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In the last decade, dengue fever (DF) in Brazil has been recognized as an important public health problem, and
an increasing number of dengue haemorrhagic fever (DHF) cases have been reported since the introduction of
dengue virus type 2 (DEN-2) into the country in 1990. In order to analyze the complete genome sequence of a DEN-
2 Brazilian strain (BR64022/98), we designed primers to amplify contiguous segments of approximately 500 base
pairs across the entire sequence of the viral genome. Twenty fragments amplified by reverse transcriptase-PCR were
cloned, and the complete nucleotide and the deduced amino acid sequences were determined. This constitutes the
first complete genetic characterization of a DEN-2 strain from Brazil. All amino acid changes differentiating strains
related to the Asian/American-Asian genotype were observed in BR64022/98, indicating the Asiatic origin of the
strain.
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Dengue (DEN) viruses are responsible for the mostithin each serotype (Rico-Hesse 1990, Blok et al. 1991,
important arthropod-borne viral diseases in humans Deubel et al. 1993, Lewis et al. 1993, Lanciotti et al. 1994,
terms of morbidity and mortality. Due to global populatiorf997, Chungue et al. 1995, Shurtleff et al. 2001). Genotypic
growth, increased urbanization, and the spread of batharacterization has been useful in molecular epi-
the mosquito vector and the four DEN serotypes, dedemiological studies that monitor the distribution of the
gue is a major emerging problem in tropical and subtroggirculating genotypes in endemic areas (Rico- Hesse et al.
cal areas worldwide. Nowadays it is estimated that mofi®97, 1998, Messer et al. 2001).
than 100 million cases of dengue fever (DF) and 250,000 Phylogenetic analysis of DEN-2 strains initially
cases of the more severe form of the disease, dengdentified five genotypes, including two of Southeast
hemorrhagic fever/dengue shock syndrome (DHF/DSSAsian origin (Asian and American-Asian) (Rico-Hesse
occur annually (Halstead 1997). 1990, Lewis et al. 1993); further studies incorporating

The four serotypes of DEN (DEN-1 to -4), genusdditional strains resulted in the merging of these two
Flavivirus (family Flaviviridae), consist of a single- subgroups into one Asian/American-Asian genotype
stranded positive-sense RNA genome of approximate{iRico-Hesse et al. 1998). Detailed analysis of a 240-base
10,700 bases in length, surrounded by a nucleocapsid gradr (bp) sequence spanning the E/NS1 junction in a
a lipid envelope containing the envelope and membrawgellection of Latin American strains showed that the
proteins. The genome contains a single open readiAgian/American-Asian DEN-2 variant had been
frame that encodes three structural proteins designateih@oduced into the Americas and had spread through the
(core protein), M (membrane protein), and E (envelopegion over the past two decades, replacing the native
protein) and seven nonstructural proteins (NS1, NS2American genotype (Rico-Hesse et al. 1997). This Asian/
NS2B, NS3, NS4A, NS4B and NS5), which is flanked by American-Asian genotype has been associated with DHF
5" and a 3’ nontranslated (NTR) region (Chambers et atases, whereas the native American genotype has to date
1990, Lindenbach & Rice 2001). only been associated with classic DF. Recently, Leitmeyer

The partial sequencing of various regions of the DERt al. (1999) sequenced the full-length genome of DEN-2
genome has been employed to determine the genetituses directly from viremic sera and identified nucleotide
variation of dengue viruses and to characterize genotypifferences that consistently differentiated the Asian/

American-Asian DEN-2 viruses from the native American
DEN-2 strains.
Since the introduction of DEN-2 into Brazil resulted in

- n increase in disease severity and in the number of
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MATERIALS AND METHODS After purification using 3 M sodium acetate and 70% etha-

Viral strain - The DEN-2 strain analyzed in this study”°|v the DNA was dried in a vacuum centrifuge. The pellet
was obtained from the collection of the Flavivirugvas resuspended in 20 pl of template suppression reagent,
Laboratory, Department of Virology, Instituto Oswaldopeated for 2 min at 9& and kept on ice until 10 pl was
Cruz-Fiocruz. The strain was isolated in 1998 from the siaded on an Applied Biosystems Prism 310 sequencer
rum of a DF patient by inoculation infedes albopictus USing perfomance-optimized polymer 6 (Applied
C6/36 cell line (Igarashi 1985), and the serotype wdgiosystems). _
identified by immunofluorescence using type-specific Sequence and phylogenetic analysihe sequence

monoclonal antibodies (Gubler et al. 1984). The secorhalysis of the clones was performed by using
passage was used for amp”fication, C|0ning an@eneJockeySoftware (BlOSOft, Inc.).NucIeotlde and amino

sequencing. acid identity was determined using BLAST (http://
Primer design Synthetic oligonucleotide primer pairs Www.ncbi.nim.nih.gov/Entrez/). Secondary structure pre-
were designed to amplify overlapping fragments ofictions were performed using MFOLD (http://
approximately 500 bp spanning the complete DEN-Rioinfo.math.rpi.edu/~mfold/rna/form1.cgi). Phylogenetic
genome based on an alignment of the full-lengttiees were constructed using PAUP* software (Sinauer
sequences of representative Asian/American-Asiaissociates, Inc., Sunderland, MA) using the maximum
genotype DEN-2 strains. The sequences of the olparsimony algorithm, with a heuristic search and tree bi-
gonucleotide primers used for the reverse transcriptasection-reconnection branch-swapping. Representative
PCR (RT-PCR) are available upon request. The sequensesjuences from DEN serotypes 1, 3, and 4 were used as
of the strains Jamaica 1409/83 (accession no. M20558)) outgroup to root the trees. The bootstrap method,
New Guinea C/44 (AF038403), Thailand 16681/64 (U87411yith 100 replications, was used to estimate the reliability
and Thailand K10010/94 (AF100460) were retrieved frorof the predicted trees.
the National Center for Biomedical Investigation (NCBI)
database, and the sequence alignments were generated RESULTS
using GeneJockey Software (Biosoft, Inc., Ferguson, MO). To obtain the full-length sequence of a low-passage
RNA extraction and RT-PCR amplificatiorViral ~ Brazilian DEN-2 strain, we designed primers to amplify
RNA was extracted from the supernatant of infected cellspntiguous segments across the entire sequence of the
and fragments were amplified using a one-tube proceds®R64022/98 virus genome. Twenty fragments obtained by
according to Harris et a(1998). The RT-PCR mixture RT-PCR were cloned into the TA vector and sequenced in
contained 50 mM KCI, 10 mM Tris (pH 8.5), 0.1% Tritonpoth directionsThe sequences between genome posi-
X-100, 0.01% gelatin, each of the four deoxynucleotidggons 1 and 99 (5NTR) and 9,974 to 10,637 (3'NTR) were
triphosphates at a concentration of 200 UM, 1.5 MMetermined by directly sequencing the RT-PCR product
MgCl,, 5 mM dithiotreitol, each primer at a final jn poth directions. The complete sequence of BR64022/
concentration of 10 uM, 0.025 U of RAV-2 (Amershargg strain is 10,637 nucleotides long and was submitted to
Corporation, Arlington Heights, _IL) and 0.025 U'Eiffq NCBI under accession number AF489932.
DNA Polymerase (Ampliag, Perkin-Elmer Corporation,  the gverall homology at the nucleotide (nt) and amino
Foster City, CA) per ml of reaction. Five microliters of the,;iq (aa) level between the Brazilian strain and represen-
extracted RNA were reverse transcribed at 42°C for §Qyye5 of the Asian/American-Asian genotype and the
min, followed directly by 40 cycles of amplification patiye American genotype is shown in Table I. The Bra-
consisting of 94°C for 30 sec, 60°-65°C for 1 min, andjian sirain was most closely related to the American-

72°C for 2 min, with a final extension at 72°C for 10 minAsian strains (98% nt, 98% aa identity), followed by the

Amplification was conducted using a Model 2400 thermaé ; ; :
. outheast Asian strains (92% nt, 97% aa), and finally the
cycler (Perkin-Elmer, Norwalk, CT) or PTC'200'60native American genotyp(e (89% nt, 96% ;a). y

thermocycler (MJ Research, Inc., Watertown, MA). To All'amino acid changes reported to differentiate strains

sequence the DEN-2 virus genome, cDNA fragmen Rlated to the Southeast Asian genotype from the native

?{25:'333 g %’ ngnwe[z)rieeglgneg A'Stoal;ﬁ ovr%ﬁtr?gr] pt%Rtﬁé merican genotype were observed in BR64022/98 (Table

manufacturer’s protocol. The sequence between geane indicating the Asiatic origin of our strain. There were

positions 1 to 99 and 9974 to 10637 was determined umber of additional nonconserved amino acid substi-
direct sequencing of the PCR product tions in the Brazilian strain relative to the Asian/Ameri-

Sequencing of recombinant polypeptides C|Onesc_an—Asian strain, notably charge reversals in E (K160E),

; . ; S4B (H88D), and NS5 (E558K) and charge additions in
Plasmids containing the recombinant DEN genes Wegts ,
sequenced in both directions using the BigDye Terminat 3 (,616E) and NS5 (9.501'5)' _The sequences of the 5
Cycle Sequencing Ready Reaction kit (Appliecf‘”d3 NTRs of the Brazilian strain, and thus the second-
Biosystems, Foster City, CA), 3.2 pmol of T7 forward® structure predictions, are identical to those of the
(AATACGA’CTCACTAT’AG) "and M13 Reverse American-Asian viruses (e.g., Jamaican 1409/83 strain).
(AACAGCTATGACCATG) primers combined with 0.5 g Figure shows the phylogenetic analysis performed
of plasmid DNA. Thermocycling conditions consisting ofSing the maximum parsimony algorithm of BR64022/98
25 cycles of 98C for 30 s, 50C for 1 min and 68C for and full-length DEN-2 sequences retrieved from the NCBI
4 min were used as recommended by the manufacturdftabase. The tree placed the Brazilian strain in the Ameri-
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TABLE |
Sequence identity between full-length dengue viruses type 2
Brazil Jamaica Martinique New GuineaThailand  Thailand Peru Mexico
64022/98 1409/883  703/98 Cla4 16681/64 K0010/94 1797/95  0131/92

Brazil 64022/98 (AAP - 98¢ 98 97 97 97 96 96
Jamaica 1409/83 (AA) 98 - 98 98 97 97 96 96
Martinique 703/98 (AA) 97 99 - 97 97 97 96 96
New Guinea C/44 (A) 94 95 94 - 98 98 97 97
Thailand 16681/64 (A) 93 94 93 97 - 98 97 97
Thailand K0O010/94 (A) 92 93 92 95 96 - 96 96
Peru 1797/95 (NA) 89 90 89 91 90 90 - 99
Mexico 0131/92 (NA) 89 90 89 91 90 89 97 -

a: NCBI accession numbers for the strains are M20558 for Jamaica 1409/83, AF208496 for Martinique 703/98, AF038403 for New
Guinea C/44, U87411 for Thailand 16681/64, AF 100460 for Thailand KO010/94, AF100467 for Peru IQT1797/95, and AF100469
for Mexico 0131/92h: AA: American-Asian group of the Asian genotype, A: Southeast Asian group of the Asian genotype, NA:
Native American genotype: percentage amino acid identity (bold), as determined using BL&A$&rcentage nucleotide identity,

as determined using BLAST.

TABLE Il 100 [ Mex92.0131
Nonconservative amino acid changes among dengue viruses Peru.96.1QT2913
type 2 strains found in the Americas Per.95.1QT1797
Gene Position Peru Brazil Jamaica Thailand Vene.90.Maras
1797/95 64022/98 1409/83 K0010/94 .
Brazil.98 BR64022
prMm 28 K E E2 E 100
31 T v v v Mart.98.703
Jam.83.1409
E 160 K E K K
390 D N N N Thai.93.NH76
NS1 128 L s s S 100 Thai.93.NH81
261 H Y H H Thai.93.NHp16
NS2A 154 L S L L 5 Thai.93 NHp36
163 Q L Q Q — Thai 93.NH55
NS3 16 G E G G Thai.96.C0167
=67 T ' | | Thai.96.C0166
NS4B 17 H S S S 100 Thai.94.K0008
88 D D H D
Thai.94.K0010
NS5 23 S N S S 100 ,
271 T | | | " Thai.95.C0371
501 E E G E % — Thai.95.C0390
558 A K E E China.87.43
645 D N N N
676 K S S S NewGuinea.44.NGC
800 s Q K K % china.80.44
819 L Q Q Q China.99.11
a: honconservative amino acid changes identified in the dengue 100 Austral 93.7SV01
virus type 2 Brazilian strain BR64022/98 in relation to the o _
American-Asian genotype, represented by Jamaica 1409/83, and Denl.90.Sing275

the American genotype, represented by Peru 1QT1797/95,
according to their positions within the genes as indicated. Italics,
amino acids associated with Asian/American-Asian genotype
(15); bold, differences between the Brazilian strain and the Asian/
American-Asian genotype (Jamaica 1409/83).

Den3.56.PhilH87

Den4.81.DR814669
100 changes

Phylogenetic analysis of full-length dengue virus type 2 (DEN-2)
genomes. The complete nucletotide sequences of 24 representative
can-Asian group of the DEN-2 Asian genotype, repreDEN_-Z strains were analyzed using the maximum parsimony
sented here by Jamaica 1409/83 Martinique 703/98 aﬁ orithm and PAUP* software. Representative strains of DEN-1,
- S S N-3, and DEN-4 were used to root the tree. Each strain is
Venezuela Mara4/§_)0 straln_s. S'mllar_ phylernet'q tre%%breviated with the country of origin, followed by the year of
were generated using maximum likelihood and neighb@fbiation and the strain designation. Bootstrap values are indicated

joining algorithms (data not shown). in bold at the branchpoints.
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DISCUSSION circulates, showed that even with high secondary infec-

Full-length analysis of the nucleotide and amino aciﬁn rates, no DHF/DSS cases were observed (Watts et al.
sequences of the Brazilian strain showed that it was m 99). . . . .
closely related to Asian/American-Asian DEN-2 genotype 1 € partial sequencing of the junction from E/NS1 and

than to the native American DEN-2, confirming the Asiati@n@lysis by restriction site specific-PCR of DEN-2 Brazilian
origin of the Brazilian strain. These data corroborate tHg'ins from the latest epidemics (2000-2001) have shown

results previously obtained by the partial sequencing at this Asian/American-Asian genotype is still the only

different genomic fragments (Deubel et al. 1993, Ricd2N€ circulating in Brazil (data not published). Molecular
Hesse et al. 1997, Miagostovich et al. 1998). A dire idemiological studies continue with strains isolated from
association betwe;an the introduction of Asian DEN-?gth DF and DHF/DSS cases in order to detect the eventual
virus with severe disease in the Americas has been shoWHOducft'ﬁn of a new IDEN? %enqtype and evaluate its
previously (Rico-Hesse et al. 1997), and our results afgect of the epidemiology of the disease.
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