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ABSTRACT

The detection of polymorphisms associated to HIV-1 drug-resistance and genetic subtypes is important for
the control and treatment of HIV-1 disease. Drug pressure selects resistant variants that carry mutations in
the viral reverse transcriptase (RT) and protease (PR) genes. For a contribution to the public health authorities
in planning the availability of therapeutic treatment, we therefore described the genetic variability, the prevalence
of mutations associated to drug resistance and the antiretroviral resistance profile in HIV-1 isolates from
infected individuals in Central Brazil. Nineteen HIV-1 RNA samples from a Public Health Laboratory of the
Federal District were reversely transcribed and cDNAs were amplified by nested PCR. One fragment of 297 bp
coding the entire protease gene, and another of 647 bp, corresponding to the partial RT gene (codons 19-234),
were obtained. Automated sequencing and BLAST analysis revealed the presence of 17 B and 2 F1 HIV-1
subtypes. The amino acid sequences were analyzed for the presence of resistance-associated mutations. A
total of 6 PR mutations, 2 major and 4 accessory, and 8 RT mutations related to drug resistance were found.
Our data suggest a high prevalence of HIV-1 B subtype in the studied population of Federal District as well
as the presence of genetically-resistant strains in individuals failing treatment.
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INTRODUCTION

According to the Joint United Nations Programme on HIV/
AIDS (UNAIDS) and the World Health Organisation (WHO),
42 million people throughout the world were estimated to be
living with HIV/AIDS at the end of 2002. Brazil accounts for
237,580 AIDS cases registered between 1980 and March 2002
and approximately 600,000 individuals are currently infected by
HIV (5).

HIV is a highly polymorphic virus, due mainly to the error-
prone reverse transcriptase, the high replication rate of the virus
and the highly selective pressure of the specific antiretroviral
drugs (4,24,27,29). Three groups are present in the HIV-1 global
pandemic: ‘M’, the main group, ‘O’, the outlier, and ‘N’, the

Non-M/Non-O. The M group is further subdivided into 11
subtypes (A-K) and 14 circulating recombinant forms (CRFs)
(18,20,29). Such diversity has potential implications for vaccine
design as well as for diagnostics, pathogenesis and
epidemiology (19).

Pairwise nucleotide distances among the HIV-1 subtypes
may reach 20% in env, 16% in gag and 13% in the pol gene (18).
In general, the gag and/or env are used for subtyping, as these
genes are more diverse than pol (3,29). However, many reports
have shown that subtypes based on the pol genes reverse
transcriptase (RT) and protease (PR) are usually the same as
the subtype of the gag gene of these isolates (12).

Certain polymorphims in HIV-1 genes, which are targeted
by antiretroviral drugs, can confer drug resistance (13). Drug
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resistance is the leading cause of treatment failure (1) and the
widespread use of antiviral drugs has led to an increased
prevalence of HIV-1 resistant strains after prolonged therapy.
Besides, transmission of drug-resistant HIV-1 viruses has also
been documented (16,27).

Viral resistance can be reasonably predicted on the basis of
the RT and PR genotype by identifying mutations known to
confer resistance to specific compounds as well as mutations
involved in modulating resistance (21). At the PR gene, the
distinction between major and accessory mutations is important
because those that are listed as major usually confer drug
resistance by themselves and have greater effects on drug
susceptibility than those that are listed as accessory, which
could improve the fitness of virus containing major mutations
(1,4,13,14,24,27,33).

Mutations associated to resistance have been identified for
the three major antiretroviral drug classes: nucleoside reverse
transcriptase inhibitors (NRTI), non-nucleoside reverse
transcriptase inhibitors (NNRTI) and protease inhibitors (PI).
Some NRTI may have their activity reduced due to single point
mutations in the RT gene or a number of RT mutations may be
required to confer significant resistance to others NRTI. For the
NNRTI, resistance can be conferred by single point mutations
in RT. Otherwise, multiple mutations are usually required in the
PR gene before resistance to PI develops (10,11).

At present there is little information available concerning
the HIV-1 genetic diversity in Central Brazil (30). The aim of this
study was to deepen the knowledge about HIV-1 genetic
diversity in Central Brazil through sequencing the protease
and reverse transcriptase virus genes. We evaluated the
polymorphisms and subtypes of these genes and described
their resistance profile among HIV-1 isolates from infected
individuals in the Federal District.

MATERIALS AND METHODS

HIV-1 RNA samples from 19 infected individuals were
collected at a Public Health Laboratory located at the Federal
District during 1998. All samples belonged to individuals who
had viral load counts higher than 30,000 copies/ml and were,
according to this laboratorial evidence, failing antiretroviral
therapy.

Viral RNA was extracted from plasma samples using the
Nucleon-HT kit (Organon-Teknika). The viral RNA was
denatured for cDNA synthesis. The cDNA was used as template
in nested PCR amplification of the full-length PR gene and of a
fragment of the RT gene (codons 19-234). Protease first round
primers were DP10/DP11 (5’TAACTCCCTCTC AGAAG
CAGGAGCCG3’/5’CCATTCCTGGCTTTAATTTTACTGGTA3’)
and second round were DP16/DP17 (5’CCTCAAATCACT
CTTTGGCAAC3’/5’AAAATTTTAAAGTG CAGCCAAT3’).
To partially amplify the RT gene, we used RT09/RT12 (5’GTA

CAGTATT AGTAGGACCTACACCTGTC3’/5’ATCA GGA
TGGAGTTCATAACCCATCCA3’) in the first round and RT01/
RT04 (5’CCAAAAGTTAAACAATGG CCATTGACAG A3’/
5’AGTT CATAACCCATCCAAAG3’) in the second. The PCR
products with the internal primer pairs for amplification of the
RT and PR genes were fragments of 647 base pairs (bp) and 297
bp, respectively.

The PCR products were directly sequenced using the inner
PCR primer set and its nucleotide sequences were determined
automatically by the Taq Dye-terminator method, in a Megabace
System (Amersham-Pharmacia). Forward and reverse sequences
were generated. Sequence edition and alignments, as well as
translations, were performed using CLUSTAL W (32). Minor
manual adjustments were made to improve the alignments.

Virus subtypes were determined by comparing the
protease and RT DNA sequences of HIV-1 isolates to reference
sequences. Subtype sequence homologies were examined using
the Basic Local Alignment Search Tool (BLAST) algorithm (2).
Protease and RT sequences were analyzed for the presence of
amino acid polymorphisms. Resistance mutations were identified
using resistance analysis tools available over the Internet (Beta
Test at HIV RT and Protease Sequence Database) (28).
Mutations associated with resistance to protease and to
nucleoside and non-nucleoside RT inhibitors were defined in
agreement with recent International AIDS Society-USA Panel
drug resistance testing guidelines (13). At the protease gene,
resistance mutations were classified as major or accessory.
Interpretation of genotypic data was manually performed using
a set of rules based on genotypic-phenotypic resistance data
available from the literature, as indicated by the International
AIDS Society (13).

RESULTS

All of the 19 samples gave positive PCR products for the
protease and RT genes. Of the studied population, 17 individuals
(89.5%) were infected with HIV-1 subtype B, considering the
genetic information derived from the PR and RT genes. The two
other samples (10.5%) showed discordant PR and RT subtyping,
being PR B / RT F1.

Resistance mutations in the PR and / or RT genes of HIV-1
were detected in 84.2% of the patients (16) that were not
responding to antiretroviral therapy with the methods employed
in this study. For the remaining 15.8% (3), resistance mutations
were not detected. Major mutations for protease inhibitors were
described in 36.8% of the patients (7) and the other 26.3% (5)
showed only accessory substitutions.

The distribution of HIV-1 resistance-associated mutations
in the RT and PR genes is shown in Fig. 1. Six resistance
mutations were found at the PR gene. Among them, two were
major and four were accessory mutations. Major ones occurred
at codons M46I (5.3%), and I50V (31.6%) and accessory
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Table 1. Frequency of polymorphisms in the protease (PR) and
reverse transcriptase (RT) genes.

Mutations at Nº (%) Mutations at Nº (%)
the PR gene the RT gene

E35D 2 (10.5) V35T 2 (10.5)
N37S 14 (73.7) T39K/I 3 (15.8)
F53L 2 (10.5) I50M 2 (10.5)

K70R/E 2 (10.5) A98G/S 2 (10.5)
K102Q 2 (10.5)
K122E 5 (26.3)
D123E 6 (31.6)

I135T/V 12 (63.2)
S162C 2 (10.5)
E169D 2 (10.5)

K173D/T 2 (10.5)
Q174K 2 (10.5)

D177G/E 6 (31.6)
I195K/L 2 (10.5)

T200R/A/I 5 (26.3)
I202V 5 (26.3)

E204G/D/K 3 (15.8)
Q207E 2 (10.5)
R211K 5 (26.3)

F214L/Y 5 (26.3)

occurred at M36I (5.3%), L63P (31.6%), A71T (10.5%), and V77I
(5.3%). At the RT gene, mutations associated with NRTI
resistance were M41L (5.3%), D67N (21%), K70R (31.6%), V118I
(21%), M184V (21%), L210W (10.5%), T215Y/F (15.8%), and
K219Q (5.3%). No mutations associated to NNRTI resistance
were found. The results presented in Table 1 indicate that,
beyond the resistance-associated mutations found within the

Figure 1. Frequency of protease (PR) and reverse transcriptase
(RT) resistance mutations associated to PR inhibitors (PI) and
to nucleoside RT inhibitors (NRTI) resistance.

PR and RT regions, many other polymorphisms were detected.
These amino acid variants at polymorphic positions do not
cause drug resistance by themselves and emerge as genetic
variants with apparently equivalent replication capacity (14).
At the PR gene, the most frequent polymorphism was N37S
(73.7%). Moreover, 63.2% of the RT genotypes sequenced
showed the polymorphism I135T/V. Mutations at position 135
have been shown to cause low-level resistance to NNRTI,
particularly when present in combination but by themselves do
not appear to influence the virologic response to an NNRTI-
containing regimen (7).

The inferred levels of resistance to the FDA-approved anti-
HIV drugs were deduced from the amino acid sequences and
are summarized in Table 2. For all samples, the PR and RT regions
were classified as susceptible, with intermediate resistance or
resistant to each of the antiretroviral drugs. Six patients (31.6%)
carried viruses predicted to be susceptible to all analyzed PI,
NRTI and NNRTI. No patients had viruses classified as resistant
to all of these drugs. Viruses that were predicted to be sensitive
to all PI were found in 63.2%, to all NRTI in 52.6%, and to all
NNRTI in 100% of the individuals studied here. The highest
prevalence of resistance was found to the PI APV (36.8%),
followed by the NRTI AZT (26.3%).

DISCUSSION

Brazil is a very large country and variations in the pattern of
HIV-1 subtypes distribution have been identified among different
geographic regions (18). This distribution has local determinants,
and data from one site cannot be generalized for the entire
country or to different geographic regions (25).

Many reports have shown that PR and RT genes of worldwide
isolates are substantially different from each other to allow
subtype grouping (12). In the present study, HIV-1 subtypes
were determined by sequencing PR and RT genes of plasma
viruses, an approach that has proved useful by other
investigators, and allows the assessment for the presence of
drug resistance substitutions (15,23).

The predominance of B subtype (89.5%) was previously
reported in Brazil (9,6,17,30). The two other discordant subtypes
for the PR and RT genes may represent B/F recombinant viruses.
This result is also in agreement with the distribution of HIV-1
subtypes in Brazil, where non-B virus strains are frequently
found and those from clade F are the second most prevalent
one (18%). Mosaics B/F, B/C, and B/D have also been reported
in our country (6,26,31).

Viral polymorphisms are commonly seen in virus populations
of infected individuals. These nucleotide differences may have
no impact on replication capacity, they may be deleterious
(variants replicating less well or not at all), or confer replicative
advantage. Moreover, this pool of genetic variants is able to
adapt rapidly to changing selective pressures (14). As usual in
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the virus population of a person infected with a RNA virus, we
detected many polymorphisms in the sequences analyzed. The
most common PR polymorphism in our study was N37S (73.7%)
followed by the accessory mutation L63P (36.8%). L63P was
also frequent (54 and 76%) in previous Brazilian studies (6,9).
Codon 63 is the most polymorphic protease position: in
untreated persons, about 45% have 63P and the prevalence of
amino acids other than L increases to 90% in heavily treated
patients (34). The high frequency (63.2%) of substitutions at
the RT position I135 is in agreement with the proportion of
72.3% of mutations at this same position detected in drug-naïve
HIV-1 positive individuals in a previous Brazilian study (9). Other
changes detected in RT sequences, as R211K (26.3%) and
L214F/Y (26.3%) were also found by Brindeiro et al. (6) at
frequencies of 48.7% and 20.5%, respectively.

The prevalence of major resistance mutations for any drug
observed among recent seroconverters differs from country to
country. It ranges from 5 to 11% in Switzerland, 4 to 17% in
France, 13% in Germany, 14% in the United Kingdom, 2 to 26%
in North America, and 23 to 26% in Spain. As our data were not
obtained from recent seroconverters but from individuals
experiencing therapeutical failure, the prevalence of resistance
mutations for any drug observed in the studied population was

high (84.2%). Information on antiretroviral-associated mutations
in HIV-1 infected individuals in Brazil is limited and data about
one geographical area cannot be extrapolated to the others.
Most of this information belongs to drug-naïve individuals and
have shown a low prevalence of mutations related to PI, NRTI,
and NNRTI (9).

A previous report of HIV-1 resistance in drug-naïve infected
individuals in Brazil described a lack of resistant strains
harboring major mutations and a higher frequency (85%) of
accessory mutations, mainly in the PR region (9). Another report
of HIV-1 isolates from Brazilian children failing therapy described
the frequency of 44.23% of PR genotypes resistant to PI and
96.15% of RT genotypes resistant to NRTI and/or NNRTI (6). In
our study, 63.2% of PR and 57.9% of RT sequences showed
antiretroviral resistance-associated substitutions. A factor that
may contribute to the different frequencies of resistance
mutations among studies is the population analyzed, as drug
selective pressure might drive the evolution of resistance
mutations in HIV-1 strains from treated individuals.

Each new NRTI-resistant mutation confers a greater level
of resistance than the accumulation of mutations within the PR
gene. These PR mutations may improve fitness but have limited
or no effect on susceptibility to PI. In fact, multiple mutations

Table 2. Inferred levels of resistance* to protease (PI) and to nucleoside reverse transcriptase (NRTI) inhibitors**.

Samples PI NRTI

APV IDV NFV RTV SQV LPV 3TC ABC AZT D4T DDC DDI TDF

Bsb05 S S S S S S S S S S S S S
Bsb10 R S S S S I S I R I S S I
Bsb13 R S S S S I S S S S S S S
Bsb16 S S S S S S S S S S S S S
Bsb18 R S S S S I S I R I S S S
Bsb19 R S S S S I S S S S S S S
Bsb20 S S S S S S S I R I S S S
Bsb25 S S S S S S R I S S I I S
Bsb26 R I R I I I S S S S S S S
Bsb28 R S S S S I R R R R R R I
Bsb30 S S S S S S S S S S S S S
Bsb51 S S S S S S S S S S S S S
Bsb64 S S S S S S R R R R R R R
Bsb67 R S S S S I S S S S S S S
Bsb78 S S S S S S S S I S S S S
Bsb79 S S S S S S S S I S S S S
Bsb82 S S S S S S S S S S S S S
Bsb87 S S S S S S S S S S S S S
Bsb88 S S S S S S R R I S I I S

* S: susceptible; I: intermediate resistance; R: resistant;
** APV: amprenavir; IDV: indinavir; NFV: nelfinavir; RTV: ritonavir; SQV: saquinavir; LPV: lopinavir; 3TC: lamivudine; ABC: abacavir;

AZT: zidovudine; D4T: stavudine; DDC: zalcitabine; DDI: didanosine; TDF: tenofovir.
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appear to be necessary for the development of a highly PI-
resistant virus (8,22). Accordingly, among PI, we detected
seven samples (36.8%) resistant to APV and one sample (5.3%)
resistant to NFV, while all NRTI had at least one sample
classified as resistant. This also supports the fact that
development of resistance is the result of a complex combination
of factors, including the size and heterogeneity of the HIV-1
population within an individual, the extent to which virus
replication continues during drug therapy, the ease of acquisition
of a particular mutation (or set of mutations), and the effect of
drug resistance mutations on drug susceptibility and virus
fitness (27).

In summary, this study has shown that 84.2% of the HIV
infected subjects failing therapy in the studied population of
Federal District presented viral genomic mutations associated
with drug resistance. This result is in agreement with the data
reported in a recent study of Brazilian patients, where 84.7% of
the population analyzed showed resistance-associated
mutations (30). A high prevalence of polymorphisms at positions
associated with resistance to PI and NRTI was observed,
supporting the high degree of genetic diversity of PR and RT
genes in individuals failing treatment. Our results therefore
emphasize the importance of detecting the circulation of HIV-1
drug-resistant strains, polymorphisms and genetic subtypes for
control and treatment of HIV-1 disease, establishing the relevance
of molecular epidemiological surveillance systems. This might
provide supporting evidence of biologic differences in
transmissibility, pathogenesis, and resistance profiles of HIV-1.
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RESUMO

Subtipos e mutações associadas à resistência aos
anti-retrovirais em isolados de HIV-1 do

Distrito Federal

A detecção de polimorfismos do HIV-1 que estejam
associados à resistência às drogas anti-retrovirais e aos subtipos
genéticos é importante para o controle e tratamento da infecção
pelo HIV-1. A pressão exercida pela terapia anti-retroviral
seleciona variantes resistentes com mutações nos genes virais
da transcriptase reversa (RT) e da protease (PR). Assim, visando
contribuir com as autoridades de saúde pública na perspectiva
de planejar a disponibilidade de um tratamento terapêutico, nós
descrevemos a variabilidade genética e a prevalência de
mutações associadas à resistência aos anti-retrovirais em
isolados do HIV-1 de indivíduos infectados no Distrito Federal.

Dezenove amostras de RNA do HIV-1 provenientes de um
laboratório de Saúde Pública do Distrito Federal foram transcritas
reversamente e os cDNAs obtidos foram amplificados por nested
PCR. Um fragmento de 297 pb correspondente ao gene completo
da protease e outro de 647 pb, correspondente à parte do gene
da transcriptase reversa (códons 19 a 234), foram obtidos. O
seqüenciamento automático e análise de homologia revelaram
a presença de 17 subtipos B e 2 subtipos F1 do HIV-1. As
seqüências de aminoácidos foram analisadas com relação à
presença de mutações associadas à resistência. Um total de 6
mutações na PR, 2 primárias e 4 secundárias e 8 mutações
relacionadas à resistência na RT foram encontradas. Nossos
dados sugerem uma elevada prevalência do subtipo B do HIV-
1 na população estudada do Distrito Federal, assim como a
presença de variantes virais geneticamente resistentes em
indivíduos que não respondem ao tratamento.

Palavras-chave: HIV-1, resistência às drogas, drogas anti-
retrovirais
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