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Molecular epidemiology of dengue virus serotypes 2 and 3
isolated in Brazil from 1991 to 2008
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The dengue virus (DENV1-4) causes dengue fever and dengue hemorrhagic fever/dengue shock syndrome (DHF/DSS) in
tropical and subtropical areas. The aim of this study was to evaluate the circulating genotypes of DENV. This was
accomplished by sequencing the PrM and E genes of Brazilian isolates of DENV2 and DENV3 that were obtained between
1991 and 2008 from various geographic regions. Phylogenetic analyses of DENV2 demonstrated that the genotype |l
(Southeast Asian/American), in spite of several nucleotide and amino acid changes, was the only one that circulated over
the past 19 years. Since its intfroduction in 2000, the DENV3 isolates that have been analyzed have all grouped into
genotype lll (Indian subcontinent) and there has been no evidence of DENV3 belonging to other genotypes in this study.

Keywords: Dengue Virus; Dengue Hemorrhagic Fever; Flavivirus.

INTRODUCTION

Dengue fever (DF) and dengue hemorrhagic
fever/dengue shock syndrome (DHF/DSS) are major
health problems in the tropical and subtropical regions.
The increasing number of patients with severe clinical
manifestations and the expansion of epidemic areas have
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led to extensive research on its causative agent, dengue
virus (DENV), which is the most widespread and important
arthropod-borne virus in terms of morbidity and
mortality'”*. A global dengue pandemic, which started
during World War Il, has progressively spread worldwide
and involves predominantly tropical countries. According
to the World Health Organization®, dengue fever results
in approximately 5 million hospitalized children and at
least 50 thousand deaths are caused by DHF/DSS
annually.

The DENV serotypes 1 to 4 (DENV1 to DENV4) belong
to the Flavivirus genus of the family Flaviviridae. The
genome of flaviviruses is a positive-sense, single-
stranded RNA approximately 11 Kb in length, from which
a single polyprotein is produced. This polyprotein is
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proteolytically processed by cellular and viral proteases to
generate fen viral proteins. The gene order of the dengue
polyprotein is 5'-C-prM(M)-E-NST-NS2A-NS2B-NS3-
NS4A-NS4B-NS5-3°°.

Dengue infections can be manifested from
asymptomatic to subclinical pictures through DF and
DHF/DSS, all of which may be observed during a dengue
outbreak. Nonetheless, dengue infections usually result in
two well-defined syndromes, DF and DHF. The mechanism
by which the DENV-infected host exhibits benign or severe
disease remains to be elucidated. The antibody-dependent
enhancement (ADE) pathway postulates that circulating
antibodies from a primary infection bind to a heterologous
virus in a secondary infection facilitating penetration of
virus particles info mononuclear cells™®. Further studies
have shown that host immune system mediators, such as
cytokines and complement, may have a direct role in the
pathogenesis of plasma leakage, a defining feature of
DHF?JO,HJ?.

In Brazil, DENV2 was first isolated in 1989 from an
imported case from Uganda, Africa. Prior to that case,
DENV1 and DENV4 caused an epidemic in Boa Vista,
Roraima State, Brazil®. In 1986 DENV1 caused epidemics
in Rio de Janeiro and additional cities'*. In 1990, the first
autochthonous DENV2 outbreak occurred in the State of
Rio de Janeiro. The introduction of DENV2 increased the
number of severe disease cases with the appearance of
several cases of DHF/DSS"®". Furthermore, DENV3 was
isolated in Sa@o Paulo State from an imported case that
occurred in 2000". One year after its introduction into
Brazil, DENV3 caused a large dengue outbreak in Rio de
Janeiro State and has quickly spread to several other
Brazilian States'®.

In this study, we have sequenced the C, prM/M and E
genes of both DENV2 and DENV3 in 27 Brazilian strains
from distinct geographic areas and at different periods of
collection between 1991 and 2008 to investigate the
molecular epidemiology of these serotypes that are
circulating in the country.

MATERIALS AND METHODS
VIRUS ISOLATION

Twenty-seven DENV strains (14 DENV2 and 13
DENV3) were obtained from the virus collection at the
Department of Arbovirology and Hemorrhagic Feverin the
Instituto  Evandro Chagas (IEC). These viruses were
isolated from sera collected from patients that were
clinically diagnosed as cases of DF, DHF/DSS and
encephalitis during the outbreaks that occurred between
the period of 1991 to 2008 and from mosquitoes
captured in the endemic area (Figure 1). Viruses were
grown in cultured Aedes albopictus cells (clone C6/36).
Relevant information on each isolate is summarized in
table 1.

® DENV3

A DENV2

Figure 1 — Map of Brazil showing locations of the isolated
strains of dengue virus

RNA EXTRACTION AND RT-PCR AMPLIFICATION

Genomic RNA samples were extracted using Trizol
reagent (Invitrogen, USA) according to the
manufacturer's instructions. cDNAs were synthesized and
amplified with a standard two step RT-PCR assay with
specific primers for DENV2 and DENV3 that were
designed to generate overlapping products
corresponding to the C/prM/M/E structural genomic
region as previously reported. Initially, 0.2-1 ug of viral
RNA and 20 uM of antisense primer were heated at 90 °C
for 90 s and then placed on ice. RT mix containing 1X RT
buffer (200 mM Tris-HCl (pH 8.4), 500 mM KCl), 0.2 mM
DNTP (deoxynucleotides) mixture, 100 mM DTT
(dithiothreitol), 40 U RNAse inhibitor (Invitrogen, USA)
and 200 U Superscript Il Reverse transcriptase
(Invitrogen, USA) was added to the pre-heated RNA and
the volume adjusted to 20 uL. The RT reaction was carried
outat 45 °Cfor 1 h, followed by heating at 94 °C for 10
min. The RT products were used as templates for PCR
amplification. Reactions were composed of 20 uM each
of the forward and reverse primers, 1X PCR buffer, 1 mM
of MgCl,, 0.2 mM of dNTP mixture, 5 U/ulL of Platinum
Tag Polymerase (Invitrogen) and the final volume adjusted
to 50 ul with RNAse-free water. The samples were placed
in a thermal cycler (Perkin Elmer 9600, USA) at 94 °C for
90 s (forinitial denaturation) followed by 35 cycles of: 94
°Cfor30s,55°Cfor30s,and 72 °Cfor 120 s and a final
extension step at 72 °C for 5 min. RT-PCR products were
visualized in a 1.5% agarose gel stained with ethidium
bromide (5 pg/ml).



Table 1 - Description of the virus strains used in the study

Virus code Virus Year ch'ssoge Location Clinical GenB.cmk )
serotype history (State) features accession n
Bel61082/H623360 DENV2 2001 C6/36 #1 and 2/Serum Pard Transverse Mielites AY644452
Bel63650/H628243 DENV2 2000 Cé6/36 #1 Pard DF AY775307
Cea2440/H527541 DENV2 1994 C6/36 #2 Ceard DHF AY775303
Cea2462/H527821 DENV2 1994 C6/36 #2 Cearé DF AY775304
Cea2463/H527822 DENV2 1994 C6/36 #1 Ceard DF AY775305
Goid191/H666426 DENV2 2002 C6/36 #1 Goids DF AY775306
Mao12050/H723484 DENV2 2007 C6/36 #1 Maranhéo DHF NR
Mig1269/H533198 DENV2 1995 C6/36 #2 Minas Gerais DF AY714061
RGN53/H506347 DENV2 1991 C6/36 #2 Rio Grande do Norte DF AY778960
Rond3308/H710686 DENV2 2006 C6/36#1 Rondénia DF NR
Ror1811/H547176 DENV2 1996 C6/36 #2 Roraima DF AY778961
Ror1812/H547177 DENV2 1996 C6/36 #2 Roraima DF AY778962
Toc2016/H508744 DENV2 1991 C6/36 #2 Tocantins DF AY642588
Toc4553/H739202 DENV2 2008 C6/36 #1 Tocantins DF NR
Am2394/H657637 DENV3 2002 Serum Amazonas Transverse Mielites AY632355
Bel70617/H652477 DENV3 2002 Serum Pard DF AY960625
Bel73318/H668518 DENV3 2003 Cé6/36 #1 Pard DF AY960628
Cea4739/H656814 DENV3 2002 Serum Ceard DF AY960629
Goil099/H666425 DENV3 2003 Cé6/36 #1 Goids DHF AY960630
Goil100/H666426 DENV3 2003 Cé6/36 #1 Goids DHF AY960631
Mto3103/H650477 DENV3 2002 Cé6/36 #1 Mato Grosso DF AY960632
Rgn576/H665993 DENV3 2003 Cé6/36 #1 Rio Grande do Norte DF AY960633
Ror3832/H651502 DENV3 2002 Serum Roraima DF AY960634
Ror3845/H651515 DENV3 2002 Cé6/36 #1 Roraima DF AY960635
BeAR713527 DENV3 2006 Pool of mosquitoes Tocantins - NR
BeAR713531 DENV3 2006 Pool of mosquitoes Tocantins — NR
BeAr713566 DENV3 2006 Pool of mosquitoes Tocantins - NR

#: passage number; NR: no registers.

NUCLEOTIDE SEQUENCING AND SEQUENCE
ANALYSES

The RT-PCR products were purified using the QlAquick
gel extraction kit (Qiagen, Inc., Valencia, CA). Purified
cDNA was used as the template for sequencing using the
Big Dye Terminator 3.0 kit (Applied Biosystems, Inc., USA)
according to the manufacturer's instructions. Sequencing
was performed using the ABI Prism 377 (Applied
Biosystems) equipment. Nucleotide sequences were
analyzed and edited with SeqMan software (DNASTAR,
Lasergene software package). Phylogenetic analysis were
generated by progressive pairwise multiple sequence
alignments using CLUSTAL W (Megalign software;
Lasergene software package DNASTAR).

A 2271-base sequence spanning the C-prM-E
structural protein genes was used for comparing the 14
isolates described here and 22 previously published
sequences of DENV2 retrieved from GenBank
(http://www.ncbi.nlm.nih.gov). For DENV3, 1,977 bases
from the M and E genes were used to compare our 13
isolates with the 27 previously published sequences of
DENV3. The DENV2 sequence (strain Jamaica access
number M20558) was used as an outgroup.

Phylogenetic analyses were performed with bootstrap
values of 1 thousand pseudoreplicas using the neighbor-

joining method (NJ) Kimura-2-parameter”***" (MEGA 2.1
software).

RESULTS
ANALYSIS OF DENV2

We have determined the full nucleotide sequence of the
structural genome of 14 DENV2 isolates from patients
exhibiting different patterns of disease severity (Table 1).
Comparative differences in nucleotide numbers between
all viruses studied and the DENV2 Jamaica (Jam83) strain
revealed high nucleotide sequence similarity (89.0 to
99.9%) among our isolates. The average similarity between
the DENV2 subtypes was 89.5 and 99.8% for the

nucleotide and amino acids sequences respectively.

The classification of the genotypes used was proposed
in the studies by Rodriguez-Roche” and Vasilaks and
Weaver” where the sylvatic genotype was used as the
outgroup. The phylogenetic tree constructed for the
C/prM/M/E nucleotide sequences of our DENV2 isolates
grouped all the isolates into the Jamaica genotype (Figure
2; genotype Ill). In addition, our DENV2 isolates were more
closely related to a strain from Brazil (RJ2000; FJ850072)
and with the DENV2 Jamaica strain (JAM1983; M20558).
The Asian genotype (lll) was divided into four different
lineages, representing the Southeast Asian/American
strains, Asian |, Asian [l and Asian 1.
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BRBeH623360-2001
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Comparison to 22 sequences obtained in GenBank. The values to the bootstrap were calculated affer 1 thousand replicas and only main branches were
listed. The DENV2 viruses of the study are shown in red. The GenBank accession numbers for the Brazilian isolates are given in table 1 whereas those for

the previously published sequences are shown in the plot.

Figure 2 — Phylogenetic analyses of DENV2 isolates from Brazil

The prM/M/E amino acid sequences of all 14 DENV2
isolates from Brazil showed that these proteins were
highly conserved. Only five positions in the prM/M/E
genes varied in the five isolates, the most variable being
prM amino acid 14, which was a glycine (V — G) in four
strains. Isolate BeH527822 accumulated two additional
changes at prM/M 58 (Q — P) and 60 (E — D) as shown

in table 2. In the E gene, 12 amino acid positions were
variable with E53 (P — L) and E269 (E — K) being
observed in four and two isolates, respectively. The most
variable isolates were BeH527822, BeH666426 and
BeH547176 with changes at four positions where the
only one that was common to them all was E53 (P — L)
(Table 2).



Table 2 - Differences of amino acids among the prM/E genes sequences of Brazilian DENV2

DENV2
Gene  Position® 4233607 H628243 H527541 H527821 H527822 H666426 H547176 H547177 H533198 H506347 H508744

(Encephalitis)  (FD) (FHD) (FD) (FD) (FD) (FD) (FD) (FD) (FD) (FD)

PrM 14 v v v G G G v v v G v

28 E E E E E E E E E E E

58 Q Q Q Q p Q Q Q Q Q Q

60 E E E E D E E E E E E

6 C C C R C C C C C C C

93 v v v v v v G v v v v

E 6 | M | | | | | | | | |

53 p p p L L p L L P P P

54 A A A A A A G A A A A

185 C C C C C G C C C C C

208 v v v v E v v v v v v

262 T T T T T T K T T T T

264 L L L L L L F L L L L

269 E E K E K E E E E E E

273 S S S S A S S S S S S

273 S S S S S L S S S S S

303 T T T T T S T T T T T

405 T T T T T p T T T T T

* Amino acid number from protein amino terminus; ' Sample code.

ANALYSIS OF DENV3

Nucleotide sequence homology among the DENV3
strains ranged from 89.7 to 100%. The deduced prM/M
and E amino acid sequences for all ten DENV3 isolates
showed that their proteins were highly conserved, with a
similarity ranging from 93.2 to 100%. The average
sequence homology was 94.8% and 96.6% for the
nucleotide and amino acid sequences respectively.

The phylogenetic tree constructed for the DENV3
isolates was based on the alignment of sequences at the
E/NST region (992-2550 nt), using the criteria for division
of the genotypes described by Lanciotti”. All DENV3

isolates were identified as members of genotype Il (Indian
subcontinent) and clustered separately in two subclades (A
and B). Subclade A contains the Latin American strains and
is genetically more closely related to subclade B strains
isolated in Sri Lanka (L11437,L11438) (Figure 3).

The variability of amino acid sequences for the DENV3
isolates was restricted to one position in the M gene (M86 H
— R), whereas six positions were found to vary in the E gene
(Table 3). The most variable were E6 (I — V), E89 (Q — P)
and E246 (Q — P). Isolates BeH657637 and BeH665993
had accumulated changes in three of the six variable amino
acid positions (Table 3).

Table 3 - Differences of amino acids among the M/E genes sequences of Brazilian DENV3

DENV3
Gene Position™ H457637" H666425 H666426 H650477 H656814 H652477 H665993 H651502 H651515 H668518 AY038605 R)
(FD) (FHD) (FHD) (FHD) (FD) (FD) (FD) (FD) (FD) (FD) (FD)
M 86 H R H R H R H H H R R
E 6 \% \% \ | | \% | | | \% \%
53 L L L L M L M L L L L
89 P P Q P Q Q Q P P P P
246 P P Q P Q P Q P P P P
251 E E E E E E K E E E E
320 I I | | | | | | | | \%
321 K K K K K K K K K K K
325 K K K K K K K K K K K

* Amino acid number from protein amino terminus; ' Sample code.
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BRBeH652477-PA-2002
BRBeH668518-PA-2003
BRBeH651502-RR-2002
AY038605-RJ-BR-2001
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BRBeH665993-RN-2003
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BRBeAR713527-TOC-2006
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L11430-Mozam-1985
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L11424-Ind-1984
L11436-SL-1985
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Genotype
1]

83
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—
0.005

rLi143) -SL-1981
L11435-Sam-1986
L11442-Thai-1987
L11620-Thai-1973
111441 Thai-1986
L11440-Thai-1962 I
L11423-Phil-1956
M93130-H87-Phil-1956
L11432-Phil-1983
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L11422-Fiji-1992
L11619-Tahi-1989
L11433-PR-1963
TO0L L1439 Tohi-1 965

M20558-Jam-1983

Genotype

Genotype

Genotype IV

Comparison to 41 sequences representative to the genotypes | to IV obtained in GenBank. The values to the bootstrap were calculated affer 1 thousand
replicas and only main branches were listed. The DENV3 of the study are show in red. The GenBank accession numbers for the Brazilian isolates are given
intable 1 whereas those for the previously published sequences are shown in the plot.

Figure 3 - Phylogenetic analyses of DENV3

DISCUSSION

The nucleotide sequence divergence (10.5%) obtained
in this study for DENV2 suggests an accumulation of
mutations during the period of high circulation of this DENV
serotype”. Indeed, DENV2 has circulated in Brazil for
almost two decades; however, there has been a surprisingly
low incidence of DHF cases when compared to other
countries. After introduction of DENV3 in 2002, the
number of DHF has increased sharply, suggesting a high
virulence of this serotype™. Previous studies on DENV2 from
the Americas had shown that the appearance of DHF was
related to the introduction of an Asian genotype into the
Caribbean Region”’. Our data confirms that this DENV2
genotype has been predominant in Brazil throughout the
19 years of its circulation.

According to the classification of Rodriguez-Roche et
al” and Vasilaks and Weaver”, the DENV2 is grouped into
three genotypes, with the circulation of genotypes Ill and IV
in the Americas. Genotype Il circulated in all countries of
the American Region having, as its prototype, the Jamaican
strain, which has been associated with DHF cases. The
genotype IV (American) has been associated with strains of
lower virulence and only associated with DF. It is of interest
that this genotype has circulated only in the American
subcontinent”. In our study, none of the Brazilian
sequences studied were included in the DENV2 genotype IV
(American). In fact, all of sequences were included in
the genotype Ill (Figure 2).

The first studies comparing nucleotide sequence of the
gene of 12 DENV2 showed no correlation between disease



severity and specific nucleotide or amino acid sequence”.
Further analysis of the complete genome of the Southeast
Asian DENV2 also failed to identify specific sites that could
determine virulence™’'. Leitmeyer et al”® conducted a more
consistent analysis of the genetic diversity of DENV2. This
study identified an amino acid substitution at position E390
as a primary determinant of severe dengue. In the
American genotype, the cases of DF were found to be
associated with the presence of an aspartic acid (Asp-D),
which may alter interactions with cellular receptors.
However, the results obtained with 14 sequences of DENV2
in our study identified an Asn at position E390 in all the
sequences studied when the sequences were compared
within the 14 strains and with strains of Asian and American
genotypes”™. The results indicate that the Brazilian DENV2
analyzed have the potential to cause DHF, which is
consistent with the data reported with isolates from
Venezuela®.

The change of amino acid E390 is located in the
carboxyl-terminal domain Il (aa 303-395) on the lateral
surface, which is believed to contain residues that are
involved in tropism and virulence in different
flaviviruses™***. In the E gene of 14 Brazilian viruses
analyzed, 12 changes were present, and only five amino
acids substitutions were significantly associated with a
change of character and polarity. Those positions were:
E208 (Val/V — Glu/E), 262 (Thr/T — Lys/K), 273 (Ser/S —
Leu/L), 274 (Ser/S — Ala/A) and 405 (Thr/T — Pro/P). All
amino acid changes are shown in table 2. The changes
were present in the ectodomain Ill or outside of the
ectodomain of the protein such as in the residue 405 of
sample H666426/Goi4191. Some changes shown in
table 2, such as E262 and 264 that are present in
H547176/ROR1811 and the viral strain from Venezuela
(AF100466), suggest that the virus may have originated
from this Country, thus confirming the existence of two
modes of entrance of the DENV2 into Brazil.

Over the past two decades, DENV3 has caused
epidemics of DHF in Southeast Asia, East Africa and Latin
America. The first phylogenetic analysis of the E protein of
this dengue serotype resulted in the recognition of four
distinct genotypes™. In general, genotypes can be grouped
by distinct geographic origin: American, Indian
subcontinent, Thailand and Southeast Asian/South
Pacific®.

The DENV3 genotype that circulated in the Americas
until 1989 had low epidemic potential and was isolated
only from DF patients. Between 1980 and 1990, two new
genotypes were introduced into the South Pacific and
Americas: the Southeast Asian genotype (genotype ) is
associated with large epidemics of DHF in Tahiti and Fiji*,
and the Indian subcontinent genotype (genotype Ill) was
introduced into Central America in the 1990s in
Nicaragua”***"*,

In 1994 DENVS3 resurged in the Americas, causing a
small outbreak associated with classic DF in Panama. The
virus spread toward Northern Central America and

reaching Nicaragua and Mexico®'?. Seven years after its
introduction into the Americas, DENV3 spread throughout
South America reaching Venezuela, Paraguay and Brazil
and causing large epidemics***"7 .

The 13 Brazilian DENV3 isolates from our study that
were collected from different geographical regions,
together with those obtained from neighboring
countries®**’, have all been grouped into genotype |l
(Indian subcontinent). They are genetically different from
the DENV3 strain that previously circulated in the Americas
in the 1960s belonging to the genotype V*. It is possible
that this accumulated variability is the result of the rapid
dispersion and increase in viral replication. This hypothesis
is supported by the bootstrap values of around 84% shown
in the phylogenic tree based on the neighbor-joining
method (Figure 3). The variability of the DENV3 (genotype
lll) strain may be due to multiple introductions into Brazil,
which give rise to subgroups according to origin and year of
isolation of the viral strain (Figure 3).

Local transmission of DENV3 was initially detected in
Rio de Janeiro State in December 2000. In the summer of
2001, the first autochthonous epidemic occurred in Rio de
Janeiro City, with a large number of DHF cases, followed
by the spread of this genotype throughout Brazil. All
viruses isolated belonged to genotype Ill, similar to that
circulating in Sri Lanka, which is in agreement with
previously described studies”***’. Our results show, based
onthe chronology of the virus isolation, that the dispersion
of the DENV3 genotype Ill in Brazil occurred from the
Southeast to the Northern region. These results differ from
those of Figueiredo et al®, which recorded the circulation
of the DENV3 genotype | in the State of Minas Gerais,
Southeast to Brazil and Araljo et al” suggesting the
formation of a new genotype (V) that grouped the DENV3
strains from Brazil, China and Japan. The differences in
results show that the circulation of new genotypes
appeared to be restricted to a specific region in Brazil orto
a certain period of time. This raises some important
questions: Why have other strains of these genotypes
failed to be identified? Does this strain have a potential
transmission vector? Therefore, the emergence of other
genotypes or novel genotypes should be further
investigated. This should include analyzing the complete
genome sequences of DENV3 and its epidemiological
profile.

CONCLUSION

In summary, our study suggests that the low genetic
variability for DENV2 circulating in Brazil may explain the
low incidence of severe cases of the disease that have
been reported to date. However, the explosive spread of
DENV2 genotype I, which has been found to be more
variable than DENV3, may have accumulated genetic
changes associated with an increase of virulence, immune
status and other important factors previously described.
This would explain the higher number of severe dengue
cases since the introduction of DENV2 and DENV3 into
Brazil.
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Epidemiologia molecular dos sorotipos 2 e 3 do virus dengue, isolados no Brasil de 1991
a 2008

RESUMO

O virus dengue (DENV1-4) causa a dengue cldssica e a febre hemorrdgica da dengue / sindrome de choque da dengue
(FHD/SCD) em regides tropicais e subtropicais. O objetivo deste estudo foi avaliar os gendtipos circulantes de DENV2 e
DENV3 obtidos em distintas regides geograficas no periodo de 1991 a 2008. As andlises filogenéticas de DENV2
demonstraram que o gendtipo Il (Sudeste da Asia/América), apesar das diversas alteracdes nucleotidicas e de
aminodcidos, foi o Unico a circular durante os Gltimos 19 anos. Desde a sua introducéo no estudo, em 2000, todas as
amostras isoladas de DENV3 analisadas foram agrupadas no genétipo Il (subcontinente indiano). Néo foram
encontradas evidéncias de que o DENV3 pertenca a outros gendtipos investigados.

Palavras-chave: Virus da Dengue; Febre Hemorrdgica da Dengue; Flavivirus.

Epidemiologia molecular de los serotipos 2 y 3 del virus dengue, aislados en Brasil de
1991 a 2008

RESUMEN

El virus dengue (DENV1-4) causa el dengue cldsico y la fiebre hemorrdgica del dengue / sindrome de choque del dengue
(FHD/SCD) en regiones tropicales y subtropicales. El objetivo de este estudio fue el de evaluar los genotipos circulantes de
DENV2 y DENV3 obtenidos en distintas regiones geogrdaficas en el periodo de 1991 a 2008. Los andlisis filogenéticos de
DENV2 demostraron que el genotipo Ill (Sudeste de Asia/América), a pesar de las diversas alteraciones nucleotidicas y de
aminodcidos, fue el Unico que circulé durante los Gltimos 19 afos. Desde su introduccién en el estudio, en el afio 2000,
todas las muestras aisladas de DENV3 analizadas, fueron agrupadas en el genotipo Il (subcontinente indio). No se
encontraron evidencias de que el DENV3 pertenezca a ofros genotipos investigados.

Palabras clave: Virus del Dengue; Fiebre Hemorrdgica Dengue; Flavivirus.
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