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BACKGROUND: Human immunodeficiency virus-1 (HIV-
1) genetic variability and its implication on the
development of new reagents were investigated by
correlating time of infection and resistance to antiretroviral
drugs.

STUDY DESIGN AND METHODS: Seventy-four plasma
samples from Brazilian drug-naive blood donors were
assayed to further develop a panel of biologic reagents
to be used in serology and molecular tests. After viral
RNA extraction, cDNA was generated and used in nested
polymerase chain reaction protocols with primers for the
ENV (C2-V3 and gp41), protease (PR), and reverse
transcriptase (RT) of HIV-1. Genomic sequencing was
conducted to define HIV-1 subtypes and drug resistance
mutations.

RESULTS: Subtype B was found in 83.8 percent of all
samples, subtype F in 2.7 percent, and BF mosaics in
11 percent of the cases. B and F different genetic profiles
were evidenced: BprBgrrBgp120Bgpat, FprFarFgp120Fgpats
FPRFRTBngOngMa FPRBRTng1ZOng41v and BPRBRTng1zong41-
A single sample (1.4%) was characterized as a BC
mosaic (BprCrrUgp120Cgp41) @and an AGH mosaic
(AGprGrrHgp120Hgp41) Was first observed in the country.
Antiretroviral resistance to nucleoside RT inhibitor was
observed in one sample (1.35%) showing M41L and
T215S mutations. Nonnucleoside RT inhibitor and major
PR inhibitor resistance mutations were not observed.
Previously unseen patterns of resistance to T20 were
found among HIV-1-infected drug-naive individuals in
Brazil. Recent infections were characterized in

21.6 percent of the blood donor samples included in this
studly.

CONCLUSIONS: The availability of characterized
plasma samples and HIV isolates will allow the
development of biologic reagents necessary to implement
quality control programs and to develop, validate, and
evaluate the performance of diagnostic kits, considering
all HIV-1—circulating variants in the country.

uman immunodeficiency virus-1 (HIV-1) is

classified into three major groups: M (main),

O (outlier), and N (new). Group M, responsible

for the world AIDS pandemics, includes 9 sub-
types, 3 subsubtypes and at least 29 circulating recom-
binant forms (CRFs)."* According to the National STD and
AIDS Programme, from the beginning of the epidemics
until June 2005, more than 371,000 cases of HIV-1 infection
had been reported in Brazil.® At least five different HIV-1
subtypes are cocirculating in the country: A, B, C, D,
and E®'® HIV-1 subtype B and the Brazilian variant B are
the most frequent identified clades.*'*?°Various BF and BC
recombinant genomes were described,'*'**' and CRF gen-
otypes (CRF 02_AG, CRF 28_BFE and CRF 29_BF) have also
been detected.”'®* Although the screening of blood
supplyis mandatoryin Brazil, transfusion-transmitted HIV

ABBREVIATIONS: CRF(s) = circulating recombinant form(s);
NNRTI = nonnucleoside reverse transcriptase inhibitor; NRTI =
nucleoside reverse transcriptase inhibitor; PI(s) = protease
inhibitor(s); PR = protease.
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infections still contribute with 0.15 percent of the annual
reported AIDS cases as seen in the year 2005, with 17 new
cases associated with blood transmission in the country.®
For that reason a continuous surveillance of HIV-1 genetic
variability must be considered, given its implication over
the capacity of screening tests to accurately distinguish
HIV-1 groups and subtypes.”*

Studies concerning the prevalence of HIV-1 subtype
diversity among blood donors in Brazil are few and
restricted to specific regions. The circulation of several (B,
C, D, E BF) HIV-1 subtypes and recombinant forms, how-
ever, has been reported.'*'"?6%

The percentages of primary drug resistance in reverse
transcriptase (RT) and protease (PR) genomic regions vary
greatly in different parts of the world, ranging from 3.4 to
12.4 percent in the United States,” 10 to 17 percent in
France,***' 13 percent in Germany,* and 23 to 26 percent
in Spain.® Lack of resistance mutations in Greek and Chil-
ean drug-naive individuals was reported, however, despite
the high prevalence of sequence polymorphisms in both
RT and PR regions.*** In a global study, performed in
2005, it was demonstrated that the majority of mutations
observed in subtype B viruses did not differ from those in
non-B subtypes.*®

Low prevalence levels of mutations associated to both
nucleoside (NRTI) and nonnucleoside (NNRTI) RT and PR
inhibitors (PIs) were reported in drug-naive seropositive
individuals in surveys conducted from 1999 through 2003
in Brazil.'*'626:28

A new class of antiretroviral drug that targets virus
fusion, comprising T20 (enfuvirtide), was developed and
has been available in the market since 2003. Little and
controversial information is available concerning the
development of T20 resistance. Primary mutations associ-
ated to T20 resistance are distributed along the 36- to 45-
sequence residues of gp41.” The analysis of 95 samples
from B and non-B T20 drug-naive patients revealed no
resistance mutations to this inhibitor.*® Besides, other
authors* have reported the occurrence of such mutations
in 200 patients under monotherapy with T20 or highly
active antiretroviral therapy. The presence of polymor-
phisms not associated to fusion inhibitor resistance has
also been studied and its occurrence among B and non-B
subtypes was evaluated.***

In this work, we aimed at characterizing HIV-1 sub-
types and recombinant genomes by nucleotide sequenc-
ing of the envelope (gp120 and gp41), RT, and PR regions.
We also intended to evaluate the frequency of resistance
mutations associated to PR, RT, and fusion (T20) antiret-
roviral drug inhibitors as well as the estimated time of
HIV-1 infection. Considering the impact of viral diversity
on the correct and adequate diagnosis and monitoring of
the HIV-1 infection, we used plasma samples from drug-
naive HIV-1-infected blood donors living in different Bra-
zilian geographic regions.
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MATERIALS AND METHODS

Samples

Seventy-four discarded blood units were received during
the years 2000, 2001, and 2004 from the routine of blood
banks located in different Brazilian geographic regions,
as follows: 6 from N (Amazon basin), 24 from NE (Bahia
and Pernambuco states), and 44 from SE (Rio de Janeiro,
Minas Gerais and Sao Paulo states). Samples, assayed in
an anonymous unlinked study, were received at Bio-
Manguinhos, FIOCRUZ, Rio de Janeiro, Brazil, and
retested by one rapid test (HIV-1 and -2, Bio-Manguinhos
rapid test) and two enzyme immunoassays (EIAs; Vironos-
tika HIV Uni-Form II antigen-antibody, Organon Teknika;
and VIDAS HIV DUO, bioMérieux, Durham, NC). Confir-
mation of HIV-1 reactivity was performed by indirect
immunofluorescence assay.

Genetic analysis

Viral RNA was extracted from all samples with a viral RNA
mini spin kit (QIAamp, Qiagen Inc., Chatsworth, CA) ac-
cording to the manufacturer’s protocol. In the next step,
complementary DNA (cDNA) was generated following the
use of random primers and retrotranscription with RNase
RT enzyme (SuperScript II, Invitrogen Corp., Carlsbad,
CA). cDNA was used in nested polymerase chain reaction
protocols with primers for the ENV C2V3 region of gp120,
ENV gp41 immunodominant region, PR, and RT regions
as previously described.'™® Genomic sequencing was
then conducted in an automated sequencer (ABI Model
3100, Applied Biosystems Perkin Elmer Cetus, Norwalk,
CT) to define HIV-1 subtypes and to assess drug resistance
based on ENV (gp41), RT, and PR genes. For subtyping
analysis, samples were aligned based on software against
a reference sequence set from the Los Alamos database
(Clustal X 1.81 and Mega Version 3.0, http://hiv-web.
lanl.gov/content/hiv-db/SUBTYPE_REF/align.html) and
clustered phylogenetically by the neighbor-joining dis-
tance method with estimated distances by Kimura two-
parameter method. Drug resistance mutation analysis of
RT and PR genes were based on the Web sites http://
hivdb.stanford.edu/pages/algs/HIVdb.html and http://
www.iasusa.org/resistance_mutations/index.html. Drug
resistance mutation analysis of ENV (gp41) to the fusion
inhibitor, T20, was performed by comparing our results
with those already described®*° and also taking into
consideration the variation observed in the 36- to 43-
amino-acid residue sequence of gp4l as indicated by
http://www.iasusa.org.

Identification of recent infected donors

The discrimination between recent (less than 153 days)
and long-term HIV-1 infection was estimated by a quan-
titative antibody assay, HIV-1 BED incidence CEIA


http://hiv-web
http://
http://
http://www.iasusa.org

(Calypte Biomedical Corp., Lake Oswego, OR), for the
determination of the proportion of HIV-1-specific IgG
with respect to total IgG present in the sample. The pro-
cedure is based on the serologic reactivity with gp41
peptides from distinct HIV-1 subtypes (B, E, and D),
considering an optical density (OD) ratio of 0.8 as the
cutoff."!

RESULTS

We have analyzed 74 plasma samples from HIV-1 drug-
naive Brazilian blood donors targeting the ENV (gp120
and gp41), RT, and PR HIV-1 genomic regions. In relation
to subtype characterization, 83.8 percent (n=62) of the
samples presented virus that belong to subtype B and
2 percent (n=2) to subtype F and BF mosaic structures
were found in 11 percent (n=8) of the isolates. The
remaining two samples were comprised by one BC mosaic
(BprCrrU gp120Cepar) and one AGH (AGprGrrHgp120Hgpa1) TE-
combinant sample, first described in the country. Various
genotype profiles were observed for B and F subtypes:
BPRBRTngIZOngM) FPRFRTngIZOngM: FPRFRTnglzong4b
FprBrrBepi20Bgpat, and BerBrrFgpi20Bgpai (Table 1). When BED
was performed with these plasma samples, 16 of 74 sam-
ples (21.6%) yielded OD values suggestive of being recent
HIV infection (seroconversion duration of 153 days).
Owing to the differences on the Stanford University
Drug Resistance Database and IAS-USA Drug Resistance
Mutations Web sites, RT and PR sequences were submit-
ted to both algorithms to determine antiretroviral drug
resistance mutations. What concerns to the PR accessory
resistance mutations, L63P, and its substitutions T/A/C/
D/S/LIVILP/PS (59.5%), M36I (27%), V771 (18.9%), and
193L (17.6%) were mostly observed. L63P and its substitu-
tions occurred in 64.1 percent of B subtype samples and
in 22.2 percent of the F samples whereas M36I was
detected in 15.6 percent of the B samples and in all sub-
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type F samples. Both PR accessory resistance mutations
occurred in the AGH mosaic. The K20R polymorphism
was observed in only one sample of subtype E Consider-
ing the two algorithms, no major PR resistance mutation
was observed in the samples included in this study
(Table 2).

For RT, both V1061 and V118I, described as polymor-
phisms, were detected in four samples (5.5%). Other poly-
morphisms (M41K, E44K, and K103R) not related to RT
inhibitors were also detected. Two samples belonging to
subtype B (2.7%) showed evidence of NRTI resistance: the
first with M41L and T215S primary mutations, confirmed
by both algorithms, and a second one, with T69N, that
alone is capable of conferring potential low-level of resis-
tance to DAT and DDI according to the Stanford Drug
Resistance algorithm. Recombinant AGH and BC samples
did not show any PR and RT resistance mutations
(Table 2).

Resistance to the fusion inhibitor T20 was first deter-
mined based on previous reports®*° taking into consi-
deration the 32- to 69-amino-acid positions of the first
heptad repeated (HR1) region of gp41. In this context, 8 of
the 62 studied samples (12.9%), all belonging to subtype
B, presented the following mutations: Q39R (1.6%), L44M
(1.6%), R46M (1.6%), and V69I (8.1%). According to the
IAS-USA Drug Resistance Mutation algorithm, however,
only the Q39R (1.6%) would be considered as associated
with T20 resistance (Table 2). Other substitutions such as
V38L, N42S, R46K, and L54M, not related to T20 resis-
tance, were seen, respectively, in 1 (1.6%), 1 (1.6%), 4
(6.4%), and 24 (39.3%) of the analyzed samples.

DISCUSSION

As shown by the present work, subtype B is still the most
frequent and disseminated HIV-1 subtype in Brazil, with
the exception of the Southern region,*'*'>'®'8 contributing
to approximately 84 percent of all cases, whereas subtype

F counted only to 2.7 percent of the total

TABLE 1. Distribution of HIV-1 subtypes according to genomic region

of HIV-1 cases. Previous studies,®!*!®
based on unique genomic regions, have

Genomic region*

reported subtype F frequencies varying

Subtype  Number of samples  Total (%) PRt RTf ENV gp120§ ENV gp4ill from 10 to 15.4 percent. In our study,

E’ 62 82'3 analyzing PR, RT, and envelope (C2-V3

Mosaics and gp4l) genes, 10.8 percent of BF
BC 1 1.4 B c NA1 c mosaics were evidenced, corroborating
SE ; ;; E S SA gA other reports.'"*'®** In Brazil, the simul-
BF 4 5.4 F = B B taneous circulation of B and F subtypes
BF 1 1.4 B B F B in the Southeastern part of the country
AGH 1 1.4 AG G H H

* Only mosaic subtypes by region are described.
1 Analysis of all PR sequence (297nt).
1 Analysis of all RT sequence (571nt).

91 NA =not analyzed.

§ Analysis of the sequence corresponding to 274nt of gp120 C2V3 region.
Il Analysis of the sequence corresponding to 435nt of gp41 immunodominant region.

in association with increasing viral vari-
ability and recombination events would
probably explain the occurrence of such
BF mosaic frequency. The presence of a
rare AGH variant sample is indicative of
the emergence of new and different
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HIV-1-infected Brazilian blood donors

TABLE 2. Resistance mutations associated to PR, RT, and T20 in

not find PI, NRTI, and NNRTI primary
resistance—associated mutations. Simi-
lar results were obtained in a French

PR resistance NRTI resistance

NNRTI resistance

T20 resistance study, including 142 drug-naive individ-

Samples mutations mutations mutations mutations

1287-00 M36L V69l uals from Cameroon, Senegal, Demo-
1292-00 L63P, V77l T6IN* cratic Republic of Congo, and France,
258-01 M3el, L63T viisl vea which did not reveal any primary resis-
261-01 M36l, 193L Q39R* . .

575-01 V69l tance mutations either for PI or for
908-01 L63P V69l NRTL*®

;??2'81 L63A M41L, T2158" Vel More recently, primary mutations
2459-01 R46M related to PI, NNRTI, and NRTT in 2.24,
1560-04 D60E, V77! L44M 2.06, and 2.36 percent, respectively,

to the criterion of other authors.®°

* Major mutations are indicated. Sample 1292-00 was resistant to NRTI according to
Stanford University Drug Resistance Database; Sample 261-01 was resistant to T20
according to IAS-USA Drug Resistance Mutations Algorithm; Sample 1938-01 was
resistant to NRTI according to both Stanford University and IAS-USA Drug Resistance
Mutations Algorithms. Other samples shown in this table were resistant to T20 according

have been reported among HIV-1-
infected drug-naive population diag-
nosed at the Voluntary Counseling and
Testing Centers located in different
Brazilian major capitals.'® Except for the

non-B viral subtypes and reinforces the molecular HIV-1
diversity seen in the country for the past years. This
fact is supported by two reports on the occurrence of a
CRF 02_AG in Brazil.'#??

The lack of subtype Cin this study might be attributed
to the absence of samples from the Southern region of the
country, where such subtype is prevalent.'*'* Whereas sev-
eral reports have described an increase in the frequency
of subtype C over time in the Southern region, only spo-
radic cases of this subtype are being detected in other
regions. One case of a BC mosaic genome, however, not
previously observed in studies involving blood donors in
the country, was detected in a sample from the northeast-
ern region.

Resistance mutations associated to RT and PR in
antiretroviral drug-naive individuals might result from
the transmission from an individual that has failed highly
active antiretroviral therapy or be the consequence of
divergent variants. Differences in the interpretation of the
drug resistance mutation patterns were observed in the
present study when with Stanford University Drug Resis-
tance Database and IAS-USA current algorithms. Accord-
ing to both algorithms one sample displaying M41L and
T215S primary mutations conferring resistance to aba-
cavir, AZT, and DA4T presented resistance to NRTI. A sec-
ond sample showing a T69N mutation with a DAT
resistance profile, however, was considered as NRTI-
resistant based in one of the algorithms. Major PR resis-
tance mutations were not observed when applying either
criterion.

In agreement with our findings, NNRTI-associated
resistance mutations were not previously observed in
drug-naive HIV-1-infected blood donors, although
9.38 percent of the samples showed primary resistance to
AZT in such study.”® In samples from blood donors col-
lected in Brazil during the year 1999, other authors® did
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NNRTI and PI, NRTI drug resistance—
associated mutation values were very close to those
obtained in this study.

A significantly higher proportion (14%) of virus pre-
senting NRTI-related mutations was demonstrated in a
study with 56 drug-naive HIV-1-infected individuals from
the Army Health Services in Rio de Janeiro, Brazil.* Such
findings could be suggestive of an increase in primary
drug resistance in the country. Our results and those pre-
viously commented from various authors, however, con-
firm the considerably low levels of primary resistance in
Brazil in comparison to those reported in other coun-
tries,®3** varying from 10 to 26 percent.

The occurrence of 87.8 percent of PR secondary or
accessory mutations, also documented in this study, was
similar to what has been observed among blood donor
samples collected in 1998 in Brazil.?® The most frequent
PR polymorphisms observed were L63P and its substitu-
tions and M361. Both polymorphisms were also found in
the AGH recombinant sample. All NRTI polymorphisms
occurred in subtype B samples, the most common ones
being V118I and V1061 (5.5%), in a higher frequency than
observed by other authors.'*%

Differences in the interpretation of T20 fusion inhib-
itor primary resistance mutation patterns were also
observed between the IAS-USA algorithm and a recent
work from a Spanish group® that considered other gp41
residues (32, 44, 45, 46, and 69) in addition to those (36-
43) previously defined. Taken together, only Q39R (1.6%)
was considered as a T20 resistance mutation in the current
study. Other mutations such as L44M (1.6%), R46M (1.6%),
and V691 (8.1%) were also observed, however. Similar
results were described in T20-naive patients in Spain, with
the evidence of Q39R, R46M, and V69I mutations in B and
non-B subtypes.* Another study reported no associated
T20 resistance mutations among drug-naive patients
infected with B and non-B HIV-1 subtypes in the Luxem-
bourg HIV cohort.*® Considering the high frequency of



subtype B (83.8%) in the present study, along with the
limitation of non-B subtype diversity and the occurrence
of all T20 resistance mutations in B samples, the influence
of subtype under resistance selection to T20 remains
unclear.

Finally, 21.6 percent of the analyzed samples corre-
sponded to cases of recent infection as determined by the
Calypte HIV-1 BED incidence EIA. Based on other authors’
findings® in a study with first-time and replacement
blood donors, the residual risk of HIV transmission was
found to be 14.9 per million units. In Brazil, that may rep-
resent at least 50 possible cases of infected blood trans-
missions among the 3.5 million donations per year in the
country. The blood donors of the present project could be
under the window period of the infection at the moment
of a previous blood donation and not be detected by the
current screening tests. These data emphasize the need to
introduce nucleic acid-based assays in the screening of all
blood to be transfused in the country given its capability
of reducing the infection window period for HIV-1 in up
to 7 and 9 to 13 days, respectively, compared to p24 and
antibody detecting assays.

In this respect, the development of biologic panels of
subtyped and characterized plasma samples will be of
paramount importance to improve and expand the diag-
nosis of HIV-1 infection, adjusting the tests so as to con-
sider all HIV-1 variants circulating in the country.
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