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Abstract

Interpreting the results of drug resistance tests for HIV-1 is one of the most difficult tasks for both 
clinicians and virologists. There are many amino acid changes in viral proteins influencing the 
susceptibility to specific drugs, causing loss of activity or conversely hypersusceptibility. Moreover, 
the results of interactions derived from complex mutational patterns are difficult to predict. Different 
interpretation algorithms have been developed to facilitate the translation of information obtained in 
the genotypes to clinicians. Controversy exists, however, regarding the impact of genotypic changes 
over the activity of many antiretroviral drugs. Based on virologic outcomes, scientific literature, and 
expert opinion, the Drug Resistance Platform of the Spanish AIDS Research Network (RIS, Red de 
Investigación en SIDA) has developed over the last years its own interpretation system. Herein, we 
present the 2009 guidelines, in which special efforts have been made to standardize the criteria for 
interpreting resistance mutations for compounds within the same drug family and to facilitate the 
clinical interpretation of HIV-1 resistance genotypes. (AIDS Rev. 2009;11:39-51)
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Introduction

Drug resistance testing has proved to be useful to 
make treatment decisions in HIV-infected patients1,2, 
especially helping the choice of subsequent treatments 
in antiretroviral-experienced individuals3,4. The Havana 
trial demonstrated that expert advice improved the per-
formance of HIV-1 genotyping interpreted by a software 
package in HIV patients failing antiretroviral therapy 
and switched to a new salvage regimen5. Different in-

terpretation systems and algorithms have been devel-
oped to facilitate the clinical meaning of drug resistance 
mutations in HIV-1. These are updated periodically, in-
corporating new mutations and information regarding 
resistance to new drugs. However, interpretation of some 
mutational patterns is often difficult due to poor phe-
notypic correlates, disparity with clinical virologic out-
comes, unexpected interactions between changes, and 
differential impact on viral fitness. Resistance interpre-
tation systems can be derived from lists of mutations 
which have been associated with reduced antiviral ac-
tivity in vivo and/or which have demonstrated in vitro to 
impact phenotypically for a given drug(s)6. Alternatively, 
algorithms can be more sophisticated and be based on 
expert rules, with or without clinical validation7-11. The 
presentation and format could differ, being available at 
web sites or linked to commercial drug resistance tests. 
The antiretroviral drug resistance interpretation systems 
more frequently used are Stanford HIVRT&PR (HIVdb 
program)11,12, geno2pheno13, Retrogram14, Rega15, 
ANRS16, Trugene (Siemens)17 and ViroSeq (Abbott)18.
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The Platform for Drug Resistance of the Spanish AIDS 
Research Network (Red de Investigación en SIDA, RIS) 
was built in 2006, and periodically has released national 
guidelines for interpreting HIV-1 drug resistance geno-
types. The need for local rules was justified by the 
perception that different use of antiretroviral agents and 
criteria for combinations and switches of drugs, as well 
as the rate of non-B subtypes, might determine a dif-
ferent proportion of mutational patterns or, more rarely, 
different mutational resistance pathways in comparison 
with other regions. Information derived from virologic 
outcomes, expert opinion, and updated scientific litera-
ture have been taken into account to build the 2009 
interpretation rules, and a particular effort has been 
made to facilitate their interpretation for clinicians. The 
clinical relevance of distinct mutational patterns has 
been discussed, considering their rate in the Spanish HIV 
drug resistance database, which currently includes more 

than 5,000 HIV-1 genotypes derived from both antiretro-
viral-naive and treatment-experienced patients19-21.

The Spanish HIV drug resistance interpretation rules 
require a minimum list of mutations that should be 
considered in any drug resistance report (Fig. 1), to 
ensure that the information received from the labs is 
complete to make any further interpretation reliable. 
The 2009 interpretation rules consider all currently 
available antiretroviral drug families and apply to all 
HIV-1 variants, excluding HIV-2 and HIV-1 group O 
and N. To avoid sophisticated interpretation ap-
proaches, which often are subject to modification, uni-
form criteria are proposed to assess the impact of dis-
tinct resistance mutations over drugs within the same 
family, even when this approach may occasionally be 
too simple and potentially less accurate. Conversely, it 
facilitates understanding by clinicians. For nucleos(t)ide 
reverse transcriptase inhibitors (NRTI), nonnucleoside 

Figure 1. Amino acid positions that should appear in HIV drug resistance reports. 
*Mutations Y318F, N348I, A376S and E399D seem to reduce the susceptibility to some nonnucleoside reverse transcriptase inhibitors. 
Commercial drug resistance assays do not amplify these positions6,56.

Nucleoside reverse transcriptase inhibitors (pol gene, reverse transcriptase sequence positions)

M	 A	 K	 D	T	  K	 L	 V	 F	Y	  F	 Q	 M	 L	T	  K
41	 62	 65	 67	 69	 70	 74	 75	 77	 115	 116	 151	 184	 210	 215	 219

Nonnucleoside reverse transcriptase inhibitors* (pol gene, reverse transcriptase sequence positions)

V	 A	 L	 K	 K	 V	 V	 E	 V	Y	Y	   G	 P	 F	 M	 K
90	 98	 100	 101	 103	 106	 108	 138	 179	 181	 188	 190	 225	 227	 230	 238

Protease inhibitors (pol gene, protease sequence positions)

L	 V	 L	 V	 L	 M	 K	 M	 I	 G	 I	 F	 I	 Q	 A	 G	 L	T	   V	 N	 I	 N	 L	 L
10	 11	 24	 32	 33	 36	 43	 46	 47	 48	 50	 53	 54	 58	 71	 73	 74	 76	 82	 83	 84	 88	 89	 90

Entry inhibitors (env gene, gp41 sequence positions)

G	 I	 V	 Q	 Q	 N	 N	 L	 L	 N	 N	 S
36	 37	 38	 39	 40	 42	 43	 44	 45	 126	 137	 138

Integrase inhibitors (pol gene, integrase sequence positions)

T	 L	 E	T	  E	 G	Y	  S	 Q	 V	 N	 E	 G	 I	 S
66	 74	 92	 97	 138	 140	 143	 147	 148	 151	 155	 157	 163	 203	 230
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reverse transcriptase inhibitors (NNRTI), and protease 
inhibitors (PI), three categories of resistance have 
been defined: resistance (R), intermediate resistance 
(I), and susceptible (S). Single drug resistance muta-
tions are scored based on their impact on distinct 
drugs. In this way, there are mutations scoring 3 points, 
mutations with 2 points, and finally mutations with 
1 point. Mutations considered to result in hypersuscep-
tibility are scored with a value of –1 point. At the end, 
“R” for a given drug is considered when mutations 
score ≥ 5 points, “I” if they add 3-4 points, and “S” if 
≤ 2 points. For entry inhibitors and integrase inhibitors, 
the current interpretation is mainly derived from the 
information obtained in clinical trials22, with slight 
modifications.

Drug resistance to nucleoside reverse 
transcriptase inhibitors

Table 1 records all mutations that have been associ-
ated with resistance to NRTI, including those leading 
to multi-NRTI resistance. Distinct mutations may im-
pact to a different degree on a given NRTI. Moreover, 
the same mutations may reduce the susceptibility 
to distinct NRTI in a different extent. In this way, the 
panel recommends that in the presence of T215Y/F, 
zidovudine should be avoided, even in the absence 
of other thymidine-associated mutations (TAM). The 
same rule applies to L74V for didanosine, K65R for 
tenofovir, and M184V/I for lamivudine and emtricitabi-
ne. Although the impact of all these mutations but 
M184V/I is considered to lead to intermediate pheno-
typic resistance, the virologic response in vivo is poor 
and generally transient23-25. 

K65R is the primary resistance mutation selected 
under tenofovir-containing regimens in viruses lack-
ing TAMs. K65R has been associated with reduced 
virologic response to tenofovir in vivo25,26. Besides 
tenofovir, K65R may be selected when failing di-
danosine and abacavir in vitro25 and more rarely in 
vivo27,28.

Mutations M41L, D67N, K70R, L210W, T215Y/F, and 
K219E/N/Q/R are known as TAMs. They are select-
ed upon failure to thymidine analogs, such as zidovu-
dine and stavudine29, and lead to decreased suscep-
tibility to all NRTI to different degrees30. The activity of 
zidovudine and stavudine is most largely affected by 
TAMs; conversely, TAMs impair lamivudine and 
emtricitabine activity only slightly. Thus, while 
T215Y/F should be interpreted as “R” for zidovudine 
and stavudine, almost all TAMs should be present 

before considering “R” to lamivudine/emtricitabine. It 
should be noted that other amino acid changes may 
appear at codons displaying TAMs. Although they 
generally do not affect drug susceptibility, some 
changes at codon 215 (C/D/E/I/S/V) may represent 
revertants. They are signature mutations for transmis-
sion of a drug-resistant virus in the primary infection 
event31. Although by themselves they do not produce 
resistance, they are prone to more rapid selection 
of resistance (e.g. T215Y/F), given that only one 
nucleotide change is required to switch to the resistant 
variant32.   

Mutation M184V is one of the most prevalent resis-
tance mutations in patients failing antiretroviral ther-
apy21. It causes high-level resistance (> 100-fold) to 
lamivudine and emtricitabine, and emerges rapidly 
in patients exposed to lamivudine monotherapy33 or 
failing virologically under any lamivudine/emtricitabi-
ne-containing regimen. The impact of M184V over the 
rest of the NRTI depends very much on the presence 
of other resistance changes at the HIV-1 reverse tran-
scriptase. Characteristically, M184V leads to hypersus-
ceptibility to zidovudine, stavudine, and tenofovir, and 
reduces the impact of M41L and/or T215Y over zido-
vudine and stavudine, and of K65R over tenofovir ef-
ficacies24,30. Mutation M184V alone renders lamivudine/
emtricitabine ineffective but does not significantly 
compromise the response to abacavir or didanos-
ine34-36. However, M184V in combination with TAMs or 
changes at positions 65, 74, or 115 may significantly 
increase abacavir and didanosine resistance30,37-39. 
For this reason, the Spanish rules score M184V with 
1 point when considering abacavir or didanosine.

Multi-NRTI resistance patterns refer to four different 
genotypic changes: 67 deletions, 67/69 insertions, 
Q151M complex, and ≥ 5 TAMs. The 69 insertion 
complex as well as deletions between codons 67 
and 69 are associated with resistance to all NRTI when 
present together with one or more TAM40,41. In contrast, 
viruses harboring Q151M may retain some activity 
against tenofovir, lamivudine, and emtricitabine42,43. 
The presence of ≥ 5 TAMs compromises the re-
sponse to all NRTI available30. 

Drug resistance to nonnucleoside reverse 
transcriptase inhibitors

Three NNRTI are currently available for the treatment 
of HIV infection in Europe: nevirapine, efavirenz, and 
etravirine. Delavirdine is also approved in other regions, 
although rarely used. The NNRTI display a low genetic 
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barrier for resistance, especially nevirapine and efa-
virenz. Accordingly, resistance to NNRTI is subject to 
a dichotomous interpretation (susceptible or resistant), 
excluding the intermediate category (Table 2). Although 
in vitro data have provided intermediate levels of re-
sistance for some particular changes with respect to 
either nevirapine or efavirenz, there is uniform rationale 
that these changes must be interpreted as “R” in the 
clinical setting, as any benefit in virologic response 
tends to be transient, rapidly arousing other mutations 
that annul any residual activity of NNRTI. 

The extent of cross-resistance within the NNRTI fam-
ily is high, especially for nevirapine and efavirenz44. 
Accordingly, the long-term virologic response to se-
quential NNRTI is rather poor, even for rescue interven-
tions with efavirenz upon recent failure on nevirapine 

and exclusive selection of Y181C45,46, despite in vitro 
data showing only limited impact of this mutation on 
efavirenz susceptibility47. So, this panel does not rec-
ommend the sequential use of first generation NNRTI 
in any order. It should be noted that HIV-1 non-B sub-
types may select for alternative resistance changes 
upon failure under NNRTI, such as V106M under efa-
virenz in HIV-1 subtypes C and G48.

Etravirine is a second generation NNRTI. It displays 
a higher genetic barrier for resistance than nevirapine 
and efavirenz49. Based on information derived from 
the registrational DUET trials50-53, a total of 17 muta-
tions located at 10 different positions along the re-
verse transcriptase (V90I, A98G, L100I, K101E/H/P, 
V106I, E138A, V179D/F/T, Y181C/I/V, G190A/S and 
M230L) have been shown to impact on etravirine 

Table 2. Drug resistance interpretation for nonnucleoside reverse transcriptase inhibitors

Drug Nevirapine Efavirenz Etravirine*

Group 3
(3 points)

L100I
K103N/S/T
V106A/M
Y181C/I/V/S
Y188C/L
G190A/C/E/G/S/V/T
M230L
K238T/N
Y318F

L100I
K103N/S/T
V106A/M
Y181C/I/V
Y188L
G190A/C/E/Q/S/V/T
M230L

Group 2
(2 points)

K101E/P
V179F
Y188H
F227C

K103I/P
Y181S
Y188C/H
P225H

Y181C/I/V
L100I
K101P
M230L

Group 1
(1 point)

A98G
L100V
K101H/N
K103Q/E
V106L
V108I
E138K
V179D/E/M
F227L/Y

A98G
L100V
K101E/H/N
K103Q/E
V106L
V108I
E138K
V179D/E/F/M
K238T/N
F227C
Y318F

V90I
A98G
L100V
K101E/H 
V106A/M/I
E138A/K
V179D/E/F/M/T
Y181S
Y188C/H/L
G190A/C/E/Q/S/V/T
P225H
F227C/L

Interpretation ≥ 3 points = Resistant (R)
≤ 2 points = Susceptible (S)

*Poveda E, et al.37; Hirsch M, et al.21  
Commercial assays do not amplify position 399 located at the C-terminal of the reverse transcriptase region. Recent studies suggest that the presence of mutation E399D in 
addition to one additional mutation associated with resistance to etravirine lead to resistance to the drug23,37.  Frequent polymorphism in HIV-1 non-B subtypes: A98S; V179I.
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susceptibility. Overall, the presence of three or more 
of these mutations results in a reduced virologic re-
sponse to etravirine. Interestingly, K103N is the most 
prevalent NNRTI mutation in patients who have failed 
NNRTI, especially efavirenz21, and does not seem to 
compromise etravirine susceptibility. By contrast, 
Y181C is often selected upon nevirapine failure and 
is one of the changes that compromise etravirine ac-
tivity more extensively. In fact, its presence along with 
another etravirine-associated resistance mutation 
must be interpreted as “R”6. Vingerhoets, et al.54 re-
cently weighted the 17 etravirine-associated resis-
tance mutations. In this analysis changes at position 
100, 101 and 181 were associated with a blunted viro-
logical response. Although the presence of ≥ 3 had 
the greatest effect on etravirine activity, other muta-
tions located at the reverse transcriptase C-terminus 
domain (N348I, T369I and E399D) may also signifi-
cantly lead to reduced etravirine activity, as has been 
shown for nevirapine and efavirenz55,56. Several muta-
tions in the connection subdomain of the reverse tran-
scriptase might modulate NNRTI resistance by affect-
ing dimerization of p66/p51 heterodimers. Given that 
commercial tests for HIV drug resistance genotyping 
do not cover this region, it seems worthwhile to know 
the real prevalence of these changes in patients who 
have failed nevirapine or efavirenz, since failure to 
consider these changes may result in under-interpre-
tation of etravirine resistance56.

In the Spanish algorithm, “R” to NNRTI is considered 
for viruses scoring ≥ 3 points. For nevirapine and efa-
virenz the most frequent NNRTI resistance mutations 
are always scored with three points, based on pheno-
typic data and virologic outcomes. In contrast, the 
presence of Y181C/I, M230L, L100I or K101P in addi-
tion to another etravirine resistance mutation or the 
presence of at least three of these changes is consid-
ered to render the virus as resistant to etravirine.

Drug resistance to protease  
inhibitors

The widespread use of ritonavir-boosted PIs has 
dramatically changed the interpretation of genotypic 
resistance to PIs. Although it is important to check the 
number of protease resistance mutations in a “quanti-
tative” manner57, the “quality” of mutations and their 
weight must be considered separately for each drug 
within this family. Many algorithms designed to predict 
the virologic response to ritonavir-boosted PIs incor-
porate a simple list of protease mutations specific for 

each PI. When a minimum number of these changes are 
present, “R” is assumed for a given PI. However, for the 
last generation of PIs, tipranavir and darunavir, weighted 
mutation scores have been proposed. It is assumed that 
specific changes influence susceptibility to each PI and 
not all mutations impact to the same extent. Many of 
these PI resistance scores have been built based on 
virologic outcomes in patients with prior failure to other 
PIs. In this way, primary resistance changes for a new 
PI are generally absent in patients with prior failure to 
other PIs and algorithms tend to ignore these capital 
changes58-65, which must be added separately. This is 
the case of G48A/M/S/T/V for saquinavir, I50L for ataza-
navir, I50V for fosamprenavir, or I47A for lopinavir66,67.

Table 3 depicts the mutation scoring system for rito-
navir-boosted PIs, in which the signature mutations se-
lected in vitro or in PI-naive patients are highlighted6,66-68, 
along with other protease mutations categorized by their 
different impact on drug susceptibility. When signature 
mutations are present and alternative treatment options 
exist, it is advisable to avoid that specific PI since a 
maximal response must not be expected. On the other 
hand, in the Spanish interpretation algorithm, mutations 
causing hypersusceptibility to some PIs are taken into 
account, counterbalancing the impact of other resis-
tance changes69,70. This is the case of I50L, which 
significantly impairs the susceptibility to atazanavir but 
enhances the activity of all other PIs70. 

Resistance to tipranavir and darunavir merits par-
ticular discussion. The most accurate tipranavir re-
sistance mutation score has been built based on 
data derived from the RESIST trials71. A re-analysis 
of data has provided a weighted list of mutations72, 
which recently has been validated in a separate 
database and has permitted to improve the accuracy 
of the tipranavir resistance score73. Briefly, a total of 
13 mutations are associated with reduced suscepti-
bility to tipranavir; conversely, four mutations lead to 
hypersusceptibility. The highest impact on tipranavir 
resistance has been recognized for T74P and I47V, 
which score +6 points, followed by 58E and V82L/T, 
which score +5. On the other hand, increased re-
sponses are observed in the presence of I54L, 
I50V/L, L24I and I76V, which accordingly are scored 
with –7, –4, –2 and –2, respectively. This weighted 
mutation score has been simplified in the Spanish 
rules, following the principles applied to other PIs. 
In this regard, all hypersusceptible mutations are 
scored with –1 point.  

Darunavir is the other new PI with the highest genetic 
barrier for resistance. As for tipranavir, the most 
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accurate mutation score has been designed with in-
formation derived from registrational trials, POWER 
and DUET including 11 substitutions at 10 positions 
(V11I, V32I, L33F, I47V, I50V, I54L/M, T74T, L76V, I84V 
and L89V)74-76. In addition, the impact of baseline pro-
tease resistance mutations on darunavir response has 
been examined in clinical cohorts, although the main 
limitation of these studies is the relatively small size of 
the study population, the absence of control arms, and 
the lack of subsequent validation on separate data-
bases80. With these limitations in mind, mutations con-
tributing to darunavir resistance have been scored in 
three different categories, the highest impact being 
for I50V. Given this fact, a certain degree of cross-re-
sistance between darunavir and fosamprenavir ex-
ists68. In contrast, most mutations conferring tipranavir 
resistance do not overlap with those reducing daru-
navir activity; instead, some of them produce hyper-
susceptibility.   

There is a group of accessory or compensatory re-
sistance mutations at the protease (e.g. at codons 10, 
11, 24, 33, 53, 71, 73, and 89). By themselves they do 
not produce PI resistance; however, they compen-
sate for the decreased viral fitness resulting from the 
selection of other PI resistance mutations78 and/or fur-
ther increase the level of PI resistance79,80. These 
changes are scored in the Spanish rules with +1 point 
only when present along with other PI resistance muta-
tions that sum +4 points.  

Finally, HIV-1 non-B subtypes often display natural 
polymorphisms at the protease, some of them at 
codons involved in PI resistance. However, these are 
changes generally at sites of accessory PI resistance 
mutations in clade B viruses81,82. Controversy exists 
regarding the potential role of these polymorphisms 
influencing the susceptibility to PIs and how they 
should be interpreted83. However, the large body of 
evidence favor that HIV-1 non-B clades behave simi-
larly to subtype B in terms of PI resistance with minor 
special considerations, and perhaps an overall slight-
ly lower genetic barrier for PI resistance than subtype 
B, as recently shown for tipranavir in some clade F 
viruses84. However, there is no need to build a differ-
ent resistance interpretation algorithm for HIV-1 non-B 
variants85. 

There is overwhelming evidence that gag mutations 
also impact PI activity. They usually restore the repli-
cative capacity impaired by protease mutations, but 
can also increase the level of resistance in particular 
cases. However, gag is not routinely sequenced and 
is not considered in the present guidelines.

Drug resistance to HIV-1 entry inhibitors

Fusion inhibitors

Resistance to enfuvirtide is mainly associated with 
the selection of changes at amino acids 36 to 45 
(GIVQQQNNLL) within the HR1 region of gp4186-89 
(Fig. 2a). Enfuvirtide exhibits a low genetic barrier for 
resistance, and selection of a single mutation can con-
fer high-level resistance to the drug (> 10-fold). Chang-
es in HR2 have also been observed in patients with 
prolonged failure under enfuvirtide therapy, although 
in the majority of cases they do not follow a recogniz-
able pattern. However, substitutions at positions 126 
(N126K) and 138 (S138A) in HR2 have been observed 
in patients who had failed enfuvirtide at rates of 17 and 
14%, respectively90. In vitro studies have shown that 
these HR2 changes generally only result in slight re-
ductions in enfuvirtide susceptibility. Only when selected 
along with HR1 mutations N42T and N43K can their 
impact be recognized, increasing significantly the 
level of enfuvirtide resistance. In patients failing enfu-
virtide, mutation S138A is almost always selected to-
gether with or after the selection of other mutations 
within the HR1 region91. Selection of S138A generally 
results in a further increase in enfuvirtide resistance88,92, 
suggesting that it behaves as a secondary/compensa-
tory resistance mutation.

CCR5 antagonist

Treatment with CCR5 antagonists (e.g. maraviroc 
and vicriviroc) requires previous assessment of viral 
tropism, since these drugs are not active against HIV-1 
isolates with X4R5 dual tropic or X4 viruses93-95. In 
antiretroviral-experienced patients with advanced HIV 
disease, the prevalence of X4R5 dual tropic or X4 vi-
ruses can be around 50%96; conversely it is below 20% 
in antiretroviral-naive recent HIV seroconverters97,98. 
Two main resistance pathways have been shown to 
allow HIV-1 to evade CCR5 antagonists. The first is an 
outgrowth of X4 viruses that preexist as a minority 
population below the level of assay detection. The sec-
ond mechanism results from the selection of mutations 
in the HIV-1 gp120 molecule, which allows the virus 
to bind the CCR5 coreceptor despite the presence 
of CCR5 antagonists (Fig. 2b)99-101. Some of these mu-
tations have been identified, but the pattern of amino 
acid changes differs considerably between patients. 
Interestingly, shifts in the 50% inhibitory concentra-
tion (IC50), a common parameter used to measure the 
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level of resistance to other antiretroviral agents, are gen-
erally not recognized in patients failing CCR5 antago-
nists with R5 viruses. Instead, plateaus in the maximal 
percentage of inhibition are observed. Therefore, the 
phenotypic behavior of resistance to CCR5 antagonists 
seems to rely more on a reduced capacity of inhibition 
rather than an increased IC50. Overall, the resistance 
profile for CCR5 antagonists is expected to be com-
plex, given the large variability in the env gene across 
HIV variants.

Drug resistance to HIV-1 integrase 
inhibitors

Raltegravir is so far the only the integrase inhibitor 
approved for the treatment of HIV infection. Informa-

tion about raltegravir resistance mutations mainly 
derives from registrational clinical trials102,103. Figure 
3 summarizes the changes associated with resis-
tance to raltegravir and their impact on elvitegravir, 
an experimental drug within this family in the last 
steps of clinical development. In the BENCHMRK 
studies102,103, 41 patients in the raltegravir arm expe-
rienced virologic failure. Three signature mutations 
were identified in 32 of these subjects: N155H, 
Q148K/R/H and, less frequently, Y143R/C. No muta-
tions were detected in the remaining nine patients. 
In a phase IIb study with raltegravir, Grinsztejn, et 
al.104 examined 35 patients who experienced viro-
logic failure on raltegravir. Two signature mutations 
at the integrase gene were identified: N155H or 
Q148K/R/H. These changes were mutually exclusive 
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Figure 2. Resistance mutations to entry Inhibitors. A: gp41 changes associated with resistance to enfuvirtide; B: changes at V3 region 
associated with resistance to maraviroc. Overall, maraviroc resistance is complex and the information derives from a relatively low number 
of patients recruited in the MOTIVATE 1 and 2 clinical trials94,95.
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and conferred phenotypic resistance to raltegravir in 
vitro, with Q148 resulting in measurably larger re-
ductions in susceptibility than N155H (25-fold and 
10-fold, respectively). It is interesting that these mu-
tations are directly associated to the catalytic site of 
the HIV integrase105. With persistent viral replication 
under RAL there is a shift from N155H to Q148K/R/H 
restoring the replicative capacity. At this time, factors 
influencing the selection of these mutations as well 
as their full clinical implications are uncertain106. 

Much of the current information on elvitegravir resis-
tance derives from analysis carried out on patients 
experiencing virologic failure in the Gilead study 105, 
a phase II, randomized, dose-finding trial conducted 
in highly antiretroviral-experienced patients107. Integrase 
genotyping was performed in 28 out of 30 patients who 
experienced virologic failure under ritonavir-boosted 
elvitegravir by week 24. The most common integrase 
mutations seen in these patients were E92Q, E138K, 
Q148R/K/H, and N155H. Other changes were observed 
less frequently, including S147G and T66I/A/K. Pheno-
typic analysis confirmed the impact of these mutations 
on elvitegravir susceptibility. Moreover, it showed that 
extensive cross-resistance exists between elvitegravir 
and raltegravir, despite the different structure of these 
compounds.

Given that the HIV protease, reverse transcriptase, 
and integrase share the same polyprotein precursor, 
the Gag-Pol, it has been hypothesized that interac-
tions between changes at these genes may occur, 
complicating the interpretation of single resistance 
changes108. However, this has not been confirmed by 
a recent study, which has not found any recognizable 
relationship between genotypic changes at distinct 

pol genes when testing heavily antiretroviral-experi-
enced patients with multiple resistance mutations at 
the protease and reverse transcriptase genes109. 
Moreover, the recognition of naturally occurring poly-
morphisms at the integrase in HIV-1 non-B sub-
types109-111 does not seem to impair the activity of 
integrase inhibitors across HIV variants, including 
HIV-2112,113. It should be noted that the catalytic do-
main of the integrase of HIV-1 group M subtypes 
displays a high conservation, being polymorphisms 
mainly recognizable at other residues110. 
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