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Abstract

The genetic characterization of dengue virus type 3 (DEN-3) strains
isolated from autochthonous cases in the State of Rio de Janeiro,
Brazil, in 2001 is presented. Restriction site-specific (RSS)-PCR
performed on 22 strains classified the Brazilian DEN-3 viruses as
subtype C, a subtype that contains viruses from Sri Lanka, India,
Africa and recent isolates from Central America. Nucleic acid se-
quencing (positions 278 to 2550) of one DEN-3 strain confirmed the
origin of these strains, since genotype III - classified by sequencing -
and RSS-PCR subtype C are correlated. This genetic subtype has been
associated with hemorrhagic dengue epidemics and the information
provided here could be useful to implement appropriate prevention
and control measures.
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Dengue (DEN) viruses, which belong to
the genus Flavivirus (Flaviviridae family),
have four distinct antigenic serotypes (1 to 4)
that cause a spectrum of disease ranging
from asymptomatic, mild undifferentiated fe-
ver and classical dengue fever to severe dis-
ease named dengue hemorrhagic fever/den-
gue shock syndrome (DHF/DSS) (1,2).

Dengue virus infections are endemic
throughout tropical and subtropical regions
of the world, being considered to be the most
important reemerging disease in developing
countries. High dengue virus activity in Cen-
tral America in the late 70s and 80s led to the
introduction of these viruses in Brazil, where
they have been responsible for the occur-
rence of extensive dengue epidemics over
the last fifteen years (3,4). In 1986, after

DEN-1 virus introduction and extensive
spreading, a National Network of Dengue
Diagnosis able to perform routine laboratory
confirmation of dengue infections was set up
in the country (5). Since then, the Laboratory
of Flaviviruses, Oswaldo Cruz Institute/
FIOCRUZ, has been carrying out an effec-
tive dengue surveillance program that in-
cludes the ongoing systematic collection and
sample analysis of suspected cases. Through
this program it was possible to detect the
introduction of DEN-2 and DEN-3 viruses in
the State of Rio de Janeiro in 1990 and 2000,
respectively. In both cases, new serotypes
were isolated from classical dengue fever
during epidemic outbreaks when DEN-1 was
the predominant serotype (6,7).

Virologic surveillance systems not only
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allow the detection of the introduction of
new serotypes but also the identification of
distinct genotypes within each serotype, since
genetic analysis has been providing infor-
mation about dengue virus spread and has
revealed important information related to
disease transmission and severity (8).

Genome sequencing provides accurate
characterization of strain differences but re-
quires labor-intensive procedures. Recently,
a new PCR-based approach has been used to
rapidly subtype dengue viruses. The method
consists of a single reverse transcriptase-
polymerase chain reaction (RT-PCR) ampli-
fication using four primers that target re-
gions spanning restriction site-specific poly-
morphic endonuclease (RSS-PCR) within the
envelope gene (9).

Here, we present the genetic character-
ization by RSS-PCR and by partial genome
sequencing of DEN-3 viral strains from au-
tochthonous cases that occurred in the State
of Rio de Janeiro, Brazil, in 2001 in order to
understand their introduction.

The 22 DEN-3 viruses analyzed in the
present study were obtained from the collec-
tion of the Laboratory of Flaviviruses, De-

partment of Virology, Oswaldo Cruz Insti-
tute, FIOCRUZ. The strains were isolated
from patient sera by inoculation into the
Aedes albopictus C6/36 cell line and were
identified by immunofluorescence using
type-specific monoclonal antibodies (10).

Viral RNA was extracted from the cul-
ture supernatant of infected cells using the
QIAamp Viral Mini kit (Qiagen, Inc., Valen-
cia, CA, USA) according to the manufac-
turer’s protocol.

RSS-PCR for DEN-3 viruses was per-
formed as previously described (9) and
yielded three reproducible patterns identi-
fied as A, B and C. These patterns are con-
sistent with the genotypes previously de-
scribed by sequencing and are as follows:
RSS-PCR type A and B consisting of Indo-
nesian, Philippine and Thailand strains from
different decades, RSS-PCR type C repre-
sented by strains from Sri Lanka (1981-
1985) and recent isolates from Central Ame-
rica, e.g., Nicaragua (1995-1998), Guate-
mala (1997) and El Salvador (1998). Ac-
cording to the different RSS-PCR patterns
previously described (10), all 22 DEN-3 Bra-
zilian strains were classified as type C, since
RSS-PCR produced bands of 655, 527 and
180 bp in size (Figure 1). Extra bands could
be explained by an excess of template, al-
though a band of ~450 bp in the subtype C
RSS-PCR pattern was previously described
as sample-to-sample variation (10).

Nucleotides corresponding to positions
278 to 2550 in the DEN-3 genome encoding
the prM/M and envelope proteins were am-
plified using RT-PCR for direct sequencing
(11). After electrophoresis on 1% agarose
gel, DNA fragments were excised and puri-
fied using the QIAquick™ Gel Extraction
kit (Qiagen ). Nucleic acid sequencing was
performed with an automated Applied
Biosystem 310 DNA sequencer using the
BigDye™ Terminator Cycle Sequencing kit
(PE Applied Biosystems, Foster City, CA,
USA) using primers described previously
(11). The sequencing cycle parameters used

655 bp
527 bp

180 bp

600 bp

1 2 3 4 5 6

Figure 1. RSS-PCR patterns of DEN-3 viruses. Agarose gel electrophoresis of RSS-PCR
products. Lane 1, 100-bp ladder (Gibco); lane 2, Indonesia 1976 (A2 pattern); lane 3, Thailand
1984 (B1 pattern); lane 4, Philippines 1956/H87 (B2 pattern); lane 5, Sri Lanka 1985 (C
pattern); lane 6, Brazilian DEN-3 strain (68784).
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were as described in the manufacturer’s pro-
tocol and the nucleic acid sequence was
determined (GenBank, accession number
AY038605).

Parsimony analysis using PAUP (D.
Sworfford, Champaign, IL, USA) of the Bra-
zilian DEN-3 strain and DEN-3 strains ob-
tained from GenBank representing the four
genotypes previously described (11) gener-
ated a phylogram that assigned the Brazilian
DEN-3 strain to genotype III, which includes
viruses from Sri Lanka, India and Africa
(Figure 2). Genotype III corresponds to RSS-
PCR subtype C as previously described (10).

The similarity of the Brazilian DEN-3
strain to others represented by the same geno-
type III ranged from 96 to 98% and from 98
to 99% for nucleic acid sequence and de-
duced amino acid sequence, respectively.
The comparison of the Brazilian DEN-3 vi-
rus with recent strains isolated in Guatemala
showed a total of 14 nucleic acid changes,
with one resulting in an amino acid change
from histidine to arginine (data not shown).

After an absence of 16 years, DEN-3
reappeared in the Americas, first in Nicara-
gua and later in Panama, Costa Rica, El
Salvador, Guatemala, Honduras and Mexico
(12,13).

In Brazil, DEN-3 virus was isolated in
São Paulo in 1998 from an imported case
and since then no more cases were detected
in that region, showing no DEN-3 virus trans-
mission (14). After two years, DEN-3 virus
was introduced into the State of Rio de
Janeiro, being the first autochthonous virus
isolated in the municipality of Nova Iguaçu
from a 40-year-old woman who presented
classical dengue fever and who fully recov-
ered from the illness (7). This first isolation
in December 2000 was followed by the con-
firmation of 91 cases in three different mu-
nicipalities in the state (Secretary of Health
of Rio de Janeiro).

DEN-3 virus was detected in an ongoing
Surveillance Program carried out in an en-
demic municipality that has reported DEN-1

and DEN-2 cases practically throughout the
year 2000. The introduction of a new sero-
type in a region where the population has
been repeatedly exposed to dengue infec-
tions may significantly increase the prob-
ability of developing DHF/DSS.

Genetic characterization by RSS-PCR and
phylogenetic analysis showed that Brazilian
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Figure 2. Phylogram generated by parsimony analysis of nucleic acid sequences from the
prM/M and envelope genes of 22 DEN-3 viruses obtained from GenBank, one Brazilian
DEN-3 strain and one DEN-2 (GenBank) used as outgroup. Accession number: L11423
(Philippines 1956/H87); L11432 (Philippines 1983); L11427 (Malaysia 1981); L11426 (Indo-
nesia 1978); L11428 (Indonesia 1985); L11422 (Fiji 1992); L11440 (Thailand 1962); L11620
(Thailand 1973); L11441 (Thailand 1986); L11442 (Thailand 1987); L11431 (Sri Lanka 1981);
L11436 (Sri Lanka 1985); L11437 (Sri Lanka 1989); L11438 (Sri Lanka 1991); L11430
(Mozambique 1985); AY038605 (Brazil 2000); L11424 (India 1984); L11435 (Samoa 1986);
L11434 (Puerto Rico 1977); L11439 (Tahiti 1965); L11433 (Puerto Rico 1963); AF489932
(Dengue type 2). The Singapore 1973 and India 1966 nucleotide sequences were kindly
provided by Dr. Robert Lanciotti (CDC).
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DEN-3 has the same origin, described as
subtype C by RSS-PCR or genotype III by
sequencing. This subtype/genotype  has been
associated with major DHF epidemics in Sri
Lanka and India and with DHF cases and
deaths in Mexico and in Central American
countries (13).

The rapid results obtained by RSS-PCR
show that this alternative method, designed
to be rapid and low cost, could be useful in
virological surveillance laboratories, mainly
due to an obvious need to characterize den-
gue genotypes before a major outbreak oc-
curs. The high similarity obtained by nucleo-
tide and deduced amino acid sequence be-
tween DEN-3 genotype III strains and Ameri-
can strains in particular indicates the prob-
able origin of the virus circulating in the
state.

The risk of the introduction of new sero-
types in Brazil has been stressed and ex-
pected mainly due to the circulation of the
four serotypes in the bordering countries.
DEN-3 introduction in the State of Rio de
Janeiro repeats what was observed for

DEN-1 and DEN-2 viruses in 1986 and 1990,
respectively, since the state was again the
port of entry for a new serotype into the
country (3). Considering the large human
contingent circulating through the interna-
tional airport and highways of the state, a
rapid spread of this new serotype to other
states is expected, possibly resulting in ex-
tensive epidemics, mainly due to the high
population susceptibility and to the difficul-
ties concerning mosquito control.

The genetic analysis presented here may
serve as an alert to the potential severity of
epidemics caused by the circulating DEN-3
strain.
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