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Antiretroviral resistance mutations in human immunodeficiency
virus type 1 infected patients enrolled in genotype testing at
the Central Public Health Laboratory, Sdo Paulo, Brazil:
preliminary results
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Antiretroviral resistance mutations (ARM) are one of the major obstacles for pharmacological human immuno-
deficiency virus (HIV) suppression. Plasma HIV-1 RNA from 306 patients on antiretroviral therapy with virological
failure was analyzed, most of them (60%) exposed to three or more regimens, and 28% of them have started therapy
before 1997. The most common regimens in use at the time of genotype testing were AZT/3TC/nelfinavir, 3STC/D4T/
nelfinavir and AZT/3TClefavirenz. The majority of ARM occurred at protease (PR) gene at residue L90 (41%) and
V82 (25%); at reversetranscriptase (RT) gene, mutations at residue M184 (/1) were observed in 64%. Oneor more
thymidine anal ogue mutations wer e detected in 73%. The number of ARM at PR gene increased from a mean of four
mutations per patient who showed virological failure at the first ARV regimens to six mutations per patient exposed
to six or moreregimens; similar trend in RT was al so observed. No differencesin ARM at principal codon to thethree
drug classes for HIV-1 clades B or F were observed, but some polymor phisms in secondary codons showed signifi-
cant differences. Strategies to improve the cost effectiveness of drug therapy and to optimize the sequencing and the
rescue therapy are the major health priorities.
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Antiretroviral therapy (ARV) has changed the scenario
of the acquired immunodeficiency syndrome (AIDS) epi-
demicin Brazil (Casseb et al. 1999, Marins et al. 2003).
Virusresistanceto medication (Shafer et al. 1994, Larder
& Kemp 1989, D’ Aquilaet a. 2002) hasbeen amgjor chal-
lenge to the long term success of therapy. However, ge-
notypic information may orient the rescue ARV therapy
(Clevenbergh et a. 2000). In 1999, the Adolfo Lutz Insti-
tute (IAL), with the support from the S&o Paulo State STD/
AIDS Program, hasinitiated the monitoring of HIV resis-
tance and, in 2000, the use of genotype testing with sal-
vage therapy recommendation to support clinical deci-
sion in patients with advanced disease has been estab-
lished in alimited scale. Since November 2001, the IAL
integrated the National Genotyping Network, which was
organized to provide genotype testing for patients with
treatment failureto thefirst proteaseinhibitorsregimens.
The Laboratory has also provided this assay for cases
from judicial mandate and continued to provide the tests
for patients presenting more advanced disease, generally
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indicated for testing according to the eval uation provided
by State Genotype Committee.

In the present study we analyzed the cumulative in-
formation from these sourcesto assessapreliminary data
on resistance to ARV therapy.

MATERIALSAND METHODS

In the study, we included sequence analyses per-
formed in samplesfrom 306 patients, who had signed the
written informed consent, with available information on
ARV regimens, referred to the Retrovirus L aboratory, dur-
ing the period from December 2001 to May 2003. Con-
secutive blood samples from patients referred from the
Collaborative Clinical Centerswith clinical indication for
genotype testing were received and processed. Research
Ethical Committee of Adolfo Lutz Institute approved this
study.

Plasma was separated by centrifugation (4000 RPM
for 20 min) and preserved at —70°C until use. TheViroseq
(ABI, US) genotyping kit was used and performed ac-
cording to manufacture’s instructions. Alternatively,
plasmavirionswere concentrated by centrifugation (22,000
x gfor 90 min). Vira RNA wasextracted from plasmausing
the Trizol L SReagent (Gibco, US) according to the proce-
dure described in manufacturer’s instructions. Reverse
transcription of plasmaHIV RNA was performed with 200
U of SuperScript Il enzyme, (Life Technologies, US), 300
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ng of random hexamer primers (Life Technologies), 0.5
mM of each deoxynucleoside triphosphate, 7.5 U of
RNAse inhibitor (Life Technologies), and 10 mM of
dithiothreitol inafinal volumeof 20 pl, at 42°C for 90 min
inreaction buffer. During thefirst PCR, for the polymerase
gene, the DNA was amplified with the following pair of
primers (position relative to HXB2, Accession number
K03455): 5-CAGAGCCAACAGCCCCACCA-3 (forward,
position 2147-2166) and 5'-TTCCCCACTAACTT
CTGTATGTCATTGACA-3 (reverse; position 5745-5776).
The protease and reverse transcriptase genes were am-
plified by asecond PCR (nested) using following primer
pairs, respectively: 5-TAACTCCCTCTCAGAA
GCAGGAGCCG-3' (forward; position 2201-2226), 5'-
CCATTCCTGGCTTTAATTTTACTGGTA-3' (reverse;
postion2587-2613), 5 -GTTGACTCAGATTGGTTGCAC-
3’ (forward; position 2519-2539). 5 -GTATGTCATT
GACAGTCCAGC-3 (reverse; position 3305-3324).

The nested PCR products were purified by the
Concert™ Rapid PCR purification system (Life Technolo-
gies), and quantified by means of 2% agarose gel running
along with low DNA Mass Ladder™ (Life Technologies).
Sequencing of both PR (codon 1 to 99) and RT (codon 1-
236) genes relative to HXB2 was performed employing
fluorescent dideoxynucleotides (ddNTPs) from ABI Prism
BigDye™ Terminator (ABI) with inner primersresolved
on a 377 or 3100 automatic sequencer (ABI). HIV clade
was accessed at www.nchi.gov and the mutation profile
(D’ Aquila et al. 2002) was analyzed using the Stanford
HIV Drug Database (www.stanford.edu). The genotype
reports were sent to the respective clinicians. Statistical
analysis was made by means of the Eplnfo6 program
(CDC), using Yates corrected test or Fisher’s exact test,
two tailed.

RESULTS

Sequences were obtained from blood donated by 306
patients. The median age of patients was 35 years,
interquartile range (IQR 25th, 75th): 27, 42 years, being
68% male, and 70% of them wereusing threeor moreARV
regimens. TCD4* countswere below 200 cells/pl in 51%
patients. This population had median TCD4* counts of
206 cell/ul (IQR 97, 338) at samplecollection andincluded
44 children (up to 12 yearsold), median age 8 (5, 9), me-
dian TCD4" 415 cells/ul (97, 793); 16 adolescents (from 13
to 19 years old), with median age of 15 (13, 17), median
TCD4* 127 cellg/ul (31, 208); and 246 adults, (age above 19
yearsold), median 37 (32, 43) yearsold, median TCD4* 190
cells/ul (100, 323). Themedian plasmaHIV RNA log, ,was
4.79 copies/ml (4.32, 5.21), being in children 5.3 copies/mL
(4.90, 5.52), in adolescents 5.20 copiesml (4.71, 5.42) and
inadults4.63 copies/ml (4.20, 5.07).

Most of the patients had a long exposure to ARV
therapy, as 28% of them started therapy before 1997, with
amediantimeof ARV exposureof fiveyears(IQR: 3.3, 6.2
years). Over half of the patients (51%) had previously
been exposed to single drug class of nucleoside reverse-
transcriptaseinhibitors (NRTI), but only 2% were on dual
NRTI therapy at sample collection for genotype. The per-
centage of cumulative number of treatment regimens to
which the patients have been exposed to at sample col-

lection was 12% at first regimens, 28% at second, 23% at
third, 14% at fourth, 14% at fifth and 9% using their sixth
or moretherapy regimens. Eighty-onedifferent ARV regi-
mens were observed at the time of sample collection for
genotype testing, and the most common regimens were
AZT/3TCInelfinavir, STC/DAT/nelfinavir, and AZT/3TC/
efavirenz, which were in use by nearly one third of pa-
tients. Fig. 1 shows the ARV class composition of regi-
mens used by patients at time of genotype testing ac-
cording to the cumulative number of regimens used, as
T1, for exposure to one regimen at collection, up to T6",
for six or moreARV regimens.

The mean number of viral mutations at the principal
codonsof PR and RT genesispresented in Fig. 2, accord-
ing to number of ARV regimens used by subjects. Fig. 3
depicts the percentage of mutations at codons related to
ARV resistance according to the number of regimens used
by patients: 9a) for proteaseinhibitors (PI); (b) for NRTI;
and (c) to non-nucleoside NNRTI. At least one thymi-
dine-associated mutation (TAM), that is, ARM at posi-
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Fig. 1. antiretroviral class composition (%) of regimens, as single
class (one or more) nucleoside reverse-transcriptase inhibitors
(NRTI), combination of NRTI plus a non-nucleoside reverse-tran-
scriptase inhibitors (NRTI + NNRTI); of NRTI + protease inhibitor
(NRTI + PI) or a three class combinations, NRTI + NNRTI + Pl in
use at the time of blood collection for genotype by cumulative
number of treatment regimens used up to genotyping, from one
treatment regimen (T1) up to six or more regimens (T6+).
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Fig. 2: mean number of antiretroviral resistance mutations (ARM)
in patient’s HIV-1 isolates by the cumulative number of antiretroviral
regimens (1 to 6 or more) used during treatment history, at pro-
tease and reverse transcriptase genes.
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Fig. 3: percentage of antiretroviral resistance mutations (ARM) at selected codons associated to decrease susceptibility (A, to protease
inhibitors; B, to nucleoside reverse-transcriptase inhibitors; and C, to non nucleoside reverse-transcriptase inhibitors) antiretroviral class,

by number of regimens used, such T1 to T6+ for exposure from one to six or more antiretroviral regimens.
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tions 41, 67, 210, 215 or 219 of RT, was seen in 73% of
isolates, and mutations at residue M 184 occurred in 64%
of cases. Multi-nucleoside resistance mutations such
Q151M wererare, but significantly associated with muta-
tionsat residue V75 (p < 0.00003), including not only mu-
tations to isoleucine, but also with the uncommon muta-
tion to threonine. We tried to estimate the pattern of
mutation to some of the most used medications in our
population. The protease inhibitor (PI) nelfinavir, hasre-
duced the susceptibility associated either to a specific
mutation, at residue D30, or to mutationsthat affect other
PI, such as L90M. Among those receiving nelfinavir as
thesingle Pl, 68% had a principal mutation to Nelfinavir.
L 90 and D30 mutations were observed alone or in combi-
nation in the majority of these patients. L90M was more
frequent, observed in 33% of patients, while D30N was
noted in 27%, and a combination of both mutations was
observed in 6% of individuals. Mutations at residue V82
were rare in cases exposed only to Nelfinavir as PI, ob-
served in 2%. Taking into account exposureto all P, the
L90M was the foremost mutation, occurring in 41% of
cases, followed by mutations at residue V82 which was
detected in 25% of patients. Other protease inhibitor spe-
cific mutations, such asresidue 150, wererarely observed.

Agreeing with previous studies (Sabino et al. 1996,
Bongertz et al. 2000), the mgjority of the isolates of our
study (70%) could be genetically clustered to HIV-1 clade
B, with 12% clustering to HIV-1 clade F. Fig. 4 showsthe
percentage of HIV-1 cladesat PR and RT genes. Evidence
of B/F recombinant was observed in 18% of these se-
guences. Fig. 5 showsthe proportion of ARV related mu-
tations at selected codons in protease and reverse tran-
scriptaseclustering to references of HIV-1 clade B or HIV-
1 clade F. Noimportant difference could be observed when
major ARV resistance mutations were analyzed, but some
polymorphisms were significantly (p < 0.00002) associ-
atedto HIV-1 protease clade B (at residue L63) or clade F
(at residues K20, M36 and L 89).

% 100
90 -
80
70
60 -
50 -
40-
30
20
10

7
o

0- 2%

Protease Transcriptase

B F . B/F mosaics

Fig. 4: proportion of HIV-1 protease and reverse transcriptase ge-
nomic segments analyzed at the pol region clustering with refer-
ence clade sequences. B for HIV-1 clade B, F for HIV-1 clade F1,
and B/F to HIV-1 mosaics.
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DISCUSSION

The present study describesthe ARV mutation profile
in clinical samplesfrom patients of S&o Paulo and nearby
cities, and itsassociation to the number of treatment regi-
mens. Some represented municipalities of the state of S&o
Paulo are among the first to introduce highly active
antiretroviral therapy (HAART) aspart of the publicAIDS
care service. The exposure to multiple regimens, many of
them starting in the pre-HAART era, makes this patients
prone to the development of resistance. Patients treated
in early 1990s were exposed to one ARV class (NRTI)
therapy. Even after 1996, with HAART therapy, someARV
combinations included hard capsule Saquinavir assingle
PI, situations now known to be associated to sub-optimal
regimens. Moreover, adherence to treatment regimen was
not aconcern incorporated into clinical practice until re-
cently.

The mean number of mutations observed in these pa-
tient populations is high and increases with the number
of regimens used, and it reflects the high prevalence of
ARM at individual codons (Fig. 3). Although an increase
is observed with the increase of regimens used, the rela-
tionship is not direct and the mean number of ARM is
aready elevated evenin patientsfailing tofirst or second
regimenfor P, it increases from amean of four ARM for
those failing a first ARV regimen to up to six ARM for
those previous exposed to six or more regimens at geno-
type. At RT we can observe similar trend (Fig. 2). The
mean number of total mutations, aswell asARM at key
codons (asM 184, T215 at RT or L90 at PR) ishigh even
after initial regimens, a fact that makes rescue therapy
increasingly difficult. Not only thetotal number of muta-
tions, but an extensive mutation profile was observed in
thispopulation. Moreover, previousARV exposureitself,
even if without detectabl e resistance mutation, aswell as
other factors, may play arolein modulating the response
to rescue therapy. Historical, clinical and laboratory evi-
dence may not be sufficient to rule out apossible antiviral
response to rescue therapy of heavily pretreated patient
population (Montaner et a. 2001). In this popul ation, 60%
of the subjects where exposed to three or more
antiretroviral regimens. The benefit of resistance geno-
typetest to rescue therapy inthis setting isunclear (L outfy
& Walmdey 2002, Valer et al. 2004) but a benefit cannot be
ruled out. The lack of follow-up information does not
alow usto addressthis question in this study and results
of other studies (Clevenbergh et al. 2000) may not apply
to our population. Studies are needed to access the ben-
efit of the test in these situations and to evaluate the
cost-effectiveness of the genotype test as a guide to res-
cue therapy.

Although no differencein prevalence of major, princi-
pal resi stance mutationswas observed in comparing clade
HIV-1 B and non-B (almost exclusively HIV-1 F1in our
population), remarkable differences in the preval ence of
some secondary mutations were evident. The impact of
polymorphisms of non-B HIV-1 in resistance evolution
must be properly evaluated. The emergence of numerous
drug class-related ARM, as TAM, detected in 73% of pa-
tients or general Pl resistance mutations (mutations at
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Fig. 5: percentage of antiretroviral related mutations at selected codons. A to protease and B to reverse transcriptase genes clustering to

references of HIV-1 clade B or HIV-1 clade F.

V82, 184 or L90 residues that cause high level resistance
to two or more protease inhibitors), detected in 54% of
cases, may probably be amajor impediment for asuccess-
ful salvage regimen. The presence of both TAM and prin-
cipal mutation to PI, documented in 47% of subjects, lim-
its further the formulation of salvage therapy.
Asforindividual ARM, L90M mutation was the most
frequently observed at the protease (41%), and mutations
at the M184 of RT in 64% of subjects. The former de-
creases susceptibility of most available protease inhibi-
tors, and the latter, albeit associated with increased sus-
ceptibility to AZT when ARM to this drug are present,
probably have this effect minimized by the large number
of TAM in most patients. Moreimportantly, the mutation
affected one of the most commonly used NRTI in this
population, that is, the 3TC. Some mutations uncommon
in vivo, such as V75T, were observed in 2.3%, and the
majority of them along with multi-nucleoside mutation
Q151M. These resistance profiles are more pronounced

in children, but the difference has not been significant.
Therole of mutation profileinviral fitness (Nijhuiset al.
2001, Antinori et a. 2001) and the difficulty in providing
adequate regimens options must be taken into account in
the decision to recommend a salvage therapy aiming viral
suppression after repeated therapeutic failures (Deeks et
al. 2000, Murphy et al. 2001). Thisisanincreasingly pub-
lic health issue that needs better research evaluation.
No formal comparison of ARV regimen potency or the
association of these regimens to therapy failure can be
assessed in the present study design. The proper se-
guencing, drug combinations and strategies to provide
an adequate rescue therapy could not also be evaluated.
The lack of adequate information on adherence to medi-
cation precludes a proper correlation of regimen and the
emergence of resistance. It isinteresting to note that, many
of regimensinuseand onvirological failureincluded ARV
drugs mostly represent the current international acquisi-
tion budget by the Brazilian AIDS Program, being 63% of
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the cost in 2003 dueto three brand drugs. These are popu-
lar regimens and we cannot infer any relationship to the
virological failure in this uncontrolled study. However,
theroleof actual biological or pharmacological character-
istics in selecting these drugs as part of HAART regi-
mens, as compared to the role played by drug company
marketing strategies is an important issue that need to be
addressed. Our study cannot address these issues, how-
ever the possibility in using an alternative, generic drugs
regimens, that may provide similar or even better efficacy,
should be evaluated in clinical trialsfor these may delin-
eate valuable implications for the long-term sustenance
of the Brazilian ARV Access Program.
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