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Abstract

We studied drug resistance mutations (DRMs) in 2623 pol sequences. Out of 94,828 amino acid substitutions that
were detected, 8749 corresponded to nucleoside reverse transcriptase inhibitor (NRTI), 3765 to nonnucleoside
reverse transcriptase inhibitor (NNRTI), and 7141 to protease inhibitor (PI) resistance-associated mutations. The
most common DRMs were L10I, 154V, L90M, V82A, A71V, L10V, M46l, M184V, M41L, T215Y, D67N, L210W,
K70R, N348I, V118I, K103N, Y181C, G190A, K101E, V108I, L100I, V90IL, K101Q, and A98G. As expected, DRMs
frequencies depended on viral genotype. The amounts of NRTI and PI resistance mutations among B and BF
sequences from children were higher than among sequences from adults. The frequencies of PI and NRTI
resistance mutations among B and BF sequences from adult men were higher than among sequences from
women. Some of these observations can be explained in light of the available epidemiological information, but
some cannot, indicating that further studies are needed to understand the antiretroviral resistance epidemics in

Argentina.

NTIRETROVIRAL DRUGS ARE THE only available treatment
for preventing the development of acquired immuno-
deficiency syndrome (AIDS) in persons living with human
immunodeficiency virus (HIV). Based on its mechanism of
action, these drugs are classified as protease inhibitors (PI),
nucleoside and nonnucleoside reverse transcriptase inhibitors
(NRTT and NNRTI, respectively), CCR5 inhibitors, and in-
tegrase inhibitors. Integrase and CCR5 inhibitors are rela-
tively recent compared to PIs, NNRTIs, and NRTIs, which
have been used for many years, first in single-drug treatments
and later combined in what is called highly active anti-
retroviral therapy or HAART. The short generation times and
lack of proofreading activity of reverse transcriptase make
HIV highly plastic upon selective pressures. As a conse-
quence, virus mutation can drive the emergence of anti-
retroviral-resistant viruses. The genetic basis of most of the
resistance mechanisms are already known and therefore it is
possible to monitor the resistance profile of a strain by means
of sequence analysis.'
Argentina is a developing country with 88,000 to 140,000
persons living with HIV.? Starting with AZT in 1987, anti-
retroviral drugs have been extensively used in Argentina.

Herein, sequence data collected at the National Reference
Center for AIDS (CNRS, Argentina) through a period of 7
years (2001 to 2007), corresponding to patients with virologic
failure, were screened in search for antiretroviral resistance
mutations. The sequences (1=2623) studied here encompass
codons 1 to 99 of the viral protease and 1 to 400 of the viral
reverse transcriptase. The dataset included 2016 sequences
newly reported in this article (GenBank accession numbers
JN669427-JN671442), 577 sequences previously published by
Gomez-Carrillo et al® (GenBank accession numbers
AY365480.1-AY365987.1 and AY365990.1-AY366058.1), and
30 sequences from Vignoles et al.* (GenBank accession num-
bers DQ995522.1-DQ995533.1, DQ995535.1-DQ995550.1,
DQ995587.1, and DQ995588.1). Out of 2376 patients for whom
we had gender data, 767 were female and 1609 were male.
Data on patient age were available for 2445 of the sequences;
of these, 671 sequences corresponded to infants and children
(patients under 18 years old). Genotyping and recombination
analyses were performed by bootscanning.” Only boot-
scanning profiles supported by bootstrap values above 70
were considered in the analyses of genotype-related issues.
The presence of resistance mutations and the corresponding

!Divisién de Biologia Molecular, Estacién de Fotobiologia Playa Unién, Playa Unién, Chubut, Argentina.
2Centro Nacional de Referencia para el SIDA, Departamento de Microbiologia, Facultad de Medicina, Universidad de Buenos Aires,

Buenos Aires, Argentina.

949



950
PI NRTI NNRTI
L101 M184v ]
154V MaA1L KI0SH
LIOM T215Y Y181C
V82A D67N G190A
ATV L210W K101E ]
L10V K70R
M4l N348| viosl [
461 V118l L1001 [J
1745 L74V
AT1T Te13E vool [J
s K219Q K101Q [0
D30N EHR A98G [
L24] - ]
T R 1005
N88D P B :
Fe3L e viosi [
Qs8E L TEN vigicy [1
76V O V116N viosiv ]
a8 N348IN vissL []
L9OLM L e G190AG [
ay D67DN P225H [
A71AV. 0 iy k238T ||
\L’gé\Tr, 1 K70KR ELY
G48Vv [ Kﬁggsﬁ K103R
VB\ZJ’Q\;F Lig'%l1L\9fR V179D
L33FL D67G K101KQ
A71AT V75T P225HP
Lo M1y kio1p
i gl e
4 K1035
T745T T69
154L L21 UFI V106A
0 300 700 0 600 0 400
FIG. 1. Frequencies of protease inhibitor (PI), nucleoside
reverse transcriptase inhibitor (NRTI), and nonnucleoside

reverse transcriptase inhibitor (NNRTI) resistance mutations
among 2623 pol sequences from Argentina.

resistance scores were obtained by the Stanford algorithm.®
All the statistic analyses were performed with the R Statistical
Package.”

A total of 94,828 amino acid substitutions were detected. Of
these, 8749 corresponded to NRTI, 3765 to NNRTI, and 7141
to PI resistance-associated mutations. The most frequent PI
resistance mutations were L10I (707 sequences), 154V (597
sequences), L90M (573 sequences), V82A (527 sequences),
A71V (509 sequences), L10V (362 sequences), and M46I (336
sequences). The most frequent NRTI resistance mutations
were M184V (1118 sequences), M41L (823 sequences), T215Y
(817 sequences), D67N (638 sequences), L210W (417 se-
quences), K70R (411 sequences), N348I (367 sequences), and
V1181 (352 sequences). The most frequent NNRTI resistance
mutations were K103N (764 sequences), Y181C (389 se-
quences), G190A (382 sequences), K101E (157 sequences),
V108I (133 sequences), L100I (130 sequences), VO0I (114 se-
quences), K101Q (90 sequences), and A98G (89 sequences).
These data are summarized in Fig. 1.

Drug resistance mutation (DRM) frequencies varied de-
pending on viral genotype. As expected, most sequences were
subtype B or BF recombinants. There were 1148 subtype B, 4
subtype A, 5 subtype C, and 11 subtype F sequences. Eight
hundred and eighty-one sequences were BF recombinants,
and 574 sequences presented an unsupported (bootstrap <70)
bootscanning profile and thus their genotype was recorded as
undetermined. Protease inhibitor resistance mutations A71V,
M4e6l, A71T, 184V, G73S, K43T, L10F, V321, 147V, L89V, and
I54M were most frequent among subtype B sequences,
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TABLE 1. DISTRIBUTION OF PROTEASE INHIBITOR
RESISTANCE MUTATIONS AMONG SUBTYPE B
AND BF RECOMBINANT SEQUENCES

Mutation  Global*  Subtype B®  BF recombinants®  p-value

L101 26.95 27.26 26.90 0.9
154V 22.76 18.38 24.52 9E-4
L9OM 21.85 2.79 19.86 5E-3
V82A 20.09 17.07 21.34 0.01
A71V 19.41 24.39 16.35 1E-5
L1ov 13.80 8.01 19.64 2E-14
M46l 12.81 17.25 6.47 6E-13
M46L 7.09 7.32 5.68 0.17
T74S 6.56 2.70 9.99 8E-12
A71T 6.29 8.54 3.52 6E-6
184V 591 8.89 2.72 2E-8
L33F 5.72 6.79 4.99 0.11
D30N 5.18 5.05 5.56 0.68
L241 4.96 4.44 4.54 0.99
G735 4.65 6.45 2.61 9E-5
F53L 4.46 0.61 4.09 0.93
N88D 4.46 4.09 4.54 0.7
K43T 4.42 5.57 2.72 2E-3
Q58E 3.74 4.18 2.38 0.03
L76V 3.05 3.31 1.70 0.03
L10F 2.55 497 0.00 4E-11
V321 2.55 4.44 1.02 1E-5
147v 2.48 3.48 1.48 7E-3
L90LM 248 2.79 227 0.56
L10IL 2.29 2.53 2.16 0.69
A71AV 2.06 1.48 2.50 0.14
G48V 1.79 1.66 1.82 0.92
L89V 1.79 2.70 0.68 1E-3
V82T 1.79 1.57 2.38 0.24
V82AV 1.56 0.96 1.25 0.68
V82F 1.41 1.74 1.25 0.47
A71AT 1.33 1.57 1.25 0.68
L33FL 1.33 1.13 2.04 0.14
154M 1.26 2.26 0.45 1E-3
L101v 1.26 0.96 1.02 0.99
L10LV 1.26 0.52 1.59 0.02
M46IM 1.22 1.39 1.02 0.58
1541 1.18 1.83 0.57 0.02
T74ST 1.18 0.96 1.59 0.28
1541V 1.14 0.78 1.36 0.29
L33I 1.14 1.39 0.00 0.01

“Proportion (%) of sequences displaying the mutation among all
the studied sequences (1n=2623).

PPercentage of sequences displaying the mutation among subtype
B (1=1148) or BF (n=881) sequences. Only sequences with confident
subtype/CRF assignment were included.

“Pearson’s chi-squared test with Yate’s continuity correction (HO:
pl=p2). p-values were adjusted for false discovery rates using the
Benjamini-Hochberg method. Significant values (p<0.01) are in
bold.

whereas mutations 154V, L90M, L10V, and T74S prevailed
among BF sequences (Table 1). NRTI resistance mutation
L210F was the most frequent DRM among BF sequences,
whereas M41L, T215Y, D67N, L210W, V118I, E44D, G333E,
A62V, K219N, and K219R were present in higher proportions
among B sequences (Table 2). NNRTI resistance mutation
K103R was more frequent in B than in BF sequences (Table 3).

The majority of sequences harbored multiple DRMs (Table
4). In adults, the most frequent number of NRTI resistance
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TABLE 3. DISTRIBUTION OF NONNUCLEOSIDE REVERSE
TRANSCRIPTASE INHIBITOR RESISTANCE MUTATIONS AMONG
SuBTYPE B AND BF RECOMBINANT SEQUENCES

Mutation ~ Global®  Subtype B®  BF recombinant® p-value® Mutation — Global®  Subtype B°  BF recombinant®  p-value
M184V 45.29 47.65 4291 0.03 K103N 29.02 30.92 27.24 0.07
M41L 31.38 35.89 26.22 4E-6 Y181C 14.77 15.94 13.05 0.07
T215Y 31.15 34.49 27.24 5E-4 G190A 14.51 13.85 14.42 0.77
D67N 24.32 27.00 21.91 9E-3 K101E 5.96 6.18 6.02 0.95
L210W 15.90 23.00 6.92 <1E-16  V108I 5.05 6.45 3.97 0.01
K70R 15.67 15.42 16.35 0.61 L1001 4.94 4.53 5.56 0.34
N348I 13.99 12.89 15.32 0.13 Vool 4.33 3.83 4.31 0.67
V118I 13.42 15.51 9.65 1E-4 K101Q 3.42 4.18 2.04 0.01
L74V 10.56 11.24 9.88 0.36 A98G 3.38 3.75 3.06 0.48
T215F 9.49 10.02 9.19 0.58 K103KN 3.08 2.87 3.06 0.90
K219E 8.20 8.10 7.72 0.82 G190S 2.89 2.44 3.52 0.19
K219Q 8.12 7.75 9.53 0.18 V106l 2.73 2.44 2.61 0.92
E44D 5.99 7.84 2.72 1E-6 V1081V 2.66 3.05 2.38 0.44
G333E 5.64 8.19 3.18 4E-6 Y181CY 2.66 2.70 2.72 0.99
T69D 4.61 4.79 3.86 0.36 G190AG 2.58 2.96 2.61 0.73
A62V 3.81 5.49 2.61 2E-3 Y188L 2.58 2.70 2.16 0.52
Q151M 3.66 4.79 2.95 0.04 P225H 2.35 3.05 2.04 0.21
Y115F 3.16 3.66 3.06 0.54 K238T 1.97 2.00 1.93 0.99
T69N 3.09 2.79 3.18 0.7 Voorv 1.82 1.74 2.38 0.39
V751 3.01 3.66 2.72 0.25 K103R 1.60 2.26 0.68 7E-3
V1181V 2.90 3.14 2.50 0.47 V179D 1.52 1.92 091 0.09
M41LM 2.82 2.79 3.06 0.81 K101KQ 1.44 2.09 0.68 0.01
N348IN 2.82 2.26 2.50 0.85 P225HP 1.33 1.66 091 0.21
V75M 2.63 2.87 1.59 0.07 K101P 1.29 0.87 1.59 0.20
D67DN 2.59 3.14 1.70 0.05 V10e6IV 1.25 0.78 1.14 0.56
F116Y 2.52 3.48 1.59 0.01 K103S 1.22 1.05 1.25 0.83
L741 2.52 2.61 2.50 0.98 V106A 1.18 0.78 1.36 0.29
K219N 2.21 3.31 091 5E-4 F227L 1.14 1.05 1.14 0.99
K70KR 2.21 2.61 227 0.73
K219R 2.06 2.61 0.68 1E-3 “Proportion (%) of sequences displaying the mutation among all
K65R 2.06 2.87 1.25 0.01 the studied sequences (1=2623). Only mutations detected in more
D67G 1.72 1.92 1.14 0.22 th%n 30 sequences are reportgd. . .
L74LV 172 2.09 1.59 0.51 Percentage of sequences displaying the mutation among subtype
B (n=1148) or BF recombinant (1n=_881) sequences. Only sequences
MI184MV Led 174 1.48 0.77 with confident subtype/CRF assignment were included.
V75T 1.64 1.66 1.82 0.92 “Pearson’s chi-squared test with Yate’s continuity correction (HO:
F77L 1.56 244 1.14 0.04 pl=p2). p-values were adjusted for false discovery rates using the
L210LW 1.41 2.09 0.68 0.01 Benjamini-Hochberg method. Significant values (p<0.01) are in
E44DE 1.33 1.22 1.14 0.99 bold.
T69i 1.30 1.39 1.59 0.86
L210F 1.26 0.70 2.16 8E-3
T6ONT 1.14 1.05 091 0.93

“Proportion (%) of sequences displaying the mutation among all
the studied sequences (1=2623). Only mutations detected in more
than 30 sequences are reported.

PPercentage of sequences displaying the mutation among subtype
B (1=1148) or BF (n=881) sequences. Only sequences with confident
subtype/CRF assignment were included.

“Pearson’s chi-squared test with Yate’s continuity correction (HO:
pl=p2). p-values were adjusted for false discovery rates using the
Benjamini-Hochberg method. Significant values (p<0.01) are in
bold.

mutations was 1, whereas the most frequent numbers of such
mutations in children were 3 in the case of subtype B se-
quences from females and 5 in the rest of the sequences. In
subtype B sequences from males, the most frequent number of
PI resistance mutations was 4, whereas strains from adult and
child females usually presented 2 and 3 such mutations, re-
spectively. BF recombinant sequences usually harbored 2 PI
resistance mutations, with the exception of BF sequences from
children, which generally displayed 3 such mutations. The

most frequent number of NNRTI resistance mutations per
sequence was 2, regardless of viral genotype, patient age, or
gender.

Sequences from men displayed higher predicted resistance
to many PIs and NRTIs than sequences from women. Given
that the amounts of DRMs were odd among B and BF se-
quences (Tables 1, 2, and 3), and that these genotypes were
heterogeneously distributed among genders (p <2E-16), the
frequencies of DRMs among virus from men and women
were grouped based on the corresponding viral genotype.
Subtype B strains from adult, male patients were more resis-
tant to PIs ATVr, DRVr, FPVr, IDVr, LPVr, SQVr, and TPVr
than strains from women (Table 5). Subtype B sequences from
adult women usually displayed higher predicted resistance to
NNRTIs than sequences from adult men, but only the differ-
ence observed for NVP was statistically significant (Table 5).
Recombinant (BF) strains from men were more resistant to PIs
ATVr, DRVr, FPVr, IDVr, LPVr, NFV, SQVr, TPVr, and
NRTIs ABC, AZT, D4T, DDI, and TDF than sequences from
women (Table 6). There were no significant differences in the
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TABLE 4. NUMBER OF DRUG RESISTANCE MUTATIONS PER SEQUENCE] ACCORDING TO GENDER,
ANTIRETROVIRAL TYPE, AGE, AND SEQUENCE GENOTYPE>

Number of resistance mutations

ARV Genotype Gender Age 1 2 3 4 5 6 7 8 9 10 11
NRTI B Male Adult 74 72 67 63 73 46 48 30 19 10 6
Children 11 9 15 14 20 18 12 8 5 2 —
Female Adult 26 21 19 15 23 8 10 3 1 2 1
Children 2 4 6 5 3 3 2 3 2 — —
BF Male Adult 46 44 45 39 38 26 15 10 4 2 —
Children 8 10 11 6 13 10 5 5 5 2 2
Female Adult 38 31 24 29 11 13 4 2 1 — —
Children 9 6 6 7 11 4 6 5 2 — —
PI B Male Adult 31 56 50 58 52 16 10 — — — —
Children 10 8 15 19 9 8 4 1 — — —
Female Adult 11 16 10 10 5 2 2 — — — —
Children 6 3 8 3 — — — — — — —
BF Male Adult 34 37 31 26 17 7 1 — — —
Children 9 16 16 11 10 4 2 — — —
Female Adult 16 17 21 5 8 4 — — — — —
Children 8 10 14 6 3 3 1 — — — —
NNRTI B Male Adult 107 148 80 34 12 2 — — — — —
Children 29 30 17 9 2 3 — — — — —
Female Adult 27 42 34 6 4 1 — — — — —
Children 6 8 6 2 — — — — — — —
BF Male Adult 62 86 50 19 2 1 1 — — — —
Children 14 18 15 7 1 — — — — — —
Female Adult 39 54 31 7 2 1 — — — — —
Children 10 19 13 4 1 — — — — — —

"Modal values are bolded.

2Only bootscanning profiles supported by values above 70 were used.

levels of resistance, regarding gender, among sequences from
children (not shown).

Discussion

The patterns and frequencies of the DRMs described (Fig. 1)
are consistent with present treatment strategies. The World
Health Organization (WHO) recommends AZT or TDF plus
3TC together with EFV or NVP as a first-line antiretroviral
regimen.” The highly frequent M184V substitution is the first
mutation that appears under 3TC or 3TC-containing regimens,
resulting in complete resistance to 3TC. Mutations M41L, T215Y,
D67N, L210W, and K70R are selected by thymidine analogs
such as AZT, which has been heavily used in our country. These
mutations belong to a group of substitutions known as thymi-
dine analog mutations or TAMs, which decrease susceptibility
to almost all nucleoside and nucleotide analogs. Furthermore,
N348I and V118I are accessory mutations that, in combination
with TAMs, also reduce susceptibility to most NRTIs.?

Analogously, K103N and Y181C are the mutations most
frequently selected by EFV and NVP, respectively. K103N
confers high resistance to all first-generation NNRTIs.” K103N
has the potential to persist for years,10 and both K103N and
Y181C have been shown to be present as minor variants prior
to antiretroviral treatment and are correlated with the risk of
virologic failure.’ Furthermore, these two mutations, together
with G190A, are known to be common in transmitted drug
resistance.'’ The WHO also recommends the inclusion of PIs in
second-line regimensz. DRMs L10I, 154V, A71V, and M46l are

known to accumulate during failure of therapy with most PIs,
causing gradual increases of resistance levels.'” Mutation LOOM
confers resistance to several Pis,® whereas V82A is selected
by ritonavir and produces failure of therapy with most PIs.®
Mutation L10V and other mutations at position 10 compensate
for the loss of fitness associated with the major PI resistance
mutations.® Interestingly, this mutation has been observed in
antiretroviral-naive patients in three independent studies,'*"°
which, together with the data described here, suggests that
transmitted drug resistance could be important in our country.

Viral genotype was a good predictor of the frequencies of
different DRMs (Tables 1, 2, and 3). These are not unexpected
results, as it has been shown that non-B HIV-1 subtypes can
present resistance profiles that differ from those observed in
subtype B viruses, a fact that is attributed to differences in the
number of mutations needed by viruses with different genetic
backgrounds to achieve resistance (the so-called genetic bar-
rier), which differs among viral subtypes.'®!” The high fre-
quency of mutation T74S is unexpected and interesting, as it is
rare among non-C subtype viruses.® This mutation was par-
ticularly frequent among the BF sequences studied here (Table
1), suggesting that recombination could drive the emergence
of otherwise rare resistance mutations.

The presence of multiple DRMs was fairly common among
the sequences studied here (Table 4). This condition is related
basically to two facts: first, high level resistance and resistance
to multiple antiretrovirals necessitate the accumulation of
multiple amino acid substitutions; second, as most resis-
tance mutations impair viral replication, the emergence of
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compensatory mutations that attenuate fitness loss usually
follows the appearance of primary mutations. One of most
remarkable features of our dataset was the unequal distribu-
tion of NRTI resistance mutations among adult and children,
a situation that was also observed, though to a lesser extent,
for PI resistance mutations (Table 4). A factor that could be
responsible for this situation is vertical transmission, which
results in the presence of primary resistance mutations to
which more mutations may be readily added during subop-
timal antiretroviral treatment. Another one is adherence,
which is related to virological response and thus is crucial for
the development of antiretroviral resistance. This is specially
challenging in infants and children because adherence is fre-
quently jeopardized by factors such as psychological issues,
lack of pediatric formulations, poor palatability, high pill
burden or liquid volume, frequent dosing requirements, and
side effects. Thus, we think that PI and NRTI resistance mu-
tations could have more opportunities to accumulate in chil-
dren than in adults due to adherence issues. This is consistent
with the fact that the number of NNRTI resistance mutations
was similar among adult and children, as there is a genetic
barrier of one or two mutations to NNRTI resistance, and thus
the accumulation of further mutations would have minimal or
no effect on antiretroviral resistance.®

In general, sequences from men and women displayed dif-
ferent amounts of DRMs (Tables 5 and 6). In the case of NVP
resistance ones, which were more prevalent among subtype B
strains from adult women, a very plausible explanation is the
use of this antiretroviral for preventing mother-to-child trans-
mission. A single mutation can confer resistance to NVP. Fur-
thermore, it has a long half-life, and drug levels persist for
weeks after women receive single-dose NVP, a situation that
constitutes the ideal scenario for the emergence of resistant viral
variants. That is why this antiretroviral readily selects for
NNRTT resistance in postpartum women and infants where
transmission does occur. Thus, our results reinforce the idea
that in order to decrease the incidence of NVP resistance,
combinations and longer antiretroviral prophylaxis regimens
should be preferred to single-dose NVP ones.'® Also, these
observations support current guidelines recommending PI-
based, non-NVP-containing regimens for infants who do be-
come infected despite single-dose NVP or extended NVP pro-
phylaxis."” The fact that only subtype B sequences displayed
statistically significant differences regarding the degree of NVP
resistance in women compared to men points out that differ-
ences in the viral genetic background could be important when
deciding which are the better treatment options.

The degrees of resistance to many PIs and NRTIs were
higher among strains from men than among strains from
women (Tables 5 and 6). Although we did not expect to ob-
serve such marked differences among sequences from men
and women, this is not the first time that this situation has
been observed, as a previous investigation performed in
Puerto Rico also showed that the average number of resis-
tance mutations was higher among viruses from men than
among viruses from women.”® So far, some investigations
have shown that gender could influence biological issues such
as the characteristics of transmitted virus population,*** the
levels of HIV RNA,*2° and HIV-specific CD8" T cell re-
sponse.26 Nevertheless, these and other similar reports have
led to intense debates without reaching a consensus on whe-
ther gender can determine the characteristics of HIV infection.

JONES ET AL.

Although we do not completely discard this last possibility,
we think that lurking epidemiological variables could better
explain the differences in the number of PI and NRTT resistance
mutations observed among viruses from men and women. For
example, previous studies have shown that in Argentina, the
incidence of HIV-1 genotypes varies among vulnerable groups
such as drug users, sex workers, men who have sex with men,
and heterosexuals,”*® suggesting that viral populations cir-
culating in Argentina are structured. Also, it is known that men
are less adherent to treatment than women, which, as men-
tioned above, favors the nonsuppressive conditions that allow
the emergence of resistant variants. Regardless of the preferred
explanation for the gender-related differences observed here,
our results indicate that there is a strong need for further epi-
demiological studies to understand the antiretroviral resistance
epidemics in Argentina. Ideally, these studies must integrate
large amounts of sequence data together with risk groups and
demographic and clinical information.
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