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During the 20th century, the world faced the re-emer-
gence of many infectious diseases, including dengue, 
which is the most important arbovirus in the world in 
terms of morbidity and mortality and represents a serious 
public health threat in most tropical countries (Guzman 
& Kouri 2002). An estimated 2.5 billion people are at risk 
of infection worldwide and the most affected areas are 
tropical and sub-tropical countries in Southeast Asia, the 
Pacific region and the Americas (Guzman et al. 2010).

In Brazil, 12,363,690 cases of dengue virus (DENV) 
disease were identified from 1990-2011, with 764,032 
cases in 2011 alone. Since the first cases of dengue re-
ported in 1982 in Boa Vista (state of Rondônia) (Osa-
nai et al. 1983) and the introduction of DENV-1 in 1986 
(Schatzmayr et al. 1986), this serotype had shown a spo-
radic circulation, but epidemiological surveillance data 
showed that there was a high circulation of the DENV-1 
serotype in the country between 2009-2011, mainly in 
states where the population had not previously been in 
contact with the virus (MS 2010, 2011).

Differences in the severity of dengue associated with 
certain serotypes or specific genotypes have been widely 
discussed (Pandey et al. 2000, Rico-Hesse 2003, Raekian-
syah et al. 2005, Kyle & Harris 2008, Weaver & Vasilakis 

2009). However, several studies comparing the sequences 
of DENV isolates from patients with dengue haemorrhag-
ic fever (DHF) and dengue shock syndrome (DSS) have 
identified genetic variations between isolates, but have 
found no consistent differences that could be correlated 
with disease severity (Blok et al. 1991, Sistayanarain et 
al. 1996, Mangada & Igarashi 1998, Uzcategui et al. 2001, 
dos Santos et al. 2002, Raekiansyah et al. 2005).

Genetic variants of the four DENV serotypes were 
identified by partial sequencing of the structural region 
of the viral genome, which has contributed to the de-
scription of intra-serotype genotypes (Rico-Hesse 1990, 
Lanciotti et al. 1994, 1997, Zanotto et al. 1996, Rico-
Hesse et al. 1997, Holmes & Burch 2000, Gonçalvez et 
al. 2002). An analysis of the genetic relationship between 
DENV isolates from different geographic regions in var-
ious endemic areas permitted the establishment of geno-
type groups showing over 6% nucleotide divergence. For 
DENV-1, five genotypes thus far have been identified 
worldwide (Rico-Hesse 1990, Gonçalvez et al. 2002).

DENV-1 was introduced to the Americas in 1977 and 
at least one or two genotypes apparently circulate in the 
American continent (Gonçalvez et al. 2002, Rico-Hesse 
2003). According to Santos et al. (2004) and Pires Neto 
et al. (2005), studies of the E/NS1 junction region of Bra-
zilian strains suggest that genotype V (America/Africa/
Asia) is the only strain circulating in Brazil to date. Phy-
logenetic studies performed by dos Santos et al. (2011) 
considering the DENV-1 strains recovered in the state 
of Rio de Janeiro (RJ) showed that there are multiple 
lineages of this serotype circulating in Brazil.
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Dengue fever is the most important arbovirus infection found in tropical regions around the world. Dispersal of 
the vector and an increase in migratory flow between countries have led to large epidemics and severe clinical out-
comes, such as dengue haemorrhagic fever and dengue shock syndrome. This study analysed the genetic variability 
of the dengue virus serotype 1 (DENV-1) in Brazil with regard to the full-length structural genes C/prM/M/E among 
34 strains isolated during epidemics that occurred in the country between 1994-2011. Virus phylogeny and time of di-
vergence were also evaluated with only the E gene of the strains isolated from 1994-2008. An analysis of amino acid 
differences between these strains and the French Guiana strain (FGA/89) revealed the presence of important non-
synonymous substitutions in the amino acid sequences, including residues E297 (Met→Thr) and E338 (Ser→Leu). A 
phylogenetic analysis of E proteins comparing the studied isolates and other strains selected from the GenBank da-
tabase showed that the Brazilian DENV-1 strains since 1982 belonged to genotype V. This analysis also showed that 
different introductions of strains from the 1990s represented lineage replacement, with the identification of three 
lineages that cluster all isolates from the Americas. An analysis of the divergence time of DENV-1 indicated that the 
lineage circulating in Brazil emerged from an ancestral lineage that originated approximately 44.35 years ago.
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The aim of the present study was to analyse the ge-
netic variability at the level of the structural C/prM/
M/E genes of the DENV-1 isolates obtained over the 
course of epidemics that occurred in several Brazilian 
states between 1994-2011. Furthermore, we performed 
phylogenetic studies of the time of divergence of the 
DENV-1 strains to provide a more thorough under-
standing of the epidemiology profile of strains circu-
lating in Brazil and their sources.

MATERIALS AND METHODS

Viral strains and RNA extraction - Twenty-nine viral 
isolates (Supplementary data) were obtained from the 
virus collection at the National Reference Laboratory 
at the Department of Arbovirology and Haemorrhagic 
Fever, Evandro Chagas Institute. The isolates were ob-
tained from different Brazilian states in the North [Acre, 
Amapá, Amazonas, Pará (PA), Roraima (RR), Tocan-
tins], Northeast (Ceará, Maranhão, Piauí, Rio Grande do 
Norte), Central-West [Mato Grosso(MT)] and Southeast 
(Minas Gerais) Regions. These viruses were isolated 
from pools of adult female Aedes aegypti mosquitoes 
and human samples (blood and viscera fragments) be-
tween 1994-2008. Twenty-seven isolates recovered from 
humans were selected according to data collected in 
the Information System for Notifiable Diseases dengue 
epidemiological form. Two strains were isolated from 
mosquitoes collected in Belém, PA. The strains were 
obtained from cell cultures of Aedes albopictus clone 
C6/36 during the second passage (Igarashi 1978). Viral 
RNA was recovered from C6/36 culture supernatants 
when a 75% cytopathic effect in the cell monolayer was 
shown. RNA was extracted by the TrizolTM LS method 
(Gibco Life Sciences, San Diego, USA) according to the 
manufacturer’s instructions. A mouse-adapted DENV-1 
isolate Mochizuki strain was used as a positive control.

Real-time polymerase chain reaction (RT-PCR) 
and nucleotide sequencing - The C/prM/M/E genes of 
DENV-1 were fully amplified by RT-PCR according to 
a method adapted from Lanciotti et al. (1992) using four 
primer pairs specific for each gene (Supplementary data). 
The amplicons were purified using the PureLink Quick 
Gel extraction kit (Invitrogen, California, USA) accord-
ing to the manufacturer’s instructions. The purified 
cDNA was directly sequenced in an automated capillary 
ABI 3130 sequencer (Applied Biosystems, USA) using 
the ABI PRISM BigDye Terminator Cycle Sequencing 
Ready Reaction 3.1V kit (Applied Biosystems, USA) 
by the dideoxyribonucleotide chain termination method 
(Sanger et al. 1977). The amplicons were sequenced in 
both directions with the same primers used for RT-PCR.

Nucleotide and amino acid sequence analysis - The 
nucleotide sequences were assembled, aligned and anal-
ysed with the SeqMan, Editseq and Megalign v.5.0 pro-
grams (LaserGene DNA Star® Package, USA). To anal-
yse the diversity of the genes, C/prM/E residues were 
considered variable sites when at least one virus showed 
a nucleotide substitution at that site leading to a synony-
mous or nonsynonymous substitution. Cleavage sites 
were identified according to the proteolytic processing 

scheme for open reading frames of flaviviruses devel-
oped by Rice and Strauss (1990). The SignalP 3.0 pro-
gram (cbs.dtu.dk/services/SignalP/) was used to identify 
the host signal peptidase cleavage sites at the C/prM, 
prM/E and E/NS1 protein junctions (Chang et al. 2000). 
Glycosylation sites and cysteine residues were predicted 
using the NetNGlyc 1.0 (cbs.dtu.dk/services/NetNGlyc/) 
and Protean (included in the LaserGene DNA Star® Pack-
age) programs. The amino acid sequence of the fusion 
peptide was identified using the Megalign program.

Phylogenetic analysis and time of divergence - The 
E gene, comprising 1,485 bp, was chosen for this analy-
sis. The nucleotide sequences obtained in this study were 
compared with each another and with 48 other sequences 
of strains isolated from different parts of the world and 
deposited in GenBank (ncbi.nlm.nih.gov) that correspond 
to the main genotypes of DENV-1 (Supplementary data). 
The phylogenetic tree was constructed by the maximum 
likelihood (ML) method (Felsenstein 1981) using the 
PHYML program (Guindon & Gascuel 2003).

The Modeltest program v.3.7 was used to select the 
best model of nucleotide substitution for the sequences 
based on Akaike’s information criterion (Posada & Cran-
dall 1998). Bootstrap analyses with 1,000 replicates were 
performed to increase the reliability of the groups ob-
tained (Felsenstein 1985). Two old DENV-1 strains (Gen-
Bank accessions EU848545 and AB074760) were used as 
outgroups to permit tree rooting. The obtained tree was 
visualised using the Tree View Program (Page 1996).

Inferences regarding the time of divergence were 
made based on the dates of isolation of the DENV-1 
strains and on the time of isolation of the GenBank 
strains obtained from previously published data. Analy-
ses were carried out using the maximum posterior prob-
ability tree generated with the Bayesian Evolutionary 
Analysis by Sampling Trees program v.1.5.2 (beast.bio.
ed.ac.uk/) (Drummond & Rambaut 2007), which uses 
Bayesian Markov chain Monte Carlo (MCMC) algo-
rithms combined with the chosen model and prior knowl-
edge of sequence data to infer the posterior probability 
distribution of phylogenies. A chain of 20 million trees 
was used, with samplings fixed at every 1,000 trees gen-
erated. The time of viral divergence was estimated based 
on the date of strain isolation by calculating the rate of 
nucleotide substitution for DENV-1 using a lognormal 
relaxed molecular clock model. All estimates were ob-
tained using the general time reversible nucleotide sub-
stitution model (Rodriguez et al. 1990) (base frequen-
cies = 0.3230 0.2070 0.2621 0.2079, gamma distribution 
shape parameter = 2.0200 and proportion of invariable 
sites = 0.5360). The generated trees were visualised with 
the FigTree 1.2.2. program (tree.bio.ed.ac.uk/software/
figtree/) and statistical analysis was carried out in the 
Tracer package (tree.bio.ed.ac.uk/software/tracer/).

RESULTS

Analysis of multiple alignments of nucleotide and 
amino acid sequences of the structural protein genes 
of DENV-1 - Sequence with 2,325 nucleotides were ob-
tained from the 29 DENV-1 isolates used in this study, 
which corresponds to 775 amino acids of the C, prM/M 
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and E proteins. After assembly, these sequences were 
aligned with five other sequences available in the Gen-
Bank database (Supplementary data) for the Brazilian 
strains BR-90 (RJ, GenBank accession AF226685), 
BR97-111 (Pernambuco, GenBank accession AF311956), 
BR/01-MR (Paraná, GenBank accession AF513110), 15/
BR/MS/2010 (MT, GenBank accession HQ696612) and 
0122/BR/RJ/2011 (RJ, GenBank accession JN122281) to 
evaluate the genetic identity and divergence among the 
DENV-1 strains circulating in Brazil.

The thirty-four strains compared in this study pre-
sented a nucleotide identity ranging from 96-100% and 
a divergence of up to 4.3% when compared with each 
other and with the other five Brazilian strains selected 
(Supplementary data). Identity at the amino acid level 
ranged from 98-100% and the divergence did not exceed 
1.7% (Supplementary data). 

Genetic variability was analysed by comparing 34 
amino acid sequences among themselves and with the 
strain AF226687/FGA/89 (French Guiana). This analy-
sis showed a large number of synonymous substitutions, 
most of which were located in the third position of the 
codon; all substitutions that occurred in the second posi-
tion of the codon resulted in amino acid changes. 

Considering the analysis of the Brazilian strains 
alone, it was observed that various amino acids were 
conserved in all strains studied: cysteine residues in-
volved in the formation of disulfide bridges in prM/M (4 
residues) and protein E (12 residues), the fusion peptide 
sequences located between residues 98-113 of E protein 
and predicted glycosylation sites located at positions 67 
and 153 of E protein. The nonsynonymous substitutions 
that resulted in a change in the biochemical character 
of the amino acid were point substitutions among the 
Brazilian isolates, i.e., they occurred in one of the two 
strains studied. However, for two different positions lo-
cated in the E protein, we found nonsynonymous substi-
tutions that changed the biochemical character in several 
strains: Met→Thr and Ser→Leu at positions E297 and 
E338, respectively (Fig. 1).

The comparison of the DENV-1 strains with strain 
AF226687/FGA/89 among the three proteins analysed 
showed 37 nonsynonymous substitutions. Of these, 
only 18 resulted in biochemically different amino ac-
ids, i.e., alteration from a polar↔nonpolar amino 
acid character, including two in the C protein at posi-
tions C10 (Arg→Gln) and C75 (Asn→Glu), two in the 
prM/M protein at positions prM133 (Phe→Ser) and 
M143 (Ala→Thr), and 13 in the E protein at positions 
E51 (Thr→Ala), E96 (Val→Tyr), E156 (Thr→Ala), E180 
(Thr→Ala), E227 (Ser→Pro), E228 (Gln→His), E329 
(Thr→Pro), E297 (Met→Thr), E338 (Ser→Leu), E346 
(Thr→Ile) and (Thr→Ala), E362 (Glu→Gly), E473 
(Ala→Thr) and E478 (Thr→Ala). 

The genome regions corresponding to the proteins C 
and prM/M were found to be conserved. Nonsynonymous 
substitutions resulting in amino acids with different bio-
chemical properties were only found in strains H721251 
[C10 (Arg→Gln)], H748499 [C75 (Asn→Glu)], H739688 
[M133 (Phe→Ser)] and H693852 [M143 (Ala→Thr)]. 
Some identified nonsynonymous substitutions resulted 

in amino acids with the same biochemical properties. 
For example, the change in residue prM29 (Ala→Val) 
was identified in 14 (48.2%) of the strains studied.

The largest number of substitutions was observed in 
the region of E protein, with changes in residues E180 
(Thr→Ala) and E473 (Ala→Thr) being detected in all 
strains studied (Fig. 1). Residue E180 is located in do-
main I of the protein and residue E473 is found in the 
transmembrane region. Substitutions at residues E297 
(Met→Thr) and E338 (Ser→Leu) were observed in 12 
strains, with the former being located in domain I and 
the latter in domain II of protein E. 

In addition, substitutions at residues E96 and E379 
(located in domains II and III, respectively) were ob-
served in all strains studied. However, these substitutions 
did not alter the biochemical character of the amino acid, 
except in strain H628435 at position E96 (Val→Tyr). 

When compared to the clinical presentation of the pa-
tients, the amino acid changes identified were not related 
to the severity of the disease. Nonsynonymous substitu-
tions were identified in strains isolated from patients with 
dengue fever and from those with DHF. However, except 
for strain H527543, all strains isolated from patients with 
DHF presented an elevated number of substitutions in 
protein E and four of the six strains isolated from patients 
with DHF showed changes in residue E338.

Phylogenetic analysis and time of divergence - The 
phylogenetic analysis generated by the ML tree identi-
fied five genotypes (I, II, III, IV and V) (Fig. 2). The 
main nodes corresponding to each genotype presented 
bootstrap values of 100%. All Brazilian isolates from 
this study belonged to genotype V, which was further 
divided into four lineages (A, B, C and D). The clusters 
were grouped into distinct clades with strains from the 
Americas belonging to lineages A, B and C and strains 
from West Africa belonging to lineage D. 

In lineages A, B and C, we observed the presence of 
multiple strains circulating in Brazil. Lineage A com-
prised the isolates from this study and other Brazilian 
strains isolated since 2000, except BR/BeH733587/2007, 
which was isolated in RR and was more closely related 
to the DENV-1/AR/AY277664/1999 strain from Argen-
tina. Lineage B grouped strains that were isolated from 
1994-2002, including one strain isolated from Argen-
tina. Lineage C included strains BR/BeH739688/2007, 
BR/BeH748499/2008 and isolates from Paraguay, Co-
lombia, Venezuela and Mexico.

The time of divergence between strains was estimated 
and the evolutionary rate of the E gene was 5,795 x 10-4 
substitutions per site per year. We used a Bayesian infer-
ence based on MCMC to reconstruct Brazil’s DENV-1 co-
alescent history. Estimates of the divergence time in the 
phylogenetic tree (Fig. 3) showed that DENV-1 originated 
from an ancestor approximately 121.5 years ago (1890). 
This ancestor diverged, giving rise to the ancestral lineages 
that are responsible for the emergence of the five DENV-1 
genotypes identified thus far. The ancestor that gave rise 
to genotype V, found in the Americas and West Africa, 
diverged approximately 70.48 years ago (1940-1945).

The Brazilian isolates diverged 44.35 years ago 
(1965-1970), lineage B and C originated from a com-
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mon ancestral lineage approximately 42 years ago (1970) 
and lineage A originated 22.84 years ago (1985-1990). 
The estimation of divergence time for all genotypes sug-
gests that the DENV-1 found in Africa and the Americas 
(including Brazil) originated from a common ancestral 
lineage. From this common ancestor emerged a genetic 
lineage that gave rise to two other lineages: one directly 
entered Brazil and formed a group that includes only the 
Brazilian isolates of this study obtained after 2001 and 
the other ancestral lineage first entered America and then 
spread throughout the continent, giving rise to a group 
that includes the strains isolated between 1994-2000 and 
strains BR/BeH693852/2001, BR/BeH650975/2002, BR/
BeH739688/2007 and BR/BeH748499/2008, in addition 
to other American strains.

DISCUSSION

The results of the present study suggest that the 
high rate of synonymous substitutions identified in the 
strains analysed might be related to the long period of 
DENV-1 circulation in Brazil, even at low rates. Analy-
ses of the amino acid sequences revealed a substitution 
at residue prM29 (Ala→Val) in various strains of the 
study, suggesting that this position may be a hot spot 
for mutations. dos Santos et al. (2002) also identified 
changes at this position.

Furthermore, Catteau et al. (2003) reported that the M 
ectodomain is involved in the induction of apoptosis by 
the four DENV serotypes, suggesting that exporting the 
M ectodomain from the Golgi apparatus to the plasma 
membrane is essential for the initiation of apoptosis by the 

Fig. 1: differences of amino acids among the gene E sequences of Brazilian dengue virus serotype 1 (DENV-1) compared among themselves 
and with the FGA/89 DENV-1 strain (French Guiana). Amino acids in red: nonsynonymous substitution with biochemical change of character; 
amino acids in black: nonsynonymous substitution without change in biochemical character. Asterisk means that there was no replacement.
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mitochondrial apoptotic pathway. The analysis of amino 
acid substitutions that occurred in this protein is essential 
to our understanding of how the M protein might play a 
key role in the fate of cells infected with DENV.

Amino acid substitutions in structural proteins were 
principally observed in the region of the E protein. 
This protein is located on the surface of DENV and is 
the dominant viral antigen, exhibiting haemagglutinin 
properties. The protein binds to the host cell membrane 
and induces a protective immune response in humans 
(Chambers et al. 1990). A significant substitution was 
observed at position E338, with a change from Ser to 
Leu. This residue is located in domain III of the protein, 
a region comprising residues 299-397, which form the 

C-terminal end of solubilised E protein. This domain is 
principally involved in receptor binding, with the resi-
dues exposed on the viral surface being responsible for 
the determination of receptor specificity, type of vec-
tor and host and cell tropism (Chen et al. 1997, Mandl 
et al. 2000, Crill & Roehrig 2001, Nayak et al. 2009). 
This substitution was identified in various strains in this 
study and has been previously described elsewhere (dos 
Santos et al. 2002, Barrero & Mistchenko 2004).

Residue E297, where a substitution of Met for Thr oc-
curred, is located at the interface between domains I-II. 
Rey et al. (1995) suggest that mutations in the domain in-
terfaces of the E protein may influence the pathogenicity 
of flaviviruses. Amino acid substitutions at this residue 

Fig. 2: phylogenetic analysis of gene E of dengue virus serotype 1 (DENV-1). Seventy-seven sequences corresponding to genotypes I, II, III, IV 
and V were obtained from GenBank. The bootstraps values (calculated after 1,000 replicates) for the maximum likelihood method were above 
the node of each main group. The EU848545 and AB074760 sequences of DENV-1 were used as outgroups for analysis. The Brazilian isolates 
analyzed in this study are highlighted by black triangles. The scale bar corresponds to the nucleotide substitution rate. The vertical distance is 
given for illustrative purposes only.
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were observed in various isolates of this study and have 
also been described by other investigators (Després et al. 
1993, Gonçalvez et al. 2002, Barrero et al. 2004). 

Furthermore, amino acid changes were detected at 
residue E473. This residue is located in the signal pep-
tide region of NS1, which is involved in processing of 
the viral polyprotein (Barrero & Mistchenko 2004). This 
change identified in all isolates of the present study was 
characterised by a substitution of Ala for Thr. These re-
sults agree with previously published information and 
no correlation was described between the amino acid 
substitution at this residue and possible changes in the 
structure of the E protein (Després et al. 1993, Barrero 
& Mistchenko 2004). 

Analyses of the amino acid sequences showed no re-
lationship between the genetic variation in DENV-1 and 
the clinical presentation of patients. This finding might 
be explained by the existence of other factors involved 
in the development of DHF and DSS, such as differences 
in host susceptibility. Determinants of susceptibility 

that lead to a predisposition or resistance to DHF/DSS 
include human leukocyte antigens, age, gender, pre-ex-
isting chronic disease and antibody facilitation, which 
consists of the formation of immune complexes in a sec-
ondary infection caused by a different DENV serotype 
mediated by antibodies derived from a primary infection 
(Holmes & Twiddy 2003, Coffey et al. 2009). 

The existence of lineages with distinctive geographi-
cal and temporal relationships was suggested by work 
conducted on DENV-1 in Colombia (Mendez et al. 
2010). We attempted to reconstruct the phylogenetic his-
tory of the virus in Brazil. The phylogenetic analysis is 
in accordance with the classification proposed by Rico-
Hesse (1990) and Gonçalvez et al. (2002), who assigned 
the Brazilian strains to genotype V. 

dos Santos et al. (2011) analysed strains isolated in RJ 
from 2009-2011 and identified multiple lineages. Despite 
the multiple lineages circulating in Brazil over the years, 
we observed an independent segregation between lin-
eages A-B, demonstrating the lineage replacement that 

Fig. 3: molecular clock of dengue virus serotype 1 (DENV-1). DENV-1 divergence time was estimated using year of isolation as calibration points 
under the strict molecular clock model. The numbers indicated correspond to the scale bar in years, the divergence time and posterior probability 
values are indicated in the main nodes. The 95% highest posterior density intervals for each divergence time are represented by the blue bars. 
Strains of the study are highlighted in red, the roman numerals represent the genotypes of DENV-1 and the letters represent the lineages.
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has occurred since the introduction of DENV-1 in Brazil. 
Strains BR/BeH748499/2008 and BR/BeH739688/2007 
were found to be more related to strains originating from 
other Latin American countries. This finding suggests 
a Latin American origin for those strains that may have 
entered the country due to the geographic proximity.

 Therefore, outbreaks associated with the re-emer-
gence of DENV-1 in Brazil that have been occurring 
since 2009 may be due to lineage replacements. How-
ever, others factors such as a renewed cohort of suscep-
tible people should be considered because DENV-1 was 
the first serotype to be introduced into the country since 
1982. A massive circulation in the first endemic years 
(1980s) was followed by a low circulation.

Estimations of the time of divergence for DENV-1 
showed that this virus originated from an ancestral lin-
eage approximately 121.5 years ago, in agreement with 
Twiddy et al. (2003) and Gonçalvez et al. (2002), who es-
timated a divergence time of 125 and 100 years, respec-
tively. The present results regarding the divergence time 
permit us to consider the epidemic transmission cycle of 
dengue in humans and to infer that the DENV-1 circulat-
ing in Brazil originated from a common ancestor shared 
by strains from Africa at the end of the 19th century and 
the beginning of the 20th century.

The chronological data reported here suggest that the 
ancestral lineage that gave rise to the genotype V found 
circulating in the Americas emerged between 1940-1945. 
This period was preceded by dengue outbreaks in some 
American countries, including the United States (Texas, 
1922) and some Caribbean countries (1934). In the fol-
lowing decades, the disease was disseminated to other 
countries, such as Panama, Puerto Rico, Venezuela and 
Cuba (Guzman & Kouri 2002).

The common ancestor that gave rise to the Brazil-
ian isolates emerged between 1965-1970 and the strains 
studied emerged at the end of the 1960s and during the 
1970s. During this period, the Ae. aegypti eradication 
program was interrupted in South and Central America, 
an event that resulted in the occurrence of numerous 
dengue outbreaks and dispersal of the virus throughout 
Brazil over subsequent decades (Gubler 1998, Guzman 
& Kouri 2002). 

Strains BR/BeH748499/2008 and BR/
BeH739688/2007 were more related to the strains iso-
lated in other American countries, which suggests that 
the dynamics of population flow worldwide contribute 
to the rapid spread and introduction of new lineages of 
this virus (Raghwani et al. 2011). Phylogeographic stud-
ies of DENV-1 strains isolated in Brazil are necessary 
to define possible routes of entry into Brazil, similar to 
what was done for DENV-1 in Vietnam and DENV-3 in 
Brazil (Araújo et al. 2009, Raghwani et al. 2011).

Comparisons of the amino acid changes found be-
tween the Brazilian DENV-1 strains studied with the 
strain from French Guiana (FGA/89) showed important 
nonsynonymous substitutions that altered the biochemical 
character of the amino acids. However, further analyses 
of the 3D structure of the proteins and molecular dynam-
ics and mutagenesis analyses are necessary to investigate 
whether some of these substitutions may be related to 

DENV-1 virulence, particularly those identified at posi-
tions E297 and E338. In addition, the phylogeny and time 
of divergence estimated for DENV-1 demonstrated the 
importance of monitoring the introduction and spread of 
this virus in the country to control outbreaks of dengue.

ACKNOWLEDGEMENTS

To Helena Vasconcelos, Valéria Carvalho, Samir Casseb and 
Mayra Silva, for the valuable technical support, and to Iracilda 
Sampaio and Horácio Schneider, for comments on phylogeny. 

REFERENCES

Araújo JM, Nogueira RM, Schatzmayr HG, Zanotto PM, Bello G 
2009. Phylogeography and evolutionary history of dengue virus 
type 3. Infect Genet Evol 9: 716-725.

Barrero PR, Mistchenko AS 2004. Complete genome sequencing of 
dengue virus type 1 isolated in Buenos Aires, Argentina. Virus 
Res 101: 135-145.

Blok J, Gibbs AJ, McWilliam SM, Vitarana UT 1991. NS 1 gene se-
quences from eight dengue-2 viruses and their evolutionary rela-
tionships with other dengue-2 viruses. Arch Virol 118: 209-223.

Catteau A, Kalinina O, Wagner MC, Deubel V, Courageot MP, De-
spres P 2003. Dengue virus M protein contains a proapoptotic 
sequence referred to as ApoptoM. J Gen Virol 84: 2781-2793.

Chambers TJ, Hahn CS, Galler R, Rice CM 1990. Flavivirus genome 
organization, expression and replication. Annu Rev Microbiol 
44: 649-688.

Chang GJ, Hunt AR, Davis B 2000. A single intramuscular injection 
of recombinant plasmid DNA induces protective immunity and 
prevents Japanese encephalitis in mice. J Virol 74: 4244-4252.

Chen Y, Maguire T, Hileman RE, Fromm JR, Esko JD, Linhardt RJ, 
Marks RM 1997. Dengue virus infectivity depends on envelope 
protein binding to target cell heparan sulfate. Nat Med 3: 866-871.

Coffey LL, Mertens E, Brehin AC, Fernandez-Garcia MD, Amara A, 
Despres P, Sakuntabhai A 2009. Human genetic determinants of 
dengue virus susceptibility. Microbes Infect 11: 143-156.

Crill WD, Roehrig JT 2001. Monoclonal antibodies that bind to do-
main III of dengue virus E glycoprotein are the most efficient 
blockers of virus adsorption to Vero cells. J Virol 75: 7769-7773.

Després P, Frenkiel MP, Deubel V 1993. Differences between cell 
membrane fusion activities of two dengue type-1 isolates reflect 
modifications of viral structure. Virology 196: 209-219.

dos Santos CN, Rocha CF, Cordeiro M, Fragoso SP, Rey F, Deubel V, 
Despres, P 2002. Genome analysis of dengue type-1 virus iso-Genome analysis of dengue type-1 virus iso-
lated between 1990 and 2001 in Brazil reveals a remarkable con-
servation of the structural proteins but amino acid differences in 
the non-structural proteins. Virus Res 90: 197-205.

dos Santos FB, Nogueira FB, Castro MG, Nunes PC, de Filippis AM, 
Faria NR, Simões JB, Sampaio SA, Santos CR, Nogueira RM 
2011. First report of multiple lineages of dengue viruses type 1 in 
Rio de Janeiro, Brazil. Virol J 8: 387.

Drummond AJ, Rambaut A 2007. BEAST: Bayesian evolutionary 
analysis by sampling trees. BMC Evol Biol 7: 214.

Felsenstein J 1981. Evolutionary trees from DNA sequences: a maxi-
mum likelihood approach. J Mol Evol 17: 368-376.

Felsenstein J 1985. Confidence limits on phylogenies: an approach 
using the bootstrap. Evolution 39: 783-791.

Gonçalvez AP, Escalante AA, Pujol FH, Ludert JE, Tovar D, Salas 
RA, Liprandi F 2002. Diversity and evolution of the envelope 
gene of dengue virus type 1. Virology 303: 110-119.



Molecular characterisation of DENV-1 in Brazil • Adriana Ribeiro Carneiro et al.812

Gubler DJ 1998. Dengue and dengue hemorrhagic fever. Clin Micro-
biol Rev 11: 480-496.

Guindon S, Gascuel O 2003. A simple, fast and accurate algorithm 
to estimate large phylogenies by maximum likelihood. Syst Biol 
52: 696-704.

Guzman MG, Kouri G 2002. Dengue: an update. Lancet Infect Dis 
2: 33-42.

Guzman MG, Halstead SB, Artsob H, Buchy P, Farrar J, Gubler DJ, 
Hunsperger E, Kroeger A, Margolis HS, Martínez E, Nathan MB, 
Pelegrino JL, Simmons C, Yoksan S, Peeling RW 2010. Dengue: 
a continuing global threat. Nat Rev Microbiol 8 (Suppl.): S7-S16.

Holmes EC, Burch SS 2000. The causes and consequences of genetic 
variation in dengue virus. Trends Microbiol 8: 74-77.

Holmes EC, Twiddy SS 2003. The origin, emergence and evolution-
ary genetics of dengue virus. Infect Genet Evol 3: 19-28.

Igarashi A 1978. Isolation of a Singh’s Aedes albopictus cell clone 
sensitive to dengue and Chikungunya viruses. J Gen Virol 40: 
531-544.

Kyle JL, Harris E 2008. Global spread and persistence of dengue. 
Annu Rev Microbiol 62: 71-92.

Lanciotti RS, Calisher CH, Gubler DJ, Chang GJ, Vorndam AV 1992. 
Rapid detection and typing of dengue viruses from clinical sam-
ples by using reverse transcriptase-polymerase chain reaction.  
J Clin Microbiol 30: 545-551.

Lanciotti RS, Gubler DJ, Trent DW 1997. Molecular evolution and 
phylogeny of dengue-4 viruses. J Gen Virol 78: 2279-2284.

Lanciotti RS, Lewis JG, Gubler DJ, Trent DW 1994. Molecular evo-
lution and epidemiology of dengue-3 viruses. J Gen Virol 75: 
65-75.

Mandl CW, Allison SL, Holzmann H, Meixner T, Heinz FX 2000. 
Attenuation of tick-borne encephalitis virus by structure-based 
site-specific mutagenesis of a putative flavivirus receptor bind-
ing site. J Virol 74: 9601-9609.

Mangada MN, Igarashi A 1998. Molecular and in vitro analysis of 
eight dengue type 2 viruses isolated from patients exhibiting dif-
ferent disease severities. Virology 244: 458-466.

Mendez JA, Usme-Ciro JA, Domingo C, Rey GJ, Sanchez JA, Teno-
rio A, Gallego-Gomez JC 2010. Phylogenetic history demon-Phylogenetic history demon-
strates two different lineages of dengue type 1 virus in Colom-
bia. Virol J 7: 226.

MS - Ministério da Saúde/Secretaria de Vigilância em Saúde 2010. 
Relatório técnico, MS, Brasília, 42 pp.

MS - Ministério da Saúde/Secretaria de Vigilância em Saúde 2011. 
Relatório técnico, MS, Brasília, 12 pp.

Nayak V, Dessau M, Kucera K, Anthony K, Ledizet M, Modis Y 2009. 
Crystal structure of dengue virus type 1 envelope protein in the 
post-fusion conformation and its implications for membrane fu-
sion. J Virol 83: 4338-4344.

Osanai CH, Travassos da Rosa APA, Tang AT, Amaral RS, Passos 
AC, Tauil PI 1983. Surto de dengue em Boa Vista, Roraima. Rev 
Inst Med Trop SAo Paulo 25: 53-54.

Page RDM 1996. TreeView: An application to display phylogenetic 
trees on personal computers. Bioinformatics 12: 357-358.

Pandey BD, Morita K, Hasebe F, Parquet MC, Igarashi A 2000. Mo-
lecular evolution, distribution and genetic relationship among the 
dengue 2 viruses isolated from different clinical severity. South-
east Asian J Trop Med Public Health 31: 266-272.

Pires Neto RJ, Lima DM, de Paula SO, Lima CM, Rocco IM, Fonseca 
BA 2005. Molecular epidemiology of type 1 and 2 dengue viruses 
in Brazil from 1988 to 2001. Braz J Med Biol Res 38: 843-852.

Posada D, Crandall KA 1998. MODELTEST: testing the model of 
DNA substitution. Bioinformatics 14: 817-818.

Raekiansyah M, Pramesyanti A, Bela B, Kosasih H, Ma’roef CN, Tob-
ing SY, Rudiman PI, Alisjahbana B, Endi TP, Green S, Kalayana-
rooj S, Rothman AL, Sudiro TM 2005. Genetic variations and rela-
tionship among dengue virus type 3 strains isolated from patients 
with mild or severe form of dengue disease in Indonesia and Thai-
land. Southeast Asian J Trop Med Public Health 36: 1187-1197.

Raghwani J, Rambaut A, Holmes EC, Hang VT, Hien TT, Farrar J, 
Wills B, Lennon NJ, Birren BW, Henn MR, Simmons CP 2011. 
Endemic dengue associated with the co-circulation of multiple 
viral lineages and localized density-dependent transmission. 
PLoS Pathogens 7: e1002064.

Rey FA, Heinz FX, Mandl C, Kunz C, Harrison SC 1995. The enve-
lope glycoprotein from tick-borne encephalitis virus at 2 A reso-
lution. Nature 375: 291-298.

Rice CM, Strauss JH 1990. Production of flavivirus polypeptides by 
proteolytic processing. Semin Virol 1: 357-367.

Rico-Hesse R 1990. Molecular evolution and distribution of dengue 
viruses type 1 and 2 in nature. Virology 174: 479-493.

Rico-Hesse R 2003. Microevolution and virulence of dengue virus. 
Adv Virus Res 59: 316-341.

Rico-Hesse R, Harrison LM, Salas RA, Tovar D, Nisalak A, Ramos 
C, Boshell J, de Mesa MT, Nogueira RM, da Rosa AT 1997. Ori-Ori-
gins of dengue type 2 viruses associated with increased patho-
genicity in the Americas. Virology 230: 244-251.

Rodriguez F, Oliver JL, Marin A, Medina JR 1990. The general stochas-The general stochas-
tic model of nucleotide substitution. J Theor Biol 142: 485-501.

Sanger F, Nicklen S, Coulson AR 1977. DNA sequencing with chain-
terminating inhibitors. Proc Natl Acad Sci USA 74: 5463-5467.

Santos CL, Sallum MA, Foster PG, Rocco IM 2004. Molecular analy-Molecular analy-
sis of the dengue virus type 1 and 2 in Brazil based on sequences 
of the genomic envelope-nonstructural protein 1 junction region. 
Rev Inst Med Trop Sao Paulo 46: 145-152.

Schatzmayr HG, Nogueira RMR, Travassos da Rosa APA 1986. An 
outbreak of dengue virus at Rio de Janeiro - 1986. Mem Inst  
Oswaldo Cruz 81: 245-246.

Sistayanarain A, Maneekarn N, Polprasert B, Sirisanthana V, Makino 
Y, Fukunaga T, Sittisombut N 1996. Primary sequence of the en-
velope glycoprotein of a dengue type 2 virus isolated from patient 
with dengue hemorrhagic fever and encephalopathy. Southeast 
Asian J Trop Med Public Health 27: 221-227.

Twiddy SS, Holmes EC, Rambaut A 2003. Inferring the rate and time-
scale of dengue virus evolution. Mol Biol Evol 20: 122-129.

Uzcategui NY, Camacho D, Comach G, Cuello de Uzcategui R, Hol-
mes EC, Gould EA 2001. Molecular epidemiology of dengue type 
2 virus in Venezuela: evidence for in situ virus evolution and re-
combination. J Gen Virol 82: 2945-2953.

Weaver SC, Vasilakis N 2009. Molecular evolution of dengue viruses: 
contributions of phylogenetics to understanding the history and 
epidemiology of the preeminent arboviral disease. Infect Genet 
Evol 9: 523-540.

Zanotto PM, Gould EA, Gao GF, Harvey PH, Holmes EC 1996. Popu-
lation dynamics of flaviviruses revealed by molecular phylog-
enies. Proc Natl Acad Sci USA 93: 548-553.



1Supplementary data Molecular characterisation of DENV-1 in Brazil • Adriana Ribeiro Carneiro et al.



2Supplementary data Molecular characterisation of DENV-1 in Brazil • Adriana Ribeiro Carneiro et al.

Strains isolated from humans and adult Aedes aegypti mosquitoes selected  
according to year of isolation, biological material, origin (states) and clinical presentation

Strain Codea Year of isolation Biological material State Clinical presentation Accession

DENV-1/BR/BeH650290/2001 ROR3629 2001 Cell suspension/#2 RR DHF HM450089
DENV-1/BR/BeH655243/2002 PI906 2002 Cell suspension/#2 PI DF HM450092
DENV-1/BR/BeH655251/2002 PI914 2002 Cell suspension/#2 PI DF HM450093
DENV-1/BR/BeH650975/2002 MTO3147 2002 Cell suspension/#2 MT DHF HM450090
DENV-1/BR/BeH651987/2002 MTO3188 2002 Cell suspension/#2 MT DF HM450091
DENV-1/BR/BeH656274/2002 TOC4129 2002 Cell suspension/#2 TO DF HM450094
DENV-1/BR/BeH672029/2003 MAO9836 2003 Cell suspension/#2 MA DF HM450096
DENV-1/BR/BeH685572/2004 ANA13635 2004 Cell suspension/#2 PA DF HM450097
DENV-1/BR/BeH695190/2005 AMA1872 2005 Cell suspension/#2 AP DF HM450099
DENV-1/BR/BeH716995/2005 BEL78185 2005 Cell suspension/#2 PA DF HM450100
DENV-1/BR/BeH739688/2007 AM4115 2007 Cell suspension/#2 AM DF HM450103
DENV-1/BR/BeH733587/2007 ROR6159 2007 Cell suspension/#2 RR DF HM450102
DENV-1/BR/BeH721251/2007 BEL78329 2007 Cell suspension/#2 PA DHF HM450101
DENV-1/BR/BeAR721365/2007 AR 721365 2007 Cell suspension/#2 PA - HM450077
DENV-1/BR/BeAR721368/2007 AR 721368 2007 Cell suspension/#2 PA - HM450078
DENV-1/BR/BeH748499/2008 ROR7108 2008 Cell suspension/#2 RR DF HM450104

a: internal isolations code, National Reference Laboratory at the Department of Arbovirology and Haemorrhagic Fever, Evandro 
Chagas Institute; AM: Amazonas; AP: Amapá; AR: isolated from the arthropod vector; DF: dengue fever; DHF: dengue hemor-
rhagic fever; MA: Maranhão; MT: Mato Grosso; PA: Pará; PI: Piauí; RR: Roraima; TO: Tocantins. 

Primers used for real-time polymerase chain reaction and nucleotide sequencing

Primer Sequence (5’→3’) Genome position Product/gene

41-S CGGAAGCTTGCTTAACGTAGTTCT 41-64 794 bp
835-AS CCGTGAATCCTGGGTGTCTC 815-835 Capsid
820-S GAGACACCCAGGATTCACGG 820-839 606 bp
1424-AS GACGTAGGAGCTTGAGGTGTTAT 1402-1424 prM/M/envelope
1277-S ACGTGTGCCAAGTTCAAGTG 1277-1296 694 bp
1970-AS TCACCCCTTTCTCATCTTGG3 1951-1970 Envelope
1559-S CACAAACAATGGTTTCTAGACTTAC 1559-1583 1.042 bp
2600-AS TGGCTGATCGAATTCCACAC 2581-2600 Envelope

AS: antisense; S: sense.
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Strains selected from GenBank

Accession Year of isolation Origin/genotype Geographic location

AB074760 1943 Japan/I East Asia
EU848545 1944 Hawaii/I North America
AF425629 1963 Thailand/II Southeast Asia
AF180817 1964 Thailand /II Southeast Asia
AF425625 1968 Nigeria/V West Africa
EF457905 1972 Malaysia/III Southeast Asia
U88535 1974 Nauru Islands/IV Western Pacific
AF350498 1980 China/I Central Asia
AF425613 1982 Brazil (Roraima)/V South America
AF226687 1989 French Guiana/V South America
AF226685 1990 Brazil (Rio de Janeiro)/V South America
AY732475 1994 Thailand/I Southeast Asia
AF311956 1997 Brazil (Pernambuco)/V South America
AF311957 1997 Brazil (Pernambuco)/V South America
AF311958 1997 Brazil (Pernambuco)/V South America
AF425614 1997 Brazil/V South America
AF309641 1998 Cambodia/I Southeast Asia
AF298808 1998 Djibouti/I East Africa
AB189121 1998 Indonesia/IV Southeast Asia
AF298807 1998 Ivory Coast/V West Africa
AY726555 1998 Myanmar/I Southeast Asia
AY277664 1999 Argentina/V South America
GQ868561 1999 Colombia/V South America
AF514885 2000 Argentina/V South America
AF514878 2000 Paraguay/V South America
FJ850070 2000 Brazil (Northeast)/V South America
FJ850071 2000 Brazil (Northeast)/V South America
AF513110 2001 Brazil (Paraná)/V South America
DQ672564 2001 Hawaii/IV North America
AY732482 2001 Thailand/I Southeast Asia
AB519681 2001 Brazil (Brasília)/V South America
FJ850073 2001 Brazil (Northeast)/V South America
FJ850075 2002 Brazil (Northeast)/V South America
EU863650 2002 Chile/IV South America
AB195673 2003 Republic of Seychelles/IV Southeast Africa
FJ850081 2004 Brazil (Northeast)/V South America
FJ850077 2003 Brazil (Northeast)/V South America
FJ850084 2005 Brazil (Northeast)/V South America
GQ868498 2006 Mexico/V South America
FJ639824 2006 Venezuela/V South America
FJ850087 2006 Brazil (Northeast)/V South America
GQ868562 2005 Colombia/V South America
EU482609 2007 Venezuela/V South America 
FJ850090 2007 Brazil (Northeast)/V South America
GU131863 2008 Brazil(São Paulo)/V South America
FJ850093 2008 Brazil (Northeast)/V South America
HM043709 2009 Brazil/V South America
HM043710 2009 Brazil/V South America
HQ696612 2010 Brazil/V South America
JN122281 2011 Brazil/V South America


