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ABSTRACT
Introduction: The precise identification of the genetic variants of the dengue virus is important 
to understand its dispersion and virulence patterns and to identify the strains responsible for 
epidemic outbreaks. This study investigated the genetic variants of the capsid-premembrane 
junction region fragment in the dengue virus serotypes 1 and 2 (DENV1-2). Methods: 
Samples from 11 municipalities in the State of Paraná, Brazil, were provided by the Central 
Laboratory of Paraná. They were isolated from the cell culture line C6/36 (Aedes albopictus) 
and were positive for indirect immunofluorescence. Ribonucleic acid (RNA) extracted from 
these samples was submitted to the reverse transcription polymerase chain reaction (RT-PCR) 
and nested PCR. Results: RT-PCR revealed that 4 of the samples were co-infected with both 
serotypes. The isolated DENV-1 sequences were 95-100% similar to the sequences of other 
serotype 1 strains deposited in GenBank. Similarly, the isolated DENV-2 sequences were 98-
100% similar to other serotype 2 sequences in GenBank. According to our neighbor-joining 
tree, all strains obtained in this study belonged to genotype V of DENV-1. The DENV-2 strains, 
by contrast, belonged to the American/Asian genotypes. Conclusions: The monitoring of 
circulating strains is an important tool to detect the migration of virus subtypes involved in 
dengue epidemics.
Keywords: Concurrent infection. RT-PCR. Flavivirus. Genetic variation.

RESUMO
Introdução: A identificação precisa da variante genética do vírus da dengue é importante para 
compreender a dispersão, virulência e identificação das cepas responsáveis pelas epidemias. 
O objetivo da pesquisa foi investigar a variação genética do fragmento da junção do gene 
capsídeo/pré-membrana dos sorotipos 1 e 2. Métodos: Amostras de onze municípios do 
Estado Paraná, Brasil, foram cedidas pelo Laboratório Central do Paraná e consistiam em 
isolados de cultura de células da linhagem C6/36 (Aedes albopictus), positivos para técnica de 
imunofluorescência indireta. O Ribonucleic acid (RNA) dessas amostras foi extraído, seguido 
da transcrição reversa, reação em cadeia da polimerase (PCR) e nested PCR. Resultados: 
Co-infecção por DENV-1 e 2 (virus da dengue 1 e 2) foi observada em quatro pacientes, 
através da técnica Reverse transcriptase-polymerase chain reaction (RT-PCR). Para o DENV-1 
a porcentagem de similaridade variou de 95 a 100% comparando com cepas do Genbank. 
Para o DENV-2 a porcentagem de similaridade variou de 98 a 100%. De acordo com o 
cladograma gerado, todas as cepas deste estudo se agruparam no genótipo V para DENV-1. 
Para o DENV-2 foi encontrada a cepa referente ao genótipo asiático/americano. Conclusões: 
O monitoramento das cepas circulantes torna-se uma ferramenta importante na detecção da 
migração dos subtipos do vírus da dengue envolvidos em epidemias.
Palavras-chaves: Infecção simultânea. RT-PCR. Flavivirus. Variação genética.

The virus that causes dengue fever belongs to 
the genus Flavivirus (Flaviviridae). Its 11kb RNA 
genome contains an open reading frame (ORF) that 
encodes 3 structural and 7 non-structural proteins. 
The structural proteins are: capsid (C), membrane 
(M), and envelope (E); and the non-structural 
proteins are NS1, NS2A, NS2B, NS3, NS4A, NS4B, 
and NS51.

Dengue virus exhibits substantial genetic 
diversity, most notably in the existence of 4 distinct 
serotypes and several genotypes. Attempts to 
identify these genetic variants have been made by 
sequencing certain regions of the viral genome. For 
instance, the E protein, which is the main target 
of virus selection in nature, has been sequenced 
often2-4. However, Singh and Seth5 suggested that 
fragments of the capsid-premembrane junction 
region (CprM) might be a faster and cheaper 
alternative for sequencing short regions. Since then, 
CprM has been used by a number of authors6-8. 
Genes that code for non-structural proteins 
have also been sequenced and used in phylogeny 
studies9. Ascertaining the molecular diversity of 
the dengue virus is important to assess the impact 
of these genetic variants in the human population, 
as well as the virulence, distribution, and origin of 
the various strains.

In this study we genetically characterized the 
capsid-premembrane junction region fragment of 
the dengue virus in patients who tested positive for 
dengue in 2010.

METHODS

The samples, which were provided by the 
Laboratório Central do Paraná, were isolated from 
the cell culture line C6/36 (Aedes albopictus) and 
were positive for indirect immunofluorescence 
(IFA). The human blood samples were collected from 
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TABLE 1 - Samples from patients in 11 municipalities of the State of Paraná, Brazil, with 
the dengue virus detected by RT-PCR and indirect immunofluorescence.

	                    RT-PCR	

Region	 Samples	 undiluted	 diluted 1/100	 IFA

Northern	 Maringá	 DENV-2	 DENV-2	 DENV-2

	 Assaí	 DENV-1	 DENV-1	 DENV-1

	 Planaltina do Paraná	 DENV-1	 DENV-1	 DENV-1

	 Sertanópolis	 DENV-1	 DENV-1	 DENV-1

 	 Alvorada do Sul	 DENV-2	 DENV-2	 DENV-2

Western 	 Pato Bragado	 DENV-1/DENV-2	 DENV-2	 DENV-2

	 Realeza	 DENV-1/DENV-2	 DENV-2	 DENV-2

	 Toledo	 DENV-2	 DENV-2	 DENV-2

	 São Miguel do Iguaçu	 DENV-1/DENV-2	 DENV-1/DENV-2	 DENV-1

	 Nova Aurora	 DENV-1/DENV-2	 DENV-1/DENV-2	 DENV-1

 	 Foz do Iguaçu	 DENV-1	 DENV-1	 DENV-1

RT-PCR: reverse transcriptase-polymerase chain reaction; IFA: immunofluorescence assay; 
DENV: dengue virus serotype.

March-May, 2010, from autochthonous cases in the 
State of Paraná, Brazil. Until June 2010, 147 (37%) 
municipalities had 15,012 autochthonous cases 
of dengue10.  Municipalities were sampled in the 
western region of the State of Paraná (Foz do Iguaçu, 
25°32′48″S, 54°35′17″W; São Miguel do Iguaçu, 
25°20′49″S, 54°14′20″W; Realeza, 25°48′45″S, 
53°33′45″W; Toledo, 24°41′15″S, 53°41′15″W; 
Pato Bragado, 24°41′15″S, 54°11′15″ W; and 
Nova Aurora, 24°33′45″S, 53°18′45″ W) and 
northern region (Maringá, 23°26′15″S, 51°56′15″W; 
Assaí, 23°18′45″S, 50°48′45″W; Planaltina do 
Paraná, 23°03′45″S, 52°56′15″W; Sertanópolis, 
23°03′45″S, 51°03′45″ W; and Alvorada do 
Sul, 22°48′45″S, 51°11′15″ W) (Figure 1).

RNA extraction from the cell supernatant 
was conducted using a QIAmp Viral Mini Kit 
(Qiagen, USA), following the manufacturer’s 
protocol. The primers were the same as in 
Lanciotti et al.11. To obtain cDNA, 2,000ng 

FIGURE 1 - Municipalities of the State of Paraná (Brazil) where blood suspected to be infected with 
the dengue virus was collected.

of viral RNA and 1μL of primer D2 (50pmol) were placed in a 
thermocycler for 5 min at 70°C. The sample was kept on ice and 5µL 
of 5× buffer, 0.5µL of dNTPs (200mM), and 20U of AMV reverse 
transcriptase (Promega) were added. The volume of the mixture was 
brought to 25µL by adding DEPC-treated water (0.1%). The sample 
was kept in a thermocycler for 90 min at 42°C and 15 min at 70°C. 
The negative control contained water instead of RNA. 

The amplification reaction was conducted using 3µL of cDNA, 
2.5µL of 10× buffer, 1µL of primer D1 (20pmol), 1µL of primer D2 
(20pmol), 1.5µL of MgCl2 (25mM), 0.5µL of dNTPs (200mM), and 
3U of AmpliTaq Gold DNA polymerase (Applied Biosystems). The 
volume of the mixture was brought to 25µL by adding DEPC-treated 
water (0.1%). The following cycling program was used to obtain 
products: 35 cycles of 94°C for 30 s, 55°C for 1 min, and 72°C for 2 min.

For nested PCR, 3µL from the first amplification reaction 
(undiluted and diluted 1/100), 2.5µL of 10× buffer, 1µL of 
primer D1 (20pmol), 1µL of each primer TS1, TS2, TS3, and TS4  
(20pmol), 1.5µL of MgCl2 (25µM), 0.5µL of dNTPs (200µM), 
and 3U of AmpliTaq Gold DNA polymerase (Applied Biosystems) 

RT-PCR identified 4 human blood samples that were co-infected 
with DENV-1 and -2. When the samples were amplified using the 
first PCR product without dilution, 2 bands of different intensity 
were visualized in the gel, showing the serotypes with the highest 
and lowest number of copies. However, when the first PCR product 
was diluted 100 times, only one band was detected, indicating the 
predominant serotype (Table 1 and Figure 2).

Analysis of the 368-bp sequences obtained from CprM revealed 2 
strains of DENV-1 with 14 polymorphic sites: GenBank: JN086990 
(Foz do Iguaçu  and Sertanópolis); GenBank:JN086991(Planaltina 
do Paraná). Analysis  of  the  360-bp  sequences  obtained  from  the 
same  gene  revealed  1  strain  of  DENV-2:GenBank:  JN086992 
(Alvorada do Sul and Pato Bragado ). The 2 DENV-1 strains were 
distinguished by 13 transitions and 1 transversion. Transitions: G↔A 
(sites 207 and 351); T↔C (sites 81, 267, 306, 309, and 360); A↔G 
(site 180); C↔T (sites 69, 276, 297, 350, and 354). Transversion: 
G↔C (site 264). Changes were observed in codons 69 (Met→Ile) and 
117 (Ala→Val) of DENV-1, corresponding to nucleotide substitutions were combined. The mixture was brought to 25µl by adding 

DEPC-treated water (0.1%). The following cycling program 
was used to obtain products: 20 cycles of 94°C for 30 s, 55°C 
for 1 min, and 72°C for 2 min. The amplified products were 
visualized on a 2% agarose gel.

The purification reaction was performed using a QIAquick 
PCR Purification Kit (Qiagen) according to the manufacturer's 
instructions. The samples were sent to the Center for Human 
Genome Studies (University of São Paulo-São Paulo/SP) 
for sequencing on an ABI 3730 DNA Analyzer (Applied 
Biosystems). Consensus sequences were obtained using 
the Staden Package version 1.512; sequence alignment and 
translation to amino acids were performed in BioEdit version 
7.0.013, a ClustalW tool14. The sequences obtained from our 
samples were compared with 39 sequences from various parts of 
the world available from GenBank. Phylogenetic and sequence 
similarity analyses were performed using the neighbor-joining 
method implemented by the program Mega 415, using the 
Kimura 2-parameter model and 1,000 bootstrap replications.



299

Rev Soc Bras Med Trop 45(3):297-300, may-jun, 2012

FIGURE 2 - Agarose gel (2%). M:100-pb ladder (Amresco); 1-4 Non-amplified 
RNA samples; 5: undiluted (co-infection with DENV-1 and -2); 6: diluted 1/100 
(DENV-2); 7-8: negative control; 9: undiluted (DENV-1); 10: diluted 1/100 
(DENV-1); 11: undiluted (DENV-2); 10: diluted 1/100 (DENV-2).
DENV-1 and DENV-2: dengue virus serotype 1 and 2, respectively.

at 207 and 350 and 351, respectively. Amino-acid substitutions 
occurred between amino acids with similar biochemical properties.

The DENV-1 sequences obtained by us were 95-100% similar to 
the sequences of the other serotype 1 strains deposited in GenBank. 
Similarly, our DENV-2 sequences were 98-100% similar to other 
serotype 2 sequences on that database. According to our neighbor-
joining tree, all strains obtained in this study belong to genotype V 
of DENV-1. The DENV-2 strain belonged to the American/Asian 
genotypes (Figures 3 and 4).

FIGURE 3 - Neighbor-joining tree for the capsid-premembrane junction region 
(CprM) fragment of DENV-1. The tree was constructed using the Kimura 2 
parameter model and includes sequences obtained by us and from GenBank. 
The bootstrap values (1,000 replicates) can be found above the main nodes.

FIGURE 4 - Neighbor-joining tree of the capsid-premembrane junction region 
(CprM) fragment of DENV-2. The tree was constructed using the Kimura 2 
parameter model and includes sequences obtained by us and from GenBank. 
The bootstrap values (1,000 replicates) can be found above the main nodes.

DISCUSSION

Co-infection with multiple dengue virus serotypes is common 
in hyper-endemic areas where multiple serotypes circulate6,16, 
most especially when there is a high density of vectors and people 
susceptible to dengue. Concomitant infection with DENV-1 and 2 
in human blood was reported in Brazil by Rocco et al.17, Santos et 
al.18, and Cunha et al.19. Furthermore, simultaneous infections by 
different dengue virus in mosquitoes have been reported20. Female 
A. aegypti may be able to transmit both viruses simultaneously17. 
Pessanha et al.21 detected A. aegypti larvae that were positive for more 
than 1 serotype, also showing that dual infection can be passed on 
to offspring via transovarial transmission. 

The RT-PCR technique used in our study was more efficient 
than IFA to detect co-infection. Repeated trials have confirmed 
these results obtained with RT-PCR. Therefore, if we had only 
used IFA in this study, the detection of serotypes would have been 
underestimated.

The replacement of methionine and alanine (amino acid 69) 
with isoleucine and valine (amino acid 117), respectively, observed 
in our results, had been previously identified in the JN086991 strain 
of DENV-1 isolated in samples from Rio de Janeiro (GenBank: 
HQ026762) and São Paulo (GenBank: GU131863). The 2 strains 
identified clustered with other genotype V sequences, the only 
genotype circulating in Brazil thus far22. In 2001, Santos et al.23 also 
sequenced a third stain in the State of Paraná, besides the 2 strains 
found by us, totaling 3 strains in that state.

Two subclades, A and B, clustered in the neighbor-joining tree of 
the DENV-1 sequences with 96% bootstrap support. The DENV-1 
strain JN086990 is more closely related to strains isolated in French 
Guiana (GenBank: EU482591), Venezuela (GenBank: EU518605), 
and Puerto Rico (GenBank: FJ850103). The JN086991 DENV-1 

strain of subclade B clustered with the Brazilian strains isolated 
from 2008-2010. The DENV-1 genotype V strains are grouped in 
2 different phylogenetic branches, reflecting an earlier divergence. 

The DENV-2 strain JN086992 clustered with the American/
Asian genotypes with 100% bootstrap support, and was closest to 
the strain from French Guiana (GenBank: EU518604) that was 
isolated in 2006. The American genotype has been associated with 
less virulent strains. It may have been replaced by the southern 
Asiatic genotype, once it has not been isolated where the southern 
Asiatic genotype presently circulates. The American/Asian DENV-2 

AF311956.1 Brazil 1997
Subclade A

Subclade B

Genotype V

AF514885.3 Argentina 2000
AF513110.1 Brazil Paraná 2001

AB519681.1 Brazil Brasília 2001
GQ868570.1 Colombia 2008
F937644.1 Nicaragua 2009

HQ166037.1 Mexico 2008
HQ026760.1 Brazil

JN086990 Brazil Paraná 2010
EU482591.1 French Guiana 2008
EU518605.1 Venezuela 2008
FJ850103.1 Puerto Rico 2006

AF514878.2 Paraguay 2000
FJ850090.1 Brazil 2007

FJ850084.1 Brazil 2005
JN086991 Brazil Paraná 2010

HQ026762.1 Brazil Rio de Janeiro 2010
GU131863.1 Brazil São Paulo 2008

EF457905.1 Genotype III
AB195673.1 Genotype IV

AF180817.1 Genotype II
AF309641.1 Genotype I

0.005

50
39

94
71

30
54

96
66

9151

49
63

54

35
42

57
51
44

HQ012528.1 Brazil Rio de Janeiro 2008

EU076554.1 Paraguay 2007

HQ012526.1 Brazil Rio de Janeiro 2007

FJ898453.1 Virgin Islands 2005
HM181971.1 Brazil São Paulo 2008

HQ012529.1 Brazil Rio de Janeiro 2009

AB122022.1 Dominican Republic 2001

GQ199892.1 Jamaica 2007

EU518604.1 French Guiana 2006

JN086992 Brazil Paraná 2010

HQ012531.1 Brazil Rio de Janeiro 2010

FJ639822.1 Venezuela 2006
EU687216.1 USA Puerto Rico 2005

FJ024477.1 Colombia 2004

FJ898439.1 Mexico 2008

HQ541792.1 Nicaragua 2008

AF276619.1 Cosmopolitan genotype

AF100465.1 American genotype

American/Asian genotype

AJ487271.1 Asian genotype

AF204178.1 Asian II genotype

0.01

74
88

55

100

20
40

51
86

54

29

25



300

ACKNOWLEDGMENTS

The authors declare that there is no conflict of interest.

CONFLICT OF INTEREST

FINANCIAL SUPPORT

REFERENCES

genotype has predominated in Brazil during its 19 years of circulation 
(1991-2008). An association between certain DENV-2 genotypes 
and dengue hemorrhagic fever has been suggested24,25.

Evolutionary studies have shown that the genetic diversity of 
the dengue virus is increasing, and that mutations are responsible 
for this. Genetic diversity in that virus can also be generated by 
recombination. For this to happen, different genotypes of the same 
viral serotype have to co-infect the same individual, and the genomes 
that infect the same cell form a hybrid RNA molecule. Simultaneous 
infection of A. aegypti by different viruses during outbreaks and 
epidemics, resulting in a high rate of viral replication, allow for the 
emergence of genetic changes. The increased genetic diversity of 
the dengue virus can have serious consequences, such as viruses 
with an expanded range of pathogenic properties and increased 
transmissibility and virulence26-28.

The incidence of dengue virus subtypes, combined with multiple 
serotypes circulating at a given location, can generate genetic 
variation within the dengue virus serotypes. Studies that monitor 
and sequence the circulating serotypes are important to keep track 
of these genetic events, in order to diagnose major epidemics, and 
the geographical migration of these strains.

We thank Anaclete Fellini, Secretaria de Estado da Saúde do 
Paraná, Laboratório Central do Paraná, for providing the indirect 
fluorescence-positive cell culture isolates.

Conselho Nacional de Pesquisa e Desenvolvimento (CNPq), process 
#305038/2009-5 and # 140231/2008-0 and Secretaria da Ciência, 
Tecnologia e Ensino Superior (SETI).

1.	 Guzman MG, Halstead SB, Artsob H, Buchy P, Farrar J, Gubler DJ, et al. Dengue: 
a continuing global threat. Nat Rev Microbiol 2010; 8:7-16.

2.	 Pandey BD, Morita K, Hasebe F, Parquet MC, Igarashi A. Molecular evolution, 
distribution and genetic relationship among the dengue 2 viruses isolated  
from different clinical severity. Southeast Asian J Trop Med Public Health  
2000; 31:66-72.

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

4.	 Ito M, Takasaki T, Kotaki A, Tajima S, Yuwono D, Rimal HS, et al. Molecular 
and virological analyses of dengue virus responsible for dengue outbreak in East 
Timor in 2005. Jpn J Infect Dis 2010; 63:181-184.

5.	 Singh UB, Seth P. Use of nucleotide sequencing of the genomic cDNA fragments 
of the capsid/premembrane junction region for molecular epidemiology 
of dengue type 2 viruses. Southeast Asian J Trop Med Public Health 2001;  
32:326-335.

6.	 Wang WK, Chao DY, Lin SR, King CC, Chang SC. Concurrent infections by two 
dengue virus serotypes among dengue patients in Taiwan. J Microbiol Immunol 
Infect 2003; 36:89-95.

7.	 Kukreti H, Chaudhary A, Rautela RS, Anand R, Mittal V, Chhabra M, et al. 
Emergence of an independent lineage of dengue virus type 1 (DENV-1) and its 
co-circulation with predominant DENV-3 during the 2006 dengue fever outbreak 
in Delhi. Int J Infect Dis 2008; 12:542-549.

8.	 Anoop M, Issac A, Mathew T, Philip S, Kareem NA, Unnikrishnan R, et al. Genetic 
characterization of dengue virus serotypes causing concurrent infection in an 
outbreak in Ernakulam, Kerala, South India. Indian J Exp Biol 2010; 48:849-857.

9.	 Zhang JL, Jian R, Wan YJ, Peng T, An J. Identification and phylogenetic analysis 
of DENV-1 virus isolated in Guangzhou, China, in 2002. Dengue Bulletin  
2004; 28:135-144.

10.	 Secretaria de Estado da Saúde do Paraná (SESA). Boletim informativo dengue 
n.º 6/2010. Curitiba: Superintendência de Vigilância em Saúde. [Cited 2011 
July 25] Available from: http://www.paranacontradengue.pr.gov.br/modules/
conteudo/conteudo.php?conteudo=3/

11.	 Lanciotti RS, Calisher CH, Gubler DJ, Chang GJ, Vorndam AV. Rapid 
detection and typing of dengue viruses from clinical samples by using Reverse 
Transcriptase-Polymerase Chain Reaction. J Clin Microbiol 1992; 30:545-551.

12.	 Staden R, Judge DP, Bonfield JK. Sequence assembly and finishing methods. 
Methods Biochem Anal 2001; 43:303-322.

13.	 Hall TA. BioEdit: a user-friendly biological sequence alignment editor and 
analysis program for Windows 95/98/NT. Nucleic Acids Symp Ser 1999;  
41:95-98.

14.	 Thompson JD, Higgins DG, Gibson TJ. Clustal W: improving the sensitivity 
of progressive multiple sequence alignment through sequence weighting, 
position-specific gap penalties and weight matrix choice. Nucl Acids Res 1994;  
11:4673-4680.

15.	 Tamura K, Dudley J, Nei M, Kumar S. MEGA4: Molecular Evolutionary Genetics 
Analysis (MEGA) software version 4.0. Mol Biol Evol 2007; 24:1596-1599.

16.	 Gubler DJ. Dengue and dengue hemorrhagic fever. Clin Microbiol Rev  
1998; 11:480-496.

17.	 Rocco IM, Barbosa ML, Kanomata EHN. Simultaneous infection with dengue 
1 and 2 in a brazilian patient. Rev Inst Med Trop Sao Paulo 1998; 40:151-154.

18.	 Santos CLS, Bastos MAA, Sallum MAM, Rocco IM. Molecular characterization 
of dengue viruses type 1 and 2 isolated from a concurrent human infection.  
Rev Inst Med Trop Sao Paulo 2003; 45:11-16.

19.	 Cunha AMM, Caiaffa WT, Oliveira CDL, Kroon EG, Pessanha JEM, Lima JA, 
et al. Fatores associados à infecção pelo vírus dengue no município de Belo 
Horizonte, estado de Minas Gerais, Brasil: características individuais e diferenças 
intra-urbanas. Epidemiol Serv Saude 2008; 17:217-230.

20.	 Cáceres RO. Detección rápida de los serotipos del virus dengue en el mosquito 
Aedes aegypti. Rev Peru Med Exp Salud Publica 2003; 20:156-158.

21.	 Pessanha JEM, Caiaffa WT, Cecílio AB, Iani FCM, Araújo SC, Nascimento JC,  
et al. Cocirculation of two dengue virus serotypes in individual and pooled 
samples of Aedes aegypti and Aedes albopictus larvae. Rev Soc Bras Med Trop 
2011; 44:103-105.

22.	 Goncalvez AP, Escalante AA, Pujol FH, Ludert JE, Tovar D, Salas RA, et al. 
Diversity and evolution of the envelope gene of dengue virus type 1. Virology 
2002; 303:110-119.

23.	 Santos CND, Rocha CFS, Cordeiro M, Fragoso SP, Rey F, Deubel V, et al. Genome 
analysis of dengue type-1 virus isolated between 1990 and 2001 in Brazil reveals 
a remarkable conservation of the structural proteins but amino acid differences 
in the non-structural proteins. Virus Res 2002; 90:197-205.

24.	 Rico-Hesse R, Harrison LM, Salas RA, Tovar D, Nisalak A, Ramos C, et al. 
Origins of dengue type 2 viruses associated with increased pathogenicity in the 
Americas. Virology 1997; 23:244-251.

25.	 Cruz ACR, Galler R, Silva EVP, Silva MO, Carneiro AR, Rosa EST, et al. Molecular 
epidemiology of dengue virus serotypes 2 and 3 isolated in Brazil from 1991 to 
2008. Rev Pan-Amaz Saude 2010; 1:25-34.

26.	 Worobey M, Rambaut A, Holmes EC. Widespread intra-serotype recombination 
in natural populations of dengue virus. PNAS 1999; 96:7352-7357.

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

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

Bona ACD et al - Genetic diversity of dengue virus


