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mutations associated with antiretroviral resistance
among patients from Southern Brazil failing
highly active antiretroviral therapy (HAART)
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Abstract. The human immunodeficiency virus type 1 (HIV-1)
epidemic in Brazil is spreading to small municipalities as well
as the innermost parts of the country and scarce information
has been reported on the frequency of HIV-1 resistance-
associated mutations in these areas. To determine the frequency
and diversity of the HIV-1 antiretroviral resistance-associated
mutations among patients failing highly active antiretroviral
therapy from Londrina in Southern Brazil, 127 HIV-1 geno-
typing tests that were assayed during January 2000 to July 2008
from 108 patients were evaluated. Sixty-nine patients (63.9%)
were male and 39 (36.1%) were female and the age ranged
from 10 to 68 years (mean, 40.8+9.2). All of them showed at
least one HIV-1 antiretroviral resistance-associated mutation
and in 72 (56.7%) genotyping tests, mutations for the three
antiretroviral classes were detected simultaneously. Mutations
associated with resistance to protease inhibitor (PI) were
detected in 124 tests (97.6%), the main ones were L90M in
28 (22.0%), V82A in 27 (21.2%), M46I in 26 (20.5%), and
154V in 23 (18.1%). The main mutations associated with
nucleoside reverse transcriptase inhibitor (NRTI) resistance
were M184V in 82 (64.6%), and the thymidine analog
mutations were D67N in 51 (40.1%) tests, K70R in 45 (35.4%),
T215Y in 40 (31.5%), and M41L in 38 (30.0%). The most
frequent major mutations associated with resistance to non-
nucleoside RT inhibitors (NNRTI) were K103N in 47 (37.0%),
G190A in 11 (8.7%), and G190S in 2 (2.6%) tests. Mutations
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associated with reduced susceptibility to NRTI and IP
simultaneously were observed in 46 (36.2%) tests. The results
obtained may contribute to the improvement of the treatment
strategies and the management of the antiretroviral drug
therapy of HIV-1-infected patients from this Brazilian region,
reducing public costs for antiretroviral drugs which have not
been efficient in therapy.

Introduction

One of the most important characteristics of the human
immunodeficiency virus type 1 (HIV-1) is the genetic
variability resulting in different groups, subtypes and
circulating recombinant forms (CRFs). The HIV-1 genomic
heterogeneity is caused by different mechanisms such as the
spontaneous mutations promoted by the reverse transcriptase
(RT) that occurs during viral replication. Mutations in the pol
gene are promoted by the selective pressure of antiretroviral
drugs and the polymorphism in the env gene results in a
different envelope protein gp120 as a mechanism of immune
response evasion of the HIV-1. The different genetic forms
may have variable biological properties and influence immune
response and effectiveness of antiretroviral treatment (1,2).
To date, nearly 25 antiretroviral drugs have been licensed
for the treatment of HIV-1, including nucleoside reverse tran-
scriptase inhibitor (NRTT), non-nucleoside reverse transcriptase
inhibitor (NNRTI), protease inhibitor (PI), fusion inhibitor,
entry inhibitor (chemokine receptor CCRS5 inhibitor), and
integrase inhibitor. The highly active antiretroviral therapy
(HAART) for management of HIV-1 infection that includes
an association of the 2 NRTIs plus NNRTI and/or PI has been
effective in suppressing HIV-1 replication. The Brazilian
Ministry of Health has been sponsoring free access to HIV-1
treatment for AIDS patients since 1996 (3,4). However,
>200 mutations are associated with antiretroviral resistance to
drugs belonging to the six licensed antiretroviral classes (5).
The development of mutations in the HIV-1 genome remains
one of the most common reasons for failure of HAART in
treated patients and accounts for the transmission of HIV-1
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drug resistance variants to non-infected individuals. The
identification of specific drug resistance mutations is
increasingly used to avoid antiretroviral drugs that retain only
minimal residual activity in favor of other residual activity that
is likely to be either fully or almost fully active.

Previous national and regional surveillance studies on the
prevalence of mutation conferring antiretroviral drug resistance
were carried out in large centers in Brazil (3,4,6-10). All of
these studies have shown a low frequency of wild-type HIV-1
isolates and a high prevalence of virus strains containing
resistance mutations among treated patients failing HAART.
However, studies on HIV-1 genetic diversity in relatively
small Brazilian municipalities are scarce (11). The HIV-1
Brazilian epidemic is spreading from large urban centers to
small municipalities and the innermost parts of the country
(12,13). During the period of 1980-2003, Londrina was in the
2nd and 39th positions for HIV/AIDS cases registered in
Parand State and in the country, respectively (14). Despite
numerous studies characterizing the HIV-1 genetic diversity in
the Brazilian population, there are no data on the HIV-1
genome variability among patients from the Londrina
municipality, situated in the interior of the country. To address
this question, the aim of this study was to determine the
frequency and diversity of the HIV-1 antiretroviral mutations
associated with antiretroviral resistance in HIV-1 infected
patients failing HAART from Londrina in Southern Brazil.

Materials and methods

Design, patients and setting. The study was conducted at the
State University of Londrina, Parand, Brazil with a retro-
spective and descriptive design. The HIV-1 genotyping results,
assayed during January 2000 to July 2008, from 108 patients,
aged =10 years, both genders and at least one HAART
failure were evaluated. All samples belonged to individuals
who had viral load counts >1,000 copies/ml and were under
antiretroviral drug treatment. Some patients had >1 HIV-1
genotyping test due to recurrent therapeutic failure in the
period evaluated. The patients were from Londrina, a
municipality located in the Northern region of Parand State, in
Southern Brazil, 390 km from Curitiba, the capital of Parana,
500 km far from Sao Paulo (SP) and 1,000 km from Rio de
Janeiro (RJ). A detailed sociodemographic and epidemio-
logical characterization of the HIV-1 patients cohort from
Londrina and the region were described previously (13).
Medical appointments were offered at two different local
outpatient clinics (Outpatient Clinic of State University of
Londrina and Integrated Center of Infectious Diseases of
17th Health Regional of the Health Secretariat of Parana
State). Antiretroviral drugs are supplied for free to HIV-1
patients when clinically indicated, as part of the National
Sexually Transmitted Disease and AIDS Program of the
Brazilian Ministry of Health. HAART failure was qualified
according to the governmental definition (15). The data on
adhesion to antiretroviral treatment were collected from the
medical records of patients and pharmacists responsible in
these health services. Good adherence meant taking anti-
retroviral drugs correctly and taking the correct dose for the
recommended length of time, as well as using and adhering
to the guidelines of the health multi-professional team. The
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Table I. Sociodemographic and epidemiological characteristics
of the human immunodeficiency virus type 1 (HIV-1)-infected
individuals failing antiretroviral therapy attended in Southern
Brazil.

Characteristic No. of patients Percentage
(n=108) (%)
Gender
Male 69 63.9
Female 39 36.1
Age (years)
10-20 3 2.8
21-30 8 74
31-40 39 36.1
41-50 43 39.8
51-60 14 13.0
>60 1 09
Route of infection
Sexual 78 722
Blood® 14 12.9
Sexual + Blood® 7 6.5
Vertical 2 19
Not reported 7 6.5
Sexual behavior
Heterosexual 75 69 .4
Homosexual 7 6.5
Bisexual 5 4.6
Transexual 1 09
Not reported 20 18.5
Education
<8 years of school 58 53.7
=8 years of school 34 315
Not reported 12 29
Adherence to antiretroviral treatment®
Good 48 44 4
Regular 16 14.8
Poor 31 28.7
Not reported 13 12.0

aIncludes blood contact through intravenous drug use, blood exposure
through shared needles and syringes with HIV-1-infected individuals,
history of blood or hemocomponent transfusion, or accident with
blood. *Good adherence meant: i) taking antiretroviral drugs correctly
and taking the correct dose for the recommended length of time; ii)
using and adhering to the guidelines of the health multi-professional
team; iii) laboratorial tests evaluating the therapy response such as
CD4+T cell count and plasma HIV viral load were considered; regular
adherence, sporadic but good adhesion was not obtained according
to the self-report of the patients; poor adherence, frequently good
adherence was not obtained (Brasil, 2008).

self-report and the laboratorial tests evaluating the therapy
response such as CD4+T cell count and plasma HIV viral
load were also considered. Regular adherence meant that
patients adhered in a sporadic way and good adherence was not
obtained, and poor adherence meant that frequently good
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Table II. Distribution of the human immunodeficiency virus type 1 (HIV-1) mutations detected by 127 genotyping tests from
infected individuals failing highly active antiretroviral therapy from Southern Brazil according to the antiretroviral class.

Antiretroviral class

Mutations detected

Mutations associated with
antiretroviral resistance

n % n %
NRTI 121 953 107 88.4
NNRTI 75 59.1 66 88.0
PI 124 97.6 78 62.9

NRTI, nucleoside reverse transcriptase inhibitor; NNRTI, non-nucleoside reverse transcriptase inhibitor; PI, protease inhibitor.

adherence was not obtained (16). This research project was
approved by the Institutional Research Ethics Committee of
Londrina State University.

Genotyping tests. A total of 127 consecutive HIV-1 genotyping
tests were included in the study. During the period evaluated,
blood was collected in EDTA tubes and plasma was separated
and stored at -80°C. Furthermore, plasma samples were sent
to reference laboratories of the Genotyping National Network
(Renageno) of the National Sexually Transmitted Disease and
AIDS Program of Brazilian Ministry of Health to perform the
genotyping tests. A fragment of the HIV-1 pol gene, spanning
both RT and protease regions, was amplified by reverse tran-
scriptase polymerase chain reaction (RT-PCR) and nucleotides
from the dominant HIV-1 strain were sequenced. In 84 (66.7%)
of the 127 genotyping tests evaluated, the HIV-1 subtype was
also determined by an amplification of a fragment of the
HIV-1 env gene, spanning the envelope protein gp120. The
results were interpreted according to the international guide-
lines using the Trugene™ HIV-1 Program.

Statistical analysis. A database with the results was set up
using the Microsoft Office Excel Program. The qualitative
variables were presented in frequency expressed by number
(n) and percentage (%). The quantitative variables were
reported as range, mean, standard deviation and median. For
the comparison of the proportions, the chi-square test was
used, with two grades of freedom, and it was considered
significant at p<0.05.

Results

Characteristics of HIV-1-infected patients failing HAART.
From January 2000 to July 2008, a total of 108 HIV-1-infected
adult patients failing HAART attending two different local
outpatient clinics were evaluated by the genotyping tests in
order to detect the HIV-1 antiretroviral resistance-associated
mutations. Table I shows some sociodemographic, epidemio-
logical and treatment characteristics of these patients. Of them,
69 (63.9%) were male and 39 (36.1%) female, with a
male:female ratio of 1:8. The age ranged from 10 to 68 years
old (mean, 40.8+9.2 years; median, 41 years old). Eighty-five
(78.7%) patients were exposed to three or more antiretroviral
regimens and 96 (88.9%) had started antiretroviral therapy
after 1996 with HAART. The time of the HIV-1 diagnosis

ranged from 2 to 21 years (mean, 10.3+4.3 years; median, 10
years). All patients enrolled were in the AIDS stage of the
HIV-1 infection, according to the Brazilian AIDS definition
(17) and had been receiving HAART (2 NRTIs plus 1 PI/r, or
2 NRTIs plus 1 NNRTTI as the first option) for a period
ranging from 2 to 16 years (mean, 8.1+3.3 years; median,
9 years). Two patients were using the fusion inhibitor
enfurvitide in association with NRTI and IP. The HIV-1
genotyping test was solicited after the first therapeutic failure
in 20 (23.8%) patients, after the second therapeutic failure in
16 (19.0%) and after multiple failures in 48 (57.1%) patients.
Of the patients evaluated, 48 (44.4%) presented good adhesion
to antiretroviral treatment.

The CD4* T-cell counts evaluated before the genotyping
test were available in 103 patients and the values ranged from
4 to 851 cells/mm?, with a mean of 314.3+161.5/mm?’ and
median of 329.0/mm?. The HIV-1 plasma viral load also
evaluated before the genotyping test were available in
105 patients and the values ranged from 1,150 to
>750,000 copies/ml; mean, 22,024+25,738 copies/ml;
median, 9,760 copies/ml.

Mutations associated with antiretroviral drug resistance. The
highest number of mutations was detected for the PI class of
antiretroviral, present in 124 (97.6%) among the 127 tests
evaluated (Table II). All patients showed at least one HIV-1
mutation associated with antiretroviral resistance and
mutations for the three antiretroviral classes were detected
simultaneously, in 72 (56.7%) genotyping tests. Mutations
associated with resistance to the NRTI and PI were observed
in 46 (36.2%) genotyping tests simultaneously. Resistance to
PI was isolated in 6 (4.7%) and to NRTI and NNRTI
simultaneously in 3 (2.4%) genotyping tests.

The main NRTI resistance mutation was M 184V, observed
in 82 cases (64.6%), and the thymidine analog mutations
(TAMs) such as D67N in 51 cases (40.1%), K70R in 45
(35.4%), T215Y in 40 (31.5%), M41L in 38 (30.0%), V1181
in 28 (22.0%), L210W in 27 (21.2%), K219Q in 25 (20.0%),
T215F in 18 (14.2%), K219E in 15 (12.0%) and T69N in 14
(11.0%) cases. The additional accessory mutations were also
detected such as L214F in 85 (67.0%) cases, R211K in 52
(41.0%), H208Y in 12 (9.4%), E44D in 9 (7.1%), D67G in 3
(24%) and V75A in 1 (0.8%) genotyping test. Multi-nucleo-
side resistance mutations were also detected such as F116Y in
8 (6.3%), QI51M in 6 (5.0%) and V751 in 4 (3.1%) cases.
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Table III. Nucleoside reverse transcriptase inhibitor-resistance
mutations.?
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Table IV. Non-nucleoside reverse transcriptase inhibitor-
resistance mutations.*

Mutation No. of genotyping tests ~ Percentage Mutation No. of genotyping tests Percentage
(n=127) (%) (n=127) (%)
M184V 82 64.6 Primary
Thymidine analog mutations (TAMs) KI03N 47 370
D67N 51 401 G190A 11 8.7
K70R 45 354 K1035 3 24
T215Y 40 315 Y181Y/C 2 1.6
M41L 38 30.0 Y188L 2 16
L210W 27 212 G190S 2 1.6
K219Q 25 200 V106M 1 038
T215F 18 142 K103N/S 1 0.8
K219E 15 12.0 Major secondary
T69N 14 11.0 L1001 6 4.7
Accessory mutations P225H 4 3.1
L214F 85 670 M230L 2 1.6
R211K 52 410 K103R 2 1.6
V18I 28 220 K101P I 08
H208Y 12 94 Minor
E44D 9 7.1 A98G 14 11.0
D67G 3 24 V1081 9 7.1
V75A 1 0.8 V179D 3 2.4
R211K +L214F 41 323 KI0IE 2 1.6
M184V + R211K+ 23 18.1 VI79E 1 0.8
et “F d diversity of th leosid: transcript
“Frequency an 1versity o € non-nucleoside reverse transcriptase
gllii:\:g;%);l;(-% 4 31 iqhilgitor (IZINRTI) res?sgance mutgtiQns in hu.n.lan iI.llmunode%ficiI:enc.}/
virus type 1 (HIV-1)-infected individuals failing highly active anti-
Multi-nucleoside resistance mutations retroviral therapy enrolled in 127 genotyping tests from Southern
Fl116Y 8 6.3 Brazil.
QI5IM 6 5.0
V751 4 3.1
Non-thymidine analog-resistance mutations (7.1%). The frequency of all the NNRI resistance mutations
L74v 7 5.5 detected in this study is shown in Table I'V.
V7SM 7 5.5 Table V shows PI resistance mutations detected in 124
Y115F 2 1.6 (98.0%) of the genotyping tests evaluated. The most frequent
V75T 2 1.6

“Frequency and diversity of the nucleoside reverse transcriptase
inhibitor (NRTI) resistance mutations in human immunodeficiency
virus type 1 (HIV-1)-infected individuals failing highly active anti-
retroviral therapy enrolled in 127 genotyping tests from Southern
Brazil.

Detected mutations occurring in the absence of thymidine
analogs were L74V in 7 (5.5%), VI5M in 7 (5.5%), Y115F in
2 (1.6%) and V75T in 2 (1.6%) genotyping tests. All the
NRTI resistance-associated mutations detected in the current
study are shown in Table III.

The most frequent primary NNRTI resistance mutations
were K103N observed in 47 (37.0%) genotyping tests and
G190A in 11 (8.7%). Major secondary NNRTTI resistance
mutations were L1001 detected in 6 (4.7%) and P225H in
4 (3.1%) genotyping tests. Minor NNRTT resistance mutations
detected were A98G, detected in 14 (11.0%) and V108I in 9

were L90OM in 28 (22.0%), V82A in 27 (21.2%), M461 in 26
(20.5%), 154V in 23 (18.1%), and L33F in 22 (17.3%).
Accessory PI resistance mutations frequently observed were
L63P in 72 (57.0%) genotyping tests, M36I in 71 (56.0%), 193L
in 51 (40.1%), L101 in 40 (31.5%), A71V in 37 (29.1%), 162V
in 37 (29.1%), and 113V in 31 (24.4%). Additional PI-
selected accessory mutations detected were 154S in 5 (4.0%)
genotyping tests, 1331 in 2 (1.6%), and V82C in 2 (1.6%). In
addition to the mutations described in Table III, the poly-
morphism L33V was also detected in the protease region of the
pol gene not associated with PI therapy in 1 (0.8%) genotyping
test.

Regarding the HIV-1 subtype, the env gene was amplified
and nucleotide sequencing was determined in 84 genotyping
tests. Of them, the subtype B was the most frequent, detected
in 50 (59.5%) genotyping tests, followed by HIV-1 BF1 CRF
detected in 16 (19.0%), subtype C in 7 (8.3%), and F in 5
(5.9%). Other subtypes and CRFs were also detected including
BFin 2 (24%),BC in 2 (24%), Al in 1 (1.2%) and F1 in 1
(1.2%) tests.
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Table V. Protease inhibitor resistance mutation.*

Major Accessory Additional
Mutation n % Mutation n % Mutation n %
LO9OM 28 220 L63P 72 57.0 154S 5 4.0
V82A 27 21.2 M361 71 56.0 L33I 2 1.6
M461 26 20.5 193L 51 40.1 V82C 2 1.6
154V 23 18.1 L101 40 31.5 L24F 1 0.8
L33F 22 17.3 AT1V 37 29.1 F53Y 1 0.8
150L 12 94 162V 37 29.1 G73C 1 0.8
G438V 11 9.0 113V 31 244 G73A 1 0.8
F53L 10 8.0 V771 26 20.5
184V 9 7.1 L10V 24 190
G73S 9 7.1 K20R 21 16.5
N88S 7 55 T74S 18 142
N88D 7 55 K201 11 9.0
D30N 6 5.0 L10F 10 8.0
L241 6 5.0 H69K 10 8.0
V321 5 4.0 A7IT 8 6.3
M46L 4 3.1 Q58E 8 6.3
L76V 4 3.1 K43T 8 6.3
154M 2 1.6 T74A 5 4.0
V82F 2 1.6 E35G 4 3.1
V82S 2 1.6 K20M 2 1.6
184C 2 1.6 K20V 2 1.6
G73T 2 1.6 N83D 2 1.6
154T 2 1.6 T74P 2 1.6
147V 2 1.6 ATI1 1 0.8
V82T 1 0.8 V82A/V 1 0.8
154A 1 0.8 LI10OF/V 1 0.8
G43M 1 0.8
154L 1 0.8
V82A/T 1 0.8
150V 1 0.8
VS82L 1 0.8

aFrequency and diversity of the protease inhibitor (PI) resistance mutations in human immunodeficiency virus type 1 (HIV-1)-infected
individuals failing highly active antiretroviral therapy enrolled in 127 genotyping tests from Southern Brazil.

Discussion

The HIV-1 epidemic is spreading from large urban centers to
small and the innermost parts of Brazil. Regarding the
number of documented cases of AIDS in the country,
Londrina, an innermost municipality located in the Northern
region of Parand State, Southern Brazil, was in the 39th
position, with 1,164 cases from 1980 to 2003 (14) but scarce
data exist on the genetic variability of HIV-1 that is
circulating in that area. The sociodemographic and epidemio-
logical characteristics of the patients enrolled in this study
were consistent with the major features of the HIV/AIDS
epidemic in Brazil and Londrina (13). The higher gender
frequency was male, although a small male to female ratio
was observed as a result of an increasing proportion of
female patients. Other predominant characteristics of the
study cohort were age ranging from 31 to 50 years,

heterosexual transmission and lower level of education. With
these characteristics, the study cohort may be considered a
representative sample of the background population.

The current study presents the first survey describing the
antiretroviral drug resistance in Londrina, an inland Brazilian
municipality and the results showed high frequency of anti-
retroviral resistance mutations in HIV-1 patients failing
HAART. This study has a selection bias since the results
obtained in the current study are based on patients failing
therapy, where the treating doctor already has found the need
to perform a resistance test. Evidently this bias leads to an
overestimation of the frequency of resistant among the
population on treatment. However, the results obtained are
consistent with the findings previously reported in HIV-1-
infected patients failing HAART from other regions of
Central America (18) and Brazil (4,8-10,19). As expected, the
rates were higher than those detected among HIV-1-infected
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patients naive for use the antiretroviral therapy where Brazil
has shown primary drug resistance rates that were on average
lower than in most developed countries analysed (20,21).
There are no previous reports in Brazil showing the
occurrence of multidrug-resistant HIV-1 strains circulating in
drug naive patients in contrast to some countries (20).
However, among HIV-1 treated patients and failing HAART,
high rates of drug-resistance mutations are detected, probably
related to the wide use of HAART, lack adherence to the
treatment protocol, or both.

Mutations in the pol gene in the protease region were the
most frequent (98.0%), consistent with previous reports (5),
followed by the mutations in the RT region. However, the
low frequency was verified of PI resistance mutations (62.9%)
when compared with the NRTI resistance mutations (88.4%)
and NNRTI (88.0%). This result is explained by the low
genetic barrier to NNRTI resistance, where only one or two
mutations are required for high-level resistance. High levels of
clinical cross-resistance exist among the NNRTI because
many of the NNRTI resistance mutations reduce the
susceptibility to multiple NNRTT and the low genetic barrier
to resistance allows a single NNRTI to select for multiple
NNRTI resistance mutations (5).

Although more mutations were selected by PI than any
other antiretroviral class, the multiple protease mutations are
often required for HIV-1 to develop clinically significant
resistance to a ritonavir-boosted PI. Many protease mutations
are accessories, compensating for the replication impairment
of other resistance mutations or reducing PI susceptibility
only in combination with other PI resistance mutations (5).

The M 184V mutation was the most frequently detected in
the HIV-1 patients failing HAART evaluated in this study.
M184V emerges rapidly in patients treated with lamivudine
and can occur within weeks during monotherapy. This
mutation is associated with high-level (>100-fold) resistance to
NRTI such as lamivudine (3TC), 1.5- and 3.0-fold reduction
in susceptibility to didanosine (ddI) and abacavir (ABC),
respectively. However, this mutation increases the
susceptibility to zidovudine (ZDV), stavudine (d4T) and
tenofovir (TDF). Moreover, the phenotypic and clinical
significance of M184V is influenced by the presence or
absence of other NRTI-resistant mutations. The presence of
K65R or L74V in combination with M184V is sufficient for
high-level resistance to both ABC and ddI (22).

Either TAMs type I (T215Y, M41L and L210W) or type 1I
(D67N, K70R, T215F, and K219Q/E) patterns were detected
in high frequency in this study. This result was also consistent
with previous reports (23). TAMs are selected by the thymidine
analogs ZDV and d4T and decrease susceptibility to these
NRTI and to a lesser extent to ABC, ddI, and TDF. The K70R
mutation is usually the first mutation to emerge during ZDV
therapy and mediates low-level resistance. T215Y/F causes
intermediate resistance to ZDV alone but antagonizes the
effect of K70R. Therefore, the two mutations are rarely seen
together, and K70R will disappear (24). TAMs are common
in low-income countries in which fixed-dose combinations
containing thymidine analogs are the mainstays of the therapy.
TAMs are also common in viruses from persons who began
therapy in the pre-HAART era with incomplete suppressive
thymidine analog-containing regimens that result in an
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incomplete suppression of the viral replication. Type I TAMs
cause higher levels of phenotypic and clinical resistance to the
thymidine analogs and cross-resistance to AABC, ddI, and
TDF than type II TAMs (5).

The combination of the M184V with additional mutations
L214F, R211K, and H208Y were also detected in the geno-
typing tests evaluated in this study. Some studies have shown
that the combination of the additional mutations L214F and
R211K that are selected by the NRTI can abrogate pheno-
typic susceptibility to ZDV restored by M184V (25,26) and
the HIV-1 presents and increased of 7.4- or 21-fold ZDV-
resistant when the R211K/L214F or H208Y/R211K/L214F
mutations, respectively, were added to a highly ZDV-resistant
virus (27). However, some data are contradictory and show
that the mutations R211K and/or L214F are not invariably
responsible for high-level phenotypic resistance to ZDV or to
d4T in patients naive to ZDV, and further mutations or poly-
morphisms are necessary to determine high-level phenotypic
resistance to thymidine analogs when the combination of
R211K, L214F, and M 184V mutation is present (28).

The cross-resistance is a complex problem with NRTI
drugs. The mutation Q151M that was detected in 6 (5.0%)
genotyping tests of this study have been associated with
multinucleoside resistance, conferring high-level resistance
to the NRTI (5).

The findings of this study showed high frequency of the
primary NNRTI mutations including K103N, G190A, K103S,
Y181Y/C, and Y188L that cause high-level resistance to
nevirapine and variable resistance to efavirenz, ranging from
2-fold for Y181C, 6-fold for G190A, 20-fold for K103N and
>50-fold for Y188L (29-31).

Both the highest number (97.6%) of mutations associated
with PI observed in 127 genotyping tests evaluated in this
study and the lowest (62.9%) number of mutations associated
with HIV-1 antiretroviral resistance are consistent with
previous published data (5). Thirty-one different major
mutations were detected in the protease gene, with frequencies
ranging from 22.0% for the L90M and 0.8% for the V82L.
The most frequent, LOOM and others including G48V (9.0%)
and 184V (7.1%) are contraindications to the use of saquinavir
associated with ritonavir (SQV/r) (32-34). The mutations
184V (7.1%), V321 (4.0%), 147V (1.6%), and 154L (0.8%),
are contraindications to the use of fosamprenavir associated
with ritonavir (FSP/r) (35-37). The number of licensed PI
antiretroviral drug class has expanded and the number of
mutations associated with PI resistance is higher when
compared with other antiretroviral drug classes. However,
multiple protease mutations are often required for HIV-1 to
develop clinically significant resistance to PI.

The frequency of PI accessory mutations confirmed the
polymorphism in the protease gene in some specific positions
such as 20 (k20R, K20I, K20M, K20V, observed in 16.5,9.0,
and 1.6%, respectively), and the position 63 (L63P observed
in 57.0% of the tests). These polymorphisms upregulate
protease processivity to compensate for the decreased fitness
associated with the major PI resistance mutations (38-42).
Many protease mutations are accessory, compensating for the
replication impairment of other PI resistance mutations or
reducing PI susceptibility only in combination with other PI
resistance mutations (5).
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Two patients were using enfurvitide but there is no data
regarding the mutation associated with this antiretroviral
because the region was not sequenced. Since the fusion
inhibitor therapy is currently used in some patients from the
study population, further studies should include the HIV
genomic region associated with this antiretroviral therapy.

Although the B subtype was the most frequent in this
sample, other subtypes including F, C, and the CRFs BF, BC,
and BF1 were also detected. It was observed that a low
frequency of the pure form of the subtype F and the presence
of forms with high variability such as F1 and the CRFs BF and
BF1, in agreement with previous studies carried out in other
Brazilian regions (19,43,44). The prevalence of different
subtypes 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, the prevalence
of subtype B equals that of subtype C. Subtype F was reported
as the second most prevalent subtype in most parts of Brazil
(45).

Two patients presented different subtypes of HIV when
analysed by more than one genotyping test in the period
evaluated. According to previous studies (46,47) many cases
of people coinfected with two or more strains have been
documented. All cases of coinfection were once assumed to be
the result of people being exposed to the different strains more
or less simultaneously, before their immune systems had a
chance to react. However, it is now believed that superinfection
also occurs. In these cases, the second infection occurs
several months after the first. It would appear that the host
immune response against the first virus is sometimes not
enough to prevent infection with a second strain, especially
with a virus belonging to a different subtype. Resistance assays
measure only the HIV-1 dominant species at the time the test
is performed and resistance variants that comprise <20% of
the total viral population in blood are not detected. The
difference in the genotypic pattern of the subtypes of HIV-1
could result in a variable plasma viral load that changes the
dominant subtype detected in the two genotyping tests assayed
in the same patient evaluated in this study.

The HIV-1 genetic variation at the positions associated
with NNRTI resistance such as V106M and A98S was
substantially greater in the samples from subtype C-infected
patients than in subtype B-infected patients (48). Tissue
culture experiments have shown that subtype-C isolates the
developed V106M mutation, conferring high-level cross-
resistance to all NNRTI. Thus, V106M seems to be a signature
mutation in subtype C-infected patients treated with efavirenz
(49). Although a limited number of patients evaluated in the
present study were infected by the subtype C, the results
obtained corroborate with previous studies. The mutation
V103M was detected in one sample from a subtype C-
infected patient whose therapeutic failure was observed
during the treatment with efavirenz, a NNRTI that could
select a virus with this mutation and conferring to this patient
a cross-resistance to all NNRTI.

The antiretroviral therapy failure is caused by many factors
including lack of adherence, reduced potency of the anti-
retroviral regimen, pharmacologic failure due to reduced drug
delivery to the site of infection (due to malabsorption, protein
binding, or drug interactions), and resistance. In general, most
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failures in the first 24 weeks of treatment using the
recommended HAART regimens in treatment-naive patients
are due to lack of adherence or inadequate potency, and most
late failures that follows good virologic response are due to
resistance (50). One weakness of this study is the inclusion of
patients that did not present good adherence to antiretroviral
therapy. Although the adherence was considered good in
most patients (50.5%), 47 (49.5%) patients did not use the
antiretroviral correctly, which could also contribute to the
emergence of strains of HIV-1 with resistance to antiretroviral
drugs. This situation could reflect in the high frequency of
the mutations observed for the three classes of antiretrovirals
that are available and recommended by the Brazilian Ministry
of Health. After a period of interruption in the antiretroviral
treatment, the dominant wild-type virus can return and
mutations are not detected in these patients. This phenomenon,
particularly evident with the M184V mutation that confers
resistance to lamivudine, results in a false-negative result, since
the patient returns the adherence to the antiretroviral therapy,
the resistant virus returns to be dominant and the therapeutic
response is not obtained (16). In our present study, the
presence of HIV-1 strains with high frequency of M184V
mutation can also occur, by the poor adhesion in the anti-
retroviral treatment.

Another significant concern, which arises from the results
obtained in this study, is the impact of the high frequency of
antiretroviral resistance in treated patients failing HAART on
HIV-1 transmission. These mutated isolates may be efficiently
transmitted to other individuals and retain the antiretroviral
resistance conferring mutations (51). In a cohort of 8 newly
HIV-1-infected individuals the prevalence of HIV-1 variants
with known resistance-conferring genotypes to any anti-
retroviral agent was 16.3% (52). In Brazil, in a cohort of
136 HIV-1 infected adult patients naive for use of anti-
retroviral therapy, primary drug resistance was seen in 6.5%
of them (21). It was recently observed that the prevalence of
primary drug resistance-associated mutations among Brazilian
HIV-1 vertically infected children was 9.8% (53). The high
frequency and rapid selection of drug resistance in treated
patients from countries such as Brazil where the patients have
free access to antiretroviral therapy demonstrates a need to
monitor the emergence of drug resistance and transmission of
mutations to drug-naive patients.

Collectively, the results underscore the increasing
importance of the inclusion of the HIV-1 resistance testing as a
component of HIV-1-infected patient care. The knowledge of
the genetic characteristics of the HIV-1 that circulates in
Londrina and the region mainly those related with the
resistance profile and susceptibility to the antiretroviral
regimens currently used in Brazil could contribute to the
improvement of the treatment strategies and the management
of the antiretroviral drug therapy of the HIV-I-infected
patients from this population, making possible a reduction of
the public costs with antiretroviral drugs which do not show
efficacy in therapy.

References

1. Thomson MM, Pérez-Alvarez L and Najera R: Molecular epi-
demiology of HIV-1 genetic forms and its significance for vaccine
development and therapy. Lancet Infect Dis 2: 461-471, 2002.



592

10.

11.

12.

13.

14.

15.
16.

17.

18.

19.

20.
21.

. Perrin L, Kaiser L and Yerly S: Travel and the spread of HIV-1

genetic variants. Lancet Infect Dis 3: 22-27,2001.

. Dumans AT, Soares MA, Pieniazek D, et al: Prevalence of

protease and reverse transcriptase drug resistance mutations
over time in drug-naive human immunodeficiency virus type 1-
positive individuals in Rio de Janeiro, Brazil. Antimicrob
Agents Chemother 46: 3075-3079, 2002.

. Tanuri A, Caride E, Dantas MC, et al: Prevalence of mutations

related to HIV-1 anti-retroviral resistance in Brazilian patients
failing HAART. J Clin Virol 25: 39-46, 2002.

. Shafer RW and Schapiro JM: HIV-1 drug resistance mutations:

an update framework for the second decade of HAART. AIDS
Rev 10: 67-84,2008.

. Brindeiro R, Vanderborght B, Caride E, et al: Sequence diversity

of the reverse transcriptase of human immunodeficiency virus
type 1 from untreated Brazilian individuals. Antimicrob Agents
Chemother 43: 1674-1680, 1999.

. Pires IL, Soares MA, Speranza FAB, et al: Prevalence of human

immunodeficiency virus drug resistance mutations and subtypes
in drug-naive, infected individuals in the Army Health Service
of Rio de Janeiro, Brazil. J Clin Microbiol 42: 426-430, 2004.

. Couto-Fernandez JC, Silva-de-Jesus C, Veloso VG, et al:

Human immunodeficiency virus type 1 (HIV-1) genotyping in
Rio de Janeiro, Brazil: assessing subtype and drug-resistance
associated mutations in HIV-1 individuals failing highly active
antiretroviral therapy. Mem Inst Oswaldo Cruz 100: 73-78,
2005.

. Machado DM, Fernandes SC, Succi RCM, et al: Analysis of

HIV-1 protease and reverse transcriptase in Brazilian children
failing highly active anti-retroviral therapy (HAART). Rev Inst
Med Trop Sao Paulo 46: 1-5, 2005.

Rodrigues R, Vazquez CM, Colares JK, et al: Anti-retroviral
resistance mutations in human immunodeficiency virus type 1
infected patients enrolled in genotyping testing at the Central
Public Health Laboratory, Sdo Paulo, Brazil: preliminary
results. Mem Inst Oswaldo Cruz 100: 97-102, 2005.

Eyer-Silva WA and Morgado MG: A genotyping study of human
immunodeficiency virus type-1 drug resistance in a small
Brazilian municipality. Mem Inst Oswaldo Cruz 100: 869-873,
2005.

Szwarcwald CL, Bastos FI, Esteves MA and de Andrade CI: A
disseminag@o da epidemia da AIDS no Brasil, no periodo de
1987-1996: uma andlise espacial. Cad Satde Publica 16: 7-19,
2000.

Reiche EVM, Bonametti AM, Watanabe MAE, et al: Socio-
demographic and epidemiological characteristics associated
with human immunodeficiency virus type 1 (HIV-1) infection in
HIV-1-exposed but uninfected individuals, and in HIV-1-
infected patients from a southern Brazilian population. Rev Inst
Med Trop S Paulo 47: 239-246, 2005.

Brazil. Ministry of Health. Epidemiologic Buletin Aids. STD
and AIDS Coordination. Brasilia: Ministry of Health. Year
XVII, n. 1, 01 to 52 epidemiologic weeks January to December
2003.

Brazil. Ministry of Health. Recommendations for the antiretroviral
therapy in adults and adolescents HIV-infected, 2008.

Brazil. Ministry of Health. Manual of adherence in the treatment
for persons living with HIV and AIDS. Serie A. Norms and
Technical Manual. Manual Series. n.84. Brasilia: Ministry of
Health, 130p. 2008.

Brazil. Ministry of Health. Secretariat of Health Politics. STD
and AIDS National Coordination. Review of the Definition of
AIDS case in individual with 13 years old or more, to the
epidemiologic surveillance. Brasilia, Ministry of Health, 1998.
Taylor-Castillo L, Herrera-Martinez G, Le6n-Bratti MP, et al:
Study of antiretroviral mutants in HIV patients with treatment
failures and the effect of risk factors in the virological failures.
Rev Inst Med Trop S. Paulo 47: 327-331, 2005.

Cerqueira DM, Amorim RMS, Silva RR, Camara GNL,
Brigido MM and Martins CRF: Anti-retroviral resistance and
genetic diversity of human immunodeficiency virus type 1
isolates from the Federal District, Central Brazil. Mem Inst
Oswaldo Cruz 99: 877-882,2004.

Soares MA, Brindeiro RM and Tanuri A: Primary HIV-1 drug
resistance in Brazil. AIDS 18 (Suppl 3): 9-13,2004.

Gonsalez CR, Alcalde R, Nishiya A, et al: Drug resistance
among chronic HIV-1-infected patients naive for use of anti-
retroviral therapy in Sdo Paulo city. Virus Res 129: 87-90,
2007.

22.

23.

24.
25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.
43.

SAAD et al: HIV-1 DRUG RESISTANCE IN SOUTHERN BRAZILIAN PATIENTS

Rhee S, Liu T, Ravela J, Gonzales M and Shafer R: Distribution
of HIV-1 protease and reverse transcriptase mutation patterns in
4,183 persons undergoing genotyping resistance testing.
Antimicrob Agents Chemother 48: 3122-3126, 2004.

Machado ES, Lambert JS, Watson DC, et al: Genotypic
resistance and HIV-1 subtype in Brazilian children on dual and
triple combination therapy. J Clin Virol 30: 24-31, 2004.

Iafrate AJ: Clinical testing for HIV-1 drug resistance. Clin
Microbiol Newsletter 26: 33-37,2004.

Nijhius M, Schuurman R, De Jong D, et al: Lamivudine-
resistant human immunodeficiency virus type 1 variants (184V)
require multiple amino acid changes to become co-resistant to
zidovudine in vivo. J Infect Dis 176: 398-405, 2007.

Gallego O, Briones C, Corral A, et al: Prevalence of novel
lamivudine-resistant genotypes (E44D/A, V118I) in naive and
pretreated HIV-infected individual. J Acquir Immune Defic
Syndr 25: 95-96, 2000.

Stiirmer M, Staszewski S, Doerr HW, Larder B, Bloor S and
Hertogs K: Correlation of phenotypic zidovudine resistance
with mutational patterns in the reverse transcriptase of human
immunodeficiency virus type 1: Interpretation of established
mutations and characterization of new polymorphisms at codons
208, 211 and 214. Antimicrob Agents Chemother 47: 54-61,
2003.

Torti C, Gilleece I, Hertogs K, Gazzard BG and Pozniak AL:
R211K and L214F do not invariably confer high level phenotypic
resistance to thymidine analogs in zidovudine-naive patients
with M184V.J Acquir Immune Defic Syndr 26: 514-515,2001.
Rhee S, Taylor J, Wadhera G, Bem-Hur A, Bruttag D and
Shafer R: Genotypic predictors of HIV-1 drug resistance. Proc
Natl Acad Sci USA 103: 17355-17360, 2006.

Bacheler L, Jeffrey S, Hanna G, et al: Genotypic correlates of
phenotypic resistance to efavirenz in virus isolates from patients
failing NNRTI therapy. J Virol 75: 4999-5008, 2001.
Vingerhoets J, Azjn H, Fransen E, et al: TMC 125 displays a
high genetic barrier to the development of resistance from in vitro
selection experiments. J Virol 79: 12773-12782, 2005.

Zolopa A, Shafer R, Warford A, er al: HIV-1 genotypic
resistance patterns predict response to saquinavir-ritonavir therapy
in patients in whom previous PI therapy had failure. Ann Intern
Med 131: 813-821, 1999.

Marcelin A, Dalban C, Peylavin G, et al: Clinically relevant
interpretation of genotype and relationship to plasma drug
concentrations for resistance to saquinavir-ritonavir in HIV-1
PI-experienced patients. Antimicrob Agents Chemother 48:
4687-4692,2004.

Marcelin A, Flandre P, de Mendoza C, et al: Clinical validation
of saquinavir/ritonavir genotypic resistance score in PI-
experimented patients. Antivir Ther 12: 247-252,2007.
Dandache S, Sevigny G, Yelle J, ef al: In vitro antiviral activity
and cross-resistance profile of PL-100, a novel PI of HIV-1.
Antimicrob Agents Chemother 51: 4036-4043, 2007.

Pellegrin I, Breih D, Coureau G, et al: Interpretation of
genotype and pharmacokinetics for resistance to fosamprenavir-
ritonavir-based regimens in antiretroviral-experienced patients.
Antimicrob Agents Chemother 51: 1473-1480, 2007.
Masquelier B, Assoumou K, Descamps D, ef al: Clinically
validated mutation scores for HIV-1 resistance to fosamprenavir/
ritonavir. J Antimicrob Chemother 61: 1362-1368, 2008.
Mammano F, Petit C and Clavel F: Resistance-associated loss
of viral fitness in HIV-1 phenotypic analysis of protease and
gag co-evolution in Pl-treated patients. J Virol 72: 7632-7637,
1998.

Nijhuis M, Schuman R, de Jong D, et al: Increased fitness of
drug resistant HIV-1 protease as a result of acquisition of
compensatory mutations during suboptimal therapy. AIDS 13:
2349-2359, 1999.

Martinez-Picado J, Savara A, Sutton L and D'Aquila R:
Replicative fitness of Pl-resistant mutants of HIV-1.J Virol 73:
3744-3752,1999.

Van Maarseveen N, de Jong D, Boucher C and Nijhuis M: An
increase in viral replicative capacity drivers the evolution of PI-
resistant HIV-1 in the absence of drugs. J Acquir Immune Defic
Syndr 42: 162-168, 2006.

Hoffman N, Schiffer C and Swanstrom R: Covalidation of amino
acid positions in HIV-1 protease. Virology 314: 536-548, 2003.
Barreto CC, Nishyia A, Aratdjo LV, Ferreira JE, Busch MP and
Sabino EC: Trends in antiretroviral drug resistance and clade
distributions among HIV-1-infected blood donors in Sdo Paulo,
Brazil. J Acquir Immune Defic Syndr 41: 338-341, 2006.



44,

45.

46.

47.
48.

INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE 26: 585-593, 2010

Sa-Ferreira JA, Brindeiro PA, Chequer-Fernandez S, Tanuri A
and Morgado MG: Human immunodeficiency virus-1 and anti-
retroviral drug resistance profiles among drug-naive Brazilian
blood donors. Transfusion 47: 97-102, 2007.

Dumans AT, Barreto CC, Santos AF, et al: Distinct resistance
mutation and polymorphism acquisition in HIV-1 protease of
subtypes B and F1 from children and adult patients under
virological failure. Infect Genet Evol 9: 62-70, 2009.

Gross KL, Porco TC and Grant RM: HIV-1 superinfection and
viral diversity. AIDS 18: 1513-1520, 2004.

Fultz PN: HIV-1 superinfections: omens for vaccine efficacy?
AIDS 18: 115-119,2004.

Grossman Z, Istomin V, Averbuch D, ef al: AIDS Multi-Center
Study Group: genetic variations at ITRNN resistance-associated
positions in patients infected with HIV-1-subtype C. AIDS 18:
900-915,2004.

49.

50.

51.

52.
53.

593

Brenner B, Turner D, Oliveira M, et al: A V106M mutation in
HIV-1 clade C viruses exposed to efavirenz confers cross-
resistance to non-nucleoside reverse transcriptase inhibitors.
AIDS 17: 1-5,2003.

Bartlett JG and Gallant JE: Medical Management of HIV
Infection. Johns Hopkins University, Baltimore, pp22-26,
2003.

Simon V, Vanderhoeven J, Hurley A, et al: Evolving patterns of
HIV-1 resistance to antiretroviral agents in newly infected
individuals. AIDS 16: 1511-1519, 2002.

Boden D, Hurley A, Zhang L, et al: HIV-1 drug resistance in
newly infected individuals. JAMA 282: 1135-1141, 1999.
Ferreira FGF, Pinto JA, Kakehasi FM, et al: Prevalence of
primary drug resistance-associated mutations among HIV type 1
vertically infected children in Belo Horizonte, Brazil. AIDS Res
Human Retroviruses 26: 229-232, 2010.



