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Summary: This paper describes genetic subtypes of HIV-1 found in blood samples
from 31 HIV-1–infected people who visited the Counseling and Testing AIDS Center
of Instituto de Medicina Tropical in Manaus, Brazil. Manaus, the main city in Brazil’s
Amazon Basin, is also the closest urban connection for more than 100,000 Indians
living in the rain forests of this region. Although to date there is no evidence of
increased incidence of HIV-1 infection among the indigenous population, our under-
standing of both the prevalence and nature of the epidemic in the region as a whole is
limited. From the 31 samples analyzed by C2V3 sequencing, we found almost equal
proportions of HIV-1 strains belonging to subtype B (n 4 16; 51.6%) and subtype F
(n 4 15; 48.4%), a finding that differs from results from previous studies conducted
in urban areas of southeastern Brazil. We also observed the presence of the GWGR
amino-acid sequence in the critical tetra-peptide crown of the env V3 loop in the HIV-1
subtype B samples analyzed. Among these samples, we also found 14 mosaic genomes
(45.16%) in which different combinations of subtypes B, C, and F were identified
between the p24gag, pro,andenv regions. Our data support the hypothesis that the
Amazonian HIV-1 infections linked to the urban epidemic in southeastern Brazil. The
genetic diversity and the prevalence of mosaic genomes among the isolates in our
study confirm an integral role of recombination in the complex Brazilian epidemic.
Key Words: HIV-1—Recombinant—Amazon basin.

The HIV/AIDS pandemic is characterized by high ge-
netic diversity of its causative agent, HIV-1, and a com-
plex pattern of microepidemics occurring in different re-
gions of the world. On the basis of phylogenetic analysis,
HIV-1 can be classified into three distinct groups: M (for
“major”), O (for “outlier”), and N (for “new”). The group

M variants have been further subdivided into 10 different
subtypes (A–J) based ongag andenvsequence analysis
(1,2). Although HIV-1 subtypes A, B, C, D, and E pre-
dominate globally, subtype B viruses are disproportion-
ately concentrated in Europe, Asia, and the Americas.
The less prevalent group O variants represent highly di-
vergent, genetically distinct HIV-1 strains. These vari-
ants have been isolated from persons with links to West
Central Africa and are limited in their geographic distri-
bution. Recently, HIV-1 group N has been proposed to
describe a small cluster of African isolates that are ge-
netically related to the chimpanzee simian immunodefi-
ciency virus (SIVcpz) (3).

As the largest country in South America, Brazil also
has been most heavily affected by the HIV/AIDS epi-
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demic. The Brazilian epidemic is characterized by the
presence of multiple HIV-1 group M subtypes, primarily
subtype B and the less prevalent subtype F, but also
subtypes C and D (4–6). Subtype B viruses are repre-
sented by two variants distinguished by their V3 loop
amino-acid sequence. The tetrameric sequence at the tip
of the loop in almost half of Brazilian subtype B viruses
is GWGR, as distinct from GPGR, which is prevalent
in the United States and Europe (4). Subtype F is the
most prevalent non-B variant and represents approxi-
mately 18% of HIV-1 isolates from southeastern Brazil-
ian cities. An increasing prevalence of subtype C infec-
tions has also been recognized in Brazil’s southern-most
states (5–7).

Manaus, with 1.2 million inhabitants, is the largest city
in the Amazon Basin. The country’s first imported AIDS
case was confirmed in this city in 1986 (8). Approxi-
mately 100,000 Indians, belonging to 10 distinct ethnic
groups, live in the rain forests of this region. Manaus is
the major port of entry and a trade center of the region,
and its population has both commercial and family ties to
the indigenous people. The HIV-1 serosurveys con-
ducted to date among the Amazonian Indians have not
indicated a rise in infections among this population (9).

In this paper, we describe the first genetic analysis of
HIV-1 isolates collected from people living in the Bra-
zilian rain forest. The primary goal of this research was
to determine whether complex genetic patterns of HIV
isolates that have been identified in the urban southeast
are also being established in the interior Amazon Basin.
Our results show that the epidemic in this region is com-
posed of prototypic subtypes B and F, as well as multiple
genomic mosaics combining genetic elements from both
subtypes B and F. This genetic phenomenon was found
in strains circulating among all risk groups, associated
with patients at every clinical stage of disease.

MATERIALS AND METHODS

Sample Collection
From November 1996 through March 1997, approximately 2500

people visited the Counseling and Testing AIDS Center of Instituto de
Medicina Tropical de Manaus. Among them, 31 were found to be
seropositive for HIV-1 by results of testing with commercially avail-
able enzyme immunoassays (EIAs) (Abbott Laboratories, Abbott Park,
IL, U.S.A.; Sanofi Pasteur, Paris, France), and HIV-1 Western blot
(Cambridge Biotech, Worcester, MA, U.S.A.).

Polymerase Chain Reaction and Sequencing
Total nucleic acid was extracted from 200ml of the buffy coat using

a QIAamp Blood kit (Qiagen Inc., Chatsworth, CA, U.S.A.), according
to the manufacturer’s protocol. Nucleic acid was eluted in 50-ml water
and stored at −70°C. Three different HIV-1 genomic regions were
targeted for PCR amplification:gag p24, the env C2V3 region of

gp120, andpol protease (pro). Nested polymerase chain reaction
(PCR) was performed, as previously described (5,7). Restriction frag-
ment-length polymorphism (RFLP) of the protease gene was used
to putatively subtype the protease gene using the Alu I and Bcl I
digestion patterns, following the protocols previously described in Ja-
nini et al. (5).

PCR products were purified using a QIAamp PCR purification kit
(Qiagen) according to manufacturer’s instructions. Double-stranded
PCR fragments were directly sequenced in both directions with fluo-
rescent dye-labeled sequencing terminators, using an automated se-
quencer (ABI Model 370, Perkin Elmer-Cetus, Norwalk, CT, U.S.A.).

Phylogenetic Analysis
Sequence data were analyzed using Sequencer 3.0 (Gene Codes

Corp., Ann Arbor, MI, U.S.A.). Alignments were generated using
DNASIS version 2.1 software (Hitachi, West Irvine, CA, U.S.A.). Evo-
lutionary distances were estimated, using the Kimura two-parameter
method, and relationships were determined using neighbor-joining
methods. The sequence of SIVcpz gabwas used as the outgroup. Se-
quences described in this study have been assigned the following Gen-
Bank accession numbers: pro (AF076439-AF076448), gag p24
(AF076323-AF07632), and env C2V3 (AF076313-AF076322).

RESULTS

The genomic DNA samples from the 31 HIV-infected
people were isolated, and the C2V3 envelope regions
were amplified by PCR, sequenced, and analyzed.
Nearly equal proportions of subtype B (16 of 31
[51.6%]) and subtype F (15 of 31 [48.4%]) sequences
were identified by C2V3 sequence analysis. All isolates
were simultaneously analyzed by RFLP targeting thepro
gene. Comparison ofenvsubtyping and pro RFLP pat-
terns suggested the presence of four distinct genomic
structures among these samples. Of the 31 specimens, 12
(38.70%) exhibited consistent phylogenetic groupings
across their genomes and were classified as pure proto-
typic subtype B; 5 (16.13 %) samples were similarly
classified as pure subtype F; and 11 (35.40%) were char-
acterized by potential mosaic genomes in which the pro
gene and env C2V3 region clustered with different sub-
types. The clinical and epidemiological characteristics of
the individuals who participated in this study, as well as
the genetic analysis of the two different genomic regions
for each patient s sample are shown in Table 1. All
genetic variants were present in different risk groups, and
no association was found with clinical stages (World
Health Organization classification system), CD4 counts,
or viral loads. Of note, although all 14 mosaic genomes
were identified among the 24 male participants, the 7
female participants were found to carry only the proto-
typic strains.

To clarify the actual genomic structure of these vi-
ruses, we selected 10 samples representing four putative
genomic structures and analyzed by sequencing thepro
andgagp24 regions. The phylogenetic trees representing
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the gag p24, pro, and C2V3env regions of these 10
samples are shown in Figure 1. The sequence analysis of
three different genetic regions confirmed the existence of
different chimeric genomes and identified four patterns
of mosaic structures. The samples BRAM 8, BRAM 14,
BRAM 27, and BRAM 28 were classified as Bgagp24
/B pro /F C2V3env. Sample BRAM 29 was classified as
F gag p24/Fpro /B C2V3env. A third mosaic structure
(B gag p24/F pro /BC2V3env) was found in sample
BRAM 5, and a fourth (Bgag p24/Cpro/BC2V3env) in
sample BRAM 13. The pure prototypic B strains (BRAM
19 and BRAM 24) and a pure prototypic F strain (BRAM
9) were also confirmed by the phylogenetic analysis of
all three distinct genetic regions showing a consistent
subtyping across their genomes.

DISCUSSION

In this study, we evaluated the subtype frequencies
among 31 HIV-infected persons from Manaus, the larg-

est community within the central rain forest of Brazil’s
Amazon Basin. Based only on envelope subtyping, we
found equal representation of subtypes B and F, which is
different from those reported from results of previous
studies, conducted among AIDS patients residing in Bra-
zil’s southeastern cities, which showing proportions of
subtype F strains ranging from 8%-18% (4–7). A higher
proportion of subtype F viruses in Manaus, could best be
explained by a founder effect, that is, a simultaneous
introduction in this region of subtypes B and F and its
recombinants in relatively equal proportions. This hy-
pothesis is supported by similar range of genetic diver-
sity in the C2V3envregion among the B and F isolates
from Manaus samples (19.6% for B and 19.2% for F),
contrasting with a relative high diversity of subtype B
viruses compared with subtype F among isolates from
the southeastern region of Brazil. In that area, the genetic
divergence of subtype F is roughly half that of its sub-
type B counterparts (7). There is a lack of difference in
subtype distribution between different risk group and

TABLE 1. Summary of epidemiologic, clinical, and viral genotype data

Code Stagea Gender
Risk

factorb
Age
(y)

Subtyping
pro-envc

CD4 counts
(cells/mm3)

Viral load
(RNA copies/ml)

BRAM05 B M HET 27 FB 105 NA
BRAM07 A F HET 19 FF NA NA
BRAM08 A M BI 42 BF 165 NA
BRAM09 C F HET 38 FF 248 NA
BRAM10 B M HOM 27 FB 99 NA
BRAM11 A M HET 45 BF 380 36,000
BRAM12 A M HET 40 BF 552 810
BRAM13 B M HET 25 FB NA NA
BRAM14 B M BI 26 BF 607 48,000
BRAM15 B M HET 33 BF NA NA
BRAM16 A F HET 31 BB 340 NA
BRAM17 B M BI 29 FF 976 <400
BRAM18 A M HOM 27 BF 679 14,000
BRAM19 C M HOM 30 BB 220 NA
BRAM20 C M BI 29 FF 477 NA
BRAM23 C M HOM 24 BF NA NA
BRAM24 B M BI 35 BB 1464 85,000
BRAM25 A M HET 22 BF 974 130,000
BRAM26 A M HOM 35 BF 206 NA
BRAM27 A M HET 24 BF 527 4400
BRAM28 A M HOM 27 BF 287 25,000
BRAM29 A M NA 24 FB 482 23,000
BRAM30 A F HET 25 BB 380 23,000
BRAM31 B M HET 38 BB 360 NA
BRAM32 B M HET 26 BB 239 NA
BRAM33 B M HOM 32 BB NA NA
BRAM34 A F HET 25 BB 498 85,000
BRAM35 C M HET 35 BB 146 >400
BRAM36 B M HOM 28 BB 488 13,000
BRAM37 C F TX 39 BB 237 NA
BRAM38 A F HET 49 BB 183 26,000

a Stage of disease based on WHO classification.
b The risk factor is described as follow: HET (heterosexual), HOM (homosexual), BI (bisexual), and TX (transfusion).
c Subtyping call of protease and envelope regions (see Material and Methods).
NA, data not available.
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clinical stage compared with situation in Thailand where
the subtype E is clearly associated to injecting drug use
(IDU) (10). The difference in subtype distribution ob-
served between gender could be explained by the recent
introduction of subtype F in this population, at the same
time the epidemic was spreading through heterosexual
contact, which produced high proportion of infected fe-
males with this viral variant. A similar finding was pre-
viously observed in Rio de Janeiro (11). However, be-
cause of the small number of people analyzed in this
study (n 4 31), it is to draw statistically significant
conclusions.

The epidemic in Brazil serves as the largest single
reservoir of non-B variants and recombinants in North
and South America (12). Recombinant B/F genomes
were recognized among the first isolates from Brazil
(13). In one study, Cornelissen et al. studying several
isolates from the WHO repository described both B/F
and B/C recombinants in Brazil (14). Recombinant

strains derived from B and F parental sequences have
also been reported in Argentina (15). The cocirculation
of multiple HIV-1 subtypes within a geographic region
and the occurrence of dual infection of individuals with
distinct viral subtypes (5,16) increase the probability of
HIV-1 recombination the development of mosaic ge-
nomes, as has been observed in Brazil. The sequencing
methods limited only to the analysis of a short viral
genomic fragment (C2V3env) do not allow detect the
occurrence of mosaic genomes of HIV. This study has
demonstrated that complementary analysis of other ge-
nomic regions such as protease (pro) through RFLP im-
proves the sensitivity to detect potential mosaic ge-
nomes. In this study, we found pure parental forms (sub-
type B and F), as well four mosaic patterns with different
combinations of subtypes B, and F in thegag p24,pro,
andenvregions. A recombinant form between subtype B
and C was observed, for which a parental subtype C
strain was not found. Although both B and F parental

FIG. 1. Phylogenetic analysis of 10 representative Manaus HIV isolates compared with 20 reference HIV-1 group M subtypes available
in the Los Alamos database using the neighbor-joining method (Kimura 2 parameters). Phenograms are shown in three panels: (A) gag
p24; (B) protease gene (pro); and (C) env C2V3 aligned fragments. Sequence SIVcpz gab was used as an outgroup. Aligned fragments
were analyzed as described in Materials and Methods, and bootstrap values for 100 replicates are listed at the major subtype branches.
Scale bar indicates evolutionary distance of 0.10 nucleotides per position in sequences. Specimens of pure and mosaic genomes of
Manaus isolates are designated as follows: no asterisks, pure B or F genomes; *, mosaic represented by subtype B p24-gag and pro, and
subtype F env C2V3; **, mosaic represented by subtype B p24-gag and envC2V3, and subtype F pro; ***, mosaic represented by subtype
F p24-gag and pro, and subtype B env C2V3; ****, mosaic represented by subtype B p24-gag and envC2V3, and subtype C pro.
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strains are prevalent in southeastern Brazil, the recom-
binant frequency observed in the Amazon Basin is sub-
stantially higher than that reported in Brazil s urban
southeastern areas. We also observed the GWGR se-
quence in the “crown” of theenvV3 loop was frequently
preceded by a methionine residue. This motif is charac-
teristic of many Brazilian subtype B strains but rarely
found among subtype B isolates from the United States
and Europe (4,6). Taken together, these data strongly
suggest that the Amazonian subtype B strains were im-
ported from the large cities in southeastern Brazil where
similar variants circulate. Although this paper presents
more data on HIV-1 strains in the Amazon region than
any previous report, several points must be considered in
interpreting our results. It is clear that the prevalence of
HIV-1 among persons attending the counseling and test-
ing center is fairly low and patients attending TB clinics
may not be generalizable to all HIV-infected persons.
Nevertheless, this is a complete sampling of all infected
people who were seen at the site and probably represents
those who were either infected in the Amazon region as
well as those who were infected elsewhere and came to
the area. The high proportion of mosaics is a very inter-
esting result and suggests that these mosaics originated
in a setting where the prevalence of two or more HIV-1
subtypes and the incidence of infections were both suf-
ficiently high. This suggests that the subtype F recom-
binants, like the subtype B strains, were probably im-
ported from southeastern Brazil through multiple indi-
viduals introductions.

The genetic diversity and presence of mosaic genomes
among these samples reflect the complexity of the Bra-
zilian HIV epidemic as a whole. The high proportion of
recombinant viruses strongly suggests that recombina-
tion is an ongoing event and the nascent recombinant
strains may acquire advantages for a wide geographic
spread and play an important role in the future directions
for the Brazilian epidemic.
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