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ARTIGO

Molecular epidemiology of HIV-1 in Rio Grande, RS, Brazil

 Epidemiologia molecular do HIV-1 em Rio Grande, RS, Brasil

Ana Maria Barral de Martínez1,2, Edel Figueirêdo Barbosa2 ,Paulo César Pelegrino Ferreira2,
Fabiola Adriene Cardoso2, Jussara Silveira1, Gabriela Sassi1, Cláudio Moss da Silva1,

Vera Mendonça-Signorini1 and Carlos Maurício de Figueiredo Antunes2,3

Abstract   We conducted a molecular epidemiological study to investigate HIV-1 strains in Rio Grande, southern
Brazil, searching for an association with transmission mode and risk behavior. Patients (185) identified at an
AIDS treatment reference Hospital, from 1994 to 1997, were included; from which 107 blood samples were
obtained. Nested PCR was realized once for each sample; for amplified samples (69) HIV subtypes were
classified using the heteroduplex mobility assay. Subtypes identified were B (75%), C (22%) and F (3%). All
infections with C were diagnosed after 1994. Comparing patients with B and C, no differences were detected
regarding demographic, clinical and laboratory characteristics; survival analysis did not reveal differences in
HIV to AIDS evolution. A higher proportion of injecting drug users, IDU (not significant, p<.07) was found
among those with C. This suggests that C may have been introduced in this area through IDU, and is being
spread, probably by their sexual partners, to persons with other risk practices.
Key-words: Molecular epidemiology. HIV subtypes. Modes of transmission.

Resumo  Um estudo de epidemiologia molecular foi conduzido para investigar subtipos de HIV-1 circulando
em Rio Grande, RS, buscando uma associação com modos de transmissão e comportamentos de risco.
Pacientes (185) identificados de 1994 a 1997, em um Hospital de referência para o tratamento da AIDS foram
incluidos; amostras de sangue foram obtidas de 107. A reação em cadeia da polimerase (PCR) foi realizada
uma única vez; nas amostras que amplificaram, (69) o subtipo foi classificado pelo ensaio de mobilidade do
heteroduplex (HMA). Os subtipos de HIV identificados foram B (75%), C (22%) e F (3%). As infecções com C
foram diagnosticadas após 1994. Pacientes infectados com B e C não mostraram diferenças (características
demográficas, clínicas e laboratoriais); a análise de sobrevida não mostrou diferenças na evolução HIV-AIDS.
Maior proporção de usuários de drogas injetáveis (UDI) (não significativa, p<0,07), foi identificada entre infectados
com C. Este resultado sugere C ter sido introduzido nesta área através dos UDI, sendo transmitido pelos seus
parceiros sexuais, a pessoas com outras práticas de risco.
Palavras-chaves: Epidemiologia molecular. Subtipos do HIV. Modos de transmissão.
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Although Brazil ranks fourth in the world regarding
the number of reported AIDS cases, information about
the molecular diversity of circulating HIV-1 strains is still
scarce for the Country as a whole4 13. Up to date, four
different subtypes (clades) have already been identified:
B, C, D and F7.

The evaluation of C2-V3 regions of the HIV-1 env gene
obtained from different Brazilian geographical locations
has furnished important information regarding the virus
genetic diversity. The data were obtained by sequencing
HIV-1 samples amplified by polymerase chain reaction

(PCR) directly from peripheral lymphocytes11 13 , from
viral isolates3 and by the evaluation of DNA
heteroduplex formation with standard strains
(heteroduplex mobility assay, HMA)15.

Until 1995, 91% (180/199 samples) of identified HIV-
1 clades in Brazil13 were genetically related to the
subtype B isolates described in the United States and
Haiti; however, 40% of these isolates presented
differences from the original B: instead of GPGR, the
GWGR motif was found in the crown of V3 loops,
characterizing a Brazilian subtype B. Subtypes F and C
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comprised 9% of the samples (7 and 2%, respectively). It is
worth underscoring that 30% (3 out of 10) of samples isolated
from the south of the Country were classified as subtype C.
A single B/F recombinant was also detected9 12.

More recent data have shown that approximately
14.9% of isolates from Rio de Janeiro belong to subtype
F; dual (F-B, F-D and B-D) and recombinant infections
(all B-F) were also found. In Belém, State of Pará and
Rio de Janeiro, subtype D isolates were reported and
in Manaus, State of Amazonas dual and recombinant
infections (B-F) were acknowledged10 14.

Results from most of these investigations were based
on samples obtained with objectives other than virus
classification; no information describing participants was
collected. Data pertaining to risk factors for HIV
transmission and patients’ demographic, clinical or
laboratory characteristics were not obtained.

The city of Rio Grande is situated in the southeast
of Rio Grande do Sul State, southern Brazil; the State
has frontiers with Uruguay, Paraguay and Argentina.
According to the 2000 Brazilian Census, it has a
population of 186,755 inhabitants. It is an important port,
fishing industry being its main economic activity. The
Rio Grande do Sul State Health Department ranks Rio
Grande as the third city in number of AIDS patients in
the State: up to the end of 1997, 241 cases had already
been reported to the Health Department. Currently

(September, 2000), the Ministry of Health has registered
386 cases of AIDS from Rio Grande.

The University Hospital “Dr Miguel Riet Corrêa Jr” (HU)
from the “Fundação Universidade de Rio Grande” (FURG)
is a reference center for HIV/AIDS diagnosis and
treatment, covering the southern part of the Rio Grande
do Sul State. The majority of patients diagnosed in this
area are referred to the HU for follow-up and treatment.

The objective of the present investigation was to
conduct a molecular epidemiological investigation of
HIV-1 subtypes in patients identified at the HU in Rio
Grande. Besides virus subtypes, information about
patients epidemiological, clinical and laboratory
characteristics were obtained, as an attempt to
investigate possible associations between subtypes
and (1) mode of transmission and (2) HIV/AIDS natural
history. Rio Grande was chosen as an appropriate place
to conduct this investigation according to its
characteristics: (1) being a port, which suggests that a
great diversity of HIV-1 subtypes could be identified due
to an increased probability of several independent viral
introductions into the area; (2) being close to three
different countries, again suggesting an opportunity of
increased viral subtype diversity; (3) reported higher
prevalence of subtype C, compared to the Brazilian data
and (4) the existence of a reference Hospital for HIV-1/
AIDS patients follow-up and treatment.

MATERIAL AND METHODS

Patients. All patients with a serologically confirmed
diagnosis of HIV-1 infection (ELISA and confirmatory
Western-Blot) or AIDS, identified at the Infectious Diseases
Clinic, HU/FURG, from August 1994 to October 1997 were
included in the study. After signing an informed consent,
they were interviewed for demographic, social and
behavioral information. At interview time, a sample of 5.0
ml of blood in an anticoagulant was obtained from those
who agreed to participating in the study. All participants
had their medical records examined for clinical and
laboratory data. Subsequent follow-up information about
treatment, opportunistic infections, clinical evolution,
hospitalization and death were obtained from their medical
records or by interviewing the responsible physician. The
AIDS definition from CDC was adopted2.

Cells. Peripheral blood mononuclear cells (PBMC)
were obtained using Ficoll-Hypaque (Pharmacia, Sweden)
centrifuge gradient separation. The cells (1x106) were lysed
in 200µl of a buffer (TE, pH8.1; Triton-X 100, 0.001; SDS,
0.0001%) and digested in 50µg of K proteinase in each
tube, for one hour, at 56°C. After digestion, K proteinase
was inactivated at 95°C for 10 minutes.

Polymerase Chain Reaction. HIV-1 DNA was
directly amplified from the PBMC lysate. The PCR was
conducted according to World Health Organization
(WHO) recommendations17. Only one attempt to amplify
the viral DNA was done for each sample. Two

amplification rounds were conducted: in a nested PCR
protocol. The first reaction was done for a total volume
of 20µl (50mM KCl, 10mM tris-HCl pH 8.3, 1.25-1.8m
MgCl2 , 1% DMSO, 1% glycerol, 5 pmol from each primer,
0.2mM of each dNTP and 2.5U of taq polymerase). As
template, 2µl of PBMC lysate from each patient was
added. The reactions were conducted under the
following conditions: three initial cycles, at 94, 55 and
72°C for one minute; 32 subsequent cycles at 94°C for
15 seconds, 55 °C for 45 seconds, 72°C for one minute,
and a final extension at 72°C for five minutes. To amplify
the internal fragments, in a total final volume of 100µl,
the same protocol was used with 2µl of first round
products as template. The reference subtypes (obtained
from WHO) were amplified using internal primers
(second round) and 10ng of plasmid as template5.

Primers. Primers ED3 and ED14 (bases 5956-5985
and 7960-7031 from HIV-1 HXB2, Genbank access
K03455) were used in the first amplification round. These
sets of primers amplify a 2.0Kb fragment. In the second
round the following internal primers were used: ED5 and
ED12, corresponding to bases 6556-6581 and 7822-
7792, amplifying an internal fragment of approximately
1.2Kb in the V1-V5 region of gp120; ES7 and ES8, bases
7001-7020 and 7667-7647, amplifying a 0.7Kb fragment
in V3-V5 regions of gp120; ED31 and ED33, bases 6816-
6844 and 7359-7380, which amplify a 0.5Kb fragment
in the C2-C4 region of gp1205 17.
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Heteroduplex mobility assay (HMA)5. For each
patient, 5.0µl of nested PCR products (the fragment
presenting the best resolution was chosen for subtyping)
was mixed with 5.0µl of amplified DNA from standard
HIV subtypes plus 1.0µl annealing buffer 10x (1M NaCl
plus 0.1M Tris pH 7.8 plus 0.02 M EDTA) in 500µl
eppendorf tubes. Control tubes contained the patients
amplified products, final volume adjusted with water.
Tubes were placed in PCR apparatus for a denaturation
cycle (94ºC for 2 minutes), being immediately placed in
an iced bath afterwards.

HMA fractioning. The samples were then fractioned
in a 5% non-denaturating polyacrylamide gel, obtained
from stock preparation (30% acrylamid, 0.8% bis-
acrilamide in TBE). Polymerization was achieved by
adding 50µg of ammonium persulfate and 33µl of
TEMED. Gels were prepared in 19.5 x 16cm glass plates,
using 0.8mm spacers. Electrophoresis was carried out
in GIBCO BRL V15-V17 vertical model. Electrophoresis

conditions varied according to amplified fragment length
used in the heteroduplex: 1.2kb, 200V in six hours;
0.7Kb, 250V in three hours and 0.5Kb, 250V in two and
half hours.

Polyacrylamide Gel Silver Staining. After
electrophoresis, the gel was dyed by silver nitrate. Initial
fixation was done with 40% methanol and 10% acetic
acid in deionized water for 30 minutes, followed by 40%
ethanol and 10% acetic acid for 15 minutes. Next, the gel
was transferred to an oxidizing solution (0.034M
potassium bichromate plus 0.032 nitric acid), under
agitation for 10 minutes. The gel was then repeatedly
washed in deionized water until becoming transparent.
Silver nitrate was added (0.02% in deionized water) and
the preparation kept in a dark room for 30 minutes. To
visualize the electrophoretic bands, a solution with 2.97%
of sodium carbonate plus 0.05% of paraformaldehyde in
distilled water was added. The reaction was stopped by
adding 10% acetic acid.

RESULTS

Study population. From August 1994 to October
1997, 185 patients were identified and included in the
study. The male/female ratio was 2 to 1: 122 (65.9%) male/
63 (34.1%) female patients. The mean age was 33.4±9.7
years, (range 15 to 66 years). No statistically significant
difference between mean age was found comparing
males and females. The majority was white (86%) and
stable residents of Rio Grande in the last five years (90%).

Regarding marital status, 71 (38.4%) patients reported
being married or having a stable relationship with a single
partner for more than one year, 100 (54.1%) informed
being single or not having a stable relationship for more
than one year and 12 (6.5%) reported being widows; for
two patients this information was not available.

In relation to educational history, 115 (62%) had not
completed elementary school and only 28 (15.1%)
reported having completed senior high school or college.

Homo or bisexual behavior were reported as the mode
of HIV-1 infection by 45 (24%) participants, whereas 96
(52%) related heterosexual activities as the source of their
infection. Among those, 27(28%) had more than three
sexual partners/year, while 20 (21%) said to have been
infected by their stable partner. The stable partner was
reported as the source of infection by 36 (57%) female
participants. Injecting drug use (IDU) was responsible for
41 (22%) infections. Male heterosexuals reported higher
use of intravenous drugs when compared to other groups
(statistically significant difference).

Clinical findings. At first medical visit, 126 (68.1%)
participants were classified as HIV infected and 55
(29.7%) as AIDS patients; clinical classification was not
found for four par ticipants. According to CDC
classification, 37 (67.3) were type A, 4 (7.3%) type B
and 14 (25.4%) type C. The AIDS defining condition was
CD4 <200/mm3, tuberculosis and pneumocystosis for 19
(35%), 16 (29%), and 8 (14%) patients, respectively. In

lower propor tions, oral candidiasis, cerebral
toxoplasmosis, cryptococcosis and cryptosporidiosis
were also reported.

Sexually transmitted infections (STI) were diagnosed
in 52 (28%) patients, some presenting more than one
diagnosis. Gonorrhea presented the highest frequency
(30 patients), followed by syphilis and hepatitis B (13
and 10, respectively). No difference regarding STI
distribution was found comparing sex, risk behavior or
HIV/AIDS clinical classification.

CD4 count was available for 169 (91%) patients
throughout the investigation. The mean count (first
examination) for HIV infected was 381±205/mm3,
whereas for AIDS patients was 130±119/mm3. Again,
no difference in mean CD4 counts for both HIV infected
and AIDS patients was detected, comparing sex, age
and risk behavior.

HIV-1 subtypes. Blood samples were collected from
a sub-sample of 107 participants who agreed to take
part in the investigation. After a single amplification
attempt, fragments from seven patients presented better
resolution when amplified with internal primers ED5-
ED12, from 10 patients with ES7-ES8 primers and from
52 patients with ED31-ED33 primers. Samples from 38
patients did not amplify or presented weak amplifications
and could not be used for HMA subtyping. From the
total of 69 samples amplified, 52 (75%) were identified
as subtype B, 15 (22%) as subtype C and 2 (3%) as
subtype F (Table 1). It should be emphasized that all
patients infected with HIV-1 subtype C were diagnosed
after 1994. The comparison of characteristics between
(1) participants included in the HMA sub-sample with
those from the study population and (2) participants
whose blood samples were amplified and used for HMA
sub-typing with those not sub-typed (with regard to age,
sex, race, marital status, education, risk factors for HIV
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infection, both sexual behavior and IDU, history of STI,
HIV infection or AIDS in the first clinical visit, CDC HIV/
AIDS classification and CD4 count), did not reveal any
significant difference.

Comparison of Participants with HIV-1 B or C
subtype Infection. The results obtained contrasting
characteristics of participants classified as infected with
subtypes B or C can be seen in Table 2; due to the small

frequency observed, participants classified as subtype
F were removed from further analysis. For most of the
studied variables, no significant differences were found;
opportunistic infections included viral (CMV and
Herpes), bacterial (tuberculosis bacilli), fungal (P. carinii)
and parasitic (T. gondii) agents. However, a higher
proportion of IDU was reported by HIV-1 C patients
(46.7%) when compared to HIV-1 B (23.1%), in the limit
of statistical significance.

Table 1 - HIV-1 subtypes identified in Rio Grande RS, Brazil, 1994/97.
Primers         Samples                          Subtypes

B C F

ED5/E12 7 5 2 -

ES7/ES8 10 9 1 -

ED31/ED33 52 38 12 2

Total 69 52 15 2

% - 75 22 3

Table 2 - Comparison of averages and proportions of selected variables between
patients infected with HIV-1 B and C subtypes, Rio Grande - RS, Brazil, 1994/97.

                            HIV-1 Subtypes

     B                                 C

Variable1                     number  %      number            %        Test2

Gender

male 38 73.1 11 73.3 NS

female 14 26.9 4 26.7 -

Race

white 48 94.1 14 93.3 NS

Marital status

married 16 32.0 7 46.7 NS

single 33 62.0 8 53.3 -

widow 1 2.0 0 - -

Clinical status

HIV-1+ 30 58.8 11 73.3 NS

AIDS 21 41.2 4 26.7 -

Positive STI 14 26.9 4 36.4 NS

Opportunistic infections 40 76.9 10 66.7 NS

Sexual risk behavior

homo/bisexual 13 26.0 3 20.0 NS

heterosexual 36 72.0 12 80.0 -

IDU 12 23.1 7 46.7 P < 0.07
1 unknown and not stated, removed from the Table. 2 statistical tests: proportions, chi-square

Clinical and laboratory parameters of HIV disease
progression (CD4 200 or > 200mm3 ) from date of
diagnosis to the last medical visit, were compared by

survival analysis (Kaplan-Meyer) between individuals
infected by HIV-1 B or C. No significant differences were
detected (log-rank test, data not shown).

DISCUSSION

The results obtained in this investigation strongly
suggest the HIV-1/AIDS epidemic observed in Rio
Grande RS, to be similar to the Brazilian epidemic6 16 as
a whole: (1) a marked increase in heterosexual
transmission (49.0% in this study) was detected in the
90’s, not followed by a decrease in infection in homo/
bisexuals or IDU (24.0 and 22.7% respectively); (2) the
epidemic reaching smaller cities outside the southeast

region and (3) the epidemic reaching lower socioeconomic
segments of the population (in this investigation estimated
by years of education).

Reported (to the Brazilian Ministry of Health) HIV/
AIDS patients are offered, when necessary, free
treatment through a network of reference Clinics and
Hospitals all over the Country, HU/FURG being the
reference Hospitals for the southern part of Rio Grande

Martinez AMB et al
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do Sul State. As a consequence, one can be confident
that all HIV/AIDS patients (or, at least, the majority) from
this area, during the study period, were identified and
included in the investigation. HIV subtype classification
was conducted using specimens, which amplified after
a single attempt, from a sub-sample of the study
population. Because no differences were detected
between those patients included and not included
(refusals) for subtyping and those patients whose
samples amplified and did not amplify, the results
obtained should reflect the actual virus occurrence in
this part of the Country. It can be argued that those
samples not amplifying after the first attempt could
represent more divergent strains; however, up to now,
no reports of different subtypes in this region of Brazil
have been published.

Previous reports of HIV subtypes distribution in Brazil
were also confirmed by this study. The city of Rio Grande,
being an important port (similar to Rio de Janeiro and
Belém) and being located near the border of three countries
was, as assumed, an appropriate place to conduct this
type of investigation due to high probability of having had
new HIV strains introduced. The initial reports of a higher
proportion of HIV-1 C subtypes in the state of Rio Grande
do Sul were confirmed by this investigation.

Regarding clinical progression and epidemiological
characteristics, no significant differences were found in
this study, when individuals infected with subtype B were
compared to those harboring subtype C. Comparisons
of demographic (age, sex, race, marital status) or clinical
data (HIV infection or AIDS, CD4 count, opportunistic
infections, STIs), risk behavior (either sexual practices
or injected drug use) and pathogenicity (HIV disease
progression and decrease in CD4 count) related
variables did not reveal any meaningful differences.
However, no information regarding patients survival after
AIDS diagnosis was obtained.

Reports of C subtype identification in the region
began to appear from 1994 onward, suggesting a
possible later introduction of this viral type, when
compared to subtype B. Moreover, the higher proportion
of this subtype identified among IDU, together with a
higher rate of IDU among heterosexuals males, a high
frequency of sexual promiscuity in this population
subgroup (28% of heterosexuals reporting more than
three partners/year) plus the large proportion of females
(57%) sexually infected by their stable partners add to
this belief. It can be hypothesized that subtype C was
introduced in this region later than the subtype B, firstly
among heterosexual male IDU, reaching the general
population through their female sexual partners later on.
However, nucleotide sequencing of viral genome and
phylogenetic analysis must be carried out in order to
prove this hypothesis.

Although no association between subtypes and HIV
mode of transmission or AIDS natural history was
detected in this investigation, several important
questions regarding HIV subtypes remain unanswered
and need further investigation. Among them, possible
clades differential resistance to treatment and the
necessity of developing clade-specific vaccines, should
be considered as important research priorities. As
already cited, the Brazilian Ministry of Health through
its AIDS Control Program is offering free treatment
(including protease inhibitors) to AIDS patients who fulfill
specific conditions8; this program requires close
monitoring of possible HIV drug-resistance, including
subtype identification. Regarding HIV vaccines, recent
reports suggest that those under field testing (USA,
Thailand and Uganda) may not equally protect against
different HIV clades. As phase II/III vaccine trials are
planned to be initiated soon in Brazil, information on
HIV subtype distribution will be essential in appraising
vaccine efficacy.
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