virus isolates.
However, this assay is extremely time consuming
and (therefore) expensive, and is not suitable for
routine clinical use.1 In addition, concern has
been expressed that the process of in vitro
cultivation of viruses from infected individuals
may select for a species that is not reflective of
the original sample. To some extent, these
problems have been circumvented by the
development of a recombinant virus assay,
whereby polymerase chain reaction (PCR)
amplified products of reverse transcriptase and/or
protease genes from plasma virus are recombined
with a HIV clone lacking the relevant genes.1 This
clone is infectious and can be used to undertake a
drug susceptibility assay. Such assays are
undertaken on a commercial basis, but remain
expensive with a long turnaround time (more
than three to four weeks). Some laboratories
undertake this assay for research purposes;
however, it remains unclear whether the routine
use of currently available phenotypic assays as a
first line test is practicable.

Genotypic assays
The methods for detection of resistance-
associated mutations fall into two categories:
1. Detection of specific mutations – these include
the line probe assay,2 which allows for detection
of mutations at specific positions in the gene of
interest by hybridisation against specific probes
covering the relevant areas of the genome. This
assay is commercially available, but is currently
limited to the detection of nucleoside analogue
resistance mutations. An updated assay
incorporating non-nucleoside reverse
transcriptase inhibitor (NNRTI) and protease
inhibitor resistance mutations is in development. 
2. Nucleic acid sequencing – new resistance
associated mutations are continually being
identified, and many laboratories therefore prefer
to undertake sequencing of a large portion of the
reverse transcriptase gene and of the protease
gene in order to capture as much information as
possible. This is a more demanding technique
than the line probe assay, not least because of the

large amount of nucleotide (gene) sequence data
generated. This has fuelled the commercial
development of software systems linked to
sequencing assays, which will assist in the
identification of known resistance associated
mutations. It is also of note that sequencing-
based technologies are able to identify novel
insertion changes within the genome, whereas
hybridisation-based assays are not. An example is
the insertion recently noted around position 69
of the reverse transcriptase gene.3

For a laboratory with trained staff and the
sequencing hardware, it should be possible for
results to be obtained within two weeks of the
specimen being received. This methodology is
also cheaper than the phenotypic assays
described above. For these reasons, it is likely that
genotypic resistance tests will represent first-line
analysis in the near future.

There is limited information on the
comparison of genotypic and phenotypic 
data. The group from VIRCO identified a good
correlation between the two methods for
phenotypically-resistant virus; however, there 
was less concordance for phenotypically-
sensitive samples.4 In other words, phenotypic
assays are probably better at documenting
reduced drug susceptibility than sensitivity. 
These data also imply that early development 
of resistance may be easier to detect by 
genotypic analysis.

Interpretation of 
genotypic-resistance assays
A number of limitations of genotypic analysis
must be considered before such data are used to
guide treatment in a patient failing therapy.

Relationship of resistance mutations to
drug resistance
There is now a large body of data relating 
specific mutations and sets of mutations 
within reverse transcriptase and protease genes 
to reduced susceptibility to antiretroviral drugs.
This data set is continually increasing in the 
light of studies of new drugs and combinations 
of drugs. In some instances, there is a very clear
association between a single amino acid 
change and drug resistance; examples are the
M184V mutation change coding for 3TC
resistance, and the K103N mutation coding for
resistance to NNRTIs.

For other drugs, a larger number of amino-
acid changes are required to generate high 
level resistance, such as for zidovudine and 
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some of the protease inhibitors. In these
instances, the significance of just one mutation
in a patient failing on therapy may be unclear.
Finally, there are some drugs for which
virological failure may not be associated with 
any specific mutations. Stavudine is a case in
point – only a minority of patients failing on 
this drug have mutations or insertions 
associated with reduced drug susceptibility.5

It is possible that specific d4T resistance 
mutations in vivo have been ‘hidden’ by the 
co-existence of resistance to other nucleoside
analogues. It is also possible that cellular 
factors may play a role in reducing the 
virological effect of this drug.

Thus the utility of genotypic changes in
guiding therapy is, to some extent, drug 
specific – for example, genotyping is far more
likely to guide decisions on the use of 3TC and
NNRTIs than for DDI and d4T, for which 
failure is variably associated with mutations 
for which the associated reduction in
susceptibility is rather modest. With regard to
protease inhibitor resistance, there appears to 
be considerable cross-resistance within the class
as a whole,6 which is especially the case for
multiple protease mutations.7

A number of retrospective studies have now
demonstrated that the presence of resistant virus
(by genotypic and phenotypic testing) at time of
failure is predictive of subsequent short-term
virological success on switching therapy.8–12

These data relate to reverse transcriptase and
protease inhibitor resistance. Prospective studies
are required to demonstrate the clinical utility of
testing in the routine clinic setting (see below).

Minority species
Plasma virus consists of a quasi-species in 
which a large number of variants will be
represented as minority species. Sequencing 
or hybridisation based assays have a limit of
sensitivity for detection of these species.
Sequencing can detect variants represented at
25% of the total population but rarely those at
10%,13 with the line-probe assay having an
increased sensitivity coping with variants at 2%
to 8% representation.2 Thus, these technologies
may not detect the emergence of a drug
resistance associated mutation early in failure. 

Significantly improving this level of 
sensitivity is technically demanding, and it 
is unlikely that such modifications will be
available to routine testing laboratories in the
near future.

Reversion of mutations
Many drug resistance-associated mutations
generate viruses with a reduced ‘fitness’ compared
with wild-type virus. Of course, in the presence of
the drug selection pressure, these variants are
better able to replicate compared with drug-
sensitive virus; however, when this drug pressure
is removed (switching therapy) wild type virus 
at that specific position may re-emerge over a
variable period of time.14 It follows that 
genotypic sequencing undertaken on plasma 
virus from a patient failing therapy will only
represent the virus that is escaping from current
therapy. Nevertheless, drug resistant viruses will
continually infect susceptible cells, some of which
will be long-lasting. Thus, archival drug resistant
virus may be represented within proviral DNA but
not necessarily within plasma virus at a detectable
level. It follows that, for example, the absence of
the M184V mutation in a patient previously but
not currently on 3TC does not necessarily imply
that 3TC could be successfully used.

Interaction of mutations
Much of the data regarding drug resistance-
associated mutations have been gleaned from
drug monotherapy studies. However, we are
increasingly aware of the impact of interactions
between mutations. For instance, the
development of 3TC resistance in a background 
of existing high-level zidovudine resistance leads
to a resensitisation of the virus to zidovudine.15

It is also apparent that drug resistance mutations
emerging on combination therapy are different
from those emerging on monotherapy – for
example, nevirapine resistance is encoded within
reverse transcriptase amino acid 181 on
monotherapy, whereas other nevirapine drug
resistance mutations emerge in a patient receiving
zidovudine in addition.16 We are likely to witness
many new examples of these interactions as
patients are treated for longer on new
combinations of drugs, and we must be aware of
this when interpreting genotypic sequence data.

Clinical utilities of HIV drug
resistance assays
There are several scenarios within which HIV
drug resistance assays could guide the
management of patients:
● In patients failing on therapy.
● Prior to initiation of therapy.
● Testing the ‘donor’ after a needlestick injury.
● During pregnancy in order to guide maternal

and neonatal therapy/prophylaxis.
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Resistance assays in patients failing therapy
Resistance assays are most widely requested in
these circumstances. The interpretation of
genotypic data generated is based on our prior
knowledge of resistance and cross-resistance
properties of viruses containing specific
mutations. These data are perhaps easiest to
interpret following first-line therapy failure,
whereas reversion back to wild type of previously
dominant resistance mutations may have
occurred when genotyping is undertaken on a
virus from a very highly drug experienced
patient. It is essential, therefore, that drug history
is taken into account when interpretation of a
resistance assay is made. This begs the question as
to whether resistance assays can provide
information additional to a good drug history.

In order to address this issue, 21 patients with
virological failure to their current drug regimen
were tested for reverse transcriptase resistance
mutations by the line-probe assay.17 Decisions on
therapy were made in the absence of resistance
data, and then reviewed in the light of genotypic
information.17 In this highly antiretroviral drug
experienced group, knowledge of resistance data
altered therapeutic decisions in 40% of cases.17

It is of interest that in half of this 40% there 
were no drug resistance-associated mutations.17

This suggests that poor compliance may be an
important component of virological failure. 

The more important question is whether
changes in therapy based on genotypic changes
lead to improved virological and clinical
outcomes. This issue has been investigated in two
studies. The VIRADAPT study randomised 108
patients failing on reverse transcriptase and
protease inhibitors to genotypic resistance testing
or standard of care, with subsequent therapeutic
decisions made accordingly.18 The GART study
randomised 153 patients with a viral load
rebound after more than 16 weeks of triple
therapy to genotypic resistance testing or standard
of care.19 In both, the short-term HIV viral load
reduction in patients with resistance testing was
greater than in those in whom therapy was
decided in the absence of resistance testing.18,19

These data provide good evidence for a
virological utility of resistance testing.
Nevertheless, it may be that this benefit is
relatively short-lived in the type of multi-drug
experienced patients entered into these studies.
As discussed above, it is possible that resistance
testing will yield greater benefits following failure
of first-line therapy. Indeed, even in patients
failing second- or third-line therapy, it may be

more appropriate to undertake genotypic testing
on a stored sample from the time of an earlier
virological failure in order to identify the
presence of mutations that may subsequently
have reverted within plasma virus to wild type. 

This underlines the importance of ensuring
that specimens taken for routine viral load
monitoring are stored at –70°C for as long as
possible. It is also important that testing is
undertaken on samples taken while the patient is
receiving therapy, rather than, for example, at the
end of a ‘drug holiday’ during which time
reversion may have occurred.

Resistance testing prior to initiating therapy
The presence of resistance-associated mutations 
in drug-naive patients is well established. This
provides circumstantial evidence for the
transmission of such viral variants from one
individual to another. With the recent
demonstration of the sexual transmission of
multi-drug resistant virus,20 it is now important 
to consider the possibility of pre-existing drug
resistance before initiating therapy. In some areas
of the USA, the prevalence of any level of
genotypic or phenotypic resistance is around 
20% in drug-naive individuals.21,22

Surveillance for ‘primary’ resistance should be
undertaken within different communities in 
order to provide the justification for introducing
routine pretreatment resistance testing.
Nevertheless, it seems very reasonable from a
clinical and cost-effectiveness viewpoint to
routinely test all patients prior to therapy
initiation. This is especially the case before
treatment of primary infection, in which the
plasma virus is more likely to be a true
representation of the infecting viral species.23

Resistance testing to guide prophylaxis
Following a needlestick injury involving blood
from a known HIV-infected individual, 
post-exposure prophylaxis is a priority. It is
prudent to consider the drug history of the 
donor in order to guide suitable therapy. It is 
also appropriate to undertake an urgent
genotyping assay (if available) that can be used 
to modify therapy within two to three days of
starting treatment.

Pregnancy
Drug-resistant HIV can be transmitted from
mother to neonate, and the presence of
zidovudine resistance within the mother predicts
the presence of resistant virus in her infected



offspring following initiation of therapy.24 On
this basis, resistance testing of pregnant women
should be considered before deciding on optimal
therapy for her and prophylaxis for her neonate. 

Conclusion
The recent demonstration of a virological benefit
in undertaking genotypic resistance testing in
patients failing antiretroviral therapy will lead to
an increase in demand for these assays. There are
a number of scenarios in which resistance assays
could be requested, but, currently, the biggest
demand is for patients failing salvage therapy. As
for any diagnostic test, clinicians should aim to
answer some specific questions through
requesting an assay. It may be useful to test stored
samples, obtained at virological failure to
previous drug regimens. It is important to
appreciate that genotypic resistance information
is merely one component of the complex
decision-making process involved in formulating
appropriate and effective antiviral therapy.
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Since the publication of the original article,1 key
new data have emerged. 

Antiretroviral therapy
Data on the interaction of protease inhibitors
(PIs) were presented at the 12th World AIDS
Conference.2 Amprenavir caused a 38% decrease
in the area under the plasma concentration
time–curve (AUC) of indinavir, an 18% decrease
in saquinavir AUC and a 15% increase in
nelfinavir AUC. Indinavir increased amprenavir
AUC by 26% but saquinavir reduced AUC by 36%. 

Further information is now available for the
non-nucleoside reverse transcriptase inhibitor
(NNRTI) efavirenz with the PIs saquinavir and
ritonavir. Fiske et al3 reported a 17% increase in
AUC of ritonavir (500 mg twice daily) when
administered with efavirenz (600 mg once daily),
and suggested that, in cases of intolerance
attributed to ritonavir, a ritonavir dosage
reduction may be considered. When efavirenz was
administered with saquinavir, there was a 62%
decrease in the AUC of saquinavir. Therefore it is
recommended that efavirenz is not administered
when saquinavir is the sole PI.4

There is increasing interest in exploiting the
metabolic interaction profile of a drug and
thereby reducing the frequency of dosing. 
Co-administration of ritonavir with indinavir
enhances indinavir’s systemic availability and
means indinavir does not need to be taken on an
empty stomach. A combination of ritonavir 
400 mg and indinavir 400 mg, both twice daily,
gave higher and more sustained indinavir levels
than 800 mg indinavir every eight hours, and was
not affected by food.5 A twice-daily regimen of
indinavir 800 mg with ritonavir 100 mg has also
been investigated.6 This regimen showed a
decrease in peak levels of indinavir and an
increase in trough levels when compared with
indinavir 800 mg alone every eight hours.6 These
increased trough levels of indinavir may give
superior and more sustained efficacy.6

Another approach to improving the indinavir
dosing regimen has been to divide the daily dose
into 1,200 mg every 12 hours. Administration of
this dose with nelfinavir (1,250 mg twice-daily)
resulted in peak and trough concentrations and

AUCs of indinavir comparable to a regimen of
800 mg every eight hours.7

When more than two drugs are administered,
the nature of the interactions becomes less clear.
The ACTG 359 study investigated saquinavir/
ritonavir or saquinavir/nelfinavir with delavirdine
and/or adefovir.8 The addition of delavirdine alone
increased the AUC of saquinavir, ritonavir and
nelfinavir as anticipated. However, the addition of
adefovir with delavirdine appeared to decrease the
AUC of delavirdine, which in turn caused a
decrease in the AUC of saquinavir.8 These results
are surprising given that adefovir is cleared by renal
excretion and delavirdine by hepatic metabolism.

ABT-378 is a very potent inhibitor of HIV-1
protease.9 As with many other PIs, oral dosing
results in low levels of ABT-378 in plasma;
however, co-administration of a low dose of
ritonavir enhances ABT-378’s pharmacokinetic
properties. In healthy volunteers, co-administration
of a single 400 mg dose of ABT-378 with 50 mg of
ritonavir enhanced the AUC of ABT-378 in plasma
by 77-fold compared with ABT-378 alone, and
mean concentrations of ABT-378 exceeded the
EC50 for more than 24 hours.9 The combination is
well tolerated and the sustained plasma levels may
delay the emergence of resistance.9

Other drug interactions
Methadone
Interactions with methadone are difficult to
predict. Methadone is metabolised by CYP3A4
(mainly), CYP1A2 and glucuronyl transferase. 
In vitro ritonavir is more potent than saquinavir 
or indinavir at inhibiting the metabolism of
methadone.10 However, in healthy volunteers
methadone plasma concentrations are
significantly reduced in the presence of
ritonavir.11 The authors suggest that for low
intrinsic clearance CYP3A substrates, especially
those with other inducible non-CYP3A pathways,
the net effect of ritonavir co-administration can
be inductive rather than inhibitory.11

Similarly, nevirapine appears to induce the
metabolism of methadone. Seven cases of
methadone-maintained patients who developed
symptoms of opiate withdrawal within four to
eight days of starting nevirapine have been

Update on drug interactions
David J Back BSc PhD Professor, Sara E Gibbons BSc MPhil Research Assistant, Department of Pharmacology
and Therapeutics, University of Liverpool

Further
information
is available at
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liv.ac.uk/
hivgroup
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described.12 Of the PIs, saquinavir and indinavir
appear the least likely to interact with
methadone.13 The nucleoside analogues
zidovudine (ZDV)14, ddI and d4T15 have shown 
no significant alteration of methadone
concentrations. However, co-administration of
methadone resulted in an increase in the AUC of
ZDV14 and decreases in the AUCs of ddI and d4T.15

‘Ecstasy’
A fatal interaction between ritonavir and ecstasy
(MDMA) has been reported,16 with a plasma
ecstasy level approximately ten times greater 
than anticipated detected post-mortem in a 
32-year-old man who had taken MDMA while
receiving ritonavir 600 mg twice daily. Ritonavir
is a potent inhibitor of CYP2D6, the enzyme
principally responsible for MDMA metabolism.

Viagra
Sildenafil (Viagra®, Pfizer Limited, UK) is
metabolised by CYP3A4 and, to a lesser extent, by
CYP2C9; it is also a weak inhibitor of CYP2D6.
Thus there is the potential for interaction
between sildenafil and PIs (and possibly NNRTIs).
Pfizer recently released data from two interaction
studies. There is a marked pharmacokinetic
interaction; sildenafil AUC was increased fourfold
and elevenfold by saquinavir and ritonavir
respectively. These results have important dosage
implications for sildenafil for patients on PIs.
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