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Abstract

Few studies have reported the molecular epidemiological characterization of HIV-1 in the Northern region of Brazil. The pres-
ent study reports the molecular and epidemiological characterization of 31 HIV-1 isolates from blood donors from the State of 
Amazonas who donated blood between April 2006 and March 2007. Serum/plasma samples from all donors were screened 
for HIV antibodies by ELISA and the results confirmed by Western blot analysis. Genomic DNA was extracted from the buffy 
coat using the Super Quik-Gene-DNA Isolation kit. Nested PCR was performed on the env, gag, and pol regions of HIV-1 using 
the Gene Amp PCR System 9700. Sequencing reactions were performed using the inner PCR primers and the DYEnamic™ 
ET Dye Terminator Kit, and phylogenetic analysis was performed using the gag, pol, and env gene sequences. We collected 
samples from 31 blood donors who tested positive for HIV-1 in confirmatory experiments. The male:female ratio of blood donors 
was 3.4:1, and the mean age was 32.4 years (range: 19 to 61 years). Phylogenetic analysis showed that subtype B is the most 
prevalent among Northern Brazilian HIV-1-seropositive blood donors. One HIV-1 subtype C and one circulating recombinant 
form (CRF_BF) of HIV-1 were identified in the State of Amazonas. This is the first study showing the occurrence of a possible 
“homogenous” subtype C in this region of Brazil. This finding could contribute to a better characterization of the HIV-1 strains 
that circulate in the country.
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Two major reasons for the extensive genetic diversity 
of HIV-1 are high levels of viral replication and error-prone 
reverse transcription, which incorporates mutations into the 
viral genome. Investigating the genetic diversity of HIV-1 
can lead to further understanding of HIV-1 evolution and 
dissemination and vaccine development. 

The HIV-1 genome is composed of approximately 9.0 
kb distributed among structural (gag, env, and pol), trans-
activation (tat and rev) and accessory (nef, vpu, vif, and 
vpr) genes. Based on phylogenetic analyses of env and 
gag gene sequences, HIV-1 is classified into three main 
groups: the major (M), outlier (O), and new (N) groups (1-4). 
Nine genetic subtypes have been identified in the M group: 

A-D, F-H, J, and K; at least 34 circulating recombinant forms 
(CRFs) have been recognized (5-7). These genetic subtypes 
may have an impact on drug susceptibility, the emergence 
of new drug resistance mutations, and the performance 
of laboratory tests for diagnostics and measurements of 
viral loads (8). 

About one third of all people with HIV-1 in Latin America 
reside in Brazilian territory (9), where HIV-1 subtype B was 
originally predominant. This subtype was introduced in Brazil 
by North American individuals and established itself in the 
risk group of homosexual men (10). Previous studies have 
reported a variable prevalence of HIV-1 subtypes in Brazil, 
including subtypes F1, C, and D (11-13) and the CRFs 
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(CRF_BC, BF) (14,15). Subtype F1 was identified primarily 
in female prostitutes and drug users, and was introduced in 
Brazil in the early 1980s (10). Although most HIV-1 infections 
in Brazil are subtype B, the southern region of the country 
represents the main subtype C focus (16). Isolated cases 
of this subtype have also been reported in the States of 
Espírito Santo, Goiás, and Rio de Janeiro (17-20). 

The Northern region of Brazil contains 7 States 
(Rondônia, Acre, Amazonas, Roraima, Pará, Amapá, and 
Tocantins). Amazonas is located in the central region, 
comprises the largest territorial area of Brazil and shares 
borders with Venezuela, Colombia, and Peru. According 
to Boletim Epidemiológico DST/AIDS (2006), the Northern 
region reports approximately 13,000 AIDS cases, which 
corresponds to 3% of all cases in Brazil. The State of Ama-
zonas has around 5000 notified AIDS cases, and Manaus 
(the capital of Amazonas) is responsible for 90% of these 
cases. However, few genotyping studies of HIV-1-infected 
people in the Northern region of Brazil have been reported. 
Recently, a study describing the presence of subtypes D 
and C in the cities of Belém (Pará) and Macapá (Amapá) 
has been reported (21), but the epidemiology of HIV in 
the State of Amazonas is unknown. The only study that 
describes HIV-1 subtypes in Manaus, the largest com-
munity within the central rain forest of Brazil’s 
Amazon Basin, showed that subtypes B and F 
are represented equally (22).

In the present study, we performed the 
molecular and epidemiological characteriza-
tion of 31 HIV-1 isolates from the Northern 
region of Brazil. We also reported, for the first 
time, the presence of subtype C in the State of 
Amazonas.

Material and Methods

Patient samples
The samples were obtained from HIV-1-

seropositive blood donors at Fundação Hemo-
centro de Manaus (HEMOAM), AM, Brazil, and 
presented positive serology to HIV-1. The study 
was approved by the Institutional Ethics Com-
mittee and all blood donors signed an informed 
consent form and were informed about the 
procedures of sample collection and analysis. 
Between April 2006 and March 2007, 10-mL 
intravenous blood samples were collected from 
each individual into tubes containing the anti-
coagulant EDTA. Serum/plasma samples from 
all donors were screened for HIV antibodies by 
ELISA Axsym HIV I/II gO (Abbott, Germany) 
and combined HIV Ag/Ac (Murex Biotech, UK). 
Confirmatory screening tests were performed 
by Western blot analysis using HIV Blot 2.2 
(Genelabs Diagnostics, Singapore).

Proviral DNA extraction 
DNA was extracted from the buffy coat (EIA-positive 

samples) using the Super Quik-Gene-DNA Isolation kit 
(Promega, USA) according to manufacturer instructions.

Polymerase chain reaction (PCR)
Nested PCR of HIV-1 was performed on the env, gag, 

and pol regions using a Gene Amp PCR System 9700 
(Applied Biosystems, USA). To amplify a fragment of the 
genes, the first round of PCR was performed on samples 
using the primers ED5 and ED12 for the env gene, H1G777 
and H1P202 or C1 and C2 for the gag gene, and K1 and 
K2 for the pol gene (18). A second round of PCR was car-
ried out using the nested primers ED31 and ED33 for env, 
H11584 and G17 or SK and C2 for gag, and F1 and F2 for 
pol amplification. The primer sequences of HIV-1 genomic 
regions are presented in Table 1. Reactions were performed 
in 50-µL mixtures containing 500 ng DNA, 1.0 U Taq DNA 
polymerase, 50 mM KCl, 10 mM Tris-HCl, pH 8.3, 1.5 mM 
MgCl2, 0.8 mM each deoxynucleotide triphosphate (dNTPs), 
and 10 ρmol of each primer. PCR cycling conditions for the 
first and second rounds consisted of one cycle at 94°C for 
5 min, 35 cycles at 94°C for 90 s, 55 at 60°C for 90 s, and 
72°C for 30 s. Five microliters of the initially amplified product 

Table 1. Primer sequences of HIV genomic regions (18).

Region Description 5’-3’

Gag 1st round
H1G777 TCA CCT AGA ACT TTG AAT GCA TGG G
H1P202 CTA ATA CTG TAT CAT CTG CTC CTG T
C1 GGT CAG CCA AAA TTA CCC TAT A 
C2 GGA AAT GTG GAA AGG AAG GAC A 

2nd round
H11584 AAA GAT GGA TAA TCC TGG G
G17 TCC ACA TTT CCA ACA GCC CTT TTT
SK ATA ATC CAC CTA TCC CAG TAG GAG A
C2 GGA AAT GTG GAA AGG AAG GAC A

Pol 1st round
K1 CAG AGC CAA CAG CCC CAC CA
K2 TTT CCC CAC TAA CTT CTG TAT GTC ATT GAC A

2nd round
F1 GTT GAC TCA GAT TGG TTG CAC
F2 GTA TGT CAT TGA CAG TCC AGC

Env 1st round
ED5 ATG GGA TCA AAG CCT AAA GCC ATG TG
ED12 AGT GCT TCC TGC TGC TCC CAA GAA CCC AAG

2nd round
ED31 CCT CAG CCA TTA CAC AGG CCT GTC CAA  AG
ED33 TTA CAG TAG AAA  AAT TCC CCT C



106 L.K.H. Cunha et al.

www.bjournal.com.brBraz J Med Biol Res 45(2) 2012

(first round) was used in the second round. The amplified 
products were analyzed by 2% agarose gel electrophoresis 
followed by ethidium bromide staining.

Nucleotide sequencing and phylogenetic analysis
Amplified products (gag, pol, and env) were purified 

using the Wizard PCR Preps DNA Purification System 
Kit (Promega). Sequencing reactions were performed us-
ing the inner PCR primers and the DYEnamic™ ET Dye 
Terminator Kit according to manufacturer instructions, and 
products were sequenced using the MegaBace 1000 DNA 
Sequencing System. Electropherograms were analyzed 
with ChromasPro Version 1.41 (Technelysium Pty Ltda., 
Australia). 

The HIV-1 sequences of Brazilian isolates (gag, pol, 
and env) were aligned and edited using the BioEdit 7.0.5.3 
program. The sequences were compared to those in the 
Los Alamos database, which includes 40 prototypes for 
the genotypes A-D, F-H, J, and K, 14 CRFs and the out 
group sequence (O group). Neighbor joining (NJ) trees 
were constructed using the Phylip package (version 3.6) 
and PAUP* 4.0b10 program (Sinauer Associates, USA). 
The NJ trees were constructed using the (GTR+I+G) and 
(TMV+I+G) nucleotide substitution models, as selected by 
the Modeltest 3.06 program. The reliability of the NJ trees 
was assessed by analyzing 1000 bootstrap replicates. The 
likelihood ratio test was used to calculate statistical support 
(reported as P values) for the branches. Trees were drawn 
with the TreeView X 0.5.0 program. Sequences obtained 
in this study are available in GenBank under accession 
numbers FJ011469-FJ011532.

Recombination analysis was performed using SimPlot 
3.5.1, which evaluates the differences between phylogenetic 
trees at each fragment (window) along with the alignment. 
Bootscanning was performed with alignment (available 
at http://lasp.cpqgm.fiocruz.br/retrovirusHIV.html). The 
gag, pol, and env regions were concatenated to get the 
query sequence, gaps were deleted to obtain a continu-
ous sequence, and the sequences were then analyzed by 
multiple alignment. 

Results

Clinical features of HIV-1-infected patients
We collected samples from a total of 107 HIV-1-sero-

positive blood donors who had one positive serology test. 
Of these 107 donors, only 31 were confirmed as HIV-1 
positive in diagnostic tests. The majority of the HIV-1 indi-
viduals were males, the male:female ratio was 3.4:1, and 
the mean age was 32.4 years (range: 19 to 61 years; Table 
2). Ten repeat blood donors were identified (32.3%), and 6 
of them seroconverted for up to 20 months. The seroconver-
sion time comprises the period between the last liberated 
donation and the donation that presented HIV-1 reactivity. 
The blood donors were asymptomatic at the time of dona-

tion and reported not to be under antiretroviral treatment 
(data not shown).

Phylogenetic analysis
The DNAs of 31 HIV-1-positive individuals were evalu-

ated. We analyzed 462, 706, and 498 bp of the gag, pol, 
and env regions, respectively (Table 1). The NJ trees 
constructed from the three regions show that subtype B 
is the most prevalent among Brazilian patients (Figures 
1, 2, and 3). 

The phylogenetic trees revealed two subtype C samples. 
Only the env and pol regions were characterized in one 
sample (AM090) because the gag region did not amplify 
in PCR (Table 3). In the other sample (AM107), all regions 
were characterized. These samples were submitted to 
boot scanning analysis, and the subtype C profiles were 
confirmed (data not shown). 

Subtype C has not been previously described in the 
Amazonas State, but has been isolated in other regions 
of Brazil. Analyses of similarity were performed to com-
pare the env sequences found in the Southern region of 
Brazil (DQ358770, DQ358766, DQ358763, DQ358761, 
DQ358757, DQ358756, and U52953) and env sequences 
from different geographic regions, including Venezuela 
(AY456916 and AY456917), South Africa (AY772699), India 
(AF067155), and Ethiopia (U46016) (Table 4). This genomic 
region was selected for similarity analysis because it is the 
most variable region of HIV-1. These analyses showed 
that Amazonian C subtype isolates show high similarity to 
sequences from the Southern region, suggesting that HIV-1 
subtype C may have disseminated to the North following a 
South to North gradient pattern.

The partial sequences of gag, pol, and env genes were 
obtained for 18 samples, while for 10 samples, only two 
regions (gag and env, gag and pol, or pol and env) were 
obtained. For three samples, only one region (gag, pol, 
or env) was obtained (Table 3). In agreement with the 
topology of the phylogenetic trees built for each gene, 17 
samples were classified as subtype B and one as subtype 
C for the three genes. However, one sample was classified 
as subtype B for the gag and pol genes and subtype F for 
the env gene, suggesting the presence of one circulating 
recombinant form. 

Table 2. Distribution of HIV-1-seropositive blood 
donors according to age and gender.

Age, median (range)
Male 31.7 (19-61)
Female 33.1 (23-49)

Gender, N (%) 
Male 24 (77.4%)
Female  7 (22.6%)
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The 828-bp concatenated sequence of probable CRF 
(sample AM047) was submitted to bootscanning using 
SimPlot with the following parameters: window size (300 
bp), step (20 bp), algorithm (NJ), distance model (Kimura 
2-parameter), and replicate number (100). The reference 
group/subtypes used for bootscanning were the M (A-D, 
F-H, J, K) and O groups. The map generated by the Sim-
Plot software showed that the AM047 sample presented a 

breakpoint (subtypes B and F) at position 525. At 230, the 
sequence is characterized as subtype B (95% reliability), 
while at position 720 it is characterized as subtype F (99% 
reliability; data not shown). 

Discussion

Several HIV-1 subtypes, sub-subtypes, circulating re-

Figure 1. Rooted NJ tree of 26 HIV-1 strains based upon a 462-bp fragment of the gag region. The bootstrap values (above 50% and 
using 1000 bootstrap samples) on the branches represent the percentage of trees for which the sequences at one end of the branch 
form groups. The OAY169812 strain is used as an outgroup. The Brazilian isolates are in bold. The tree shows that 96.2% of samples 
are subtype B, and 3.8% are subtype C.
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combinant forms, and unique recombinant forms (URFs) 
have been described extensively worldwide (23). The HIV-
1-positive prevalence among Brazilians is approximately 
0.5%, ranging from 0.3 to 1.6% since 2000 (24). Most 
of the molecular and epidemiological characterization of 
HIV-1 in Brazil has concentrated in the Southeast, where 
HIV-1 subtype B is prevalent. Other Southern regions in the 
country have reported a predominance of the C subtype; 
however, the non-B and non-F subtypes may be neglected 

in other regions of the country (25-27). A survey of blood 
donors between 1996 and 2004 (over 400,000 donations) 
showed that the HIV-1/2 seroprevalence is about 0.2% in 
the Northern region of Brazil (HEMOAM Foundation, Blood 
Bank of Amazon State, unpublished data). In agreement 
with other regions, the present study showed a higher 
prevalence of subtypes B and F among recent blood donors 
and the presence of one recombinant B/F form (AM047: 
Bpol, Bgag, Fenv). Moreover, the present study also identified 

Figure 2. Rooted NJ tree of 23 HIV-1 strains based upon a 706-bp fragment of the pol region. The bootstrap values (above 50% and 
using 1000 bootstrap samples) on the branches represent the percentage of trees for which the sequences at one end of the branch 
form groups. The OAY169812 strain is used as an outgroup. The Brazilian isolates are in bold. The tree shows that 91.3% of samples 
are subtype B, and 8.7% are subtype C.
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two C subtype isolates (AM090: Cpol, Cenv; AM107: Cpol, 
Cgag, Cenv). Subtype C is the most prevalent subtype of 
HIV-1 worldwide and accounts for more than half of infec-
tions. Recently, one study performed in the States of Pará 
and Amapá in Northern Brazil showed CRFs containing 

subtype C (Cenv, Bpro) (21). Our data indicate, for the first 
time, the possible presence of a “homogenous” subtype C 
virus in the Amazon Basin. Complete genome sequencing 
of AM090 and AM107 isolates is required to confirm this 
hypothesis. 

Figure 3. Rooted NJ tree of 28 HIV-1 strains based upon a 498-bp fragment of the env region. The bootstrap values (above 50% and 
using 1000 bootstrap samples) on the branches represent the percentage of trees for which the sequences at one end of the branch 
form groups. The OAY169812 strain is used as an outgroup. The Brazilian isolates are in bold. The tree shows that 85.7% of samples 
are subtype B, 7.1% are subtype C, and 7.1% are subtype F.
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Two hypotheses may explain the route of HIV-1 sub-
type C transmission. First, although subtype B is the most 
prevalent subtype in Brazil, subtype C is present mainly 
in the Southern region (28). This subtype was previously 
reported to be found in Argentina, Uruguay, Paraguay (29), 
and other countries in South America. Recently, Jones et 
al. (30) reported that subtype C was introduced into South 
America from Argentina, which acquired African strains. 
However, other studies support the view that Brazil is the 
dispersion center of subtype C in South America. The exact 
origin of subtype C cannot be determined due to the lack of 
epidemiological and historical data, sample problems and 
doubts regarding phylogeny (30). Subtype C is concentrated 
in the Southern region of this continent and other states 
of Brazil, including Espírito Santo (Southeast region) and 
Goiás (Center-West region) (17-19). Our analysis shows 
that the Northern subtype C isolates are more similar to the 
Southern subtype C samples than in other regions, sup-
porting the idea that subtype C has been disseminated in 
Brazil following a South to North gradient pattern. 

In 2005, subtypes C and B/C were confirmed in Venezu-
elan patients who took trips to Africa and Europe. One patient 
(subtype C) was infected in South Africa, and another patient 
(CRF B/C) had high sexual risk behavior and a history of 
trips to Portugal and South Africa (31). These subtypes are 
also described in other countries near the Amazon Basin, 
including Peru and Ecuador (32). The second hypothesis 
is that subtype C was recently introduced into the Northern 
region of Brazil through countries that border this region. 
In the present study, it was not possible to identify the 
transmission pattern of HIV-1 in the State of Amazonas. 
Additional studies analyzing the lifestyles of these patients, 
including their origin, history of trips and sexual transmission 
and sexual relationships with foreigners, are necessary to 
determine the route of HIV-1 subtype C transmission.

In Brazil, the subtypes B, F1 and C coexist in high risk 
groups and the prevalence differs only by geographical 
location (10,33). The coexistence of several subtypes in a 
region leads to the emergence of URFs and CRFs. While 
CRFs B/F1 are common in areas where subtypes B and F1 
coexist, in the South of the country CRFs B/C are emerging 
(19) due to the presence of these two subtypes. The CRF B/F 
identified in the present study in Manaus corroborates the 
theory that these forms are recombining in different areas, 

increasing the genetic variability of HIV-1 in Brazil.
The present study reports one of the first global views 

of the molecular epidemiology of HIV-1 among Northern 
Brazilian isolates. We demonstrated by sequence analysis 
that HIV-1-infected individuals harbor the subtypes B, F and 
C, and different and/or complete genomic regions of HIV-1 
should be analyzed in order to genetically characterize the 
Brazilian strains in this region. These studies will contribute 
to an understanding of the divergence of Brazilian strains 
of HIV-1 and the transmission patterns of this infection in 
our country. HIV-1 molecular epidemiology studies should 
further our understanding of the biological properties of 
HIV-1 and the mutations related to antiretroviral resistance 
and vaccine design.
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Table 3. Regions of the HIV-1 genes sequenced in samples.

Sequenced regions Sample names

Three regions: gag, pol and env AM018, AM035, AM045, AM047, AM052, AM054, AM073, AM077, AM084, 
AM086, AM087, AM095, AM097, AM099, AM100, AM102, AM105, AM107

Two regions: gag and env or gag and pol or pol and env AM030, AM044, AM046, AM082, AM089, AM090, AM091, AM101, 
AM104, AM106

One region: gag or pol or env AM024, AM096, AM098

Table 4. Similarity analysis using the env region 
of HIV-1 isolates.

Similarity (%)

AM090 AM107

DQ358770 79 73
DQ358766 83 74
DQ358763 82 76
DQ358761 78 71
DQ358757 79 76
DQ358756 80 73
U52953 82 79
U46016 78 75
AF067155 78 76
AY772699 76 70
AY456916 68 69
AY456917 75 65
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