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The 2022 edition of the International Antiviral So-
ciety–USA (IAS–USA) drug resistance mutations list 
updates the Figure last published in September 
2019.1 In this update:  

•	Cabotegravir, fostemsavir, and ibalizumab have 
now been approved by regulatory agencies in 
many countries are all now included. The cap-
sid inhibitor lenacapavir (GS 6207) has been 
added to the Figure.2 

•	A new section on specific drugs and details has 
been added to this update for information on 
recently approved drugs, that may not been 
added to the Figure.
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•	Several changes were made to drugs already on 
the Figure. Several changes were made to the 
Figure Bars of the integrase strand transfer in-
hibitors (InSTIs) cabotegravir and dolutegravir, 
the protease inhibitors atazanavir and lopinavir, 
and the nonnucleoside analogue reverse tran-
scriptase (NNRTI) inhibitor doravirine. 

•	The user notes for tenofovir have been modi-
fied as recent clinical data suggest that the K65R 
plus M184V mutational profile is of less clinical 
relevance if tenofovir with either lamivudine or 
emtricitabine is prescribed in combination with 
a boosted protease inhibitor or one of the second 
generation InSTIs bictegravir or dolutegravir.

•	For antiretroviral drugs that are no longer recom-
mended, the associated Figure Bars are listed at 
the bottom of the drug class and are shaded in 
gray. Their user notes are retained for historical 
significance.

Specific Drugs and Details

Cabotegravir (formerly GSK-1265744) was ap-
proved by the US Food and Drug Administration 
(FDA) in December 2021 in combination with 
rilpivirine for the treatment of HIV-1 infection in 
adults who are virologically suppressed on a stable 
antiretroviral regimen with no history of treatment 

The 2022 edition of the IAS–USA drug resis-
tance mutations list updates the Figure last 
published in September 2019. The mutations 
listed are those that have been identified by 
specific criteria for evidence and drugs de- 
scribed. The Figure is designed to assist practi-
tioners to identify key mutations associated 
with resistance to antiretroviral drugs, and 
therefore, in making clinical decisions regard-
ing antiretroviral therapy.    

Keywords: HIV, antiretroviral, drug resistance, 
TAM, therapy, mutations
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in clinical practice. In rare occasions phenotypic 
testing may be performed, if available. 

Methods
The IAS–USA Drug Resistance Mutations Group is 
an independent, volunteer panel of experts charged 
with delivering accurate, unbiased, and evidence- 
based information on drug resistance–associated  
mutations for HIV clinical practitioners. The group 
reviews new data on HIV drug resistance to main-
tain a current list of mutations associated with 
clinical resistance to HIV-1. This list includes mu-
tations that may contribute to a reduced virologic 
response to a drug.

The group considers only data that have been 
published or have been presented at a scientific 
conference. Table 1 provides the list of amino acids  
and the abbreviations used. Drugs that have been  
approved by the US FDA and are generally recom- 
mended, as well as any drugs available in develop-
ment with expectation of approval in the next few 
years are included (listed in alphabetic order by 
drug class). Drugs that are no longer recommended 
are listed at the bottom of the class and are shaded 
in gray. User notes provide additional information. 
Although the Drug Resistance Mutations Group 
works to maintain a complete and current list of 
these mutations, it cannot be assumed that the list 
presented here is definitive.

The magnitude of the reduction in susceptibil-
ity conferred by drug resistance mutations varies 
widely, and is modulated by the genetic context of 
the HIV sequence in which the mutation occurs. 
Despite the fact that mutations result in a spectrum 
of degrees of resistance, mutations have been arbi-
trarily designated as major (bolded) or minor (not 
bolded) (see Figure 1).  Those defined as major 
tend to occur earlier during treatment failure and 
generally confer larger reductions in susceptibil-
ity. Those defined as minor tend to accrue after 
the emergence of a major mutation, confer some 
incremental resistance, may occur as well as poly-
morphisms in wild-type virus, and in some cases 
do not reduce susceptibility but restore replica-
tion fitness to viruses with resistance mutations 

failure and with no known or suspected resistance 
to either cabotegravir or rilpivirine. Cabotegravir 
is available for the treatment of HIV-1 infection 
as oral formulation or as an extended-release in-
jectable suspension copackaged with rilpivirine.3,4 
Cabotegravir suspension was also approved as a 
long-acting injectable for the use of preexposure 
prophylaxis (PrEP).5  

Fostemsavir (formerly GSK-3684934) was ap- 
proved by the FDA in February 2020 as a first-
in-class oral attachment inhibitor binding to 
gp120.6  It is licensed for the treatment of HIV-1 
infection in combination with other antiretro-
viral drugs in heavily treatment-experienced 
adults with multidrug-resistant HIV-1 infection 
in whom their current regimen has failed due 
to resistance, intolerance, or safety consid-
erations.2,7 Fostemsavir shows high variation of 
in vitro susceptibility, but susceptibility is not 
dependent on tropism or on subtype with the 
exception of CRF01_AE, which shows intrinsic 
resistance.8,9  In areas where CRF01_AE is preva-
lent, subtyping is recommended. No correlation 
between baseline resistance and treatment suc-
cess has yet been established. For this reason, 
resistance testing for gp120 is not currently rec-
ommended. Fostemsavir-associated resistance 
does not cause cross-resistance to other entry 
or attachment inhibitors such as ibalizumab and 
maraviroc.10  

Ibalizumab, a humanized monoclonal anti-
body and noncompetitive CD4 post-attachment 
inhibitor, is approved for treatment in patients 
with multiclass drug-resistant virus.11 Since the 
mechanism of action of ibalizumab requires a 
previous attachment of HIV-gp120 to the CD4 
receptor, ibalizumab does not interfere with the 
functional capacity of CD4 receptors unbound to 
HIV-1. Loss of N-linked glycosylation sites in the 
V5 loop reduce the activity of this compound by  
preventing HIV-1 gp120 conformational changes 
and gp41 rearrangements required for the virus to 
enter target cells.12-14 There are no mutations de- 
picted on the Figure Bars for fostemsavir, ibalizum- 
ab, or maraviroc. As such, genotypic testing to pre- 
dict resistance to these drugs is not recommended 
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that impair fitness. In general, a major mutation 
should raise concern that a drug is at least par-
tially compromised; a minor mutation on its own 
may not raise such a concern, but it should add 
concern in the presence of other mutations. The 
delineation between major and minor is often not 
clear-cut.

Identification of Mutations

The mutations listed are those that have been 
identified by 1 or more of the following criteria: 
(1) in vitro passage experiments with validation 
of contribution to resistance by using site-directed 
mutagenesis; (2) susceptibility testing of laboratory 
or clinical isolates; (3) nucleotide sequencing of vi-
ruses from patients in whom the drug is failing; (4) 
association studies between genotype at baseline 
and virologic response in patients exposed to the 
drug. 

The development of more recently approved 
drugs that cannot always be tested as monother- 
apy precludes assessment of the impact of resis-
tance on antiretroviral activity that is not seriously 
confounded by the activity of other drug compo-
nents in the background regimen. Readers are 
encouraged to consult the literature and experts 
in the field for clarification or more information 
about specific mutations and their clinical im-
pact. Polymorphisms associated with impaired 
treatment responses that occur in otherwise wild-
type viruses should not be used in epidemiologic 
analyses to identify transmitted HIV-1 drug resis-
tance. Consequently, only some of the resistance 
mutations depicted on the Figure can be used to 
identify transmitted drug resistance.15 

Clinical Context
The Figure is designed for practitioners to use in 
identifying key mutations associated with antiret-
roviral drug resistance and in selecting therapeutic 
regimens. In the context of making clinical deci-
sions regarding antiretroviral therapy, evaluating 
the results of HIV-1 genotypic testing includes: (1) 
assessing whether the pattern or absence of a pat-
tern in the mutations is consistent with the patient’s 
history of antiretroviral therapy; and (2) recogniz-
ing that resistant strains may be present at levels 
below the limit of detection of the test after discon-
tinuation or during poor adherence of the regimen 
that conferred the selection pressure. Analyzing 
stored samples, collected under selection pressure, 
could be useful in this setting; and (3) recognizing 
that virologic failure of a first-line regimen typically 
involves HIV-1 isolates with resistance to only 1 or 
2 of the drugs in the regimen. In this setting, re-
sistance emerges most commonly to lamivudine 
or emtricitabine, NNRTIs, or first-generation InSTIs 
(elvitegravir, raltegravir).

The absence of detectable viral resistance after 
treatment failure may result from any combination 
of the following factors: the presence of drug-
resistant minority viral populations, a prolonged 
interval between the time of antiretroviral drug dis-
continuation and genotypic testing, nonadherence 
to medications, laboratory error, lack of current 
knowledge of the association of certain mutations 
with drug resistance, the occurrence of relevant 
mutations outside the regions targeted by routine 
resistance assays, drug-drug interactions leading to 
subtherapeutic drug levels, and possibly the con-
sequence of drugs not reaching optimal levels in 
specific anatomic compartments.

Table 1. Amino acids and their abbreviations.

Alanine A Methionine M 
Cysteine C Asparagine N
Aspartate D Proline P
Glutamate E Glutamine Q
Phenylalanine F Arginine R
Glycine G Serine S
Histidine H Threonine T
Isoleucine I Valine V
Lysine K Tryptophan W
Leucine L Tryosine Y

K ▼

65
R

Amino acid wild-type

MUTATIONS

Amino acid position

Insertion

Amino acid substitution
conferring resistance

Figure 1. Display of the Figure Bar: Amino acid po- 
sition, wild type, mutation conferring resistance, and 
indication of insertion mutation.
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is counterproductive. If you have any questions 
about reprints or adaptations, please contact 
IAS–USA.

The IAS–USA has identified and resolved ahead 
of time any possible conflicts of interest that may 
influence CME activities with regard to exposition 
or conclusion. All financial relationships with in-
eligible companies for the authors and planners/
reviewers are below.�

Financial relationships with ineligible companies within 
the past 24 months: Dr Calvez has served as an advisor 
or consultant to and has received research grants from 
Bristol-Myers Squibb, Johnson & Johnson, Merck Sharp 
& Dohme, Inc, ViiV Healthcare, and Gilead Sciences, 
Inc. Dr Ceccherini-Silberstein has been a consultant to 
ViiV Healthcare, Gilead Sciences, Inc, and Merck Sharp 
& Dohme, Inc, and has received research grants from 
ViiV Healthcare, Gilead Sciences, Inc, and Merck Sharp & 
Dohme, Inc. Dr Charpentier serves as an advisor for ViiV 
Healthcare, Gilead Sciences, Inc, Janssen Therapeutics, 
Theratechnologies, and Merck Sharp & Dohme, Inc, and 
has received research grants from ViiV Healthcare. Dr 
Günthard has served as a consultant to Merck & Co, Inc, 
ViiV Healthcare, GlaxoSmithKline, Novartis, Johnson and 
Johnson Inc, and Gilead Sciences, Inc, and has received 
research grants from Gilead Sciences, Inc. Dr Paredes  
has received research grants from ViiV Healthcare and 
Merck Sharp & Dohme, Inc and has been a consultant 
for Gilead Sciences, Inc, ViiV Healthcare, Pfizer, Inc, 
Theratechnologies, Inc, and Eli Lilly and Company. Dr 
Richman has been a consultant to Antiva Biosciences, 
Assembly Biosciences, Generate Biomedicines, and IGM 
Biosciences, and serves as Chair of the Data Manage-
ment Committee of Gilead Sciences, Inc. Dr Shafer has 
received research grants from Janssen Therapeutics, Vela 
Diagnostics, and InSilixa, Inc, and personal consulting 
fees from Abbott Diagnostics. Dr Wensing has served on 
advisory boards for ViiV Healthcare, GlaxoSmithKline, 
Janssen Therapeutics, and Gilead Sciences, Inc, and has 
received investigator-initiated research grants from Gil-
ead Sciences, Inc. Ms Jacobsen has no relevant financial 
relationships with ineligible companies to disclose. All 
relevant financial relationships with ineligible companies 
have been mitigated.

Funding/Support: This work w as funded by IAS–USA. No 
commercial company or government funding was used to 
support the effort. Panel members are not compensated.                       

For more in-depth reading and an extensive 
reference list, see the 2018 IAS–USA panel rec-
ommendations for resistance testing16 and 2020 
IAS–USA panel recommendations for antiretroviral 
therapy.17 Updates to the Figure are posted periodi-
cally at www.iasusa.org.

Comments
Please send your evidence-based comments, in-
cluding relevant reference citations, to journal@
iasusa.org.

Reprint Requests
The Drug Resistance Mutations Group welcomes 

interest in the Figure as an educational resource 
for practitioners and encourages dissemination of 
the material to as broad an audience as possible. 
However, permission is required to reprint the Fig-
ure and no alterations in format or content may 
be made.

Requests to reprint the material should include 
the name of the publisher or sponsor, the name or 
a description of the publication in which the mate-
rial will be reprinted, the funding organization(s), 
if applicable, and the intended audience. Requests 
to make any minimal adaptations of the material 
should include the former, plus a detailed explana-
tion of the adaptation(s) and, if possible, a copy of 
the proposed adaptation. To ensure the integrity 
of the Figure, IAS–USA policy is to grant permis-
sion for only minor, preapproved adaptations of 
the Figure (eg, an adjustment in size). Minimal ad-
aptations only will be considered; no alterations 
of the content of the Figure or user notes will be 
permitted.

Permission will be granted only for requests to 
reprint or adapt the most current version of the 
Figure as they are posted at www.iasusa.org. 
Because scientific understanding of HIV drug resis-
tance evolves and the goal of the Drug Resistance 
Mutations Group is to maintain the most up-to-
date compilation of mutations for HIV clinicians 
and researchers, publication of out-of-date figures 

www.iasusa.org
mailto:journal@iasusa.org
mailto:journal@iasusa.org
www.iasusa.org
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MUTATIONS IN THE REVERSE TRANSCRIPTASE GENE ASSOCIATED WITH RESISTANCE TO REVERSE TRANSCRIPTASE INHIBITORS
Nucleoside and Nucleotide Analogue Reverse Transcriptase Inhibitors (nRTIs)1

69 Insertion Complex2 (affects all nRTIs currently approved by the US FDA)
M A ▼ K L T K

Multi-nRTI 
Resistance

41 62 69 70 210 215 219
L V  Insert R W Y Q

F E

151 Complex3 (affects all nRTIs currently approved by the US FDA except tenofovir)
A V F F Q

Multi-nRTI 
Resistance

62 75 77 116 151
V I L Y M

Thymidine Analogue-Associated Mutations4,5 (TAMs; affect all nRTIs currently approved by the US FDA other than emtricitabine and lamivudine)
M K L T K

Multi-nRTI 
Resistance

41 70 210 215 219
L R W Y Q

F E

K L Y M
Abacavir1,6 65 74 115 184

R V F V
E
N

K M
Emtricitabine/ 65 184

Lamivudine R V
E I
N

K K
Tenofovir1,7 65 70

R E
E
N

M D K L T K
Zidovudine4,5,8,9 41 67 70 210 215 219

L N R W Y Q
F E

K L
Didanosine1,10,21 65 74

R V
E
N

M K D K L T K
Stavudine1,4,5,8,9 41 65 67 70 210 215 219

L R N R W Y Q
E F E
N

Nonnucleoside Analogue Reverse Transcriptase Inhibitors (NNRTIs)1,11

V Y G P F M L Y
Doravirine12 106 188 190 225 227 230 234 318

A L E H C L I F
I I

M L
T R

V

L K K V V Y Y G P M
Efavirenz 100 101 103 106 108 181 188 190 225 230

I P N M I C L S H L
S I A

V A L K V E V Y G M
Etravirine13 90 98 100 101 106 138 179 181 190 230

I G  I E I A D  C S L
H G F  I A
P K T  V

Q
L K K V V Y Y G M

Nevirapine 100 101 103 106 108 181 188 190 230
I P N A I C C A L

S M I L
H

L K E V Y Y H F M
Rilpivirine14 100 101 138 179 181 188 221 227 230

I E A L C L Y C I
P G I L

K V
Q
R

MUTATIONS IN THE CAPSID GENE ASSOCIATED WITH RESISTANCE TO CAPSID INHIBITORS

L M Q K N A T
Lenacapavir31 56 66 67 70 74 105 107

I I H N D T N
S S
R
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MUTATIONS IN THE INTEGRASE GENE ASSOCIATED WITH RESISTANCE TO INTEGRASE STRAND TRANSFER INHIBITORS25

G E G Q S R
Bictegravir26 118 138 140 148 153 263

R A A H F K
K C K Y
T R R

S

T T G E G Q S N R
Cabotegravir27 66 97 118 138 140 148 153 155 263

K A R A A H F H K
K C K Y
T R R

S

G E G Q S N R
Dolutegravir28 118 138 140 148 153 155 263

R A A H F H K
K C K Y
T R R

S

T E T F   S Q N R
Elvitegravir29 66 92 97 121 147148 155 263

I Q A Y  G H H K
A G K
K R

L E T F E G Y Q N R
Raltegravir30 74 92 97 121 138 140 143 148 155 263

M Q A Y A A R H H K
K S H K

C R

MUTATIONS IN THE ENVELOPE GENE ASSOCIATED WITH RESISTANCE TO ENTRY INHIBITORS
G I V Q Q N N

Enfuvirtide23 36 37 38 39 40 42 43
D V A R H T D
S M

E

Maraviroc24       See User Note

MUTATIONS IN THE PROTEASE GENE ASSOCIATED WITH RESISTANCE TO PROTEASE INHIBITORS(PIs)15,16,17

L K L V L M G I F I G V I I N L
Atazanavir  

+/- ritonavir18
10 20 24 32 33 46 48 50 53 54 73 82 84 85 88 90
F T I I F I V L L L C A V V S M

L Y V S T
M T F
T A L
A M
S S

V V L I I I T L I L
Darunavir/ 
ritonavir19

11 32 33 47 50 54 74 76 84 89
I I F V V M P V V V

L

L K L V L M I I F I A G L V I L
Lopinavir/ 
ritonavir20

10 20 24 32 33 46 47 50 53 54 71 73 76 82 84 90
F M I I F I V V L V V S V A V M
I R L A L T F
R A T
V M S

T
S

L L M K M I I Q H T V N I L
Tipranavir/ 

ritonavir
10 33 36 43 46 47 54 58 69 74 82 83 84 89
V F I T L V A E K P L D V I

L M R T M
V V V

L V M I I I G L V I L
Fosamprenavir/ 

ritonavir21
10 32 46 47 50 54 73 76 82 84 90
F I I V V L S V A V M
I L V F
R M S
V T

L K L V M M I A G L V V I L
Indinavir/ 

ritonavir21
10 20 24 32 36 46 54 71 73 76 77 82 84 90
I M I I I I V V S V I A V M
R R L T A F
V T

L D M M A V V I N L
Nelfinavir 21,22 10 30 36 46 71 77 82 84 88 90

F N I I V I A V D M
I L T F S

T
S

L L G I I A G V V I L
Saquinavir/ 
ritonavir 21

10 24 48 54 62 71 73 77 82 84 90
I I V V V V S I A V M
R L T F
V T

S
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User Notes
1. Mutations at the C-terminal reverse 
transcriptase domains (amino acids 
293-560) outside of regions depicted 
on the Figure Bar may contribute to 
nucleoside (or nucleotide) analogue 
reverse transcriptase inhibitor (nRTI) 
and nonnucleoside analogue reverse 
transcriptase inhibitors (NNRTI) HIV-1 
drug resistance. The clinical relevance 
of these connection domain muta-
t ions ar ises most ly in conjunct ion 
with thymidine analogue–associated 
mutations (TAMs) and M184V and 
they have not been associated with 
increased rates of virologic failure of 
etravirine or rilpivirine in clinical tri-
als.1-3 K65E/N/R variants are reported in 
patients experiencing treatment failure 
of tenofovir (ie, tenofovir disoproxil 
fumarate [TDF] or tenofovir alafen-
amide [TAF]), stavudine, or didanosine. 
The K65R/N variants may be selected 
by tenofovir, didanosine, abacavir, or  
stavudine and are associated with de- 
creased viral susceptibility to these 
drugs.4-8 The K65R may be more easily 
selected in subtype C clades.9 K65E usu-
ally occurs in mixtures with wild-type 
virus. Patient-derived viruses with K65E 
and site-directed mutations replicate 
very poorly in vitro; as such, no suscep-
tibility testing can be performed.10,11 
Some nRTI mutations, like T215Y and 
H208Y,12 may lead to viral hypersuscep-
tibility to NNRTIs, including etravirine.13 
The presence of these mutations may 
improve subsequent virologic response 
to NNRTI-containing regimens (nevirap- 
ine or efavirenz) in NNRTI-naive individ- 
uals;14-18 no clinical data exist for im- 
proved response to etravirine in NNRTI- 
experienced individuals.

2. The 69 insertion complex consists 
of a substitution at codon 69 (typically 
T69S) and an insertion of 2 or more 
amino acids (S-S, S-A, S-G, or others). 
The 69 insertion complex is associated 
with resistance to all nRTIs currently 
approved by the US Food and Drug 
Administration (FDA) when present 
with 1 or more TAMs at codons 41, 
210, or 215.4 Some other amino acid 
changes from the wild-type T at codon 

69 without the insertion may be associ-
ated with broad nRTI resistance.

3. Since no differences in resistance 
patterns have been observed between 
TDF and TAF, both drugs are referred to 
as “tenofovir” on the Figure Bar.19 Teno-
fovir retains activity against the Q151M 
complex of mutations.4 Q151M is the 
most important mutation in the com-
plex (ie, the other mutations in the 
complex [A62V, V75I, F77L, and F116Y] 
in isolation may not reflect multi-nucle-
oside resistance). 

4. Mutations known to be selected by 
TAMs (ie, M41L, D67N, K70R, L210W, 
T215Y/F, and K219Q/E) also confer re- 
duced susceptibility to all currently ap-
proved nRTIs20 except emtricitabine and 
lamivudine, which in fact reverse the 
magnitude of resistance and are recom-
mended with tenofovir or zidovudine 
in the presence of TAMs. The degree 
to which cross-resistance is observed 
depends on the specific mutations and 
number of mutations involved.21-24

5. Although reverse transcriptase changes 
associated with the E44D and V118I 
mutations may have an accessory role 
in increased resistance to nRTIs in the 
presence of TAMs, their clinical rele- 
vance is very limited.25-27 

6. The M184V mutation alone does not 
appear to be associated with a reduced 
virologic response to abacavir in vivo. 
When associated with TAMs, M184V 
increases abacavir resistance.5,28 

7. K65R is the most common drug re-
sistance mutation to emerge in patients 
with virologic failure on a tenofovir- 
containing regimen. It is associated 
with about 2-fold reduced tenofovir 
susceptibility, which is clinically sig- 
nificant. However, when K65R occurs in 
combination with the lamivudine/emtri- 
citabine resistance mutation M184V/I, 
the reduction in tenofovir susceptibil-
ity is less than 1.5 fold, a reduction in 
susceptibility that is less clinically sig-
nificant. This is particularly the case 
in patients who are treated with the 
combination of tenofovir, a cytosine 
analogue, and a highly potent third  

drug such as the integrase strand trans-
fer inhibitors (InSTIs) bictegravir and  
dolutegravir or a boosted protease in-
hibitor (PI).29,30

A reduced response also occurs in the 
presence of 3 or more TAMs inclusive of 
either M41L or L210W.4 The presence 
of TAMs or combined treatment with 
zidovudine prevents the emergence of 
K65R in the presence of tenofovir.31-33 

8. The presence of M184V appears to 
delay or prevent emergence of TAMs.34 
This effect may be overcome by an ac-
cumulation of TAMs.

9. The T215A/C/D/E/G/H/I/L/N/S/V sub- 
stitutions are revertant mutations at co-
don 215 that confer increased risk of 
virologic failure of zidovudine or stavu-
dine in antiretroviral-naive patients.35,36 
The T215Y mutant may emerge quickly 
from one of these mutations in the 
presence of zidovudine or stavudine.37 

10. The presence of 3 of the follow-
ing mutations—M41L, D67N, L210W, 
T215Y/F, K219Q/E—is associated with 
resistance to didanosine.38 The pres-
ence of K70R or M184V alone does not 
decrease virologic response to didano-
sine.39 However, the mutations depicted 
on the Figure Bar cannot be considered 
comprehensive because little relevant 
research has been reported in recent 
years to update the resistance and cross-
resistance patterns for this drug.

11. There is no evidence for the utility 
of efavirenz, nevirapine, or rilpivirine in 
patients with NNRTI resistant virus.40 

12. Doravirine is active in vitro against 
variants containing the common NNRTI 
mutations K103N, E138K, Y181C, and 
G190A.41,42 Doravirine selects for muta-
tions at positions 106, 108, 227, and 
234, with more than 1 mutation usu-
ally required for substantial levels of 
resistance.43 Mutations V106A, Y188L, 
and M230L are associated with a 10- 
or greater fold reduced susceptibility 
to doravirine. V106A and Y188L have 
also been selected in vivo.44,45 In 1 clini-
cal isolate, G190E was associated with 
about 20-fold reduced susceptibility to 
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doravirine.42 Furthermore, the double 
and triple mutants V106A and F227L; 
V106A and L234I; V106A and F227L 
and L234I; and V106A and 190A and 
F227L, are all associated with substan-
tial resistance to doravirine.41,43,46 

13. Resistance to etravirine has been ex-
tensively studied only in the context of 
coadministration with ritonavir-boosted 
darunavir. Mutations associated with 
virologic outcome were assessed and 
their relative weights (or magnitudes of 
impact) assigned. Phenotypic cutoff val-
ues were calculated, and assessments 
of genotype-phenotype correlations 
from a large clinical database have de-
termined the relative importance of the 
various mutations. These 2 approaches 
are in agreement for many, but not all, 
mutations and weights.47-49 The single 
mutations L100I, K101P, and Y181C/I/V 
have high relative weights with regard 
to reduced susceptibility and reduced 
clinical response compared with other 
mutations.50,51 The presence of K103N 
alone does not affect etravirine re- 
sponse.51 Accumulation of several mu- 
tations results in greater reductions in 
susceptibility and virologic response 
than do single mutations.52-54 

14. Sixteen mutations have been as- 
sociated with decreased rilpivirine sus- 
ceptibility (K101E/P, E138A/G/K/Q/R, 
V179L, Y181C/I /V, Y188L, H221Y, 
F227C, and M230I/L).55-57 The K101P 
and Y181I/V mutations reduce rilpivirine 
susceptibility approximately 50 fold 
and 15 fold, respectively, but are not 
commonly observed in patients receiv-
ing rilpivirine.58-60 Mutations at position 
138 (most notably E138A) may occur 
as natural polymorphisms, especially 
in non-B subtype virus.61 The K101E, 
E138K, and Y181C mutations, each of 
which reduces rilpivirine susceptibility 
2.5 fold to 3 fold, occur commonly in 
patients receiving rilpivirine. E138K and 
to a lesser extent K101E usually occur in 
combination with the nRTI resistance–
associated mutation M184I, which 
alone does not reduce rilpivirine suscep-
tibility. When M184I is combined with 
E138K or K101E, rilpivirine susceptibility 
is reduced about 7 fold and 4.5 fold, 

respectively.60,62-64 The combinations of 
reverse transcriptase–associated mu-
tations L100I plus K103N/S and L100I 
plus K103R plus V179D were strongly 
associated with reduced susceptibil-
ity to rilpivirine; however, for isolates 
harboring the K103N/R/S or V179D as 
single mutations, no reduction in sus-
ceptibility was detected.57,65 

15. Often, several mutations are nec-
essary to substantially impact virologic 
response to a ritonavir-boosted PI.66 

16. Mutations in Gag cleavage sites 
may confer or contribute to resistance 
to PIs and may even emerge before 
mutations in protease.67 A large propor-
tion of virus samples from patients with 
confirmed virologic failure on a PI-con-
taining regimen is not found to have PI 
resistance–associated mutations, attrib-
utable to poor adherence. 

17. Ritonavir is not listed separately, as 
it is currently used only at low doses as 
a pharmacologic booster of other PIs.

18. Several mutations are associated 
with atazanavir resistance. Their im-
pacts differ, with I50L, I84V, and N88S 
having the greatest effect. Mutations 
that are selected during unboosted 
atazanavir are not different from those 
selected during boosted atazanavir, but 
the relative frequency of mutations may 
differ. Higher atazanavir levels obtained 
with ritonavir boosting increase the 
number of mutations required for loss 
of activity. The presence of M46I plus 
L76V might increase susceptibility to 
atazanavir when no other related muta-
tions are present.68 

19. Virologic response to ritonavir- 
boosted darunavir correlates with base- 
line susceptibility and the presence of 
several specific PI resistance–associated 
mutations. Reductions in response are 
associated with increasing numbers of 
the mutations indicated on the Figure  
Bar. The negative impact of the pro-
tease mutations I47V, I54M, T74P, and  
I84V and the positive impact of the 
protease mutation V82A on virologic 
response to ritonavir-boosted daruna-
vir were shown independently in 2 
data sets.69,70 Some of these muta-
tions appear to have a greater effect 

on susceptibility than others (eg, I50V 
vs V11I). The presence at baseline of 2 
or more of the substitutions V11I, V32I, 
L33F, I47V, I50V, I54L/M, T74P, L76V, 
I84V, or L89V was associated with a 
decreased virologic response to ritona-
vir-boosted darunavir.71 

20. Virologic response to ritonavir-
boosted lopinavir is affected by the 
presence of 3 or more of the following 
amino acid substitutions in protease at 
baseline: L10F/I/R/V, K20M/N/R, L24I, 
L33F, M36I, I47V, G48V, I54L/T/V, 
V82A/C/F/S/T, and I84V. In addition, the 
combination of 47A/V with V32I is as-
sociated with high-level resistance.68,72-78 

I50V is only occasionally selected in 
vivo but has a clear impact on suscep-
tibility.12,79-81 Subtype C patterns with 
M46L, I54V, L76V, and V82A are fre-
quently observed in patients receiving 
ritonavir-boosted lopinavir. 

21. The mutations depicted on the  
Figure Bar cannot be considered com- 
prehensive because little relevant re-
search has been reported in recent 
years to update the resistance and 
cross-resistance patterns for this drug.

22. In some nonsubtype-B HIV-1, D30N 
is selected less frequently than are other 
PI resistance–associated mutations.82 

23. Resistance to enfuvirtide is associ-
ated primarily with mutations in the 
first heptad repeat (HR1) region of the 
gp41 envelope gene. However, muta-
tions or polymorphisms in other regions 
of the env (eg, the HR2 region or those 
yet to be identified), as well as core-
ceptor usage and density, may affect 
susceptibility to enfuvirtide.83-85 

24. The activity of CC chemokine re-
ceptor 5 (CCR5) antagonists is limited 
to patients with virus that use only 
CCR5 for entry (R5 virus). Viruses that 
use both CCR5 and CXC chemokine 
receptor 4 (CXCR4; termed dual/mixed 
[D/M] virus) or only CXCR4 (X4 virus) do 
not respond to treatment with CCR5 
antagonists. Virologic failure of these 
drugs is frequently associated with 
outgrowth of D/M or X4 virus from a 
preexisting minority population pres-
ent at levels below the limit of assay 
detection. Mutations in HIV-1 gp120 
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that allow the virus to bind to the drug- 
bound form of CCR5 have been de-
scribed in viruses from some patients 
whose virus remained R5 after virologic 
failure of a CCR5 antagonist. Most of 
these mutations are found in the V3 
loop, the major determinant of viral 
tropism.86 There is as yet no consen-
sus on specific signature mutations for 
CCR5 antagonist resistance, so they are 
not depicted on the Figure Bar. Some 
CCR5 antagonist–resistant viruses se-
lected in vitro have shown mutations 
in gp41 without mutations in V3;87 the 
clinical significance of such mutations is 
not yet known.

25. With their low genetic barrier to 
resistance and the high level of cross-
resistance, the InSTIs elvitegravir and 
raltegravir are no longer generally rec-
ommended in an initial therapy for 
most people with HIV.88 A second-gen-
eration InSTIs (dolutegravir, bictegravir, 
and cabotegravir) is recommended for 
most treatment situations. 

26. In vitro susceptibility data indicate 
relatively small quantitative reductions 
in most cases for dolutegravir and bic- 
tegravir for single mutations in inte-
grase.89-91 Consequently, the Figure Bar  
listing the mutations or indicating them 
as bold is somewhat arbitrary in the 
absence of clinical data. The listing of 
mutations is based in most cases on in 
vitro selection data and testing single 
mutations seen mostly with first-gen-
eration InSTI failure in vitro. Several 
mutations were selected by dolutegra-
vir, primarily during monotherapy trials 
or as add-on therapy to failing regi-
mens.92 Failure with the emergence of 
resistance to bictegravir, which is only 
available as a fixed-dose formulation 
with TAF and emtricitabine for individu-
als with no known InSTI resistance, has 
not been well documented. The only 
clinical data for treatment of individu-
als with InSTI resistance comes from the 
VIKING Study, in which even double 
doses of dolutegravir combined with 
the best available background regimen 
had higher failure rates against Q148K 
with 2 or more additional mutations in 
integrase.93 Failure with emergence of 

resistance to bictegravir in a first-line 
regimen has been very rarely observed.94 
In vitro data suggest that these double 
mutants might have compromised the 
efficacy of bictegravir in one study but 
not another.90,91 Multiple mutations are 
not displayed in the Figure Bar. 

27. Cabotegravir is a long-acting InSTI. 
In clinical trials in individuals receiving 
HIV treatement or PrEP, several resis- 
tance mutations were observed in inte- 
grase associated with in vitro cabotegra-
vir resistance.95-97 A multivariate analysis 
showed that the presence of at least 2 
factors among archived rilpivirine resis-
tance-associated mutations at baseline, 
HIV-1 subtype A6/A1, or body mass 
index of at least 30  kg/m2, was asso-
ciated with increased risk of confirmed 
virologic failure.98 The A6/A1 subtype 
frequently harbors the L74I polymor-
phism. A recent study showed that L74I 
conferred greater replication capacity 
to recombinant viruses expressing HIV-1 
A6 integrase when present together 
with InSTI resistance mutations at po-
sitions 118, 140, 148, and 263. This 
finding may explain in part the associa-
tion of this subtype to virologic failures 
of long-acting cabotegravir/rilpivirine.99 

Although knowledge from cl inical 
studies thus far is limited, in vitro stud-
ies indicate that multiple integrase 
substitutions including compensa-
tory mutations enhance resistance to 
cabotegravir.100 

28. Several mutations are required 
in HIV integrase to confer high-level 
resistance to dolutegravir.100,101 Cross-
resistance studies with raltegravir- and 
elvitegravir-resistant viruses indicate 
that Q148H/R and G140S in combi-
nation with mutations L74I/M, E92Q, 
T97A, E138A/K, G140A, or N155H 
are associated with 5-fold to 20-fold 
reduced dolutegravir susceptibility102 
and reduced virologic suppression in 
patients.103-106 

29. Seven elvitegravir codon mutations 
have been observed in InSTI treat-
ment–naive and –experienced patients 
in whom therapy is failing.107-113 T97A, 
which may occur as a polymorphism,114 

results in only a 2-fold change in elvite-
gravir susceptibility and may require 
additional mutations for resistance.112,113 
The sequential use of elvitegravir and 
raltegravir (in either order) is not rec-
ommended because of cross-resistance 
between these drugs.112 

30. Raltegravir failure is associated with 
integrase mutations in at least 3 distinct, 
but not exclusive, genetic pathways de-
fined by 2 or more mutations including 
(1) a mutation at Q148H/K/R, N155H, 
or Y143R/H/C; and (2) 1 or more ad- 
ditional minor mutations. Minor muta- 
tions described in the Q148H/K/R 
pathway include L74M plus E138A, 
E138K, or G140S. The most common 
mutational pattern in this pathway is 
Q148H plus G140S, which also confers 
the greatest loss of drug susceptibil-
ity. Mutations described in the N155H 
pathway include this major mutation 
plus either L74M, E92Q, T97A, E92Q 
plus T97A, Y143H, G163K/R, V151I, or 
D232N.115 The Y143R/H/C mutation is 
uncommon.116-120 E92Q alone reduces 
susceptibility to elvitegravir more than 
20 fold and causes limited (<5 fold) 
cross-resistance to raltegravir.121-123 
N155H mutants tend to predominate 
early in the course of raltegravir failure, 
but are gradually replaced with con-
tinuing raltegravir treatment by viruses 
with higher resistance, often bearing 
mutations G140S plus Q148H/R/K.

31. The emergence of resistance with 
lenacapavir was characterized with 
in vitro selection, which identified 
several variants in the capsid (CA) por-
tion of Gag (L56I, M66I, Q67H, K70N, 
N74D/S, and T107N), with 20-fold to 
1000-fold reduced susceptibility in vi-
tro with Q67H+N74S, Q67H+T107N, 
L56I (204), Q67H+M66I, Q67H+N74D, 
M66I (>2,700), and reduced replication 
capacity for most mutant viruses.124-126  

None of these mutations were found to 
be polymorphic suggesting there is no 
need for resistance testing before treat-
ment with lenacapavir.127 In a phase Ib 
study, post-monotherapy analyses re-
vealed the emergence of mutation Q67H 
at the lowest lenacapavir doses.125,126 In 
highly treatment-experienced patients 
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with lenacapavir failure, M66I was ob-
served alone or in combination with 
other mutations. In all cases, the fail-
ures were initially associated with the 
selection of M66I.30,128

In highly treatment-experienced pa-
tients experiencing treatment failure 
in the CAPELLA study, the M66I muta-
tion was most frequently observed.129 In 
treatment-naive individuals in the CALI-
BRATE trial mutations 67H (fold change 
7) and 70R were selected.130,131 
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