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Complete genetic characterization of a Brazilian dengue virus
type 3 strain isolated from a fatal outcome

Marize Pereira Miagostovich/™, Flavia Barreto dos Santos, Tulio Machado Fumian,
Flavia Ramos Guimaraes, Eliane Veiga da Costa, Fernando Neto Tavares,
Janice Oliveira Coelho*, Rita Maria Ribeiro Nogueira

Departamento de Virologia, Instituto Oswaldo Cruz-Fiocruz, Av. Brasil 4365, 21040-900 Rio de Janeiro, RJ, Brasil *Instituto de
Pesquisa ClinicaEvandro Chagas-Fiocruz , RJ, Brasil

We have determined the complete nucleotide and the deduced amino acid sequences of Brazlian dengue virus
type 3 (DENV-3) from a dengue case with fatal outcome, which occurred during an epidemic in the state of Rio de
Janeiro, Brazl, in 2002. This constitutes the first complete genetic characterization of a Brazilian DENV-3 strain
since itsintroduction into the country in 2001. DENV-3 was responsible for the most severe dengue epidemic in the
state, based on the highest number of reported cases and on the severity of clinical manifestations and deaths

reported.
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Dengue viruses (DENV) 1 to 4 are members of the
genus Flavivirus of the family Flaviviridae and are re-
sponsiblefor themost important human viral diseasetrans-
mitted by arthropod vectors in terms of morbidity and
mortality and, as such, are amajor emerging problem in
tropical and subtropical areasin theworld (Rosen 1999).

Thegenomic RNA of ~11kbinlengthisasinglestrand
of positive polarity constituted by a single open reading
frame (ORF) flanked by an untranslated region (UTR) in
the5"and 3" termini. The ORF codes for three structural
proteins: capsid (C), membrane (prM/M), and envelope
(E) and for seven non structural proteins (NS1, NS2A,
NS2B, NS3, NS4A, NAB, and NS5), resulting from the
cleavage of asingle polyprotein of 3386-3433 amino acids
(Chamberset al. 1990, Lindenbach & Riceet al. 2001).

Onthe American continent, theincreasein DENV ac-
tivitiesresulted in the reported |aboratory-confirmed cases
of denguefever (DF) and dengue hemorrhagic fever/den-
gue shock syndrome (DHF/DSS) in 24 countries, with a
wide case fatality rate ranging from 1 to 11.9% from one
country to another (Pinheiro & Chuit 1998).

During the 1990s, the epidemiology of DF/DHF was
aggravated by thereintroduction of DENV-3 onthe Ameri-
can continent, first reported in 1994 in Nicaragua and
Panama (Anonymous 1995). The low herd immunity to
DENV-3, given by the absence of that serotype for more
than 20 yearsin some countries, allowed the rapid spread
of that serotype to the Caribbean Islands and South
Americain the years that followed (Pinheiro & Corber
1997, Rigau-Perez et d. 1998, daSilvaJunior et a. 2002). In
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Latin America, over 1,000,000 DF cases and more than
17,000 DHF cases including 225 fatalities were reported
during 2002 a one (Guzman & Kouri 2003).

The phylogenetic analysis based on the sequences of
the prM/M- E gene regions revealed four genotypes for
DENV-3(1- H-87 prototype, Philippines, Maaysia, Indo-
nesiaand Fiji, I1- Singapore and Thailand strains, 111- Sri
Lanka and Indian and I V- Puerto Rico) and showed that
genotype 11 has been circulating on the American Conti-
nent and, consequently, has led to the introduction of
this genotype in Brazil (Lanciotti et al. 1994, Anonymus
1995, Miagostovich et al. 2002).

In Brazil, the first cases of DENV-3 disease were re-
ported in the summer of 2000/2001 in the state of Rio de
Janeiro (Nogueiraet a. 2001). After the DENV-3introduc-
tion aperiod of co-circulation of DENV-1, 2, and 3, was
initially observed, followed by a severe epidemic caused
by the newly introduced serotype (Nogueira et al. 2002,
DeSimoneet al. 2004).

Giventhat virus' genetic diversity may influencedis-
ease severity, this particular genotype has been previ-
ously recognized as producing more DHF in Sri Lanka
(Lanciotti et al. 1994), we performed the first complete
genome characterization of aBrazilian DENV-3 strain iso-
lated from aDSSfatal case.

MATERIALS AND METHODS

\Mirus strains - The DENV-3 strains analyzed in this
study were obtained from the collection of the Flavivirus
Laboratory, Department of Virology, Instituto Oswaldo
Cruz- Fiocruz. The strains were isolated by inoculation
into Aedes al bopictus C6/36 cell lines (Igarashi 1978) and
the serotype was identified by immunofluorescence us-
ing type-specific monoclonal antibodies (Gubler et al.
1984). Thefirst passages were used for RNA extraction,
amplification, and direct sequencing of the products. The
Brazilian DENV-3 strains (BR71125/01; BR/74886/02;
BR77475/03) and the others used for comparative analy-
sisinthisstudy arelisted in Tablel.
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TABLE |

Dengue virus type 3 strains used in this study
Strain Strain Disease Isolation  GenBank Region
identificationno.  origin severity year access on no. analyzed References
BR/74886/02 Brazil DSS 2002 AY 679147 Complete genome This study
BR/68784/00 Brazil DF 2000 AY 038605 E Miagostovich et a. 2001
BR71125/01 Brazil DF 2001 Notavailable 3'end, 10,268 - 10,707 This study
BR77475/03 Brazil DF 2003 Notavailable 3 end, 10,268 - 10,707 This study
MART/1243/99 Martinique a 1999 AY 099337 Complete genome Peyrefitte et al. 2003
SRILAN/1266/00  Sri Lanka a 2000 AY 099336 Complete genome Peyrefitte et al. 2003
China80-2 China a 1980 AF317645 Complete genome Unpublished
H-87 Philipines a 1956 M93130 Complete genome Osatomi & Sumiyoshi 1990
SLEMAN/78 Indonesia a 1978 AY 648961 Complete genome Blaney et al. 2004
8120/95 Singapore a 1995 AY 766104 Complete genome Unpublished
98902890 Indonesia DF 1998 AB189128 Complete genome Unpublished
98901517 Indonesia DHF 1998 AB189127 Complete genome Unpublished
98901437 Indonesia DSS 1998 AB189126 Complete genome Unpublished
98901403 Indonesia DSS 1998 AB189125 Complete genome Unpublished
LN8180 Malaysia DF 1994 AY 338492 Fong et a. 2004
LN7029 Malaysia DHF 1994 AY 338493 E Fong et a. 2004
LN7933 Malaysia DSS 1994 AY 338494 E Fong et a. 2004
LN5547 Malaysia ENC 1992 AF147457 E Fong et al. 2004
LN6083 Malaysia ENC 1994 AF147460 E Fong et a. 2004
Den-1/ BR/IOIMR  Brazil a 2001 AF513110 b Complete genome Duarte dos Santos et a. 2002
Den-2/BR64022/98 BrazilL a 1998 AF489932 b Complete genome Santos et al. 2002
Den-4/814669/83  Dominica a 1981 AF326573 b Complete genome Durbin et al. 2001

a: not informed ; b: strains used as outgroups; DSS: dengue shock symdrome; DF: dengue fever; DHF: dengue hemorrhagic fever;

ENC: encephalitogenic.

Serological methods - IgM capture enzyme-linked
immunosorbent assay (MAC-ELISA) and G- ELISA were
performed in order to detect specific IgM and 1gG den-
gue antibodies by using serotype-specific antigens mix-
ture (DENV-1, DENV-2, and DENV-3) asdescribed previ-
ously by Kuno et a. (1987) and Miagostovich et al. (1999).
The lgG-ELISA was performed for the characterization of
dengue immune response as primary or secondary infec-
tion.

RNA extraction - Viral RNA was extracted from clini-
cal samples (sera and fresh tissue) using QlAamp Viral
Mini Kits (Qiagen, Inc., Valencia, CA) according to the
manufacturer’s protocol.

Immunohistochemical procedure - Sections of forma-
lin-fixed, paraffin-embedded tissues were processed us-
ing the streptavidin-biotin method according to the
manufacturer’s protocol (Kit LSAB, DAKO, US). Mono-
clonal antibodies for DENV-1, 2, and 3 were kindly pro-
vided by Dr D Gubler (Centers for Disease Control and
Prevention, Colorado, US).

Rever se transcription-polymerse chain reaction (RT-
PCR). RT-PCR for detecting and typing DENV in acute
seraand fresh tissues avail able was carried out according
to Lanciotti et a. (1992).

Primer design for sequencing - Synthetic oligonucle-
otide primer pairs were designed to amplify overlapping
fragments of approximately 500 bp spanning the complete
DENV-3 genome based on the full-length sequence of a
representative DENV-3. The sequence of the strain 80-2

(accession number AF317645) wasretrieved from the Na-
tional Center for Biomedical Investigation database (NCBI,
http://www.ncbi.nim.nih.gov) and the primers were de-
signed manually. To assure the sequencing of the frag-
ments, internal primers were also designed. The se-
guences of the oligonucleotide primers used for the RT-
PCR are available upon request.

RT-PCR amplification - Viral RNAs were extracted
from the culture supernatant of infected cells and frag-
mentswere amplified using an one-tube procedure. Briefly,
the RT-PCR mixture consisted of 12.5 pl of 2x PCR Master
Mix (Promega, US), 1.5 pl of 100 mM dithiotreitol, each
primer at afinal concentration of 10 uM and 1 ul of 5U of
AMV-RT (Invitrogen, US). Five microliters of the extracted
RNA werereversetranscribed at 42°C for 60 min, followed
directly by 40 cycles of amplification consisting of 94°C
for 30 s, 57-60°C, depending on the primers used, for 1
min, and 72°Cfor 2 min, with afinal extensionat 72°Cfor
10 min. Amplification was conducted using aModel 9700
thermal cycler (Perkin-Elmer, US) or PTC-200-60 thermo
cycler (MJResearch, US).

Sequencing of PCR products - The cDNA fragments
amplified by PCR were directly sequenced in both direc-
tionsusing aBigDye Terminator Cycle Sequencing Ready
Reaction kit (Applied Biosystems, US), 3.2 pmol of prim-
erscombined with 200 ng of DNA, after purification using
PCR purification kit or gel extraction kit (Qiagen, US).
Thermocycling conditions consisting of 25 cyclesof 96°C
for 30 s, 50°C for 1 min and 60°C for 4 min were used as
recommended by the manufacturer. After purification us-
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ing Centri-Sep columns (Princeton Separations, US) the
DNA wasdried at 37°C, overnight. The pellet wasresus-
pended in 20 pl of template suppression reagent, heated
for 2min at 95°C and kept onice until 10 pl wasloaded on
an Applied Biosystems Prism 310 Sequencer using per-
formance-optimized polymer 6 (Applied Biosystems).

Sequence and phylogenetic analysis - The analysis
of the nucleotide sequences fragments was performed
using Chromas software version 1.45 (http://www.
technelysium.com.au/chromasl4x.html), the nucleotide
and amino acid identitieswere determined using BLAST
(http://Amww.ncbi.nlm.nih.gov.Entrez) and DNASisversion
2.6 (Hitachi, US). A phylogenetic tree was constructed
using MEGA 2 software (Sudhir et al. 2001), using the
Neighbor Joining, Tamura Nei method. Representative
sequencesfrom DENV-1, 2, and 4 were used as out groups
toroot thetree. A bootstrap of 500 replications, was used
to estimate the reliability of the predicted tree.

RESULTS

We determined a 10,707 nucleotides (nts) sequence
for DENV-3 strain BR/74886/02 (GenBank access number
AY 679147) isolated from aliver of DSSfatal dengue case
occurring during the peak of the DENV-3 epidemic, inthe
summer of 2002 in Rio de Janeiro. DENV-3 (BR74886/02)
was isolated from the liver and from the serum of a 21-
year-old woman presenting fever, severe headache, myal-
gia, arthralgia, vomiting, prostration, and exhanthem,
which evolved into a hypovolemic shock (Tablel1). The
infecting serotypewas also identified by RT-PCR (Fig. 1)
inthe spleen, lung, and brain, and was detected in formal -
ized liver, spleen, and brain using immunohistochemistry
dengue antigen. Titer < /40 for specific 1gG confirmed a
primary dengueinfection (Tablell).

The genetic comparison and phylogenetic analysis
based on the full length DENV-3 sequences from strains
availablein the GenBank database clustered together the
Brazilian and Martinique strains, reflecting ahigh level of
identity between these strains (Fig. 2, Tablel1l) and char-
acterized the Brazilian DENV-3 as bel onging to genotype
[11. An 11-nucleotide-long insertion between positions
10,275and 10,276 inthe 3UTR (AGTGAAAAAGA) was
observed. The nucleotide sequences corresponding to
the 3 UTR (position 10,268 to 10,707) from the strains
BR71125/01 and BR77475/03 isolated from DF cases oc-
curring before and after the epidemic period were also
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Fig. 1: characterization of dengue virus type 3 (DENV-3) by reverse
transcription-polymerase chain reaction (RT-PCR). Ethidium bro-
mide 1% stained agarose gel showing RT-PCR nested products. Lanes-
1: 100-bp ladder (Gibco); 2, 3, 4, and 5: samples of liver, spleen,
lung, and brain from the same DSS fatal case; 6 and 7: negative
samples; 8: posite DENV-3 sample; lane 9: water; 10 and 11:

DENV-3 controls; 12: DENV-1 control.
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Fig. 2: phylogenetic analysis of full-length dengue virus type 3
(DENV-3) genomes. The complete nucleotide sequences of four
representative DENV-3 strains were analyzed using the Neighbor
Joining, Tamura Nei, bootstrap 500 replications. Representative
strains of DENV-1, DEN-2, and DEN-4 were used to root the tree.
Each strain is abbreviated with the country of origin, followed by
the year of isolation and the strain designation. Bootstrap values
are indicated in bold at the branch points.

determined and show the same insertionin that region.
The comparison of the of BR74886/02 deduced amino acid
sequence to other DENV-3 representative strains from
genotype |11 (Mart/1234/99; SriL/1266/00) showed no
amino acid changes in the region coding for structural
and nonstructural proteins with the exception of NS4A,

TABLE I

Virological and serological results of clinical specimensfrom asingle dengue shock syndrome patient with fatal outcome by using
different methodologies

Methods
Clinical specimens Virusisolation RT-PCR Immunohistochemistry Mac-ELISA G-ELISA
Serum DENV-3 DENV-3 - <1/10 <1/40
Liver DENV-3 DENV-3 Positive - -
Spleen Negetive DENV-3 Positive - -
Lung Negative DENV-3 Negative - -
Brain Negative DENV-3 Positive - -

RT-PCR: reverse-transcription-polymerase chain reaction
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TABLE 111
Sequence identity between full-length dengue virusestype 3

BR74886/02 Mart/1234/99 SriL/1266/00 1ndo/98901517 Indo/98901437 1ndo/98901403 |ndo/980289

Indo/Sleman Sing/8120/95 China/80-2 H-87

0,946

0,947

0,940

0,969 0,935 0,935 0,935 0,936 0,943
0,941

0,995

BR74886/02

0,946

0,935 0,935 0,936 0,943 0,946
0,946
0,951

0,935

0,970

0,997

Mart/1234/99
SriL/1266/00

0,946

0,934 0,934 0,943 0,939
0,993

0,935

0,934

0,988

0,986

0,951
0,951
0,951
0,953
0,962

0,952
0,951
0,954
0,962

0,939
0,939
0,939
0,941
0,949

0,974
0,974
0,973
0,975

0,977
0,977
0,976
0,991

0,993
0,990
0,989

0,999
0,995
0,989
0,989

0,999
0,995
0,989
0,989

0,974
0,975
0,974
0,976
0,979

0,977
0,978
0,977
0,977
0,981

0,977
0,978
0,977
0,978
0,981

ndo/98901517
ndo/98901437
ndo/98901403
ndo/980289
ndo/Sleman
Sing/8120/95
China/80-2

H-87

0,957

0,958

0,979 0,977 0,978 0,979 0,979 0,981 0,983

0,979

0,997

0,977 0,975 0,978 0,979 0,979 0,981 0,984 0,986

0,978

0,976 0,974 0,977 0,977 0,977 0,980 0,983 0,984 0,995

0,977

Normal characters: nucleotideidentity; bold characters: amino acid identity

where one non conservative substitution — arginine to
lysine—(R - K) inposition 20 was noted for the Brazilian
strain BR/74886/02 (data not shown).

In order to investigate whether any change in the E
gene could be correlated to amore severe case leading to
afatal outcome, the amino acid sequence from the E pro-
tein of the Brazilian DENV-3 (DSS) was compared to those
of strainswith awide range of disease severity (DF, DHF,
DSS, and encephalitis) (Table IV). The deduced amino
acid sequence similarity among isolatesranged from 97.3%
(DHF and DSS strainsfrom Indonesia/1998) to 98.9% (DF
Brazilian strain/2000). The sequence anaysis showed only
one amino acid difference specific to the Brazilian DSS
strain where one substitution—lysineto arginine— (K - R)
in position 391 of the E protein wasnoted for the Brazilian
strain BR/74886/02.

DISCUSSION

In 2002, DENV-3 wasresponsiblefor the most severe
epidemic occurring in the state of Rio de Janeiro, an epi-
demic which occurred after 16 yearsof DENV activity in
the country (Nogueira et al. 2005). During this period it
was demonstrated that individuals infected by DENV- 3
presented signs indicating amore severe disease (Passos
etal. 2004).

The severity of the disease and the occurrence of
deaths resulting from primary infections during the epi-
demic were partially explained by the virulence of this
particular genotype (genotype I11/Indian subcontinent),
confirming that some DENV strains can be more virulent
than others, that these represent an important risk factor
for DHF/DSS and that antibody-dependent enhancement
(ADE) itself does not explain @l cases of severe disease
(Rosen 1996, Halstead 1980, Messer et al. 2002, Nogueira
et al. 2005). According to Lanciotti et al. (1994) agenetic
shift in this genotype was responsible for the emergence
of DHF in Sri Lanka, since no increasein virustransmis-
sion or shiftin serotype occurred in Sri Lankaduring this
period.

For this reason we chose to sequence the complete
genome of aBrazilian DENV-3 strain causing DSS, which
ledto afatal outcomeinaprimary infection case whereno
individual risk factors were reported suggesting that the
virulence of the strain might be responsible for the out-
come. Chronic diseases such as bronchial asthma, diabe-
tes mellitus, and sickle cell anaemia are considered risk
factorsfor development of DHF/DSS (Bravo et al. 1987).

Recently, aglobal study using phylogenetic analysis
of DENV-3isolated from Sri Lankaup to 10 yearsafter the
emergence of DHF and from East African and Latin Ameri-
can, suggested that this genotype was introduced from
the Indian subcontinent into East Africain the 1980s and
fromAfricainto LatinAmericain 1994 (Messer et d. 2003).
Other studiesusing DENV-3 strainsfrom the Latin Ameri-
can Region a so suggested asingleintroduction of DENV-
3 on the continent and a subsequent diversification of
theviruspopulation (Usuku et al. 2001, Messer et al. 2002,
2003, Uzcategui et al. 2003).

The comparative analysis of the alignment of the de-
duced amino acid sequences of the E protein from DENV-
3 (Table 1V) suggested there is no correlation between
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changesin the E protein according to clinical manifesta-
tions. This, in spite of the fact that DENV-3 was respon-
sible for the most severe dengue epidemic in the state,
not only judging by the highest number of reported cases
but also by the severity of clinical manifestations pre-
sented by the patients and by the number of deaths re-
ported (Nogueiraet a. 2005). Previously, Fong et al. (2004)
suggested that neurovirulence of four encephalitogenic
strainsisolated in Malaysia(1992-1994) cannot be attrib-
uted to this protein.

Although our understanding of virus-specified deter-
minants of virulence has been acquired indirectly, through
an association between evolutionary grouping of virus
strains and their epidemiological and/or clinical disease
presentation (Rico-Hesse 2003), several studiesfocusing
on the molecular basis of dengue pathogenesis have at-
tributed virulence determinantsto mutationsin both struc-
tural and nonstructura proteins, as well asto UTR re-
gions of theflavivirusgenome (McMinn 1997, Leitmeyer
eta. 1999, Holden & Harris2004, Halstead et al. 2005).

Thefull length analysis of nucleotide and amino acid
sequences of the Brazilian strain confirmed the circula-
tion of genotype I11 in the state and reveal ed the presence
of aninsertioninthe 3' UTR of the genome, as previously
described by Peyrefitte et al. (2003) in strains from Mar-
tinique. Since the recent complete characterization of
DENV-3drainsisolatedin Singapore 1995 (AY 766104) and
Indonesia 1998 (AB189125-28) also revealed thisinser-
tion, further sequencing of other selected strains would
be desirablein order to understanding when it might have
been acquired.

A previousstudy of thegenetic variationinthe 3UTR
of DENV did not correlate the heterogeneity of this re-
gionwith DENV pathogenesis (Shurtleff et . 2001). How-
ever, Holden and Harris (2004) has demonstrated that 3'
UTR may mediate an enhancement of DENV translation.
Therefore we suggest that additional studies would be
desirable to understand the evolutionary processes that
generate the genetic variation represented by the inser-
tion of 11 ntsobserved and its consequenceinviral RNA
tranglation.
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