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Antiretroviral Resistance Mutations

Revised April 2001

A collaborative effort of the International AIDS Society-USA Resistance Testing Panel
and HIV InSite

INTRODUCTION

Laurence Peiperl, MD
HIV InSite Medical Editor

Antiviral resistance testing of HIV is assuming
an increasingly important role in guiding the selec-
tion of treatment regimens, particularly in the set-
ting of antiretroviral treatment failure. An interna-
tional expert panel of the International AIDS
Society-USA (IAS-USA) has published recommen-
dations regarding resistance testing. HIV InSite
has collaborated with the IAS-USA to develop a
graphic representation of HIV-1 drug resistance
mutations.

Given the many possible combinations of muta-
tions, and the complexity of other factors that can
contribute to treatment failure (including subopti-
mal adherence or inadequate drug absorption,

Resistance Mutations Project panel, a sub-group of the Re-
sistance Testing Guidelines panel: Richard T. D’Aquila, MD,
Harvard Medical School, Boston, Massachusetts (Chair);
Jonathan M. Schapiro, MD, National Hemophilia Center, Israel,
and Stanford University School of Medicine, Stanford, California
(Vice-chair); Brian Conway, MD, University of British Columbia,
Vancouver, British Columbia, Canada; Francoise Brun-Vézinet,
MD, PhD, Hépital Bichat-Claude Bernard, Paris; France;
Bonaventura Clotet, MD, PhD, Fundacio irsa CAIXA and HIV
Unit, Hospital Universitari Germans Trias | Pujol, Barcelona, Spain;
Lisa M. Demeter, MD, University of Rochester, Rochester, New
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regimens of inadequate potency, and reservoirs of
resistant HIV “archived” during past treatment),
the panel has recommended expert interpretation
of genotypic (and phenotypic) resistance testing
results. These figures are therefore intended to be
of use to experienced clinicians taking genotypic
tests into account as one factor among several in
selecting an antiretroviral regimen.

The number of possible combinations of muta-
tions and polymorphisms is enormous, and the
clinical relevance of only a fraction of these pos-
sible genotypes is known with assurance. Never-
theless, certain mutations or combinations have
been consistently associated with failure of certain
antiviral drugs or drug classes. The mutations pre-
sented in the figures are those chosen by the expert
panel to be common, selected by available
antiretroviral drugs, and associated with
antiretroviral resistance.

York; Victoria A. Johnson, MD, The University of Alabama at
Birmingham, Birmingham, Alabama; Daniel R. Kuritzkes, MD,
University of Colorado Health Sciences Center, Denver, Colorado;
Clive Loveday, MD, PhD, The Royal Free Hospital Medical
School, London, England; Douglas D. Richman, MD, University
of California San Diego and San Diego Veterans Affairs Medical
Center, La Jolla, California.

Please address comments and
resistance@iasusa.org.
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MNucleoside RT Inhibitors
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Mote: Conflicting data exist regarding the significance of E44D and V11581, as indicated by the
representation of these mutations in a lighter color. Owme article reports low-level increased phenotypic
resistanee o lomivadine (370 with E44T andfor Y1181, in the absence of concurrent MI1S4Y (Hertogs et
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Figure 1. (A-C) Mutations in the HIV-1 reverse transcriptase (RT) gene associated with reduced susceptibility to
nucleoside and nucleotide RT inhibitors. (Figure 1 continues.)
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Mote: RT mutation M4V may temporarily partially reverse the effects of the above mutalions on
ddovudine resistamee, However, if more than 2 of the above mutations are present, the sddifionl
presence of MISAY is nol likely to reverse phenotypic sidovodine resistunge,

Multi-nRTI Resistance: Mutations azsociated with cross-resistance to nRTTe fexcept lamivudine]
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Multi-nATI Resistance: 89 insertion complex
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Aming Acid Letter Codes

A | Alanire E |Ghotamic acld | H | Hitidine L |Leucine | ® | Proiine § | Serine W | Tryptophan
C | Cyitdires F |Phamylalanie | | | Holeudne M [Msbicrine | O | Gluamina T | Theresanire W | Typrerine
O | Aspariic acid | G |Glyone K |Lysine N |Aspaiagine | B | Arginiine ¥ | ¥aline

E Seidom abservad in patiant isalales : Insartion Mutatien

The clinical significance of the mutations that appear first (ie, primary) versus those
that appear later (ie, secondary) remains debatable, particularly for nRT1s and
NARTIs In general, the clinical effects of many of these mutations overlap. Therefore
the panel has decided, at this point, to suspend the use of the concept "'primary versus
secondary” Tor the reverse transeriptase inhibitor group as a whole. As a general rule,
the magnitude of resistance increases as the number of mutations increases.

MNucleotide RT Inmhibitors (currently available under expanded access)
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Figure 2. (A-B) Mutations in the HIV-1 reverse transcriptase (RT) gene associated with reduced susceptibility to
nonnucleoside RT inhibitors. (Figure 2 continues.)
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Multi-NNRTI Resistance (accumulation of mutations)
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currently approved NNRTIs,

Amino Acid Letter Codes

A | Alanine E |Ghatamic acdd | H | Histidins L |Laiiciess F |Frokng 5 | Seving W |Tryprophan
C | Cyrieine F |Phenylalarens | | | splescine M | Methicnine | Q | Ghutamine T | Threomine ¥ | Tyrosims
O |Avparts sid | G | Ghycine K |Lysie M | Asparagine | R | Arginirs V | Valine

I'he clinical significance of the mutations that appear first (ie. primary) versus those
that appear later (ie, secondary) remains debatable, particularcly for nRT1s and
NMRTIs. In general, the clinical effects of many of these mutations overlap. Therefore
the panel has decided, at this point, to suspend the use of the concept "primary versus
secondary™ for the reverse transceriptase inhibitor group as a whole, As a general rule,
the magnitude of resistance increases as the number of mutations increases.
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Figure 3. (A-D) Mutations in the HIV-1 protease gene associated with reduced susceptibility to protease inhibitors.
(Figure 3 continues.)
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Notes: The accumulaton of 6 or more of these mutations s associated with diminished response to
lopinavir/ritonavir. Accumulation of 7 or 8 or more of these mutations makes response to
lopinavir/ritonavir unlikely. The mutations listed are based on one report and no primary mutations have
vet been identified. Further clinical experience and research are needed to betier define the mutatiens
that affect the effectivenes of lepinavir/ritonavir,

Protease mutation L3P is common in viruses thal have never been exposed to protease inhibitors i Kozl
et al. Maf Med, 1%86:2:753-T59) and may be more prevalent in vireses from patients in whom a protease
imhibitor-containing regimen has failed. However, by itself, La3F does not couse any appreciable increase
in the 1C,, for any protease inhibitor, L3P is listed for lopinavie/ritonavie (and not any other protease

inhibitor} becavuse the preseribing information approved by the FIDDA lists it as one of the several
mutntions that when together with other mutations predict a lack of vical lopd response i
lnpinaviriritonavir-containing regimens. For these reasons, LAAP = designated in a lishier color.
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Multi-Protease Inhibitor Resistance (accumulation of mutations)
Frimary Mutations Secondary Mutations

Mote: Accumulation of these mutations (4 or 5 or more) will likely canse muolti-pretease inhibilor
resistance,

Brmvirg Adid Letter Codes

A | Alaring E |Glatamic o | b | Histedine L |Leucire F | Froing ] ]'!u:llrl-r W | Trypitophan
L | Cwrtoane F |Prenylalarane | 1| | luoleesine M | ftethicnina 0 | Glhutsmirs T | Thirsaiisne Y |Tyrodina

D |Aspartic adid | G | Glycineg K | Lysime N | Aiparagine | B | fonginire ¥ | Wahne

.' Primary Mutations . Secondary Mutotions

The distinction between primary and secondary mutations was kept for profease
inhibitors because those mutations that are listed as primary do have greater effects on
drug susceptibility {eg, increasing the l[_'.su':l than do those that are listed as secondary,
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