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Comparison of Drug Resistance Mutations and Their
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Objective: To compare the prevalenceof mutationsassociatedwith
resistance to antiretroviral drugs and their interpretation in patients
infectedwithnon-B HIV-I variantsversus HIV-I subtype B-infected
patients with similar treatment regimens.

Methods: The reverse transcriptase (RT) and protease genes of
HIV-I were sequenced, and subtypes were determined by phyloge­
netic analysis. Each sequence belonging to a non-B variant was
matched with a sequence belongingto subtype B. Patterns of resis­
tance mutationswere interpretedinterms of drug resistanceusing the
HIV db algorithm.

Results: RT mutations M4IL, L21OW, and, to a lesser extent,
T215Y were less prevalent in patients infected with non-B variants.
This lowerprevalencewas associatedwith subtypesA (AIIA2), C, F
(FIIF2), andCRF06_cpx.A lowerprevalenceofhigh-levelresistance
to zidovudinewasalso observedinpatients infectedwith these HIV-I
variants. In the protease gene, differences between patients infected
withB or non-Bstrains weremain!yobserved for mutationsplaying a
minor role in drug resistanceand known to occur mainly as a natural
polymorphism in non-B strains: K20RIMII, M36I, L63P, A7IVIT,
and V77I. Interpretation of genotypes using the HIV db algorithm
indicated that resistance to saquinavir, ritonavir, indinavir, and am­
prenavir was more frequently a high-level resistance for subtype B
and an intermediate-level resistancefor non-B variants, but this dif­
ference was only significant for amprenavir.

Conclusion: Our results suggestthat the geneticdiversity ofHIV-1
does notplay a major role in the developmentof resistance to antiret­
roviral drugs.
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SUbtype B is the predominant variant ofHIV-I in western
countries. This subtype plays a minor role in the HIV-I

pandemic, however, because most HIV-I infections worldwide
are caused by other subtypes or circulating recombinant forms
(CRFs) such as subtype A (central and western Africa), subtype C
(eastern and southern Africa, India, and China), CRF02_AG
(western Africa), or CRFOLAE (Thailand and Southeast Asia). 1

Genotypic tests for HIV-I resistance are now routinely
incorporated in the follow-up of HIV-I-infected patients to
identify the role of resistance mutations in treatment failures
and to guide the choice ofa rescue regimen.v' Genotypic stud­
ies have been mainly conducted in populations predominantly
infected with HIV-I subtype B, and drug resistance interpre­
tation algorithms have not been validated on a large scale in
populations infected with non-B variants.

It has been reported by several studies that minor drug
resistance mutations in the reverse transcriptase (RT) and pro­
tease genes of HIV-l are frequent in treatment-naive patients
infected with non- B HIV -I strains,4-8 but these differences
seem to have only a minor impact on drug susceptibility
in vitr09•10 or on the response to antiretroviral therapy in
vivo. 11-14 The differences that could exist between subtype B
and non-B subtypes in the development ofdrug resistance mu­
tations in patients with treatment failure remain poorly docu­
mented, however. Taking into consideration the increasing ac­
cess to antiretroviral therapy and the introduction ofsequence­
based genotypic assays in countries where non-B HIV-I
variants predominate, it is important to evaluate the possible
impact of HIV-1 genetic diversity on genotypic testing of
drug resistance. Therefore, the aim ofthe present study was to
compare the RT and protease drug resistance mutations that
developed in patients infected with B or non-B HIV-I variants.

METHODS

Study Design
This study was conducted on HIV-I-infected patients

attending the University Hospital of Montpellier between Oc­
tober 1999 and October 2002 and for whom demographic data,
treatment history, CD4 cell counts, plasma viral load, and se­
quences of the RT and protease genes were available.
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To compare populations of patients infected with Band
non-B HIV-I variants, each sequence obtained from a patient
infected with a non-B strain was matched with a sequence ob­
tained from a patient infected with a subtype B strain; non-B
sequences belonging to the same patient but obtained after differ­
ent treatment regimens were matched independently. Criteria for
matching were the nurnber and nature of the drugs adrninistered,
the nurnber ofprevious treatment regimens, the drug combination
received at the time oftesting, and the duration ofthe failing regi­
men. Disease stage, CD4 cell count, viralload, and age and sex of
patients were also taken into account as much as possible.

Gene Sequencing and Phylogenetic Analysis
HIV-1 subtyping was based on phylogenetic analysis of

the pol gene. 15,16 RT (codons 1-240) and protease genes were
amplified from plasma samples and sequenced as previously
described. 15, 17 The sequences were aligned with known HIV-l
RT sequences representing the different subtypes and CRFs by
use ofCLUSTAL W. 18 Phylogenetic trees were constructed by
the neighbor-joining method, and reliability of the branching
orders was assessed by the bootstrap approach with
CLUSTAL W. For samples giving an ambiguous result by
phylogenetic analysis ofthepol gene, subtype characterization
was obtained by amplification, sequencing, and phylogenetic
analysis of the envelope V3 to V5 region as previously re­
ported. 19 Sequences were submitted to the GenBank under the
accession numbers AJ577726 to AJ577747, AJ577857 to
AJ577996, and AJ578156 to AJ578179.

Data Analysis
ln the present study, we considered mutations previously

reported to be associated with drug resistance. In the protease
gene, the mutations considered were LlOIIFN/R, K20RJMII,
L241, D30N, V321, L33F, M361, M46I/L, 147V, G48V, 150V,
F53L, 154V/T/LlM, L63P, A71 V/T, G73S, V77I,
V82A/TIF/S, 184V, N88S/D, L90M, and 193LIMIN. In the RT
gene, the mutations considered were M41L, E44D/A, A62V,
K65R, D67N, T69D/N/S/A, insertion 69, K70R, L74V,
V75T/I/A/M/S, F77L, Y115F, F116Y, V1181, QI5IM,
M184V/I, L21OW, T215YIF, and K219Q/E for resistance to
nucleoside analogue RT inhibitors (NRTIs) and A98G, LI 001,
K10lE, K103N, V106A1M, V1081, YI8IC/I, Y188CILIH,
G190NS/E, P225H, and P236L for resistance to nonnucleo­
side RT inhibitors (NNRTIs). On the basis of the high fre­
quency of their selection by antiretroviral treatments and/or
their involvement in HIV-1 resistance to 1 or several antiret­
roviral drugs, mutations D30N, G48V, 150V, V82NT/F/S,
184V, and L90M in the protease gene and M41L, K65R,
D67N, insertion 69, K70R, L74V, K103N, V106A/M,
Q151M, Y181C/I, M184V/I, Y188C/LlH, G190A/S/E,
L21OW, T215YIF, and K219Q/E in the RT gene were consid­
ered as major resistance mutations; the other mutations were
considered as minor resistance mutations.
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Each protease and RT sequence was interpreted in terms
of drug resistance by using the on-line HIV db algorithm
(http://hivdb.stanford.edu), which, similar to the other cur­
rendy available algorithms, is essentially based on data ob­
tained from patients infected with HIV-1 subtype B. The high,
intermediate, and low levels of resistance were considered,
whereas viruses for which the algorithm indicated a potential
low-Ievel resistance to a drug were not considered as resistant
to the drug.

The X2 test was used for categoric variables to compare
proportions between patients infected with non-B HIV-1 vari­
ants and the matched subtype B-infected patients; the Yate
continuity correction factor was app1ied to 2 x 2 contingency
tables. The 2-tailed Fisher exact test was used when the sizes
were too smal!. For continuous variables, comparisons were
based on the nonparametric Mann-Whitney U test. AIl statis­
tica1 tests were done by Statgraphics Plus software, version 5.1
(Manugistics, Rockville, MD). P < 0.05 was considered to be
significant.

RESULTS

Patients and HIV-l Genetic Variants
A total of 1586 seque~ces from 1109 patients were ana­

lyzed. Ninety-three sequences from 74 patients that did not
cluster with HIV-1 subtype B and for which the corresponding
demographic, therapeutic, clinical, and bio10gic data were
available were retained for the-present study. Among the pa­
tients infected with non-B HIV-1 variants, the subtype/CRF
distribution in decreasing order of importance was as follows:
18 (24.3%) CRF02_AG; 9 (12.2%) CRFOCAE; 8 (10.8%)
subtype D; 7 (9.5%) subtype G; 6 (8.1 %) subtypeA1; 6(8.1%)
subtype C; 5 (6.8%) CRF063px; 5 (6.8%) CRF11_cpx; 4
(5.4%) subtype FI; 2 (2.7%) subtype A2; 1 (1.3%) of each
subtype F2, K, and CRF12_BF; and 1 unique recombinant in­
volving multiple subtypes.

Each non-B variant sequence was matched with a se­
quence obtained from a patient infected with HIV-1 subtype B.
Overall, 93 RT and 83 protease sequences obtained from 74
patients infected with non-B HIV-1 variants were matched
with 93 RT and 83 protease sequences from 93 subtype B-in­
fected patients, respectively. Within each group, the protease
gene was not sequenced for 10 protease inhibitor (PI}-naive
patients. As shown in Table 1, the 2 groups of patients were
similar in terms of therapeutic, demographic, clinical, viro­
10gic, and immunologic characteristics; they only differed in
sex ratio and in the median duration ofexposure to lamivudine,
nevirapine, efavirenz, and nelfinavir.

Prevalences of Mutations Associated With
Drug Resistance

Only mutations previously reported to be associated
with drug resistance were considered in the present study.

© 2004 Lippincott Williams & Wilkins
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TABLE 1. Characteristics Associated With the 93 Sequences Obtained From Patients Infected With Non-B HIV-l Variants and
the Matched Sequences Obtained From Patients Infected With HIV-l Subtype B

Characteristic

Age, median years (25th-75th percentiles)

Sex, % men
CDC c1ass, no. (%)

A
B
C

Viralload, median 103 copies/mL (25th-75th
percentiles)

CD4 cell count, median cells/mm3(25th-75th
percentiles)

Number of antiretroviral regimens, median

Number ofantiretroviral drugs, median
No. (%) patients with prior treatment witht

Zidovudine
Didanosine
Zalcitabine
Stavudine
Lamivudine
Abacavir
Nevirapine
Efavirenz
Saquinavir
Ritonavir
Indinavir
Nelfinavir
Amprenavir

Lopinavir
Cumulative exposure, median days (25th-75th

percentiles) to
Zidovudine

Didanosine
Za1citabine
Stavudine
Lamivudine

Abacavir
Nevirapine
Efavirenz
Saquinavir

Ritonavir
Indinavir

Nelfinavir
Amprenavir
Lopinavir

Duration offailing regimen, median days (25th­
75th percentiles)

·x2 test or Mann-Whitney V test.
tNone of the patients had received tenofovir at the time oftesting.
COC, Centers for Oisease Control and Prevention.

© 2004 Lippincott Williams & Wilkins

HIV-l Subtype

Non-B B P*

40.3 (31.4-52.0) 40.7 (35.3--49.1) 0.51

59.1 80.6 0.001

0.45

19 (20.4) 26 (28.0)
27 (29.0) 26 (28.0)
47 (50.6) 41 (44.0)

29.9 (7.9-94.1) 36.8 (5.1-111.0) 0.69

286 (140-395) 285 (160-442) 0.47

2 2 0.83

6 6 0.81

1.0

80 (86.0) 82 (88.2)
72 (77.4) 70 (75.3)
19(20.4) 19 (20.4)
71 (76.3) 68 (73.1)
79 (84.9) 79 (84.9)
39 (41.9) 38 (40.9)
35 (37.6) 35 (37.6)
19(20.4) 22 (23.7)

42 (45.2) 37 (39.8)
39(41.9) 38 (40.9)
31 (33.3) 30 (32.3)
41 (44.1) 40 (43.0)
4 (4.3) 7 (7.5)

11 (11.8) 9 (9.7)

836 (458-1295) 780 (570-1200) 0.88

705 (338-1170) 600 (360-920) 0.36

360 (242--422) 360 (150-570) 0.75

660 (300-900) 690 (450-1080) 0.35
661 (293-1118) 840 (585-1215) 0.03

296 (150-646) 345 (150-578) 0.97

256 (97-330) 420 (210-570) 0.03

184 (120-300) 375 (345--488) 0.01

624 (225-735) 600 (368-1110) 0.55

240 (90-780) 390 (188-796) 0.32

390 (236--840) 480 (203-735) 0.97

210 (106--390) 390 (228-668) 0.004

137 (110-148) 90 (60-120) 0.18

267 (158-344) 255 (173-366) 0.86

202 (75-390) 225 (90--405) 0.84
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Prevalences of the drug resistance mutations are presented in
Table 2. In the RT gene, mutations M41L and L210W were
significantly more prevalent in subtype B-infected patients
(P < 0.02 and P < 0.0 l, respectively). Mutation T215YIF was
also more prevalent in patients infected with HIV-1 subtype B,
but this difference was not significant (P = 0.08). The differ­
ence concemed only the T215Y mutation, which was identi­
fied in 27 and 40 patients infected with non-B and B HIV-1
strains, respectively (P = 0.07), whereas mutation T215F was
identified in 10 patients from each group (P = 1.0).

Analysis ofthe prevalence ofthe RT mutations at codons
41, 210, and 215 among the different non-B subtypes or CRFs
showed that the lower prevalence of the RT mutations M41L
and L210W in non-B strains was associated with subtypes
Al/A2, C, Fl/F2, and CRF063pX(P= 0.005 andP=O.OOl for
M41L and L21 OW, respectively) and that the lower prevalence
of T215Y was associated with subtypes A l/A2 and C (P =

0.002).
At codon 106 of the RT gene, the VI06M mutation was

observed in 2 patients infected with non-B HIV-1 variants: 1
patient was infected with subtype C and the other was infected
with CRF02_AG; both patients were treated with an efavirenz­
containing regimen.

In the protease gene, mutations L63 P, A71VIT, and
V77I were significantly more prevalent in subtype B-infected
patients, whereas the K20R/M1I and M36I mutations were sig­
nificantly more prevalent in patients infected with tlon-B
HIV-1 variants. At codon 20, the K20I substitution was sig­
nificantly more prevalent in non-B-infected patients as com­
pared with subtype B-infected patients (51.8% vs. 6.0%; P <
0.0001).

The lower prevalence of the L63P protease mutation in
patients infected with non-B HIV-1 variants was associated
with aIl the non-B subtypes and CRFs except subtype D and
CRF06_cpx (P < 0.001). The lower prevalence of the A71 VfT
protease mutation was associated with aIl the non-B subtypes
and CRFs except CRF063PX (P = 0.007), and the lower
prevalence of the protease V77I mutation was associated with
aIl the non-B subtypes and CRFs except D and FI (P < 0.001).
The higher prevalence of the K20R/MII protease mutation in
non-B viruses, mainly represented by the K20I substitution,
was associated with subtype G, CRF02_AG, CRF063px, and
CRF1 Lcpx (P < 0.0001), and the higher prevalence of the
protease M36I mutation was associated with aIl the non-B sub­
types and CRFs (P < 0.001).

Interpretation of Mutations Associated
With Resistance

The prevalences of the different levels of resistance to
the antiretroviral drugs as determined by sequence interpreta­
tion using the HIV db algorithm are presented in Figure 1. Al­
though not significant, non-B HIV-l strains were less fre­
quently resistant to zidovudine, stavudine, and tenofovir but
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more frequently resistant to nevirapine and efavirenz than
HIV-1 subtype B strains. A lower prevalence ofhigh-level re­
sistance to zidovudine (6.6% vs. 40% for the matched patients;
P = 0.002) was observed in the group ofpatients infected with
subtypes Al/A2, C, Fl/F2, and CRF06; no significant differ­
ence was observed for the other NRTIs between this group of
patients and the matched HIV-1 subtype B-infected patients. It
was also observed that resistance to saquinavir, ritonavir, in­
dinavir, and amprenavir was more frequently a high-level re­
sistance for subtype B viruses and an intermediate-level resis­
tance for non-B viruses. This difference was only significant
for amprenavir (P = 0.03), however.

DISCUSSION
Drug resistance mutations in non-B subtypes of HIV-1

have been analyzed in previous studies.4- 8,11-14,ZQ-Z3 Few
studies compared resistance mutations developed in patients
infected with subtype B versus non-B HIV-1 variants. how­
ever. In this study, patients infected with non-B and B HIV-1
variants were matched for similar treatments. Between the 2
groups, on1y a difference in the median duration ofexposure to
lamivudine, nevirapine, efavirenz, and nelfinavir was ob­
served, but this difference had no impact on the prevalence of
mutations conferring spe.cific resistance to lamivudine
(M184V/I), NNRTIs, or nelfinavir (D30N and N88D). This
apparently paradoxic observation can be explained by the
rapid selection of the mutations conferring resistance to these
drugs.Z4-Z6 Patients in both groups were also similar for age;
disease stage; and c1inica1, immuno10gic, and virologie status;
they differed only in sex ratio. The higher proportion of
women in the group of patients infected with non-B HIV-1
subtypes can be explained by the fact that the subtype B-in­
fected patients acquired HIV-1 infection predominantly by ho­
mosexual contact in France, whereas patients infected with
non-B variants were predominantly heterosexuals. In this lat­
ter group, many individuals were from African origin or had an
epidemiologic link: with this continent, where non-B strains
predominate. We assume that this difference in sex ratio has no
influence on the development of the different drug resistance
mutations. Differences in adherence to treatment as weIl as
differences in pharmacologic determinants that could exist be­
tween the 2 groups of patients might have an impact on the
development of resistance mutations. These data were not
available, however, and could not be taken into account for the
sequence-matching process.

The major difference observed between B and non-B
strains for drug resistance mutations in the RT gene was a
lower prevalence of the M41 L and L21 OW mutations and, to a
lesser extent, the T215Y mutation in patients infected with
non-B HIV-1 strains, particularly in those infected with sub­
types A (Al, A2), C, F (FI, F2), and CRF06_cpx. A close
association between mutations M41L, L2IOW, and T215Y
and a mutual exclusion between mutations K70R and L21 OW

© 2004 Lippincott Williams & Wilkins



TABLE 2. Frequency of the Drug Resistance Mutations in Sequences Obtained From Patients Infected With non-B HIV-l
Variants and the Matched Sequences Obtained From Patients Infected With HIV-l Subtype B

HIV-l Subtype

Mutation Non-B B p

RT*

NRTIs

M41L

E44D/A

A62V

K65R

D67N

T69DINS/A

Insertion 69

K76R

L74V

V75TIUAMIS

F77L

YI15F
FI16Y

VI18I
Q151M

Ml84VII

L210W

T215YIF

K219QIE

NNRTIs

A98G

LIooI
KI01E

K163N

V 166AIM

VI08I

Y181CII

Y188CILIH

G190AlSIE

P225H
P236L

Proteaset
LIOUFNIR

K20RIMII
L24I

D36N

V32I

L33F
M361

M46UL
I47V

G48V

I56V

F53L
I54VITILIM

L63P

A71VIT

G73S

V77I

V82AITIFIS

184V

N88Dt
L96M

I93LIMIN

ON ~ 93.
tN ~ 83.
tThe N88S mutation was not observed.
Data are no. (%) sequences.
Major resistance mutations are indicated in bold.

29 (31.2) 45 (48.4) 0.02

10 (10.8) 12 (12.9) 0.82

2 (2.2) 2 (2.2) 1.0

3 (3.2) 0(0.0) 0.24

34 (36.6) 38 (40.9) 0.65

6 (6.5) 10 (10.8) 0.43

1 (1.1) 4 (4.3) 0.36

23 (24.7) 19 (20.4) 0.60

10 (10.8) 9 (9.7) 1.0

4 (4.3) 2 (2.2) 0.68

1 (1.1) 0(0.0) 1.0

0(0.0) 4 (4.3) 0.13

1 (1.1) 0(0.0) 1.0

13 (14.0) 23 (27.7) 0.09

1 (1.1) 0(0.0) 1.0

49 (52.7) 48 (51.6) 1.0

16(17.2) 32 (34.4) 0.01

37 (39.8) 50 (53.8) 0.08

25 (26.9) 16(17.2) 0.16

8 (8.6) 8 (8.6) 1.0

2 (2.2) 2 (2.2) 1.0

8 (8.6) 4 (4.3) 0.37

20 (21.5) 18(19.4) 0.85

4 (4.3) 1 (1.1) 0.36

1 (1.1) 4 (4.3) 0.36

16 (17.2) 13 (14.0) 0.69

1 (1.1) 2 (2.2) 1.0

17 (18.3) 15 (16.1) 0.85

2 (2.2) 1 (1.1) 1.0

0(0.0) 1 (1.1) 1.0

34 (41.0) 31 (37.3) 0.75

53 (63.9) 14 (16.9) 0.04

0(0.0) 0(0.0)

4 (4.8) 6 (7.2) 0.74

0(0.0) 1 (1.2) 1.0

2 (2.4) 3 (3.6) 1.0

71 (85.5) 22 (26.5) <0.0001

20 (24.1) 19 (22.9) 1.0

1 (1.2) 1 (1.2) 1.0

2 (2.4) 6 (7.2) 0.28

0(0.0) 1 (1.2) 1.0

5 (6.0) 1 (1.2) 0.21

19 (22.9) 16 (19.3) 0.70

33 (39.8) 57 (68.7) 0.0003

14 (16.9) 29 (34.9) 0.013

4 (4.8) 5 (6.0) 1.0

5 (6.0) 18(21.7) 0.007

16 (19.3) 18 (21.7) 0.85

9 (10.8) 13 (15.7) 0.49

3 (3.6) 5 (6.0) 0.72

18 (21.7) 23 (27.7) 0.23

14 (16.9) 18 (21.7) 0.55
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FIGURE 1. Prevalence of resistance levels of HIV-l isolates to nucleoside analogue reverse transcriptase inhibitors (A) and non­
nucleoside reverse transcriptase inhibitors and protease inhibitors (8), as interpreted by using the HIV db algorithm. H, high level
of resistance; l, intermediate level of resistance; L, low level of resistance. *P < 0.05.

have been previously reported.27 On the other hand, an exten­
sive polymorphism at codons not involved in drug resistance
has been identifiedin the RT geneofnon-B HIV-I variants.8

,23

Therefore, it can be hypothesized that the differences in the RT

334

amino acid sequences between HIV-1 subtypes resulting from
natural polymorphism could have a negative impact on the de­
velopment of the M4IL, L21OW, and T215Y mutational pat­
terns. Alternatively, the underrepresentation of M4lL and

© 2004 Lippincott Williams & Wilkins



/ Aequir Immune Defie Syndr • Volume 35, Number 4, April 1 2004 Drug Resistance in Non-B HIV-7 Group M Variants

pr"

L210W in patients infected with non-B subtypes could be ex­
plained by a preference for developing T215F rather than
T215Y in this group ofpatients. Our results do not validate this
hypothesis, however, because no difference was observed in
the prevalence of the T215F mutation between the 2 groups of
patients. Mutations M41L, L210W, and T215YIF are impor­
tant for resistance to NRTIs (nucleoside-associated mutations
[NAMs]), particularly for resistance to zidovudine.28 The
lower prevalence of these mutations in patients infected with
non-B subtypes of HIV-l seems to have a low impact on in­
terpreted resistance to NRTIs, however. Indeed, differences in
resistance to NRTIs observed between the groups of patients
infected with B or non-B HIV-1 subtypes were not significant.
A significant lower frequency ofhigh-1evel resistance to zido­
vudine was only observed in the group ofpatients infected with
subtypes A1/A2, C, F1/F2, and CRF06, characterized by a de­
creased prevalence of mutations M41L, L21OW, and T215Y.
The lack of difference in the prevalence of the other NAMs
such as D67N, K70R, and K219Q/E can explain the 1ack of
significant difference in the frequency ofresistance to zidovu­
dine (allleveis of resistance combined) between patients in­
fected with Band non-B HIV-1 strains.

Recently, it has been reported that patients infected with
subtype C develop the V106M mutation, which confers cross­
resistance to NNRTIs after treatment with efavire~9 or nevi­
rapine.30 In the present study, the V106M mutation was iden­
tified in 2 patients infected with non-B HIV-1 strains treated
with an efavirenz-containing regimen. One of these patients
was infected with a CRF02_AG strain, suggesting that the
V106M mutation can also be selected by subtypes/CRFs other
than C.

The higher prevalence of the protease mutations
K20R/MII and M361 and the lower prevalence of the protease
mutations L63P, A71 V, and V771 in treatment-naive patients
infected with non-B strains have been previously re­
ported.7.8.23.31-33 Therefore, the differences in the prevalence
of the mutations in the protease gene observed in the present
study between patients infected with Band non-B HIV-1
strains probably result from the natura! polymorphism of the
protease gene and not from the selection ofthese mutations by
antiretroviral therapy. The different prevalences of these mi­
nor resistance mutations to PIs, main1y as a result of natural
polymorphism in non-B HIV-1 strains, seems to have a low
impact on genotype-based resistance interpretation. Indeed, no
difference was observed in the frequency ofresistance (alllev­
els of resistance combined) to PIs between patients infected
with Bor non-B HIV-1 viruses, whereas differences in the lev­
els of resistance to PIs were only significant for amprenavir.
On the other hand, patients infected with B or non-B HIV-1
viruses showed no difference in the prevalence of the major
resistance mutations to PIs. This finding suggests that the de­
velopment of the major resistance mutations to PIs during the
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course oftherapy is similarbetween patients infected with B or
non-B HIV-1 variants.

At codon 88 of the protease gene, N88S and N88D mu­
tations have different phenotypic effects.34 In a study compar­
ing the resistance mutation patterns in patients infected with
HIV-1 subtype B or CRFO LAE, it has been reported that the
N88D mutation was found exclusively in patients infected
with subtype B, whereas mutation N88S was more frequently
identified in patients infected with CRFOLAE.35 In the pres­
ent study, the N88D mutation was rarely observed in patients
infected with subtype B (5 patients) and non-B subtypes (1
subtype D, 2 subtype G), and the mutation N88S was not iden­
tified.

Our results show that the genetic diversity ofHIV-1 has
a minor influence on drug resistance levels determined by se­
quence interpretation. Resistance interpretation depends on
the algorithm used, however. In the present study, resistance
interpretation was based on a widely used algorithm, but it can­
not be excluded that the differences between patients infected
with subtype B and non-B variants wou1d have been more sig­
nificant if an alternative algorithm had been used.36 On the
other hand, the currently available algorithms are essentially
based on data obtained with HIV-1 subtype B, and their rel­
evance for interpreting sequences obtained from non-B sub­
types remains to be confirmed.

Differences in naturally occurring or drug-selected re­
sistance mutations can exist between the different non-B
subtypes/CRFs. Sample sizes of the different non-B variants
identified in the present study were too small to be individually
analyzed, however; additional studies conducted in countries
where these non-B subtypes/CRFs are highly prevalent could
find additional differences and identify novel mutations asso­
ciated with resistance.

Our results suggest that the genetic diversity within
HIV-1 group M probably does not play a major role in the
development ofresistance to antiviral drugs. Resistance to an­
tiretroviral drugs was not higher in patients infected with
non-B viruses; to the contrary, a tendency to a lower level of
resistance ta zidovudine and PIs was observed in patients in­
fected with non-B HIV-1 variants. Consequently, the efficacy
of antiretroviral therapy should not be impaired in countries
where non-B HIV-1 strains are highly prevalent.
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