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Abstract  Dengue viruses (DEN) are found as four antigenically distinct serotypes designated
DEN-1, 2, 3, and 4. Laboratory evidence that strain-intratypical variation occurs among DEN
viruses has been demonstrated since the 1970s, although only with the advances in molecular
technologies has it been possible to determine the genetic variability of each serotype. Genotypi-
cal identification has proven to be a useful tool for determining the origin and spread of epi-
demics and to correlate virulence of strains. In this report we present the results of molecular
epidemiological studies with the DEN-1 and DEN-2 viruses that caused dengue epidemics in
Brazil during the last decade.
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Resumo  Os vírus dengue (DEN) apresentam propriedades antigênicas distintas que caracteri-
zam quatro sorotipos denominados DEN-1, 2, 3 e 4. Desde a década de 70, evidências laborato-
riais têm demonstrado a ocorrência de variação intratípica entre os vírus DEN; entretanto, so-
mente com o avanço das metodologias moleculares foi possível estabelecer variantes genéticas
para cada sorotipo. A identificação genotípica tem sido uma importante abordagem para deter-
minar a origem e a dispersão de epidemias e para tentar estabelecer correlação de virulência en-
tre as variantes dos vírus DEN. Neste trabalho, apresentamos resultados obtidos através de estu-
dos de epidemiologia molecular realizados com amostras de vírus DEN-1 e DEN-2, que causa-
ram epidemias no Brasil, na última década.
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The development of new techniques in molec-
ular biology has meant a huge step in various
fields of science and technology, including
that of health. The possibility of precisely de-
termining the composition of microorganisms’
genomes has created new prospects for epi-
demiological studies, allowing for the molecu-
lar characterization of circulating viral samples
and knowledge of their geographic distribu-
tion.

The molecular epidemiology of dengue
viruses (DEN) has been used to determine the
origin of the viruses that have caused outbreaks
and epidemics, especially in the attempt to es-
tablish a correlation between the virulence of
samples and the impact of these viruses on the
population.

The DEN viruses belong to the Flaviviridae
family (Westaway et al., 1985) and the Fla-
vivirus genus, which includes 68 species in 8
serologicallly related groups (4 transmitted
by mosquitoes, 2 by ticks, and 2 still without
known vectors) and a group of viruses that is
not classified within these serogroups by neu-
tralization, including the yellow fever virus.
They display different antigenic properties that
characterize the 4 serotypes called the DEN-1,
DEN-2, DEN-3, and DEN-4 viruses (Sabin, 1952;
Hammon et al., 1960). They are spherical, en-
veloped viruses, with a diameter of approxi-
mately 40-50 nm and a genome consisting of
single-strand RNA with a positive polarity of
some 11 kb. The viral RNA is surrounded by a
nucleocapsid with an icosahedral symmetry,
made up of a single so-called C protein, sur-
rounded by a double lipid layer associated with
membrane (M) and envelope (E) proteins. Pro-
tein E is the principal structural protein and is
directly related to immunity and probably the
virulence of the samples. These viruses have
seven other non-structural proteins that are re-
lated to viral replication (Brinton, 1986; Deubel
et al., 1993).

Broad dispersal of the mosquito vector
Aedes aegypti made dengue the most impor-
tant human arbovirus disease in the world,
with approximately 2.5 billion individuals ex-
posed to risk of infection in some 100 countries
with tropical and subtropical climates (Knud-
sen, 1996). 

Infection with any of the serotypes leads to
a febrile illness known as dengue fever (classic
dengue). The severe form, characterized by the
appearance of hemorrhage and/or hypov-
olemic shock, is termed hemorrhagic dengue
(DHF) or dengue shock syndrome (DSS) and
occurs in some 0.5% of cases (OMS, 1987).
Worldwide estimates suggest 100 million cases

of dengue and hundreds of thousands of DHF
per year, depending on epidemic activity. From
1981 to 1997, 24 countries in the Americas re-
ported laboratory-confirmed cases of DHF
(Gubler, 1998). The case fatality rate for DHF/
DSS in the Americas is 1.4%, although wide
variation (1 to 11.9%) has been reported from
one country to another (Pinheiro & Chuit,
1998).

Infection with one serotype confers partial
and temporary protection against the other
serotypes, and secondary infection is possible
after a relatively short period of time (OMS,
1987).

Prior infection with a given serotype is con-
sidered an important risk factor for the devel-
opment of DHF/DSS, although the occurrence
of primary DHF/DSS cases suggests that viral
virulence may also be responsible for the vari-
ation in the disease’s clinical expression (Hal-
stead, 1970; Rosen, 1977; Thein et al., 1997). In-
dividual, epidemiological, and viral risk factors
are currently being explored in relation to the
development of DHF/DSS (Kouri et al., 1987).

Antigenic and genetic diversity 
of dengue viruses

Intratypical variation in the dengue viruses was
initially studied by means of serological tech-
niques that demonstrated antigenic and bio-
logical differences between samples from the
same serotype (McCloud et al., 1971; Russel &
McCown, 1972).

Other methodologies, like antigenic analy-
sis using a panel of monoclonal antibodies
(Monath et al., 1986), cDNA-RNA hybridization
(Block et al, 1984; Block, 1985), hybridization
using synthetic peptides (Kerschener et al.,
1986), and restriction endonuclease analysis of
RT-PCR products (Vorndam et al., 1994), demon-
strated the antigenic and genetic variability
among the dengue viruses.

Establishing a “fingerprinting” pattern for
each dengue serotype (Vezza et al., 1980) al-
lowed for the molecular analysis of genetic vari-
ants within each serotype (Repik et al., 1983;
Trent et al., 1983, 1989). In 1990, the term “topo-
type” was used to define genetic variants dis-
playing homology in at least 70% of the larger
oligonucleotides, representing samples from
the same geographic region (Trent et al., 1990).

Subsequently, the viral genome sequencing
technique replaced the so-called fingerprint-
ing studies, since it allowed for greater discrim-
ination in the analysis of genetic relations
among samples. Sequencing of 240 nucleotides
in the E/NS1 region, performed by Rico-Hesse
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(1990), characterized five genomic groups for
the DEN-1 viruses and five groups for the DEN-
2 viruses. Complete sequencing of the gene
coding for protein E in the DEN-2 virus (Lewis
et al., 1993) established five subtypes corre-
sponding essentially to those suggested by Ri-
co-Hesse (1990). Partial sequencing of different
samples of DEN-3 and DEN-4 virus demon-
strated the existence of four and two genetic
subtypes, respectively (Lanciotti et al., 1994;
1997).

Dengue viruses in Brazil

Reinfestation of Brazil by Aedes aegypti in 1977,
the DEN-1 virus pandemic, and the introduc-
tion of the DEN-4 virus into the Americas
marked the reintroduction of the DEN viruses
into Brazil. In 1981, the first samples of DEN-1
and DEN-4 viruses were isolated in an outbreak
in Boa Vista, Roraima (Osanai et al., 1983).
However, it was only from 1986 onward that
dengue became a nationwide public health
problem, with the introduction of DEN-1 virus
into the State of Rio de Janeiro and its subse-
quent spread to various other States of the
country (Schatzmayr et al., 1986; Figueiredo,
1996).

The situation was aggravated in 1990 by the
introduction of DEN-2 virus into the State of
Rio de Janeiro (Nogueira et al., 1990). Difficulty
in implementing an effective nationwide vec-
tor control program resulted in the rapid
spread of the virus and consequently the oc-
currence of epidemics in various States. Cur-
rently, 22 of the 26 Brazilian States have report-
ed dengue epidemics, totaling some 1,513,784
cases; from its introduction in 1986 until the
35th epidemiological week of 1999, simultane-
ous circulation of the DEN-1 and DEN-2 virus-
es was confirmed by laboratory analysis with
viral isolation in 16 States. In 1998, Brazil ac-
counted for some 85% of the dengue cases re-
ported in the Americas.

Molecular epidemiology of dengue 
viruses in Brazil

The growing activity of DEN viruses in Brazil in
the 1980s led to the establishment of a Nation-
al Dengue Diagnosis Network (Schatzmayr et
al., 1996), with the implementation of primary
diagnostic methods, including the specific an-
tibody capture immunoenzymatic test (Mac-
Elisa), routine serology, and the use of Aedes al-
bopictus clone C6/36 cell line and monoclonal
antibodies for viral isolation (Igarashi, 1978;
Gubler et al., 1984).
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Widespread application of these method-
ologies, using sera from patients, produced
hundreds of samples of the DEN-1 and DEN-2
viruses, the only ones circulating in the country
in the last 12 years (Miagostovich et al., 1993;
Nogueira et al., 1993; 1999). During this period,
the Flavivirus Laboratory of the Oswaldo Cruz
Institute, through a molecular epidemiology
program, established different methodologies
for genetic analysis of these samples.

Analysis was initially performed on genome
fragments from DEN-1 and DEN-2 viruses iso-
lated in the State of Rio de Janeiro, using re-
striction endonuclease on the Hae III enzyme.
This investigation was directly applicable to
the determination of circulating viruses, iden-
tifying the Caribbean and Jamaica genotypes
for the DEN-1 and DEN-2 viruses, respectively
(Vorndam et al., 1994). These results were con-
firmed by the partial sequencing of a fragment
of the gene coding for the envelope (E) protein,
between nucleotides (nts) 85 and 282, after ex-
tension and amplification by reverse transcrip-
tion followed by the polymerase chain reaction
(RT-PCR) (Deubel et al., 1993; Chungue et al.,
1995). Comparison of the DEN-2 viruses isolat-
ed in Rio de Janeiro (two samples obtained
from classic dengue cases and one sample iso-
lated from a fatal case) showed the same se-
quence of nucleotides, hence with no identifi-
cation of markers for virulence in the region
studied (Deubel et al., 1993). 

A second phase included the sequencing of
the region encompassed between nts 1685 and
2504 in the protein E gene from samples of
DEN-2 virus isolated in the States of Rio de
Janeiro (RJ), Ceará (CE), Bahia (BA), and Alago-
as (AL), in order to investigate the genotypes
circulating in Brazil in 1990-1995. Analysis of
these results, shown in Figure 1, confirmed the
origin of the DEN-2 viruses circulating in Brazil
and identified the presence of only one geno-
type ( Jamaica) as of 1995, demonstrating the
spread of this virus from Rio de Janeiro to other
States. There was also great uniformity among
our samples, which underwent few modifica-
tions over the course of the years in which they
circulated in the country. The samples isolated
in Rio de Janeiro in 1995 were the only ones to
present a larger number of alterations in the
nucleic acid bases, reflecting the evolution of
the DEN-2 viruses since their introduction into
the State (Miagostovich et al., 1998). 

The Jamaica genotype consisted of a set of
samples known by this name, since the group
includes a sample isolated in that country. This
variant, of Asian origin, was isolated in the
Americas during an extensive outbreak affect-
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ing various areas of the Caribbean in 1981.
This confirms that the DEN-1 and DEN-2 sam-
ples circulating in Brazil originated in the
Caribbean, reaching the country through infe-
cted persons or vectors (Rico-Hesse, 1990).

The Jamaica genotype represents samples
with a high potential for causing severe dis-
ease, especially in areas where the DEN-1 and
DEN-4 viruses circulated previously (Vorndam

et al., 1994). Its introduction into the Americas
resulted in both an increase in the severe
forms of the disease and various epidemics
(Venezuela, 1989; Brazil, 1990-91) in which
there was a significant number of DHF/DSS
cases. Until the 1980s, cases of DHF/DSS in
the Americas were sporadic and associated
with the Puerto Rico genotype, isolated for the
first time in 1953 in Trinidad and responsible
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Figure 1

Phylogram generated by partial analysis of the nucleic acid sequence from a fragment of gene E from 12 Brazilian 

samples of DEN-2 virus and 24 obtained from Genebank.
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Reproduced with permission by Memórias do Instituto Oswaldo Cruz (Miagostovich et al., 1998).
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for extensive epidemics in the 1960s and 70s
(Gubler, 1992).

The genomic analysis recently performed
by Rico-Hesse et al. (1997) proved the existence
of a new variant of the DEN-2 virus in the
Americas, related to samples circulating in Asia
and highly virulent when involved in sec-
ondary infections. Circulation of this variant in
1994, 1995, and 1996, especially in Venezuela,
resulted in a large number of DHF/DSS cases
and high case fatality. 

In Brazil, infections by DEN-2 viruses pre-
sented different clinical patterns, principally in
relation to the severity of the disease. In re-
gions where the DEN-2 virus accounted for pri-
mary type infections, as in the States of Bahia
and Espírito Santo (Nogueira et al., 1995), the
clinical picture was typical of classic dengue,
with frequent exanthem, pruritis, and few se-
vere cases. However, in other States, where the
DEN-2 virus circulated after extensive epi-
demics caused by DEN-1, as in Rio de Janeiro,
Ceará, Pernambuco, and Rio Grande do Norte,
an increase in the number of severe cases was
observed. Beginning with the introduction of
DEN-2 virus in 1990, a total of 754 DHF/DSS
cases were reported, with 34 deaths, as of the
39th epidemiological week, and it is believed
that there may have more cases that were not
officially confirmed (Nogueira et al., 1990; Za-
gne et al., 1994; Souza et al., 1995; Vasconcelos
et al., 1995). 

The above-mentioned data demonstrate
the importance of on-going monitoring of
samples of dengue viruses circulating in the
country in order to identify the entry of a new

serotype or genotype and a potential associa-
tion between genotype and virulence, in addi-
tion to defining the pattern of endemicity in a
given area. The increase in air travel has fos-
tered a spatial shifting of individuals during the
viremic phase, facilitating the introduction of
new viruses and/or genotypes. Molecular char-
acterization can identify the simultaneous cir-
culation of antigenically similar (but genetical-
ly distinct) samples and follow their spread
separately.

Knowledge of samples circulating in a re-
gion also has implications for the potential in-
troduction of vaccines, making it possible to
evaluate the genomic relations between the
vaccinal virus and these samples. The same is
true for the development of serological diag-
nostic tests, which should include viral sam-
ples identical or close to those circulating in
the region.

Through genomic analysis, it is possible to
reconstitute the probable evolution of the virus.
For the DEN viruses, variants were estimated
for the subtypes that emerged in the last 200
years and were related to population growth
and conditions of ecological imbalance (Zanot-
to et al., 1996).

Given the limited options for the preven-
tion and control of dengue epidemics, due not
only to the lack of a tetravalent vaccine for
large-scale application but also the difficulties
in eradicating the mosquito vector, molecular
epidemiology has become an indispensable
tool for identifying more virulent genetic vari-
ants which can potentially cause more severe
forms of the disease.
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