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“All you have to decide is what to do with the time that was given to us.”

(John Ronald Reuel Tolkien)

“Temos uma experiéncia familiar da ordem, da constancia, da perpétua
renovacao do mundo material que nos rodeia. Todas as suas partes sao frageis
e transitorias, 0s seus elementos agitados e migratorios, todavia ele subsiste.
Esta unido por uma lei de permanéncia e, embora sempre a morrer, renasce a
cada instante. A dissolucdo apenas da origem a novos modos de organizacao;
uma morte gera mil vidas. Cada hora, ao chegar é apenas um testemunho de
qudo passageiro e, no entanto, quio seguro e quéo certo é o grande todo. E
como uma imagem nas aguas, sempre a mesma, embora as aguas fluam
constantemente. O sol entra no ocaso para tornar a despontar; os dias séo
engolidos pela escuriddo da noite para dela nascerem tdo novos como se
nunca tivessem findado. A Primavera transforma-se no Verao, e, pelo Verdo e
pelo Outono, é transformada em Inverno, ainda mais confiante pelo seu
regresso ultimo, para triunfar daquela sepultura para a qual resolutamente se
apressou desde a sua primeira hora. Lamentamos as flores de Maio porque se
destinam a murchar; mas sabemos que Maio um dia obtera a sua vitoria sobre
Novembro pela revolucdo daquele circulo solene que nunca se detém,que nos
ensina no cume da nossa esperanca a ser sempre sobrios e no mais profundo
da desolacdo a nunca desesperar.”

(John Henry Newman)
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Fig. 1. Amplifications obtained for DENV-3 (628 bp) and for SLEV (232 bp). On
the left is the amplification using multiplex-nested-PCR showing a DENV3
amplicon and on the right the amplification using nested-RT-PCR specific for
SLEV. M: marker (100 bp DNA Ladder); S: sample; +: positive control; and -:

negative CONTrol. ... . ... e 15

Artigo Il

Figure 1. Maximum clade credibility (MCC) tree for 131 Dengue 3 isolates. MCC
tree for 131 Dengue 3 isolates from several places in World, indicating that the
origin of the 60 lineage 1 samples (with 90% posterior probability support) from
viruses from the lineage 2 (with 77% posterior probability support). The close-
related BR47886 sampled in 2002 in Brazil and the H IMTSSA sampled in 2000
in Martiniqgue had a basal position in relation to the SIRP lineages (with 100%

posterior probability SUPPOI)........ccoiiii 22

Figure 2. Bayesian skyline (BSL) plot and number of dengue reported cases. A)
Bayesian skyline (BSL) plot of the virus genealogy-based estimate of the
number of new infections (presented as Ne.g) indicated as the median for 82
DENV-3 isolates showing the increase from 180 to 120 days before the last

sampling (from present day O or day of the last sample taken to the past), which
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matches with uncanny precision the rise in number of reported cases per
100,000 inhabitants from December of 2005. Apparent differences in overall
population sizes are due to both the fact that the BSL shows accumulated
number of new infections and to scaling problems or misreport. B) Number of
Dengue reported cases in SJRP during the seasons of 2001-2002 (01_02),
2003 (02_03), 2004 (03_04), 2005 (04 _05) and 2006 (05_06). It is noticeable
that the maximum number of reported cases in 2006 happened in April, when
the zenith of the epidemics, determined by the Bayesian skyline plot, was

around FEDrUary...... ..o 23

Figure 3. Logistic fitting of the Bayesian skyline plot and force of infection. A)
the normalized median of the Bayesian estimates from the sequences
analyzed, y(t), fitted to a continuous logistic curve according to equation (1).
Diamonds represent the data and the continuous line the fitted function. The
period of time entails the epidemics during the fat growing phase during
January and February of 2006. B) Force of infection calculated from the fitted

model in A) USING €QUALION (2)... .. vt 24

Figure 4. Symmetrical matrices. Symmetrical matrices representing: A)
temporal, B) genetic and C) spatial distances among the 46 samples. For easy
visual comparison, numbers were substituted by a scale of colours that ranges
from white (lower value) to black (higher value). The samples were organized

temporally as indicated by the gradual pattern observed in matrix A), and the
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colours of the names of the samples are meant to facilitate the comparison with

TN TESUIS . e 25

Figure 5. Estimated routes of dispersion of dengue as obtained by the
“Nepotistic algorithm”. The basis of the three dimensional graphic represents
the geographic coordinates of the positions where the sample were collected,
while the vertical axis represents the months of the sampling. Each independent
lineage starts with a “star” (oldest sample of the lineage) and the connections to
the other samples (names are displayed as close to point as possible) are done
with lines, whose width is proportional to the genetic relatedness between the
samples. The three lineages represented are: (i) green the more recent, with
only one sample, the 122-145, (ii) red or “South-eastern” lineage (starting with
22-18, that turns to yellow with more recent “ancestry” samples) and (iii) blue,
or North-western” lineage 1 (starting at 01-00, and that gets lighter as for the
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Figure 6. Route of viral dispersion - |. Estimated route of dispersion of the
“North-western”, departing from the putative ancestor (blue dot and dispersing
to other places where dengue cases were recorded - lines with more recent
nodes tends to the lighter tones) projected on the aerial image of the city of Sdo
José do Rio Preto (SJRP). The sample of the third viral introduction is also
shown in a green dot. (Background image obtained from Google Earth

4.2.0181.2634 — download date: September 16th 2007)..........cccoovieininenennne. 27
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Figure 7. Route of viral dispersion - Il. Estimated route of dispersion of the
“South-eastern”, departing from the putative ancestor (orange dot) and
dispersing to other places where dengue cases were recorded - lines with more
recent nodes tends to the yellow tones) projected on the aerial image of the city
of Sdo José do Rio Preto. The sample of the third viral introduction is also
shown in a green dot. (Background image obtained from Google Earth

4.2.0181.2634 — download date: September 16th 2007).............cccovvinnne.n. 28

Figure 8. Sdo José do Rio Preto map. Sao José do Rio Preto map with urban
census tracts, irregular development areas and autochthonous dengue cases
reported and confirmed by the Surveillance System from September to
November (A), December (B), January (C) and February (D). The areas outside
the urban perimeter are irregular development areas with urban characteristics,
but with inadequate sanitation infrastructure and lowest socioeconomic
conditions in comparison to urban census tracts. There is a cluster of cases in
one of these irregular areas in the North Zone of the city (Santa Clara) in
September 2005 and a spread of the transmission to the rest of the urban

QLS 1T (=T () 29

Figure 9. Urban census tracts. Urban census tracts (i.e., continuous and
homogeneous areas comprising 300 buildings on average, IBGE 2002)
according to socioeconomic levels (quartile) and dengue cases with molecular

analysis according to strains from January 2006 to June 2006 (A); urban census
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tracts according to incidence coefficients of dengue cases (quartile) reported to

the Surveillance System from September 2005 to August 2006 (B)............... 30

Artigo IV

Figure 1. Strategies for arbovirus detection in sera samples from patients in Sao
José do Rio Preto. DENV 1-4: Dengue virus serotypes 1 to 4; YFV: Yellow
Fever virus; SLEV: Saint Louis Encephalitis virus; ROCV: Rocio virus; IGUV:
Iguape virus; ILHV: Ilhéus virus; WNV: West Nile virus; BSQV: Bussuquara
virus; MAYV: Mayaro virus; VEEV: Venezuelan Equine Encephalitis virus;
WEEV: Western Equine Encephalitis virus; EEEV: Eastern Equine Encephalitis

Virus; OROV: OrOpPOUCNE VIFUS.......eie e e 35

Figure 2. 2% Agarose gel electrophoresis of amplicons from M-N-PCR for
Flavivirus detection from clinical samples of Sdo José do Rio Preto patient. Line
1: DENV-2 positive control. Line 2: DENV-2 positive clinical samples. Line 3: co-
infection by DENV-2 and 3 in clinical samples. Lines 4, 5 and 9: DENV-3
positive clinical samples. Lines 6 and 10: DENV-3 positive control. Line7: SLEV
positive control. Lines 8: SLEV positive clinical sample. Line 11: negative
control. M: molecular size marker (DNA ladder, 100 pb). For lines 1 to 6, 9 and
10 were used FG1, NDEN1, NDEN2, NDEN3 and NYF primers in multiplex
system. For lines 7 and 8 were used primers FG1 and NSLE. M-N-PCR and
NPCR mixture was subjected to 25 cycles of 94°C for 1 min, 53°C for 1 min,

and 72°C for 2 min. A final extension step was carried out at 72°C for 5 min...39
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Figure 3: Analysis of envelope gene and deduced amino acid sequence of Saint
Louis Encephalitis virus. (A) Phylogenetic tree of Saint Louis Encephalitis virus
strains. Phylogenetic tree was constructed using partial envelope gene
sequence (411 nucleotides, amino acids 27 to 200), by Neighbor-joining (NJ)
method (using p-distance) implemented in Mega 3.0. The reliability of the
branching patterns was tested by 1000 bootstrap pseudo replicates. Bootstrap
values above 60% are shown. West Nile Virus, Japanese Encephalitis virus and
Murray Murray Valley Encephalitis virus. The scale bar represents 5%
nucleotide sequence divergence. GenBank accession numbers are given in
table 2. (B) Alignment of deduced amino acid envelope protein (partial
sequence) of Brazilian strains of Saint Louis Encephalitis virus. Amino acid
changes unique to strain SJRP06/155, when compared to other Brazilian
strains are shown in black. Amino acid changes specific to some Saint Louis

Encephalitis virus lineages (according to May et al., 2008) are underlined...... 40
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Figure 1. Eletrophoresis in 8% poliacrilamide gel, stained with silver nitrate of

M-N-PCR after RNA viral extraction with TRIZOL of Aedes aegypti pools. (M)

100 bp marker; (C+) Positive control for DENV-3; (C-) Negative control......... 68

Figura 2. Distribution of positive pools from mosquito collection using BG-

Sentinels, flight range of the mosquito (up to 800 m, according to Hondrio et al.,
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2003) and dengue incidences from September 2006 to August
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Figura 1. M-N-PCR Positivity for DENV from January 2006 to August 2008; Sao
José do Rio Preto (SP/Brazil). The peak of positivity in 2006 and 2007 was in
May, when DENV-3 was the main serotype in circulation. In 2008, DENV-2 was
the main circulating serotype and the peak of positivity was in March/April.

DENV-1 circulated in 2009 (data not shown)..............cccooiiiiiiiiiiiiiie, 92

Figure 2. DENV serotypes circulating in Sdo José do Rio Preto from January

2006 to August 2008; DENV-1 also circulated in 2009 (data not shown)........ 93

Figure 3: Agarose gel showing clinical samples from 2008. Sample 1 is positive
for DENV-1 (476 bp), 2 is positive for DENV-2 (316 bp) and 3 is positive for

DENV-3 (659 bp). 100 bp Ladder (M); Positive control (C+); Negative control

Figure 4. Cartographic representation of S&o José do Rio Preto (SP/Brazil). (A)
DENV incidences (per 100,000 inhabitants) from September 2005 to August
2006 in 432 census tracts. (B) Positive cases by M-N-PCR (DENV 1-3). It is
noticeable an overlap of areas with higher incidences and areas with more
positive PCR results. There was a case of co-infection with DENV-2 and DENV-
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Figure 5. Cartographic representation of Sdo José do Rio Preto (SP/Brazil). (A)
DENV incidences (per 100,000 inhabitants) from September 2006 to August
2007 in 432 census tracts. (B) Positive cases by M-N-PCR (DENV 1-3). It is
noticeable an overlap of areas with higher incidences and areas with more

POSILIVE PCR FESUILS. ... e 96

Figure 6. Cartographic representation of Sdo José do Rio Preto (SP/Brazil). (A)
DENV incidences (per 100,000 inhabitants) from September 2007 to August
2008 in 432 census tracts. (B) Positive cases by M-N-PCR (DENV 1-3). It is
noticeable an overlap of areas with higher incidences and areas with more
positive PCR results. DENV-1 was detected in three different areas of the city
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Figure 7: Agarose gel showing clinical samples from patients with DENV-3 (659
pb). Number three presented co-infection by DENV-2 (316 pb). 100 bp Ladder

(M); Positive control (C+); Negative control (C-)........ccooviiiiiiiiiiiiiieen. 98
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Resumo

Introducédo: Dengue pertence ao género Flavivirus e € a infec¢ao por arbovirus
mais comum no mundo todo. Pode ser causada por quatro sorotipos
antigenicamente distintos (DENV 1-4). Estes sorotipos sé&o transmitidos pela
picada do mosquito Aedes aegypti. O vetor esta amplamente associado a
atividade humana e a influencia do espaco urbano favorece a interacédo entre o
vetor, o virus e o homem, tornando areas populosas, grandes centros de
dispersdo do dengue. Neste estudo, foi realizada um estudo molecular,
espacial e temporal da transmissdo de DENV através de amostras positivas de
sangue e de mosquitos infectados capturados em S&o José do Rio Preto/SP,
num periodo de quatro anos. Materiais e métodos: Soro de pacientes
apresentando sintomas de dengue e pools de mosquitos tiveram seu RNA viral
extraido e foram testados por Multiplex-RT-PCR, com primers genéricos de
Flavivirus baseados na proteina ndo estrutural 5 (NS5) numa primeiro ciclo,
seguida por ensaios Nested com primers especificos para DENV, para o virus
da febre amarela, para o virus da encefalite de Saint Louis, entre outros. As
amostras positivas foram analisadas espacial e filogeneticamente. Resultados
e discusséao: Analisamos 613 amostras de soro durante 4 anos: 199 em 2006;
94 em 2007; 313 em 2008 e 10 em 2009. A positividade foi alta em 2006 e
2007, com 106 e 51 pacientes infectados, respectivamente. O principal sorotipo
circulante durante as epidemias de 2006-2007 foi DENV-3 e poucos casos de
DENV-2, o que pode ser a indicacdo de sua recente introdu¢cdo no municipio.
Noés também descrevemos a primeira epidemia de SLEV no Brasil em 2006.
Dentre os pacientes com DENV em 2008, apenas sete estavam infectados com

DENV-3 e 90 com DENV-2, sugerindo a reemergéncia do sorotipo. NOs
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detectamos a circulacdo de DENV-1 em dois pacientes em 2009 e em quatro
pacientes em 2009. Aproximadamente 1200 mosquitos foram capturados entre
Dezembro 2007 e Margo de 2008. Capturamos 814 mosquitos Aedes aegypti,
que foram divididos em 463 pools. Apenas 3,67% deles foram positivos para
DENV-2 e DENV-3. Pools contendo apenas machos foram positivos para
DENV, indicando a presenca de transmissdo transovariana. NOs obtivemos
sequéncias de 82 pacientes dentre 174 amostras de sangue. Nés fomos
capazes de geocodificar 46 sequéncias. O alinhamento gerou gerou
nucleotideos com 399 bp com 134 taxa. A analise filogenética indicou que
todas as amostras foram de DENV-3 e estavam relacionadas as cepas
circulantes na ilha da Martinica em 2000-2001. Sessenta pacientes com DENV-
3 de Sao José do Rio Preto formaram um grupo monofilético (linhagem 1),
intimamente relacionado com o0s outros 22 isolados (linhagem 2). Nés
assumimos que estas linhagens apareceram antes de 2006 em ocasides
diferentes. A possibilidade de inferir a dinAmica espaco-temporal através de
dados genéticos € relativamente pouco explorada e pode esclarecer a
circulagio de DENV. O wuso de dados filogenéticos estruturados
geograficamente e temporalmente forneceu uma visao detalhada na disperséo

de, pelo menos, duas cepas virais distintas numa area urbana.

Palavras-chave: 1. Dengue; 2. Flavivirus; 3. Aedes aegypti; 4. Analise
Espacial; 5. Anéalise Filogenética; 6. RT-PCR; 7. Epidemiologia molecular; 8.

Transmissao vertical; 9. Encefalite de Saint Louis.
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Abstract

Introduction: Dengue belongs to the Flavivirus genus and is the most common
arboviral infection worldwide. It can be caused by four antigenically different
serotypes (DENV 1-4). These serotypes are transmitted mainly by the bite of
Aedes aegypti mosquitoes. The vector is widely associated with human activity
and the influence of organized social space favors the interaction among vector,
virus and man, making populated areas sources of dengue dispersion. In this
study, we performed a molecular, spatial and temporal study of DENV
transmission through positive samples of blood and infected mosquitoes
captured in Sdo José do Rio Preto/SP in a period of four years. Material and
Methods: Serum samples of patients presenting dengue like symptoms and
pools of mosquitoes had their viral RNA extracted and were tested by Multiplex-
RT-PCR with Flavivirus generic primers based on non-structural protein (NS5)
in the first round, followed by Nested assays with species-specific primers for
the identification of DENV 1-3, yellow fever virus, Saint Louis encephalitis virus
(SLEV) among others. Positive samples were analyzed spatially and
phylogenetically. Results and Discussion: We analyzed 613 blood samples
for four years: 199 in 2006, 94 in 2007, 313 in 2008 and 10 in 2009. The
positivity was high in 2006 and 2007, with 106 and 51 infected patients,
respectively. The major dengue serotype circulating during the 2006 and 2007
epidemics was DENV-3 and few cases of DENV-2, which is an indication of its
recent introduction in the municipality. We also reported the first outbreak of
SLEV in Brazil in 2006. Among DENV patients in 2008, only seven were
infected by DENV-3 and 90 were infected by DENV-2, suggesting the

reemergence of this serotype. We detected the circulation of DENV-1 in two
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patients in 2008 and in four patients in 2009. Nearly 1200 mosquitoes were
captured from December 2007 to March 2008. We have captured 814 Aedes
aegypti mosquitoes, which were divided in 463 pools. Only 3.67% of them were
positive for DENV-3 and DENV-2. Pools containing only male mosquitoes were
positive for DENV, indicating the presence of transovarial transmission. We
obtained sequences from 82 patients among 174 blood samples. We were able
to geo-code 46 sequences. The alignment generated a 399-nucleotide long
dataset with 134 taxa. The phylogenetic analysis indicated that all samples
were of DENV-3 and related to strains circulating on the isle of Martinique in
2000-2001. Sixty DENV-3 from Séo José do Rio Preto formed a monophyletic
group (lineage 1), closely related to the remaining 22 isolates (lineage 2). We
assumed that these lineages appeared before 2006 in different occasions. The
possibility of inferring the spatio-temporal dynamics from genetic data has been
generally little explored, and it may shed light on DENV circulation. The use of
both geographic and temporally structured phylogenetic data provided a
detailed view on the spread of at least two dengue viral strains in a populated

urban area.

Key-words: 1. Dengue; 2. Flavivirus; 3. Aedes aegypti; 4. Spatial Analysis; 5.
Phylogenetic Analysis; 6. RT-PCR; 7. Molecular Epidemiology; 8. Transovarial

Transmission; 9. Saint Louis Encephalitis.
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1. INTRODUCAO

1.1. Descricéao geral

Os arbovirus sdo, com algumas excecdes, zoonoses que dependem de
espécies animais para sua manutencdo na natureza. O homem é geralmente
um hospedeiro acidental que nao contribui para o ciclo de transmisséo por n&o
infectar artropodes ou ndo desenvolver viremia para a maioria desses virus.
Em termos de saude publica, os arbovirus mais importantes sdo aqueles que

causam viremia em humanos, sendo geralmente transmitidos por mosquitos®.

As aves e o0s roedores configuram-se como 0S reservatorios mais
comuns dos arbovirus, ao passo que 0S mosquitos e carrapatos sao
considerados 0s mais importantes vetores destes virus. Os arbovirus séo
taxonomicamente diversos, pertencendo a oito familias virais e 14 géneros.
Merecem atencdo, em termos de saude publica, trés familias: Flaviviridae
(género Flavivirus); Togaviridae (género Alphavirus) e Bunyaviridae (género
Orthobunyavirus)'. Dengue (DENV), Febre Amarela (YFV), Encefalite de Saint
Louis (SLEV), Rocio (ROCV), Mayaro (MAYV) e Oropouche (OROQOV) sdao
responsaveis por mais de 95% dos casos humanos de infeccao por arbovirus e
podem produzir surtos epidémicos esporadicos ou endemias®®*°. As infeccbes
por arbovirus estdo comumente relacionadas a trés diferentes sindromes:

doenca febril aguda, febre hemorragica e encefalite®.

Dentre os arbovirus, entretanto, dengue é o Unico virus que se encontra

completamente adaptado aos seres humanos e disseminado em centros
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urbanos de regibes tropicais e subtropicais, num ciclo mosquito-homem-

mosquito, sem a necessidade de reservatério animal®.

Dengue pertence ao género Flavivirus, que é responsavel por uma
ampla gama de patégenos causadores de doencas severas em humanos e
animais’ e representa um grave problema de satde publica mundial. O género
Flavivirus contém 53 virus, subdivididos de acordo com sua filogenia e com seu

complexo antigénico ®°.

Como outros membros do género, DENV tem
aproximadamente 500 A de diametro, possui RNA de fita simples e polaridade
positiva e seu genoma possui aproximadamente 10700 nucleotideos,
protegidos por um nucleocapsideo e coberto com um envelope lipidico com
glicoproteinas virais. O RNA gendmico contém uma Unica open reading frame
(ORF) circundada por duas regides nao traduziveis (UTRs 3’ e 5’). A Unica
ORF codifica uma poliproteina precursora, que é clivada em trés proteinas
estruturais (C, prM e E) e sete proteinas ndo estruturais (NS1, NS2a, NS2b,
NS3, NS4a, NS4b, NS5)'°. De uma forma geral, entra nas células hospedeiras

através de endocitose mediada por receptores de classe distinta de proteinas

de fusdo'’.

Dengue é causada por quatro sorotipos distintos (DENV-1; DENV-2;
DENV-3 e DENV-4) e cada sorotipo possui genétipos filogeneticamente
distintos'?. A infeccdo por um sorotipo confere imunidade apenas ao tipo
infectante e imunidade parcial ou transiente aos demais®®. A infeccdo por
dengue pode ser assintomatica, pode causar febre indiferenciada, dengue
classica (DF) ou evoluir para quadros mais sérios como a febre hemorragica do

dengue (DHF) ou sindrome do choque do dengue (DSS)*. DF é doenca febril
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aguda e é caracterizada por dores de cabeca, rash cutaneo, dor retrorbital,
leucopenia, trombocitopenia e linfadenopatia. DHF € caracterizada por febre
alta, manifestacbes hemorragicas e sinais de falha na circulacdo sanguinea.
Pacientes apresentando tal quadro podem evoluir para choque hipovolémico,

caracteristico da DSS, e a morte!”.

Mais de 2,5 bilhdes de pessoas estdo em risco de contrair DENV*® e a
doenca encontra-se em franca expansio. E o virus transmitido por artropodes
com maior importancia em saude publica, pois se estima que cerca de 50
milhdes de pessoas sejam infectadas anualmente em mais de 50 paises®,
gerando gastos de milhdes de délares™* (WHO, 1997). O Brasil foi responséavel
por aproximadamente 81% dos casos de dengue notificados nas Américas do
Sul e Central e llhas Caribenhas e pouco mais de 60% dos casos mundiais. Até
a 352 semana epidemioldgica de 2008, 734.384 casos de DF foram notificados,
com 9.957 casos de DHF'®. No mesmo periodo, o estado de S&o Paulo foi
responsavel por 7.131 casos e a cidade de S&o José do Rio Preto apresentou
244 casos de dengue®®. Entretanto, a cidade é endémica para a doenca e
alterna periodos com incidéncias maiores e menores'’. No mesmo periodo de
2007, a cidade apresentava 9244 casos, sendo responsavel por mais de 10%

dos casos ocorridos no Estado de Sao Paulo.

No Brasil, a introdu¢do dos sorotipos DENV-1 e DENV-2 ocorreu em
1986 e 1990, Os primeiros casos de DENV-3 ocorreram no verdo de
2000/2001 na cidade do Rio de Janeiro®. S&o José do Rio Preto apresentou
apenas casos aldctones entre 1985 e 1989. Os primeiros casos autéctones

ocorreram em 1990%° quando houve a introducdo do virus DENV-1. Os
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sorotipos DENV-2 e DENV-3 foram introduzidos em 1998 (Instituto Adolfo Lutz
— dados n&o publicados) e 2005%, respectivamente.

As razdes para o declinio e a reemergéncia de epidemias de dengue
nao sao inteiramente conhecidas, mas estdo relacionadas com mudancas
ambientais e sociais e com a heterogeneidade da doenca no tempo e espaco,
o0 que reflete a complexidade dos fatores de risco relacionados a sua
transmissdo. O crescimento e as migracdes populacionais, infra-estrutura
urbana deficiente e 0 consumismo exacerbado, que gera condi¢cdes favoraveis
para a transmissao do dengue, estdo entre os fatores preponderantes para a
manutencéo da doenca em centros urbanos™®. Além disto, a biologia do vetor, o
intercambio de sorotipos, a imunidade da populacdo e caracteristicas
comportamentais e socioecondmicas possuem um papel importante na
manutencéo do dengue % %,

O mosquito Aedes aegypti € o principal vetor de dengue no Brasil. Trata-
se de uma espécie antropofilica, altamente adaptada a ambientes urbanos®*. O
namero de municipios brasileiros infestados por mosquitos do género Aedes
tem crescido nos ultimos anos e, atualmente, o vetor do dengue pode ser
encontrado em todos os estados do pais®. Sdo José do Rio Preto encontra-se
infestado pelo Aedes aegypti desde 1985 (Sucen: dados néao publicados)

O estudo da biologia, ecologia e controle do vetor tém um papel
fundamental na dindmica das incidéncias: polimorfismos podem gerar

26,27,28,29

diferentes suscetibilidades ao virus, a transmissdo transovariana,

apesar de ndo se conhecer seu papel na transmissdo humana de dengue®**?,

pode ser um fator preponderante no estabelecimento da endemicidade apos
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intensa atividade viral e aumento dos niveis de imunidade na populacdo. Os
métodos de amostragem e de abundancia do vetor séo tradicionalmente
baseados em pesquisa larvaria através do calculo dos indices de Breteau,
Predial e de Recipientes. No entanto, apesar de terem uma vantagem
operacional e facilitar a determinacdo da ecologia local do vetor e medir o
impacto das medidas de controle, ndo estimam a abundancia e o risco de
transmissdo do dengue®. O uso de armadilhas para a captura de mosquitos
adultos que possam dar uma estimativa rapida e realista dos parametros
bioldgicos do vetor, tais como sua densidade e sobrevivéncia e configuram-se
como um importante instrumento para o controle do dengue®:,

O monitoramento da circulacéo viral configura-se como uma importante
ferramenta na vigilancia epidemiolégica da doenca, uma vez que quando se
identificam as caracteristicas de diferentes sorotipos, pode determinar-se a
magnitude e a severidade de uma epidemia®*. Com a analise molecular pode-
se também detectar a circulagdo de outros virus em meio a epidemias®® e
desencadear medidas de prevencdo e controle diferenciadas para cada virus.
O estudo do comportamento da doenca também é de fundamental importancia
para o entendimento dos mecanismos envolvidos na transmissdo e para o
estabelecimento de medidas preventivas para evitar a dispersdo do virus e
evitar perdas econémicas®.

A densidade da populacdo € um fator fundamental para definir o padréao
de transmisséo pois, em cidades médias e grandes, a probabilidade de ocorrer

a transmissao de dengue € maior, devido a infestacao pelo vetor. Além disso, o
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controle da doenca em grandes centros € dificil devido a limitacdo de recursos,
a grande extensdo e a heterogeneidade do espaco urbano®.

Dentro desta perspectiva, o uso de ferramentas de analise espacial € um
importante instrumento na gestdo em saude. Associando-se dados espaciais, a
dados ecolégicos, virologicos, sorolégicos e epidemioldgicos €é possivel
analisar quais variaveis possuem um papel fundamental na transmissao de
doencas®3"38,

As técnicas de geoprocessamento representam um avanco significativo
para profissionais de saude, pois auxiliam nos estudos de incidéncia e
prevaléncia da doenca, por simular parametros ambientais®®. Tratam o
municipio como composto de varias realidades, merecendo abordagens
distintas*°. Num estudo realizado em S&o José do Rio Preto, a distribuicdo das
incidéncias de dengue dentro de um municipio ndo foi uniforme®’*+*?,
mostrando a clara importancia de se analisar os padrbes de distribuicao viral e
a transmisséo observando-se as diferentes areas do municipio.

Em relacdo as técnicas moleculares de detecc¢do e identificacao viral, os
métodos baseados em RT-PCR configuram-se como um avanco no diagnéstico
de arboviroses, dentre elas DENV, YFV, ROCV, SLEV, OROV, fornecendo
respostas rapidas e precisas, além de permitir o sequenciamento nucleotidico
dos produtos amplificados que visam a identificacdo viral e os estudos
filogenéticos e de genotipagem, permitindo um adequado monitoramento de

arboviroses®?443,
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1.2. Objetivos

Analisar molecular, temporal e espacialmente a transmissao de dengue
através de amostras positivas de sangue e mosquitos infectados capturados
em campo com armadilhas. Dentre o0s objetivos especificos, podemos
destacar:

1. Avaliar prospectivamente os genotipos virais de DEN em S&o José do
Rio Preto, assim como estudar a variabilidade genética destes no
decorrer do estudo;

2. Caracterizar o sorotipo circulante principal em mosquitos capturados
nos diversos setores censitarios que compdem o municipio;

3. Verificar a transmissdo transovariana de virus para espécimes criados
em laboratério, cujos ovos foram obtidos em campo;

4. Analisar espacialmente a transmissdo de dengue através dos dados

epidemioldgicos e moleculares.



2. ARTIGOS CIENTIFICOS:

ARTIGO |




Artigo cientifico |

LETTERS

the present study. PARV4 and PARVS
have been identified in blood samples
obtained from persons from the United
Kingdom. For parvovirus B19. there is
evidence of persistent virus infection.
at low levels. in bone marrow of previ-
ously exposed persons (7) and in plas-
ma of immunocompromised and
immunocompetent persons (8.9).
There is also evidence for the lifelong
persistence of parvovirus B19 (geno-
fypes 1 and 2) in tissues such as skin
and synovia (10). PARV4 and PARVS
virns genomes share only limited
homology with parvovirus B19 (<30%
amino acid similarity). Although they
have been detected in blood and plas-
ma. nothing is known about the role of
these viruses in human disease or their
ability to persist in infected persons.
healthy or otherwise. Further studies
will be required to determine the
prevalence of PARV4 and PARVS in
healthy persons compared with its
prevalence in those with chronic infec-
tions and at high risk. such as IVDUs,
and fo investigate the nature of persist-
ence of these novel viruses.

Jacqueline F. Fryer,”
Sebastian B. Lucas,t
David Padley,”
and Sally A. Baylis™

*National Institute for Biological Standards
and Control, Potters Bar, United Kingdom;
and tSaint Thomas' Hospital, London,
United Kingdom
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Saint Louis
Encephalitis Virus,
Brazil

To the Editor: Saint Louis
encephalitis virus (SLEV). a member
of the Flaviviridae family, is widely
dispersed in the Americas (1,2). In
Brazil. SLEV was first isolated in the
1960s from a pool of mosquitoes at the

Amazon Basin. Subsequently. the
virus was repeatedly isolated from ani-
mals and arthropods in the Amazon
region and Sao Paulo state (3).
Nonetheless, isolation of SLEV from
humans is rare; only 2 isolates from
humans were described before 2005.
Each isolate was from a patient who
had jaundice and febrile illness with-
out any neurologic symptoms (1,3).
Recently in Sdo Paulo. SLEV was iso-
lated from a patient who had an incor-
rect diagnosis of dengue fever (2,4).

Despite the rare isolation of
SLEV from humans, antibodies to this
virus have been found in =5% of stud-
ied populations in the north and
southeast regions of Brazil. However,
because of antibody cross-reactivity
among different flaviviruses and the
fact that this population is vaccinated
against yellow fever and exposed to
dengue virus (DENV), such results
should be interpreted carefully.
Nevertheless. in these areas, SLEV
may circulate and infect humans,
although most infections are undiag-
nosed (1,3,5).

In confrast to previous instances
in which the disease was detected in
only 1 patient, we describe the first
community outbreak of SLEV in
Brazil. The outbreak was detected in
Sao José do Rio Preto (population
400.000). in northwest Sdo Paulo
state. This outbreak was concurrent
with a large outbreak of DENV
serotype 3 (DENV-3), which occurred
during the first half of 2006. with
=15.000 possible cases reported fo
public health authorities. During this
time, we were involved in an epidemi-
ologic study to monitor the disease.
We tested =250 samples for DENV,
and 65% were positive. We tested for
SLEV only those patients who were in
our hospital or those who were
referred to us for SLEV testing after
an initial diagnosis of SLEV or
DENV. The protocol approved by our
ethical committee allowed us to test
only samples from these patients
(process no. 300/2004).
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We used a multiplex nested
reverse transcription—-PCR (RT-PCR)
assay to identify the most common
flaviviruses in Brazil (DENV-1.
DENV-2. DENV-3. yellow fever
virus) as well as DENV-4, Ilheus
virus, Iguape virus, Rocio virus. and
SLEV. Of 54 samples (49 serum and 5
cerebrospinal fluid [CSF]) that were
negative for DENV and yellow fever
virus, SLEV RNA was detected in 6
(4 serum and 2 CSF) (6). RT-PCR
results were negative for all other test-
ed flaviviruses. Sequences of the
amplified SLEV ¢DNAs from the 2
CSF samples were defermined by
using an  ABI377  automated
sequencer (Applied Biosystems,
Foster City. CA, USA). The resulting
sequences (GenBank accession nos.
DQ836336 and DQ836337) were
identical and showed 96% homology
to an Argentinean SLEWV isolate
(AY6-32544). All 6 SLEV-infected
patients had an initial diagnosis of
dengue fever or viral encephalitis; 3
had a diagnosis of viral meningoen-
cephalitis, and the other 3 had signs of
hemorrhagic disease (Table).

Dengue is widely disseminated in
Brazil and causes large outbreaks
almost every year. The high preva-

lence of antibodies in the Brazilian
population (1.3.6) suggests that SLEV
infections are being misdiagnosed; its
importance is underestimated. Brazil
has no SLEV surveillance programs.
and health professionals do not usual-
ly consider SLEV among their differ-
ential diagnoses. This SLEV outbreak
was detected in a large urban center
and was not specifically linked to
patients who dwell in pockets of trop-
ical forests, as previously reported
(1-4).

This outbreak may represent the
first time that hemorrhagic signs have
been linked to SLEV infections.
SLEV-associated hemorrhagic mani-
festations have not been reported in
the literature. However, of our 6
SLEV-infected patients, 3 had hemor-
rhagic signs. Substanfiating a causal
link between SLEV infection and
such clinical manifestations is diffi-
cult because DENV is endemic in the
studied region (7). Possibly. SLEV-
infected patients with hemorrhagic
signs may have been previously
infected by DENV. No reports have
linked hemorrhagic manifestations to
sequential DENV and SLEV infec-
tions: this possible link needs to be
carefully evaluated.

LETTERS

In Argentina, SLEV has been iso-
lated several times from animals (8).
In some regions. SLEV seropreva-
lence in humans is =13% (9). but the
number of documented human infec-
tions is small (10). These findings
indicate either that SLEV is more
prevalent than reported or that SLEV
is reemerging. The Brazilian cases
may parallel the situation in
Argentina.

Our results clearly indicate an
SLEV outbreak among this local pop-
ulation in Brazil. This outbreak differs
from isolated infections previously
described and indicates that this dis-
ease may be more prevalent in Brazil.
In fact, the number of samples tested
for SLEV during this DENV outbreak
was relatively small. Had more sam-
ples been investigated. more cases of
SLEV infection might have been
found. A more comprehensive epi-
demiologic study is required to fully
assess the magnitude of SLEV infec-
tion in Brazil.

This work was supported by grants
from Conselho Nacional de Desen-
volvimento Cientifico e Tecnolégico
(0401396/2004-5) to M.L.N. and Fundaciio

Table. Clinical data, 6 patients with Saint Louis encephalitis, Brazil, 2006*

Patient no.  Sample tested by Date of hospital Initial diagnosis Signs, symptoms,
(age) RT-PCR admission at admission selected laboratory results
127 y) Serum Feb 25 Dengue fever Clinical: fever, abdominal pain, diarrhea
Serum: AST 58 IU/mL, ALT 69 1U/mL
2 (7 mo) Serum Mar 06 Dengue hemorrhagic fever, Clinical: fever, abdominal pain, melena,
viral encephalitis petechiae, positive tourniquet test
Serum: platelets 311,000 Imm3< hematocrit 29%
CSF: 13 cellsimm®, lymphocytes 86%,
monocytes 14%
3(37y) Serum Apr 22 Dengue hemorrhagic fever Clinical: fever, headache, chills, myalgia,
maculopapular rash, positive tourniguet test
Serum: hematocrit 43%, platelets 280,000/mm’
History: previous DENV infection (2002)
4(34vy) Serum Apr 23 Dengue hemorrhagic fever Clinical: fever, headache, chills, myalgia,
maculopapular rash, positive tourniquet test
Serum: platelets 141,000/mm®, hematocrit 38%,
AST 81 IU/mL, ALT 56 IU/mL
5(5y) CSF Jun 05 Viral meningoencephalitis Clinical: fever
CSF: 286 cells/mm®, lymphocytes 60%,
polymorphonuclear cells 37%, eosinophils 3%
6{11y) CSsF Jun 07 Viral meningoencephalitis Clinical: fever, facial palsy

CSF: 12 cellsimm®, lymphocytes 100%

*RT-PCR, reverse transcription—PCR; AST, aspartate aminotransferase; ALT, alanine aminotransferase; CSF, cerebrospinal fluid; DENV, dengue virus.
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Cryptococcus gattii
Risk for Tourists
Visiting Vancouver
Island, Canada

To the Editor: An unprecedented
outbreak of Crypfococcus gatfii geno-
type amplified fragment length poly-
morphism (AFLP) 6&/VGII on
Vancouver Island, British Columbia,
Canada. is affecting both human and
animal hosts with normal immunity
(1-3). So far. =100 human cases.
including at least 6 fatalities. have
been reported by the British Columbia
Centre for Disease Control (4).
(www.beede.org, www.cbe.ca). Van-
couver Island is a major tourist desti-
nation, with =7.5 million visits each
year (www.becstats.gov.be.ca). We
report the first known intercontinental
transmission of C. gattii from this out-
break in a tourist from Denmark who
visited Vancouver Island. This case
indicates a potential risk for tourism-
related acquisition.

A 5l-year-old, HIV-negative,
apparently immunocompetent man
from Denmark, with known psoriatic
gout and under treatment with a nons-
teroidial antiinflammatory drug, was
admitted to a hospital in Herning,
Denmark, with chest pain radiating to
the left shoulder and arm, lasting for 1
day. Six weeks before his admission.
he returned to Denmark from a 3-
week frip to Canada, during which he
visited Victoria and surrounding areas
on the eastern coast of Vancouver
Island for 7 days. During their stay.
the patient and his 3 fellow travelers
visited gardens and studied the local
natural vegetation.

During his stay in Canada. the
patient had no symptoms, and symp-
toms had not developed in any of his
family members as of October 2006.
On admission to the hospital, his tem-
perature was 38.2°C, and a chest radi-
ograph showed 3 large nodular infil-
trates suspect for malignancy or
abscesses. Neither bacterial nor
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Case report
Simultaneous infection by DENV-3 and SLEV in Brazil
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1. Introduction

The genus Flavivirus includes more than 70 arthropod-
borne viruses that can cause severe encephalitis, hemorrhagic
fever and febrile illness in humans (Monath and Heinz, 1996).
Mosquito-borne flaviviruses represent a serious public health
issue in Brazil, with Dengue viruses (DENV 1-4), Saint
Louis Encephalitis virus (SLEV), Bussuquara virus, Cacipa-
core virus, [guape virus, Ilheus virus, Rocio virus and Yellow
Fever virus (YFV) being isolated from mosquitoes, animals
or humans (Figueiredo, 2000).

The four dengue serotypes, responsible for millions of
cases of dengue fever in tropical and subtropical regions
around the world every year, are the most important
arboviruses infecting man. DENV was re-introduced into
Brazil at the beginning of the 1980s. Since then important
DENV-1, DENV-2 and DENV-3 outbreaks have occurred.
DENV is transmitted by Aedes aegypti, which is an anthro-
pophilic mosquito found in most regions of Brazil (Baleotti
etal., 2003).

SLEV is a Flavivirus that is a member of the Japanese
Encephalitis Antigenic Group. It is found in the Americas

* Corresponding author at: Laboratdrio de Pesquisas em Virologia, Depar-
tamento de Doencas, Infecciosas ¢ Parasitdrias, Faculdade de Medicina de
Sido José do Rio Preto, FAMERP. Av. Brigadeiro Faria Lima 5416, Sio José
do Rio Preto 15090-000, SP, Brazil. Tel.: +55 17 32015731.

E-mail address: mnogueira@ famerp.br (M.L. Nogueira).

1386-6532/% — see front matter © 2007 Elsevier B.V. All rights reserved.
doi:10.1016/.jev.2007.06.007

as a zoonosis mainly affecting birds, but occasionally caus-
ing acute fever and encephalitis in man (Monath and Heinz,
1996).

There are few reports on SLEV infection in Brazil.
Recently, the first isolation of SLEV from a human case
that was thought to be dengue occurred in the city of Sdo
Pedro, in Sao Paulo State (Rocco et al., 2005). Previous to this
case only two SLEV human infections had been reported in
Brazil, both in the Amazon basin (Figueiredo, 2000: Vascon-
celos et al., 1998). However, an outbreak of SLEV occurred
concomitantly with a large DENV-3 outbreak in Sao José do
Rio Preto, State of Séo Paulo. During this outbreak, some
SLEV patients showed hemorrhagic manifestations identi-
fied by a positive tourniquet test, petechiae and bleeding
(Mondini et al., 2007).

After identifying the SLEV outbreak, we conducted a
retrospective analysis of approximately two hundred acute
phase clinical samples from patients suspected of dengue
fever or dengue hemorrhagic fever. We report a rare case
of DENV3-SLEV co-infection that occurred during this out-
break.

2. Case report

A 47-year-old female patient sought medical care 6
days after the onset of fever, muscle pain and exanthema.
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The tourniquet test was positive at her physical exami-
nation and she also had a hematocrit level of 35% and
123.000 platelets!mmj. She received symptomatic medica-
tion and guidance on the risk of dengue hemorrhagic fever.
Since the patient did not develop any severe clinical manifes-
tations, she was discharged with a diagnosis of dengue fever
with minor hemorrhagic manifestations; recovery occurred
without sequellae.

Her serum was examined using multiplex-nested-PCR
(M-N-PCR) and nested-PCR (N-PCR) to detect DENV 1-
3. Yellow Fever virus, and SLEV (Bronzoni et al., 2005).
The RNA was extracted from serum using the QiAam-
pViral RNA Mini Kit (QIAGEN, Germany). The first
RT-PCR was performed using Flavivirus generic primers
based on non-structural protein (NS5). In the second PCR,
nested assays based on multiplex or conventional systems
were used with species-specific primers for virus identi-
fication. Finally, the amplicons were loaded onto a 1%
agarose gel and visualized under ultra violet illumination.
Precautions to avoid contamination were followed, posi-
tive and negative controls were used in all reactions, and
the procedure was reproduced several times (Borst et al.,
2004).

Fig. 1 shows the amplifications obtained for DENV-3
(628 bp) and for SLEV (232 bp). Both fragments were puri-
fied from PCR mixtures and sequenced using the BigDye
v3.1 Terminator (Applied Biosystens, Foster City, CA, USA)
and an ABI377 automatic sequencer (Applied Biosystens,
Foster City, CA, USA). The nucleotide sequences obtained
were analyzed using the DS Gene 2.0 Software (Accelrys,
USA) and were confirmed as DENV-3 and SLEV. These
sequences were deposited in the GenBank (Accession num-
bers: EF219165 and EF219166, respectively). The sequence
of the isolated SLEV was identical with that of the SLEV
strain identified during a concurrent outbreak (Accession
numbers DQ836337 and DQ8363376).

Fig. 1. Amplifications obtained for DENV-3 (628bp) and for SLEV
(232bp). On the left is the amplification using multiplex-nested-PCR
showing a DENV3 amplicon and on the right the amplification using nested-
RT-PCR specific for SLEV. M: marker (100bp DNA Ladder): S: sample: +:
positive control: and —: negative control.

3. Discussion

This is the first case of DENV3-SLEV co-infection, to
our knowledge, ever reported. In this case, the patient pre-
sented with the clinical symptoms of dengue fever, with minor
hemorrhagic manifestations (positive tourniquet test). These
symptoms were also present in several hundred patients with
suspicion of, or confirmed, DENV-3 infection (unpublished
data) or patients diagnosed with SLEV infection in the last
Dengue outbreak in Sdo José do Rio Preto (Mondini et al.,
2007). The positive tourniquet test is a marker of hemorrhagic
fever that can be observed in dengue patients, especially those
with secondary infections. Itis remarkable that the patient did
not develop any severe clinical manifestations despite having
double infection. However, it is difficult to explain the pos-
itive tourniquet test observed in patients infected by SLEV
alone (without dengue virus infection).

Other simultaneous Flavivirus infections, especially those
caused by different dengue virus types, such as DENV-1 and
2 (Rocco et al., 1998), DENV-2 and 3 (Kanesa-thasan et al.,
1994), DENV-1 and 3 (Laille et al., 1991), and DENV-1 and
4 (Gubler et al., 1985) have been described. Even a simulta-
neous infection of two unrelated arboviruses, Chikungunya
and DENV-2, has been reported (Myers and Carey, 1967).

The methodology of nested-PCR used in this study
(Bronzoni et al., 2005) is a suitable tool for detecting Fla-
vivirus co-infections. It includes genus-specific detection of
Flavivirus by RT-PCR followed by M-N-PCR or N-PCR
assays for species-specific identification of the most common
Brazilian Flavivirus (DENV 1-4, YFV, SLEV, Rocio and
Iheus virus). This technique can be applied as a rapid diag-
nostic tool in clinical samples when a Flavivirus infection is
suspected and a differential diagnosis is required.

Some reports sustain that Aedes and Culex mosquitoes
may be simultaneously infected by more than one arbovirus
and these viruses were able to replicate in the vector and be
transmitted to man (Chamberlain and Sudia, 1957; Wenming
et al., 2005).

DENYV is transmitted mainly by A. aegypti in Brazil, but
there is little information about SLEV transmission in Brazil.
Culex mosquitoes are frequently infected by SLEV and play
an important role in the maintenance cycle of the virus.
Other mosquitoes from different genera possibly play a sec-
ondary role in the dissemination and maintenance of SLEV in
Brazil (Vasconcelos et al., 1998). The virus was isolated from
Anopheles triannulatus and Cx. sp. mosquitoes that were col-
lected in the Northwestern region of the state of Sio Paulo
(Roccoetal., 2005). SLEV was isolated from Cx. quinguefas-
ciatus in Argentina and this mosquito may play an important
role as a vector in the urban transmission cycle of the virus
(Diaz et al., 2003, 2006). The vector associated to SLEV
transmission in Sio José do Rio Preto is unknown. We sup-
pose that our patient may have been exposed to both vectors.
Population peaks of both Ae. aegypti and Cx. sp. at the same
time of year could give rise to simultaneous epidemics for
both DENV and SLEV (Diaz et al., 2003). Further studies are
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needed to elucidate the transmission mechanisms in regions
where SLEV is identified.

The emergence of SLEV infections in Brazil should also
raise concerns about blood transfusion. Similar to West Nile
virus, SLEV can cause infections with no detectable clinical
symptoms or only minor manifestations, and this can lead to
transfusion-associated transmission, as has been reported in
North America. Canada and the United States have adopted
safety policies regarding the possible transmission of WNV
by blood derivatives (Vamvakas et al., 2006). The relevance
of these measures to SLEV in Brazil should be evaluated.
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Abstract

The dengue virus has a single-stranded positive-sense RNA genome of ~10.700 nucleotides with a single open reading
frame that encodes three structural (C, prM, and E) and seven nonstructural (NS1, NS2A, NS2B, NS3, NS4A, NS4B, and NS5)
proteins. It possesses four antigenically distinct serotypes (DENV 1-4). Many phylogenetic studies address particularities of
the different serotypes using convenience samples that are not conducive to a spatio-temporal analysis in a single urban
setting. We describe the pattern of spread of distinct lineages of DENV-3 circulating in Sao José do Rio Preto, Brazil, during
2006. Blood samples from patients presenting dengue-like symptoms were collected for DENV testing. We performed M-N-
PCR using primers based on NS5 for virus detection and identification. The fragments were purified from PCR mixtures and
sequenced. The positive dengue cases were geo-coded. To type the sequenced samples, 52 reference sequences were
aligned. The dataset generated was used for iterative phylogenetic reconstruction with the maximum likelihood criterion.
The best demographic model, the rate of growth, rate of evolutionary change, and Time to Most Recent Common Ancestor
(TMRCA) were estimated. The basic reproductive rate during the epidemics was estimated. We obtained sequences from 82
patients among 174 blood samples. We were able to geo-code 46 sequences. The alignment generated a 399-nucleotide-
long dataset with 134 taxa. The phylogenetic analysis indicated that all samples were of DENV-3 and related to strains
dirculating on the isle of Martinique in 2000-2001. Sixty DENV-3 from Sao José do Rio Preto formed a monophyletic group
(lineage 1), closely related to the remaining 22 isolates (lineage 2). We assumed that these lineages appeared before 2006 in
different occasions. By transforming the inferred exponential growth rates into the basic reproductive rate, we obtained
values for lineage 1 of Ry=1.53 and values for lineage 2 of Ry=1.13. Under the exponential model, TMRCA of lineage 1
dated 1 year and lineage 2 dated 3.4 years before the last sampling. The possibility of inferring the spatio-temporal
dynamics from genetic data has been generally little explored, and it may shed light on DENV circulation. The use of both
geographic and temporally structured phylogenetic data provided a detailed view on the spread of at least two dengue
viral strains in a populated urban area.
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encodes a precursor polyprotein, which is co- and post-
translationally cleaved into three structural (C, prM and E) and
seven nonstructural (NS1, NS2ZA, NSZB, NS3, NS4A, N54B, NS5
proteins [4]. The disease is caused by four antigenically distinct

Introduction

The genus Flavivirus includes 53 arthropod borne viruses that
can cause severe encephalitis, hemorrhagic fever and febrile illness

in humans [1]. Dengue viruses (DENV), Saint Louis Encephalitis
virus (SLEV), and Yellow Fever virus (YFV) belong to this genus
and are important public health issues in most tropical and
subtropical countries [2]. Dengue is the most common arboviral
infection all over the world [3]. Like other flaviviruses, dengue
virus has a singlestranded positive-sense RNA - genome  of
~10,700 nucleotides that is surrounded by a nucleocapsid and
covered by a lipid envelope with viral glycoproteins. The RNA
genome contains a single open reading frame (ORF) flanked by
two untranslated regions (UTRs 3" and 5'). The single ORF

*E). www.plosntds.org

virus serotypes (DENV 1-4) and each serotype harbors phyloge-
netically defined genotypes [5] that have been experiencing
massive bursts of genetic diversity as a consequence of the
exponentially increasing human population during the last 200
years [5,6.7].

Dengue infection may be asymptomatic and lead to undifferen-
tiated fever, dengue fever (DF) or evolve to more serious conditions
(dengue hemarrhagic fever (DHF) or dengue shock syndrome (DSS))
[3,8]. DF is an acute febrile viral disease that is characterized by
headaches, biphasic fever, skin rash, retro orbital pain, leukopenia,
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Author Summary

Most of the molecular phylogeny studies of dengue fever,
an important public health problem, use convenience
samples for their analysis, and they do not evaluate the
spatial and temporal features involved in the spread of the
different serotypes (and genotypes) circulating in urban
settings during an outbreak. Our study describes the
patterns of spread of different lineages of dengue 3 virus
circulating in a medium-sized city from Brazil, and we also
analyzed the dynamics and microevolution of the disease
during the 2006 outbreak. We used both geographic and
temporally structured phylogenetic data, which provided a
relatively detailed view on the spread of at least two
dengue viral lineages circulating in an urban area. The
pattern of dengue virus circulation might be similar to
many other settings all over the world, and the informa-
tion provided by our study can help a better understand-
ing of dengue outbreaks, providing important information
for public-health systems. We could identify at least two
lineages, which were introduced in different occasions.
They circulated and spread at different rates within the
city, and this differential spread and the role of socioeco-
nomic features in this phenomenon are discussed.

thrombocytopenia and lymphadenopathy [3]. DHF is characterized
by high fever, hemorrhagic manifestations and signs of circulatory
failure. Patients presenting such symptoms may develop hypovolemic
shock, leading to DSS, which can be fatal [8]. Outside Africa, the
disease is transmitted mainly by the Adedes aggypti mosquito, which is
widely distributed and established in all tropical countries and
subtropical countries. Nearly three billion people are at risk of
infection by DENV [9]. Brazil was responsible for approximately
94.5% of the reported dengue cases in Central and South America
and 60% all over the world in 2007. Moreover, untl the 39
epidemiological week, which started in September 23" 2007 and
finished in 29 2007, 481.316 cases of DT (out of a population of
approximately 186 milion people, www.ibge.gov.br/english/) were
reported along with 1076 DHF manifestations [10]. At the same
period, Sao Paulo State with 21% of the Brazilian population was
responsible for 17% of the cases (82.684). The impact of the disease is
very heterogencous in the State: the city of Sao José¢ do Rio Preto
included in our study - reported 12% (9.331) of the occurrences in the
State having only 1% of its population [11]. Even before the 2006
outbreak, dengue was endemic in Sio José do Rio Preto [12]. Many
molecular phylogeny studies addressed particularities of the dynamics
of the different dengue serotypes [6,7,13,14,15,16,17,18,19,20,21,
22,23,24,25]. However, there is still a need to study particular
outbreaks in single urban settings at a fine-grained spatio-temporal
scale. In the present work we describe the pattern of spread of distinct
lineages of DENV-3 virus circulating in 8o José do Rio Preto, Sao
Paulo, Brazil during the 2006 outbreak and analyze the dynamics and
microevolution during the outbreak.

Materials and Methods

Study site

The city of Sdo José do Rio Preto (SJRP) is on the northwestern
region of Sio Paulo State, Brazil (20°49'11" S e 49°22'46" W),
with a total area of 434,10 Km? and an urban area of 96,81 Km®.
The estmated population in 2007 was 424,114, SJRP has a
tropical climate with a mean annual temperature of 25°C and
mean rainfall of 1410 mm concentrated in the summer months.
The cty has development indexes comparable to those of
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developed countries and its economy encompasses industry,
services, commerce and agro-business, The urban area of the
municipality is divided in 432 census tracts. The census tracts
comprise 300 homes in areas defined by the Instituto Brasileiro de
Geografia e Estatistica — IBGE (Brazilian Institute of Geography and
Statistics) to optimize the collection of data sets during census.
Although SJRP was infested by the Aedes aegypti in 1985, only
imported dengue cases where reported untl 1989, Human to
human DENV-1 transmission was first observed in 1990. From
that date, dengue cases have been reported every year, with the
exception of 1992 [12] and DENV-2 and DENV-3 were
introduced in 1998 and 2006.

Geo-coding

Geo-coding of autochthonous dengue cases was done using
ArcGIS 9.0 (Environmental Systems Research Institute, Inc.). The
geographic position of each patient was assumed to be the latitude
and longitude of their postal code (zip code) obtained from
sampled patient address records provided by the municipality of
Sdo José do Rio Preto.

Sample collection

Blood samples [rom patients presenting acute febrile illness, with
or without hemorrhagic manifestations, infection with sudden
start, nausea, vomit, diarrhea, symptoms of DI and DHF were
collected for Flaviwirus testing in the municipal health units and
hospitals, upon informed consent. This study was approved by the
Ethical Review Board of the Faculdade de Medicina de Sao José
do Rio Preto and blood collection was performed upon Written
Informed Consent.

cDNA synthesis and sequencing

The blood samples were centrifuged and the viral RNA was
extracted from the serum with the QIAmp viral RNA mini kit
(Qiagen) according to the manufacturer’s instructions. The first
RT-PCR was performed using Flavivirus generic primers based on
the non-structural protein 5 (NS5}, which is a conserved region in
dengue viruses and would detect most of the circulating dengue
virus in Brazil in a single PCR reaction. In the second PCR, nested
assays based on multiplex or conventional systems were used with
species-specific primers for virus identification [26]. The forward
FG1 (5'TCAAGGAACTCCACACATGAGATGTACTS') and
reverse FG2 (5'GTGTCCCATCCTGCTGTGTCATCAGCA-
TACA3'") primer set anneals to the NS5 gene, producing
amplicons of approximately 958 bp [27]. A specilic inner primer
for DENV-3 (5'TTCCTCGTCCTCAACAGCAGCTCTCG-
CACT3') produced amplicons with 659 bp [26]. The fragments
were purified from PCR mixtures and sequenced with the BigDye
v3.1 Terminator (Applied Biosystens, Foster City, CA, USA) using
the forward FG1 primer and the reverse DENV-3 primer in an
ABI377 automated sequencer (Applied Biosystenss, Foster City,
CA, USA). The products were aligned with Accelrys Gene 2.0
(Accelrys Software Inc. 2006).

Phylogenetic reconstruction

In order to type the sequenced samples, 52 reference sequences
including representatives of the 4 serotypes were hand-aligned in
Se-Al version 2.0all program (data available from authors upon
request) The dataset generated was used for phylogenetic
reconstruction with the maximum likelihood criterion using a
genetic algorithm method implemented in the program GARLI
version 0.95 [28] that estimates simultaneously the best topology,
branch lengths and the best values for the parameters for the
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General Time Reversible (GTR) model of nucleotide evolution
with  Gamma-distributed variable rates and invariant = sites
(GTR4I'+I). One hundred independent random runs were
conducted with GARLI and the tree with highest likelihood was
subsequently used as input for further topological optimization
with PAUP v.4.0b10 [29], since both GARLI and PAUP calculate
the same likelihood score for a tree under the same model.
Support for the topology was sought after 100 bootstrap replicates
with GARLL

Phylodynamics of dengue 3

The best demographic model among: (#) constant population
size, (i) exponential population growth and, (i) logistic population
growth for the data, the rate of growth (r=Neg) (ie., the effective
number of transmission events times the generation time of the
pathogen), rate of evolutionary change (1) (subs/site/year) and, the
Time to Most Recent Common Ancestor (TMRCA) were
estimated from the Coalescent using Bayesian inference with a
Markov Chain Monte Carlo (MCMC) search method available in
BEAST v1.6 [30]. Sequences were dated according to the day of
sampling and the MCMC were run until the effective sampling
size (ESS) for each parameter converged at values above 100. The
confidence intervals for each parameter were given by the 95%
highest probability density (HPD). The data was analyzed using a
relaxed molecular clock (uncorrelated lognormal) under the
constant, exponential and logistic demographic models. Because
the priors were not necessarily the same, demographic models
were compared by calculating the Log 10 of the Bayes factor using
the harmonic mean without smoothing of the sum of the
likelihoods for the coalescent and tree obtained during each
MCMC for each model with TRACER v1.6 program [30].

Analysis of spatio-temporal dispersion patterns

First, to examine whether the samples were overly spatially or
temporally structured we generated matrices of distances between
the samples and compared those matrices, The matrices of
distances show how each sample is relatively close to all others,
considering separately their date ol collection, their place of
collection and their genetics. Corrected genetic distances were
obtained with PAUP using the values for the GTR+I+I model
found for the maximum likelihood tree inferred with GARLL
Geographic distances were measured along straight lines (using
geographic information system) between samples and temporal
distances were the interval between sample collections. The null
hypothesis of no association between the genetic and geographic
and temporal distances was assessed using partial Mantel tests
[31]. Statstical distributions were generated by a Monte Carlo
method randomising rows (and corresponding columns) in the
matrix of phylogenetic distances 1,000 times, and calculating for
each one of these permutations the partial correlation coeflicient
between the two matrices, controlling for the third (geographic)
matrix. The one-tailed probability of a type I error (i.e., rejection of
a true null hypothesis) was taken as the proportion of correlation
coeflicients sorted in ascending order that were higher than or
equal to the obtained correlation coeflicient. We accepted
probabilities below o0 =0.05 as statistically significant. Second, to
obtain the putative spatio-temporal pattern of spread of dengue in
SJRP we applied a simple algorithm that checks all samples (but
the first) in a temporal sequence, and would attribute the linkage of
ancestry to the (temporally) previous sample with higher genetic
proximity (hence, let’s call it “nepotistic algorithm™). No obvious
important geographic barriers for the circulation of the vector or
host were identified within the area studied; hence we did not add
any [riction/cost to the movement of viruses into the algorithm.
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We did apply instead a limit of 0.00739 substitutions/site/year
that we considered as the genetic distance that could have been

. .o . 4
generated by a virus replicating during 100 days at a rate of 10
substitutions/site/year. Therefore, il one sample was not closer in
distance than this value to any of its chronologically previous
samples, it was assumed that this sample resulted from another
virus introduction in the locality.

Calculation of the Basic Reproduction Number (R,) for
the 2006 SJRP dengue epidemics

Because each viral sequence was obtained from a distinct
patient, nodes in the virus gene genealogy can be assumed as
transmission events in the human population. Therefore the basic
reproductive rate of a pathogen (Ry) during an epidemics can be
estimated as Ry = 1+D(In2/1d) [32], where D is the mean time of
infectiousness (e, 7 days for virus shedding in humans) [33] and «d
is the doubling time of the epidemics and, since the growth rate (7)
obtained from the viral phylodynamics equals In2//d [30], we
estimated Ry as 1+Dr. However, the monotonic-increasing
population models (exponential en logistic) available in BEAST
do not account properly for fluctuating dynamics, such as that
observed during the studied outbreak, possibly affecting the
growth rate estimates using these models. This was further
substantiated by the fluctuating nature of the Bayesian skyline
(BSL) plot for dengue that showed rapid increase at the onset of
the epidemic phase, followed in time by a reduction of cases at the
end of the outbreak. Therefore, we also used for comparison an
alternative way of estimating Ry, based on the growth phase of the
epidemics alone, by deriving the force of infection at the increasing
phase of the BSL as follows. The normalized median of the
Bayesian estimates from the sequences analyzed, y(1), was fitted to
a continuous logistic curve according to the following model:

1
" I4exp(3—8.5x10-672)

») (1

From equation (1) it is possible to estimate the force of infection
for the data [34,35]:

dy(1) 1

HO="ar (=)

2
where,

dy(r) (17107 *)exp(3—8.5x 10-F)¢ )
dt (1+exp(3—8.5 x 10-5.2))

The Basic Reproduction Number, Ry, was estimated from the
average force of infection, calculated from equation (2) by its
equality to the number of new cases per time unit per susceptibles,
according to a previous study [33]:

P+ Au+y
s (u+y)
My

Ry=1 (4)
where, u is the mosquito mortality rate and y is the recovery rate of
viraemia in humans, The mosquitoes mortality rate is the rate by
which moquitoes die, on average, in each unit of time and is the
inverse of the average life expectancy of each specific mosquito
populaton. It varies from place to place and in the same place it also
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varies with environmental conditons, like temperature, rain pattern
and othe climatic variables. We used the mosquito mortality rate of o
2.23x10-2/day previously estimated for §JRP [33].

Results

Dengue characterization and sequencing

We obtained 399 bp-long sequences of a portion of the NS5
gene from viral genomic RNA amplified directly from the blood of
82 patents from 198 samples collected in the city of Sao José do
Rio Preto for a period of 174 days, from January 12 to June 5% of
2006, which covered the zenith of the outbreak (i.e., above 1000
cases per 100,000 inhabitants) in April 2006 (GenBank accession
numbers from EU715692 to EU715773). We were able to geo-
locate 46 patients based on the addresses of their residences, from
the cohort of 82 patients. The reason for not geo-coding the other
36 patients was the lack of their complete home address.

Dengue typing and origin

By aligning the 82 sequences with the 52 references we
generated a 399-nucleotide-long dataset (without gaps) with 134
taxa. Preliminary phylogenetic analyzes, including the 4 serotypes
indicated that all samples were of serotype 3 (data not shown).
Furthermore, all of our samples nested within DENV-3 and were
closely related to strains circulating in the isle of Martinique in the
Caribbean in 2000 and 2001 and, to the DENV-3 strain
Den3_BR74886 circulating in Brazil in 2002 (Figure 1). Moreover,
Figure 1 indicated that, given the reference samples included in
our analyses, the South American lineages were more related to
lineages circulating in South East Asia. Another important finding
was that 60 DENV-3 [rom SJRP formed a monophyletic group
(lineage 1, shown in blue) with 90% posterior probability, which
were closely related to the remaining 22 isolates that did not form
a clear monophyletic cluster (lineage 2 and 3, shown in orange)
that had a more basal positon in the tree and that intermingled
with the other South American references available from
Martinique and Brazil,

DENV-3 dynamics in SJRP

Our demographic analysis using a Bayesian skyline prior with
BEAST generated a maximum clade credibility (MCC) tree with
dated tips and internal nodes that indicated that both lineages split
1 to 3 years before the last sample was collected in SJRP (Figure 1).
Moreover, since there was no sustained DENV- 3 epidemic
transmission during this entire period in SJRP, we assumed that
these lineages appeared before the 2006 season and that distinct
lineages were possibly introduced into the city on different
occasions. As a consequence, the major lineages were treated as
distinet viral populations during subsequent demographic analyses.
Since, most lineages shown in orange in Figure 1 had a common
ancestor with 77% posterior probability , they were grouped into a
single group (lineage 2) for the sake of demographic analyses. For
both groups of samples there was significant population growth
initiating 6 months before the last sampling, which matches quite
well with reports increasing above 10 cases per 100,000 in
December 2005 (Figure 2). Moreover, for both DENV-3 lineages,
the constant population size model was rejected (for lineage 1, Log
10 Bayes factor=>250; lincage 2, Log 10 Bayes factor>146).
Although the signature of BSL in Figure 2 is clearly logistic untl
around the zenith of the outbreak, the logistic model did not out-
perform the exponential growth model for both lineage 1 (Log 10
Bayes factor =23.9) and lineage 2 (Log 10 Bayes factor = —4.436),
in the latter case even if the logistic model had a higher Bayes
factor (146.251) when compared to the exponential (150.686),

g .
@ www.plosntds.org

Microevolution of DENV3 during an Outbreak

there was no significant improvement by including additional
logistic parameters to describe the data. Critcally, as indicated by
the HPD, the growth rate (r) for both lineages were significantly
above zero [or both, lineage 1, r=0.0752 (with 95% HPD from
6.96E-5 to 0.258) with an ESS of 107.75 for 150,400,000 states,
and lineage 2, r=0.0182 (with 95% HPD from 1.627E-4 to
0.0391) with an ESS of 1239.444 for 325,600,000 states. By
transforming the inferred exponential growth rates into the basic
reproductive rate, we obtained values for lineage 1 of Ry =1.53
(with 95% HPD ranging from above 1 to 2.8) and values for
lincage 2 of Ry=1.13 (with 95% HPD ranging from above 1 to
1.3). Although we rejected the logistic model, the basic
reproductive rate obtained from the logistic growth rate values
(data not shown) for lineage 1 was Ry=13.765 (with 95% HPD
ranging from above 1 to 9.554) and for lineage 2 was Ry = 3.093
(with 95% HPD ranging from above 1 to 8.896). These data
meant that the rate of growth was almost 50% higher for lineage 1
at exponential growth but only 17% higher under the logistic
model. Under the exponential model the most recent common
ancestor MRCA of lineage 1 dated 2 years before the last sampling
(with 95% HPD ranging from 6 months to 3 years) and lineage 2
also dated 2 vears before the last sampling (with 95% HPD
ranging [rom 6 months to 5 years). In sum both lineages appear to
have similar growth patterns with a trend of increased rate of
growth (and higher Rg) for lineage 1 strains, One serious limitation
of the former approach was that the monotonic-increasing models
used in BEAST (logistic and exponential) may have not captured
the true fluctuating dynamics of the epidemics, since both fail to
detect the decrease in numbers of new infections after the Zenith
of the outbreak. Therefore we also used other methods
[33,34,35,36]. The logistic fitting of the Bayesian skyline plot
inferred by MCMC from viral genealogies for y(t) is shown in
Figure 3A. The Basic Reproduction Number, R, was estimated
from the average force of infection (Figure 3B), calculated from
equation (2) and equal to 0.17 new cases per time unit per
susceptibles, according to the method previously proposed in a
study [33]. From equation (4) the basic reproduction number (Ry)
obtained was 2.45. The data suggested that there was a good
match among values obtained directly from the growth rate
estimated with BEAST, the one found using the force of infection
and, the epidemiological estimates of 3.36 previously estimated
[37] from the cases’ doubling time.

Spatio-temporal distribution of DENV-3 lineages in SJRP

By visually inspecting the temporally sorted distance matrices
shown in Figure 4, we noticed some genetically similar *blocks’
(bright patches in the second matrix) following the temporal
gradient (first matrix), but intercalated with “dark™ lines represent-
ing lower genetic proximity. This intercalation of genetically distant
samples seems to be responsible for preventing an overall statistical
association and was due to the distinct lineages co-circulating in
SJRP during the outbreak. There was also no spatial association
between samples (third matrix) in any noticeable way when
compared with the other matrices. These visual observations were
confirmed by the statistical analyses, Spearman correlation between
the other ones was very low (r=0.06 with geographic, and r=0.01
with temporal) and non-significant (<<0.05 as obtained by Mantel
method with 1,000 interactions, [31]).

The analyses with the “nepotistic algorithm” suggested the
existence of at least three possibly independent introductions of
strains from lineages 1 and 2 into SJRP. The three lineages
correspond well to the tree shown in Figure 1. The proposed
spatial-temporal associations were represented in three dimensions
in Figure 5, which explained the lack of overall statistical
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Figure 1. Maximum clade credibility (MICC) tree for 131 Dengue 3 isolates. MCC tree for 131 Dengue 3 isolates from several places in World,
indicating that the origin of the 60 lineage 1 samples (with 90% posterior probability support) from viruses from the lineage 2 (with 77% posterior
probability support). The close-related BR47886 sampled in 2002 in Brazil and the H IMTSSA sampled in 2000 in Martinique had a basal position in
relation to the SJRP lineages (with 100% posterior probability support).

doi:10.1371/journal.pntd.0000448.g001

association between the correlation matrices. The three main virus
introductions appeared as genetically-similar blocks intercalated
with more distant rows in the genetic distance matrix of Figure 4.
In fact, we can see that the “predominantly darker lines” coincide
with the lineages names shown in red in Figures 4 and 5. A closer
inspection also revealed that, similarly to what was observed for to
the “blue™ samples of lineage 1, the genetic distances between the
“red samples” were low among themselves. The branching pattern
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of the spatio-temporal tree (Figure 5) generated with the
“nepotistic algorithm™ also explained why there was no correlation
between geographic distance matrix and the other distances. This
was because the spatial dispersion of the virus starts in three
different points and does not appear to follow a single centrifugal
pattern.,

The “North-western™ component (lineage 1) shown in blue in
the spatio-temporal trees in Figures 5 and 6, included the earliest

5 May 2009 | Volume 3 | Issue 5 | e448



Artigo cientifico Il

Microevolution of DENV3 during an Outbreak

14000

12000

10000

8000

6000

Infections (Ne.g)

4000

2000

0
Aug-07 Oct-07 Nov-07 Jan-08 Mar-08 Apr-08 Jun-08 Aug-08

Months

AN

T T T T T v T ™ +
set out nov de jan fev mar abr mai jun j?N‘e&o

| —e—01_02 — = —02_03 03_04 04_05 ——05_06 |

Figure 2. Bayesian skyline (BSL) plot and number of dengue reported cases. A) Bayesian skyline (BSL) plot of the virus genealogy-based
estimate of the number of new infections (presented as Ne.g) indicated as the median for 82 DENV-3 isolates showing the increase from 180 to 120
days before the last sampling (from present day 0 or day of the last sample taken to the past), which matches with uncanny precision the rise in
number of reported cases per 100,000 inhabitants from December of 2005. Apparent differences in overall population sizes are due to both the fact
that the BSL shows accumulated number of new infections and to scaling problems or misreport. B) Number of Dengue reported cases in SIRP
during the seasons of 2001-2002 (01_02), 2003 (02_03), 2004 (03_04), 2005 (04_05) and 2006 (05_06). It is noticeable that the maximum number of
reported cases in 2006 happened in April, when the zenith of the epidemics, determined by the Bayesian skyline plot, was around February.
doi:10.1371/journal.pntd.0000448.g002
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samples from January 12% Tt was also the most prevalent (36
samples), and was the more long-lasting, encompassing also the 5
more recent samples: 138-173°, 146-153°, ‘116-160", ‘133-173’,
“135-173’, and “138-175", collected between June 14™ and July 4™
The connections between lineage 1 samples averaged 3.25 kilo-
metres (ranging from 15 meters to 7.23 kilometres). The average
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Figure 3. Logistic fitting of the Bayesian skyline plot and force of infection. A) the normalized median of the Bayesian estimates from the
sequences analyzed, y(t), fitted to a continuous logistic curve according to equation (1). Diamonds represent the data and the continuous line the
fitted function. The period of time entails the epidemics during the fat growing phase during January and February of 2006. B) Force of infection

calculated from the fitted model in A) using equation (2).
doi:10.1371/journal.pntd.0000448.g003
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of speed of the propagation was around 67.3 meters per day,
ranging from 18 centimeters/day (since two samples (‘95-119’and
42-34°) were collected only 15 meters apart) to a maximum speed
of 428.8 meters/day. Moreover, some lineage 1 samples seem to
be the possible source nodes of many other samples (the names of
these samples and the number of generated links are: *07-00": 16;
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Figure 4. Symmetrical matrices. Symmetrical matrices representing: A) temporal, B) genetic and C) spatial distances among the 46 samples. For
easy visual comparison, numbers were substituted by a scale of colours that ranges from white (lower value) to black (higher value). The samples
were organized temporally as indicated by the gradual pattern observed in matrix A), and the colours of the names of the samples are meant to

facilitate the comparison with the results.
doi:10.1371/journal.pntd.0000448.g004

2-340 125 64-677 25 Y0-11672; 98-119%2). The “South-
eastern” samples bundled into at least lineage 2 shown in red in
the spatio-temporal tree (Figures 5 and 7), had lesser components
(8 samples). Its recorded activity ranged from January 30" (22-
18) to June 14™ (132-133"), The average length of its connections
was 4.7 kilometres (min: 0.2, max: 8.7 kilometres), at an average
speed of 152 meters per day (min: 28 meters/day; max:
311 meters/day). The ‘122-145 (Figures 5, 6, and 7) would
constitute another entry of dengue into SJRP.

Socioeconomic features

Figure 8 represents the autochthonous dengue cases confirmed
by the Surveillance Service from September 2005 to February
2006. In September 2005, there were dengue cases within an
irregular residential area (Santa Clara) in the northern area and
outside the urban perimeter, which lacks proper basic sanitation.
During the following months, there were several additional cases
in the neighborhood and the disease spread into other areas of the
urban perimeter. The molecular characterization of the circulating
strains identified at least three different viral introductions 01-00,
22-18 and122-145. The first event was at Eldorado, a neighbor-
hood with low socioeconomic levels. Other cases occurred in areas
with different socioeconomic levels (Figures 5, 6, and 9). There was
a cluster at Gonzaga de Campos (cases 42, 85, 95 and 141), a
working-class neighborhood with low  socioeconomic  levels,
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flanking the main industrial zone of the municipality. A series of
cases linked to case 42 spread among areas with diflerent
socioeconomic levels (Figures 5, 6, and 9). Case 22-18, which
led 1o other cases in lineage 2, with the exception of case 122-145,
that also occurred in Sao Deocleciano, an area with low
socioeconomic level. There was a relation among the socioeco-
nomic level of the census tracts and the incidence coefficients
based on the cases reported by the Surveillance System (Table 1),
despite an even distribution of the RT-PCR positive cases among
different census tracts (Table 1 and Figure 9). Approximately 44%
of the census tracts of the lowest socioeconomic level were in the
highest quartile of incidences, but only 5.5% of the census tracts of
the highest socioeconomic level were in the same situation.

Discussion

Inferences based on sequence data of spatio-temporal dynamics,
including the speed and direction of virus propagation, have been
litle explored until recently [38]. Nevertheless, they can help to better
understand dengue outbreaks, providing useful information for
public-health systems. In this study we showcased the use of both
geographic and temporally structured phylogenetic data providing a
relatively detailed view on the spread of at least two dengue viral
lineages in the urban area of SJRP. These two groups suggested a
pattern of dispersion that was consistent with the dispersal rate of
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Figure 5. Estimated routes of dispersion of dengue as obtained by the “Nepotistic algorithm”. The basis of the three dimensional graphic
represents the geographic coordinates of the positions where the sample were collected, while the vertical axis represents the months of the sampling.
Each independent lineage starts with a “star” (oldest sample of the lineage) and the connections to the other samples (names are displayed as close to
point as possible) are done with lines, whose width is proportional to the genetic relatedness between the samples. The three lineages represented are:
(i) green the more recent, with only one sample, the 122-145, (ii) red or “South-eastern” lineage (starting with 22-18, that turns to yellow with more
recent “ancestry” samples) and (iii) blue, or North-westem” lineage 1 (starting at 01-00, and that gets lighter as for the previous one).

doi:10.1371/journal.pntd.0000448.g005

Aedes aegyplz, but in some instances, seemed to entail human accidental
rransport. It also showed that most of the cases until July traced
directly to two viral sequences, sampled in January and February,
respectively.

The connections among our samples averaged 3.75 kilometers,
and the speed of propagation ranged from 0 to 428.8 meters per
day. Aedes aegypti lays its eggs at many different sites (i.e., skip
ovoposition) [39], maximizing spread potential and the chance of
survival. Nevertheless, our data stressed the notion that both,

',:@: www.plosntds.org

mosquito and human circulation, do play an important role in the
dispersal of the virus and were in good agreement with previous
estimates of dispersion distances ranging from 15 to 800 meters
[40,41,42]. The co-circulation of distinct dengue lineages in SJRP
could be explained by independent introductions experiencing
different dynamic outcomes or accretion of genetic diversity
generated locally. Lineages can vanish from a given locality due to
unfavourable conditions such as temperature, low mosquito
population and changes in immunity status of the population
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Figure 6. Route of viral dispersion - I. Estimated route of dispersion of the “North-westem”, departing from the putative ancestor (blue dot and
dispersing to other places where dengue cases were recorded - lines with more recent nodes tends to the lighter tones) projected on the aerial image
of the city of Sdo José do Rio Preto (SJRP). The sample of the third viral introduction is also shown in a green dot. (Background image obtained from

Google Earth 4.2.0181.2634 — download date: September 16th 2007).
doi:10.1371/journal.pntd.0000448.g006

during the outbreak. However, Aedes aegypli eggs are resistant to
desiccation and this characteristic (i.e., overwintering) may have
important implications for the cryptic maintenance of viral strain.
Therefore, viral lineages not detected in one season can re-emerge
in the next rainy season due to transovarial transmission that is
believed to be the most important factor for the maintenance of
the virus in the nature [43]. Therefore it is not possible at this time
to determine precisely the order of introduction events and the
proper time of introduction of the distinct lineages that we have
detected. The region of SJRP experiences an increase in rainfall
starting in December reaching a peak in January/February.
Concurrently, the number of dengue cases began to increase
following the infestation by Aedes aegypti. In SJRP, the two main
lineages were present at the zenith of dengue transmission, which
coincided with the highest values for temperature and humidity.
Another lineage (represented in green in Figures 4, 5, and 6)
appeared later in May, when temperature, rainfall and humidity
were decreasing. However, it is not known if this lineage became
established (we could not identify putative links of this sample with
other samples), given that the data collection finished in July 2006.
Possibly viruses included in lineage 2 did not succeed in getting
established in the city or faded away, given its appearance later in
scene (June 6th) when the dryer and colder weather did not favour
the development of the larvae and/or the survival and activity of
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the mosquito [44,45]. Alternatively, its establishment may have
been hampered by the decreasing availability of susceptible hosts
in the later stages of the outbreak. The matrices of distances
displayed in Figure 4 show how each sample is relatively close to
all other samples, considering separately their date of collection,
their place of collection and their genetics. As interesting they are
in their own, each one cannot suggest a hypothetical scenario for
the dynamics of the dispersion of dengue in Sdo José do Rio Preto.
Only when we combine all this information (time, space and
genetics) based on parsimonious assumptions (each sample should
be connected - by descended or siblinghood - to the closest genetic
sample of the past) we can suggest a plausible dispersion scenario
and, from this, infer other very useful information - like the speed
or direction of the events.

DENV-3 was first isolated in Sao José do Rio Preto in January
2006. According to our results, both lineages split around one to
three years before the collection of the last sample. In the four-year
period at Figure 2, we noticed that during the three years after the
introduction of DENV-2, in 1998, the incidence started to
decrease every year, possibly due to the lack of susceptible hosts,
but DENV-2 was still circulating in June 2005. The introduction
of DENV-3 into the naive population to this serotype in SJRP may
have occurred during 2005, because in September of this year, a
neighborhood in the northern part of the city presented a

May 2009 | Volume 3 | Issue 5 | e448
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Figure 7. Route of viral dispersion - 1. Estimated route of dispersion of the “South-eastern”, departing from the putative ancestor (orange dot)
and dispersing to other places where dengue cases were recorded - lines with more recent nodes tends to the yellow tones) projected on the aerial
image of the city of Sao José do Rio Preto. The sample of the third viral introduction is also shown in a green dot. (Background image obtained from

Google Earth 4.2.0181.2634 - download date: September 16th 2007).
doi:10.1371/journal.pntd.0000448.g007

significant increase in dengue incidences. The outbreak continued
during October and November and culminated in April of 2006.
The notion of a probable start of DENV-3 transmission at the
Santa Clara neighborhood in September 2005 and its subsequent
spread to the rest of the municipality (Figure 8) is in accordance
with the results presented in Figures 2A and 3A. The outset of
DENV-3 transmission at this underdeveloped urban area was to
be expected, because Aedes aegypti larval infestation studies done in
January 2005 [46] indicated that areas in SJRP with lower
socioeconomic levels, with deficient sanitation infrastructure,
presented higher infestation levels when compared to affluent
neighborhoods inside the urban perimeter. The spread of dengue
transmission through the entire municipality is in accordance with
the high Ry values we found, possibly because the population was
susceptible to serotype 3. An interesting result was that the BSL
(Figure 2A), based on viral sequences recovered with great
precision the dynamics of the epidemics obtained from case
reports (Figure 2B). Nevertheless, the zenith determined by the
BSL took place around February, two months before the maxima
determined by case report in April (Figure 2). Interestingly, these
results could be explained by the fact that up until March of 2006
clinical differential diagnostics was used in conjunction with
serology, which increases the accuracy of the dengue diagnostics.
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On the other hand, after the number of cases exceeded 300 per
100,000 inhabitants in April 2006, only clinical criteria were used,
which may have caused an increase in false positives, due to the
lack of further serological confirmation. These results further
validate the use of viral gene genealogies to infer epidemiological
parameters of DENV in particular and, of fast-evolving viruses in
general.

The use of home addresses for geo-positioning our patients for
spatial analysis was justified because individuals spend consider-
able time at home, which constitutes a highly probable site of
transmission. Nevertheless, transmission might also occur at other
places and this fact certainly may have had some impact on our
data, which would be hard to account for. Nevertheless, our
exercise was valid, since it indicated coherent patterns of
transmission, which may be relevant for implementing control
measures. Our molecular data indicated that the viral spread was
not dependent entirely on vector dispersal. The exponential
growth phase associated with linked transmission events beyond
the usual flight range of the mosquito may have been caused by
under-sampling and movement of viremic humans, but is certainly
indicative of fast transmission among susceptible individuals.
Therefore, surveillance systems need to be capable of monitor
proactively the occurrence of initial low levels of transmission,

May 2009 | Volume 3 | Issue 5 | e448
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Figure 8. Sao José do Rio Preto map. Sdo José do Rio Preto map with urban census tracts, irregular development areas and autochthonous
dengue cases reported and confirmed by the Surveillance System from September to November (A), December (B), January (C) and February (D). The
areas outside the urban perimeter are irregular development areas with urban characteristics, but with inadequate sanitation infrastructure and
lowest socioeconomic conditions in comparison to urban census tracts. There is a cluster of cases in one of these irregular areas in the North Zone of
the city (Santa Clara) in September 2005 and a spread of the transmission to the rest of the urban perimeter (A).
doi:10.1371/journal.pntd.0000448 g 008

identify early eryptic circulation of new serotypes and, be able to
map where infected patients are circulating, preferably at the lag
phase of the outbreak.

Although we have not found clear relationships between dengue
cases with molecular analysis and socioeconomic levels (Table 1
and Figure 9A), the first samples associated with the beginning of

. ‘;
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Figure 9. Urban census tracts. Urban census tracts (ie., continuous and homogeneous areas comprising 300 buildings on average, IBGE 2002)
according to socioeconomic levels (quartile) and dengue cases with molecular analysis according to strains from January 2006 to June 2006 (A); urban
census tracts according to incidence coefficients of dengue cases (quartile) reported to the Surveillance System from September 2005 to August 2006 (B).

doi:10.1371/journal.pntd.0000448.g009

the outbreak, which were possible source nodes for many other
samples, were found in regions with low socioeconomic level.
Moreover, a higher transmission in poor areas of SJRP has been
shown, especially in the north zones of the city [47]. Therefore, it
is relevant to further evaluate if the occurrence of transmission in
poor areas facilitates a higher dispersion of the virus to other areas

of the city. However, the association between higher dengue
transmission and low socioeconomic levels is controversial. Some
studies have demonstrated the association of poverty and high
incidences of dengue [48,49], others have not [50,51,52] and
others have indicated an inverse relation [53]. A study [48]
demonstrated that dengue occurred at higher levels in poorer

Table 1. Relation among the socioeconomic level of the census tracts and the incidence coefficients.
Inferior Superior
Socioeconomic levels of census tracts (quartile) Low Intermediate Intermediate  High Total
Molecular analysis (%)* 13 (28.9) 12(26.7) 9 (20.0) 11 (244) 45 (100.0)
Census tracts according quartile of IC (%)** 1 10 (9.3) 15(13.9) 29 (26.9) 55 (50.5) 109
1°=2° 14 (13.0) 27 (25.0) 35 (32.4) 32 (294) 108
2°-3 3734.3) 28 (25.9) 27 (25.0) 16 (14.7) 108
3°-4° 47 (43.5) 38 (35.2) 17 (15.7) 6 (5.5) 108
Total 108 (100.0) 108 (100.0) 108 (100.0) 109 (100.0) 433
“Qui-squared test for non-significant adherence: 3> =0.778; p =0,8548.
“Qui-squared test for significant independence: 3*= 101.679; p<0.0001.
doi:10.1371/journal.pntd.0000448.t001
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areas of SJRP in 1995 but, from 1998 to 2002, after the
introduction of DENV-2, the variable that best explained dengue
cases was the proportion of one-story homes. The socioeconomic
features lost its explanatory power as the years passed and the
spatial characteristic of the areas was more relevant [54]. A higher
transmission of dengue in poor areas of the north zone was
observed again in 2005-2006 [47].

Two hypotheses might explain the controversial pattern of
dengue transmission. In both 1995 and 2006 epidemic season,
dengue transmission started in poor northern zones of the city in
the previous years (1994 and 2005) with a subsequent spread to
other areas [12,47,48]. Therefore, the highest initial incidence of
dengue in the north and the lowest in the other areas might be
related to the usual delay in adopting of control measures at the
beginning of the outbreak. Another hypothesis is that dengue
transmission occurred initially in poor areas and spread to the rest
of the city due to the reduction of susceptible individuals in the
areas that were primarily aflected and, as the years passed, the
distribution of the disease became similar in the whole city. This
pattern was confirmed previously [55], for the period of 1994 to
1998, when only DENV-1 was circulating in the city, but not for
the period of 1998 to 2002, when DENV-1 and DENV-2 were
circulating simultaneously.

The introduction of new DENV serotypes and genotypes
constitutes a major risk factor for severe dengue manifestations
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[56]. But it is still controversial whether DENV strains that cause
severe disease out-compete less virulent strains, which is a cause of
major concern [22]. Therefore it is paramount to address in greater
detail whether differences in viral dispersion patterns are associated
with viral fitness, strain competition and, ultimately, whether it has
any association with increase in disease severity. We have shown
that spatial analysis using Geographic Informaton System could
provide valuable information on dengue transmission and the
spread of the disease in a defined but heterogeneous urban setting,
typical of the developing world. We believe that the current study
helped determining with greater precision areas where the infection
took place, to understand particularites of an outbreak, clarifying
the mechanisms of dengue transmission in SJRP. Ulimately, the
association of molecular epidemiology with spatial analysis and the
understanding of some biological and reproductive characteristics of
Aedes aegypti mosquitoes may shed light on the dynamics and
distribution of different dengue viral strains.
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Abstract

Arboviruses are frequently associated with outbreaks in humans and represent a serious public health problem.
Among the Brazilian arboviruses, Mayaro virus, Dengue virus (DENV), Yellow Fever virus, Rocio virus, Saint
Louis Encephalitis virus (SLEV), and Oropouche virus are responsible for most of human cases. All these
arboviruses usually produce undistinguishable acute febrile illness, especially in the acute phase of infection. In
this study we investigated the presence of arboviruses in sera of 519 patients presenting acute febrile illness,
during a dengue outbreak in Sdo José do Rio Preto City (Sdo Paulo, Brazil). A multiplex-nested RT-polymerase
chain reaction assay was applied to detect and identify the main Brazilian arboviruses (Flavivirus, Alphavirus,
and Orthobunyavirus genera). The molecular analysis showed that 365 samples were positive to DENV-3, 5 to
DENV-2, and 8 to SLEV. Among the positive samples, one coinfection was detected between DENV-2 and
DENV-3. The phylogenetic analysis of the SLEV envelope gene indicated that the virus circulating in city is
related to lineage V strains. These results indicated that during that large DENV-3 outbreak in 2006, different
arboviruses cocirculated causing human disease. Thus, it is necessary to have an efficient surveillance system to
control the dissemination of these arboviruses in the population.

Key Words: Acute febrile illness—Arbovirus—Dengue virus—Molecular diagnostic—SLEV envelope gene.

Introduction fever, and encephalitis. Moreover, more than one clinical
syndrome is observed in infections caused by a given arbo-

ARBOV[RUSES ARE FREQUENTLY associated with human virus (Vasconcelos et al. 2005).
outbreaks and represent a serious public health problem, DENV is considered the most important arbovirus that in-
with economic and social impacts. Most of these arboviruses  fects humans. DENV, serotypes 14, are responsible for large
belong to three virus families: Togaviridae (Alphavirus genus), — urban outbreaks, especially when the cocirculation of different
Flaviviridae (Flavivirus genus), and Bunyaviridae (Orthobunya-  serotypes is observed or when a new serotype is introduced
virus genus). Mayaro virus (MAYV), Dengue virus (DENV),  (Figueiredo 2000, Gubler 2002, De Simone et al. 2004, Fonseca
Yellow Fever virus, Rocio virus (ROCV), Saint Louis en- and Figueiredo 2005). Since 1986, large dengue epidemics
cephalitis virus (SLEV), and Oropouche virus (OROV) are have been reported in Brazil, initially after introduction of
responsible for more than 95% of the human arbovirus disease  DENV-1 in 1985, followed by introduction of DENV-2 in 1990.
cases in Brazil and they cause human disease in sporadic, In 2000, DENV-3 was introduced in Rio de Janeiro State.
endemic, and/or epidemic ways (Vasconcelos et al. 2005, DENV-3 and DENV-2 have been responsible for most cases of
Figueiredo 2007, Mondini et al. 2007a, Terzian et al. 2009). dengue fever (DF) and dengue hemorrhagic fever and/or
Arbovirus infections are commonly associated with three dengue shock syndrome in Brazil (Nogueira et al. 2005,
different clinical syndromes: acute febrile illness, hemorrhagic ~ Vasconcelos et al. 2005, 2009). Recently, the reintroduction of
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DENV-4 was reported in Manaus, north region of Brazil
(Figueiredo et al. 2008).

DF is characterized initially by abrupt high fever (39-40°C)
followed by headache, myalgia, arthralgia, prostration, eye
and abdominal pain, rash, and positive tourniquet test during
illness for 5-7 days basically (Brazilian Ministry of Health
2005). World Health Organization defines dengue hemor-
rhagic fever as the manifestation of high fever, hemorrhagic
phenomena with hepatomegaly, and signs of circulatory
failure. The evolution to hypovolemic shock and plasma
leakage is characterized as dengue shock syndrome and can
be fatal to patient (WHO 1997)

InSdoJosé do Rio Preto City (northwest region of Sdo Paulo
State, Brazil), cases of DENV-1 were initially identified after
1990 through 1995 (Mondini et al. 2005). In 1996, DENV-2
became the most important predominant agent of dengue
(Brazilian Ministry of Health 2008), and in 2005 and 2006, Sao
José do Rio Preto City suffered from a large DENV-3 outbreak
with more than 15,000 reported cases (Mondini et al. 2009).

In this way, the objective of this study was to identify
Brazilian arboviruses that caused acute febrile illness in pa-
tients from Sao José do Rio Preto (SP), which were considered
positive for DENV-3 during dengue outbreak according to
epidemiological criteria (legality of epidemics and consistent
clinical symptoms) by the Municipal Office of Health and
Hygiene and by the Center of Epidemiological Surveillance of
the city.

Materials and Methods

Clinical samples

We analyzed 519 clinical samples, collected consecutively
from May to July, 2006, from patients who presented acute

TERZIAN ET AL.

febrile disease for <5 days. They were attended by the Sao José
do Rio Preto Health Service and the illness was diagnosed as
dengue based only on clinical-epidemiological data (clinical
signs compatible with dengue and occurrence of an outbreak)
according to Brazilian Ministry of Health (2009). These pa-
tients were attended in Basic Unities of Health and Hospitals,
where information on clinical presentation of the disease was
collected and later registered in the National System of Injury
of Notifications—SINAN. All patients were investigated by
Public Health Office and they were considered autochthones
cases. Blood samples were collected; the sera were separated
and stored at —80°C. Viral RNA was extracted from 140 uL of
each serum with the QIAamp Viral RNA Mini kit (Qiagen)
as described by the manufacturer and RNAs were submitted
to polymerase chain reaction (PCR) test. This study was ap-
proved by the Internal Ethical Review Board and all samples
were in storage (at —80°C) when the study was initiated.

Study strategy

As different arboviruses cause similar diseases, clinical
samples were initially tested to check the presence of Flavi-
virus and Alphavirus. First, Flavivirus and Alphavirus genus-
specific primers, targeting target NS5 and nsP1 regions,
respectively, were used simultaneously in a Duplex-reverse
transcription (RT)-PCR (D-RT-PCR) assay (Fig. 1). Second,
DENV 1-3, YFV, and SLEV species-specific primers were
used, because those viruses are known to circulate in that
region. In this way, a Multiplex-Nested-PCR (M-N-PCR) was
used to identify DENV 1-3 and YFV and another N-PCR was
used to detect SLEV. After those initial PCRs, only negative
samples were tested for other arboviruses. Different N-PCRs
were used to detect DENV-4, ROCV, [héus virus, Bussaquara

1-| Sample (serum) |
2{  RNAextraction

¥

s owecareon ]

[ R ]

Genus-specific primers to
Alphavirus and Flavivirus

SN

4| Muttiplex-Nested-PCR | | Nestea-PCR |
Species-specific primers Species.specific
to DENV 1-3, YEV primers 10 SLEV

Agarose gel electrophoresis

Nesfea-PCR

Species-specific primers
to DENV-4, ROCV, IGUV
/ ILHV, WNV, BSQV

6] Muitiplex-Nested-PCR

Genus-specific primers to|
Orthobunyavirus

8] MNested-PCR

Species-specific primers]
to OROV

Species-specific primers to
MAYV, VEEV, WEEV, EEEV

FIG. 1. Strategies for arbovirus detection in sera samples from patients in Sdo José do Rio Preto. DENV 14, dengue virus
serotypes 1 to 4; YFV, Yellow Fever virus; SLEV, Saint Louis Encephalitis virus; ROCV, Rocio virus; IGUV, Iguape virus;
ILHV, Tlhéus virus; WNV, West Nile virus; BSQV, Bussuquara virus; MAYV, Mayaro virus; VEEV, Venezuelan Equine
Encephalitis virus; WEEV, Western Equine Encephalitis virus; EEEV, Eastern Equine Encephalitis virus; OROV, Oropouche

virus.
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virus, Iguape virus, and West Nile virus (WNV). Another M-
N-PCR was used to detect Venezuelan Equine Encephalitis
virus, Eastern Equine Encephalitis virus, Western Equine
Encephalitis virus, and MAYV. Finally, a RT-PCR followed by
a semi-nested assay (SN-PCR), using specific primers to S
segment of OROV, was used. All primers used in this study
are listed in Table 1. Precautions to avoid contamination were
followed, positive and negative controls were used in all re-
actions, and the procedure was reproduced several times
(Borst et al. 2004).

Virus and RNA extraction

The viral strains used as positive controls were MAYV
BeAr20290, DENV-1 Mochizuki, DENV-2 SpH 125367,
DENV-3 RPDen06/41, DENV-4 Boa Vista, SLEV BeH 355964,
Tlhéus virus BeH7445, ROCV SpH34675, West Nile NY99,
YFV 17DD (vaccine), and OROV BeAn 19991. They were
propagated by intracerebral inoculation into 2-day-old suck-
ling mice or in C6/36 Aedes albopictus cell cultures as previ-
ously described (Shope and Sather 1979, Figueiredo 1990).
Viral RNAs were extracted from 140 uL of a 1/20 dilution of
mouse brain tissue macerated suspensions or from cell culture
supernatants with the QlAamp Viral RNA Mini kit (Qiagen)
according to the manufacturer’s instructions.

PCR assays for Alphavirus and Flavivirus detection

D-RT-PCR, M-N-PCR, and N-PCR were performed as pre-
viously described (de Morais Bronzoni et al. 2005). For the
D-RT-PCR, the RT mixture was incubated at 50°C for 50 min
and at 70°C for 15min to inactivate the reverse transcrip-
tase. The thermal cycling was performed with termocycler
GeneAmp® PCR System 9700 (Applied Biosystems). Accord-
ing to the authors, M-N-PCR presented 99% of sensitivity and
83% of specificity for the arbovirus.

SN-RT-PCR assays for OROV identification

The RT-PCR and SN-PCR were performed as described
(Terzian et al. 2009). Primers used were 20RO (RT-PCR) and
s10RO (PCR). Primers s1ORO and c1ORO were used together
in the SN-PCR. The PCR mixture and cycling conditions were
performed as for M-N-PCR Flavivirus assays (“PCR assays for
Alphavirus and Flavivirus detection” section).

Viral isolation

Viral isolation was performed in C6/36 cell culture as
previously described (Figueiredo 1990) in selected samples to
isolate a new SLEV strain. C6/36 cell culture confluent
monolayer was infected, for 60min, with 100uL of sera
samples diluted 1/10 in culture medium. After incubation,
5mL of Leibovitz medium L-15 (Cultilab, Campinas, Brazil)
with 1% bovine fetal serum (Cultilab) was added to cell
monolayer. After 7 days, the cell culture was frozen at —80°C
and thawed and the supernatant was analyzed for viral RNA
presence by the specific PCR assay described earlier (Bronzoni
et al. 2004, de Morais Bronzoni et al. 2005).

Nucleotide sequence

Amplicons obtained by (M)-N-PCR were purified with
ethanol as previously described (Sambrook 2001) and then

3

sequenced by dideoxynucleotide method (Sanger et al. 1977).
Sequencing was realized using Big Dye Terminator Kit v3.1
(Applied Biosystems) according to the manufacturer’s in-
structions. In the sequencing PCR reactions, species-specific
primers (3.2 uM) were used. DNA obtained was centrifuged
for 20min (4°C, full speed), precipitated with 80 uL of 75%
isopropanol, and homogenized with 2.0 uL of 0.5M ethyle-
nediaminetetraacetic acid (pH 8.0) buffer and Bleu Dextran.
DNA was denaturated at 95°C for 2min and applied on
sequencing gel. Electrophoresis was realized on ABI PRISM
377 DNA Sequencer (Applied Biosystems). Sequences were
analyzed using DS Gene 2.0 (Accelrys) and BLAST (www.
ncbinlm.nih.gov/blast/Blast.cgi) programs.

Analysis of partial sequence of envelope gene
from a SLEV isolate

Attempting to identify the genotype of SLEV isolate, the
ORF that codes for the envelope (E) protein was partially
amplified and then sequenced. RNA obtained from the
SLEV-isolated sample was submitted to RT-PCR and N-PCR
assays using the primers previously described (Chandler
and Nordoff 1999, Kramer and Chandler 2001) and listed in
Table 1. The amplicon was cloned into pCR2.1 vector (TA
Cloning Kit; Invitrogen) and then several clones were se-
quenced using Big Dye Terminator Kit v3.1 (Applied Bio-
systems), according to manufacturer’s instructions. Sequences
were analyzed using DS Gene 2.0 (Accelrys). Nucleotide and
deduced amino acid sequences were used to perform a simi-
larity search in sequence databases, using FASTA (www
.ebi.ac.uk/Tools/fasta/). The partial nucleotide sequence of
E gene from SLEV strain SJRP06/155 was deposited in Gen-
Bank (accession no. GQ281267) and was aligned with other
SLEV sequences from different genotypes using Clustal X
(Thompson et al. 1997). Before phylogenetic tree reconstructio
n by Maximum Likelihood (PAUP*4.0b10), the nucleotide s
ubstitution model GTR+I+G was selected using Modeltest
(Posada and Crandall 2001). A phylogenetic tree was also reco
nstructed by neighbor-joining method, using p-distance
(Mega3) (Kumar et al. 2004). Sequences of WNV, Japanese
Encephalitis virus, and Murray Valley Encephalitis virus were
used as outgroup. Bootstrapping analysis was performed to
assess the robustness of tree topologies. Sequences used in the
phylogenetic analysis are given in Table 2.

Statistical analysis

For statistical analysis, t, F, and 7> (comparison of propor-
tion) test using Epi Info™ 6.4 from the Center of Disease
Control and Yates test were used. Standard deviations were
used for mean, variance, and deviation standard.

Results
Arbovirus detection by PCR

From 519 clinical samples that were analyzed, arboviruses
genomes were detected in 374 samples (72.07%). DENV-3
genome was detected in 365 samples and SLEV and DENV-
2 genomes were detected in eight and five samples, respec-
tively. Among these, coinfection of DENV-3 and DENV-2 was
detected in one sample (Fig. 2). The remaining 145 samples of
febrile acute illness patients (27. 93%) were all negative for
tested arboviruses. All positive amplicons were sequenced to
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TasrE 2. SAamnT Lours EncepHALITIS VIRUS, WEST NILE VIRUS, MURRAY VALLEY ENCEPHALITIS VIRUS,
AND JAPANESE ENCEPHALITIS VIRUS SEQUENCES USED IN THIS STUDY

Designation Strain Genotype  Genbank accession Location Year isolated
CA-50 BFS508 T EU306883 California/USA 1950
CA-63 BFS4772 TAM AF205454 Kern county/California/USA 1963
CA-70 E22924 1AM AF205453 Kern county/California/USA 1970
CO-72 72V4749 TABM EF158069 Washington county/Colorado/USA 1972
CA-85 SOUE135 AN AF205458 Los Angeles/California /USA 1985
TX-89 PV0-620 [AM AF205492 Dallas/Texas/USA 1989
MEX-65 65V-310 [ABM) AF205470 Mexico 1965
BRA-68 SpAn9398 A AF205472 Sdo Paulo/Brazil 1968
FL-69A 69M-1143 aM EF158061 Polk county/Florida/USA 1969
GUA-69 GMO-94 [ABM) EF158051 Guatemala 1969
PAN-73A GML902612 n™e EF158064 Bayano,Panama 1973
TN-75 75v14868 A AF205466 Memphis,/Tennessee/USA 1975
MD-77B VP34 DA™ AF205503 Prince George City/Maryland/USA 1977
TX-83 83V4953 AM AF205498 Houston/ Texas/USA 1983
CA91A Tmp1311 M AF205461 Imperial county /California /USA 1991
TX-01A 01V1933 ™ EU306886 Harris county/Texas/USA 2001
ARG-79 79V2533 b8 AF205490 Santa Fe/Argentina 1979
BRA-04 SPH253157 e DQO022950 Brazil 2004
ARG-05° CbaArd4006 A DQ385450 Cordoba province/Argentina 2005
PAN-73B PanAr902745  TVAM AF205476 Panama 1973
PAN-77 GML902981 VAN AF205489 Panama 1977
TRIN-55 TRLV9464 yAEM) EF158056 Mclajo forest/Trinidad 1955
BRA-71 Bch203235 A AF205484 Belém,/Para, Brazil 1971
BRA-72 BeAn246262  VEM AF205483 Belém/Paré4/Brazil 1972
BRA-73B BeAn246407 (M) AF205482 Belém/Paré/Brazil 1973
BRA-73° BeAn242587  VAEM AF205478 Belém,Para, Brazil 1973
CA-00A Coav4ddd YA AY135516 Coachella/California/USA 2000
CA-01° Coav363 A AY135513 Coachella/California/USA 2001
BRA-UA BeAn248398 ~ VAEM) AF205480 Belém/Paré/Brazil ?
BRA-UB BeAn247377 V™M EF158067 Belém,Para, Brazil ?
SJRP06/155  SJRP06/155 VP GQ281267 Sdo José do Rio Preto/Sao Paulo/Brazil 2006
PAN-83 GML903797 VIABM AF205487 Panama 1983
ARG-66 Argentine66  vIM AY632544 Argentina 1966
ARG-67 CorAn9275 VIIABM EF158068 Cordoba province/Argentina 1967
WNV WNV - M12204 - -
MVEV MVE-1-51 - AF161266 - -
JEV JaOATS982 - M18370 - -

(&) and M genotyping according to Auguste et al. (2008) and May et al. (2008), respectively, and both based on the Saint Louis Encephalitis
virus envelope gene sequence; ®genotyping according to Baillie et al. (2008), based on the whole genome.
“According to Auguste et al. (2008), this strain belongs to genotype IV.

"Genotype determined in this study.

WNV, West Nile virus; MVEV, Murray Valley Encephalitis virus; JEV, Japanese Encephalitis virus.

confirm the specificity of the amplification. Viral isolation was
performed in SLEV-positive samples using the same sera
samples from PCR assay. As result, one SLEV strain was
isolated (SJRP06,/155).

Epidemiological and clinical findings

This study was realized with 519 clinical samples collected
at the beginning of an outbreak indicating high positivity to
Flaviviruses. DENV-2, DENV-3, and SLEV were detected in
374 samples.

The epidemiological and clinical data showed no statisti-
cally significant difference between the Flavivirus-positive
patients by PCR and the negatives, with the exception on the
tourniquet test (Table 3), which was found more frequently in
Flavivirus-positive patients as expected (p > 0.005). Only one
case presenting a positive tourniquet test was not dengue but
it was a SLEV infection. Pleural and pericardic hemorrhage,

hepatomegaly, cardiomyopathy, and shock were not referred
by nonarbovirus cases. No other considerable symptoms
were referred. One case of nasal bleeding (0.68%) and one case
of pain on inferior limb and lumbar region (0.68%) from
negative cases were referred. Among negative patients for
Flavivirus, 6.90% of them were hospitalized; however, no
statistically significant difference was found compared with
positive cases (p-value: 0.666461). No significant difference
(p-value: 0.77) was observed on fever duration (3.125 days
mean) in arbovirus-infected (3.125 days mean) and uninfected
individuals (3.054 days mean).

Based on RT-PCR assay, 145 individuals were negative
for arboviruses; however, based on Ministry of Health
clinical criteria (SMSH/VE/SEI/SINAN) in this same
group, 101 cases (69.65%) were classified as having DF
and 1 case was classified as having atypical severe
dengue.
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FIG. 2. Agarose gel (2%) electrophoresis of amplicons from
multiplex-nested-PCR (M-N-PCR) for Flavivirus detection
from clinical samples of Sao José do Rio Preto patient. Line 1:
DENV-2-positive control; line 2: DENV-2-positive clinical
samples; line 3: coinfection by DENV-2 and 3 in clinical
samples; lines 4, 5, and 9: DENV-3-positive clinical samples;
lines 6 and 10: DENV-3-positive control; line7: SLEV-positive
control; line 8: SLEV-positive clinical sample; line 11: nega-
tive control. M, molecular size marker (DNA ladder, 100 pb).
For lines 1 to 6, 9, and 10, FG1, NDEN1, NDEN2, NDEN3,
and NYF primers in multiplex system were used. For lines
7 and 8, primers FG1 and NSLE were used. Multiplex N-PCR
and N-PCR mixture was subjected to 25 cycles of 94°C for
1min, 53°C for 1min, and 72°C for 2min. A final extension
step was carried out at 72°C for 5min. PCR, polymerase
chain reaction.

Analysis of E gene from a SLEV isolate

The E gene of the SLEV isolate (strain SJRP06/155) was
partially amplified and sequenced generating a 492 pb
nucleotide sequence. An initial search for similar nucleotide
sequences in nucleotide databases was performed using
FASTA, which performs the search by global alignments of
sequences. Partial envelope nucleotide sequence presented
higher similarity of values 90.2-98.0% when compared with
other SLEV sequences. Similarity values below 69.7% were
observed when the SJRP06/155 E gene sequence was com-
pared with other sequences from virus belonging to Japanese
Encephalitis group, such as WNV, Japanese Encephalitis
virus, and Murray Valley Encephalitis virus. When the
SJRP06/155 E gene was translated and compared with pro-
tein database, SJRP06/155 sequence also presented higher
similarity and identities values when compared with SLEV
sequences than when compared with other Flaviviruses.
These results once more confirmed that SJRP06,/155 is a SLEV
isolate.

Envelope nucleotide sequences from different SLEV geno-
types were retrieved from GenBank and aligned with
SJRP06,/155 sequence (Table 2). When the deduced amino
acid of SJRP06/155 envelope sequence was compared with
other deduced amino acid sequences of different SLEV strains
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TasLe 3. DisTRIBUTION AND COMPARISON OF CLINICAL
SieNs AND Symproms FOUND 1IN NEGATIVE AND POSITIVE
PatienTs To DENGUE VIRUS 1 TO 3, YELLOW FEVER VIRUS,

AND SAINT Lours ENCEPHALITIS VIRUS FROM STUDIED
SAMPLES IN VIROLOGY LABORATORY—FAMERP,
SAo Josk po Rio Preto, SP, 2006

Frequency  Frequency

Signals and for symptoms negative positive p-value
Fever 91.00 92.80 0.503
Headache 86.21 87.40 0.708
Myalgia 82.41 76.50 0.166
Prostation 7241 67.40 0.266
Nausea 62.80 65.20 0.595
Pain 66.20 71.90 0.200
Arthralgia 66.20 63.60 0.583
Positive tourniquet test 34.48 47.33 0.008
Diarrhea 29.70 24.90 0.265
Rash 26.90 33.96 0.121
Abdominal pain 1241 13.10 0.833
Epistaxis 8.97 5.10 0.098
Petechiae 8.28 10.70 0410
Gengivorragia 3.40 214 0.586
Hypotension 28 1.60 0.615°
Hematuria 0.70 0.80 0.668
Ascites 0.70 0.30 =P
Metrorrhagia 0.69 1.10 0.917
Other bleeding 0.69 0.30 b

“Yates test.
PInsufficient n for proportion comparation (1 <5).

(Table 2), two unique amino acid changes were observed in
the SJRP06/155 sequence. At position 44, SJRP06/155 had a
glutamic acid residue, whereas all other sequences presented
a residue of lysine. At position 88, SJRP06,/155 presented a
leucine residue, whereas all other studied sequences presented
a residue of proline (with exception of ARG79 that presented
a residue of serine). No amino acid residues specific to lineage
IT or I (previously defined) were observed in the deduced
SPJR06/155 partial envelope amino add sequence. A residue of
asparagine at position 66, previously described as spedific for
virus belonging to lineage VII, was observed in the deduced
SJRP06,/155 amino acid sequence and in sequences of ARG-67
and ARG-66. The specific amino acid residues observed for
lineages I1T to V are not located at the analyzed portion of the
deduced SJRP06/155 amino acid sequence (Fig. 3).

Phylogenetic trees were reconstructed based on 411 ntof E
gene (corresponding to nucleotides 963-1373 of complete
genome sequence of strain Kern217, NC_007580). Maximum
likelihood (data not shown) and distance methods (Fig. 3)
gave similar results. The seven SLEV lineages were observed
and SJRP06/155 clustered with strains from genotype V, in-
cluding some Brazilian isolates such as BRA73A, BRA-UB,
BRA-73B, BRA-71, and BRA-72 from the Brazilian Amazon
region.

Discussion

DENV has been responsible for large urban outbreaks
generally associated with introduction of new serotypes
(Figueiredo 2000, Gubler 2002, De Simone et al. 2004). Since
2004, DENV-3 was considered as the only serotype circulat-
ing in Sao Paulo State, differently of previous years, when
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FIG. 3. Analysis of envelope (E) gene and deduced amino acid sequence of SLEV. (A) Phylogenetic tree of SLEV strains.
Phylogenetic tree was constructed using partial E gene sequence (411 nucleotides, amino acids 27 to 200), by neighbor-joining
(N]) method (using p-distance) implemented in Mega 3.0. The reliability of the branching patterns was tested by 1000
bootstrap pseudo replicates. Bootstrap values above 60% are shown. WNV, Japanese Encephalitis virus (JEV), and Murray

Valley Encephalitis virus (MVEV) were used as the out group.

The scale bar represents 5% nucleotide sequence divergence.

GenBank accession numbers are given in Table 2. (B) Alignment of deduced amino acid E protein (partial sequence) of
Brazilian strains of SLEV. Amino acid changes unique to strain SJRP06/155, when compared with other Brazilian strains, are
shown in bold. Amino acid changes specific to some SLEV virus lineages (according to May et al. 2008) are underlined.

different serotypes were concomitantly detected (Boletim
Epidemiolégico Paulista 2005). In this study, 72.07% of the
studied patients had arboviruses genome in the serum, where
most of the cases (97.6%) were positive to DENV-3. However,
DENV-2 was detected in five cases, which was also detected
in Sao José do Rio Preto in the previous years (Mondini et al.
personal communication), corroborating our results. Besides,
in 2007, DENV-2 was isolated in 20% of dengue cases that

occurred in Brazil, and until April 2008, Sao Paulo State reg-
istered 60% of dengue cases caused by this serotype (Brazilian
Ministry of Health 2007, 2008).

A simultaneous DENV-2/DENV-3 infection was detected
in one patient. Coinfection cases of DENV-3 and DENV-2
have been previously reported in Somalia, Taiwan, China,
and Brazil (Kanesa-thasan et al. 1994, Wang et al. 2003,
Wenming et al. 2005, Araujo et al. 2006). Other coinfection
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cases had also been reported among DENV serotypes (Gubler
et al. 1985, Laille et al. 1991, Wang et al. 2003, Araujo et al.
2006, Bharaj et al. 2008). It is believed that these coinfections
only occur during outbreaks with circulation of multiple se-
rotypes and where there is high prevalence of the urban
vector, being capable to transmit more than one virus at the
same time (Wenming et al. 2005, Bharaj et al. 2008).

All studied patients had been previously considered as
having dengue based on clinical and epidemiological criteria.
However, from 519 samples tested by RT-PCR, 27.93% were
negative to dengue as well as other tested arboviruses. Many
other infectious agents, such as poliomyelitis, rabies, measles,
rubella, hepatitis, malaria, or leptospirosis, can induce similar
symptomatology (Fonseca and Figueiredo 2005, Vasconcelos
et al. 2005), and the laboratory diagnosis is fundamental in
this context. This work shows that the utilization of clinical
and epidemiological criteria for dengue diagnosis can be a
major problem, even in the presence of a major outbreak. The
samples collected for this study were all collected in less than
5 days of the onset of the disease, suggesting that a false
negative due to absence of viruses circulating in the blood is
not the point here.

SLEV is widely distributed in the Americas, from Canada
to Argentina (Sabattini et al. 1998, Burke and Monath 2001).
SLEV infections have been reported in the United States and
less frequently in Central and South America (Sabattini et al.
1998). However, 5% of population in north and southeast of
Brazil seemed to have antibodies against the virus. Never-
theless, these data must be carefully analyzed, because it may
be due to cross-reaction between antibodies of different
Flavivirus, which are induced especially by Yellow Fever
vaccination or exposure to DENV. In this way, SLEV may be
circulating in these areas and causing human infections,
although most of them are undiagnosed (Lopes et al. 1979,
Vasconcelos et al. 1998, Figueiredo 2000).

In Brazil, in 2004, SLEV was isolated from an acute febrile
illness patient living in Sao Pedro county, Sao Paulo State
(Rocco et al. 2005). In 2006, a serological study in birds carried
out in the southern coast of Sdo Paulo State showed a high
increase of the prevalence of antibodies against SLEV (Suzuki
et al. 2006). Finally, also in 2006, concomitant to a DENV-3
outbreak in Sao José do Rio Preto, 12 dengue suspected cases
had SLEV genome detected in clinical samples and it has been
considered the first SLEV outbreak registered in Brazil
(Mondini et al. 2007b). Serology is an important tool in SLEV
monitoring, especially for bird reservoirs and horses. It is
known that horses can be infected but they rarely develop
symptoms. Studies with infected horses can indicate virus
circulating among animals, and in the presence of mosquitoes
(Culex vectors), they can be a potential source for human
infection. In 2009, researches of Sao Paulo State, using a
SLEV IgG-ELISA, detected a 31.11% of positivity among 180
studied horses. This indicated that human infections can be
occurring in locations where these animals live (Silva et al.
2009).

The fact that SLEV was the agent of human disease serves
as advice to health professionals about the need of a complete
clinical and epidemiological investigation about febrile dis-
eases, especially during outbreaks, as SLEV infections can be
unrecognized or be mistaken with dengue because of similar
clinical manifestations. Epidemiological investigation asso-
ciated with the methodology applied in this study, using
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FG1/FG2 and NSLE primers in a multiplex system with
dengue primers and associated alphaviruses PCR, can be an
important tool in a trustworthy and fast diagnosis, not only
for SLEV but also for other arboviruses. In this study, it was
demonstrated that SLEV circulation in Sao José do Rio Preto
was more important than previously reported because eight
dengue-suspected cases were diagnosed in the laboratory as
having SLEV.

Phylogenetic analysis of different SLEV isolates suggests
that this virus is mainly maintained locally, although migra-
tion between different areas also occurs (Kramer and Chandler
2001, Twiddy and Holmes 2003). This analysis showed that
SLEV isolates are clustered in seven different lineages based
on E gene or the genome sequences (Kramer and Chandler
2001, Auguste et al. 2008, Baillie et al. 2008) and it is mainly
correlated with the geographical characteristics of those
viruses and not phenotypic characteristics such as viru-
lence (Trent et al. 1980, Kramer et al. 1997). Lineages I and II
are predominantly from North America, whereas lineages I
to VII belong to South and Central Americas. The Brazilian
SLEV strains described so far belong to genotypes II (BRA-04),
I (BRA-68), and V (BRA-72, BRA-71, BRA-73A, BRA-73B,
BRA-73C, BRA-73D, BRA-UA, BRA-UB, and BRA-60) (Auguste
et al. 2008, Baillie et al. 2008, May et al. 2008).

Although the clustering of SRJP06,/155 within lineage V
(also including BRA72, BRA71, BRA73A, BRA73B, BRA-UA,
BRA-UB, TRIN-55, PER-75, CAO0A, and CAO1A) was not
supported by high bootstrap values (as also observed by
May et al. 2008), similar results were observed by other
authors when analyzing bigger sequences of E gene (Au-
guste et al. 2008, May et al. 2008), where the same strains
were clustered within lineage V. In the same way, the
strains BRA-73A, BRA-73B, PER-75, and TRI-55 were also
shown to belong to lineage V, based on the analysis of the
whole genome of SLEV (Baillie et al. 2008). Analysis of other
regions of SJRP06/155 genome could help elucidating the
genotyping of SJRP06,/155.

May et al. (2008) defined some specific amino acid
changes that are observed in the E protein sequence for
individual lineages. Although it was not possible to check
for amino acid residues specific to lineages III to V, no
amino acid change specific to lineage IT or IIT was observed
in the deduced SPJR06/155 partial envelope amino acid
sequence. An amino acid residue specific to lineage VII (at
position 66) was observed in SJRP06/155 E protein se-
quence; however, the residue of glycine observed at position
29 in isolates from genotype VII was not observed in
SJRP06,/155 sequence.

In summary, we reported here a dengue outbreak where
DENV-3 infections predominated, consistent with the intro-
duction of this new serotype in the region. Some infections
were caused by DENV-2, the previous causative agent of
outbreaks in the region. However, the unexpected presence of
SLEV causing acute febrile illness was also detected by an
unusual diagnostic approach looking for arboviruses instead
of dengue only. These results showed the real situation of
cocirculation of some arboviruses during an outbreak, ini-
tially caused only for DENV-3, which warns health profes-
sionals and requires the inclusion of infection caused by SLEV
in the differential diagnosis of acute febrile illness and en-
cephalitis. In Brazil, SLEV situation is worrisome because
probably the disease has been unrecognized or mistaken
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with dengue and SLEV human cases and is occurring in
other places of Brazil. Sdo José do Rio Preto is an important
geographic area for arboviruses surveillance (especially
Flaviviruses) because of outbreaks caused by DENV-1, -2,
and —3, as well as identification of SLEV and the risk Sylvatic
Yellow Fever in the region. In this way, it is necessary to
implement an active surveillance, based on prevention and
control of patients with acute febrile illness, reservoirs, do-
mestics” animals, and mosquito vectors, to avoid introduction
or reintroduction of these viruses. We also believe that the use
of clinical and epidemiological criteria without laboratory
confirmation should not be done even in the presence of a
large DENV outbreak.
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Abstract

The dengue virus has a single-stranded positive-sense RNA genome. It possesses four
antigenically distinct serotypes (DENV 1-4). These serotypes are transmitted mainly by the bite
of Aedes aegypti mosquitoes. The vector is widely associated with human activity, which, by
generating artificial oviposition sites, allows for infestation to be maintained. The influence of
organized social space favors the interaction among vector, virus, and man, making populated
areas sources of dengue dispersion. In our study, we monitor the presence of DENV in field-
caught Aedes aegypti mosquitoes by multiplex-nested PCR and report how the mosquitoes
spread in Sdo José do Rio Preto/SP (Brazil). The city was divided in three different
socioeconomic areas. Ten blocks were randomly chosen in each area. BG-Sentinels,
MosquiTRAPs and Nasci Aspirators were used to collect mosquitoes in one house per block per
socioeconomic area. The traps were maintained in each house upon informed consent. The
address was collected for posterior geocoding. The mosquitoes were properly identified, divided
according to gender in pools of 1 to 20 mosquitoes and preserved at -80°C. The pools were
macerated and supernatant was used for viral extraction. Viral RNA was extracted with Trizol.
Nearly 1200 mosquitoes were captured from December 2007 to March 2008. We have captured
814 Aedes aegypti mosquitoes, which were divided in 463 pools. The pools were analyzed by
multiplex-nested PCR and only 3.67% of them were positive for DENV-3 and DENV-2. Pools
containing only male mosquitoes were positive for DENV, indicating the presence of vertical
transmission. The transmission of dengue by Aedes aegypti mosquitoes involves interactions
among the virus, the vector, the host and the environment. Climate features, adult female
mosquito density and its flight range, transovarial transmission, density of human population
and socioeconomical aspects are modulating factors of dengue virus transmission. Despite the
low detection of viral RNA in mosquito pools, our results showed an important trend concerning
vertical transmission and they confirm the introduction of DENV-3 serotype.

Key-words: Dengue virus; Aedes aegypti; Transovarial transmission; M-N-PCR;
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1- Introduction

The dengue virus belongs to the Flaviviridae family, which trademark is
to present non-segmented single-stranded RNA viruses. There are four dengue
viruses (DENV 1 to 4) that are antigenically distinct (Gubler, 2002). The
recovery from infection by one serotype provides lifelong immunity against that
one but confers only partial and transient protection against subsequent
infection by the other three viruses (WHO, 2010). The hyperendemicity, which is
the co-circulation of several serotypes in an urban setting, increases the risk of
more severe manisfestations of the disease (Gubler, 1998). Dengue fever (DF)
is characterized by fever and nonspecific symptoms, such as frontal headache,
retro-orbital pain, myalgia, nausea and vomiting, arthralgia, fatigue, and rash.
DF is usually self-limiting and is rarely fatal. On the other hand, dengue
hemorrhagic fever (DHF) and dengue shock syndrome (DSS) are more serious
manifestations of the disease. DHF is characterized by the increase of vascular
permeability, thrombocytopenia and hemorrhagic manifestations and may
evolve to DSS that occurs when there is plasma leakage to interstitial spaces
leading to hypovolemic shock and to the death (Gubler, 1998; WHO, 1997;

Halstead, 2007).

Around 2,5 billion people worldwide are at risk of DENV infection and 50
million cases are reported annually. An estimated 500 000 people with DHF
require hospitalization each year and approximately 2.5% of those affected die
(WHO, 2010). Dengue is a major public health problem, generating costs that

exceed millions of dollars annually with hospitalization and treatment (WHO,
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1997). The decrease and the reemergence of dengue outbreaks are closely
related to several factors such as people migration, which is a source of
exchange and introduction of new serotypes; the increasing population and the
consequent inadequate urbanization projects that supplies several breeding
sites for dengue vectors, such as Aedes aegypti (Kuno, 1995; Kyle & Harris,

2008).

The mosquito Aedes aegypti is the main vector of dengue in Brazil. It is
an anthropophilic species that is extremely adapted to urban environments and
mosquitoes can be found at both indoor and outdoor sites (Forattini, 2002,
Favaro et al., 2006). The methods to measure the abundance of the vector are
traditionally based on larval surveys such as Breateau, House and Container
indexes. Besides having operational and financial advantages and providing
important information on the local ecology of the vector and the impact of
control measures, they do not reflect the real potential of dengue transmission

(Focks, 2003).

The use of traps to capture adult mosquitoes that provide a rapid and
realistic estimation of biological parameters of the vector, such as its density
and survival rates, is essential for dengue control (Maciel-de-Freitas et al.,
2006). Manual aspirators (Nasci, 1981), the BG- Sentinel (BioAgents BG,
Germany) and the MosquiTRAP (Eiras 2001, Eiras 2002) have been used to
capture adult mosquitoes for surveillance purposes. It's possible to elucidate the
evolutionary patterns and the viral circulation in mosquito population through
molecular biology with the comparison of the virus found in captured

mosquitoes and the ones circulating in humans during an outbreak (Rico-
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Hesse, 2007). The study of spatial distribution of dengue and its vector within a
city is also an important approach in health management. The distribution of
Aedes aegypti and dengue cases can be used to evaluate how the disease
spreads within a city and the severity of an outbreak (Eisen & Lozano-Fuentes

2009).

Thus, the aim of this study was to evaluate molecularly and spatially the
circulation of dengue virus (DENV) in mosquitoes from S&o José do Rio Preto
(Sdo Paulo/Brazil) captured by manual aspirators and traps using synthetic

attractants.

2- Material and methods

The city of Sdo José do Rio Preto is located on the northwestern region
of the state of Sdo Paulo, Brazil (20°49'11" S and 49°22'46" W), with a total
area of 434.10 km? and an urban area of 96.81 km?. The estimated population
for 2009 was 419,632 inhabitants. The city has a tropical climate with a mean
annual temperature of 25 °C and mean rainfall of 1410 mm. The city has
development indicators comparable to those of developed countries.

The presence of the mosquito Aedes aegypti was reported in the city in
1985 and there were only imported cases of DENV until 1989. The first
autochthonous cases were reported in 1990 (Chiaravalloti-Neto 1996) when
DENV-1 was introduced in the city. DENV-2 and DENV-3 were introduced,
respectively, in 1998 (Adolfo Lutz Institute — unpublished data) and 2005

(Mondini et al., 2009).
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The use of census tracts was used by Costa and Natal (1998) to
evaluate the transmission of a disease in homogenous areas of the city in
different periods of the year. The census tracts comprise 300 homes in areas
defined by the Instituto Brasileiro de Geografia e Estatistica — IBGE (Brazilian
Institute of Geography and Statistics) to optimize the collection of data sets
during census. The census tracts were divided in three socioeconomic areas
according to the principal component analysis. Area 1 and Area 3 have the best
and the worst living standards, respectively. Area 2 possesses intermediate
living standards. This strategy to sectionalize the city was already applied

elsewhere (Mondini et al., 2008, Vendramini et al., 2006).

The mosquito collection was performed in one house per block. Ten
blocks per socioeconomic area were randomly selected using survey sampling
(Kish, 1965). The blocks with mainly commercial buildings, apartment buildings
and schools were excluded. The software BioSTAT 3.0 was used to select the
blocks by random sampling without reposition and we increased the size of the
sample to 20 blocks to cover eventual exclusions. The maps with the selected
blocks and other important information like streets, neighborhood and the
number of the block were designed with ArcMAP 9.2 (ESRI, 2006).

The mosquitoes were captured with three different traps: the BG-Sentinel
(Biogents, Germany), the Nasci aspirator (Nasci, 1981) and the MosquiTRAP
(Eiras & Santana, 2001, Eiras, 2002). They were installed outdoors, at shaded
sites and next to vases and/or vegetation. One house per block was selected
according to its characteristics, such as the presence of shaded areas and the

existence of plants and/or trees. The traps were collected at different time
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frames: the BG-Sentinel was collected 24 hours after its installation; the
MosquiTRAP was collected after 7 days; the collection with Nasci aspirators
was performed in a straightaway visit. The mosquitoes were identified and
separated in pools of 20 specimens according to genera, gender and the
number of the block in 1,5 mL tubes. The specimens of Aedes genera were
identified to the level of species.

The pools were stored at -80°C or were macerated adding 800 pul of 1X
sterile PBS. They were centrifuged for 5 minutes (2300 g at 4°C). In a new tube,
200 pl of the macerate plus 200 pl of chloroform and 200 pl of TRIZOL® were
gently mixed by inversion, incubated for three minutes at room temperature and
centrifuged for 15 minutes (4600 g at 4°C). The supernatant was collected to a
new tube with 500 pl of isopropanol. The solution was gently mixed, incubated
at room temperature for 10 minutes and centrifuged (4600 g at 4°C). The
supernatant was removed, 500 pl of 75% alcohol was added to the tube and the
solution was gently vortexed. The tube was centrifuged for 5 minutes (3800 g at
4°C). The supernatant was discarded and dried at room temperature. The RNA
was ressuspended with 30 pl of RNAse free water.

The RT-PCR was performed using Flavivirus generic primers based on
the non-structural protein 5 (NS5), which is a conserved region in dengue
viruses and would detect most of the circulating dengue virus in Brazil in a
single PCR reaction. In the second PCR, nested assays based on multiplex or
conventional systems were used with species-specific primers for virus
identification (de Moraes Bronzoni et al, 2005). The forward nFG1

(5TCAAGGAACTCCACACATGAGATGTACT3) and reverse nFG2
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(5GTGTCCCATCCTGCTGTGTCATCAGCATACAZJ’) primer set anneals to the
NS5 gene, producing amplicons of approximately 958 bp (Fulop et al., 1993).
Specific inner primers for YFV (5 TCAGAAGACCAAGAGGTCATGT3’), DENV-1

(5CGTTTTGCTCTTGTGTGCGC3T'), DENV-2

(5'GAACCAGTTTGTTTDRTTTCATAGCTGCCS’ - Degenerated primers. Single
letter code: Y (CorT); S(CorG); R(AorG);H(AorCorT);W (AorT); N (A
or C or Gor T); K (G o T; D (A or G or T) ) and DENV-3
(5TTCCTCGTCCTCAACAGCAGCTCTCGCACT3’) anneals in the second
round of PCR to produce amplicons with 253, 472, 316 and 659 bp respectively
(de Morais Bronzoni et al., 2005). The RT-PCR mixture contains 4,0uL of 5X
Buffer (250 mM HCI, 375 mM KCl e 15 mM MgCly), 1,5uL of DTT (0,1M), 1,0uL
of dNTP (250uM) , 1,0uL of FG2 (15 pMOL), 1,0uL of reverse transcriptase
(200 U- Superscript; Invitrogen), 0,5uL RNAse inhibitor (20U - RNase OUT;
Invitrogen), 8,0uL of RNA and RNAse free water to reach a final volume of
20pL. The RT mixture was incubated at 50° C for 50 minutes and at 70° C for
15 minutes.

The PCR mixture contained 5,0 pL of 10 X Buffer (200mM HCI, 500mM
KCI), 2,0uL of MgCl, (50mM), 1,0uL of dNTP (250uM), 1,0uL of the genus-
specific primer FG1(15 pMOL), 0,2uL of Taq Polymerase (1U-Platinum Taq
DNA Polymerase; Invitrogen), 8,0uL of cDNA and DNAse free water to
complete a final volume of 50uL. The samples were incubated for one minute
at 94° C, one minute at 94° C, one minute at 53° C, two minutes at 72° C (30

cycles) and 5 minutes at 72°C.
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The Multiplex-Nested—PCR with species-specific primer contained 5,0uL
of 10X Buffer (200mM Tris-HCI, 500mM KCI), 2,0uL of MgCl, (50mM), 1,0uL of
dNTP (250puM), 1,0pL of FG1 (15 pMOL), 1,0uL of DENV-1 (15 pMOL), 1,0uL
of DENV-2 (primer a 15 pMOL), 1,0uL of DENV-3 (15 pMOL), 1,0uL of YFV (15
pMOL), 0,2uL of Tag Polymerase (1U-Platinum Taq DNA Polymerase;
Invitrogen) , 3,0uL of DNA and DNAse free water to complete a final volume of
50 pL. The mixture was incubated for 1 minute at 94° C, 1 minute at 94° C, 1
minute at 53° C, 2 minutes at 72° C (25 cycles) and 5 minutes at 72° C. All the
thermal cyclings were performed with termocycler GeneAmp® PCR System
9700 (Applied Biosystems, USA).

Virus isolation was perform in C6/36 cell culture described elsewhere
(Figueiredo, 1990) in DENV positive samples in order to isolate the virus
present at mosquito pools. C6/36 cell culture confluent monolayer was infected,
for 60 min, with 100 pl of sera samples diluted 1/10 in culture medium. After
incubation, 5 mL of Leibovitz Medium L-15 (Cultilab) with 1% Bovine Fetal
Serum (BFS-Cultilab) were added to cell monolayer. After seven days, the cell
culture was frozen at -80°C, thawed and the supernatant was analyzed to viral
RNA was extracted using QlAamp Viral RNA Mini kit (QIAGEN, Inc.) as
described by the manufacturer and submitted to PCR test (de Morais Bronzoni
et al., 2005).

The geocoding of mosquito pools was performed with ArcGIS 9.2 (ESRI
2006) using the cartographic street database provided by the Municipal Health
Service. The study was approved by the Ethical Review Board of Faculdade de

Medicina de Séo José do Rio Preto (Protocol number: 6312/2005).
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3. Results

From December 2007 to August 2008, 1140 households were visited for
mosquito collection and 2904 mosquitoes were captured in these visits. BG-
Sentinels captured 1709 mosquitoes, Nasci aspirators collected 1158
specimens and MosquiTRAPS collected 37 mosquitoes (Table 1). It is important
to notice that BG-Sentinel collection started 10 and 16 months earlier than
Nasci aspirator and MosquiTRAP collection, respectively. So, BG sentinels
were installed in 630 houses, collection with manual aspirators were performed
in 360 residences and MosquiTRAPs were set in 150 domiciles. The 2,080
Culex sp mosquitoes were not analyzed in this study.

Comparing only the collections using manual aspirators and BG
Sentinels from September 2007 and August 2008 (Table 2), it is noticeable that
BG-Sentinels captured more Aedes aegypti mosquitoes than manual aspirators.
Among the three forms of mosquito collection (Table 3), from April to August
2008, BG-sentinel was still the adult trap with the highest number of Aedes
collection (71 specimens). MosquiTRAPs seemed to be more specific for Aedes
sp collection than the other two forms of collection because no Culex sp
specimens were collected in those traps.

The 824 Aedes aegypi mosquitoes (324 males and 490 females) were
distributed in 463 pools. Seventeen pools were positive for DENV (3,67%). It is
noticeable that the proportion of positive male pools was high, approximately

65% (11/17). Fourteen pools (85%) were positive for DENV-3 (Figure 1) and
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three pools were positive for DENV-2. Five pools were isolated in C6/36 cells
during the first passage.

Figure 2 presents 11 positive pools that were collected with BG-
Sentinels, the flight range of the mosquito (up to 800 m) according to Honorio et
al. (2003) and dengue incidences for the period in which the positivity of the
pools was higher. There is a superposition of the areas with higher incidences
and positive pools for DENV-3 (2006-2007). Three positive pools were collected
from July to November, when the incidences of dengue are low and the

infestation by Aedes aegypti is smaller.

4. Discussion

The use of molecular epidemiology associated with mosquito
surveillance and control tools is a holistic approach to monitor viral dispersion
and the occurrence of dengue within a city. However, not only the virulence of a
serotype and its genotypes are the main modulators of dengue dispersal within
a particular region, but also climate, population and the vectors are involved in
the phenomena.

Several studies (Chow et al., 1998, Kow et al., 2001, Pankhong et al.,
2002, Sithiprasasna et al., 2004, Urdaneta et al., 2005) used different
methodologies for viral detection in mosquitoes and the positivity was below
20%, which is similar to our results. However, it is important to notice that our
collections were always random, they were performed during the seasons with

high and low transmission and that there were positive pools in both periods.
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The proportion of positive pools for DENV-3 is the same found by other study in
South America (Urdaneta et al., 2005).

Reproductive organs of Aedes aegypti females that were experimentally
infected presents virus (Chen et al.,, 1993), increasing the probability of
transovarial transmission. The high positivity among male pools indicates that
this phenomenon occurs in Sdo José do Rio Preto. Although the
epidemiological importance of the vertical transmission remains unclear, studies
demonstrated the presence of male with DENV in other regions of the world
(Gunther et al., 2007, Arunachalam et al., 2008, Angel & Josh, 2008). In our
study, positive pools were detected in unfavorable months for the vector as
July, September and November. These months usually present lower rates
humidity and rainfall than other months of the year. Thus, the vertical
transmission can be related to the endemic pattern that is typical in the
municipality (Mondini et al., 2005). Another species in Aedes genus present
venereal transmission of the Bunyavirus genus (Mellor, 2000) but it does not
seem to happen with Flavivirus genus (Tu et al., 1998; Mellor, 2000). However,
it is necessary to study the role of infected males in dengue viral spread.

Dengue transmission by Aedes aegypti is multifactorial and involves the
interaction among the virus, the vector, the host and the environment where the
transmission occurs. The vectorial competence of the mosquito seems to be
related to its susceptibility to the serotype (and genotype) of dengue virus
(Anderson e Rico-Hesse, 2006), to the mosquito size and genotype (Schneider

et al., 2007, Lambrechts et al., 2009) and larval competition (Alto et al., 2008).
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The viral susceptibility may also be related to capacity of the virus in
trespassing biological barriers of the insect (Black et al., 2002).

Other necessary conditions for viral dispersion are related to vector
population levels, their parity, their voracity (Kuno, 1995) and the flight range of
the vector (Hondrio et al., 2003; Russell et al., 2005). The density of Aedes
aegypti females necessary to transmit dengue virus is an important issue. The
number of females per resident was the only risk factor in a study that evaluated
entomological, environmental and behavioral variables in dengue dispersion
(Rodriguez-Figueroa et al., 1995). However, the density of vector is also
controversial (Halstead, 2008). Studies have demonstrated that both human
and mosquito circulations are important in dengue dissemination (Harrington et
al., 2005; Hondrio et al., 2003; Russell et al., 2005; Mondini et al., 2009).

Dengue transmission is also related to the frequency of bites and to the
duration of the gonotrophic cycle (Halstead, 2008). The populations of Aedes
aegypti from the region of Sdo José do Rio Preto present gonotrophic
discordance because even gravid females ingest blood (Favaro et al., 2006)
and this phenomenon is important because it increases human-vector contact,
increasing viral dispersion and the maintenance of the disease (Lima-Camara et
al., 2007).

Climate variations were identified as a significant indicator in the viral
dispersion by the vector. Increased temperature, rainfall and humidity seem to
be important in dengue occurrence (Wu et al., 2007, Nakhapakorn and Tripathi,
2005). In Sao José do Rio Preto, there is an increase in rainfall in December

and continues through January and February. The infestation by Aedes aegypti
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mosquitoes increases as rainfall increases. Coincidently, dengue incidences
start to ascend in the same period.

The detection of dengue virus circulating in mosquitoes is an important
tool to prevent dengue transmission. However, it is necessary that surveillance
and control programs act swiftly when an area with infected mosquitoes is
found. Several control measures must be taken to control virus spread and to
avoid the dispersion of new serotypes/genotypes, especially in areas where the

population have not been previously exposed.
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Table 1. Total adult mosquito collection in S&o José do Rio Preto by
socioeconomic area' and trap: BG-Sentinel; Nasci Aspirator; MosquiTRAP.

A. BG-Sentinel*

Areal Area2 Area3 Total

Ae. aegypti 3 124 51 53 228
Q 110 111 111 332

Ae. albopictus & 0 0 0 0
o 5 0 0 5

Culex sp. 3 172 199 363 734
Q 78 117 215 410

B. Nasci aspirator**

Areal Area2 Area3 Total

Ae. aegypti 3 25 31 35 91
Q 34 42 51 127

Ae. albopictus & 0 0 0 0
Q 3 0 1 4

Culex sp. 3 168 80 259 507
Q 122 144 163 429

C. MosquUiTRAP***

Areal Area2 Area3 Total

Ae. aegypti 38 2 3 0 5
Q 6 9 16 31

Ae. albopictus & 0 0 0 0
Q 0 0 1 1

Culex sp. 38 0 0 0 0
Q 0 0 0 0

T Socioeconomic areas: 1- Census tracts with good socioeconomic status; 2- Census tracts
with intermediate socioeconomic status; 3- Census tracts with low socioeconomic status;

* Collections performed from December 2006 to August 2008, n= 630 visits;
** Collections performed from September 2007 to August 2008, n= 360 visits;
*** Collections performed from April 2008 to August 2008, n= 150 visits;

(&) Male

(?) Female
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Table 2. Comparative mosquito collection in S&o José do Rio Preto by
socioeconomic area' and trap: BG-Sentinel and Nasci Aspirator.

BG-Sentinel*

Areal Area2 Area3 Total

Ae. aegypti 3 84 26 26 136

Q 65 61 58 184

Ae. albopictus & 0 0 0 0

Q 5 0 0 5

Culex sp. 3 110 137 306 553

Q 41 86 175 302

A. Nasci Aspirator**

Areal Area2 Area3 Total

Ae. aegypti 3 24 31 35 90

Q 34 42 51 127

Ae. albopictus & 0 0 0 0

Q 3 0 1 4

Culex sp. 3 168 80 259 507

Q 122 144 163 429

T Socioeconomic areas: 1- Census tracts with good socioeconomic status; 2- Census tracts
with intermediate socioeconomic status; 3- Census tracts with low socioeconomic status;

* Collections performed from September 2007 to August 2008, n= 360 visits;
** Collections performed from September 2007 to August 2008, n= 360 visits;
(&) Male

(?) Female
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Table 3. Comparative mosquito collection in Sdo José do Rio Preto by

socioeconomic area' and trap: BG-Sentinel; Nasci Aspirator; MosquiTRAP.

A. BG-Sentinel*

Areal Area2 Area3 Total

Ae. aegypti 3 12 2 7 21
0 14 16 20 50

Ae. albopictus & 0 0 0 0
Q 0 0 0 0

Culex sp. 3 11 45 31 87
Q 13 38 82 133

B. Nasci Aspirators**

Areal Area2 Area3 Total

Ae. aegypti 3 3 5 11 19
o 5 4 17 26

Ae. albopictus & 0 0 0 0
Q 3 0 0 3

Culex sp. ) 12 0 127 139
Q 56 37 83 176

C. MosquiTRAP***

Areal Area2 Area3 Total

Ae. aegypti ) 2 3 0 5
Q 6 9 16 31

Ae. albopictus & 0 0 0 0
Q 0 0 1 1

Culex sp. ) 0 0 0 0
Q 0 0 0 0

T Socioeconomic areas: 1- Census tracts with good socioeconomic status; 2- Census tracts
with intermediate socioeconomic status; 3- Census tracts with low socioeconomic status;

* Collections performed from April 2008 to August 2008, n= 150 visits;
** Collections performed from April 2008 to August 2008, n= 150 visits;
*** Collections performed from April 2008 to August 2008, n= 150 visits;

(&) Male; (?) Female
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M C+ C-

DENV-3 (628 bp)

Figure 1. Eletrophoresis in 8% poliacrilamide gel, stained with silver nitrate of
M-N-PCR after RNA viral extraction with TRIZOL of Aedes aegypti pools. (M)
100 bp marker; (C+) Positive control for DENV-3; (C-) Negative control.
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Figura 2. Distribution of positive pools from mosquito collection using BG-
Sentinels, flight range of the mosquito (up to 800 m, according to Honbrio et al.,
2003) and dengue incidences from September 2006 to August 2007.
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Emergence of DENV-3 and reemergence of DENV-2 and DENV-1 in a city
from S&o Paulo from 2006 to 2009.
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Abstract

Dengue belongs to the Flavivirus genus and is the most common arboviral infection worldwide.
It can be caused by four antigenically different serotypes (DENV 1-4). Dengue infection may be
asymptomatic and lead to undifferentiated fever, dengue fever or evolve to dengue hemorrhagic
fever or dengue shock syndrome. In our study we describe the emergence of DENV-3 and the
reemergence of DENV-2 and DENV-1 in Sdo José do Rio Preto/SP — Brazil in a period of four
years. Blood samples of patients presenting dengue like symptons were collected and
Multiplex-RT-PCR with Flavivirus generic primers based on non-structural protein (NS5) were
performed, followed Nested assays with species-specific primers for the identification of DENV
1-3 and YFV. We analyzed 613 blood samples for four years: 199 in 2006, 94 in 2007, 313 in
2008 and 10 in 2009. The positivity was high in 2006 and 2007, with 106 and 51 infected
patients, respectively. The major dengue serotype circulating during the 2006 and 2007
epidemics was DENV-3, which is an indication of its recent introduction in the municipality.
There were two cases of DENV-2/DENV-3 co-infection in 2006. Six patients were infected by
DENV-2 (3%) in 2006 and only one patient was reported with DENV-2 in 2007. Among the
DENYV positive patients in 2008, only 7 patients were infected by DENV-3 and 90 were infected
by DENV-2, suggesting the reemergence of this serotype and confirming the co-circulation of
two serotypes in the city. We detected the circulation of DENV-1 in two patients in 2008 and in
four patients in 2009. DENV-1, DENV-2 and DENV-3 are co-circulating in the Sao José do Rio
Preto. DENV-1 was first introduced in S&o José do Rio Preto in 1990. DENV-3 was first isolated
in January 2006. DENV-2 was introduced in the city in 1998 and there was an increase of
dengue incidences at that year and a posterior decrease every year until 2005. It is most likely
that the transmission of DENV-3 started in September 2005 when there was an important
transmission in one area of the city that culminated in April 2006. Due to the susceptibility of the
population to the newly introduced virus, the serotype spread largely in SIRP. After two years of
DENV-3 transmission, there was the reemergence of DENV-2 probably due to the increase of
susceptible individuals on the population. DENV-1 seems to be the main serotype causing the
outbreak in 2010. The differential circulation may also be due to a competitive suppression
among different strains, leading to a decreased transmission of one genotype.

Key-words: DENV; PCR; Molecular epidemiology; Public Health
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1- Introduction

The genus Flavivirus includes 53 arthropod borne viruses that can cause
severe encephalitis, hemorrhagic fever and febrile illness in humans (Monath &
Heinz, 1996). Dengue (DENV) and yellow fever (YFV) belongs to this genus
and are important public health issues in the majority of tropical and subtropical
countries.

Dengue is the most common arboviral infection worldwide. Like other
flaviviruses, dengue virus has a single-stranded positive-sense RNA genome of
10,700 nucleotides that is surrounded by a nucleocapsid and covered by a lipid
envelope with viral glycoproteins. The RNA genome contains a single open
reading frame (ORF) flanked by two untranslated regions (UTRs 39 and 59).
The single ORF encodes a precursor polyprotein, which is co- and
posttranslationally cleaved into three structural (C, prM and E) and seven
nonstructural (NS1, NS2A, NS2B, NS3, NS4A, NS4B, NS5) proteins (Chambers
et al., 1990). The disease is caused by four antigenically distinct virus serotypes
(DENV 1-4) and each serotype harbors phylogenetically defined genotypes
(Holmes & Twiddy, 2003). The recovery from infection by one serotype provides
lifelong immunity against that one but confers only partial and transient
protection against subsequent infection by the other three viruses (WHO, 2010).

Dengue infection may be asymptomatic and lead to undifferentiated
fever, dengue fever (DF) or evolve to dengue hemorrhagic fever (DHF) or
dengue shock syndrome (DSS). DF is an acute febrile viral disease that is
characterized by headaches, biphasic fever, skin rash, retro orbital pain,

leukopenia, thrombocytopenia and lymphadenopathy. DHF is characterized by
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high fever, hemorrhagic manifestations and signs of circulatory failure. Patients
presenting such symptoms may develop hypovolemic shock, leading to DSS,
which can be fatal (WHO, 1997).

Risk factors related to the severity of the disease include age, serotype
(Gubler 1998), genotypes (Messer et al., 2003), the genetic trends of the host
(Guzman et al., 2002, Sierra et al., 2007) and the previous infection by DENV
(Yeh et al., 2006), although different genotypes modulate several degrees of
infection (Rico-Hesse, 2003).

The reasons for the maintenance of the disease in the environment are
not entirely known. They can be related to climate and social changes or to the
heterogeneity of the viral spread in time and space. The populational growth,
inadequate urbanization projects and an overwhelming consumerism, which
generate favorable conditions to dengue transmission, are among the risk
factors (WHO, 1997). Moreover, the biology of the vector, herd immunity and
behavioral and socioeconomic trends have an important role in dengue
transmission (Kuno, 1995).

Around 2,5 billion people worldwide are at risk of DENV infection and 50
million cases are reported annually. An estimated 500 000 people with DHF
require hospitalization each year and approximately 2.5% of those affected die
(WHO, 2010). Brazil was responsible for approximately 81% of dengue cases
reported in Central and South America and approximately 60% of dengue cases
reported worldwide. Until the 35" epidemiological week of 2008, 734,384 cases
of DF and 9,957 of DHF were reported (PAHO, 2010). Concomitantly, the state

of Sdo Paulo was responsible for 7,131 cases of dengue and S&o José do Rio
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Preto reported 244 dengue cases (CVE, 2009). However, the city is endemic for
dengue and alternates periods with high and low incidences (Mondini et al.,
2005). At the same period of the previous year, the city presented 9,244 cases
and it was responsible for 10% of the cases occurring at the State of S&o Paulo.

The introduction of DENV-1 and DENV-2 occurred in 1986 and 1990
(Figueiredo 2000). The first cases of DENV-3 were reported during the summer
of 2000/2001 at the city of Rio de Janeiro (Nogueira et al., 2001). The presence
of the mosquito Aedes aegypti was reported in Sdo José do Rio Preto was in
1985 and there were only imported cases of DENV until 1989. The first
autochthonous cases were reported in 1990 (Chiaravalloti-Neto, 1996) when
DENV-1 was introduced in the city. DENV-2 and DENV-3 were introduced,
respectively, in 1998 (Adolfo Lutz Institute — unpublished data) and 2005
(Mondini et al., 2009). The first cases of DENV-3 reported in 2006 were
accompanied by an outbreak of Saint Louis Encephalitis virus (SLEV) (Mondini
et al., 2007 (a)). The municipality does not have data that dissect the circulation
of the different dengue serotypes that circulated in the city. Thus, the aim of this
study is to report the emergence of DENV-3 and the reemergence of DENV-2
and DENV-1 and the co-circulation of these serotypes in Sdo José do Rio

Preto.
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2- Material and methods

2.1. Study site

The city of Sdo José do Rio Preto is located on the northwestern region
of the state of Sdo Paulo, Brazil (20°49'11" S and 49°22'46" W), with a total
area of 434.10 km? and an urban area of 96.81 km?. The estimated population
for 2009 was 419,632 inhabitants. The city has a tropical climate with a mean
annual temperature of 25 °C and mean rainfall of 1410 mm. The city has
development indicators comparable to those of developed countries.

2.2. Casuistic

Blood samples from patients presenting acute febrile illness, with or
without hemorrhagic manifestations, infection with sudden start, nausea, vomit,
diarrhea, symptoms of DF and DHF were collected for Flavivirus testing in the
municipal health units and hospitals, upon informed consent. This study was
approved by the Ethical Review Board of the Faculdade de Medicina de Sé&o
José do Rio Preto do Rio Preto and blood collection was performed upon
Written Informed Consent.

The serum was stored at -80°C. Viral RNA was extracted from 140 pl of
each aliquote with the QIAamp Viral RNA Mini kit (QIAGEN, Inc.) as described
by the manufacturer and RNAs were submitted to PCR test.

2.3. PCR assays

The RT-PCR was performed using Flavivirus generic primers based on
the non-structural protein 5 (NS5), which is a conserved region in dengue
viruses and would detect most of the circulating dengue virus in Brazil in a

single PCR reaction. In the second PCR, nested assays based on multiplex or
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conventional systems were used with species-specific primers for virus
identification (de Moraes Bronzoni et al., 2005). The forward nFG1
(5 TCAAGGAACTCCACACATGAGATGTACT3) and reverse nFG2
(5GTGTCCCATCCTGCTGTGTCATCAGCATACAZJ’) primer set anneals to the
NS5 gene, producing amplicons of approximately 958 bp (Fulop et al., 1993).
Specific inner primers for YFV (5 TCAGAAGACCAAGAGGTCATGT3’), DENV-1

(5CGTTTTGCTCTTGTGTGCGCST), DENV-2

(5'GAACCAGTTTGTTTDRTTTCATAGCTGCCS’ - Degenerated primers. Single
letter code: Y (CorT); S(CorG); R(AorG);H(AorCorT);W (AorT); N (A
or C or Gor T); K (G o T; D (A or G or T) ) and DENV-3
(BTTCCTCGTCCTCAACAGCAGCTCTCGCACT3’) anneals in the second
round of PCR to produce amplicons with 253, 472, 316 and 659 bp respectively
(de Morais Bronzoni et al., 2005). The RT-PCR mixture contains 4,0uL of 5X
Buffer (250 mM HCI, 375 mM KCl e 15 mM MgCl,), 1,5uL of DTT (0,1M), 1,0uL
of dNTP (250uM) , 1,0uL of FG2 (15 pMOL), 1,0uL of reverse transcriptase
(200 U- Superscript; Invitrogen), 0,5uL RNAse inhibitor (20U - RNase OUT;
Invitrogen), 8,0uL of RNA and RNAse free water to reach a final volume of
20pL. The RT mixture was incubated at 50° C for 50 minutes and at 70° C for
15 minutes.

The PCR mixture contained 5,0 pL of 10 X Buffer (200mM HCI, 500mM
KCI), 2,0uL of MgCl, (50mM), 1,0uL of dNTP (250uM), 1,0uL of the genus-
specific primer FG1(15 pMOL), 0,2uL of Taq Polymerase (1U-Platinum Taq
DNA Polymerase; Invitrogen), 8,0uL of cDNA and DNAse free water to

complete a final volume of 50uL. The samples were incubated for one minute
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at 94° C, one minute at 94° C, one minute at 53° C, two minutes at 72° C (30

cycles) and 5 minutes at 72°C.

The Multiplex-Nested—PCR with species-specific primer contained 5,0uL
of 10X Buffer (200mM Tris-HCI, 500mM KCI), 2,0uL of MgCl, (50mM), 1,0uL of
dNTP (250uM), 1,0puL of FG1 (15 pMOL), 1,0uL of DENV-1 (15 pMOL), 1,0uL
of DENV-2 (primer a 15 pMOL), 1,0pL of DENV-3 (15 pMOL), 1,0uL of YFV (15
pMOL), 0,2uL of Tag Polymerase (1U-Platinum Taq DNA Polymerase;
Invitrogen) , 3,0uL of DNA and DNAse free water to complete a final volume of
50 pL. The mixture was incubated for 1 minute at 94° C, 1 minute at 94° C, 1
minute at 53° C, 2 minutes at 72° C (25 cycles) and 5 minutes at 72° C. All the
thermal cyclings were performed with termocycler GeneAmp® PCR System
9700 (Applied Biosystems, USA).

The amplicons were visualized after electrophoresis in 1% agarose gel
with ethidium bromide. All positive samples were sequenced to confirm the M-
N-PCR.

2.4. Geocoding

The geocoding of the M-N-PCR positive cases and the cases that were
included in official records were performed with ArcGIS 9.2 (ESRI, 2006) using
the cartographic street database provided by the Municipal Health Service of
Séo José do Rio Preto. The coefficients of annual incidence were calculated
from September of one year to August of the next year. The total number of
cases in each of these periods was divided by the respective population
estimate and multiplied by 100,000. This produced a historical series of annual

incidences. The months of September and August were chosen because they
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generally presented the lowest incidences, in relation to the other months of the
year. They therefore enabled good representation of the seasonal behavior of

the disease (Mondini et al., 2005).

3. Results

Over 600 clinical samples were analyzed from January 2006 to January
2009. The positivity was around 50% in the timeframe that comprises
January/December 2006 and January/December 2007. From January to
December 2008, the number of positive samples was around 35%. In 2006,
199 samples were analyzed and 106 were positive; in 2007, 94 samples were
tested and 51 were positive; in 2008, 313 samples were analyzed and 102 were
positive (Table 1). In 2009, only 12 samples were analyzed and there were only
four positive cases, all caused by DENV-1. The main serotype circulating in S&o
José do Rio Preto in 2006 and 2007 was DENV-3, with the co-circulation of
DENV-2 and SLEV (Mondini et al., 2007 (a)) in 2006. DENV-2 started to
circulate in the city in the second semester of 2007. In 2008, the first positive
cases were caused by DENV-3 but DENV-2 became the main serotype in
circulation when the incidence reached its peak.

The peak of incidence for the disease was in May, both in 2006 and
2007, when the main circulating serotype was DENV-3 with the co-circulation of
DENV-2 (Figure 1). The peak of incidence in 2008, however, was in
March/April, when the main circulating serotype was DENV-2. In July 2008, the

autochthonous transmission of DENV-1 was also detected among the infected
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patients (Figures 2 and 3). In 2009, all analyzed dengue cases were caused by
DENV-1.

It is noticeable that there is a overlap of census tracts with high
incidences of DENV and the census tracts that present patients analyzed with
M-N-PCR (Figure 4-6). In 2006, there was a case of co-infection by DENV-2
and DENV-3 (Figures 4 and 7). DENV-1 cases were spread throughout the
municipality, indicating a dispersion of this serotype in Sdo José do Rio Preto

(Figure 6).

4. Discussion

The occurrence of successive dengue outbreaks in a city is a
consequence of favorable conditions for its transmission and it can be an
important instrument to investigate the dynamics of the disease and to
understand the dispersion of different serotypes in an urban space. Associated
to the study of the biology of the vector and serological and socioeconomic
characteristics of the population it is possible to identify the risk factors for
infection and to study strategies for dengue prevention and control.

The dengue outbreak that occurred in 2006 reached the highest
incidences in the historical series of Sdo José do Rio Preto. There was a higher
number of DHF cases in the city during this period. The high incidences of the
disease in this year are clearly a result of the introduction of DENV-3 in the
municipality (Mondini et al., 2009). With a susceptible population estimated in
415,000 people, the incidence reached 13,814 cases per 100,000 inhabitants.

DENV-2 was also circulating in the city. SLEV was introduced in S&o José do
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Rio Preto in 2006 causing a minor outbreak (Mondini et al., 2007 (a)). The
DENV-3 and SLEV co-infection case did not present unusual symptoms
(Mondini et al., 2007 (b)). In the following year, even with a decreased number
of susceptible individuals, the incidence was 8,206 cases per 100,000
inhabitants. There was the co-circulation of DENV-3 and DENV-2. Other cases
of DHF were also reported in 2007. In 2008, the scenario was different from the
previous years because DENV-2 reemerges to be the main serotype circulating
in the outbreak of that year. DF was the main clinical manifestation and few
cases evolved to DHF. DENV-3 was also circulating in the city but with a
diminished frequency. This year also witness the circulation of DENV-1 after
July. The reason why only 12 patients were analyzed in 2009 is because there
was a change of politicians and members of the Municipal Health Service.
However, it is noticeable that among them, the four positive cases were caused
by DENV-1. Dengue cases have increased considerably in endemic areas such
as Sao José do Rio Preto, alternating periods with high and low incidences
(Mondini et al., 2005). Like other regions of America, dengue starts to present a
hyper endemic trend that is a consequence of the circulation of other serotypes
from other regions of the country (Gubler, 1998).

Our data clearly shows that a serotype is introduced at least six months
before its establishment in an urban setting. The introduction of DENV-3
probably occurred in September 2005, when there was an important
transmission in an area with low socioeconomic level (Mondini et al., 2009). The
peak of transmission in S&o José do Rio Preto is usually April (Mondini et al.,

2005) with a gradual increase in the incidences starting in January. Such trend
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is a result of an increase in rainfall that starts in December, providing a varied
number of breeding sites and a consequent augmentation of Aedes aegypti
infestation. The first case caused by DENV-3 was at the beginning of January
and this is a clear indication that this serotype was already circulating in the city.
DENV-3 was the main serotype circulating in the second semester of 2006 and
the main serotype circulating in the first semester in 2007. DENV-2 was
detected in the second semester of 2007 and it was the main serotype causing
dengue in 2008. DENV-1 was detected in the second semester of 2008 and it
was the main serotype circulating in 2009. Unfortunately, it was not possible to
test blood samples from infected patients in the second semester of 2009, but
DENV-1 was probably the most frequent serotype in circulation because it is the
main serotype in the outbreak of 2010.

The beginning of dengue transmission in low socioeconomic areas with
inadequate urbanization is not mere coincidence. A study on the infestation
levels of Aedes aegypti mosquitoes (Ferreira & Chiaravalloti-Neto, 2007)
demonstrated that area with inadequate development, low infra-structure and
socioeconomic level presented higher rates of infestation than neighborhoods
located within the urban perimeter. According to the authors, the infestation
data indicate a relation with socioeconomic levels. However, basic sanitation is
a preponderant factor because high, intermediate and low socioeconomic areas
present similar infestation levels if basic sanitation is uniform for all areas. Thus,
an area with low socioeconomic level and without adequate basic sanitation is
going to present higher levels of infestation (Ferreira & Chiaravalloti-Neto,

2007).
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Figures 3 and 4 clearly show that the highest incidences are
concentrated in census tracts of the North Zone, which present lower
socioeconomic levels (Mondini & Chiaravalloti-Neto, 2007). It was reported that
there was a high rates of transmission in poor areas of Sdo José do Rio Preto,
especially in the North Zone (Galli & Chiaravalloti-Neto, 2008). It is important to
evaluate if poor regions of the city would serve as areas of DENV dispersion,
especially in cases of recent introduction of a new serotype/genotype. It seems
to be the case of S&o José do Rio Preto because there was a dispersion of the
disease from low socioeconomic areas to other areas of the city. Residence
addresses were used for geocoding because it is the most likely site of
infection. However, dengue transmission may also occur at work, at school or at
any other activity. This is an important bias to be solved, especially because of
technical limitations and the lack of quality in official records. With a detailed
epidemiological investigation, it is possible to verify the importance of other
transmission sites in order to generate control measures not only at the
residence of the patient but also in other probable sites of infection. A study in
Sao José do Rio Preto reported that commerce, industries and construction
sites may have an important role in vector infestation (Favaro et al., 2009:
personal communication) and, consequently, in dengue transmission.

Dengue transmission was assessed in the metropolitan area of Rio de
Janeiro in 2000-01 and the co-circulation of DENV-1, DENV-2 and DENV-3 was
reported (De Simone et al., 2004). After the introduction of DENV-3, there was
an increase in severe cases associated to the three serotypes. In Sdo José do

Rio Preto, however, clinical manifestations were severe only in patients with
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DENV-3. DENV-2 patients evolved without clinical implications. Since there are
not serological studies for DENV, it is difficult to relate the severity of the cases
to a secondary infection or to the virulence of the circulating serotype/genotype.
It is important to notice that the city has been endemic for more than 10 years
and that part of the population may have been already immunized. Thus, a
more severe condition might be also related to a secondary DENV infection.
Figure 6 shows dengue incidences in the city for 2008, when DENV-2 was the
main circulating serotype. It's noticeable that areas in the North Zone presented
low incidences in the majority of its census tracts, indicating a previous
circulation of the serotype in the area. These areas always presented high
incidences in previous years (Mondini & Chiaravalloti-Neto, 2008). The positivity
for DENV relatively dropped in 2008 due to a concomitant outbreak of sylvatic
cases of yellow fever in the country. The alarmed population sought medical
care at any sign of dengue like symptoms, increasing blood collection (there
were 92 DENV-2 positive cases in 313 samples).

The introduction of DENV-3 in the Caribbean island of Saint Martin in
2003-2004 nearly substituted preexisting dengue serotypes. According to the
authors, it seems to indicate an adaptation to local conditions (Peyrefitte et al.,
2005). The same trend might have happened in Sdo José do Rio Preto in
2006-07 (Figure 2). DENV-3 practically substituted the serotype that was
circulating in the city since 1998. A high number of susceptible individuals
associated to the high density of vectors were crucial points in the

establishment of dengue outbreaks caused by DENV-3 in 2006-07.
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In a study in the Philippines using dengue isolates from 1995 to 2002
showed one DENV-2 lineage underwent local evolution, with a gradual and
effective replacement of the other circulating DENV-2 lineage (Salda et al.,
2005). This is an interesting observation for it can be the case of Sdo José do
Rio Preto. Besides the introduction of a new DENV-2 lineage, local evolution
might have occurred due to selective pressure of environment related to a lack
of susceptible individuals and to the introduction of DENV-3. In the Philippines
study, there was an alternation of serotypes causing epidemics. However,
DENV-2 was the only serotype constantly detected in outbreaks for almost a
decade. The same happened in Sdo José do Rio Preto since DENV-2 was
introduced in 1998.

Without any detectable circulation since 2006, DENV-1 was responsible
for three dengue cases in the city in 2008. DENV-1 was first introduced in 1990
and it was the first serotype to cause outbreaks with autochthonous cases
(Chiaravalloti-Neto, 1996) until 1998, when DENV-2 was introduced in S&o José
do Rio Preto. As molecular data for DENV circulation in the city is scarce, it is
not possible to assume that DENV-1 had not circulated before 2006. However,
this serotype circulated in a town next to Sdo José do Rio Preto (Santos et al.,
2003).

The presence of DENV-1 is interesting epidemiologically because
Nicaragua suffered an alternation of serotypes for 10 years (DENV-3 and
DENV-2) and suddenly DENV-1 became the main serotype of the outbreak,
causing dengue in 87% of the patients (Balmaseda et al., 2006). It is also

similar to what is happening in Sado José do Rio Preto, but in a smaller

84



Artigo cientifico VI

timeframe. The city reported outbreaks caused by DENV-3 in 2006 and 2007,
followed by an outbreak caused by DENV-2 in 2008 with three cases of DENV-
1 in the last semester of the year. The first cases in 2009 were caused by this
serotype. Unfortunately, it was not possible to study more DENV-1 cases that
circulated in the city in 2009 but it is the main serotype circulating in 2010.

The molecular analysis of dengue cases not only provided fundamental
information to understand the dispersion of different serotypes in Sdo José do
Rio Preto, but it was also essential to identify a concurrent outbreak caused by
another Flavivirus. In a city with endemic transmission, all patients that present
dengue-like symptoms are diagnosed with the disease. After serological exams,
patients that are not tested positive for DENV are not assayed for other
Brazilian Flavivirus. During the dengue outbreak in 2006, SLEV produced a
smaller outbreak in the city (Mondini et al., 2007 (a)), but it would not be
discovered if there was not an active molecular surveillance for Flavivirus at the
time. There was even a case of co-infection by DENV-3 and SLEV, but the
patient did not present serious clinical implications (Mondini et al., 2007 (b)).
The detection of SLEV and DENV is important because surveillance and control
measures are different for each and require different actions.

Molecular studies provide important data to understand the dynamics of
viral circulation within an urban space. Different genotypes (and serotypes) of
DENV that cause severe forms of the disease might spread and, apparently,
supplant other lineages. This diverse dissemination might be related to
differentiated viral replication, vector competence, herd immunity and spatial,

social and ecological trends that are inherent to the site where the disease is
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occurring. The differences in viral dispersion indicate how the cases occur in
humans and how a genotype can be supplanted by others, with an important

impact in the epidemiology of the disease.
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Figura 1. M-N-PCR Positivity for DENV from January 2006 to August 2008;

Sao José do Rio Preto (SP/Brazil). The peak of positivity in 2006 and 2007 was
in May, when DENV-3 was the main serotype in circulation. In 2008, DENV-2

was the main circulating serotype and the peak of positivity was in March/April.

DENV-1 circulated in 2009 (data not shown).
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Figure 2. DENV serotypes circulating in S&do José do Rio Preto from January

2006 to August 2008; DENV-1 also circulated in 2009 (data not shown).
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Figure 3: Agarose gel showing clinical samples from 2008. Sample 1 is positive
for DENV-1 (476 bp), 2 is positive for DENV-2 (316 bp) and 3 is positive for
DENV-3 (659 bp). 100 bp Ladder (M); Positive control (C+); Negative control

(C-).
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Figure 4. Cartographic representation of Sdo José do Rio Preto (SP/Brazil).
(A) DENV incidences (per 100,000 inhabitants) from September 2005 to August
2006 in 432 census tracts. (B) Positive cases by M-N-PCR (DENV 1-3). It is
noticeable an overlap of areas with higher incidences and areas with more
positive PCR results. There was a case of co-infection with DENV-2 and DENV-

3 (green dot).
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Figure 5. Cartographic representation of Sdo José do Rio Preto (SP/Brazil).
(A) DENV incidences (per 100,000 inhabitants) from September 2006 to August
2007 in 432 census tracts. (B) Positive cases by M-N-PCR (DENV 1-3). It is

noticeable an overlap of areas with higher incidences and areas with more

positive PCR results.
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Figure 6. Cartographic representation of Sdo José do Rio Preto (SP/Brazil).
(A) DENV incidences (per 100,000 inhabitants) from September 2007 to August
2008 in 432 census tracts. (B) Positive cases by M-N-PCR (DENV 1-3). It is
noticeable an overlap of areas with higher incidences and areas with more
positive PCR results. DENV-1 was detected in three different areas of the city

(yellow dots).
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Figure 7: Agarose gel showing clinical samples from patients with DENV-3 (659
pb). Number three presented co-infection by DENV-2 (316 pb). 100 bp Ladder

(M); Positive control (C+); Negative control (C-).
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Table 1. Clinical samples of patients diagnosed with dengue fever, dengue
hemorrhagic fever or encephalitis. The molecular diagnosis was performed with
M-N-PCR, using primers for DENV-1, DENV-2, DENV-3 e YFV, from Janeiro to
December/2006 (A), from Janeiro to December /2007 (B) and from Janeiro to

August/2008 (C). Dengue cases from 2009 are not shown.

99

2006 JAN FEB MAR APR MAY JUN JuL AUG SEP ocT NOV DEC Total
Analyzed 23 27 26 1l 44 33 6 4 1 5 17 7 199
Positive 9 13 20 7 31 16 4 0 0 0 3 3 106

2007 JAN FEB MAR APR MAY JUN JuL AUG SEP ocT NOV DEC Total
Analyzed 0 16 26 2 22 1 1 4 & 13 5 1 94
Positive 0 8 11 13 17 1 0 1l 0 0 0 0 51

2008 JAN FEB MAR APR MAY JUN JuL AUG SEP ocT NOV DEC Total
Analyzed 2 16 174 51 36 22 9 3 0 0 0 0 313
Positive 1 1 39 37 13 8 3 0 0 0 0 0 102

* Main circulating serotype: DENV-3; co-circulation of DENV-2 and SLEV (Mondini et al, 2007
@)

** Main circulating serotype: DENV-3, co-circulation of de DENV-2;

*** Main circulating serotype: DENV-2, co-circulation of DENV3 and DENV-1.
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3. Conclusdes

Este € o primeiro estudo de epidemiologia molecular analisando uma
série histérica de casos de dengue em S&o José do Rio Preto. E, também, o
primeiro estudo que faz a andlise da distribuicdo espacial do dengue associada
ao estudo da micro-evolucao viral em um espaco urbano, de forma a entender
como ocorreu a disseminacdo das linhagens virais dentro do municipio. E o

primeiro estudo a descrever uma epidemia da encefalite de Saint Louis no

Brasil e, também, o primeiro a reportar uma co-infeccdo de DENV-3 e SLEV.
As principais conclusdes deste estudo séao:

1. Num municipio endémico para dengue, como Sdo José do Rio
Preto, a andlise molecular de pacientes com diagnéstico clinico da
doenca mostrou que pode haver a circulacdo de outros Flavivirus e

nao somente DENV;

2. O uso de critérios soroldgicos e epidemiolégicos deve ser
acompanhado por analises moleculares para confirmacdo de um

caso em periodos de grandes epidemias;

3. E necessario empregar uma vigilancia ativa, baseada na prevencao,
no controle de vetores e analise holistica de pacientes febris para

evitar a disseminacéo viral;

4. DENV-3 comecou a circular em Setembro de 2005 e foi o principal

causador de dengue durante 2006 e 2007,
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5. Em 2006, houve a circulacéo de duas linhagens distintas de DENV-3
Nno municipio e estas tiveram velocidades de propagacao diferentes e
taxas basicas de reproducdo diferentes, indicando que foram

introduzidas no municipio em épocas distintas;

6. Areas socioecondmicas menos favorecidas podem ter um papel
fundamental na dispersdo de um novo sorotipo de DENV e, a medida
que h& a disseminacdo viral, todas as areas do municipio sdo

atingidas;

7. H& a transmissdo transovariana de dengue em Aedes aegypti no

municipio de S&o José do Rio Preto;

8. DENV-3 e DENV-2 foram os sorotipos detectados nos mosquitos em

2007 e 2008, respectivamente;
9. O principal sorotipo circulante na epidemia de 2008 foi DENV-2;

10. DENV-1 passou a circular em 2008 e foi o causador da epidemia de

2009;

11. O sorotipo detectado mais frequentemente no segundo semestre do
ano parece ser 0 sorotipo que vai causar surtos epidémicos no ano

seguinte.
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