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Objectives: To describe the molecular and epidemiological profile of HIV-1 in patients
followed at the University Hospital of Rio Grande, Brazil.

Design and methods: A cross-sectional study was conducted from September to
December 2002. Plasma viral RNA of 85 patients was extracted and protease and
reverse transcriptase genes were polymerase chain reaction-amplified and sequenced.
Sequences were subtyped and examined to antiretroviral resistance mutations. Labora-
tory data and past history of antiretroviral treatment were also collected.

Results: Most viruses were either subtype B (42%) or subtype C (45%). No risk
behaviour, sexual orientation or laboratory parameter was associated with any specific
subtype, but subtype C tended to be more frequently found in women (P ¼ 0.06). The
prevalence of subtype C has increased over the HIV/AIDS epidemic, accounting for
almost 60% of cases diagnosed in 2002. Intra-subtype genetic distances were smaller in
subtype C than in subtype B, suggesting a more recent introduction of the former in the
epidemic. Of patients under treatment, 60% had at least one antiretroviral drug
resistance mutation, but no mutation was specifically associated with any HIV-1
subtype. Only one resistance mutation each was found in drug-naive patients with
subtypes B and C.

Conclusion: Despite the fact that subtype C appeared in southern Brazil more recently
than subtype B, it is now the predominant strain in Rio Grande. The epidemic spread of
subtype C could be taking place in Brazil, and possibly in south America, a phenom-
enon similar to that seen in other countries where this subtype is now totally dominant.
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Introduction

HIV-1 of subtype C is currently the most prevalent virus
subtype and it is found in more than 56% of HIV
infections worldwide [1]. Subtype B prevails in the
developed countries of western Europe and the United
States where HIV infections are concentrated in high-risk
populations such as men who have sex with men and
injection drug users [2]. Subtype C is more prevalent in
countries with high HIV infection rates among
heterosexuals, such as those of sub-Saharan Africa [3–
8] and the populous countries of India and China [9–12].
It is believed that subtype C has risen above other

previously prevalent subtypes in these regions [13,14]. In
Brazil, although subtype B is still more common
nationwide, subtype C has been increasingly prevalent
in the southern region [15,16]. Although regional studies
have suggested an increase in subtype C, such studies were
carried out in state capitals and did not assess the inland
spread of the HIV epidemic characteristic of Brazil [17].

The city of Rio Grande is located in the outermost
southern Brazil, near the Uruguayan and Argentine
borders. The economy of Rio Grande is based on port
activity and ships from Africa and Asia arrive at its local
harbours. A study carried out in this city revealed a 22%
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point prevalence of subtype C in 1997 [18]; however, less
is known about the temporal trends in the prevalence of
subtype C, its geographical distribution and the potential
contribution of Brazil to the spread of subtype C virus in
South America.

The present study aims to describe the molecular and
epidemiological profile of HIV-1 in the city of Rio
Grande, in the state of Rio Grande do Sul. The
distribution dynamics of virus subtypes at different times
throughout the HIV/AIDS epidemic is described as well
as the spread of their genetic diversities in the study
population. Finally, the universal availability of anti-
retroviral drugs in Brazil also made it possible to examine
the genotypic resistance of subtype C to treatment, a
phenomenon rarely studied elsewhere in the world.

Materials and methods

Study population and sample collection
A consecutive sample of 100 HIV-positive patients
routinely seen at the HIV/AIDS outpatient clinic of the
University Hospital of Rio Grande participated in the
study from September to December 2002. Upon
informed consent (provided by 100% of those invited),
a plasma specimen was collected and existing medical
records were reviewed. The University Hospital is the
only public health centre providing care to HIV-positive
patients in Rio Grande and the surrounding cities and it is
a reference centre in the southern part of the state of Rio
Grande do Sul. Currently, approximately 1200 patients
are now followed in that centre. Study inclusion criteria
included age more than 18 years, available past and
current medical records, laboratory tests (viral load and
CD4 T-cell counts) and date of HIV diagnosis. Patients
diagnosed between 1988 and 2002 were included. For
each patient, a standardized data abstraction form
recorded the date of diagnosis, the last 15 CD4 T-cell
counts and HIV viral load estimations, clinical infor-
mation and past and current antiretroviral treatment
regimens and their duration was compiled.

Plasma was separated at the Federal University of Rio
Grande (FURG) Laboratory of Molecular Biology, and
approximately 1 ml was sent packed in dry ice to the
Federal University of Rio de Janeiro (UFRJ) Laboratory
of Molecular Virology for subsequent processing. At
UFRJ, plasma was stocked at �708C until further
processing.

Viral RNA extraction, polymerase
chain-reactions and sequencing
As previously described [19], viral RNA was extracted
from plasma and complementary DNA synthesis was
immediately carried out with random primers. Poly-
merase chain reactions (PCR) were conducted in two
steps with specific nested primers. The entire gene of the

protease region (PR) and the first 225 codons of reverse
transcriptase (RT) were amplified, purified using the
Qiagen kit (Qiagen, Valencia, California, USA) and
sequenced in an automated ABI 3100 sequencer (Applied
Biosystems, Foster City, California, USA). Sequencing
chromatograms were aligned in PC/Windows using
SeqMan software (DNAStar, Madison, Wisconsin, USA)
and manually edited.

Of 100 samples processed for PCR and sequencing,
molecular information on one of the genomic regions
(PR or RT) was obtained from 85 cases. Thirty-six (42%)
had both regions analysed, whereas 23 (27%) had only PR
and 26 (31%) had only RT available for analysis. Most of
the remaining 15 samples (11/15; 73%) were from
subjects under treatment with undetectable plasma viral
loads (< 80 copies of viral RNA per millilitre of plasma)
and thus were not able to be included in the analysis.

Phylogenetic and drug resistance
mutation analyses
The corresponding sequences to PR and RT genes were
aligned to reference sequences representative of all HIV-1
subtypes obtained from the Los Alamos database (http://
hiv-web.lanl.gov) in ClustalW [20]. Aligned sequences
were subjected to phylogenetic inference through the
neighbour-joining method and Kimura 2-parameter
model of the MEGA 2.1 package [21] for the inference
of HIV-1 subtypes. Mean genetic distances of subtype C
and B samples were determined using the Li93 method
[22] of the MEGA 2.1 package [21]. The genotypic
interpretation of antiretroviral drug-resistant mutations in
the PR and RT genes was carried out through electronic
submission to the Stanford database (http://hivdb.stan-
ford.edu) [23]. Mutations were gathered according to the
International AIDS Society–USA consensus statement
[24]. Gene sequences obtained in the study were
submitted to the GenBank database and were assigned
the access numbers DQ190951 – DQ191039.

Statistical analyses
Continuous variables (age, time from diagnosis, CD4
T-cell counts and log10 HIV viral loads) were compared
between subtype B and C groups using Student’s t-tests.
Categorical variables [sex, exposure categories, Centers
for Disease Control and Prevention (CDC) clinical and
immunological stages and treatment status] were com-
pared using the chi-squared test with Yates’ correction.
Temporal trends of subtype prevalence over the epidemics
were evaluated by chi-squared for trend.

Results

Epidemiological features
Table 1 shows the demographic characteristics, risk
category, laboratory and molecular markers and treatment
status of the 85 patients with virus molecular information.
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The mean age was 35 years, men-to-women ratio was
1 : 1, and the mean estimated length of HIV diagnosis was
3.4 years. Of all patients, 41% were in clinical stage C and
33% in immunological stage 3 according to CDC criteria
at the time of sample collection. Fifty-six per cent of pa-
tients were under antiretroviral drug treatment, whereas
the remainder did not meet the Brazilian criteria for
receiving drug treatment (www.aids.gov.br/final/biblio-
teca/adulto_2004/consenso.doc) and thus were treat-
ment-naive or had received treatment in the past but
were not under treatment at the time of sample collection.

HIV-1 subtype profile
Phylogenetic analysis of viral PR and RT determined that
45% of the samples were subtype C, 42% were subtype B,
5% were subtype F1, 2% were subtype D, and 6% were
recombinant samples (three F1/B, one D/B, and one
B/C). Of note is the fact that the B/C recombinant
found was from a recently diagnosed individual. Subtypes
C and B comprised almost 90% of studied samples, and
demographic and laboratory data from these samples were
compared separately (Table 1, columns 3 and 4). The
mean age, mean length of diagnosis, exposure category,
clinical stage, CD4 T-cell counts, viral load and treatment
status were similar in the groups of patients infected with

subtypes B and C, and no statistically significant
differences were found. However, a marginal significance
was seen in the sex proportion for both subtypes; subtype
C was more frequently seen in women (P ¼ 0.03, non-
adjusted chi-squared test; P ¼ 0.06 after Yates’ correc-
tion). An apparent difference was observed between
patients classified according to CDC clinical staging,
although such a difference did not reach statistical
significance. Forty-five per cent of the subtype B group
were stage C, whereas 47% of the subtype C group were
stage A (Table 1). With regard to treatment, 69% of the
subtype B group had already undergone previous
treatment or were currently under treatment compared
with 40% of the subtype C group (P ¼ 0.02, chi-squared
test after Yates’ correction).

Dynamics of HIV-1 subtypes throughout
HIV/AIDS epidemic
Despite being equally represented in the sample overall,
there was a tendency towards an increasing proportion of
subtype C over subtype B over time. Figure 1 shows an
increasing relative proportion of subtype C from 36% of
cases before 1997 to 58% of cases in 2002. However,
this trend was not statistically significant (P ¼ 0.18, chi-
squared test for trend).
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Table 1. HIV subtypes by demographic, clinical, and laboratory characteristics among patients of University Hospital of Rio Grande, Rio
Grande, Brazil, 2002.

Total (n ¼ 85) Subtype B (n ¼ 36) Subtype C (n ¼ 38)

Mean age (years) � SD 35.2 � 11.0 37.3 � 11.5 32.9 � 10.1
Sex (%)
Male 45 (53%) 24 (67%) 16 (42%)
Female 40 (47%) 12 (33%) 22 (58%)

Mean diagnosis time (years) � SD 3.4 � 3.1 3.6 � 3.0 2.8 � 2.5
Exposure categories
Homo/bisexual 15 (18%) 8 (22%) 5 (13%)
Heterosexual 50 (59%) 19 (52%) 27 (71%)
Injection drug user 15 (18%) 5 (14%) 6 (16%)
Haemophiliac/transfusion 2 (2%) 2 (6%) 0
Unknown 3 (3%) 2 (6%) 0

CDC clinical stage (%)
A 29 (37%) 12 (36%) 16 (47%)
B 17 (22%) 6 (18%) 8 (24%)
C 32 (41%) 15 (45%) 10 (29%)
Non-identified 7 3 4

CDC immunological stage (%)
1 14 (16%) 5 (14%) 8 (21%)
2 43 (51%) 20 (56%) 19 (50%)
3 28 (33%) 11(31%) 11 (29%)

Mean CD4 T-cell count (SD)
Treated 246 (157) 254 (167) 265 (167)
Non-treated 395 (260) 520 (426) 375 (195)

Median log10 of viral RNA
Treated log 3.7 3.5 4.0
Non-treated log 3.9 3.6 3.9

Treatment status (%)
Treated 48 (56%) 25 (69%) 15 (40%)
Non-treated 25 (29%) 6 (17%) 19 (50%)
Interrupted treatment 12 (14%) 5 (14%) 4 (10%)

CDC, Centers for Disease Control and Prevention. All statistical comparisons were not significant unless otherwise stated in the text.

http://www.aids.gov.br/final/biblioteca/ adulto_2004/
http://www.aids.gov.br/final/biblioteca/ adulto_2004/


In order to corroborate the hypothesis of a more recent
introduction of subtype C in the region, mean genetic
distances in PR and RT sequence groups were compared
between subtypes B and C. The mean sequence distance
in PR of the subtype C group was 4.2% (SE 0.5%) at
nucleotide level compared with 7.3% (SE 0.8%) in the
subtype B group (Fig. 2a). As for RT, subtype C
sequences showed a mean distance of 5.9% (SE 0.5%)
compared with 6.2% (SE 0.5%) seen in subtype B (Fig.
2b). The mean distance differences in PR were highly

significant (P < 0.001, Student’s t-test) whereas the
difference in RT means was borderline (P ¼ 0.07).

Profile of genotypic resistance to
antiretroviral drugs
The availability of antiretroviral drug treatment in Brazil
since 1987 and the highly active antiretroviral therapy
with PR inhibitors since 1996 has made the southern
region an attractive area for studying the subtype C virus
response to treatment. Among patients currently under
any antiretroviral drug treatment (n ¼ 48), 57% had at
least one resistance mutation to RT nucleoside analogues.
Of those receiving RT non-nucleoside inhibitors as part
of their current regimens, 54% had at least one mutation
for these drugs. Of those receiving protease inhibitors (PI,
n ¼ 33), 38% had at least one primary PI mutation. We
found no specific association between HIV-1 subtypes
and specific resistance mutations (data not shown). Of the
treatment-naive patients (n ¼ 25), only one subtype B
sample had a PI L90M mutation and one subtype C
sample had a V82I mutation.

Discussion

Our study shows a high prevalence of HIV-1 subtype C in
Rio Grande, a port city that borders other south
American countries. The temporal trend analysis of
HIV subtype distribution among diagnosed cases
throughout the epidemics showed that subtype C has
prevailed over subtype B, which used to be more
prevalent.

Several lines of evidence in our study point towards an
increase in subtype C in southern Brazil. An increasing
proportion of subtype C over time in the epidemics, the
younger age of subtype C-infected individuals, the
shorter time of diagnosis for those subjects, less advanced
clinical and immunological stages in the subtype C
group, a smaller proportion of subtype C-infected
subjects under treatment and genetic variation in the
pol gene all argue in favour of a more recent introduc-
tion and expansion of this subtype. Although some of
this evidence is not statistically significant or is of
borderline significance, taken together they support such
a hypothesis.

The recent predominance of subtype C over other
subtypes has been described in many countries [4–12],
and has also recently been described by our group in the
city of Porto Alegre, the state capital of Rio Grande do
Sul [14]. However, we now report an even higher
prevalence in the city of Rio Grande. Furthermore, a
separate study in the city of Rio Grande among HIV-
infected women in labour found the percentage of
subtype C to be greater than 70% [25]. These findings
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Fig. 1. HIV-1 subtype proportions according to diagnosis
period, Rio Grande, Brazil, 1988–2002. B; C; F1; D;
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Fig. 2. Interpatient pairwise genetic distances between pro-
tease and reverse transcriptase sequences of subtypes B and
C, Rio Grande, Brazil, 1988–2002. (a) Protease sequences of
subtypes B ( ) and C ( ). (b) Reverse transcriptase sequences
of subtypes B ( ) and C ( ).



support the hypothesis that subtype C has actually
prevailed over subtype B outside the capital cities of
southern Brazil, and in fact may have been introduced
into the country through Rio Grande. Of note is the fact
that Rio Grande is one of the largest seaports in Brazil and
serves as the southernmost transportation hub to
neighbouring countries. Although earlier studies in
Uruguay, Argentina, Paraguay, and Bolivia have not
detected cases of subtype C infection [26–28], a more
recent study has documented subtype C strains in these
countries [29]. Besides spreading from south to north as
earlier proposed [15,30], it is possible that subtype C is
similarly spreading down throughout South Cone
countries, reaching neighbouring nations towards the
outermost south. Further investigation in these bordering
regions is needed to evaluate the local impact of Brazilian
subtype C in other south American HIV/AIDS
epidemics.

The present study also showed that subtype C was
introduced in Rio Grande later in the HIV/AIDS
epidemic than subtype B. This has been evidenced by the
lower mean genetic diversity found in both the PR and
RT genes seen in subtype C when compared with
subtype B. The same assumption was discussed in an
earlier study in southern Brazil [31], and the present study
data further corroborates such a hypothesis.

The finding that subtype C was more frequent among
women merits consideration. It may reflect the introduc-
tion of subtype C coinciding temporally with the
increasing feminization of the HIV epidemic in Brazil
[17]. It may also reflect a relatively higher rate of the male
to female transmission of subtype C compared with
subtype B. The differential efficiency of infection among
distinct subtypes, in particular with respect to the
infection of Langerhans cells, has been suggested in
earlier studies [32,33].

Our data do not answer the question as to why subtype C
is able to prevail over other subtypes. It has been proposed
that subtype C is actually less fit than subtype B in vitro
[34], but these findings have not been corroborated
in vivo. In the present study, even although the mean
diagnosis times were not significantly different in
both subtypes B and C, it took longer for patients
infected with subtype C to start antiretroviral drug
therapy and this was probably postponed because of a
slower clinical progression according to CDC criteria. It
is possible that this longer asymptomatic phase seen in
subtype C-infected patients makes its epidemic dissemi-
nation more efficient than that of subtype B, and could
explain the epidemiological predominance of subtype C.
However, HIV sexual transmission during the asympto-
matic phase is eight to 10 times less likely than in acute
infections [35], and this might not be epidemiologically
relevant.

With regard to resistance mutations to antiretroviral
drugs, no resistant isolates to all three classes of
antiretroviral drugs among treated subjects were
observed, a finding similar to other studies in Brazil
[16,36]. The fact that there were almost no treatment-
naive patients infected with resistance mutation viruses
corroborates recent low estimates of primary (trans-
mitted) resistance in Brazil [37], and even in the state of
Rio Grande do Sul [16].

In addition to the small sample size that provides low
power to many comparisons, we recognize other
limitations of our study. The use of subjects with
HIV/AIDS in care raises the question of how repre-
sentative our sample is to the larger epidemic. None-
theless, the care unit sampled follows a large proportion of
all cases in Rio Grande. Another limitation is determining
the patients’ timing of infection. In the present study, we
are forced to rely on imperfect markers for the timing of
infection, including the date of diagnosis, stage of disease,
immunological stage, and age. New assays to detect recent
infection, such as the BED capture enzyme immunoassay
[38], may help with the interpretation of data from newly
diagnosed patients.

Despite limitations, our data provide useful public health
information. HIV heterosexual prevention policies
should be stressed in southern Brazilian states, where
higher rates of subtype C can be found and are now
prevailing over the other variants. It is worth highlighting
the fact that the southern region is the only one in the
country where the HIV/AIDS epidemic has been
increasing [39], and the association of this growth and
subtype C virus should be further investigated. A rapid,
stronger response to the HIV/AIDS epidemic in
southern Brazil should be taken to prevent the emergence
of another focus for the epidemic spread of this subtype,
as seen in several countries of sub-Saharan Africa and
south-east Asia.
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