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Luiz G.E. Ferreira,5 Carlos R. Zanetti,1 Rosângela Rodrigues,6 Edmundo C. Grisard,2
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1Laboratório de Imunologia Aplicada, Departamento de Microbiologia e Parasitologia, UFSC, Florianópolis, SC, Brazil
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Recent studies have demonstrated an increased
prevalence of human immunodeficiency virus
type 1 (HIV-1) subtype C in southern Brazil.
Although Santa Catarina State (SC) is located in
this area and presents one of the country’s
highest incidences of HIV/AIDS, knowledge on
the molecular epidemiology of HIV-1 in such
State is lacking. The aim of this study was to
investigate the HIV-1 molecular diversity and
epidemiological profile of HIV-1-infected patients
from SC. DNA samples were PCR amplified
and HIV-1 subtypes were determined using
both env and gag genes by direct sequencing.
Phylogenetic analyses revealed that 48% were
subtype C and 23% were subtype B. Possible
recombinant forms were observed for both B/C
(23%) and B/F (6%) subtypes. Our results, for the
first time, identifies HIV-1 subtype C as a major
clade circulating in SC and contributes to the
understandingofHIV epidemics in the country by
confirming the epidemic spread of the HIV-1
subtype C in southern Brazil. J. Med. Virol.
79:1455–1463, 2007. � 2007 Wiley-Liss, Inc.
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INTRODUCTION

Nowadays, around 40million people are infectedwith
human immunodeficiency virus type 1 (HIV-1), which
can be characterized into three distinct groups named
M,N, andO.WhileHIV-1 strains belonging to theOand
N groups show limited circulation in West Central
Africa, group M viruses are widely distributed and
include the vast majority of HIV-1 strains responsible
for the pandemic. Within group M, 11 subtypes (A–D,

F–H, and J–K) have been defined [McCutchan,
2006]. At least 34 circulating recombinant forms (CRFs)
have now been identified along with a great variety
of minor but equally important recombinant structures.
In South America, previous molecular epidemiology
studies have showed significant heterogeneity in the
prevalence and geographic distribution of HIV sub-
types. Most South American HIV-1 isolates belong to
subtype B and F, but co-circulation of diverse subtypes
(A, C, andD) [Russell et al., 2000;Hierholzer et al., 2002;
Soares et al., 2003a] and CRFs have been reported
[Hierholzer et al., 2002; Carrion et al., 2003].

HIV diversity is basically due to independent but
concurrent processes as follows: a high replication rate,
frequent introduction of mutations, and recombination
events [Coffin, 1995]. However, the biological relevance
of HIV-1 genetic variability is not fully understood.
It has been suggested that HIV-1 subtypes could
be associated with different types of transmission
[Soto-Ramirez et al., 1996]. The genetic variability of
HIV also contributes to its capacity to evade host
immune response and to gain resistance to anti-
retroviral drugs [Coffin, 1995]. Moreover, these dif-
ferences may also have influence on cellular tropism,
kinetics of viral replication, chemokine co-receptor
usage, and disease progression [Arien et al., 2005].
Planning for a safe and effective vaccine against HIV-1
should probably consider epidemiologic data regarding
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the distribution ofHIV-1 subtypes in different regions of
the world.
Brazil is the largest South American country and

it is the most affected by the HIV/AIDS epidemics
were about 600,000 Brazilians are infected with HIV-1
yielding an overall estimated prevalence of 0.6%
[National Program on STD/AIDS et al., 2005]. Brazil
has shown a constant change in its HIV-1 epidemic
regarding gender infection ratio and risk behavior.
Since the beginning of the epidemics, HIV infection
patterns have shifted from homosexual individuals
towards women and heterosexuals.
The major HIV-1 subtypes circulating in Brazil are

B (75%) and F (10%), but other subtypes such as C and
recombinant forms such as B/C and B/F have been
documented [Louwagie et al., 1994; Sabino et al., 1996;
Tanuri et al., 1999;Bongertz et al., 2000;Brindeiro et al.,
2003; Soares et al., 2003b], except for the State of Santa
Catarina. A high recombination process between sub-
types B and F viruses has been subsequently reported
[Thomson et al., 2004; Sa Filho et al., 2005]. Subtype C
was first detected in Brazil by Csillag in the cities of
Porto Alegre and São Paulo [Csillag, 1994]. Although
subtypeB is still commonly foundnationwide, subtypeC
has been increasingly prevalent in the southern region
[Soares et al., 2003a,b; Rodrigues et al., 2006], being
responsible for 45% and 25% of the human infections in
Rio Grande do Sul (RS) and Paraná (PR) States,
respectively [Brindeiro et al., 2003].However, no studies
on the epidemiological analysis of HIV-1 in Santa
Catarina State (SC) have been carried out.
Santa Catarina State has approximately six million

people, is located in southern Brazil and share borders
withPRandRSStates aswell aswithArgentina (Fig. 1).
Florianópolis, the capital of the SC, and vicinities
comprise a metropolitan area with a population of
over 800,000 inhabitants. AIDS incidence in SC was of
25.9 cases per 100,000 people in 2004, being one of the
highest incidences amongst theBrazilianStates, having
notified 14,712 AIDS cases up to December 2004
[National Program on STD/AIDS et al., 2005]. Although
an increasing number of female cases have been
reported, male infection represents 70% of the total
cases. Despite the high incidence of HIV/AIDS in SC,
data on themolecular epidemiology of such infection are
lacking. The present study describes, for the first time,
the molecular characterization as well as the epidemio-
logical profile of HIV-1 infection in the SC State,
southern Brazil.

PATIENTS AND METHODS

Patients and Samples

A total of 100 HIV-positive patients routinely
attended at the HIV/AIDS State Reference Clinic at
theHomerodeMirandaGomesHospital inSão JoséCity
(25kmfromFlorianópolisCity) participated in the study
from July to December of 2004. This unit is a public
health center providing care to HIV-positive patients in
São José and Florianópolis as well as for the satellite

cities. Inclusion criteria included age over 18-year old,
CD4 counts superior to 200 cells/mm3, availability of
past and current medical records, and laboratory tests
(viral load and CD4þ T-cell counts). HIV-proviral DNA
samples were obtained from 5 ml of peripheral blood
cells of each patient andwere processed on the same day
for DNA extraction. For each patient, a standardized
data form where the probable date of diagnosis, CD4
T-cell counts, and HIV viral load estimations, clinical
information as well as past and current antiretroviral
treatment regimens and their duration were recorded.
All patients provided awritten informed consent prior to
blood specimen and data collection. The protocol was
approved by the Ethics Committee of the Universidade
Federal de Santa Catarina (UFSC).

DNA Preparation and PCR Amplification of
HIV-1 env and gag Gene Sequences

Peripheral blood mononuclear cells (PBMC) were
isolated by the Ficoll (Sigma–Aldrich, St. Louis, MO)
gradient method and DNA was extracted by standard
phenol/chloroform protocol after proteinase K (100 mg)
digestion [Sambrook andRussell, 2001]. HIV-1 env gene
was amplified by a nested-PCR approach using primers
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Fig. 1. Map of Brazil showing the Santa Catarina State and the
localization of the Florianópolis and São José Cities.
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ED5/ED12 and ES7/ES8 as the outer and inner primer
sets, which amplify a 1,250 and 700 bp fragments,
respectively. DNA samples revealing no amplification
products using this protocol were further submitted to
a second PCR using primers ED3/ED14 and ED31/
ED33, which resulted in amplicons of 2 kbp and 640 bp,
respectively [Delwart et al., 1994]. Amplifications were
carried out with �1 mg of total DNA/sample using three
cycles of 948C for 1 min, 558C for 1 min, and 728C for
1 min, 32 cycles of 948C for 15 sec, 558C for 45 sec, 728C
for 1 min, and a final extension at 728C for 5 min in
a Mastercycler Gradient1 thermal cycler (Eppendorf,
Hamburg, Germany). For the nested-PCR amplification
of the gag gene, primers HIG822/HIGHMA1317 (outer
primer set) andH1Gag1584/g17 (inner primer set) were
used for the amplification of an 830 and 460 bp
fragments, respectively. The amplification conditions
were: 948C for 2min, 35 cycles of 948C for 30 sec, 508C for
30 sec, and 728C for 1min and a final extension for 7min
at 728C [Heyndrickx et al., 2000].

DNA Sequencing

A sample of 2 ml of each nested-PCR products were
precipitated with 70% isopropanol and directly
sequenced using the DYEnamic ET Terminator Cycle
sequencing kit (GE, Fairfield) in aMegaBace 1000 DNA
Analysis System (GE). Sequencing was performed
in triplicate for each sample and nested-PCR products
obtained for the env and gag genes were sequenced
using the ES7 and H1Gag1584 primers. Quality of
the obtained sequences was analyzed by the Phred/
Phrap/Consed package and sequences with Phred>20
were visually inspected and edited. Identity and typing
of the obtained sequences were checked by Blast
similarity analysis using the Los Alamos National
Laboratory (www.hiv-web.lanl.gov) database and by
the REGA HIV-1 Automated Subtyping Tool [Oliveira
et al., 2005], respectively. The env and gag nucleotide
sequences reported in this study have been deposited in
GenBank.

Phylogenetic Analysis

A multiple sequence alignment of the examined
genetic region and the related sequences obtained from
the GenBank/EMBL database (Reference sequences
Accession Numbers: AF004885, AF005494, AF049495,
AF061640, AF077336, AF082394, AF082395, AF08
4936, AF110967, AF190127, AF190128, AF286228,
AF286231, AJ249235, AJ249236, AJ249237, AJ249
239, AY162224, AY162223, K02007, K03454, K03455,
M17451, M27323, M62320, U21135, U46016, U51190,
U52953, U63632, U88822, AY727522, AY727524, AY
275523, AY13414, and outgroup AJ302647) was per-
formed with the ClustalX program [Jeanmougin
et al., 1998] and further edited with the GeneDoc
program [Nicholas et al., 1997]. The substitution model
was selected with Modeltest 3.06 program [Posada and
Crandall, 1998]. Neighbor-joining (NJ) and maximum-
likelihood (ML) phylogenetic analyses were performed

with PAUP*4.0b10 program [Swofford et al., 1996].
The NJ trees were constructed with TrN substitution
model including gamma distribution shape parameter
and invariable sites (Fig. 2), and TVM substitution
model including gamma distribution shape parameter
(Fig. 3). The reliability of the NJ trees was evaluated by
analyzing 1,000 bootstrap replicates. A likelihood ratio
test was used to calculate the statistical support for the
branches (expressed in P values). Trees were drawn
with the TreeView 1.4 program [Page, 1996].

Statistical Analyses

The Chi-squared test or Fisher’s exact test was
employed to evaluate possible correlation between
HIV-1 subtype and demographic and clinical variables
such as gender, clinical status, and laboratory variables
(CD4 cell count and viral load). A P level of 0.05 was
defined as statistically significant.

RESULTS

Epidemiological Features

Table I summarizes the results of socio-demographic,
clinical, and laboratorial data of the HIV-1 infected
patients included in the present study. Among all
obtained samples, 20 (20%) revealed no PCR amplifica-
tion or presentedweakamplifications for either genomic
region (gag or env) and thus were excluded from the
analysis. From a total of 80 patients, 44 were females
(55%) and 36 males (45%), with a mean 38.7 years of
age. The mean estimated length of probable HIV
infection was 6.2 years. Median of HIV RNA level was
10,191 copies/ml. A large range of viral load was
observed, ranging from undetectable (<80 copies/ml)
to over 105 copies/ml. Median of CD4 cell count was
532 cells/mm3, and according to theCD4T cell counting,
patients were classified in two groups: patients with
>500 cells/mm3 (46.3%) and patients with cell CD4
between 200 and 500 cells/mm3 (53.7%). In addition, by
the time of sample collection, 53% of patients were on
antiretroviral drug treatment, and the remaining (27%)
was treatment-naive or had received treatment in the
past. The infection was mainly acquired through
heterosexual exposure (79%), followed by intravenous
drug use (10%), homosexual exposure (8.5%), and by
blood transfusion (2.5%).

HIV-1 Subtyping and Phylogenetic Analysis

We have identified by Blast and REGA HIV-1
analysis, based on env and gag genomic regions, among
the 80 samples the occurrence of 45 (56.25%) and
51 (63.75%) of subtype C virus, 32 (40%) and 27
(33.75%) subtype B, and 3 (3.75%) and 2 (2.5%) subtype
F, respectively. Following analysis of both genomic
regions (env and gag) simultaneously, 23 sequences
showed evidence of subtype divergence between two of
these subtypes (B, C, and F). Both Blast similarity
analysis and the REGA HIV-1 subtyping tool [Oliveira
et al., 2005] allowed the detection four possible mixed
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Fig. 2. Rooted NJ tree of 18 new HIV-1 gag sequences. The bootstrap values (above 50% and using
1,000bootstrap) on thebranches represent thepercentageof trees inwhich the sequences at the right endof
the branch formamonophyletic group. SEMP1300 (AJ302647)wasusedas outgroup.Newly gag sequences
included in this analysis (in bold) are the following Florianópolis and São José isolates. The ** means that
the ML method was highly significant with a P value <0.001 or significant with a P value <0.005.

J. Med. Virol. DOI 10.1002/jmv

1458 Locateli et al.



J. Med. Virol. DOI 10.1002/jmv

0.1

06BRSC39

06BRSC89

06BRSC99

06BRSC69

WEAU160(U21135)

HXB2(K03455)

NC7(AF049495)

JRFL(U63632)

06BRSC83

RF(M17451)

SF2(K02007)

ELI(K03454)

NDK(M27323)

84ZR085(U88822)

EQTB11C(AJ249235)

MP535(AJ249239)

92

93BR020(AF005494)

VI850(AF077336)

MP255(AJ249236)

MP257(AJ249237)

Q23(AF004885)

U455(M62320)

UG037(U51190)

06BRSC26

06BRSC75

06BRSC14

06BRSC27

06BRSC03

06BRSC96

06BRSC72

06BRSC77

06BRSC81

04BR013(AY727522)

04BR038(AY727524)

04BR021(AY275523)

TV001(AY62223)

94IN20635(AY13414)

TV002(AY162224)

HH8793(AF061640)

DRCBL(AF084936)

SE7887(AF082394)

SE7022(AF082395)

VI991(AF190127)

SEMP1300(AJ302647) Subtype O

Subtype H

Subtype J

Subtype G

Subtype C

Subtype A

Subtype F

Subtype K

Subtype D

Subtype B

75

73

90

93

100

74 99

83

94

94

**

**

**

**

**

**

**

**

**

**

**

Fig. 3. Rooted NJ tree of 15 new HIV-1 env sequences. The bootstrap values (above 50% and using
1,000bootstrap) on thebranches represent thepercentageof trees inwhich the sequences at the right endof
the branch formamonophyletic group. SEMP1300 (AJ302647)was used as outgroup.Newly env sequences
included in this analysis (in bold) are the following Florianópolis and São José isolates. The ** means that
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patterns as follows: 12 sampleswere envB/gagC, 6 envC/
gagB, 3 envF/gagB, and2 envB/gagF.These represented
28.75% of the 80 samples analyzed in both genomic
regions and reinforce the indication of recombination
events. Among the 32 samples identified as subtypeBby
env gene typing, 7 presented the typical GWGRmotif in
the loop V3 (positions 7152–7154, relative to HXB2),
commonly observed for the Brazilian subtype B samples
(data not shown). Additionally, phylogenetic analysis of
the HIV-1 gag region (Fig. 2) revealed that 11 (61%) out
of eighteen new Brazilian sequences clustered into the
subtype C as supported by both bootstrap of 87% and
ML analysis with P< 0.001. Two (11%) of them were
classified as subtype F (bootstrap 87%, ML P<0.001)
and five (28%) of them clustered into the subtype B
(bootstrap 66%, ML P< 0.001). A similar phylogenetic
analysis carried out for the HIV-1 env region (Fig. 3)
showed that 9 (60%) out of 15 new Brazilian sequences
clustered into the subtypeCas supported bybootstrap of
75%. One (7%) of them clustered into the subtype
F (bootstrap 74%, ML P< 0.001) and four (27%) of
them grouped into the subtype B (bootstrap 94%, ML
P<0.001). In both topologies, the subtype C query
sequences revealed a close relationship between the
Brazilian subtype C sequences as supported by boot-
strap values and ML analyses.

Epidemiological and Laboratory
Data Versus HIV-1 Subtyping

Data from patients infected by HIV-1 subtypes B, C,
B/C, or B/F are summarized in the Table I. Due to the
small sample size, the herein presented data are des-
criptive but reveals some differences among the sub-
types occurring in the SC State. A higher frequency of
HIV-1 subtype C was found in every exposure catego-
ries. No statistically significant differences were found

between CD4 cell counts, viral load, mean age, and
HIV-1 subtypes (P values of 0.1509, 0.2710, and 0.3411,
respectively) among all studied patients.

DISCUSSION

The present study shows a high prevalence of HIV-1
subtype C in SC State, Southern Brazil. While previous
reports have suggested an increasing prevalence of
subtype C in the south of Brazil [Brindeiro et al., 2003;
Soares et al., 2003b], they have not included samples
from the SCState. Our results indicate that subtypeC is
predominant (48.75%) among the analyzed samples,
increasing to 71.25% when the recombinant viruses
containing subtype C-related sequences are considered.
Nevertheless, a relatively high proportion of HIV-1
subtypeB (22.5%) aswell as possible recombinant forms
B/C and B/F (28.75%) are circulating in the studied
State. The prevalence of subtype C in SC State is in
agreement with the overall prevalence of 45% reported
by Brindeiro et al. [2003] for southern Brazil.

Identification of the subtype C was first reported in
theSouthern region in1994 [Csillag, 1994], suggestinga
possible later introduction of this viral subtype when
compared to subtype B. Previous surveys in Brazil have
shown frequencies of approximately 3% for subtype C
viruses in the country [Bongertz et al., 2000]. The
prevalence of subtype C reaches a remarkable 45%
frequency of the viruses in the City of Rio Grande, RS
State [Soares et al., 2005], and even higher frequency
(58%) in Porto Alegre City, RS [Rodrigues et al., 2006],
where it was first detected. The high prevalence of
subtype C samples decreases northbound: the preva-
lence was 24% in PR State and 3% in São Paulo (SP)
State [Brindeiro et al., 2003]. These findings corroborate
our results and show that the distribution of HIV-1
genetic subtypes currently assumes different patterns
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TABLE I. Distribution of the Epidemiological Data of the HIV-1 Infected Individuals According to the Virus Subtyping*

Total
(n¼ 80)

Subtype B
(n¼ 18)

Subtype C
(n¼ 39)

Subtype B/C
(n¼ 18)

Subtype B/F
(n¼ 5)

Mean age (years)�SD 38.7� 10.3 43.9� 15.2 37.1� 8.8 40.5� 7.8 35.2� 9.3
Sex (%)
Male 36 (45%) 8 (44%) 17 (44%) 9 (50%) 3 (60%)
Female 44 (55%) 10 (56%) 22 (56%) 9 (50%) 2 (40%)

Mean diagnosis time (years)�SD 6.2� 4.6 5.9� 3.9 6.1� 4.9 6.5� 4.9 6.4� 4.6
Exposure categories
Heterosexual 63 (79%) 12 29 18 4
Injection drug user 8 (10%) 4 4 — —
Homosexual 7 (8%) 2 4 — 1
Transfusion 2 (3%) – 2 — —

Mean CD4 T-cell count�SD
Treated 510� 173.4 531� 131.7 499� 179.8 539� 223.4 400� 62.7
Non-treated 553� 267.7 564� 81.9 598� 245.7 468� 193.9 516� 72.6

Mean particles viral/ml
Treated 8,114 2,027 14,978 1,082 5,100
Non-treated 12,268 12,495 8,242 21,023 9,350

Treatment status (%)
Treated 53 14 25 11 3
Non-treated 27 4 14 7 2

*All statistical comparisons were not significant unless otherwise stated in the text.
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in distinct regions of the country, being subtype B most
common in Southeast and Northeast regions, and
subtype C prevailing over subtype B in southern Brazil
[Morgado et al., 2002]. HIV-1 subtype C has been
recently detected in Paraguay, Uruguay, andArgentina
[Carrion et al., 2004], and a recent predominance of
subtype C over other subtypes has been described in
many other countries [Renjifo et al., 1998; Rodenburg
et al., 2001; Shankarappa et al., 2001]. Although it has
been proposed that subtype C is actually less fit than
subtype B in vitro [Ball et al., 2003], these findings have
not been supported in vivo. Salemi et al. reported that
subtype C is spreading two times faster than subtype B
in Southern Brazil. This may reflect a difference in the
efficiency of different transmission routes in distinct
geographical areas [Salemi et al., 2005].

Several studies of HIV diversity in Brazil have shown
the presence of HIV-1 subtypes B, C, D, and F [Morgado
et al., 2002], B/F and B/C recombinant viruses [Guimar-
aes et al., 2002a; Brindeiro et al., 2003] as well as dual
infections [Ramos et al., 1999]. A similar percentage of
recombinant forms reported by Brindeiro et al. [2003] in
RS State in 2001–2002 (22%) was observed in the
present study (28.75%) in the SC State. Despite this
similar subtype prevalence, 6.25% of the samples
observed in our study indicates the occurrence of
recombinants B/F (2 envB/gagF and 3 envF/gagB) and
22.5% recombinants B/C (12 envB/gagC and 6 envC/
gagB), which is in accordance with previous studies in
southern Brazil. Although we found recombinant B/F
subtypes, we were not able to find individuals with
single subtype F infection, possibly due the small
sample size. Nevertheless, a full-length genome study
is required to confirm these preliminary observations.
The high prevalence of HIV-1 subtype C viruses in the
south and south-eastern parts of Brazil, regions with
similar high prevalence of subtype B viruses, has
probably allowed a high number of recombination
events between these two subtypes. This observation
can be demonstrated by a large number of B/C
recombinants (22.5%) observed among the mosaic
viruses analyzed in our dataset, especially when
compared with the B/F recombinant (6.25%). A more
recent introduction of HIV-1 subtype F in Brazil is
consistent with the lower prevalence and genetic
variability of this subtype in the Brazilian epidemic
[Louwagie et al., 1994; Pinto et al., 1998; Bongertz et al.,
2000]. Subtype F variant is spread all over the country
and corresponds approximately to 10% of the samples
analyzed in Rio de Janeiro and São Paulo Cities,
and recombinant forms of subtype B and F have
been described previously [Louwagie et al., 1994; Ramos
et al., 1999].

The associations of HIV-1 subtype F infection with
endogenous drug users and females, subtype B among
homosexuals, and subtype C among heterosexuals
has been previously suggested [Sabino et al., 1996;
Soto-Ramirez et al., 1996; Rossini et al., 2001]. In the
present study, no correlation between HIV-1 subtypes,
gender, age, and laboratorial parameters was observed.

In addition to the small sample size that provides low
power tomany comparisons, another important factor to
be considered is the single source of the samples, which
were collected from only one particular center, raising
the question of how representative the samples are
for the State of Santa Catarina. Although this is not a
randomized study, this hospital is the largestHIV/AIDS
reference center in the SC State, performing diagnosis,
treatment as well as follow-up of a large proportion
of all cases of HIV in the state, with approximately
1,000 patients being currently followed. The observed
broad diversity of HIV-1 subtypes circulating in the SC
State could be, in part, attributed to tourism activities.
Santa Catarina State is a very important tourist
destination, attracting people from different regions,
specially from the vicinities areas, as Rio Grande do Sul
State, Argentina and Uruguay, where subtype C has
been already detected [Brindeiro et al., 2003; Carrion
et al., 2004; Rodrigues et al., 2006]. Also, one of the
largest sea ports in Brazil is located in SC, and thatmay
also be responsible for the viral diversity in the region.

The herein presented data are the first report on
molecular characterization of HIV-1 subtypes circulat-
ing in SC State, and it is in accordance with previous
studies, which demonstrated an increasing pattern of
the HIV-1 clade C prevalence in other southern Brazil-
ian States. The close relationship between the query
sequences and theBrazilian reference sequence suggest
that subtype C was recently introduced in the Santa
Catarina State, which is in agreement with previous
studies about HIV subtype C in southern Brazil
[Guimaraes et al., 2002a,b; Soares et al., 2003a].Despite
the reduced number of samples, we have also detected
a quite high frequency of a recombinant B/C and B/F
subtypes, suggesting the presence of a spectrum of
recombination between these subtypes in the studied
population. Southern Brazil is the only region in the
country where the HIV/AIDS epidemic has been
increasing [National Program on STD/AIDS et al.,
2005], and the association of this growth and subtype
C viruses should be further investigated. Furthermore,
our results may contribute to the understanding of
the dynamics of the HIV-1 epidemic spreading into the
Brazilian population, providing information that can
be useful in planning control actions, intervention
strategies and development of appropriate and effective
vaccines.
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