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Summary: To investigate the prevalence of the HIV-1 subtypes in different popula-
tions from Salvador, Bahia, Brazil, blood samples from 72 HIV-1-seropositive inject-
ing drug users (IDUs) and 62 individuals infected sexually were analyzed using the
heteroduplex mobility assay (HMA). In the IDU group, 89.5% were classified as
subtype B, 3% as subtype F, and 7.5% showed a B/F HMA profile. In the sexual
transmission (ST) group, 95% were identified as B subtype, 3.4% showed a B/F
profile, and 1.6% a B/C/E HMA profile. All Brazilian samples that showed multiple
reactivities in the HMA analysis clustered on sequencing with B North American/
European HIV-1 isolates in the phylogenetic analysis, whereas the F subtypes clustered
with F Brazilian HIV-1 isolates. Serologic reactivities of IDU’s sera were examined
using a panel of synthetic V3 loop peptides representative of the different HIV-1
subtypes. No difference in serologic reactivity between F and B subtype plasma could
be observed. Predominance of HIV-1 subtype B was identified in both study groups,
whereas subtype F was detected only among IDUs in a frequency lower than described

for other Brazilian regions. Key Words: HIV-1 subtypes—Diversity—Brazil.

HIV-1 isolates are phylogenetically classified in three
groups (M, O, and N) (1-3). The prevalent M group
(major group) is classified into at least 10 genetically
subtypes designed A through J, with distinct distribution
in the world. The existence of these HIV-1 groups and
subtypes has many important implications for the global
evolution of HIV-1 and future immunoprophylaxis pro-
grams.

In Brazil, four different clades (B/B'’, F, C, and D)
and additional recombinant samples between subtypes B
and F were identified in different geographic areas, most
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obtained in the southeast region (4—10). Moreover, Bra-
zilian subtype B samples show low levels of amino acid
sequence conservation in the V3 loop, with 40% of them
typically showing the GWGR motif at the crown of the
V3 loop, instead of the conserved GPGR observed in the
North American/European isolates and the HIV-1 proto-
types currently in use for vaccine development (5). In
addition, sera from Brazilian HIV-1 patients display a
lower specific antibody response against V3 loop pep-
tides of predominant HIV-1 prototypes circulating in de-
veloped countries (11). These genetic diversities could
have implications for vaccine development, as well as in
pathogenesis, disease progression, and virus transmis-
sion.

Bahia State has most of the AIDS cases in the Bra-
zilian northeastern region with 3458 cases reported
through February 1999 (12). Most were detected in men
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who have sex with men (MSM), followed by injecting
drug users (IDUs), however, an increase in the number of
cases in heterosexual individuals has been observed in
the later years (12). Most AIDS cases are concentrated in
Salvador City, which is a seaside city with 2,500,000
habitants, most of African descent, with a high frequency
of tourists coming from different continents. Moreover,
this city displays several sociodemographic characteris-
tics of large African or Haitian cities. Recent data from a
cross sectional study from this region showed a sero-
prevalence of 44.1% of HIV infection in IDUs, as well
as, a high frequency of HTLV-I/II infection (13,14).
To better understand the spectrum of HIV-1 diversity
in this region and the potential association with trans-
mission route, we analyzed the prevalence of the HIV-1
subtypes and the spectrum of antigenic diversity in dif-
ferent exposure groups of HIV-1 infection, using the het-
eroduplex mobility assay (HMA) and a panel of syn-
thetic peptides representative of the different HIV-1 sub-

types.

MATERIALS AND METHODS

Patient Population

Blood samples were obtained from 72 HIV-1-seropositive IDUs
from Salvador, Bahia, Brazil (Projeto Brasil-Salvador). The study
population, demographic data, and diagnosis of HIV infection were
described elsewhere (13,14). Another 62 HIV-1-infected individuals,
belonging to the sexual transmission (ST) group, were seen at the
Federal University of Bahia Hospital and included in this study. Most
study subjects were asymptomatic and the serostatus was previously
established by commercial immunoassay and confirmed by Western
blot (Cambridge Biotech, Worcester, MA, U.S.A.). All individuals do-
nated blood voluntarily after informed consent.

DNA Isolation

Peripheral blood mononuclear cells (PBMCs) were obtained by Fi-
coll-Hypaque gradient centrifugation and 2 x 10° cells were resus-
pended in lysis buffer containing proteinase K (Sigma Chemical, St.
Louis, MO, U.S.A.). After proteinase K digestion, 5 pl of this solution
was used directly for polymerase chain reaction (PCR). Nonamplifiable
samples were further submitted to genomic DNA extraction using the
Isoquick Nucleic Acid Extraction Kit (Microprobe, Garden Grove,
MD, U.S.A.) according to the manufacturer’s instructions. Samples that
were not amplifiable by PCR using this condition were reextracted
using the phenol/chloroform method (15).

Nested Polymerase Chain Reaction

PCR amplification was carried out as described previously, with
minor modifications (16). Briefly, 1 to 2 pg of genomic DNA was
added to a first-round reaction of 50 .l containing 50 mM KCI, 10 mM
Tris pH 8.3, 1.5 to 1.75 mM MgCl,, 5 pmol of each primer, and 0.2
mM of each deoxynucleoside triphosphate (ANTP). Standard reaction
conditions were 3 cycles of 97°C for 1 minute, 55°C for 1 minute, and

72°C for 2 minutes, followed by 32 cycles of 95°C for 45 seconds,
55°C for 1 minute, and 72°C for 2 minutes, and a final extension at
72°C for 10 minutes. Second-round reactions (100 pl) were formulated
and performed in similar conditions

First-round PCR primers ED3 and ED14 amplified a 2.0 Kb frag-
ment spanning from the first exon of rev to the region of the envelope
gene coding for the N-terminal half of the transmembrane protein gp41.
Subsequently, three sets of primers (ED5/ED12, ED31/ED33, ES7/
ES8) were used in the second-round PCR to amplify different regions
of the viral envelope, resulting respectively in the expected 1.3 kb, 500
bp. and 700 bp products, respectively. Subtype reference plasmids were
amplified using second-round primers and 10 ng of plasmids as tem-
plates (17).

Heteroduplex Mobility Assay

HIV-1 subtype was determined by HMA as described elsewhere
(16). Incubating in annealing conditions 5 w1 (100-250 ng of DNA) of
second-round PCR with 5 pl of homologous product from a subtype
reference (A-H).

Each unknown sample was amplified with at least two sets of prim-
ers, and subtyped on the basis of the higher mobility of the heterodu-
plexes formed with three reference strains of HIV-1 subtypes A to E
and two of F to H (17)

Peptides and Peptide Enzyme-Linked
Immunosorbent Assay

The amino acid sequence of the different specific HIV-1 subtypes
was based on that in the Los Alamos Database (1). Non-biotinylated
HIV-1 peptides HXB2, MN, SF2, RF (subtype B): V3BRcon-
CNTRKSIHIGWGRAFYATGE (variant B'"); ELI, MAL, Z6 (subtype
D); and the biotinylated peptides bV3FBR-NTRKSIPLGPGRAFY
(Brazilian subtype F); bV3C-GKSIRIGPGQTFYAT-OH (subtype C),
bV3BRW-NTRKSIHMGWGRAFY, bV3BR5-NTRKSIHLGW-
GRAFY, bV3Bcons-NTRKSIHIGPGRAFY), were synthesized respec-
tively by Chiron (Clayton, Victoria, Australia) and Neosystem Labo-
ratory (Strasbourg, France).

The HIV-1 peptide enzyme immunoassay was carried out as de-
scribed previously (18). A pool of HIV-1-negative sera was used to
establish the cutoff value for each plate, at 4 times the standard error
plus the mean of the negative samples.

DNA Sequencing and Phylogenetic Analysis

PCR products corresponding to the env C2-V3 region of gp120 of
nine samples were purified using a QIAamp PCR purification kit (Qia-
gen, Oslo, Norway) according to manufacturer’s instructions. Double-
stranded PCR fragments were sequenced in both directions using a ABI
PRISM fluorescent dye-labeled terminator sequencing kit (ABI-Prism
Dye Terminator Cycler Sequencing Ready Reaction Kit, Perkin Elmer
Cetus, Norwalk, CT, U.S.A.). The primers ED31 (sense) and ED33
(antisense) were employed for molecular sequencing. DNA sequences
were generated using an automated sequencer (ABI Model 370, Perkin
Elmer Cetus).

Nucleotide sequences corresponding to the fragment of 345 pb in the
C2V3 env region were aligned using CLUSTAL W (19) with minor
manual adjustments. The phylogenetic trees using the neighbor-joining
method and reliability of the branching orders using bootstrap approach
were implemented by using CLUSTAL W. Evolutionary distances
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were calculated with Kimura’s two-parameter method (20). Various
previously determined HIV-1 sequences were included in this analysis
for comparative purposes, and the sequence of SIVcpz—gab was used as
outgroup. The HIV-1 envelope sequences from Salvador, Bahia de-
scribed in this study have been deposited in EMBL and the accession
numbers are assigned from Y 18752 to Y18760.

RESULTS
Study Subjects

Most of the 72 IDUs who participated in the study
were male (70.8%), the mean age was 30 years (range,
13-57 years). Most are of African descent and estimated
duration of HIV infection ranged from 6 months to 2
years at the sample collection. Data on the percentage of
syringe sharing and length of drug consumption among
this group was not available.

In the 62 individuals from the ST group, 41 samples
were collected during the early HIV-1 infection in Sal-
vador (1988-1990) and 21 samples during the years of
1995 to 1997. Most of these cases (77.4%) occurred
among men having sex with men (MSM), the mean age
was 35.5 years (range, 24-48 years), and 14 cases
(22.6%) reported heterosexual transmission. Individuals
from the first group (1988-1990) had been infected for
>1 year at the time of blood collection and the CD4" cell
count was not available. Most individuals from the sec-
ond group (1995-1997) showed a CD4" count >500
cells/mm?. In both groups, most HIV-1-infected indi-
viduals (83.6%) were not provided any antiretroviral
therapy. The racial origin in this group was not available.

Polymerase Chain Reaction and Heteroduplex
Mobility Assay Subtyping

About 50% of the samples were directly amplified by
nested PCR, using the product of PBMC digestion. The
rest of the samples, purified using the commercial DNA
extraction IsoQuick kit or the phenol/chloroform proce-
dure, generated PCR products to perform HMA subtyp-
ing. However, six specimens from the IDUs and two
from HIV-1 ST group, were still PCR-negative and thus
not typable by HMA.

Table 1 summarizes the demographic data and the
genetic subtypes of HIV-1 characterized in the study
population. The genetic HIV-1 subtyping by HMA per-
formed among the IDU group showed that 66 samples
(91.6%) could be genetically typed by HMA, 59 (89.5%)
were identified as subtype B, 2 (3%) as subtype F and 5
(7.5%) showed a B/F profile (Fig. 1A).

In the ST group, 60 HIV-1 samples (96.8%) could be
subtyped by HMA. Most (95%) were classified as B

TABLE 1. Demographic data and genetic heteroduplex mobility
assay subtypes of injecting drug users from Salvador, Bahia, Brazil

Subtype
Tested B F B/F

Variable (n) n (%) n (%) n (%)
Total 66 59 (89.5) 2:(3)e SIES)2
Gender

Male 46 42 (91.3) — 4(8.7)

Female 20 17 (85) 2(10) 1(5)
Age (y)

<20 11 11 (100) — —

20-29 21 18 (85.7) — 3(14.3)

30-39 21 17 (80.9) 2 (9.55) 2 (9.55)

>40 10 10 (100) - —

Unknown 3 3 (100) — —

“ Samples selected for C2-V3 env sequencing.

subtype, 2 patients (3.4%) showed a B/F, and 1 patient
(1.6%) a B/C/E profile (Fig. 1B). No F subtype was
observed in the HIV-1 ST group in Salvador, Bahia.
These results and sociodemographic information of this
group are summarized in Table 2.

Phylogenetic Analysis

Five samples from the IDU group (BA95, BA103,
BA104, BA118, BA122), one from the ST group (BA75)
showing rapidly migrating heteroduplexes with subtypes
B and F, one ST sample that had a B/C/E profile (BA23)
in the HMA, in addition to the two subtype F samples
(BA73 and BA94), were chosen for sequencing of the
env C2V3 region. Three samples (BA9S5, BA118, and
BA122) clustered with the MN strain in phylogenetic
analysis, whereas two others (BA103 and BA104) clus-
tered with GWGR Brazilian subtype B samples, although
none presented the GWGR motif at the crown of the V3
loop. Two samples from the ST group, showing, respec-
tively, B/F (BA75) and B/C/E (BA23) HMA profiles,
clustered separately in the subtype B group (Fig. 2). The
only two samples identified as subtype F in HMA analy-
sis clustered with typical Brazilian F subtype HIV-1 iso-
lates (Fig. 2).

HIV-1 Peptide Reactivity

Sera from 72 IDUs were tested for reactivity with
biotinylated peptides corresponding to the V3 loop se-
quences of subtype B, subtype F, and subtype C; 45 of
these sera were tested against non—biotin-treated HIV-1
peptides from subtype B and subtype D.

The biotinylated V3B peptide (65 of 70 B sera) and
the non-biotinylated MN peptide (39 of 43 B sera) were
the most frequently recognized. Three sera recognized
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Molecular characterization of HIV-1 Brazilian subtypes using heteroduplex mobility assay (HMA). (A) HIV-1 sample with B/F

FIG. 1.
HMA profile. (B) Sample with a B/C/E profile in HMA analysis.

specifically only one B peptide, two reacted with bV3B,
and one with BRcon. No IDU serum was negative with
all B peptides, however, only two sera were able to react
with all B peptides employed in this study.

TABLE 2. Demographic data and genetic heteroduplex mobility
assay subtypes of the sexual transmission group from Salvador,
Bahia, Brazil

Subtype
Tested B F B/F B/C/E

Variable (n) n (%) n (%) n (%) n (%)
Total 60 57 (95) — 2(3.4) 1 (1.6)¢
Gender

Male 47 45 (95.8) — J8(251)8 1(2.1)

Female 13 12:(92.3) — 1(7.7)
Age (y)

<20 —_ — — — —

20-29 11 10 (90.9) — 1(9.1) —

30-39 21 19 (90.5) — 1 (4.75) 1 (4.75)

>40 11 11 (100) — — —

Unknown 17 17 (100) — — —
CD4" counts

(cells/mmj)”

<200 3 3(100) == = =

200-500 5 5(100) — — —

>500 12 9 (75) — 2 (16.7) 1(8.3)

Unknown 40 — — — —
Antiretroviral

therapy

Yes 8 7 (87,5) — 15(@225) —

No 50 48 (96) — 1(2.0) 1(2.0)

Unknown 2 2 (100) —_ = ==

“ Samples selected for C2-V3 env sequencing.
b ; g = GRS
Only available for 1995/1997 sexual transmission subgroup.

E-
hl....lul.!!.ﬂll-l“

N ™M N ™M - (N ™M ™ - -
223008382 OE

In contrast, most sera (70 of 72) were negative with
peptides derived from African subtype D strains. Exten-
sive cross-reactivity was observed with the F peptide
(100%) and the C peptide (60%). The two subtype F sera
recognized the bV3FBR peptide as well most B peptides
tested.

DISCUSSION

In this paper, the genetic analysis in the main exposure
categories of the HIV-1 epidemic in Bahia in northeast-
ern Brazil, demonstrates the presence of two HIV-1 sub-
types circulating in this region, with a clear predomi-
nance of subtype B among IDUs and individuals infected
by ST. No difference was observed between the two ST
groups, as only subtype B was observed in the samples
collected both in 1988 to 1990 and 1995 to 1997. Con-
versely, subtype F was detected only in the IDU group.
Similarly, in a previous study conducted with a few
samples collected in Salvador, Bahia in the beginning of
the 1990s (4), one sample obtained from an IDU was
initially described as “A-like,” and further characterized
as subtype F. The phylogenetic analysis of the B samples
from IDU group showed a near relation of their genetic
structure, probably due to the extensive needle sharing
occurring in this group. However, the two ST samples
(BA23 and BA75) clustered together in a separate branch
from those including the IDU samples.

Recently, a high prevalence of HIV-1 subtype F was
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FIG. 2. Phylogenetic tree of HIV-1 C2-V3 env sequences from
nine Brazilian HIV-1 subtypes. Nucleotide sequences and phylo-
genetic tree were implemented using CLUSTAL W (19). All Bra-
zilian samples are bold italicized and the scale bars represent
10% divergence. The Afro-Brazilian HIV-1 envelope sequences
from Salvador, Bahia, have been deposited in EMBL under ac-
cession numbers Y18752 through Y18760.

observed in Sao Paulo (in southeastern Brazil) in IDUs
and their female sexual partners, suggesting a higher
level of transmissibility of this subtype among this risk
group (21). Although in the present study conducted in
Bahia, the subtype F was detected only among IDUs, the
percentage was very low and no significant statistical

basis to support correlation between this HIV-1 subtype
and exposure category or gender.

In general, the frequency of subtype F in Bahia seems
to be lower than described for other cities in Brazil (5,
6,21). No subtype D or C infection was identified in the
subjects included in our study group as previously de-
tected in Brazil (7,8). However, more recent data showed
the presence of subtype C in 8 of 177 samples from other
states in northeastern Brazil, including Salvador, Bahia
(22).

Comparing our present results with those obtained in
the AIDS epidemic in Africa, we have not observed the
presence of multiple HIV-1 subtypes circulating in this
African related community in Northeast Brazil, suggest-
ing an original introduction into this area of strains de-
rived from North American/European HIV-1 isolates.
However, the permanent contact of Brazilian travelers
with African communities represents an important epi-
demiologic factor for the introduction of new HIV-1 sub-
types in Brazil.

A recently described study using HMA analysis de-
scribed subtype F viruses in the Philippines from over-
seas contract workers, which played an important role in
the introduction of this subtype in this area (23). Salva-
dor, Bahia is a seaside city with several ports. Although
the prevalence of non-B subtype is lower in comparison
with other regions, such a route for the introduction of
new HIV-1 variants should be considered.

The reactivity of sera from HIV-1-infected IDUs were
highest with bV3B and MN peptides. All sera were re-
active with the peptide derived from a Brazilian HIV-1 F
isolate, possibly due to the highly conserved GPGR se-
quence situated at the top of the V3 loop, common to
both F and B peptides, described as being the immuno-
dominant part of the V3 loop.

The reliability of V3 loop serotyping is highly depen-
dent on the viral diversity within the analyzed popula-
tion. In contradistinction to results reported in Thailand
(24), where the enzyme immunoassay with synthetic
peptides is highly effective in HIV-1 subtyping, in Bahia,
Brazil, the seroreactivity assay used in this study did not
allow distinction between the subtype B and subtype F
HIV-1 infections. However, this high serologic cross-
reactivity observed among the different peptides indi-
cates the occurrence of common epitopes among and
within the HIV-1 subtypes prevalent in Brazil and, taken
together with data concerning cross-neutralizing antibod-
ies among these subtypes (25), could represent promising
data for vaccine development.

In conclusion, the genetic variability of HIV-1 could
have some implications on transmission, disease progres-
sion, and emphasis on the need of continued epidemio-
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logic and molecular surveys in Brazil, mainly in areas
that were not previously investigated.

Several epidemiologic studies reported the occurrence

of different HIV-1 subtypes and recombinant viruses
composed of genetic material derived from two geno-
types (9,10). Although in our study we have not found
combinations between the nine strains sequenced within
the C2-V3 region of the envelope, further complemen-
tary studies analyzing other genomic regions will be nec-
essary to assess this issue.
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