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Abstract
The goal of this work was to compare the differences between human immunodeficiency virus type
1 (HIV-1) of B and F1 subtypes in the acquisition of major and minor protease inhibitor (PI)-
associated resistance mutations and of other polymorphisms at the protease (PR) gene, through a
cross sectional study. PR sequences from subtypes B and F1 isolates matched according to PI
exposure time from Brazilian patients were included in this study. Sequences were separated in four
groups: 24 and 90 from children and 141 and 99 from adults infected with isolates of subtypes F1
and B, respectively. For comparison, 211 subtype B and 79 subtype F1 PR sequences from drug-
naïve individuals were included. Demographic and clinical data were similar among B- and F1-
infected patients. In untreated patients, mutations L10V, K20R, and M36I were more frequent in
subtype F1, while L63P, A71T, and V77I were more prevalent in subtype B. In treated patients,
K20M, D30N, G73S, I84V, and L90M, were more prevalent in subtype B, and K20T and N88S were
more prevalent in subtype F1. A higher proportion of subtype F1 than of subtype B strains containing
other polymorphisms was observed. V82L mutation was present with increased frequency in isolates
from children compared to isolates from adults infected with both subtypes. We could observe a
faster resistance emergence in children than in adults, during treatment with protease inhibitors. This
data provided evidence that, although rates of overall drug resistance do not differ between subtypes
B and F1, the former accumulates resistance at higher proportion in specific amino acid positions of
protease when compared to the latter.
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1. Introduction
The genetic diversity of human immunodeficiency virus type 1 (HIV-1) allows its classification
in several groups, subtypes, subsubtypes and circulating recombinant forms (CRF) (Robertson
et al., 2000). To date, 9 known subtypes and at least 40 CRF are heterogeneously distributed
around the world. While subtype B predominates in developed countries of Western Europe
and in the U.S., other (non-B) subtypes or CRF account for the majority of infectious in the
developing world (Hemelaar et al., 2006). The HIV-1 epidemic in Brazil is complex, even
when compared to other South American countries, and is caused primarily by subtype B
(approximately 70% of HIV infections). Appreciable numbers of HIV-1 infectious caused by
clades F1 and B/F1 recombinants (approximately 10% each), and clades C and B/C
recombinants (6% each) have been reported (Vicente et al., 2000; Brindeiro et al., 2003; E.A.
Soares et al., 2003; M.A. Soares et al., 2003; Soares et al., 2005; Thomson et al., 2004;
Rodrigues et al., 2005a,b; Sanabani et al., 2006; Santos et al., 2006; Lacerda et al., 2007). These
different subtypes have been circulating among the same risk groups, but their prevalence may
differ significantly across geographical regions, what account, in part, for the differences in
estimates found in different studies. In the south region of Brazil, for example, the prevalence
of subtype B equals that of subtype C (E.A. Soares et al., 2003; M.A. Soares et al., 2003; Soares
et al., 2005). Recent studies suggest a discontinuous introduction of these different subtypes
in the country. The onset of the HIV-1 subtype B Brazilian epidemic was estimated between
mid 1960s and early 1970s, while the subtype F1 and C epidemics appears to date back to early
1980s and early 1990s, respectively (Salemi et al., 2005; Bello et al., 2006, 2007; Santos et al.,
2007). Subtype F, the second most prevalent subtype in most part of Brazil, has also been
reported in other countries like Argentina, Chile, Cameroon, France, Romania and Belgium
(Apetrei et al., 1998; Masciotra et al., 2000; Hierholzer et al., 2002; Hemelaar et al., 2006;
Rios et al., 2007).

An increasing body of experimental evidence suggested that different HIV-1 subtypes might
exhibit disparate biological behaviors, and might respond differently to diagnostic,
immunologic and therapeutic interventions (Jeeninga et al., 2000; Gonzalez et al., 2003;
Renjifo et al., 2004). With respect to HIV antiretroviral (ARV) treatment, recent studies
identified subtype-specific differences in viral susceptibility to specific drugs (Brenner et al.,
2003; Carmona et al., 2005) and in signature mutations selected by treatment (Dumans et al.,
2004; Gonzalez et al., 2004; Abecassis et al., 2005). An important question in this scenario is
whether HIV-1 subtypes differ in the rate of fixation of mutations conferring drug resistance
in individuals under ARV therapy, a point recently addressed in few reports (Carobene et al.,
2004; Grossman et al., 2004; Montes et al., 2004; Soares et al., 2007). As Brazil exhibits a
heterogeneous HIV-1 subtype distribution and a history of universal and free access to ARV
therapy since 1996 (Teixeira et al., 2004), it represents an appropriate setting for retrospectively
analyzing the rate of fixation of mutations conferring drug resistance under specific ARV class
exposure, in different subtypes.

The main goal of this work was to compare the differences between B and F1 subtypes in
patterns and time of acquisition of PI-related resistance mutations through a cross sectional
study.
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2. Materials and methods
2.1. Patient samples

This study was conducted on subtypes B and F1 HIV-1-infected and drug-experienced
Brazilian patients with virological failure (detectable viral load after at least 3 months of PI
treatment) and for whom treatment history and sequences of the protease genes were available.
Initially, 24 and 90 children and 141 and 99 adults infected with isolates of subtypes F1 and
B, respectively, were enrolled. Sequences from those individuals were isolated between 1998
and 2005. For comparison, 211 and 79 PR sequences isolated between 1989 and 2005 from
drug-naïve Brazilian individuals infected with isolates of subtypes B and F1, respectively, were
included. All HIV-1 subtype classification in this study refers solely to the PR region. Some
nucleotide sequences used in the analyses were previously determined experimentally and had
their subtype assigned by our group and others (Vicente et al., 2000; Caride et al., 2001;
Brindeiro et al., 2002, 2003; E.A. Soares et al., 2003; M.A. Soares et al., 2003; Soares et al.,
2005, 2007; Dumans et al., 2004; Machado et al., 2004; Pires et al., 2004; Thomson et al.,
2004; Rodrigues et al., 2005a,b), whereas others were newly determined. New sequences were
additionally determined and had their subtype assignment and absence of contamination
assured by phylogenetic and bootscanning analyses as described previously (Soares et al.,
2007). In both cases sequences were obtained after viral RNA extraction from plasma, RT-
PCR and population sequencing (Soares et al., 2007). In case a mixture of nucleotides at a
given position was observed (more than one peak in the sequence chromatogram), the
predominant sequence in the virus quasispecies was kept. Irrespective of the subtype
assignment in RT, PR all sequences were confirmed by phylogenetic and bootscanning
analyses, and only pure (non-recombinant) subtype B and F1 PR sequences were kept for
further analyses. Current exposure to ARV therapy at the time of sampling as well as previous
treatment history were assessed through revision of the data at the Stanford University HIV
Drug Resistance Database (http://hivdb.stanford.edu/; Rhee et al., 2003), from the respective
previous studies mentioned above or directly from the medical records. For the report of RTV
usage, that always referred to its use as a separate PI drug, either used as a single PI or in
combination with other PI, but not as a boost to other PI. The only exception was in the case
of LPV usage, as RTV was always present as a boost. Demographic data, CD4+ T-cell counts
and plasma HIV viral load were also taken into account whenever possible. This study was
approved by all Internal Review Boards from the centers involved.

2.2. Sequence analyses
To compare populations of patients infected with B and F1 HIV-1 variants, PR sequences
obtained from both groups were matched by average exposure time to PI by excluding
sequences with extreme values. After matching, demographic and clinical data from patients
such as age, gender, time of HIV diagnosis, CD4 T-cell counts, HIV viral load, CDC immune
staging, exposure times to individual PI as well as their usage frequency, the proportion of
patients subjected to mono and/or dual therapy prior to highly active antiretroviral therapy
(HAART), and the proportion of patients subjected to one or more HAART regimens were
compiled to assure they did not vary between both groups. Finally, sequences were further
grouped according to time in 12-month periods of PI exposure. Cumulative curves of
proportions of mutant viruses over PI exposure time were plotted for each subtype. At each
time point, the average number of mutations per mutant genome was also compared for both
subtypes. Exposure times to individual PI were also compiled for each subtype group for
evaluating differences with respect to specific drugs.

We have also compared the differences in patterns and time of acquisition of PI resistance
mutations between subtype B strains isolated from children and adults matched according to
individual PI exposure times or to the PI ARV class, taking into account the proportion of
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patients subjected to mono and/or dual therapy prior to HAART and the proportion of patients
subjected to one or more HAART regimens in both groups.

We considered mutations previously reported to be associated with PI resistance according to
the International AIDS Society-USA consensus (Johnson et al., 2007) for each PI used.
Mutations D30N (NFV), V32I (LPV), M46I/L (IDV/RTV), I47V/A (LPV/RTV), G48V
(SQV), I50L/V (APV), V82A/F/T/S (LPV/IDV/RTV), I84V (APV/IDV/RTV) and L90M
(SQV/NFV) were considered as major resistance mutations and were analyzed separately for
each PI as well as quantitatively all together. Mutations L10F/I/R/V, K20M/R, L24I, L33F,
M36I, F53L, I54V/L/A/M/T/S, L63P, A71V/T, G73C/S/T/A, V77I and N88D/S were
considered as minor resistance mutations and were also analyzed separately and together as a
group. In the quantitative analysis, L63P and M36I were not counted as minor mutations for
subtypes B and F1, respectively, as they represent frequent polymorphisms found in those
respective subtypes. All other amino acid differences between Brazilian subtypes B or F1 and
the world B consensus (Los Alamos), including those in minor or major positions, were
considered as other polymorphisms and were analyzed as a group. The exceptions were the
signature positions 15, 35, 36, 41, 57, 61, 63 and 89 that were excluded from this quantitative
analysis. Other polymorphisms at minor or major resistance positions were also analyzed
individually. Identification of the cited mutations in PR genes was carried out following
electronic submission to the Stanford database (Rhee et al., 2003).

2.3. Statistical analyses
Statistical analyses were performed with one-tailed Fisher's exact test for categorical variables
and with one- and two-tailed Student t-test and two-tailed Mann–Whitney U-test for continuous
variables as appropriate; p < 0.05 was considered significant. All analyses were conducted
using the package XLSTAT, version 2008.4.01, with Microsoft Excel for Windows.

3. Results
Major demographic and clinical parameters for the four infected groups are summarized in
Table 1. After matching time of exposure between groups and excluding 22 subtype B and 4
subtype F1 strains from adults with undetectable viral load, 69 and 90 strains isolated from
subtype B-infected adults and children, and 76 and 126 strains isolated from subtype B- and
F1-infected adults, were compared in Fig. 1A and B, respectively. In these subgroups similar
proportions of adult patients were subjected to mono and/or dual therapy prior to HAART
(46% of subtype B and 45% of subtype F1). However, 82% of subtype B-infected children
were subjected to mono and/or dual therapy prior to HAART. A similar proportion of adult
patients were subjected to multiple HAART regimens (58% of subtype B and 55% of subtype
F1), but only 27% of subtype B-infected children were subjected to multiple HAART regimens.
Viral load was higher in subtype B-infected children than in adults (median VL log of 4.5 in
children versus 4.3 in adults, p = 0.01). Viral load was also higher in subtype F1-infected adults
than in subtype B (median VL log of 4.7 in subtype F1 versus 4.2 in subtype B, p = 0.0002).
Other demographic and clinical parameters depicted in Table 1 were checked again for these
sub-groups of treated adults and no statistical differences were found.

At 4–5-year exposure, 66% of subtype B viruses from children harbored major mutations,
whereas only 49% of those isolated from adults carried them (p = 0.02) (Fig. 1A). Interestingly,
subtype B isolated from adults showed higher numbers of average major mutations per genome
from 2-year exposure, and this difference steadily increased up to 5-year exposure (1.3–1.6
major mutations per mutant genome in isolates from children versus 1.7–2.0 in isolates from
adults; p < 0.05). Analysis of the number of average minor mutations per mutant viral genome
in both groups failed to show significant differences in the same period.
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Subtype B and F1 viruses from adults did not differ significantly with respect to the percentage
of strains carrying major or minor mutations (Fig. 1B), but subtype B showed higher numbers
of average major mutations per genome from 4- to 6-year exposure (1.6–1.7 major mutations
per genome in subtype F1 versus 2.0 in subtype B; p = 0.05). However, the number of average
minor mutations per mutant viral genome for the same PI exposure time did not differ
significantly in both subtype groups.

The HIV-1 PR sequences from the treatment groups above were also compared with 211 and
79 sequences from drug-naïve Brazilian individuals infected with subtypes B and F1,
respectively (time points “0” in both Fig. 1A and B). The percentage of strains carrying major
mutations isolated from subtype B-and F1-infected untreated patients were 1% and 4%,
respectively, and not significantly different (p = 0.20). At 12 months of PI exposure, some 33%
of strains in all compared treatment groups already carried such mutations. The proportion of
strains carrying minor mutations rose from 55% in subtype B- and F1-infected naïve patients
to 71–73% in the three infected groups, adults infected by subtypes B and F1 and children
infected by subtype B, by 12 months of PI exposure (Fig. 1A and B).

The number of subtype F1-infected children was very low and this group was not stratified in
PI time exposure periods. All 24 subtype F1-infected children were compared with the 90
subtype B-infected infants, as there were no differences in the parameters depicted in Table 1
for these two infected groups. The percentages of subtype B and F1 viruses carrying major or
minor mutations did not differ between both groups.

Additionally, we have compared the proportion of strains carrying other polymorphisms as
well their average number per mutant viral genome in all patient groups. Protease sequences
from the longest available comparable periods of Fig. 1A and B and those from drug-naïve
patients were used in this analysis. Differently from what was found for major or minor
mutations, the numbers of other polymorphisms did not always differ between viruses isolated
from treated and naïve patients. This variability is already high in this last group of patients.
Polymorphisms occurred significantly at higher levels in subtype F1 (98%) than in subtype B
(92%) isolated from treated adults (p = 0.03) and than in subtype F1 isolated from naïve patients
(87%; p = 0.003). The proportion of subtype B strains carrying other polymorphisms isolated
from untreated (90%) patients did not differ significantly from those isolated from treated
adults (92%), but differed from those isolated from treated children (97%; p = 0.05). Taking
into account the global patient dataset, and after matching time of PI exposure between subtype
groups, the number of average polymorphisms per genome were 3.7 for subtype F1 and 3.2
for subtype B strains (p = 0.02) versus 2.6 for both subtype groups isolated from naïve patients
(p < 0.05).

In order to check whether specific PI-associated mutations could account for the differences
observed between adults and children in Fig. 1A and if there were differences in qualitative
patterns of drug resistance acquisition between subtype groups (Fig. 1B), the percentage of
strains carrying specific major and minor mutations were calculated for the datasets compared.
The results for the longest available periods of Fig. 1A and B (60 and 72 months, respectively)
are shown in Tables 2 and 3, respectively. Significant differences in other polymorphisms at
major and minor resistance positions are also shown.

Differences in the usage frequency of IDV, SQV and LPV between subtype B-infected children
(5.5%, 6.7% and 0%, respectively) and adults (43.5%, 39.1% and 9.2%, respectively) were
seen (p-values of n 0.001, n 0.001 and 0.006, respectively). Exposure times to all other PI, as
well as their usage frequency, were not different for these two treatment groups. Only 1.5%
and 3.3% of subtype B-infected adults and children were treated with APV, respectively. This
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means that mutations at positions 82 and 84 occurred predominantly in response to IDV and/
or RTV in subtype Binfected adults and to RTV in children.

Among adults, we observed a longer RTV average exposure time in subtype B-infected patients
(19.6 months versus 11.2 months in subtype F1; p < 0.01). Conversely, the average exposure
time to IDV was longer in subtype F1-infected adults (22.8 months versus 16.8 months in
subtype B; p < 0.01). The usage frequencies of all other PI analyzed, as well as their exposure
times did not differ for these two subtype groups. For those viruses, the mutations at positions
82 and 84 occurred primarily in response to IDV and/or RTV as we have only 1.3% and 6.4%
of subtype B- and F1-infected adults treated with APV, respectively, and 9.2% and 12.8% of
subtype B- and F1-infected adults treated with LPV.

In the global dataset, D30N was only seen in isolates from patients treated with NFV and I84V
in patients treated with IDV, RTV and/or APV. Ninety-seven percent of isolates with V82A/
F/T/S mutations were from patients treated with IDV, RTV and/or LPV, and 89% of those with
L90M were from patients treated with NFV and/or SQV. Thus, for those mutations, it is
reasonable to compare different treatment groups after matching time of exposure under those
specific PI or PI groups.

The major protease mutations V32I and I47V/A and the minor mutations L10R, I54M, and
G73C/T/A were not observed in subtype B and F1 viruses from treated or untreated patients
in this study (Tables 2 and 3). Only V82L was present with increased frequency in subtype B
(6.7%) and F1 (8.3%, not shown) isolates from children compared to subtype B (0%) and F1
(0.8%) isolates from adults (Table 2). Thus, albeit the proportion of strains carrying at least
one major PI-related mutation is higher in subtype B isolated from children than from adults,
no individual protease resistance sites could account for this result. This is in agreement with
lower numbers of average major mutations per mutant viral genome in subtype B viruses
isolated from children compared to those from adults.

As can be observed in Table 3, I84V was present with increased frequency in subtype B
compared with F1. When checking the prevalence of this mutation at each time point, we
observed its occurrence in subtype B already by 12 months of PI exposure, while for subtype
F1 it appeared only by 36 months. Of note, M46I was more frequent than M46L in subtype B
isolates, while M46L was more frequent than M46I in subtype F1 isolates (Table 3). The
frequencies of specific major mutations in all patients under specific PI or PI groups were also
examined. In agreement with previous analyses, the only significant difference (p = 0.008) was
for the prevalence of I84V in subtype B (18.9%, 10/53 strains) and F1 (4.6%, 4/88) strains
from patients matched for the same treatment time with IDV, RTV and/or APV.

In order to increase sample size, and considering that there were no differences in the
frequencies of specific major mutations between isolates from adults and children infected with
the same subtype (Table 2), we pooled both groups of each subtype to further examine the
frequency of major mutations in both subtype groups matched for treatment time with specific
PI or PI groups. Twenty-one percent (21/102) of subtype B-infected patients under NFV for
an average time of 18.7 months presented D30N, while only 9.6% (10/104) of the subtype F1
isolates under 19.6 months of NFV exposure, showed that mutation (p = 0.02). When checking
the prevalence of this mutation over treatment time with NFV as the unique PI, we observed
higher levels in subtype B (16%) than in subtype F1 (6%) already by 36 months of NFV
exposure (p < 0.05). To avoid confounding effects of the selection of L90M by NFV, SQV and
other PI, it was possible to restrict this analysis to patients exclusively subjected to NFV as the
unique PI over time. By 36 months, 16% of subtype B strains already carried L90M versus 5%
of subtype F1 (p < 0.05). In agreement with previous analyses, 13.3% (15/113) of subtype B-
infected patients under IDV, RTV and/or APV for an average time of 21.6 months presented
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I84V, while only 2.6% (3/117) of the subtype F1 isolates under 26.4 months of exposure to
these PI, showed that mutation (p = 0.002).

Prevalence of minor resistance mutations in subtype B viruses from children and adults
matched for PI exposure time is presented in Table 2. Mutation G73S was more prevalent in
subtype Binfected adults. Conversely, mutations I54V and V77I were significantly more
prevalent in subtype B-infected children.

Prevalence of minor resistance mutations in subtype B and F1 viruses from untreated and
treated patients are presented in Table 3. In untreated patients, mutations L10V, K20R, and
M36I were significantly more frequent in subtype F1 isolates, while mutations L63P, A71T,
and V77I were more prevalent in subtype B isolates. Although mutations K20T, L63P, and
N88S were present with increased frequency in subtype F1 from treated patients compared to
untreated individuals (p = 0.0002, p = 0.001, and p = 0.004, respectively), the same differences
were not observed when comparing subtype B from treated and untreated groups. Conversely,
mutations L10V, K20M, L33F, M36I, G73S, and N88D were significantly more prevalent in
subtype B viruses from treated patients compared to untreated individuals (p = 0.002, p = 0.005,
p = 0.02, p < 0.0001, p = 0.0005, and p = 0.02, respectively), but this was not true for subtype
F1.

4. Discussion
Some studies compared resistance mutations developed under treatment in patients infected
with subtype B versus non-B HIV-1 variants (Caride et al., 2001; Carobene et al., 2004;
Dumans et al., 2004; Grossman et al., 2004; Montes et al., 2004; Abecassis et al., 2005; Kantor
et al., 2005; Rodrigues et al., 2005a,b; Deforche et al., 2007; Lacerda et al., 2007; Soares et al.,
2007; Poveda et al., 2008). However, in part because of low numbers of available sequences
from persons with well characterized treatment histories infected with specific non-B subtypes,
these studies generally came from different human populations or the compared viruses were
classified only by the classes of drugs to which they were exposed rather than by individual
drugs or drug regimens. In our study, Brazilian patients infected with B and F1 HIV-1 variants
were matched for similar treatment, being the study with the largest number of samples from
subtype F1-infected patients under treatment ever analyzed in our country in search for drug
resistance data.

In untreated patients, mutations L63P, A71T, and V77I were more prevalent in isolates of
subtype B, while L10V, K20R, and M36I were significantly more frequent in subtype F1
isolates. Moreover, the proportion of L10I to L10V is inverted when comparing both groups
of untreated patients. The positions more likely to be mutated in non-B than in B subtypes from
untreated people can be considered subtype-specific polymorphisms (Kantor et al., 2005), and
the ones found in subtype F1 at sites known to be associated with drug-resistance occurred at
positions 10, 20, and 36 (Kantor et al., 2005). This is in agreement with our study, although
Kantor et al. did not distinguish between different substitutions at the same position.

The mutations L10F/R, K20I, V32I, I47V/A, I50L/V, I54L/A/M/T/S, A71T, G73C/T/A, V77I,
and V82F/T/S, either absent or observed in our subtype B and F1 viruses, were not statistically
different in viruses isolated from treated or untreated patients. This suggests that these
mutations were not positively selected by the drug regimens that were used by our cohort.

Kantor et al. (2005) pointed out some treatment-related positions for specific subtypes. As
expected, these positions included 17 of 22 known PI resistance positions in subtype B and 14
of them were also observed in subtype F. Our results were similar. However, as we checked
for different substitutions at the same position, we observed 19 mutations at 16 positions and
13 mutations at 12 positions more prevalent in treated than in untreated people infected with
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HIV-1 of subtypes B and F1, respectively. Moreover, despite the treatment history of B- and
F1-infected adult patients was comparable, we could find subtype F1-specific treatment-related
mutations, as K20T, L63P and N88S were more frequent only in treated than in untreated
people infected with subtype F1, while L10V, K20M, D30N, L33F, M36I, M46I, G73S, N88D
and I84V were more prevalent in treated than in untreated patients infected only with subtype
B. In the case of L63P, we failed to detect differences between naïve and treated subtype B
sequences because this polymorphism is high in Brazilian viruses of this subtype (E.A. Soares
et al., 2003; M.A. Soares et al., 2003). Finally, the comparison of both subtype groups matched
for treatment time exposure to the PI class or, when appropriated, to specific PI showed that
mutations K20M, D30N (under NFV-containing regimens or under NFV as the unique PI),
G73S, I84V, and L90M (under NFV as the unique PI) were more prevalent in subtype B.
Conversely, K20T and N88S were specifically selected in subtype F1 as a consequence of PI
treatment. Interestingly, Kantor et al. (2005) did not observe a higher prevalence of D30N, but
rather a higher prevalence of A71V and V77I in subtype B compared with subtype F viruses
isolated from treated patients. We may speculate the use of sequences isolated from people
from different countries and the lack of detection of differences that depend on specific drugs
in that work as reasons for those differences.

Although the PR mutations D30N and L90M both develop in non-B viruses during NFV
therapy, they occur more commonly in subtype B (Carobene et al., 2004; Soares et al., 2007),
what was confirmed in our comparison with subtype F1. We speculate that other
polymorphisms in the protease, such as those at codon 89 (see below) may alternatively
contribute to resistance to NFV in certain non-B subtypes, as previously suggested (Abecassis
et al., 2005).

Mutations N88S and K20T are respectively reported by IAS consensus as major and minor
mutations specifically associated with resistance to atazanavir, not used by our cohort, while
N88D/S are considered minor mutations associated with resistance to NFV (Johnson et al.,
2007). However, in agreement with our results, recent data identified selection of N88S and
K20T by NFV treatment, which suggests that N88S might be more important than D30N and
L90M in subtypes A1 and F1 and should be considered a major mutation, pointing out different
roles for N88D and N88S in NFV resistance (Svicher et al., 2005; Deforche et al., 2007).

We cannot completely rule out the possibility that the difference in the average duration of
exposure to RTV (longer in subtype B-infected adults) and IDV (longer in subtype F1-infected
adults) observed in our cohort had an impact on the differences found, particularly at positions
84 and 46. However, it is unlikely that these differences could be attributed only to a differential
exposure to these drugs. Indeed, we observed a higher prevalence of I84V in B versus F1
viruses also in a subset of isolates from patients matched for the same treatment time with IDV
and/or RTV (_APV). According to the IAS consensus, RTV selects for mutations similar to
those selected by IDV (Johnson et al., 2007). The higher prevalence of I84V in subtype B has
been reported (Carobene et al., 2004; Soares et al., 2007).

We observed different proportions of M46I to M46L mutations between treated subtype groups
(B and F1), and M46I behaved as a treatment-related mutation only for subtype B in our cohort.
Hoffman et al. (2003) suggested that M46I and M46L lie along divergent evolutionary
pathways, what has been supported by others (Svicher et al., 2005).

The data presented here showed that for positions 10, 20, 46, and 88 subtypes B and F1 showed
different mutations at baseline and in response to the same treatment regimens. Taken together,
our data also provided evidence that subtype B might accumulate resistance at higher
proportion than subtype F1 at specific amino acid positions in PR. We cannot completely rule
out the possibility that we have neglected potentially new, subtype F1-specific drug resistance
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mutations in positions not known to be associated with resistance in our analyses. As an
example, mutation 89I, not considered by the IAS consensus, was found in 12.5% of subtype
F1 viruses isolated from treated patients and in 1.3% of those from naïve persons. In fact,
Abecassis et al. (2005) have associated mutations 89I/V to NFV resistance in certain non-B
subtypes, including F1. Interestingly, the quantitative analysis showed that other
polymorphisms occurred significantly at higher levels in subtype F1 than in subtype B isolated
from treated patients and than in subtype F1 isolated from naïve patients.

Some authors recently reported rapid resistance emergence in treated children (Delaugerre et
al., 2007; Vignoles et al., 2007) and that they were more likely to have virologic failure
compared with adults (Kamya et al., 2007). Differences observed in this study between drug
resistance acquisition in adults and children might be explained by the differences found in
treatment regimens. Additionally, issues related to adherence (usually lower in children) and
differences in viral replication rates may play a role in this finding. Interestingly, V82L reported
by IAS consensus as a major mutation specifically associated with resistance to tipranavir, not
used by our cohort, was observed in subtypes B and F1 isolated from treated children but not
in adults.

The present study analyzes the emergence of certain drug resistance mutations in patients
undergoing virologic failure, perhaps by acquisition of viral resistance. However, the
genotypic/phenotypic correlates in non-B subtypes is not completely elucidated, and therefore
the role of resistance mutations in subtype F1 needs to be further assessed by specific
phenotyping assays.

In an HIV worldwide epidemic where an increasing number of non-B subtype infections
accumulate, a better understanding of drug resistance acquisition and the role of specific ARV
in resistance development is of pivotal importance. Our study provides a contribution to this
understanding with respect to subtype F1, and further, larger subtype-specific studies should
be conducted for this purpose.
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Fig. 1.
HIV-1 subtype B and F1 viruses with at least one major or minor resistance mutation. Different
PI treatment exposure periods (in months) were plotted for each subtype and for each mutation
class. (A) Comparison between subtype B isolated from infected adults and children; (B)
comparison between subtypes B and F1 isolated from infected adults. Black double arrows
denote significance in the difference of proportions between subtypes B isolated from children
and adults at the 0.05 p-value level. The exposure time point 0 means the proportion of mutant
strains isolated from untreated individuals. Numbers in parentheses above exposure time
periods denote the number of sequences from children and adults (in panel A) and from
subtypes B and F1 (in panel B), respectively.
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Table 2

Frequency of protease resistance mutations in sequences obtained from treated subtype B-infected children and
adults compared with subtype B untreated patients.

Mutation Untreated patients (n = 211) Treateda children (n = 90) Treated adults (n = 69) p-valueb

Major (%)

 D30N 0 (0) 14 (15.5) 6 (8.7) 0.15

 M46I 0 (0) 16 (17.8) 9 (13.0) 0.28

 M46L 1 (0.5) 7 (7.8) 6 (8.7) 0.53

 M46I/L 1 (0.5) 23 (25.6) 15 (21.7) 0.34

 G48V 0 (0) 0 (0) 3 (4.4) 0.08

 V82A 1 (0.5) 23 (25.5) 13 (18.8) 0.21

 V82F 1 (0.5) 0 (0) 0 (0) 1.0

 V82T 0 (0) 1 (1.1) 2 (2.9) 0.4

 V82S 0 (0) 2 (2.2) 0 (0) 0.32

 V82L 0 (0) 6 (6.7) 0 (0) 0.03

 V82A/F/T/S 2 (0.9) 26 (28.9) 15 (21.7) 0.2

 I84V 0 (0) 5 (5.6) 9 (13.0) 0.09

 L90M 1 (0.5) 24 (26.7) 20 (29.0) 0.44

 At least onec 3 (1.4) 59 (66.0) 34 (49.0) 0.03

Minor (%)

 L10F 3 (1.4) 4 (4.4) 2 (2.9) 0.47

 L10I 24 (11.4) 24 (26.7) 15 (21.7) 0.30

 L10V 6 (2.8) 6 (6.7) 9 (13.0) 0.14

 L10F/I/R/V 33 (15.6) 34 (37.8) 26 (37.7) 0.56

 K20M 2 (0.9) 0 (0) 3 (4.4) 0.08

 K20R 5 (2.4) 14 (15.6) 7 (10.2) 0.22

 K20I 0 (0) 6 (6.7) 1 (1.5) 0.11

 K20T 1 (0.5) 2 (2.2) 2 (2.9) 0.58

 K20M/R 7 (3.3) 14 (15.6) 10 (14.5) 0.52

 L24I 0 (0) 5 (5.6) 4 (5.8) 0.61

 L33F 0 (0) 4 (4.4) 3 (4.4) 0.65

 M36I 24 (11.4) 29 (32.2) 28 (40.6) 0.18

 F53L 0 (0) 2 (2.2) 3 (4.4) 0.38

 I54V 1 (0.5) 26 (28.9) 11 (15.9) 0.04

 I54V/L/A/M/T/S 2 (1.0) 27 (30.0) 12 (17.4) 0.05

 L63P 122 (57.8) 66 (73.3) 45 (65.2) 0.18

 A71V 4 (1.9) 21 (23.3) 11 (15.9) 0.17

 A71T 16 (7.6) 7 (7.8) 4 (5.8) 0.45

 A71V/T 20 (9.5) 28 (31.1) 15 (21.7) 0.13

 G73S 1 (0.5) 0 (0) 5 (7.2) 0.01

 V77I 54 (25.6) 33 (36.7) 12 (17.4) 0.006

 N88D 0 (0) 7 (7.8) 3 (4.4) 0.29
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Mutation Untreated patients (n = 211) Treateda children (n = 90) Treated adults (n = 69) p-valueb

 N88S 0 (0) 2 (2.2) 1 (1.5) 0.6

 N88D/S 0 (0) 9 (10.0) 4 (5.8) 0.25

 At least onec 116 (55.0) 75 (83.0) 51 (74.0) 0.10

a
Both treated datasets had detectable viral load and were matched according to PI exposure time and other criteria as described in the text.

b
p-values are related to the comparison between treated patients. Bold p-values are significant at the 0.05 level.

c
Major and minor mutations refer to the definition used in Section 2.
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