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RESUMO

A utilidade da proteina NS1 para o diagndstico precoce e seu papel como uma
ferramenta de diagnéstico adicional as abordagens existentes para a identificacdo das infeccdes
por dengue ja foi demonstrada. No ano de 2008, o Ministério da Saude implantou unidades
sentinelas em municipios estratégicos do pais, utilizando testes de captura de antigeno (Ag)
NS1 como um método de triagem e de diagnostico precoce de casos suspeitos, contudo sem
avaliacdes prévias. O presente estudo visou atender as demandas de avaliacdo e confirmacao
do papel destes testes na investigacdo de casos de dengue no pais. Neste contexto, o objetivo
deste trabalho foi avaliar o desempenho e as aplicagbes alternativas dos testes de captura de
NS1 disponiveis comercialmente. O desempenho dos testes Platelia NS1 ELISA (BioRad
Laboratories) e pan-E Early ELISA, primeira geragdo (PanBio Diagnostics) e do teste rapido Ag
Strip (BioRad Laboratories) disponiveis no mercado apos a introducdo destes no pais, foi
avaliado com um painel de 450 amostras. Dentre os trés kits analisados, o teste NS1 Ag Strip foi
0 mais sensivel (89%, 197/220), seguido pelo Platelia NS1 ELISA (84%, 184/220). O menos
sensivel foi pan-E Early ELISA com 72% (159/220) de sensibilidade. Uma menor sensibilidade
foi observada em casos de DENV-3 por todos os trés kits analisados. A comparagdo de duas
geracBes do ELISA para a captura de NS1 do fabricante PanBio Diagnostics (pan-E Dengue
Early ELISA e Early ELISA Dengue, segunda geracdo), apos o aperfeicoamento do teste pelo
fabricante, demonstrou um aumento significativo na sensibilidade, de 72,3% (159/220) para 80%
(176/220), p=0.05, respectivamente. As sensibilidades dos testes pan-E Dengue Early ELISA,
Platelia NS1 ELISA e o NS1 Ag Strip utilizados como uma ferramenta alternativa para o
diagnéstico de dengue em fragmentos de tecidos de casos fatais (n=23) foi de 34,7% (08/23),
60,8% (14/23) e 91,3% (21/23), respectivamente. Na andlise de 74 fragmentos tecidos
provenientes dos casos fatais, o teste NS1 Ag Strip apresentou uma sensibilidade
significativamente maior (78,3%, 58/74 [p<0.05]). Este teste foi mais sensivel na andlise do
figado (91,3%; 21/23), pulméo (71,4%; 10/14), rim (100%, 4/4), cérebro (80%; 8/10), baco
(66,6%, 10/15) e timo (100%, 3/3), quando comparado com os testes de ELISA avaliados. A
utilidade dos testes de captura de NS1 também foi avaliada nas vigilancias epidemioldgica e
entomoldgica apos introducdo do DENV-4 no Rio de Janeiro em 2011. Tanto o teste rapido NS1
Ag Strip quanto o Platelia NS1 ELISA confirmaram 4/9 (44,4%) dos casos suspeitos ocorridos na
época e confirmaram a infeccdo em mosquitos Ae. aegypti coletados no campo. Relatos de uma
baixa sensibilidade do teste de captura de NS1 no diagnéstico de casos de DENV-4, ocorridos
apos a introducdo deste sorotipo no pais, resultou na investigagdo de metodologias que
visassem um aumento das sensibilidades obtidas. Para tal, dois métodos de dissociagdo de
imunocomplexos antigeno-anticorpo por calor e por dissociagdo acida, foram testados. Foi
observado um aumento significativo na sensibilidade do teste de 46,6% (217/466), quando as
amostras nao sofreram dissociagéo, para 70,4% (328/466) e 77,5% (361/466), p=0,017, quando
sofreram dissociacdo &cida e térmica, respectivamente. Visando estabelecer a utilizacdo de
sangue coletado por puncao digital em papel de filtro como espécime alternativo para a
utilizacdo em testes de captura de NS1, cinco protocolos, para a eluicdo do soro do papel de
filtro foram avaliados. O protocolo descrito por Matheus et al. (2007), a utilizagdo de 6mm de
papel de filtro contendo a amostra e a eluicdo da amostra utilizando o proprio tampé&o do kit
comercial, foi o protocolo mas sensivel para a confirmagédo dos casos testados. Os resultados
obtidos neste trabalho corroboram aqueles que demostram a utilidade da proteina NS1 no
diagnostico precoce das infecgbes por dengue e demonstram a aplicacdo alternativa na
confirmacdo de casos fatais, deteccdo dos virus em vetores e, potencialmente, sua utilizagao
combinada com métodos menos invasivos de coleta de sangue.
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ABSTRACT

The usefulness of the NS1 protein for early diagnosis of dengue infections and its
role as an additional tool to existing diagnostic approaches has been demonstrated. In 2008,
the Brazilian Ministry of Health established sentinel units in strategic cities of Brazil, using
NS1 antigen (Ag) capture tests as a screening method and early diagnosis of suspected
cases, however without a previous evaluation. The present study aimed to meet the
demands of evaluating and confirming the role of these tests in investigating dengue cases
in the country. In this context, the goal of this study was to evaluate the performance and
alternative applications of NS1 capture tests commercially available. The performance of the
Platelia NS1 ELISA (BioRad Laboratories) and pan-E Early ELISA, first generation (PanBio
Diagnostics) and rapid test NS1 Ag Strip (BioRad Laboratories) available in the market after
the introduction of these in the country, was evaluated with a panel of 450 samples. Among
the three kits analyzed, the NS1 Ag Strip test was the most sensitive (89%, 197/220),
followed by the Platelia NS1 ELISA (84%, 184/220). The least sensitive was the pan -E Early
ELISA with 72% (159 /220) of sensitivity. A lower sensitivity was observed in DENV-3 cases
by all three kits analyzed. The comparison of two generations of the NS1 Ag capture ELISA
from PanBio Diagnostics (pan-E Dengue Early ELISA and Early ELISA Dengue, second
generation) after a test improvement by the manufacturer, showed a significant increase in
the sensitivity, from 72.3% (159 /220) to 80% (176/220), p=0.05, respectively. The sensitivity
of the pan-E Dengue Early ELISA, Platelia NS1 ELISA and NS1 Ag Strip tests used as an
alternative tool for the diagnosis of dengue in tissues of fatal cases (n=23), were 34.7%
(08/23), 60.8% (14/23) and 91.3% (21/23), respectively. In the analysis of 74 tissues from
dengue fatal cases, the NS1 Ag Strip test showed a significantly higher sensitivity (78.3%,
58/74 [p <0,05]) . This assay was more sensitive in the analysis of the liver (91.3%, 21/23),
lung (71.4%, 10 /14), kidney (100%, 4/4), brain (80 %, 8/10), spleen (66.6%, 10 /15), and
thymus (100%,3/3), when compared to the ELISA tests evaluated. The usefulness of the
NS1 capture tests was also evaluated in the epidemiological and entomological surveillance
after DENV-4 introduction in Rio de Janeiro in 2011. Both the rapid test NS1 Ag Strip and
the Platelia NS1 ELISA confirmed 4/9 (44.4%) of the suspected cases occurred at the time
and confirmed the infection in Ae. aegypti collected in the field. Reports of a low sensitivity of
the NS1 capture tests in diagnosing DENV-4 cases occurred after the introduction of this
serotype in the country and resulted in the investigation of methodologies to increase the
sensitivities obtained. In that scenario, two methods for antigen-antibody immune complexes
dissociation (heat and acid dissociations) were tested. The sensitivity observed with the
samples non-dissociated (46.6%; 217/466) was significantly improved when the samples
were submitted to acid dissociation (70.4%; 328/466) and heat dissociation (77.5%;
361/466), p=0.017. To establish the use of fingerstick blood collection on filter paper
specimens as an alternative specimen to use on NS1 tests, five protocols for eluting the
serum from the filter paper were evaluated. The protocol described by Matheus et al. (2007),
using 6 mm of filter paper containing the sample and the elution of the sample using the
commercial kit buffer was itself, the most effective. The results of this study support those
that demonstrate the usefulness of the NS1 protein in the early diagnosis of dengue
infections and demonstrate the alternative applications in confirming fatal cases, in the
surveillance of the virus in the vectors and the potentially combined with less invasive
methods of blood collection use.
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1. INTRODUCAO:

Os virus dengue (DENV) sdo os arbovirus de maior importancia médica para
o homem no mundo, transmitidos pela picada de mosquitos do género Aedes (Ae.),
sendo o Aedes aegypti o principal vetor. Os DENV, com quatro sorotipos distintos
(DENV-1 a 4) pertencem a familia Flaviviridae e ao género Flavivirus, que é
composto por cerca de 80 virus e outros arbovirus de importancia médica (King et
al., 2012).

Os DENV sédo mantidos na natureza por um ciclo de transmisséo
envolvendo hospedeiros vertebrados e mosquitos hematdfagos do género Aedes. O
homem é o unico hospedeiro capaz de desenvolver as formas clinicas da infeccéo
(Gubler, 2002).

O surgimento e disseminacdo dos quatro sorotipos na Africa, Américas,
Sudeste da Asia e Mediterraneo Oriental representam uma ameaca de pandemia
(Figura 1.1). Estima-se que 50 milh6es de infeccBes por dengue ocorram
anualmente e aproximadamente 2,5 bilhdes de pessoas vivem em paises
endémicos, nas regides tropicais e subtropicais do mundo (OMS, 2013). Apesar dos
esforcos da comunidade cientifica desde o século passado, ainda ndo existem
drogas e vacinas, profilaticas ou terapéuticas, licenciadas contra a dengue (Julander
et al., 2011).

B Areaem risco de transmissio dos DENV o /EJ
S " Nao aplicavel

Figura 1.1 Distribuicdo de paises ou areas de risco de transmissdo da dengue
no mundo, 2011 (OMS, 2013).



1.1. HISTORICO:

A origem geografica dos DENV tem sido um assunto de intensa
especulacdo, alguns defendem a origem africana devido a mesma origem do
principal vetor, Ae. aegypti (Edwards, 1932; Christophers, 1960). No entanto, o
trabalho ecolégico e sorolégico de Smith e Rudnick (Smith, 1956; Rudnick & Lim,
1986), a relativa insusceptibilidade para infeccdo dos DENV ao ancestral Ae. aegypti
formosus da Africa (Diallo et al., 2005) e andlises filogenéticas (Wang et al., 2000),
apontam para uma origem asiatica. Independentemente da sua origem, os DENV
provavelmente evoluiram como um virus de mosquito arboreo antes de se adaptar a
primatas em ambientes silvestre (Gubler, 1997).

Os primeiros relatos de grandes epidemias de uma doenca compativel com
dengue datam de 1779 e 1780 e foram relatadas na Asia, Africa e América do Norte,
porém ha registros da ocorréncia desta doenca no século Illl. Durante a Dinastia
Chin, nos anos de 265 a 420 d.C., foram descritos os sintomas de uma enfermidade
que os chineses chamaram de "veneno da agua", associando insetos voadores e
agua. Estes achados foram formalmente editados em uma enciclopédia médica
chinesa durante a Dinastia Tang, no ano de 610 d.C., e Dinastia Norte Sung, no ano
de 992 d.C. (Gubler, 1998; Gubler, 2006).

O termo dengue originou-se na Espanha e foi introduzido na literatura
meédica inglesa entre 1827 e 1828, durante uma epidemia de exantema com
artralgia ocorrida no Caribe. Em 1869, foi estabelecido pelo London Royal College of
Physicians para denominar esta enfermidade, até entéo referida na literatura como
"febre articular”, "febre quebra ossos", "dinga"”, "polka”, entre outros (Siler et al.,
1926; Halstead, 1980). Este termo é um homonimo espanhol para o Swahili "Ki
denga Pepo", que significa pancada ou golpe, causada por um espirito do mal, que
provoca um ataque doloroso semelhante a caimbra (Halstead, 1980; CDC, 2006).

Graham em 1903 foi o primeiro a publicar que a transmissdo do DENV se
dava através de mosquitos. Ashburn e Craig, em 1907, observaram que a doenga
era causada por um organismo filtravel e de tamanho ultramicroscépico,
descartando a hipétese de uma infec¢do por bactérias e/ou protozoarios (Ashburn &
Craig 1907). A transmisséo por Ae. aegypti foi confirmada em 1926 por Siler, Hall e
Hitchens (Siler et al., 1926).

O inicio da Segunda Guerra Mundial trouxe uma grande mudanca
epidemiologica, ecoldgica e demografica, o que culminou em uma nova relacao
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entre DENV e humanos. As primeiras amostras dos DENV foram isoladas em
marco de 1944 durante a Segunda Guerra Mundial, a partir de soros de soldados
infectados em Calcuta (india), Nova Guiné e Havai (Sabin, 1952). Os virus
provenientes da India, do Havai e de uma das cepas de Nova Guiné foram
antigenicamente semelhantes e denominados DENV-1. Atualmente, a cepa Havai é
considerada amostra protétipo. Outras cepas de Nova Guiné apresentaram
caracteristicas antigénicas diferentes, permitindo a identificacdo de outro sorotipo,
que foi classificado como DENV-2, hoje considerado protétipo. Posteriormente, dois
novos virus foram isolados durante uma epidemia ocorrida em Manila (1953). Estes
virus foram classificados como DENV-3 e DENV-4 (Hammon et al., 1960) e as
cepas H87 (DENV-3) e H241 (DENV-4) consideradas prototipos.

Embora uma série de epidemias estivessem ocorrendo no Sudeste Asiatico,
ndo houve epidemias notificadas nas Américas, Africa e Oceania durante os 20
anos seguintes, principalmente devido ao programa de erradicacado de Ae. aegypti
por parte da Organizacdo Pan-Americana de Saude (OPAS), que visava evitar
epidemias de Febre Amarela (FA) urbana. No entanto, com a descontinuidade
desse programa no final dos anos 70, Ae. aegypti voltou a infestar a maioria dos
paises americanos (Gubler, 1997; Rigau-Pérez et al., 1998; Gubler, 2002).

A dengue reapareceu nas Ameéricas em 1963, em Porto Rico e Jamaica,
com a introducdo do DENV-3 de origem asiatica que causou varias epidemias no
Caribe, Colébmbia e, possivelmente, Venezuela (Russell et al., 1966; Ehrenkranz et
al., 1971; Morales et al, 1973.; Ventura & Ehrenkranz, 1976).

A reintrodugdo do DENV-1 no Caribe em 1977 ocasionou epidemias nas
Américas Central, do Norte e do Sul (Gubler, 1997). A introducéo da cepa de DENV-
2 do Sudeste Asiatico em Cuba, provavelmente a partir do Vietnda em 1981 (Kouri et
al., 1983; Rico-Hesse, 1990), foi caracterizada por um aumento da gravidade dos
casos (Kouri et al., 1989; Uzcategui et al., 2001).

Na Africa, mesmo na auséncia de uma vigilancia eficaz, o ano de 1980 foi
caracterizado por um aumento evidente da doenca e da circulacdo de todos os
sorotipos, que curiosamente nao foi associado com o aumento da gravidade da
doenca (Gubler et al., 1986).

Na década de 1990, houve uma distribuicdo global de todos os sorotipos,
principalmente devido a expansdo da populacdo urbana, o aumento da densidade

do vetor devido a programas de controle ndo sustentados e o aumento do transporte



aéreo comercial facilitando a rapida circulacdo de pessoas infectadas (Cobra et al,
1995; da Cunha et al, 1997).

1.2. EPIDEMIOLOGIA DOS DENV:
1.2.1. DENGUE NAS AMERICAS:

No continente americano, inUmeras epidemias em intervalos irregulares
foram registradas a partir de 1896, nos Estados Unidos e em paises do Caribe.
Contudo, ha relatos de uma doenca semelhante ao dengue em pessoas que
chegaram de barcos em Buenos Aires (Argentina) vindas do Brasil (Sabattini et al.,
1998). Além disso, ha registro de uma epidemia ocorrida na Argentina datando de
1916. Os sorotipos envolvidos nestas epidemias ndo eram conhecidos até 1953,
guando foram isoladas as primeiras amostras de DENV-2. Dez anos depois, foram
isoladas as primeiras amostras de DENV-3 em Porto Rico, sendo estes dois
sorotipos responsaveis pelas epidemias ocorridas no continente na década de 60
(Gubler, 1992).

Em 1977, o DENV-1 foi introduzido nas Américas e, nos anos seguintes,
este mesmo sorotipo foi isolado nos Estados Unidos da América (EUA), que até
entdo, ndo apresentavam casos autéctones de dengue (Gubler, 1992). No periodo
de 1977 até 1980, foram notificados mais de 700.000 casos da doenca,
praticamente todos estes causados pelo DENV-1 (OPAS, 1989). No mesmo
periodo, o DENV-3 apresentou pouca atividade na regido, com o ultimo isolamento
ocorrido em 1978 em Porto Rico (Anonymus,1995).

No ano de 1981, o DENV-4 foi introduzido no continente e, durante esta
década, além da expansédo da area de transmissao e do aumento do numero de
casos notificados, ocorreu em Cuba, a primeira epidemia de febre hemorragica do
dengue/ sindrome do choque por dengue (FHD/SCD) das Américas, causada pelo
DENV-2, onde foram notificados cerca de 344.000 casos com aproximadamente
116.000 internacdes e 158 oObitos (Kouri et al., 1986; Gubler, 2006). Entre 1981 e
1996, foram notificados aproximadamente 42.000 casos de FHD/SCD, distribuidos
em 25 paises (OPAS, 1997).

Em 1994, ocorreu a reintroducdo do DENV-3 na Nicaragua, com o
isolamento destes, em todos os paises da América Central nos anos seguintes
(Guzman et al., 1996).



Ha ocorréncia da circulagdo dos quatro sorotipos do DENV em varios paises
da América do Sul e Caribe (Figueroa & Ramos, 2000; Guzman & Kouri, 2002).
Durante as Ultimas décadas, o continente americano evoluiu de uma situagdo nao
endémica para hiperendémica, onde se observou um aumento na densidade
vetorial, na co-circulagdo de multiplos sorotipos do DENV, na endemicidade de FHD

e no aumento na frequéncia da atividade destes virus (Figura 1.2) (Gubler, 1997).
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Figura 1.2: Atividade epidémica dos virus dengue nas Américas e Caribe, entre
as décadas de 1970 e 2000. (Adaptado de OPAS, 2011).

Entre 2000 e 2007, todos os sorotipos virais foram identificados
simultaneamente em Barbados, Colémbia, Republica Dominicana, ElI Salvador,
Guatemala, Guiana Francesa, Meéxico, Peru, Porto Rico e Venezuela. Neste
periodo, os paises do Cone Sul (Argentina, Brasil, Chile, Paraguai e Uruguai)
notificaram 64.6% (2.798.601) de todos o0s casos registrados nas Américas, e 0
Brasil foi responsavel pela notificacdo de 98.5% deste total (San Martin &
Brathwaite, 2010).

A maioria dos casos de dengue notificados no Canada e nos Estados
Unidos refere-se a viajantes que visitaram &areas endémicas na Asia, Caribe,
Ameérica Central ou do Sul. No entanto, surtos de dengue também foram notificados

no Havai nos anos 2001 e 2002 (Effler, 2005; Smith, 2005), com transmisséao local



no estado do Texas (Brunkard & Robles Lopez, 2007) e nos anos 2009 e 2010, no
estado da Flérida (Afiez & Rios, 2013).

Até a 522 semana epidemiolégica de 2013, foi registrado um total de
2.351.703 casos de dengue, incluindo 37.692 casos graves e 1.280 6bitos no
continente americano. Cerca de 62,2% do total de Obitos foram concentrados na
regido do Cone Sul, com 42,6% dos 0Obitos registrados no Brasil (OPAS, 2013).

1.2.2. DENGUE NO BRASIL:

Surtos de dengue datam de 1864 no Rio de Janeiro (RJ) e que,
provavelmente, ocorreram nas regides sul, sudeste e nordeste durante o século XIX
(Figueiredo, 2000). Em 1886, ocorreu outra epidemia no municipio de Valenca (RJ)
quando a doenca recebeu varios nomes populares como febre Valenciana e polka,
esta ultima relacionada com as dores articulares muito intensas.

Em 1917, ocorreu um surto de dengue na cidade de Curitiba e no estado do
Rio Grande do Sul (Figueiredo, 1998), assim como em 1922 e 1923, na cidade do
RJ (Figueiredo, 2000). No entanto, a primeira epidemia com confirmagéo laboratorial
ocorreu em 1981, em Boa Vista, onde cerca de 11.000 pessoas foram infectadas e
os DENV-1 e 4 identificados (Travassos da Rosa, 1982; Osanai et al., 1983).
Entretanto, foi apenas a partir de 1986 que o dengue tornou-se um problema no
pais, com a introducdo do DENV-1 no estado do RJ (Schatzmayr et al., 1986) e sua
disseminacéo para as regides nordeste e centro-oeste (Nogueira et al., 2000).

As circunstancias ambientais permaneceram receptivas a circulacdo do
DENV e alguns anos depois a situacéo foi agravada pela introdu¢do do DENV-2 em
1990, também no estado do RJ, com a ocorréncia de casos autdctones de dengue
classico (DC) e os primeiros casos de FHD (Nogueira et al., 1993).

No inicio de 1994, o aumento progressivo na incidéncia da doenca no pais
foi devido a circulacdo do virus em mais de 600 municipios distribuidos em 18
estados brasileiros (Nogueira et al., 1995; Teixeira et al., 2009). Em 1998, o Brasil
foi responsavel por 85% do numero de casos de dengue notificados nas Américas
em 1999, 50% dos 5.507 municipios brasileiros jA haviam relatado casos de DC
(Nogueira et al., 2000).

Com a introducdo de DENV-3 em 2000, também no RJ, houve um aumento
acentuado dos casos de DC (446.2 casos por 100 mil habitantes) e de FHD
(Nogueira et al.,, 2005). Este sorotipo se dispersou rapidamente pelo territério
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brasileiro, praticamente substituindo os DENV-1 e DENV-2 (Teixeira et al., 2005),
modificando a epidemiologia do dengue no Brasil e assumindo caracteristicas de
hiperendemicidade (Nogueira et al., 2005).

De 2003 até o0 més de maio de 2007, o DENV-3 foi 0 Unico sorotipo isolado.
Contudo, a partir do més abril de 2007, observou-se a re-emergéncia do DENV-2,
gue causou uma grave epidemia no ano de 2008, com um aumento significativo na
proporcao de casos de FHD em menores de 15 anos, observado inicialmente no
nordeste (Teixeira et al., 2009). Este fato ocorreu igualmente no RJ no inicio de
2008, quando 50% dos casos de DC, 48% das internacbes e 36% dos o6bitos
ocorreram em menores de 15 anos (SES/RJ, 2008; SVS, 2009).

Entre 1981 e 2009, 5.423.999 casos de dengue foram notificados no Brasil,
onde mais de trés milhdes ocorreram entre os anos de 2000 a 2008 (SVS, 2007;
2008; OPAS, 2009) Figura 1.3.

No ano 2010, o DENV-4 reemergiu e foi confirmado no estado de Roraima,
na regido norte do Brasil (Temporéo et al.,, 2011) e em 2011, no RJ (Nogueira &
Eppinghaus, 2011). Naquele mesmo ano, este sorotipo também foi registrado nas
Regides Nordeste e Sul (SVS, 2011).

Em 2013, até a semana epidemioldgica 52, foram registrados 1.451.432
casos de dengue no Brasil, um aumento de 256,6% em relacdo ao ano de 2012.

Deste total, 6.969 foram notificados como casos graves e 545 Obitos e, apartir de

2012 o monitoramento da circulacdo viral tem demonstrado o isolamento dos quatro
sorotipos no pais, com o predominio do DENV-4 (OPAS 2012, 2013).

a0z 2008

Icidéncia por 100 000 hab.
[] 200
[Joo-10

B o0 1000
Bl 1000|3000
B =030

Figura 1.3: Incidéncia de casos de dengue de acordo com 0s municipios de
residéncia no Brasil nos anos 2002, 2008 e 2010. (SVS, 2010).



1.3. VETOR E TRANSMISSAO DOS DENV:

A principal forma de transmissdo ocorre através da picada de fémeas
hematodfagas infectadas de mosquito Aedes spp durante o repasto sanguineo para a
maturacdo dos seus ovos (Ramos, 2008). O mosquito se infecta ao ingerir sangue
de um individuo durante o periodo de viremia (cerca de 5 dias) e pode transmitir o
virus, através da saliva, para um individuo susceptivel depois de um periodo de
incubacdo extrinseca de 8 a 12 dias. Uma vez infectado, o mosquito transmite o
virus pelo resto de sua vida (em média 45 dias). E uma espécie doméstica de habito
diurno, que ovipde, preferencialmente, em agua estagnada e limpa, acumulada em
recipientes geralmente fabricados pelo homem, como pneus, vasos de plantas,
latas, cisternas, entre outros (Rigau-Perez et al., 1998).

As fémeas infectadas também podem transmitir 0s virus a préxima geracao
de mosquitos por meio da transmissao transovariana, mas iSSO ocorre com pouca
frequéncia e, provavelmente, ndo contribui significativamente com a transmisséo
humana (Rigau-Perez et al.,1998).

Em raros casos de dengue, a transmissdo pode ocorrer a partir de 6rgaos
transplantados ou transfusao de sangue de doadores infectados (Ramos, 2008). Ha
raros relatos de transmissao em laboratério por inoculacdo acidental do virus em
laboratoristas (Britton et al., 2011). N&do h& transmissdo pelo contato de um doente
ou de suas secre¢des com uma pessoa sadia, nem por fontes de agua ou alimentos
(Figueiredo, 2006). A transmissdo vertical transplacentaria constitui fator de risco
para o desenvolvimento de formas hemorragicas em criancas em virtude da
presenca de anticorpos maternos de uma infec¢cdo primaria (Hubert & Halstead,
2009).

1.4. AGENTE ETIOLOGICO:

Os DENV sédo esféricos, pequenos, apresentam um diametro de
aproximadamente 50 nandmetros (nm) e sdo envelopados. O envelope viral é
constituido por uma bicamada lipidica, derivada do reticulo endoplasmatico (RE) da
célula hospedeira, na qual 180 coépias das proteinas do envelope (E) e de
membrana (prM/M) estdo ancoradas (Rodenhuis-Zybert et al., 2010). Internamente,
ha um nucleocapsideo com formato icosaédrico composto pela proteina estrutural

do capsideo ou core (C), complexada a uma molécula de acido ribonucléico (RNA)
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viral (Figura 1.9) (Kinney & Huang, 2001; Kuhn et al., 2002; Whitehead et al., 2007;
Murrel et al., 2011), Figura 1.4.

Envelope

Proteina de Membrana
Membrana Viral
Nucleocapsideo
Proteina do capsideo
Genoma Viral

Figura 1.4: Organizacao estrutural dos virus dengue (Adaptado de Freire et al.,
2013).

O genoma dos DENV, com uma fase aberta de leitura que compreende
aproximadamente 10.700 nucleotideos, se apresenta como uma fita simples de
RNA com polaridade positiva e € infeccioso, comportando-se como um RNA
mensageiro (RNAm). O RNA viral apresenta-se modificado em sua extremidade 5’
UTR (do inglés: “untranslated region”), através da adicdo de uma estrutura cap
(m7G5’ppp5’A). Entretanto, este RNA ndo contém uma cauda poliadenilada na
extremidade 3’ UTR. Sendo assim, a tradugao do RNA viral produz uma poliproteina
precursora das dez proteinas virais (Figura 1.5a), que é clivada em varios sitios por
proteases celulares e pela protease viral, concomitante ao processo de tradugao
durante a translocacéo da proteina para o RE da célula hospedeira (Figura 1.5b)
(Assenberg et al., 2009).

O processamento da poliproteina gera trés proteinas estruturais, C, pre-

membrana (prM precursora da M) e E; e sete proteinas nao estruturais (NS), NS1,
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NS2A, NS2B, NS3, NS4A, NS4B e NS5 (Figura 1.5c) (Lindenbach & Rice, 2001;

Whitehead et al., 2007; Fernandez-Garcia et al., 2009; Murrell et al., 2011).
Enquanto as proteinas estruturais dispdem a arquitetura da particula viral,

as proteinas NS estdo envolvidas nos processos de replicacdo e montagem dos

novos virions (Kinney & Huang, 2001).

Proteinas estruturais Proteinas ndo estruturais

[ T
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Figura 1.5: Diagrama esquematico da organizacao gendmica e do
processamento da poliproteina dos DENV. (A) organizacdo linear das proteinas
estruturais e ndo estruturais na poliproteina. (B) topologia da poliproteina na
membrana, prevista a partir de analises bioquimicas e celulares. O processamento
por proteases celulares e virais esta indicado pelas setas. (C) diferentes complexos
gue surgem durante e apés processamento da poliproteina (Adaptado de Assenberg
et al., 2009).
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1.5. PROTEINAS DOS DENV:

A proteina C é responsavel pela estrutura da particula viral, possui uma
massa molecular de ~11 kDa e carater basico, se ligando fortemente a moléculas de
RNA (Chambers et al., 1990a).

A glicoproteina prM (26 kDa) faz parte da estrutura dos virions imaturos e
sua clivagem por uma protease celular do tipo furina, como Ultima etapa antes da
liberacdo da particula infecciosa pela via exocitica do Golgi, gera a proteina M (8
kDa), produzindo particulas virais maduras (Chambers et al., 1990a; Rice, 1996).
Sitios de N-glicosilacdo potenciais e sua localizacdo sdo conservados entre 0s
sorotipos de DENV (Chambers et al., 1990a). Estudos revelaram que anticorpos
contra a proteina prM sdo capazes de proteger camundongos contra infec¢ao pelo
virus da dengue (Kaufman et al.,, 1989), assim como peptideos sintéticos de
dominios das proteinas prM e M séo capazes de induzir anticorpos neutralizantes e
proteger camundongos (Vazquez et al., 2002).

A proteina E, de aproximadamente 60 kDa, € a maior proteina estrutural do
virion, sendo responsavel pelas principais propriedades bioldgicas do virus. Além de
ser o principal componente antigénico viral, a proteina E age como hemaglutinina
viral, apresenta capacidade fusogénica com membranas da célula hospedeira, induz
resposta imune protetora e interage com receptores na superficie das células-alvo
(Chen et al.,, 1997; Modis et al., 2004). Evidéncias indicam que a proteina E
desempenha um papel na patogenicidade de diversos flavivirus, ndo apenas pela
definicdo do tropismo celular, como também pela entrada do virus na célula-alvo
(Gollins & Porterfield, 1986; Rey et al., 1995; Modis et al., 2004). Sua estrutura
consiste de um dimero, no qual cada monémero tém 3 dominios. O dominio central
(dominio 1) contém a regido N-terminal e é flanqueado em um lado pelo dominio II.
O dominio lll, tipo imunoglobulina, compreende os aminoacidos 300 a 395 e parece
estar envolvido na ligagcdo ao receptor (Bhardwaj et al., 2001; Rey et al.,1995) e
inducao de anticorpos neutralizantes (Beasley & Barrett, 2002; Halstead et al., 2005;
Li et al., 2005; Pierson et al., 2007).

As proteinas ndo estruturais estdo envolvidas na modulacdo da resposta do
hospedeiro e na replicacdo do RNA viral (Khromykh & Westaway, 1997) e podem
desempenhar fungbes na montagem, organizacgédo e liberacéo do virus (Lindebach &
Rice, 2007).
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A proteina NS2A, de 24 kDa, é a primeira das quatro pequenas proteinas
hidrofébicas (NS2A, NS2B, NS4A e NS4B). O perfil hidrofébico dessas proteinas
sugere uma possivel interacdo com as membranas (Chambers et al., 1990a;
Brinkworth et al.,, 1999). Estudos demonstraram que mutacdes nesta proteina
interferem na montagem e secrecdo da particula viral pela célula hospedeira
(Kummerer & Rice, 2002), além de exercer funcdes na modulacdo do interferon
antiviral produzido pelo hospedeiro (Liu et al., 2005).

A proteina NS2B, de 14 kDa, desempenha um papel fundamental no
sucesso da replicacdo viral. Sua sequéncia apresenta sete dominios hidrofobicos
que estdo relacionados a interacdo com membranas como também, ao correto
direcionamento do core hidrofilico central o qual serve de cofator da protease viral
(NS3pro), para interagdo com a mesma, na fracdo citosolica do RE da célula
hospedeira podendo assim, processar a poliproteina viral (Chambers et al., 1990b;
Falgout et al., 1991; Brinkworth et al, 1999).

A proteina NS3 (68 kDa) € uma proteina multifuncional, altamente
conservada entre os flavivirus e tem no minimo trés atividades bioquimicas distintas.
Os primeiros 180 aminoacidos da regido amino-terminal da NS3 (NS3pro),
associados a proteina NS2B (cofator), apresentam atividade de serina protease. A
regido C-terminal apresenta atividade de helicase (NS3hel), envolvida na replicagcéo
do RNA viral e RNA 5'-trifosfatase, envolvida na formacéo do cap na extremidade 5’
do genoma viral (Wengler & Wengler, 1991; Khromykh et al., 1999; Bartelma &
Padmanabhan, 2002; Lindenbach & Rice, 2003).

N&o existem evidéncias diretas sobre a funcéo das proteinas NS4A e NS4B.
No entanto, estudos sugerem que a proteina NS4A esta ancorada a membrana do
reticulo e interage com as proteinas NS1, NS3 e NS5 (Westaway et al, 2003).
Durante a replicagdo viral, a proteina NS4B pode estar localizada no nucleo da
célula hospedeira, e parece estar envolvida na inibicdo da sintese de interferon, mas
seu papel ainda nao foi determinado (Lindenbach & Rice, 2003).

A proteina NS5 é a maior das proteinas ndo estruturais, com cerca de
100 kDa e apresenta sequéncias altamente conservada entre todos os flavivirus. A
andlise dessas sequéncias possibilitou a determinagdo de dois sitios, o primeiro
responsavel pela atividade de RNA polimerase dependente de RNA (polimerase
viral) e encontrado na regido C-terminal do gene e o Ultimo, responsavel pela
atividade metiltransferase encontrada na regiao N-terminal (Chambers et al., 1990a;
Koonin, 1993; Tan et al., 1996; Westaway et al., 2003; Lindenbach & Rice, 2003).
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Na figura 1.6 podemos observar um diagrama esquematico com as principais

funcdes das proteinas estruturais e ndo estruturais dos DENV.
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Figura 1.6: Diagrama esquematico das funcdes das proteinas dos DENV.
(Herrero et al, 2012).

1.5.1. PROTEINA NS1:

E a primeira proteina ndo-estrutural, uma proteina enigmética cujas
estrutura e funcdo permaneceram como incognitas desde que foi identificada pela
primeira vez em 1970 como um antigeno soluvel de fixagdo de complemento (SCF)
(Brandt et al., 1970b; Smith & Wright, 1985).

A proteina NS1 de todos os flavivirus partiham um elevado grau de
homologia, com 1.056 nucleotideos que codificam um polipeptideo de 352
aminoacidos (Mackow et al., 1987; Deubel et al., 1988; Mandl et al., 1989; Wright et
al., 1989), dentre os sorotipos dos DENV sua similaridade € superior a 70%.
Apresenta 12 residuos de cisteina conservados (com excecao de DENV-4), dois
sitos de N-glicosilacdo invaridveis (com excecédo de alguns membros, como virus da
encefalite transmitida por carrapato), assim como regioes de alta homologia entre as
sequéncias de diversos Flavivirus (Chambers et al., 1990a).

E uma glicoproteina, cujo monémero possui peso molecular entre 46 e 55
kDa, dependendo do seu estado de glicosilacdo. Pode ser encontrada em varias
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formas oligoméricas e encontra-se em diferentes localizag6es celulares. Associada
a membrana da célula (mNS1), apesar de ndo possuir nenhuma regido altamente
hidrofobica, ou tipica de &ncora de membrana ou dentro da célula em
compartimentos vesiculares. Onde sua forma dimérica parece interagir com outras
proteinas ndo estruturais e com o RNA do virus. Nesta localizagdo a NS1 esta
envolvida na montagem do complexo da replicase viral (Winkler et al., 1989;
Mackenzie et al., 1996; Lindebach & Rice, 1999; Costa et al., 2007). Uma forma
hexamérica extracelular secretada (sNS1) (Smith & Wright, 1985; Mason, 1989;
Flamand et al., 1999) poderia explicar a producdo de anticorpos contra esta
proteina, detectada em soro de pacientes, na fase aguda da doenca (Young et al.,
2000; Alcon et al., 2002; Macdonald et al., 2005; Chung & Diamond, 2008). Durante
a infeccdo pelo DENV, a sNS1 pode acumular niveis muito elevados, cuja deteccao
chega até 50uL/mL em alguns soros de pacientes (Young et al., 2000; Libraty et al.,
2002; Alcon-LePoder et al., 2006).

1.5.1.1. PRODUCAO E MATURACAO DA PROTEINA NS1

A traducdo da proteina NS1 tem inicio no citoplasma da célula infectada,
porém, uma sequéncia de aminoacidos hidrofébicos, localizados na regido
carboxiterminal da proteina E seria responsavel pela translocacdo das proteinas
prM-E-NS1 para o limen do RE (Rice et al., 1985; Falgout et al., 1989). No RE, a
proteina NS1 é separada da proteina E por meio de uma peptidase sinal (Falgout et
al., 1989; Nowak et al., 1989), gerando uma subunidade monomeérica hidrofilica
(Figura 1.7, etapa 1). O precursor NS1/NS2 &, entdo, N-glicosilado na asparagina
130 (Asn-130) e na asparagina 207 (Asn-207), com adicdo de cadeias glicidicas
pouco complexas ricas em manoses (Pryor & Wright, 1994) (Figura 1.7, etapa 2).
Apoés este processo, ocorre a clivagem entre NS1 e NS2a por meio de uma enzima
ainda néo identificada residente do RE associada a membrana (Falgout & Markoff,
1995). Os monémeros hidrofilicos rapidamente se associam em dimeros, adquirindo
uma natureza hidrofdbica (Figura 1.7, etapa 3). A poliproteina viral, que contém 12
residuos de cisteina formando seis ligacdes dissulfetos, passaria a interagir com
ancoras de glicosilfosfatidilinositol (GPI) (Mason et al., 1987; Blitvich et al., 2001;
Wallis et al., 2004), permanecendo associada a membrana do RE (Figura 1.7, etapa

4). Ap6s a dimerizacdo, a NS1 é encaminhada para trés destinos distintos (Figura
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1.7, etapa 5, 8 e 9). Tanto a mMNS1 quanto a NS1 com GPI ancoradas séo levadas
para a superficie da célula através de um caminho ainda desconhecido, onde
associam-se com jangadas lipidicas @ membrana celular (Figura 1.7, etapa 5). A
proteina NS1 seria entdo direcionada a via exocitica, passando pelo Golgi (Figura
1.7, etapa 6 e 7), onde as unidades diméricas associam-se para formar hexameros
sollveis. Nesta etapa, ela poderia seguir duas rotas diferentes: caso a cadeia
glicidica ligada na Asn-130 fosse alterada para adicdo de acUcares complexos, a
proteina NS1 se reorganizaria na forma de hexameros e seria secretada para o
meio extracelular (Figura 1.7, etapa 8). Uma outra via alternativa para o0 mNS1
ocorre no RE, com a formacdo de vesiculas, onde had a associacdo de outras
proteinas virais ndo estruturais e o RNA formando o complexo de replicacéo viral
(Figura 1.7, etapa 9). Algumas proteinas NS1 associadas a superficie celular
podem ser NS1 previamente secretadas, que se ligariam diretamente a
glicosaminoglicanos da superficie celular (GAGs). Esta interacdo poderia afetar a
adesdo entre as células endoteliais favorecendo o extravasamento do plasma
(Figura 1.7, etapa 10) (Muller & Young, 2013).
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Figura 1.7: Esquema da producéao e secrecédo da proteina NS1 dos virus
dengue durante a replicacdo na célula do hospedeiro (Adaptado de Miller &

Young, 2013).
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1.6. REPLICACAO DOS DENV:

Na infeccdo natural por DENV, mosquitos infectados inoculam particulas
virais no hospedeiro durante o repasto sanguineo. Inicialmente, préximo ao local da
picada, o DENV interage, através da proteina E, com receptores e co-receptores
localizados na superficie de células permissivas a infec¢do. Tal interacdo promove a
adsorcao e entrada da particula viral por meio de endocitose (Clyde et al., 2006).

Varios receptores foram propostos em diferentes células de mamiferos,
incluindo o heparan sulfato, proteinas do choque térmico (Hsp70 e Hsp90),
GRP78/Bip, CD14, receptor de laminina, CLEC5A (do inglés: C-type lectin domain
family 5A), DC-SING (do inglés: DC (dendritic cell)-specific intercellular adhesion
molecule 3 (ICAM-3)-grabbing nonintegrin), entre outros (Clyde et al., 2006;
Rodenhuis-Zybert et al., 2010; Murrell et al., 2011). Muitas células podem ser
infectadas na presenca de anticorpos especificos para o DENV, em geral, células da
linhagem dos fagécitos mononucleares, tais como mondcitos, macrofagos e células
dendriticas s@o consideradas os alvos principais da infec¢cdo por DENV (Wu et al.,
2000; Lozach et al., 2005; Rodenhuis-Zybert et al., 2010). Adicionalmente, outros
estudos apontam outras células, como hepatdcitos, linfécitos, células endoteliais,
neuronais e de Langerhans, também como alvos para a replicacédo viral (Rosen et
al., 1999; King et al., 1999; Basilio-de-Oliveira et al., 2005; Clyde et al., 2006;
Cabrera-Hernadez et al., 2007; Paes et al., 2009).

Os DENV replicam no citoplasma celular (Figura 1.8), e este processo
relaciona-se a proliferagdo de organelas no RE. Uma vez realizada a endocitose da
particula viral, a glicoproteina E do DENV sofre eventos moleculares complexos,
dependente de pH acido, essenciais para o estabelecimento da infeccédo. (Modis et
al., 2004; Rodenhuis-Zybert et al., 2010). No citoplasma, o genoma viral livre do
capsideo, estabelece um processo infeccioso. Tal genoma, que compreende um
RNA de fita simples com polaridade positiva, se comporta como um RNAmM, que
liberado é traduzido a partir de uma Unica fase aberta de leitura que codifica para
uma poliproteina de aproximadamente 3.400 aminoacidos, que é clivada co e pos
traducionalmente por proteases virais e celulares (Heinz & Allison, 2003). A NS5
produz cépias de RNA de polaridade negativa, a partir do RNA viral, as quais
servem de molde para a sintese de novas fitas positivas, que seréo incorporadas as
novas particulas virais (Clyde et al., 2006; Fernandez-Garcia et al., 2009). As

proteinas estruturais prM e E formam heterodimeros que permanecem ancorados
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na face interna do RE. Adicionalmente, o complexo de replicacao viral encontra-se
ancorado na face externa das membranas do RE (Mackenzie, 2005). As novas fitas
de RNA com polaridade positiva interagem com as proteinas C e juntas formam o
nucleocapsideo, que brota em direcdo ao limen do RE, adquirindo, assim uma
bicamada lipidica, contendo heterodimeros prM/E.

A particula viral imatura recém-formada segue pela via de secrecdo e
completa seu processo de maturagdo na rede trans-Golgi, local onde ocorre a
clivagem da prM pela furina. Tal processo promove um rearranjo na superficie do
virion: rompem-se os heterodimeros M/E e os homodimeros de E expdem o dominio
de ligacdo (dominio IlII) formando, dessa forma, uma particula viral infectiva
(Mukhopadhyay et al., 2005; Clyde et al.,, 2006; Fernandez-Garcia et al., 2009;
Rodenhuis-Zybert et al., 2010). Por outro lado, pode haver clivagem parcial da prM
gerando, assim, particulas virais imaturas (Perera & Kuhn, 2008).

As particulas virais de DENV séo liberadas para o meio extracelular através
de exocitose e ganham a corrente sanguinea do hospedeiro infectado. Portanto,
nesse periodo de viremia, 0 mosquito transmissor pode se infectar durante o
respasto sanguineo, dando continuidade o assim o ciclo replicativo do DENV
(Chambers, 1990a; Nawa, 1998; Tomlinson et al., 2009).

Infecgio .

Infeccio Nriras

. TN aduro
T {
Infeccio ket
Infeccdo
Replicacio -~ ,_.E ——

Genoma
Viral

Figura 1.8: Representacdo esquematica do ciclo de replicacdo dos DENV
(Adaptado de Shum, 2010).
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1.7. RESPOSTA IMUNE:

A primeira linha de defesa contra os DENV, provavelmente tem inicio com a
producdo de interferons (IFNs) (Ho et al., 2005; Gomes et al., 2010). Essas
moléculas parecem ser cruciais para a protecédo, tanto in vivo quanto in vitro, frente
a infeccdo por DENV (Rodenhuis-Zybert et al., 2010). Foi observada a ativacao de
células NK (natural killer), que podem secretar varias citocinas incluindo o IFN-y em
pacientes que apresentaram quadros leves de dengue, sobretudo durante os
eventos iniciais da doenca, antes do estabelecimento da resposta imune adaptativa
(Azeredo et al., 2001).

A resposta imune adaptativa da infeccdo por dengue consiste na producéo
de anticorpos principalmente dirigidos contra proteina do envelope. Na infec¢céo
primaria pelo virus ha uma resposta lenta e com baixo titulo de anticorpos, sendo os
anticorpos da classe IgM os primeiros anticorpos a aparecer (Guzman, 2010;
Nagesh et al., 2011). A maioria dos pacientes apresentam niveis detectaveis de IgM
no sexto dia apdés o aparecimento dos sintomas, somente cerca de 8% encontram-
se positivos ja nos primeiros dias de doenga. Os niveis de IgM atingem seu pico por
volta de duas semanas, mantendo-se detectaveis por 2 a 3 meses, diminuindo ao
longo dos meses (Nogueira et al., 1992).

Os anticorpos da classe IgG comecam a aparecer a partir do décimo dia de
doenca (figura 1.9), na infeccdo primaria. Os titulos de IgG, ap6és um aumento a
partir da primeira semana de infeccdo, continuam detectaveis por toda a vida. J&4 na
infeccdo secundaria ha um alto nivel de IgG e este pode ser detectado mesmo na
fase aguda e alto grau de reacdo cruzada, mesmo contra outros flavivirus,
apresentado por esses anticorpos (Innis et al., 1989; Guzman, 2010; Nagesh et al.,
2011).

Entretanto os niveis de IgM na resposta secundaria sdo mais baixos do que
na resposta primaria (Figura 1.9). Com isso, a relacdo entre os titulos de IgM e IgG e
a especificidade dos anticorpos podem ser usados na caracterizacdo da resposta
imune em primaria e secundaria (Miagostovich et al., 1999; Halstead, 2007). A
analise do perfil da resposta de anticorpos (IgM e IgG) em pacientes com dengue
pode contribuir para o diagnoéstico de infec¢des primarias ou secundarias (Murphy &
Whitehead, 2011).
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Figura 1.9: Cinética antigeno e anticorpo nas infeccdes por DENV (Adaptado de
Lima et al., 2014).

1.7.1 ANTICORPOS ANTI- PROTEINAS VIRAIS:

A maioria dos anticorpos séo direcionados contra as proteinas estruturais E
e prM/M e contra a NS1 (Kinney & Huang, 2001), enquanto que, principalmente nos
casos de infeccdo secundaria observa-se resposta contra NS3 e NS5
(Churdboonchart et al., 1991; Valdes et al., 2000).

A proteina E apresenta-se como um forte imundgeno, capaz de induzir
anticorpos com grande capacidade neutralizante bloqueando a ligacdo da particula
viral as células alvo e a consequente fusdo das membranas, viral e endossémica,
abortando assim o estabelecimento da infeccdo (Whitehead et al., 2007; Murphy &
Whitehead, 2011). Apesar da maioria dos epitopos que induzem a producédo de
anticorpos envolvidos na neutralizagdo serem conformacionais e estarem
localizados na proteina E, epitopos lineares presentes em peptideos de E (E 35-50
e 352-268) e em peptideos sintéticos de prM/M sdo capazes de induzir uma
resposta por anticorpos neutralizantes (Roehrig et al., 1990; Vasquez et al., 2002).
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Anticorpos anti-NS1 s&@o capazes de mediar a lise de células infectadas
através da ativacdo de proteinas do complemento, uma vez que a proteina NS1
pode se apresentar ancorada na superficie de células infectadas (Miller, 2010).
Anticorpos anti-NS1 podem apresentar reacdo cruzada com plaquetas ou causar
apoptose em células endoteliais (Lin et al., 2002). Por outro lado, a proteina NS1
tem sido indicada como um antigeno promissor para o desenvolvimento de vacinas
contra a dengue, ativando resposta imune protetora em modelos experimentais
murinos (Schlesinger et al., 1987; Wu et al., 2003; Liu et al., 2006; Costa et al.,
2007).

Anticorpos anti-NS3 foram detectados em casos de infec¢cdo primaria e
secundéaria (Churdboochart et al.,, 1991), no entanto, uma resposta especifica

significativa foi observada em casos de infeccdo secundaria (Valdes et al., 2000).

1.8. MANIFESTACOES CLINICAS DAS INFECCOES PELOS DENV:

O dengue é uma doenca febril aguda causada por qualquer um dos quatro
sorotipos virais (Edelman & Hombach, 2008), que pode causar manifestacdes
clinicas semelhantes, porém podem variar em intensidade de acordo com as
caracteristicas do hospedeiro e do virus (Rothman & Ennis, 1999). O periodo de
incubacao pode variar de 3 a 15 dias, mas é, em média, de 4 a 7 dias (OMS, 1997;
George & Lum, 1997), ap6s o qual a doenca podera evoluir para as seguintes
formas clinicas de acordo com a Organizacdo Mundial de Saude (OMS):
assintomatica, DC e FHD/SCD.

Alguns individuos podem ser infectados pelos DENV e ndo apresentar sinais
e sintomas, em razdo das caracteristicas da baixa viruléncia do virus, ou do estado
imunolégico do individuo. E a forma clinica mais comum e estima-se que durante as
epidemias, ocorra um caso sintomatico para cada cinco casos assintomaticos.

No DC os sinais e sintomas aparecem no periodo de incubacdo, com
duracdo de dois a sete dias. A primeira manifestacdo clinica € a febre alta (39° a
40°C), que comeca abruptamente, posteriormente cefaléia, dor retro-orbital,
nauseas, vomito, prostracdo, artralgia, mialgia, anorexia, prurido e exantema. As
manifestacdes hemorragicas podem ocorrer em alguns individuos, sdo mais

frequentes petéquias, equimoses, epistaxe, hemorragia gengival e metrorragias,
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surgem no final do periodo febril (Cunha e Nogueira, 2005). A DC é autolimitada e
normalmente ha uma recuperacado completa (Nishiura & Halstead, 2007).

Na FHD, os primeiros sinais e sintomas sdo similares aos do DC, porém ha
um agravamento do quadro no terceiro ou quarto dia de doenca, com aparecimento
de manifestacbes hemorragicas e desregulacdo da coagulacdo com diminuicao
progressiva do volume plasmatico intravascular, 0 que ocasiona hemoconcentracéo
com aumento do hematocrito. Essas alteragbes provocam queda da pressao arterial
e, havendo persisténcia, podem evoluir at¢é o choque hipovolémico, geralmente
precedido por dor abdominal e sobrevir a morte do paciente em poucas horas
(Nimmannitya et al, 1969, 1997; OMS, 1997; SVS, 2010).

Em 1997, a OMS classificou as formas clinicas da FHD em quatro
categorias, de acordo com a gravidade. De acordo com a classificagdo todos os
graus sado considerados FHD, enquanto somente os graus Ill e IV sdo considerados
SCD. A presenca de trombocitopenia com hemoconcentragcdo (aumento de 20% no
hematdcrito) diferencia os graus | e Il a FHD do DC com manifestacbes
hemorragicas. A evolugcdo para FHD com choque é resultante de uma grande perda
de plasma, sinalizada por insuficiéncia circulatoria, pele fria e pegajosa, cianose,
pulso rapido, pressao de pulso <20 mmHg e hipotensdo que caracterizam o0s graus
[l e IV (OMS, 1997).

No entanto, com o objetivo de desenvolver uma classificacdo clinica do
dengue mais util para o diagndstico precoce, triagem e o0 manejo do paciente, uma
iniciativa apoiada pela OMS intitulada Dengue Control (DENCO), realizou estudos
de avaliacdo dos sinais e sintomas associados com a gravidade da doenca e, em
2009, uma nova classificagdo foi divulgada (Figura 1.10). De acordo com esta
classificagdo, os casos foram divididos em dengue com ou sem sinais de alerta e
dengue grave. A diferenciacdo para dengue grave ocorre quando se tem como
manifestacdo hemorragia grave, grave envolvimento de 0rgédos ou extravasamento
grave de plasma. A inclusdo dos sinais de alerta foi de grande importancia para a

melhor avaliacdo do paciente, auxiliando no tratamento precoce (OMS, 2009).
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DENGUE * SINAIS DE ALERTA DENGUE GRAVE

COM
SINAIS DE

Extravasamento grave de plasma

Hemorragia grave

Grave envolvimento de 6rgaos

ALERTA

CRITERIOS PARA DENGUE # SINAIS DE ALERTA CRITERIOS PARA DENGUE GRAVE

Extravasamento grave do plsma

CASO PROVAVEL DE DENGUE SINAIS DE ALERTA* 2

Morar ou viajar para drea endémica de dengue. +Dorabdominal ocasionando:

Apresentar febre e 2 dos sequintes critérios: *Vomito persistente *Choque (SCD) o
+Néusea, vomito +Derrame cavitirio *Derrame cavitdrio com estresse respiratorio
*Rash +Sangramento de mucosa .

*Dores sLetargia , inquietagéo *Hemarragia grave

*Prova do lago positiva *Figado aumentado o

+Leucopenia sLaboratorial: hematécrito elevado deacordo com avaliagio médica.

*Qualquer sinal de alerta simultanea plaquetopenia

*Grave envolvimento de drgdos
*Figado: AST ou ALT 2 1000

*SNC: envolvimento da consciéncia
*Coragéo e outros drgéos

CONFIRMAGAO LABORATORIAL DE DENGUE "Requer observagio e intervengao
(importante quando ha sinal de extravasamento médica
do plasma)

Figura 1.10: Classificagéo dos casos de dengue de acordo com a OMS, 2009.

1.9. DIAGNOSTICO LABORATORIAL DOS DENV:

O diagnéstico laboratorial das infecgBes por DENV pode ser realizado pelo
isolamento e identificacdo do virus, pela deteccdo de antigenos, do acido nucléico
viral e pela determinacdo de anticorpos especificos, das classes IgM e IgG. O
periodo da doenca em que 0 paciente se encontra € importante para decisdo de
qual o método para diagnostico mais apropriado para ser utilizado e para uma
correta interpretagdo dos resultados obtidos, embora o tratamento ndo dependa do
diagnostico virologico (Kao et al., 2005; Simmons, 2012). Nem sempre 0os metodos
diretos de deteccdo, como o isolamento viral, deteccdo do genoma e do antigeno,
gue sdo mais especificos (Figura 1.11), estdo disponiveis para o diagndstico das

infec¢des por DENV (Peeling et al., 2010).
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Figura 1.11: Comparacéo entre a disponibilidade e especificidade dos métodos
diretos e indiretos para o diagndstico das infec¢cdes por DENV (Adaptado de
Pelling et al., 2010).

1.9.1. ISOLAMENTO VIRAL E IMUNOFLUORESCENCIA INDIRETA:

O isolamento viral é considerado como “padrdo ouro”, pois € a evidéncia
direta da infeccdo viral e com ele é possivel diagnosticar a dengue durante a fase
aguda da doenca, quando os titulos de anticorpos ainda ndo atingiram niveis
detectaveis. Quatro sistemas de isolamento dos DENV tém sido utilizados:
inoculacao intra-cerebral em camundongos com 1 a 3 dias de nascidos; cultura de
células de mamiferos (como as linhagens de células LLC-MK2, Vero e BHK-21);
inoculacdo intra-toracica em mosquitos adultos e cultura de células de mosquito
(como células AP-61, TRA-284, C6/36, AP64 e CLA-1). A inoculacdo de amostras
diretamente em mosquitos Toxorhynchites splendens adultos € considerada o
melhor sistema de isolamento, em termos de sensibilidade, mas demanda
experiéncia técnica e infra-estrutura, tornando-se indisponivel em muitos dos paises
endémicos (Gubler, 1997; Guzman e Kouri, 2002; Huang et al., 2004).

A inoculacdo do soro do paciente na fase aguda em linhagens de células de
mosquito Ae. albopictus (C6/36) tem sido, atualmente, 0 método mais utilizado para
o isolamento viral (Igarashi, 1978, Guzman et al., 2011). Esta linhagem celular é de

facil manutencao, podendo ser mantida a temperatura ambiente, além de ser mais
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sensivel do que linhagens celulares de vertebrados (Tesh, 1979). O virus isolado por
qualquer um dos métodos acima pode ser observado pela presenca do efeito
citopético (ECP) na monocamada celular, no entanto algumas amostras de DENV
podem produzir discretos ou nenhum ECP. Os DENV também podem estar
presentes em amostras fixadas de tecido, sendo normalmente detectado através de
imunofluorescéncia indireta com a utilizacdo de soros hiperimunes aos quatro
sorotipos dos DENV. Para a identificagdo dos DENV, utilizam-se anticorpos
monoclonais especificos para os quatro sorotipos (DENV 1 - 4) (Gubler et al.,
1984).

1.9.2. METODOS MOLECULARES PARA A DETECCAO DO
GENOMA DOS DENV:
1.9.2.1. RT-PCR:

A reacdo em cadeia seguida pela transcriptase reversa (RT-PCR) vem
sendo cada vez mais utilizada como um método diagndstico para dengue (Paula et
al., 2002a). Vérios protocolos de RT-PCR para deteccdo do RNA do virus e
determinacdo do seu sorotipo foram desenvolvidos, como, por exemplo, o uso de
quatro iniciadores sorotipos-especificos em uma Unica reacdo (Harris et al., 1998) e
reacbes de amplificacdo utilizando um Unico par de iniciadores universais para
dengue seguidas de nested PCR (Lanciotti et al., 1992), analise com enzimas de
restricdo (Paula et al., 2002a), ou hibridacdo com sondas especificas (Henchal et al.,
1991).

O protocolo mais utilizado € o descrito por Lanciotti et al.(1992), sugerido
pela OMS, onde é realizado em duas etapas, no qual a primeira etapa ocorre uma
amplificacdo inicial, utilizando iniciadores de regides conservadas das proteinas C e
prM do genoma viral, em uma segunda etapa (semi-nested) ocorre a identificacao
dos virus, com iniciadores especificos para cada sorotipo (DENV1-4). Os produtos
da reagdo sdo submetidos a eletroforese, em gel de agarose, para a diferenciacéo,
pelo peso molecular, permitindo a visualizagéo, atraves de moléculas intercalantes
de DNA, como o brometo de etideo, revelados em luz ultra-violeta (U.V.) (Guzman &
Kouri, 2004; De Paula & Fonseca, 2004).

A RT-PCR permite a detecgdo de diminutas quantidades de RNA viral

mesmo em amostras onde o0 virus estd inativo ou associado a anticorpos. No
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entanto, ela € altamente sujeita a contaminagdes, depende de cuidados especificos
com a manipulacdo do RNA e, assim como ocorre com 0 isolamento viral, sua

aplicacdo esté restrita ao periodo de viremia (OMS, 1997).

1.9.2.2. RT-PCR EM TEMPO REAL:

A PCR em tempo real permite que a deteccédo dos fragmentos amplificados,
amplicons, seja feita de forma simultanea a reacdo de amplificagdo, em oposi¢cao
aos métodos tradicionais de PCR, na qual o produto de amplificacdo é detectado
apenas ao final da reacdo, com a utilizacdo de uma segunda técnica, normalmente
eletroforese em gel. O monitoramento da presen¢ga e acumulo do amplicon em
tempo real é possivel gracas a marcacdo de sondas, iniciadores ou do proprio
produto de PCR com moléculas fluorogénicas (Mackay et al., 2002).

Adicionalmente as vantagens ja citadas, a PCR em tempo real possibilita
também a quantificagdo do RNA ou DNA adicionado no inicio da reagdo, e,
portanto, a determinacdo da carga viral, em uma ampla faixa de concentracéo
(Niesters, 2002).

A desvantagem da PCR em tempo real em relacdo a PCR convencional
reside, principalmente, na restrita capacidade multiplex da primeira. A amplificacédo e
detecgdo simultanea de alvos distintos séo limitadas na PCR em tempo real, pelo
namero de grupamentos fluorescentes que o equipamento € capaz de detectar (no
méaximo cinco) (Mackay et al., 2002). Além disso, a PCR em tempo real é menos
sensivel do que o nested RT-PCR (Johnson et al.,, 2004; De Paula & Fonseca,
2004).

Diversos protocolos utilizando essa metodologia para o diagndstico ou para
a quantificacdo do RNA dos DENV ja foram descritos (Callahan et al., 2001; Chen et
al., 2001; Drosten et al., 2002; Houng et al., 2000; Houng et al., 2001; Ito et al.,
2004; Johnson et al., 2005b; Kong et al., 2006; Lai et al., 2007; Laue et al., 1999;
Wang et al., 2002b; Wang et al., 2003).
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1.9.3. METODOS SOROLOGICOS APLICADOS AO
DIAGNOSTICO DAS INFECCOES POR DENV:

Existem diversos testes soroldgicos para o diagnostico das infec¢bes pelos
DENV, como inibicdo da hemaglutinacao (HI), teste de neutralizacao por reducéo de
placas (PRNT), fixacdo do complemento (FC), ensaios imunoenziméticos do tipo
ELISA (do inglés “enzyme-linked imunossorbet assay*), entre outros.

O teste de HI, descrito por Clark e Casals em 1958, é um teste sensivel e
reprodutivel, mas pouco utilizado atualmente, por ser trabalhoso. A técnica usa
como principio, a capacidade dos anticorpos de inibir a aglutinacdo de hemacias
mediada pelas glicoproteinas virais. Os soros devem ser testados em diversas
diluicdes e devem ser tratados com acetona ou caulim, para remover inibidores de
hemaglutinagcdo, e com hemacias de ganso para eliminar aglutininas néao
especificas. Além disso, as amostras devem ser pareadas e com um intervalo de no
minimo sete dias, representando uma limitagdo da técnica. Nao é um teste
especifico para diferenciar o tipo de flavivirus, especialmente em pacientes que
foram infectados por varios flavivirus (Innis et al., 1989).

O teste de FC é o método menos utilizado em diagnéstico, devido as
dificuldades técnicas. E baseado na ativacdo do sistema complemento induzido
pelo complexo antigeno-anticorpo, no qual anticorpos que fixam complemento
impedem a lise de hemacias pelo complemento. Os anticorpos detectados por FC
possuem um curto tempo de duracdo até dois anos e sdo detectados tardiamente,
aparecendo depois dos anticorpos inibidores da hemaglutinacdo. Entretanto, séo
especificos em infec¢des primarias, contribuindo para determinacdo do sorotipo da
dengue (Gubler, 1998).

O PRNT é um teste especifico e sensivel, entretanto, demorado, trabalhoso
e tecnicamente dificil (Gubler, 1998). Nesse teste, amostras de soro diluidas séo
incubadas com quantidades definidas de virus, posteriormente, as amostras
(virus/soro) séo utilizadas para infectar culturas de células susceptiveis como VERO
e BHK-21 (Rao, 1976; Morens et al., 1985) observando-se a inibicdo na formacéo de

placas de lise nas culturas.
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1.9.3.1. TESTES IMUNOENZIMATICOS PARA O DIAGNOSTICO
DAS INFECCOES POR DENV:

Os testes ELISA gue detectam anticorpos da classe IgM e IgG e antigenos
NS1 sdo os mais empregados para o diagnéstico das infecgbes por dengue, pois
sdo mais baratos e de facil execucdo (Guzman et al., 2011). O ELISA de captura
anticorpos IgM (MAC-ELISA) é o mais utilizado na confirmacdo de casos de dengue
(Kuno et al., 1987). A presenca de anticorpos IgM em Unica amostra de soro indica
infecgdo ativa ou recente, contornando as dificuldades de obtengdo de uma
segunda amostra de sangue. Os niveis de IgM aumentam rapidamente e atingem
seu pico por volta de duas semanas apOs inicio dos sinais e sintomas,
permanecendo detectaveis por 2 a 3 meses (Gubler & Sather, 1988).

O protocolo descrito por Kuno et al., (1987) que utliza antigenos
especificos para os quatro sorotipos produzidos por inoculacdo em cérebro de
camundongos foi utilizado durante varios anos como método de escolha por varios
laboratérios, porém atualmente, testes comerciais que utilizam antigenos derivados
da proteina E tém sido utilizados em substituicao.

O ensaio imunoenzimético para a detec¢do de anticorpos da classe IgG
(IgG-ELISA) pode classificar o tipo de infeccdo para a dengue (primaria ou
secundéria) de acordo com os titulos observados no teste e foi desenvolvido em
substituicdo ao teste de HI (Miagostovich et al., 1999). A relacédo entre os titulos de
IgM e IgG também pode ser usada na caracterizacdo de respostas primarias e
secundéarias (OMS, 1997). Anticorpos IgG séo produzidos, em uma resposta
primaria, alguns dias apdés o IgM, em geral, detectaveis a partir do quinto dia de
doenca, aumentando lentamente a partir da primeira semana de infeccdo e
permanecendo detectaveis por toda a vida (Innis et al., 1989; Miagostovich et al.,
1999).

Outros anticorpos especificos anti-dengue, como IgA e IgE tém sido
estudados como ferramentas alternativas em ensaios ELISA (Talarmin et al., 1998;
Koraka et al., 2003; Vazquez et al., 2005; Tan et al., 2011; de la Cruz Hernandez et
al., 2012; Matheus et al., 2014).
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1.9.4. KITS COMERCIAIS:

Um dos fatores mais importantes e necessarios para o diagnostico clinico e
para a vigilancia epidemiolégica do dengue é a disponibilidade de métodos rapidos,
sensiveis e especificos para detectar a infeccdo viral. Neste contexto, varios testes
comerciais tém sido desenvolvidos para o diagnéstico das infeccbes por DENV para
pesquisa de anticorpos e antigenos especificos (Wu et al., 1997; Kuno et al., 1998;
Lam & Devine, 1998; Sang et al., 1998; Vaughn et al.,, 1999; Lam et al., 2000;
Cuzzubbo et al., 2001) (tabela 1.1).

Atualmente, vérios testes de captura de IgM e IgG encontram-se
disponiveis comercialmente, possibilitando a analise rapida e reprodutivel de um
grande numero de amostras, sem a necessidade de equipamentos sofisticados
(Palmer et al., 1999; Vaughn et al., 1999; Lam et al., 2000). Porém, apesar das
qualidades desses testes e dos avancos que eles proporcionaram na area de
diagndstico, uma importante limitacdo é a ndo deteccdo da doenca em sua fase
inicial.

Os testes comerciais para a captura de proteina NS1 tém sido utilizados
para o diagndstico precoce das infec¢des por DENV, por esta proteina ser secretada
na corrente sanguinea durante a replicacdo viral, desde o primeiro dia do
aparecimento dos sianis e sintomas e permanecendo detectavel até o quinto ou
sexto dia (Young et al., 2000; Alcon et al., 2002; Dussart et al., 2006; Xu et al., 2006;
Dussart et al., 2008; Ludert et al., 2008; Lapphra et al., 2008; McBride, 2009; Zainah
et al., 2009; Lima et al., 2010; Guzman et al., 2010; Andries et al., 2012).

Em 2008, visando realizar um diagnostico precoce das infec¢des pelos
DENV no pais, o Ministério da Saude implantou unidades sentinelas em municipios

estratégicos, utilizando os kits comerciais para captura de NS1.
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Tabela 1.1: Principais kits comerciais disponiveis para o diagnoéstico das infec¢cdes por DENV (Adaptado de Lima

et al., 2014).
Panbio Panbio Panbio ) _ _
Dengue Panbio SD Platelia Panbio Dengu
Dengue Dengue IgM Dengue Dengue Dengue Dengue
IgM ) Pan Early Dengue NS1 Dengue e NS1
Nome IgM Capture virus 1gG [s]€} 19G o _ ) Early
CaptureDx ] ELISA 2 virus NS1 antigen Duo Ag _
Capture ELISA ELISA Capture Indirect Rapid
Select geracao Ag ELISA Assay Cassette  STRIP
ELISA ELISA ELISA
. Focus Standard Standard Standard ) )
Companhia ) ) Inverness ) ) ) ) Inverness Inverness Inverness ) ) Biorad Inverness  Biorad Inverness
Diagnostics Diagnostics Diagnostics Diagnostics
s AN z z '3 H '3 H 3N Coréa do '3 H 'S H
Pais EUA Austrélia Coréado Sul  Coréa do Sul Austrélia Austrélia Austrélia sul Franca Austrdlia  Franca Australia
u
Analito IgM IgM IgM IgG IgG IgG NS1 NS1 NS1 IgM/IgG NS1 NS1
Teste Teste Teste
Formato ELISA ELISA ELISA ELISA ELISA ELISA ELISA ELISA ELISA L . .
rapido rapido rapido
. Soro,
Tipo de Soro ou Soro ou Soro ou Soro ou Soro ou
Soro Soro Soro Soro Soro Soro plama ou
espécime plama plama plama plama plama
sangue
Volume de
amostra 10 uL 10 uL 10 uL 10 uL 10 L 10 L 75 pL 50 pL 50 pL 10 L 50 pL 50 pL
requerida
Tempo 15 15 15
6 horas 4 horas 4 horas 4 horas 4 horas 4 horas 2.5 horas 2.5 horas 2.5 horas . . .
aproximado minutos ~ minutes  minutes
Equipamento _ B 5 B
sim sim sim sim sim sim sim sim Sim nao nao nao

requerido
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1.9.4.1. DETECCAO DO ANTIGENO NSI1:

Ensaios qualitativos nos formatos de Teste rapido (RDT) e ELISA foram
desenvolvidos para deteccdo do antigeno NS1, que surgem no sangue, logo nos
primeiros dias apds o inicio da febre permanecendo detectavel até em torno do
nono dia da doenca, a partir de infeccdes primarias e secundarias. Embora alguns
estudos apontem uma menor sensibilidade de deteccéo nas infec¢des secundarias,
devido a formacdo de imunocomplexos com anticorpos anti-NS1, uma elevada
porcentagem de casos positivos pode ser devido a uma maior viremia.

O formato RDT baseia-se na imunocromatografia de fluxo lateral, onde o
antigeno NS1 presente na amostra do paciente ira formar um complexo com as
particulas coloidais de ouro revestidas com anticorpos anti-NS1. Apos a migracao,
0s complexos serdo capturados por anticorpos anti-NS1 na linha de teste, onde uma

linha azul ou roxo aparecera (Figura 1.12).

A)

A5-20min >
¥

Soro, plasma NS1 positivo Negativo Invélido
ou sanaue

R)

Daengue Dengus
MS1Ag lgMlgG

Soro, plasma NS1 positivo IgG positivo NS1/IgM IgM 719G Negativo
ou sanaue positivo positivo

Figura 1.12: Abordagens mais comumente utilizadas por alguns testes rapidos
disponiveis comercialmente para o diagnoéstico das infeccdo por DENV, e
alguns resultados possiveis. Exemplos de teste rapido para (A) captura de
antigeno NS1 e (B) detec¢do combinada de NS1 e anticorpos IgM / IgG (adptado de
Lima et al., 2014).

31



Os testes de ELISA sédo baseados no formato sanduiche em microplacas
para ensaios imunoenzimaticos de deteccao qualitativa do antigeno NS1 dos DENV
em soro ou plasma humano (Figura 1.13). Apesar de ter uma maior sensibilidade
para confirmar os casos, os resultados sdo obtidos em cerca de 150 min, mas
também sdo faceis de realizar mas requerem 0 uso de equipamentos especiais, tal
como um leitor de placas de ELISA. Enquanto que, os RDTs sdo mais convenientes
ao uso, com resultados que podem ser obtidos dentro de 15-20 minutos, sédo faceis
de implementar e o seu desempenho néo envolve o0 uso de equipamentos especiais

de laboratorio.

Solugéo de Bloqueio

Substrato ndo colorido Substrato
colorido

Substrato (TMB)

Anti-NS1 mAb / HRP

@ Soro Paciente
(Ag NS1)

Anti-NS1 mAb

Microplaca

Figura 13: Esquema da deteccao do antigeno NS1 para o diagnostico

sorologico das infec¢cdes por DENV.

1.10. PREVENCAO E CONTROLE:

Os trés aspectos fundamentais do controle e prevencdo da dengue séo a
vigilancia epidemiolégica para um bom planejamento, reducdo da doenca e
mudanca de conduta para melhorar o controle do vetor. No entanto, a maioria dos
paises endémicos tem um programa de controle e prevencdo do dengue que inclui
um componente de controle do vetor que é frequentemente ineficaz e insuficiente.

Estes programas combinam métodos de melhoramento ambiental e métodos
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quimicos, como administragdo de larvicidas e “sprays” ambientais adulticidas (OMS,
2009; Guzman et al., 2010).

No Brasil, o Ministério da Saude propdés em 1996, o Programa de
Erradicacdo de A. aegypti (PEAa) com o objetivo de reduzir sua infestacdo, a
incidéncia da doenca e a letalidade por FHD. Entretanto, a reemergéncia do DENV-
1 no pais e a introdugcdo do DENV-4, com sua rapida disseminagéo, evidenciaram a
facilidade para a circulacdo dos sorotipos ou cepas virais. Neste cenario
epidemioldgico, o Ministério da Saude apresentou em 2002 o Programa Nacional de
Controle de Dengue (PNCD), para a intensificacdo e implantacdo de medidas de
controle, visando a reducao do impacto do dengue no pais (FUNASA, 2002).

Desenvolver uma vacina contra o DENV tem sido prioridade pela OMS,
porém o desenvolvimento tem enfrentado algumas dificuldades, tais como a
necessidade de imunizar contra os quatro sorotipos com alta eficiéncia para evitar a
ocorréncia de uma doenca grave em caso de infec¢cdo secundaria e a auséncia de
um modelo experimental para estudar a resposta pods-vacinal. Uma vacina ideal
deve promover uma imunizagdo prolongada contra os quatro sorotipos do DENV;
ser de baixo custo e toxicidade e manter titulos virais em refrigeracdo ou a
temperatura ambiente (Figueiredo, 1999).

Diversas abordagens para o desenvolvimento de uma vacina eficaz estédo
sendo utilizadas como as vacinas de virus atenuado, de virus inativados vacinas de
subunidades e de DNA. Atualmente as vacinas desenvolvidas e em fase
experimental utilizando virus vivo atenuado sao da GlaxoSmithKline (GSK), em fase
II; Biological E, Panacea, em fase I/Il; Biotec, Butantan, em fase I/ll; e Vabiotech,
fase I/ll. Ja as vacinas contendo virus vivo quimérico sao as da Sanofi Pasteur, em

fase Il e Inviragen, em fase | (Murrel et al., 2011).
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2. JUSTIFICATIVA DO ESTUDO:

A dispersdo dos DENV pelo territério brasileiro, com um aumento nas
notificacdes de casos de dengue sem gravidade, dengue grave e Obitos ressalta a
importancia da vigilancia destes agentes no pais. Como o dengue é uma doenca
viral sem tratamento especifico e uma vacina anti-DENV preventiva e eficaz ainda
ndo se encontra disponivel, as medidas de controle ao vetor consistem no principal
instrumento para a prevencao das infeccdes por estes virus. O monitoramento das
infeccdes por DENV através de um programa de vigilancia ativo em conjunto com
acOes envolvendo aspectos clinicos, epidemioldgicos, viroldgicos, soroldgicos e
entomoldégicos, principalmente em periodos inter-epidémicos, visa a deteccdo da
circulacao viral em periodo habil para que sejam evitadas extensas epidemias
(Gubler, 1989). Neste contexto, o laboratério possui um papel fundamental atuando
constantemente no monitoramento destas infeccoes.

O Laboratério de Flavivirus (LABFLA) 10C/ FIOCRUZ, estabelecido desde
1986, como Centro de Referéncia Regional de Dengue e Febre Amarela, recebe
continuamente casos suspeitos de dengue durante periodos epidémicos e inter-
epidémicos. Em colaboracdo com o Laboratério de Transmissores de
Hematozoérios (LATHEMA), IOC/FIOCRUZ, vem hé vérios anos, realizando estudos
baseados na vigilancia entomoldgica do dengue em mosquitos vetores coletado no
campo. Estudos prévios demonstraram a sensibilidade e especificidade de testes
comerciais para a captura do antigeno NS1 no diagnostico precoce das infeccdes
por dengue e seu papel como uma ferramenta diagnostico adicional as abordagens
existentes. Durante esta fase da infeccdo, a proteina NS1 é produzida associada a
membrana ou pode ser secretada na superficie celular (Mason, 1989; Westaway et
al., 1997), sendo encontrada circulando no soro de pacientes apresentando infeccao
primaria ou secundaria (Young et al., 2000). A NS1 pode ser detectada até 9 dias
apos o inicio dos sintomas, tanto de pacientes com DC quanto FHD e antes mesmo
gue o IgM se torne detectavel (Alcon et al., 2002).

Em 2008, o Ministério da Saude implantou unidades sentinelas em
municipios estratégicos no pais, utilizando testes de captura de antigeno NS1 para o
diagnostico precoce do dengue, contudo, sem uma avaliacdo completa do
desempenho destes testes. No entanto, o papel destes testes em espécimes
alternativos como tecidos de casos fatais, sangue coletado por puncao digital, saliva
e vetor ainda néo havia sido completamente demonstrado.
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Diante do exposto e considerando que no Brasil, os kits comerciais
utilizados nos laboratorios de diagndstico, por serem importados, acabam elevando
o0 custo de cada reacdo. Além disso, a hiperendemicidade e a grande quantidade de
casos registrados destacam a urgéncia do desenvolvimento de um kit nacional,

sensivel e especifico.
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3. OBJETIVOS:

Avaliar o desempenho e as aplicacdes alternativas dos testes de captura de

antigeno NS1 disponiveis comercialmente para o diagndstico precoce das infec¢des
pelos DENV.

3.1. OBJETIVOS ESPECIFICOS

1.

Avaliar o desempenho de trés kits de captura de antigeno NS1 disponiveis
comercialmente para o diagndstico precoce das infecgcbes por DENV em
amostras de soro e de tecidos provenientes de casos fatais de dengue;

Comparar duas geracdes de um ELISA para a captura de antigeno NS1
disponiveis comercialmente apds o aperfeicoamento do teste pelo fabricante
para o diagndstico precoce das infeccdes por DENV em amostras de soro;

Avaliar a potencial utilizacdo de testes de captura de antigeno NS1 em
mosquitos Aedes aegypti coletados durante uma vigilancia entomoldgica
realizada no campo;

Testar diferentes métodos de dissociacdo de imunocomplexos antigeno-
anticorpo para o aumento da sensibilidade do teste de captura de antigeno
NS1 em casos de infec¢do secundaria de DENV-4;

Avaliar a utilizacado de sangue coletado por puncao digital utilizando papel
de filtro como espécime alternativo para a utilizacdo em testes de captura de
antigeno NS1;

Realizar uma revisdo bibliografica dos principais kits disponiveis

comercialmente para o diagnoéstico das infecgdes pelos DENV.
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4. RESULTADOS:

Os resultados obtidos serdo apresentados sob a forma de manuscritos

publicados ou submetidos a publicagdo em revistas indexadas:

Artigo 1. - Comparison of Three Commercially Available Dengue NS1 Antigen
Capture Assays for Acute Diagnosis of Dengue in Brazil. (Publicado na PL0S
Neglected Tropical Disease 4(7): €738, 2010. doi:10.1371/journal.pntd.0000738).

Artigo 2. - A new approach to dengue fatal cases diagnosis: NS1 antigen capture in
tissues. (Publicado na PL0S Neglected Tropical Disease 5(5): ell47, 2011.
doi:10.1371/journal.pntd.0001147).

Artigo 3. - Comparison of Two Generations of the Panbio Dengue NS1 Capture
Enzyme-Linked Immunosorbent Assay. (Publicado na Clinical And Vaccine
Immunology 18(6): 1031-1033, 2011. doi:10.1128/CVI.00024-11).

Artigo 4. - Dengue virus type 4 in Niter6i, Rio de Janeiro: the role of molecular
techniques in laboratory diagnosis and entomological surveillance. (Publicado nas
Memoérias do Instituto Oswaldo Cruz (Impresso) v. 107, p. 940-945, 2012.
D6i:10.1590/S0074-02762012000700017).

Artigo 5. — A simple heat dissociation method significantly increases the ELISA
detection sensitivity of the nonstructural-1 glycoprotein in dengue type-4 virus

infected patients. (Aceito para publicacdo na Journal Virological Methods).

Artigo 6. - Evaluation of available elution methods for dried blood spot for the use in
the serodiagnosis of dengue infections. (Artigo submetido a Journal Virological
Methods).

Capitulo de Livro 1 - Dengue diagnosis: commercially available kits and laboratory
support. (Capitulo de Livro publicado na Clinical Insights. Future Medicine Ltd. doi:
10.2217/EBO.14.8).
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Artigo 1: Comparison of Three Commercially Available Dengue NS1 Antigen

Capture Assays for Acute Diagnosis of Dengue in Brazil.

Relagdo do Manuscrito com os Objetivos: Os resultados apresentados

neste manuscrito sao referentes ao seguinte objetivo:

Objetivo Especifico 1: Avaliar o desempenho de trés kits de captura de
antigeno NS1 disponiveis comercialmente para o diagnéstico precoce das infecces
por DENV em amostras de soro e de tecidos provenientes de casos fatais de

dengue.

Situacdo do Manuscrito: Artigo publicado na revista PLoS Neglected

Tropical Disease.
Fator de Impacto a Revista: 4.6930

Referéncia: Lima MdRQ, Nogueira RMR, Schatzmayr HG, Santos FBd
(2010) Comparison of Three Commercially Available Dengue NS1 Antigen Capture
Assays for Acute Diagnosis of Dengue in Brazil. PLoS Negl Trop Dis 4(7): e738.
doi:10.1371/journal.pntd.0000738.

Resumo: A dengue esta associado com explosivas epidemias urbanas e
tornou-se um grande problema de saude publica em muitos paises tropicais em
desenvolvimento, incluindo o Brasil. O diagnéstico laboratorial da dengue pode ser
realizado utilizando varias abordagens, no entanto ensaios especificos e sensiveis
sdo Uteis para diagnosticar a doenca na sua fase inicial. A proteina ndo estrutural
um (NS1) dos flavivirus, € uma glicoproteina altamente conservada e segregada,
tornando-se uma proteina candidata para o diagndéstico rapido do dengue em paises
endémicos. Nosso objetivo foi avaliar uso de trés kits comerciais em um painel de
450 amostras para o diagnéstico precoce do dengue no Brasil. O Dengue Early
ELISA (PanBio Diagnostics) mostrou uma sensibilidade de 72,3% (159/220) e uma
especificidade de 100%, enquanto que a sensibilidade do ensaio NS1 Platelia™
(Biorad Laboratories) foi de 83,6% (184 /220). No entanto, a sensibilidade mais
elevada (89,6%; 197/220) foi obtida utilizando o NS1 Ag Strip (Biorad Laboratories).
A menor sensibilidade foi observada em casos de DENV-3 por todos os trés kits.
Amostras positivas através do isolamento viral foram mais frequentemente

encontradas quando comparadas aos casos positivos por RT-PCR nos trés ensaios
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e uma maior taxa de deteccéo foi observada durante os primeiros quatro dias apos o
inicio dos sintomas. A presenca ou auséncia do anticorpo IgM n&o mostrou
influéncia na confirmacdo do Dengue Early ELISA (P = 0,6159). No entanto, uma
maior confirmacao por ambos 0s ensaios Platelia™ NS1 (Biorad) e NS1 Dengue Ag
Strip (Biorad) na auséncia de IgM foi estatisticamente significativa (P< 0,0001 e P =
0,0008, respectivamente). Apenas o teste NS1 Platelia™  mostrou maior
sensibilidade para confirmar casos de infec¢cdes priméarias do que os secundarios.
Os resultados indicam que os kits comerciais de antigeno NS1 para dengue séo
Uteis para o diagnostico laboratorial do dengue em casos agudos de infeccdo
primaria e secundaria. Eles podem ser usado em combinacdo com o MAC-ELISA
para a deteccdo de casos suspeitos e como teste de triagem para complementar o

isolamento viral.
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Abstract

Background:Dengue is associated with explosive urban epidemics and has become a major public health problem in many
tropical developing countries, including Brazil. The laboratory diagnosis of dengue can be carmried out using several
approaches, however sensitive and specific assays useful to diagnose in the early stage of fever are desirable. The flavivirus
non-structural protein N51, a highly conserved and secreted glycoprotein, is a candidate protein for rapid diagnosis of
dengue in endemic countries.

Methodelogy/Principal Findings: We aimed to evaluate the potential use of 3 commercial kits in a panel of 450 serum
samples for early diagnosis of dengue in Brazil. The PanBio Early ELISA {PanBio Diagnostics) showed a sensitivity of 72.3%
{159/220) and a specificity of 100%, while the sensitivity of the Platelia™ NS1 assay {Biorad Laboratories) was 83.6% {184/
220). However, the highest sensitivity (89.6%; 197/220) was obtained by using the NS1 Ag Strip {(Biorad Laboratories). A
lower sensitivity was observed in DENY-3 cases by all 3 kits. Serum positive by virus iselation were more often positive than
cases positive by RT-PCR by all three assays and a higher detection rate was observed during the first four days after the
onset of the symptoms. The presence or absence of Igid showed ne influence in the confirmation by the pan-E Early ELISA
{P=0,6159). However, a higher confirmation by both Platelia™ NS1 {Biorad) and Dengue NS1 Agr Strip {Biorad) in the
absence of Ighl was statistically significant {P<:0,0001 and £=0,0008, respectivelyl. Only the Platelia™ N51 test showed a
higher sensitivity in confirming primary infections than secondary ones.

Conclusions/Significance: The results indicate that commercial kits of dengue NS1 antigen are useful for the laboratory
diagnosis of acute primary and secondary dengue. It can be used in combination with the MAC-ELISA for case detection and
as screening test to complement viral isolation.
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Introduction

Dengue iz associated with explosive urban epidemics and has
become a major public health problem [1]. Annually, the World
Health Organization estmates that 50 100 millicn pecple are
mfected with dengue virus (DENV) worldwide with estimated
250,000 500,000 cases of dengue haemerrhagic fever (DHF) and
dengue sheck syndrome (DSS) with about 25,000 deaths
pccurring. One or mere of four serotypes of DENV [DENV1
4), a mosquite-horne, pedtive-strand RNA virus in the genus
Flgeivirus, family Flaewiridae caunse the disease In mere than 100
endemic countries in tropical areas [2].

The geographical spread of all four DENVY serotypes through-
out the subtropical regions of the world has led to larger and more
severe puthreaks and the accurate and efficient diagness of the
disease is important for clinical care, surveillance, pathogeneds
studies and vaccine research. Furthermore, an efficient diagnosis is

@ wwnw.plosrtds.org

an impertant topl to suppert Epidemiclogical Surveillance
Frograms conddering the difficuldes In confirming dengue cases
based only on the clinical symptoms, especially during inter-
epidemic peripds.

Dengue iz an enveloped virus with a singlestranded, positive
sense RNA genome of about 11 kb containing a single open
reading frame enconding a single pelyprotein co- and pos-
translationally ceaved mnte 3 structural (G, prM and E) and 7
nonstructural proteins (NS1, NE2A, NSIB, NS, N54A, NS4B and
NS5 [3].

Dengue is a major public health problem in many tropical and
subtropical countries in the world. The accurate and efficient
diagnesis of dengue is important for clinical care, surveillance,
pathogenesis studies, and vaccine research.

The most used techniques use for dengue serodiagnosis are
based on the antd-DENV IgM and IgG detecton by using MAG-
ELISA and IgG-ELISA [4]). However, one of the Hmitadons
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Author Summary

Dengue is the one of the most prevalent arthroped-borne
viral diseases in tropical regions of the world. Manifesta-
tions may vary from asymptomatic to potentially fatal
complications. Laboratorial diagnosis is essential to diag-
nose dengue and differentiate it from other diseases.
Dengue virus non-structural protein 1 {N5$1) may be used
as a marker of acute dengue virus infection. Our results,
based in the comparison of three NS1 antigen capture
assays available, have shown that this approach is reliable
for the early diagnesis of dengue infections, especially in
the first four days after the onset of the symptoms. A lower
sensitivity was observed in DENV-3 cases. Serum positive
by virus isolation were more often detected than those
positive by RT-PCR by all three assays. Only the Platelia ™
NS1 test showed a higher sensitivity in confirming primary
infections than secondary enes. In conclusion, N51 antigen
capture commercial kits are useful for diagnosis of acute
primary and secondary dengue infections and, in endemic
countries where secondary infections are expected to
occur, may be used in combination with MAC-ELISA to
increase the overall sensitivity of both tests.

consiss in the variations on the detecton rate during the acute
phase of the disease. Usually, it takes from 3 to 5 days after the
onset of the symptoms to detect ant-DENY IgM and from 1 to 14
days to ant-DENV IgG to become detectable, depending on
whether the patient has primary or secondary infectons [5].

Diuring the acute phase, however, the N81 exists as secreted as
well as a membrane-associated protein and both forms are
demenstrated to be immuncgenic [6,7,8,9,10]. High NS1 level
was demonstrated to circulate in the acute phase of dengue by
antigen capture ELISAs, found in the sera of patients with primary
and secondary DENV infectons, up to the ninth day after the
onset of the symptoms [10,11].

The availability of commercial kits for the detection of ant-
DENY N81 in acute serum provides an alternative to the existing
methods such as PCR, serclogy and virus isclation. Previous
studies have shown the sendtivity and specificity of N81 capture
commercial kits for the laboratorial diagnesis of dengue infections
[12,13,14,15,16,17,18,1%].

Recently, the Brazilian Ministry of Health has establish this new
approach in sentinel clinics throughout the country after the 2008
dengue epidemic, however without a full evalnation of the
commercial tests avallable. In the study, we aimed to evaluate
the sensitivity and specificity of 3 commercially-available dengue
NEB1 antigen kits to demonstrate its potential use for the early
lahoratory confirmation of acute dengue infection in Brazil, This
constitutes the first report of a comparison of N51 antigen capture
assays performed in the country.

Materials and Methods

Ethics statement

The samples belong to a previously-gathered collection from an
ongoing Project in the Laboratory approved by the Ethics
Committee on Human Research (CEP: 274/05).

Dengue cases and non- dengue cases definitions
Laboratory-posiive DENV infection was defined in patients
experiencing a febrile illness consistent with dengue according to
WHO criteria [20] in which infection was confrmed by DENV
Isolatdon [21], detecton of DENV ENA by RT-FCR [27],
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detection of antd-DENV IgM antibodies by MACGC-ELISA[23],
and/or a =44old rise in ant-DENV IgG-ELISA titer in paired
acute and convalescent sera [24]. Individuals negative for DENVY
nfection by using all the methods described above and health

mdividuals were classified as non-dengue cases.

Clinical samples

The serum samples (days 15t 9 after the onset of the symptoms)
analyzed in this study by the pan-E Farly ELISA (PanBic
DHagnpstics, Brishane, Australia- first generation), Platelia™ (Biprad
Laberatories, Marnes-La-Coquetts, France) and NS1 Ag Suip
(Biorad Lahoratories, Marnes-La-Coquette, France) belong to a
previcudy-gathered serum collection of the Laboratory of Flavivirus
at Oswalds Cruz Insttute, FIOCRUZ, Brazil, from epidemics
occurred from 1986 to 2008, A panel of 450 sera (220 dengue
positive sera and 230 non-dengue sera) was divided into eleven
Groups as follows: Groups A to G, sera from patients infected with
DENV-1 (2=50), DENV-2 [r=50), and DENV-3 (z=258),
respectively; Group D, sera from patients with dengue infection
serclogically confirmed by MAC-ELIS A with negative virus isolation
and RT-PCR (2=6%); Group E, sera from healthy indiiduals
(n=30); Group F, sera from mdividuals negative for dengue (2= 86);
Group G, sera from yellow fever positive individuals (== 20); Group
H, sera from individuals vaccinated for yellow fever and negative for
ant-DENY antibodies (2= 44); Group I, sera from measles patients
(n=16) and Group J, sera from rubella patients (= 34).

Dengue virus isolation

Virus isplation was performed by incculation inte C6/36 Aedes
albopictus cell line [21] and isplates were identified by indirect
Torescent antihody test (IFAT) using serctype-specific monoclo-
nal antthodies [25].

Reverse transcriptase (RT) -PCR

RT PCR for detecting and typing DENV was performed as
described previously [22]. Briefly, consensus primers were used to
anneal to any of the four DENV types and amplify a 511-bp
product in a reverse transcriptase-polymerase reaction. A cDNA
copy of a portion of the viral genome was produced in a reverse
transcriptase reaction. After a second round of amplification
(mested PCR) with type-specific primers, DNA preducts of unique
szes for each DENV serotype were generated and analyzed by gel
electrophoresis.

Immunoglobulin M {(IgM) antibody capture ELISA
(MAC-ELISA)

The in-fouse MAC-ELISA was carried cut for dengue cases
comfirmation as described previcusly [23].

Immunoglobulin G (IgG) antibody detection ELISA {IlgG—
ELISA)

The IgG  ELISA previcusly described by Miagostovich [24]
was performed for the characterization of dengue immune
response as primary or secondary infectons in dengue cases
previcusly confirmed by virus isolation, RT  PCR and/or MAC-
ELISA. Briefly, 96-well plates were coated with hyper immune
ascitic fluid (2 mixture of ant-DENV-1 to 4), followed by the
addition of a mixture of the four DENV antigens. Serum diluted
1:40 was added to the first well and four-fold dilutions were carried
out up to the eighth well. After incubation, ant-human IgG
comjugated to horseradish peroxidase was added Acute phase
serum samples (<26 days after onset of symptoms) with IsG-ELISA
titers of 1:160 or greater are considered to be secondary infections.
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Likewise, samples with titers >1:10, 240 on days 6 3, or >1:40,
960 on days 10 15 after onset are secondary responses.

NS1 antigen capture assays

pan-E DENGUE EARLY ELISA (PanBio Diagnostics,
Brisbane, Australia). This first generation test is based on a
one-step sandwich format microplate enzyme Immuncassay to
detect DENV NS1 antigen in human sera. The test uses
horseradish  peroxidase  comjugated  anti-NS1  moencclenal
anthody with preservative. If NS1 antigen iz present in the
sample, an immune-complex MAL-NS81-MAL/permddase will be
formed. The acute serum specimens were allowed to thaw to
laboratory ambient temperature (21 22°C). Briefly, 100 pL
diluted test samples and controls were pipetted inte their
respective microwells and incubated for 60 min at 37°C. After a
six-time washing steps, 100 pL. HRP conjugate ant-NS1 MAb
were pipetted into cach well and plate was incubated for 60 min at
37°C. After a dx-tmes washing step, 100 pL of substrate was
added into each well and incubated for 10mm at room
temperature in the dark. The presence of immune-complex was
demonstrated by a color development and the enzymatic reaction
was stopped by adding 100 ul. 1M HsPO,. The optical dengty
(OD) reading was taken with a spectrophotometer at a wavelength
of 450 620 nm and the amount of N81 antigen present in an
ndividual serum sample was determined by comparing the OD of
the sample to the OD of the cut-off control serum. Results were
calculated as “Panbic units” with results <<2.0, 9.0 11.0, and
=11.0 defined as negative, inconclusive, and positive, respectively.
Inconclusive samples were re-tested to confirm the result.

Platelia™" Dengue NS1 Ag-ELISA (Biorad Laboratories,
Marnes-La-Coguette, France). The testis based on a cne-step
sandwich format microplate enzyme immuncasay to detect
DENV NB1 antigen in human serum or plasma, The assay uses
murine meneclonal antibody for capture and revelation. I NS1
antigen is present in the sample, an immune-complex MAb-NS1-
MAb/peroxidase will be formed. Briefly, the acute serum
specimens  were  allowed to thaw to laboratory ambient
temperature (21 22°C). Sample diluent (50ul), respective samples
and contrels (50 pl each) and 100 pl of diluted conjugate were
meubated for 90 min at 37°C within the respective microplate
wells coated with purified mouse ant-NS1  monespecific
antibodies. After a six-times washing step, 160pl of substrate was
added inte each well and incubated for 30 min at room
temperature in the dark. The presence of immune-complex was
demoenstrated by a color development and the enzymatic reaction
was stopped by adding 100l 1N Hy50,. The optical density (OD)
reading was taken with a spectrophotometer at a wavelength of
450 620 nm and the amount of NS51 antigen present in an
mdividual serum sample was determined by comparing the OD of
the sample to the OD of the cut-off contrel serum.

Dengue NS1 Ag STRIP (Biorad Laboratories, Marnes-La-
Coquette, France). Dengue NS1 Ag STRIF iz an immu-
nochromatographic test (ICT) for the rapid detection of N81
antgen. Briefly, one drop of migration buffer was added to 50 uLL
serum in a specimen tube and a strip was placed in the tube. The
strip has two lines: a control line [C) [biptin  gold collpidal
particles coated with streptavidin® complex) and a test line (T)
(‘moneclonal ant-N51 anthodies (mAh) NS1Ag  gold colloidal
particles coated with anti-N81 mAb’ complex). The appearance of
the T and C lnes after a migraton tme of 15 minutes (min)
indicates a positive result. The appearance of the € lne alone
ndicates a negative result. If the C line 1s not present, the test is
considered invalid and is repeated. It 15 recommended that strips
giving ambigucus (faint color at the T line) or negative results are
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put hack in the tube after the initial reading and left for a further
15 min for re-evaluaton. We evaluated all samples at 15 min
(ICT 15 min) and then at 30 min (ICT 30 min).

Data and statistical analysis

The sensitivities, specificities, efficiency, negative and positive
predicted values were calculated as follows:

Sengtvity: afatec X 100%

Specificity: d/d+bh X 100%

Efficiency: a+d/ath+ctd X 100%

Negative Predicted Value: d/d+c X100%

Positive Predicted Value: a/a+h X 100%; where: a =number of
true postive, b =number of false positive, c=number of false
negative and d = number of true negative.

The derived data was tabulated in appropriate worksheets using
the Microseft Fxcel and evaluated by chi-square test using the Epi
Info 6 [Center for Disease Control and Prevention, Atanta) for
any statistical Sgnificant asspclation.

Results

Overall sensitivities of the NS1 antigen capture tests

A panel of 450 (=220 dengue cases and 2= 230 non-dengue
cases) was used to evaluate three NS1 antigen capture tests
commercially available. The pverall sengtvitdes were 72.3% (1597
220) for the pan-E Early ELISA (PanBic) test, §3.6% (184/220) for
the Platelia ™™ N31 (BicRad) kit, and 8%2.6% (197/220) for the
NS1 Ag Strip kit (BicRad), Table 1. The differences chserved in
the zensitvities between the three kits analyzed were statistically
dgnificant (£= 0.0009).

NS1 sensitivities in relation to viral serotype

The pan-E Early ELISA (PanBio) showed a higher sensitivity in
confirming DENV-2 infections (Group B; $2.0%) than confirming
DENV-1 and DENV-3 infections. The Platelia™ NS1 kit
(BicRad) was more sensiive in the detection of DENV-1 cazes
(Group A; 38.0%) than in the detection of DENV-Z and DENV-3
infections. The Dengue NS1 Ag Stip kit (BicRad) showed the
same sensidvity in confirming DENV-1 and DENV-Z? nfections
(98.0%). DENV -3 infections were the detected less ofien by all the
three kits tested (65.5%, 86.2% and 83.0% for the pan-E Early
ELISA (PanBig), the Platelia™ NS1 kit (BioRad) and the Dengue
NS1 Ag Soip kit (BicRad), respectively (Table 1).

NS1 specificities and cross-reactivity in patients with
other confirmed diagnoses and yellow fever vaccination

Specificities were 100%, 98.7% and 99.1% for the PanBio kit,
for the Platelia™ N&1 kit (Biorad) and for the N81 Az Swip
(BioRad), respectively, based on the analysis of sera of healthy
individuals (Group E) and individuals negative for dengue (Group
F), Table 1. No cross-reactivity was chserved with sera from vellow
fever infected patents (Group G); however beth Biorad kis
showed cross-reactivity with one yellow fever vaccinee (Group H).
None of the measles sera (Group I) were recognized by the INS1
tests. One rubella positive case (Group J) showed cross-reactivity
with both Platelia=™" NS81 kit (Biorad) and for the N51 Ag Stip
(BicRad) lat. The overall evaluations according to the different
Groups analyzed are shown in Table 1.

NS1 sensitivities according to the different acute
diagnosis methods

A higher senaitivity (71.5%, 94.8% and 98.7 %) was ohserved in
cases posiive by virus isolation only than in cases previpusly
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Table 1. Sensitivity and specificity of 3 commercially available kits for NS1 antigen capture in dengue sera and controls.

NS1 antigen capture kit

No. of sera with indicated result/total no. tested”

Platelia™ Drengue NS1 Ag-ELISA

Total of Groups E-J 230/230 (100) 07230

Groups® pan-E DENGUE ERARLY ELISA Dengue NS1 Ay STRIP
Negative Positive Negative Positive Negative Positive

A (DENV1 cagesg; b =50) 13750 (26.0) 37750 (74.0) 1750 (2.0 49750 (98.0) 1/50 (2.0 49750 (98.0)

B (DENW2 cases; n=50 9/50 (18.0) 41750 (82.0) S50 (1000 45/50 (90.0) 1/50 (2.0) 49750 (98.0)
C (DEMW3 cases; n=>58) 20758 (34.5) 38/58 (85.5) 8758 (13.8) S0/58 (86.2) 7758 (12.0) S1/58 (B8.0)
D (g positive cases; b =§2) 19762 (31.00 43762 (69.0) 22/62 (35.5) 4082 (54.5) 14562 (228) 48782 (774
Total of Groups A-D 817220 (22.7) 1597230 (72.3) 36,220 (1640 1847220 (B3.6) 23220 (105) 1977220 (89.5)
E (healthy individuals; 1 = 30) 30530 (100) 0730 30,30 (100) 0730 30730 (100) 0730

F {individuals negative for dengue; b =288) 86786 (100) /86 85786 (98.8) 1/86 86786 (100) /86

G (yellow fever positive cages; b =20 20,20 (100) 0720 20,20 (100) o520 20720 (100) 520

H (individuals wacrinated for yellow fever, n=44) 44744 (100) 0744 43744 (97.7) 1744 43744 (97.7) 1744

| (meagles cages b=16) 1616 (100) 014 1616 (100) 0716 1616 (100) 016

J (rubella cages; 1 =34 3434 (100) 0734 3334 (97.0) 1/34 3334 (97.0) 1/34

2277230 (98.7) 37230 228/230 (99.1) 2/230

"Values in parentheses are percentages,
deii10.1371jeurmal prtd 00007 381001

positive by RT-PCR (62.3%, 82.3% and 82.3%) for the pan-E
Early ELISA, Platelia™ N§1 and Dengue N31 Ag Swip,
respectively (Tahle 2).

NS1 sensitivities in the presence and absence of IgM

The detection rate by the pan-E Early ELISA, Platelia™ N&1
and Dengue N31 Ag Strip in the presence of IgM was 6%.4%,
$4.5% and 77.4%, respectively (Table 2). In this study, the
presence or absence of IgM did not influence detection by the pan-
E Early ELISA (P=0,6159). However, a higher detection rate by
both Platelia ™ N81 (Biorad) and Dengue NS1 Ag Suip (Biorad)
n the absence of IsM was statistcally significant (£<20,0001 and
FP=10,0008, respectively).

Sensitivities of the NS1 tests by the number of days after

the onset of the symptoms
The sensitivities of all NS1 tests were evaluated according to the
number of days of llness. A higher detection rate by the three tests

or virus isolation and by MAC-ELISA.

*Subjects in groups A tv D had confirmed DENV infection; cubjeds in groups E to J had no DENV infection,

analyzed was during the firet four days after the onset of the
symptoms (Day 3, in Figure 1, considering day 0 as the first day of
fever). The sendtivity of Platehia ™ N31 (Biorad) decreased to 75%
of detecton after that and maintained the same rate untl day 6 of
illness. However, after the 4™ day, the NS1 Ag Strip (Biorad)
showed 8%.0% of sensitivity up o the 7% of symptoms. From day
five to the 7%, the pan-E Early ELISA (Panhio) confirms about
50.0% of the cases (Figure 1). Although dengue NS1 antigen
detections up to the 9™ day are ohserved, here we plotted cases
only up to the 7 day due o the low number of samples
representing g and 3® days in our population.

We also aimed to compare the cases confirmaton by the dengue
NB1 antigen capture to the confirmation by other methedologles
used n this study according to the number of the days of dllness. In
this comparison, we considered a N31 posiive case, as a case
pusiive in any of the three tests used. Figure 2 shows NSI
confirmation arcund 0% of the cases up to the 7™ day of illnes,
as previcudy shown. RT-PCR and virus isclation detections rate

Table 2. Sensitivities of 3 NS1 antigen capture assays in patients with clinical diagnosis of acute dengue confirmed by RT-PCR and/

NS1 antigen capture kits

No. of sera with indicated result/total no. tested”

Dengue case confirmation

pan-E DENGUE EARLY ELISA

Platelia™ Dengue NS1 Ag-ELISA Dengue NS1 Ag STRIP

RT-PCR only (n=45) 28/45 (62.3)
55/77 (71.5)
33/36 (91.7)
43762 (60.4)

1597220 (F2.3)

Wirug isolation only =77
RT-PCR and virug igolation (1= 38)
MAC-ELISA only

Total

37745 (B2.3) 37745 (82.3)

7377 (94.8) 76/77 (98.7)
34736 (94.5) 36736 (100)
40762 (54.5) 48762 (77.4)

184,220 (B36) 1977220 (89.6)

*Walues in parentheses are percentages,
doi: 101371 journal. prtd 00007 381002
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@ pan-E Early ELISA E Platelia NS1

O NS1 Ag Strip

100% -

80%

60%

40%

20%

0%

1 2
Mumber of days after onset of symptoms

Figure 1. Sensitivity of 3 commercial dengue NS1 capture assays according to the number of days of illness (n= 220).

doi:10.1371/journal pprtd 0000738, 001

were around 80% m the first three days of llness, decreasmg after
that. However, on the other hand IgM detecton rates increase
only after the 4% day of illness.

NS1 sensitivity in primary and secondary infections

The serolegic response could be characterized by IsG-ELISA in
54 samples, where a second specimen was available. There were
40 primary and 14 secondary infections. Ne differences were
ohserved by the pan-E Early ELISA (Panbic) (2= 0.95) and by the
NB1 Ag Soip (Biorad) (P=0.76) in confirming pnma:ry and
secondary infections (Table 3). However, the Platelia ™™ NS1 test
showed a higher sensitivity in confirming primary infections than
secondary cnes (P=0.01).

NS1 tests efficiency and predicted values

In cur study, the pan-E Early ELISA test (Panbi) was less
efficient in detecting acute dengue infections (86.1%) when
compared to the Platelia™ NS test (91.3%) and the NS1 Ag
Strip (35.0%). Pogtve n\fredlctlve values were 98.3%, 99.5% and
100% for t_he Flatelia=™ N51 (Biorad), N81 Ag Strip (Biorad) and
pan-E Early ELISA tests (Panhio), respectvely. However, the pan-
E Early ELISA (Panbic) showed the lowest negative predictive
value (76.3%), followed by the Platelia™ NS1 test (Biorad) with
86.3% and the N81 Ag Stip (Biorad) with 91.1% (Table 4).

Discussion

The techniques of dengue serologic diagnosis which have been
widely used are hased on the detection of IgM antbodies by
MAG-ELISA and IgG by IgG-ELISA However, one of the
limitations of these techniques is the mahility to detect antihodies
to DENV in the acute phase of disease [5,26]. It takes 3 to 3 days
for Igh antbodies and anti-DENV 10 14 days for IgG antd-
DENY to become detectable. Moreover, primary and secondary
infections have different profiles of producton of these antibodies
[27].

According to previpus studies the presence of N81 in human
sera can he confirmed hetween days 0 to 3 [28,29,30] and with a
peak at days 6 to 10 [31]. Currently, commercial Kits such as the
Dengue EARLY ELISA (Panbic Diagnostics, Brishane, Australia),
Platelia™ Dengue NS1 Ag-ELISA and Dengue N81 Ag STRIP
(BioRad Lahoratories Marnes La Coquette, France) are availahle
for early diagnosis of dengue based on NS1 antigen capture and
several studies have heen conducted in many laboratories
(12,15,18,19,29,51,32,53,34,35,36].

In this study, we had the opportunity to evaluate and compare
three NS1 antigen capture kits available with a panel of samples
(2=450) from cases occurred since the introducton of dengue in
Rio de Janeire, Brazl in 1986 to 2008. The N81 Az Stip test
(Biprad) was the most sendtive in confirming dengue cases,

- < -N51 pos —® —IgM pos —&—Isol pos —&— RT-PCR pos
100% ry i
Y SR . L -:(‘.

80% " £
‘\:\ . A

60% -

0%

20% -

0% r r r y \

1 2 3 4
Number of days after onset of symptoms

o P

Figure 2. Overall sensitivity of positive results in any N51 antigen capture assay compared to dengue diagnosis by MAC-ELISA,
wirus isolation and RT-PCR according to the number of days after onset of illness.

doiz10.1371/jourmal pritd 00007 38.9 002
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Tahle 3. Sensitivities of N51 antigen capture assays in patients with primary and secondary dengue infections {n =>54).

MS1 antigen capture kits

Mo. of sera with indicated resultftotal no. tested®

Patients immune response

pan-E DENGUE EARLY ELISA  Pvalue Platelia™ Dengue NS1 Ag-ELISA Fvalue Dengue NS1 Ag STRIP P value

26740 (86.0) .96
09714 (54.3)

Primary infection (h =40}

Serpndary infection (h=14)

38740 (95.0) 0.01
10714 (71.4)

38540 (95.0) 076
13714 (93.0)

*Walues in parentheses are percentages,
doi: 101371 journal prtd 0000738003

followed by Platelia™ N81 (BioRad). The least sensitive was the
pan-E Early ELISA (PanBio) with 72.3% of sensitivity. However,
i this study PanBio kit was the most specific (100%) while both
kit: from BicRad showed 98.7% and 3%.1% of specificity,
respectively. A recent evaluation in Malayda showed that the
NB1 Ag Strip had 30.4% of sensitivity and 99.5% of specificity
[17]. Studies performed in Vietmam [18] and French Guyana [29]
showed sensiiviies of 82% and 88%, respectively for the
Platelia ™ NS1 test. However, sensitiviies varving from 63.2%
to 93.3% have also been reported for this kit [12,15]. Even though
different DENV genotypes may circulate in the Americas and
Asia, N8I kits evaluations In countries from those area show the
ability of those tests to detect DENV in infected patients. Our
chservations are consistent with previous studies in which the pan-
E Early ELISA had lower sensitivides [15,14,16,37]. However, to
increase diagnostic performance, Panbic has recently released an
mproved second generation for their NS1 capture kit with
changes in key reagents and procedurs [38].

ANl NS tests were more sensitive in confirming cases pesitive by
virus isolation than in cases pestve by RT-PCR. Dussart [29]
confirmed 94.1% of cases positive by virus isolation and 85% of
the cases RT-FCR positive udng the Plateha™ NS1 teat.
Recently, McBride [16] showed that the NS1 antigen capture
was pogitive in 87% of the cases ppative by RT-PCR. In our
study, the Dengue N31 Ag Stip confirmed 98.7% of the cases
positive by virus isolation and 82.3% of RT-PCR positive cases,
results similarly observed by Zainah [17]. In the presence of IgM
anthodies, the Dengue N31 Ap Suip confirmed more cases
(77.4%) than the pan-F Farly EIISA (89.4%) and the Platelia™
NE1 (64.5%). The presence or absence of IgM did not influence in
the cases confirmaton by the pan-E Farly ELISA (P=0,6154).
However, the higher confirmation by both Platelia™ N$1 and the
Dengue N81 Ag Strip in the absence of IgM were statistically
significant. Sekaran [32] showed that the NS1 detection rates

decrease as IgM levels rise, in agreement with cur results.

The pan-E Early ELISA (PanBio) showed a higher sensitivity in
confirming DENV-2 infections and the Platelia™ NS81 kit
(BicRad) in DENV-1 infectons. However, the Dengue NS1 Ag
Strip kit (BioRad) showed the same sensitivity in confirming
DENV-1 and DENV-2 mfections. DENV-3 infecticns were the
least confirmed by all three kits. The apparent inability in
confirming infection by this serotype has been shown previcusly
[33]. Furthermore, differences in the inter-serctype sensitivities
have been reported for all three kits. McBride [16] recently
showed lower sensiivities by the pan-E Early ELISA (PanBio) in
DENV-2 and DENV-4 mfections. The latter was alze found n
previcus studies performed by Bessoff [37] and Dussart [14] and
most recently in a study performed in Venezuela [36]. Due to the
ahsence of DENV4 crculatmg m Brazil, we were not able to
access the assays sensitivities in cases infected by this serotype.
Both Biorad kits (Platehia™ N81 and Dengue NS1 Ag Strip)
showed a lower senzittvity in DENV-2 miections from Vietnam
(18] and Venezuela [36].

A higher detection rate by the three tests was found during the
first four days after the onset of the symptoms. Although dengue
NE1 antigen detections up to the g day are described, here we
analyzed cases only up to the 7® day due to the low number of
samples representing g™ and 9™ days in our population. The lack
of later samples in this study did not allow us to determine when
NB1 detection would decrease. However, previcus studies found
NE1 antigen in 82% to 83% of patients with dengue from day 1 to
9 after the onset of fever [11,30].

The Platelia™ NS1 test showed a higher sensitvity in
confirming primary infections than secoendary cnes, as previcusly
ghserved [12,15,17,18,52,34]. False negative results by NS1
antgen capture in secondary infectons may alse be due to the
Immune-complexes formation by the anti- DENV IgG sequestra-
ton [39]. Efforts to disspoiate immune complexes by acid
treatment can enhance the assays sendtvites, as previcusly shown
[15]. However, in our study ne attempts were made to disseciate

Tahle 4. Sensitivity, specificity, efficiency and predictive values of 3 commercial dengue NS1 capture assays.

NS1 antigen capture tests

pan-E Early ELISA [PanBio} (%}

Flatelia N51 (BioRad) (%0} N51 Ag 5trip (BioRad) (%2}

Sengitivity 72
Specifirity 100
Efficiency 84
Positive Predicted Value 100
Megative Predicted Value 78

84 an
29 29
an a5
o0& 29
86 an

dei 101371 jourmal prtd 00007380004
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those complexes. To further analyze the sendtivity of those tests In
confirming secondary cases, a larger number of cases should he
tested.

Among the kits evaluated, the Dengue N31 Ag Strip (BieRad)
was the most effident mn confiming dengue infectons by
capturing N31 antigen from infected patients. Moreover, it was
more convenient to be used, as the results can be obtained in
15 minutes, easy to perform and its performance does not involve
the use of special laboratory equipment.

Previpus studies have demonstrated 2z diagnestc strategy
combining N31 Ag detection in acute-phase sera and DENV
IsM detection In early-convalescent-phase sera, providing a
sensitivity of about 90% for dengue diagneas [29,34].

In conclusion, thiz evaluation haz shown that N81 antigen
capture assays are indeed an alternative tool for the early diagnosis
of dengue infections, may be used as a screening test prior virus
izolation and used In combination with IgM capture can increase
the rate of cases confirmation, especlally in endemic areas whers
secondary infectons are expected to occur due to the co-
circulation of the different DENV serotypes, such as seen in Brazil,

This evaluation was performed for research purposes only and
authors have no financial interest. The pan-E Early ELISA from
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Artigo 2: A New Approach to Dengue Fatal Cases Diagnosis: NS1 Antigen

Capture in Tissues.

Relagdo do Manuscrito com o0s Objetivos: Os resultados

apresentados neste manuscrito sdo referentes aos seguintes objetivos:

e Objetivo Especifico 1: Avaliar o desempenho de trés kits de captura de

antigeno NS1 disponiveis comercialmente para o diagnoéstico precoce das infec¢des

por dengue em amostras de soro e de tecidos provenientes de casos fatais por

dengue.

Situacdo do Manuscrito: Artigo publicado na revista PLoS Negleted

Tropical Disease.
Fator de Impacto da Revista: 4.6930

Referéncia: Lima MdRQ, Nogueira RMR, Schatzmayr HG, de Filippis
AMB, Limonta D, Santos FBd. (2011) A New Approach to Dengue Fatal Cases
Diagnosis: NS1 Antigen Capture in Tissues. PLoS Negl Trop Dis 5(5): e1147.
doi:10.1371/journal.pntd.0001147.

Resumo: O Brasil é responsavel por cerca de 80% dos casos de
dengue nas Américas, uma vez que a introducdo do dengue em 1986 resultou
em um total de 5.944.270 casos relatados, incluindo 21.596 dengue
hemorragica e 874 casos fatais. O DENV pode infectar muitos tipos celulares e
causar diversos efeitos clinico e patolégicos. O objetivo do estudo foi investigar
a utiidade do teste de captura do antigeno NS1 como uma ferramenta
alternativa para detectar os DENV em tecidos de casos fatais previamente
confirmados como dengue (n = 23), ocorrido em 2002 no Brasil. Um total de 74
amostras de fragmentos de tecidos disponiveis foram utilizados: figado (n= 23),
pulméo (n= 14), rim (n= 04), cérebro (n= 10), coracao, (n= 02), pele (n= 01),
baco (n= 15), timo (n= 03) e linfonodo (n= 02). Foram avaliados trés testes para
a captura de antigenio NS1: Dengue Early ELISA (PanBio Diagnostics), NS1
Platelia™ (BioRad Laboratories) e o teste rapido NS1 Ag Strip (BioRad
Laboratories). A sensibilidade geral dos casos fatais por dengue com base

apenas nos fragmentos de tecidos analisados por Dengue Early ELISA, NS1
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Platelia™ e o NS1 Ag Strip foi de 34,7% (08/23), 60,8% (14/23) e 91,3% (21/23),
respectivamente. O Dengue Early ELISA detectou o antigeno NS1 em 22,9%
(17/74) das amostras analisadas e o NS1 Platelia™ em 45,9% (34/74). A maior
sensibilidade (78,3%, 58/74) foi obtida através do NS1 Ag Strip, e as diferencas
de sensibilidades foram estatisticamente significativa (p< 0,05). O NS1 Ag Strip
foi 0 mais sensivel no figado (91,3%, 21/23), no pulméo (71,4%, 10/14), no rim
(100%, 4/4), no cérebro (80%, 8/10), no baco (66,6%, 10/15) e no timo (100%,
3/3) quando comparados com o0s outros dois ensaios ELISA. Este estudo
demonstra o ensaio de captura do antigeno NS1 dos DENV como uma
abordagem rapida e valiosa para confirmacdo dos casos de dengue pds-morten.
Com um numero crescente de FHD e casos fatais, a disponibilidade de novas
abordagens se torna util para confirmacdo de casos suspeitos e desempenha

uma importante ferramenta para a vigilancia de doencas.
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Abstract

Abstradt/Background: Dengue is the most impertant arthroped borne viral disease worldwide in terms of morbidity and
mortality and is caused by any of the four serotypes of dengue virus {DENY-1 to 4). Brazil is responsible for approximately
80% of dengue cases in the Americas, and since the introduction of dengue in 1986, a total of 5,544,270 cases have been
reported including 21,596 dengue hemorrhagic fever and 874 fatal cases. DENY can infect many cell types and cause diverse
clinical and pathological effects. The goal of the study was to investigate the usefulness of MS1 capture tests as an
alternative tool to detect DENV in tissue specimens from previously confirmed dengue fatal cases {n =23) that occurred in
2002 in Brazil.

Methodology/Principal Findings: A total of 74 tissue specimens were available: liver {7 =23}, lung {n=14), kidney {=04),
brain {n = 10), heart {n =02), skin {#n =01), spleen {n =15}, thymus {7 =03} and lymph nodes {#n =02). We evaluated three tests
for NS1 antigen capture: first generation Dengue Early ELISA {PanBio Diagnostics), Platelia N51 {BioRad Laboratories) and the
rapid test NS1 Ag Strip (BioRad Laboratories). The overall dengue fatal case diagnosis based on the tissues analyzed by
Dengue Early ELISA, Platelia N51 and the NS1 Ag Strip was 34.7% (D8/23), 60.8% {14/23) and 91.3% {21/23), respectively. The
Dengue Early ELISA detected N51 in 22.9% {17/74) of the specimens analyzed and the Platelia N51 in 45.9% (34/74). The
highest sensitivity {78.3%; 58/74) was achieved by the N51 Ag Strip, and the differences in the sensitivities were statistically
significant {p<0.05). The N51 Ag Strip was the most sensitive in liver {81.3%; 21/23), lung {71.4%; 10/14), kidney {1008%; 4/4),
brain {80%; 8/10), spleen {66.6%, 10/15) and thymus {100%, 3/3) when compared to the other two ELISA assays.

Conclusions/Significance: This study shows the DENV NS1 capture assay as a rapid and valuable approach to postmortem
dengue confirmation. With an increasing number of DHF and fatal cases, the availability of new approaches useful for cases
confirmation plays an impertant toel for the disease surveillance.
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Introduction Currently, laboratorial diagnesis of dengue suspected cases is
based on virus isolation in mesquite cell cultures, detecton of viral
ENA and DENV specific antbodies in serum or plasma [4].
However, a number of studies have shown previously that the

DENV nonstructural 1 (NS1) antigen, a highly conserved

Dengue virus (DENV) infection Is recognized as one of the most
Important mosquite berne human infections in the 21% century.
The new estmates of the burden of dengue has increased with 2.5

billicn people worldwide at risk of contracting the disease, 35% of
world population, and an estimated 70 500 million of dengue
mfecdons cecurring anmually in 100 endemic countries that
mcludes approximately 22, 000 fatal cases [1] . Dengue can cause
a mild dizease known as dengue fever and more severs and
potentally fatal clinical forms, the Dengue Hemorrhagic Fever
(DHF) and Dengue Shock Syndrome (DSS) [2].

In Brazl, the disease is an important public health problem
associated with explosive epidemics and since DENV introduction
m 1986 [3], a total of 5,344,270 cases were reported including
21,596 DHF and §74 fatal cases.

N wrwr.plosntds.org

glycoprotein produced in both membrane-associated and secreted
{rms, is abundant in the serum of patients in the early phase of
nfection [5,5,7,8,9] and it is useful in the diagneds of dengue
mfection [§,10,11,12,13] . Furthermore, an evaluation of the three
NE1 tests for early diagnosis of dengue in Brazil was performed
previcusly [14].

On the pther hand, the virclogical diagnosis in tissues specimens
from dengue fatal cases shows a more complex scenario. The
presence of DENV in frozen and fixed tissues from autopsies can
be determined by viral RNA detection by RT-PCR [15,16] andn
gty hybridization [17], and/or wviral proteins detection by
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Author Summary

Dengue manifestations may vary from asymptomatic to
potentially fatal complications. With an increasing number
of Dengue Hemorrhagic fever {DHF) and fatal cases, the
availability of new approaches useful for cases confirma-
tion plays an impeortant rele for the disease surveillance.
The diagnosis of fatal cases in frozen and fixed tissues from
autopsies can be determined by techniques such as wviral
RT-PCR, in situ hybridization, viral proteins detection by
immunechistochemistry and N53 specific immunostaining.
We aimed to assess for the first time the usefulness of NS1
capture tests as a diagnestic technique to demonstrate
DENY antigens in human tissue specimens. The highest
sensitivity was obtained by a rapid ICT which was also the
most sensitive in liver, lung, kidney, brain, spleen and
thymus. Despite a number of studies demonstrating the
usefulness of DENY N51 antigen detection by different
ELISAs in plasma and/or sera of dengue patients, ne
research has been done previously to demonstrate NS1
presence in tissues of fatal dengue cases. Moreover, the
application of N51 kits to demonstrate the presence of
DENY may provide a better understanding of viral tropism
in fatal cases and may be useful for studies of pathogen-
esis in vivo and in experimental animals.

mmunchistechemistry [17,18,19,20] and N83 specific immune-
staining [21] in tssues such as liver, spleen, brain, lung, lymph
nede, thymus, kidney, heart, bone marrow and skin, DENV was
previcusly detected by immunchistochemistry, conventional RT-
PCR and Real Time RT- PCR mn a number of Brazlian human
tssues [22].

Here, we aimed to assess for the first time the usefulness of NS1
capture tests as a diagnostic technique to demonstrate DENV
antigens in human tissue specimens. In this retrospective study was
used tsmes homogenates from dengue fatal cases pecourred in

Brazl m 2002,

Materials and Methods

Ethics Statement

The specimens analyzed in this study belong to a previously-
gathered collection from the Laboratory of Flavivirus, 100G/
FIOCRUZ from an ongeing Project approved by rescluton
number GSN196/96 from the Oswalde Cruz Foundation Ethical
Committee in Research (CEF 274./05), Ministry of Health, Brazil.

Clinical samples

The human tissues analyzed i this study were ohtained from
the cellection of the Laboratory of Flavivirus at Oswalde Cruz
Institute, FIOCRUZ, Brazil, from the epidemic occurred in 2002,
A total of 74 fissue samples were availlable from 23 fatal cases: Liver
(n=123), hing (2= 14), Kdney (2= 04), brain (z= 10), heart (z=02),
skin (2=01), spleen (=135, thymus (z=03) and lymph nodes
(n=02). Tissues sample collections were performed up te 12 hours
(median § hours) post-mertem according to the Brazilian Ministry
of Health necropsy protocol recommendations and stored at
—70°C untl used.

Case confirmation methodology

As a laboratorial routine, all suspected dengue fatal cases are
submitted to all diagnostic methods available in the laboratory to
confirm dengue mdfection: virus isolation [23,24], RT-PCR [25],

@ . ol osritd s.org
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Real Time RT-FCR [26] and also mmunchistochemisiry when
formalin-fixed [1%], paraffin-embedded tssues [19] are available.

Virus isclation

Virus isolation was performed by inoculation into C6/36 Aeder
alpopictus cell line [23] and isplates were identfied by indirect
fuorescent antihody test (IFAT) using serotype-specific moneclo-
nal antihodies [24].

RT-PCR

RT-PCR for detecting and typing DENV was performed as
described previcusly [25]. Briefly, consensus primers were used to
anneal to any of the four DENY types and amplify a 511-bp
product in a reverse transcriptase-polymerase reaction. A cDNA
copy of a portion of the viral genome was preduced in a reverse
transcriptase reaction. After a secend round of amplification
(nested PCR) with type-specific primers, DNA products of unique
sizes for each dengue virus serotype were generated.

Real-time Reverse Transcriptase PCR (TagMan) assay

One-step real-time RT-PCR assays were performed in the ABI
Prism 7000 Sequence Detection System (SDS) (Applied Biosys-
tems, Foster City, GA) as described previously [26]. Briefly,
samples were assayed in a 30 pl reaction mixture containing the
extracted RINA, 40x Multscribe enzyme pluiz RNAze inhibitor,
TagMan 2x Universal PCR Master Mix (Applied Biosystems,
Foster City, CA) and each specific primer and flucrogenic probe
labeled at the 5’ end with 5-carboxyfluorescein (FAM) reporter
dye and at the 3 end with §-carboxy- MMM N tetramethylhe-
damine [TAMRA) quencher flucrophore. Amplification and real-
time detection consisted of a reverse transcription at 45°C for
30 min followed by one step at 35°C for 10 min and 45 cycles at
35°C for 15 ¢ and 60°C for 1 min.

Immunchistechemistry procedure

The immunchistechemistry procedure was performed  as
described  previcusly [19]. Briefly, sections of formalin-ficed,
parafiin-embedded tssues were processed by the avidin biotin
complex (ABC) method according to the manufacturer’s protocol
[Vectastain AEC Kit, Vector Lahoratories, Inc. Burlingame, CA,
USBA). Monodlonal anthodies for DENV-1, -2, and -3 were
directed against the E protein. Positive and negative contrels were
mcluded.

Tissue treatment

Frozen fragments of human tissue (1 2 g) kept at —70°C were
ground and centrifuged as previcusy described [22]. Briefly, by
ugng sterile tweezers and sclssors a tissue fragment of approxi-
mately 1 em® was cut, transferred and ground by mortar and
pestle procedure in L) ml of Leibovitz-1) medinm  (Sigma),
pH 7.0 7.4 and 3% sedium penicillin/ streptomycin sulfate. The
ground suspension was transferred to a 15 ml conical tube,
mcubated at 4°C for 60 minutes and centrifuged (10,000 rpm at
4°C, for 15 min). The clear supernatant obtained was transerred
te a sterile 2.0 mL cryotube and stored at —70°C untl used. The
supernatant used for virus isolation and RNA extraction previcusy
[22] was used in the present study for all N81 antigen capture
tests.

Control tissues

Three biver tissues available from cases negatve for DENY
nfection by using all the methods described above were used as
negative contrels. Liver (z= 05, lung (= 01), spleen (2= 03) and
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brain (z=01) dssues from confirmed yellow fever fatal cases were
used to test the cross-reactvity of the NS1 assays. Unfixed frozen
comirel tssues were prepared and tested in the same manner as for
the dengue positive Hamies.

NS1 antigen capture methods

Dengue Early ELISA, first generation (PanBio Diagnos-
tics). The test (Panbic Diagnostcs, Brishane, Ausra-
Lia) iz based on a one-step sandwich format microplate enzyme
mmuncassay to detect DEN'Y NS1 antigen. Briefly, the specimens
were allowed to thaw to laboratory ambient temperature (21 22°C).
One hundred micreliters of the sample and contrels were pipetted
it their respective microwells and ncubated for 60 min at 37°C.
After a dx-times washing step, 100 pL of HRP conjugate ant-NS1
MAbL were pipetted into each swell and plate was incubated for
60 min at 37°C. After a six-times washing step, 100 pL of substrate
were pippeted into each well and plate was incubated for 10 min at
ropom temperature n the dark. The presence of iImmune-complex
was demonsrated by a color development and the enzymatic
reaction was stopped by adding 100 pL of 1 M H,PO,. The optical
density (OD) reading was taken with a spectrophotometer at a
wavelength of 450 620 nm and the ameunt of N81 antigen present
was determined by comparing the OD of the sample tested to the
OD of the cut-off control. Results were calculated as ““Panbic 1mits”
with results <09.0, 9.0 11.0, and =11.0 defmed as negative,
mconchisive, and positive, respectively. Inconclusive samples were
re-tested to confirm the result.

Platelia Dengue NS$1 Ag ELISA (BioRad Laborato-
ries). The test system (Platelia Dengue NS1 Ag ELISA
BicRad Laboratories, France) is based on a one-step sandwich
fprmat microplate enzyme immuneassay te detect DENV NS1
antigen in human serum or plasma. The test uses murine
moencclonal antbody for capture and revelation. I N81 antigen
is present in the sample, an immune-complex MAb-NS1-MAL/
peroxdase will be formed. Briefly, the specimens were allowed to
thaw to laboratory ambient temperature (21 22°C). Sample
diluent (50 plj, respective samples and contrels (50 Wl each) and
100 pl of diluted conjugate were imcubated for 30 min at 37°G
within the respective microplate wells coated with purified mouse
anti- N81 monespecific antibodies. After a gx-times washing step,
160 Wl of substrate was added into each well and mcubated for
30 min at room temperature in the dark. The presence of
mmune-complex was demenstrated by a color development and
the enzymatic reaction was stopped by adding 100 ul of 1 N
H380,. The OD reading was taken with a spectrophotometer at a
wavelength of 450 620 nm and the amoumt of NS1 antgen
present was determined by comparing the OD of the sample to the
OD of the cut-off control.

Dengue N§1 Ag STRIP (Bio-Rad Laboratories). Dengue
NSl Ag STRIP (BicRad Lahcratories, France) iz an
immunochromatographic test (ICGT) for the rapid detecton of
NE1 antigen. Briefly, one drop of migration buffer was added to
50 pl of sample specimen in a tube and a strip was placed in the
tube. The stip has two lnes: a control ine (C) (biptn  gold
colloidal particles coated with streptavidin® complex) and a test ine
(T) ‘meneclonal and-NS1 antbedies fmAh) N8I Ay gold
colloidal particles coated with anti-NS1 mAb’ complex). The
appearance of the T and G lines after a migration tme of 15
minutes (min) indicates a pesitive result. The appearance of the G
line alone indicates a negative result. If the C line is not present,
the test iz considered invalid and iz repeated. It is recommended
that strips giving ambigucus (faint color at the T line) or negative
results are put back in the tube afier the inital reading and left for
a further 15 min for re-evaluation.
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Statistical analysis

The derived data was tabulated in appropriate worksheets using
the Microseft Excel programmer and evaluated by chi-square test
using the Epi Info 6 (Center for Disease Control and Prevention,
Atlanta) for any statstcal significant asseclation.

Results

Tissues from 23 fatal cases (11 males and 12 females with an age
range of 20 64 v (mean= 36 y) were submitted to NS81 antgen
capture tests as a novel appreach for dengue fatal case diagnosis.
All cazes were submitted to routine diagnosis of fatal dengue
available In the laberatory: virus isclaton, RT-PCR, Real Time
RT-FCR and immunchistochemistry when formalindixed paraf-
fin-embedded tssues were alse available. From opur previpus
Investigaticn [22], it was shown that DENV-3 could be identfied
by virus isplaten and/er RT-PCR in 47.8% (11/23) of the cases
and viral RNA could be detected in 91.3% (21/23) of the cases by
Real-tme RT-PCR. Viral antigen was detected in 63.1% (12/19)
of the specimens by mmunohistochemistry. Fatal case # % was
confirmed as dengue case by positive results by Real-time RT-
PCR in CSF and blood, specimens not included in this study
(Tahle 1).

The overall dengue fatal case confirmation based on the tsmes
analyzed by Early ELISA (Panbi), Platelia NS1 (Bicrad) and the
NE81 Ag Suip (Biorad) was 34.7% (08/23), 60.8% (14/23) and
91.3% (21/23), respectively (Table 1).

The N81 antigen capture tests performance according to the
different dssues available is shown on Table 2. The Early ELISA
detected NS1 in 22.9% (17/74) of the tizsues specimens analyzed
and the Platelia NS81, 45.9% (34/74). The highest sensitivity
[78.3%; 58/74) was by the N81 Az Stip, and the differences in the
sensidvites were statistcally significant (p=20.05). The NS1 Ag
Strip was the mest sensitive in hver (91.3%, 21/23), lung (71.4%,
10/14), kidney (100%, 4/4), brain (80%, 8/10), splesn (66.6%,
10/15) and thymus (100%, 3/3) when compared to the other two
assays. Lymph node from one case was poditve only by the Early
ELISA. The only skin sample in the study was pesitive by both
Bicrad tests.

Table 3 shows the N81 antigen capture contribution, indepen-
dently of the test used in the different tissues analyzed per case. The
overall sensitivity of this new appreach in confirming the fatal cases
was §7.0%. Only fatal case number 19, with only a hver dssue
sample, was not confirmed by any of the NS1 tests used swhile 22 cut
of 23 cases evaluated had at least one pogdtive tissue. In this regard,
there were 17 cases (75.3%) with all Hsmues examined positive.

In cur study, the Early ELISA test (PanBic) was less efficient in
detecting dengue infecton in Hssues from fatal cases (34.7%)
when compared to the Platelia test (60.8%) and the N81 Ag Saip
(91.3%). Specificities were 100% for every NS1 antigen capture
tests, hased on the three negative tssues for dengue nfection in
all diagnestic metheds available in the Laboratory. Ne cross-
reactvity was chserved with tssues from fatal cases of yellow
fever.

Discussion

Dengue diagnesis is based on clinical and laboratery findings.
This iz of great importance for proper care and treatment of
patients, and guide the implementation of measures aimed at the
control and prevention of outhreaks and epidemics. Currenty,
DHF is emerging as an impertant public health problem in the
world, including In the American reglon and annually a high

number of cases are reported [1].
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Table 1. N51 antigen capture tests analysis in tissues from dengue fatal cases {n=23).

NS1 antigen capture tests analyzed

Case information Case confirmation methods (Araujo et al., 2009} (this study}

Virus Immuneo
Fresh Immune  Isolation RT-PCR Realtime  Histo Early NS1 Ag

Fatal Days of tissues response Serotype Serotype RT-PCR chemistry  ELISA Platelia STRIP

Case Gender Age illness available (lgG titer} (tissue} [tissue} [tissue} [tissue} [tissue} [tissue} [tissue}

1 F a2 MA Liver, MA - + DENW-3 + (liver, - - - + {liver,
lung, {liver, lung, kidney,
kidney, kidney, brain, brain)
brain, brain) pleen)
spleen

2 ] 55 4 Liver, P (<a4) - - + (lung, - + (liver, - + {liver,
lun g, brain) lung, lung,brain,
brain, brain, spleen)
epleen epleen)

3 F 39 3 Liver, P (<a0) - + DEMNW-3 - + (liver) - + (liver, + {liver,
ckin (liver, gkin) ekin) ekin)

4 ] 28 14 Liver, MNA - - + (liver, - - - + {liver,
lung lung) lurg)

5 F 43 A Liver, A + DENW-3 + DENY-3 + (liver kS + (liver) + [liver) + (liver)
spleen {liver) {liwer)

3 1] 28 WA Liver, WA = = + (liver, A& + (liver) = + {liver,
lun g, lung, lung,brain,
forain, frain) thymug)
thymus,
lymph
nodes

7 ] & MA Liver, MA - - + (liver) A + {liver, -1 +
lun g, lung, (liver,brain,
Larain, spleen, spleen,
epleen, thymus, thymus)
thymug, lymph
lymph nodes)
nodes

k] ] 49 3 Liver, MA - - + {lung) + (liver, + (liver, + Liver, -
lur g, lurgy, brain, lung, lung,
brain, spleen) spleen) brain,
spleen cpleen)

9 ] 55 & Liver, P {1/160) - - - - - + (liver, + fliver,
lung lurg) lurig)

10 F .Y MNA Liver, MNA - + DEMNW-3 + (liver, + (liver, epleeni+ Jung) + (liver, + {liver,
lurg, (liwer, lungd  lung) lung, lurrg,
spleen spleen) spleen)

1 ] 20 A Liver, A - + DENY-3 + (kidney, + (kidney) - - + {liver,
kidney, (liwer, heart, kidney)
heart, gpleen) gpleen)
spleen

12 ] B3 A Liver, A = = + (liver, L& + (brain, = + fliver,
brain, frain) spleen) brain,
spleen, spleen,
thymus thymus)

13 F 4 & Liver, NA - - + (spleen) - - + (liver, + (liver,
lur g, lung, lung,
frain, epleen) epleen)
spleen

14 F 38 7 Liver MNA - + DENW-3 + (liver) + {liver) - + (liver) + {liver)

{liwer)

15 F 21 3 Liver, P (=ad) + DENW-3 + DENY-3 + (liver, + (liver, - + (liver, + {liver,
lung, {liver) (liver, lung,  brain, lung, lung, lung,
brain, brain, epleen) epleen) karain, brain,
spleen spleen) spleen;) spleen)

16 ] 33 4 Liver, P (=) - + DEMW-3 + (lung, + {liver, - - + (lung,
lung {lung) brain, brain) brain)
forain, pleen)
spleen
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The confrmaton of dengue fatal cases has always been
troublesome because in most of cases only one bloed sample is
chtained and the death ocourred arcund defervescence [27] when
posidve results of expendve and laborious techniques Lke viral
1zclation and viral RNA detection [15,16,17] might be dufficult.
The dengue virological diagnosis in fssues specimens is also
achieved by experiences persomnel by immunchistochemisiry
[17,18,19,20]. Theses methodologies has allowed the detecton
of DENV in lLiver, spleen, brain, ling, lymph node, thymus,
kidney, heart, hone marrow and skin [15,17,19,20].

Table 1. Cont.
NS1 antigen capture tests analyzed
Case information Case confirmation methods (Araujo et al., 2009} (this study}
Virus Immuno
Fresh Immune  Isolation RT-FCR Real-time  Histo Early NS1 Ay
Fatal Days of  tissues response Serotype Serotype RT-PCR chemistry  ELISA Platelia STRIP
Case Gender Age illness available (lgG titer} (tissue} [tissue} (tissue} [tissuwe) [tissue) [tissue) [tissue}
17 F 51 MNA Liver, P (<) - - + (liver, + (liver, + (liver) + [liver, + fliver,
epleen spleen) epleen) epleen) pleen)
18 F 38 7 Liver A - - + (liver) + (liver) - + (liver) + fliver)
18 F 30 NA Liver P (=a0) = = + [liver) + (liver) = = =
20 F 42 A Liver, A - + DEMNW-3 + (liver, A + (heart) + (liver, + fliver,
lung, {liver, lung, lung, lung,
kidney, lung,, kidney, kidr ey, kidney,
heart, heart, spleen) heart, heart,
spleen spleen) spleen) spleen)
21 ] 51 MNA Liver MNA - + DENW-3 - - - + (liver) + fliver)
{liver)
22 ] /1 MA Liver, MA - - + (liver, + (liver) - + (liver, + fliver,
epleen epleen) pleen) epleen)
23 F & WA Liverjung, MNA = + DENY-3 + (liver, = + {ung) + [liver, + fliver,
kidney, {liver, lung,  kidney) lung, lung,
tarain, kidney, kil ey, kidney,
spleen frain) brain, brain,
epleen) epleen)
Total® 2723 (B8) 11/23 (478) 20723 (86.9) 1119 (57.8) 8723 (347 14723 (60.8) 21/23
9.3)
doi 101371 journal prtd 0001142.1001

Due to cultural and religicus beliefs, the lack of anatomic
pathclogy infrastructure and staff, and bicsafety issues, necropsies
might not be umally performed, mainly in ncoming countries
[28]. In the present work, three tests for NS1 antigen capture:
Early ELISA test (PanBig), Platelia NS1 (BioRad) and the N81 Ag
Strip (BioRad) were evaluated in tssues of Brazilian fatal dengue
cases and antgen detection was 34.7% (8/25), 60.8% (14/23) and
91.3% (21/23), respectively. The Early ELISA detected NS1 in
22.9% (17/74) of the samples evaluated and the Platelia N51 in
45.9% (34/74). The highest sensitivity was ohtained by the N§1

CT -_‘, ww. plosrtds.org

Tahle 2. N51 antigen capture tests applied to tissues {7 =74} from confirmed dengue fatal cases {n =23).
NS1 antigen capture tests analyzed (this study}
Tissues analyzed Confirmation methods (Araujo et al., 2009} Positive/Tested (%5} Positive/Tested (%0}
Real-time Immuno Histo
Virus isolation RT-PCR RT-PCR Chemistry Early ELISA Platelia NS1 Ag STRIP
Liver (n=23} 2722 (9) 10723 (43.4) 16/23 [89.5) 12717 (705) £/23 (28) 14/23 (30.8) 21723 91.3)
Lung (#=14} 014 514 (357) 814 (57.1) 3710 (30) 4714 (28.5) 514 (35.7) 1014 71.4)
Kidney (=04} 04 274 (50) 374 (75) 172 (50) o4 274 (50) 444 (100)
Brain (n=10} 0140 310 (300) 810 (60.0) 278 (33.3) 2010 (20.0) 3/10 (30) B0 (80.0)
Heart (n =02} 072 v (50) v (501 Wy a2 ¥ (50) v (50)
Skin (=01} ND 11 (100) MO a1 a1 1/1 (100} 171 (100}
Spleen (n=15} 014 3014 (214) 8715 (53.3) 5710 (50) 315 (20 8715 (53.3) 10715 [B8.6)
Thymus (2 =03} 073 073 053 NA 173 (33.3) 073 3/3 (100)
Lymph nodes (=02} 0/2 02 072 NA 172 (5M 072 072
Total (=74} 2{71 (2.8} 25/73 (34.2} 4273 (57.5} 23/47 (48.9} 17/74 (22,9} 3474 (45.9} 58/74 (78.3}
#Total potitive Aotal tested (38), ND: not dong, MA; not available
doi 101371 jourm al. pritd 00011421002
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Ag Btip and the differences in the sensitivities were statistically
significant (#<0,05). Among the ELISA assays studied, the NS1 Ag
Strip was the most sensitive in iver, lung, kidney, brain, spleen and
thymus. Despite those results, we are not able to infer whether or
not this detection was due to in situ viral replication or may be due
to the virus present in the blood supporting these tssues.

Only the Real Time RT-PCR technique [22] performed in the
evaluated Hssues was more sensitive than the N81 Ag Stip assay.
The sensitivities of any of the three NS1 capture assays were
higher than the viral isclation and conventional RT-PCR.

Despite a number of prior studies have demonsirated the
usefulness of DENV NS1 antigen detection by different ELISA
assays in plasma and/or sera of dengue patients [8,10,11,12,13,14],
no research has been done previcusly to demoenstrate NS1 presence
in tssues of fatal dengue. However, in the present work the NS1
antigen was detected In 22 cut of 23 dengue fatal cazes exammed and
73.9% of all tissues specimens evaluated were pogtive. Most tssues
included in this study, liver, lung, kidney, brain, skin, and spleen have
heen reported with DENV presence in previus studies using
molecular and  imrmumchistechemical metheds [15,17,19,20,29].
However, we demonstrated here NS1 in heart and thymus tissue
while so far not cardiac tissue has been reported with DENV antigen
and/or viral RNA and thymus tssue with DENV RNA has been
demenstrated cnce [30].

B wwwplosnids.org

Tahle 3. Dengue fatal case confirmation by any of the NS1 capture tests per tissues per case.
Lymph Positive by any NS1
Fatal Liver Lunyg Kidney Brain Heart Skin Spleen Thymus  nodes capture test f tissues
Case g (n=23} (n=14} (=4} (p=10} (n=2} (=1} (n=15} (=3} (=2} available per case
1 + - + + A MNA - MNA MA 35 B0)
2 + + NA + NA NA + NA NA 44 (100)
3 + MA MA MA A + A MA MNA 272 (100}
4 + + MA MA A MA A MA MNA 272 (100
5 + MNA MNA MNA A MNA - MNA MA 172 (50
3 + + A + A A A + - 4/5(80)
7 + + MNA + MNA MNA + + + &/6 (100)
8 + + MA + MA MA + MA MNA 44 (100)
9 4 4 NA NA NA NA NA NA NA 2f2 (100)
10 + + NA NA NA NA + NA NA 3/3 (100)
11 + MA + MA = MA = MA MNA 214 (50)
12 + MA MA + MA MA + + MNA 44 (100)
13 4 4 NA - NA NA + NA NA 3/4 (75)
14 + MNA MNA MNA MNA MNA A MNA MNA 11 (100)
15 + + MA + MA MA + MA MNA 444 (100)
16 - + MA + MA MA - MA MA 274 (50)
17 4 NA NA NA NA NA + NA NA 2/2 (100)
18 + MNA MNA MNA A MNA A MNA MNA 11 (100
19 = MA MA MA A MA A MA MNA an
20 + + + MA + MA + MA MA 575 (100)
21 4 NA NA NA NA NA NA NA NA 17 (100)
22 + MA MA MA MA MA + MA MNA 272 100
23 + + + + MA MA + MA MNA 575 (100)
Total* 21123 (9.3} 1213 (9230 4401000 910 (%00} 1/2 (500 111 (100} 11115 (733} 3/3 (100} 142 (50} 6375 (84}
*Pogitive/total analyzed @), + podtive tample, —: negative ample, NA: not available,
doi10.1 371 journal. prtd 00011421003

The lver was recognized as a major target crgan in the
pathogenesis of DENV infection, its active hepatocyte replication
perhaps accounting for these findings [31,32], Furthermore, our
findings suggest the hver as the most appropriate tssue for N1
antigen detectdon. The breakdown of the bloed-brain harrier has
been shown previously in fatal dengue cases [19]. In a study of 578
Vietnamese patients with suspected central nervous system
mfections, 4.2% were infected with DENV [353]. Furthermore,
DENV infecton could involve the heart and cause cardiac
dysfunction, however, lesions in the heart have not been well
decumented, nevertheless, flame-shaped subendocardial haemor-
thage in the left-venticular septum has heen reported [34],
cardiac rhythm disorders, such as atrioventricular block [35,36]
and ectopic ventricular beats [37], have been described during
episedes of DHF, most of them presenting a benign course with
spontancous resplution. These clinical features have been
attributed to viral myccardiis; however the exact mechanism
has yet to be clucidated definitively.

Besides common manifestations of dengue infection, thoracic
manifestations such as plewral effusion and pneumenits are
described In DHF. Morphelogical studies of ling tissues revealed
nterstitial pneumoenia asseciated with focal or diffuse zones of
alveclar congestion and hemorrhage, increase of alveslar macre-
phages number, recruiting of platelets, mononuclear and poly-
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morphonuclear cells [38,39].Viral antigen was alse demonstrated
n inflammatery cells of the ling and spleen [39].

The application of N31 antigen capture kits to demoenstrate the
presence of DENV may provide a better understanding of viral
troplsm in fatal cases and may be useful for studies of pathogeneds
in pivo and in experimental animals. Moreover, NS1 capture
ELI8As and ICTs, are rapid, inexpendve and require less
laboratory expertise than the molecular and immunchistoch emical
techniques currentdy used to detect DENY In tissues.

In fact, the ELISA alternative to confim DENV infection in
suspected dengue fatal cases may be very beneficial in low
respurces settings facing necropsies rejection due to the small plece
of tssue (1 2 g) needed to perform the technique which can be
easily ohtained via needle hiopsy. The needle biopsy has been
already proven as a helpful procedure in low respurces settings
[28] and in dengue studies [17,40,41].

The detection of viral antigens in tssues by ELISA has heen
reported previcusly in animals, in the Furopean brown hare
syndrome viruzs in hares's splenic tissues [42], West Nile virus
antigen in avian tssues [43) and Ebola virus antigen in the spleen
and liver tissues from monkeys [44). Nevertheless, in this report is
demonstrated DENV antigen In a number of different human
Hsgues.

In pur study, even though we are not able to confirm whether
the N81 antigen captured was from the tssues cells or the
circulating hlood rrigating these, we aimed here to stress the role
of this approach as an alternative tool. However, the presence of
DENY antigen in some ssues by immunchistochemistry could
nfer the presence of NS1 within these dssues. Further immune-
staining studies on those tssues by using ant-N81 antbodies, for
nstance are suggested to help elucidate those issues. Furthermore,
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Artigo 3: Comparison of Two Generations of the Panbio Dengue NS1 Capture

Enzyme-Linked Immunosorbent Assay.

Relacdo do Manuscrito com os Objetivos: Os resultados apresentados

neste manuscrito sao referentes ao seguinte objetivo:

e Objetivo Especifico 2: Comparar duas geracbes de um ELISA para a
captura de antigeno NS1 disponivel comercialmente apos o aperfeicoamento do
teste pelo fabricante para o diagostico precoce das infecgcbes por DENV em

amostras de soro.

Situacdo do Manuscrito: Artigo publicado na revista Clinical And Vaccine

Immunology

Fator de Impacto a Revista: 2,5460

Referéncia: Monigue da Rocha Queiroz Lima, Rita Maria Ribeiro Nogueira,

Ana Maria Bispo de Filippis, and Flavia Barreto dos Santos. Comparison of Two
Generations of the Panbio Dengue NS1 Capture Enzyme-Linked Immunosorbent
Assay. Clinical And Vaccine Immunology, June 2011, p. 1031-1033 Vol. 18, No.
61556-6811/11. doi:10.1128/CV1.00024-11.

Resumo: Comparamos duas geracdes de kits comerciais para captura de
antigeno NS1 da Panbio (Brisbane, Austrdlia) para o diagnéstico precoce da
infeccdo pelo virus dengue: a primeira geracdo pan E-Dengue Early ELISA e a
segunda geracédo Dengue Early ELISA. O teste resultou que a remodelacédo tornou o
teste altamente sensivel e especifico adequado para utilizacdo como teste de

primeira linha no campo.
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We compared two generations of Panbio (Brisbane, Australia) commereial kits for NS1 antigen capture for
early diagnosis of dengue! the first-generation pan-E Dengue Early ELISA and the second-generation Dengue
Early ELISA. The test improvement resulted in a highly sensitive and specific test suitable for use as a first-line

test in the field.

The dengue virus (DENV) consists of four distinct serofypes
(DENV-1 to -4) and belongs to the Flawwre genus and the
Figvivinidae family (10). The RNA is approximately 11 kb and
encodes three structural proteing and seven nonstructural (NS)
proteins (2). N31 iz a highly conserved glycoprotein that seems to
be essential for virus viability but has no established biological
activity. It is produced in both membrane-associated and secreted
forms. Enzyme-linked immunosorbent assays (ELISA) ditected
against the NS1 anfigen have demonstrated that this antigen is
present at high concentrations in the sera of DENV-infected
patients during the eatly phase of the illness (1, 18).

Laboratory diagnosis is essential to confirm dengue and dif-
ferentiate it from othet tropical febrile diseases. The need for
an inexpensive, rapid, sensitive, and specific assay for the eatly
diagnosis of DENV infection has been addressed previously
(9, 13).

We compated the sensitivities of the two genetations of an
N21 antigen capture ELISA from Panbio (Brishane, Australia)
and agsessed its improvement. The results for the performance
of the pan-E Early ELISA (first genetation) were obtained
previously (13). Laboratoty-positive DENV-infected patients
wete defined those expetiencing a febrile illness consistent
with dengue according to WHO critetia (19), and the infection
was confirmed based on the results obtained by the reference
laboratory diagnosis: DENV isolation (8) andfot teverse tran-
scription (RT)-PCR (12) and/or IgM antibody capture ELISA
(MAC-ELISA) (15). IgG ELISA (14) was performed for im-
mune tesponse charactetization. Despite the clinical manifes-
tation, DENY infection was discarded when not confirmed by
any laboratory methodologies used by the reference labora-
toty. The chi-squatre test was used to access any statistically
significant association.

TABLE 1. Sensitivity and specificity of two generations of the N31 antigen capture kits from Panbio

pan-E Eatly ELISA (1st generation)

Dengne Batly ELISA (2nd generation)

Group
Negative Preitive Negative Preitive

A (DENV-L cases, n = 50) 13f50 (28,00 3750 (74.0) 4f50(8.0) 46£50 (92,0}
B (DENV-Z cases, v = 50) Bi50(18.0) 41/50 (82.0) 2/50(4.0) 48f50 (%6.0)
C (DENV-3 cases, r = 58) 20/58 (34.5) 35458 (85.5) 12{58(20.8) 46/58(79.3)
D (IgM-positive cases; n = 62) 19/62 (31.02) 43i62 (69.0) 2662 (41.9) 36/62 (580

Total of groups A-D 61/220 (27.2) 159220 (72.3) 44{220(20.0) 176/220 (80.0)
E (healthy individuals, n = 20) 20/30 (100) 0130 20/30 (100) 0/30
F (individuals negative for dengue vitus, = = 86) 85/26 (100} W 35/26 (100} /86
G (yellow fever vitus-positive cases, v = 20) 20420 (100} 020 20420 (100} /20
H ({individuals vaceinated against yellow fever, n = 44) 44144 (100} 044 44144 (100} 0j44
[ (measles cases, n = 16) 16/16 (100} lg 16/16 (100} 018
T (tubella cases; n = 34) 34134 (100) a4 34134 (100) 0j234

Total of groups B-J 230/230 {100} 01230 230/230 {100} 0/230

2Values ate the number of patientsftotal (%),

* Corresponding author. Mailing address: Flavivitus Laboratoty,
Cswaldo Cruz Institute/FICOCRUZ, Av. Brasil, 4365-Manguinhos, Rio
de Janeito 21045-360, Brazil. Fhone and fax 53(21) 2562-177%
E-mail: flaviab@ioc fiootnz. by,
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1032 NOTES

The seta analyzed wete from the collection of the Flavivirus
Laboratory at the Oswaldo Cruz Institute, FIOCRUZ, Brazil,
and came from epidemics that occutted from 1986 to 2008 as
part of an ongoing laboratory project approved by the Ethics
Committee on Human Regearch (CEP 274/05), Ministty of
Health, Brazil.

A panel of 450 serum samples (220 dengue positive and 230
non-dengue) was divided into 11 groupe as follows: groups A to
C, serum samples from patients infected with DENV-1 (n =
50y, DENV-2 (n = 50), and DENV-3 (n = 58), respectively;
group D, serum samples from patients with dengue serologi-
cally confirmed by MAC-ELISA (n = &2); group E, serum
samples from healthy individuals (» = 30); group F, serum
samples from individuals negative for dengue (n = 87); group
G, serum samples from yellow fever-positive individuals (r =
20); gtoup H, serum samples from individuale vaccinated
against yellow fever (n = 44); group I, serum samples from
meagles patients (v = 15); gtoup I, serum samples from tubella
patients (r = 34) (Table 1).

The pan-E Early ELISA (first generation) and Dengue Eatly
ELISA (second generation) ate based on a one-step sandwich
format mictoplate enzyme immunoassay to detect DENV NS1
antigen in human serum samples. All procedures and result
calculations were petformed according to the kit instructions.
Accotding to the manufactuter, changes have been made to
key reagents in the second-generation test to increase diagnos-
tic petformance. Futthermore, controls and patient samples
are diluted 1:2 rather than 1:10 as recommended in the first-
generation test kit instructions.

The pan-E Eatly ELISA vielded 72.3% (159/220) sensitivity,
while the Dengue Early ELISA yielded 80% (176/220) sensi-
tivity with well-chatacterized DENV-positive setum sam ples
(groups A to D), congideting cases up to the 9th day of illness.
The obsetved differences in sensitivity between the two kits
analyzed were statistically significant (P = 0.05). Sensitivities
ranged from 65.5% to 96%, depending on the DENV serotype
(Table 1). The overall specificity of both generations wag 100%
for healthy individuals and non-dengue serum samples (groups
Eand F),

The lower sensitivity with setum samples from patients in-
fected with DENV-3 obsetved previously by the pan-E Eatly
ELISA (13) hag also been observed for the Dengue Eatly
ELISA (second generation). As observed previously for the 1st
generation (13), no reactivity was observed in the 2nd generation
test in individuals positive for yellow fever virus, yellow fever
vaccinees, and measles and rubella patients (groups G to T).

The rates of detection by the pan-E Eatly ELISA and Den-
gue Eatly ELISA in the absence of IoM wete 73 49 and 88.6%
(groups A to C), compated to 69.0% and 58% in the presence
of IgM (group D), respectively (Table 1).

A total of 40 primaty and 14 secondaty cases were charac-
terized by IoG ELISA. No differences wete observed in con-
firming primary and secondary infections by the pan-E Eatly
ELISA (P = 0.54) and by the Dengue Early ELISA (P = 0.15)
(Table 2).

Thtee basic methods used by most labotatoties for dengue
diagnosis are MAC-ELISA, vital isolation, and RT-PCR.
However, NS1 antigen captute tests have been recently used in
many laboratories for early diagnosis of dengue (4, 5, 6,7, 11,
13, 16). We evaluated the improvement of the N1 antigen
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TABLE 2. Sensitivities of NS1 antigen captute assays in patients
with ptimaty and secondaty dengue vitus infections (z = 54)

Patient immune pan-E Early DEez;Qiue
response ELISA (lst P value ELISA %rﬂnd P value
(mo. of patients) generation) ;
generation)

Primary infection (40)
Secondary infection (14)

25/40 (85.0° 054
914 (642)

3640 (90.0) 015
10714 (71.4)

“Values at e the number of patientsfotal (%),

captute ELISA (Dengue Eatly ELISA) from Panbio compated
to tesults previously obtained with the fitst-gpeneration test
(pan-E Eatly ELISA) (13).

Previous analysis performed by our group (13) showed an
overall sensitivity of 72.39 and a specificity of 100% for the
pan-E Early ELISA consideting serum samples up to the 9th
day after the onset of symptoms. Sensitivities of 63% on ad-
mission samples (4) and 64.9% sensitivity compared to other
commercial N31 kits (3) were also reported. However, an
increage in sensitivity (809%) was observed when the new gen-
eration of the NS1 antigen captute ELISA was applied to the
same sample population. The rate of detection by the NS1
ELISA was significantly higher in the absence than in the pres-
ence of IgM, as shown previously (17). Moreover, the second
generation was less sensitive than the first one in the latter group.

Despite the test improvement, the lower sensitivity in
DENV-3 infections repotted previously (4, 13) was alzo found
hete. Both generations wete shown to detect NS1 antigen in
acute-phase serum samples from both primary and secondary
infections, although the detection tate was highet in acute-
phase primary serum samples. In fact, the new generation test
showed a significant increase in the sensitivity of acute primary
cases, from &5% to 90%, and of acute secondary cases, from
569 to 52.5%.

This study confirms that the newly available and improved
Dengue Early ELISA ig useful for the rapid, eatly diagnosis of
dengue, as it is sensitive and highly specific. In our experience,
it can be used as a screening test priot to virusisolation. As the
assay has been shown to be effective in the early phase of the
illness, it should be used in combination with MAC-ELISA in
ordet to increase diagnostic rates.

We are grateful to Eliane 5. M. de Aradjo, Simone Alves Sampaio,
Taqueline B, 5. Simdes, Nieli R, C. Fatia, Priscila C. G, Nunes, Fet-
nanda Bruyeket Nogueita, and José Fatias Filho from the Laboratory
of Flavivitus for technical support and to Matilda Siqueira for provid-
ing the tubella and measles patient samples.
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Resumo: Em Niterdi, no estado do Rio de Janeiro, o DENV-4 foi isolado
pela primeira vez em margo de 2011. Analisou-se os resultados laboratoriais dos
primeiros casos e foi avaliada a utilizacdo de técnicas de biologia molecular para a
deteccdo do DENV-4, em Aedes aegypti que foram capturados no campo. Reacéo
convencional da RT-PCR e em tempo real Simplexa ™ Dengue confirmou a
infecc@o pelo DENV-4, em todos os casos. Além disso, 0 DENV-4 foi confirmado em
um espécime de Ae. aegypti fémea com 1,08 x 10° cépias / mL do virus, tal como
determinado por RT-PCR em tempo real quantitativo. Esta € a primeira vez que o
ensaio Simplexa™ em tempo real foi usado para a classificagdo dos casos de
dengue e para investigacdes entomologicas. A utilizacdo destas técnicas de biologia
molecular demonstrou ser importante para a vigilancia da dengue em humanos e

vetores.
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Dengue virus type 4 in Niterdi, Rio de Janeiro: the role of molecular
techniques in laboratory diagnosis and entomological surveillance

Mdrcia Gongalves de Castro', Rita Maria Ribeiro Nogueira®, Ana Maria Bispo de Filippis?,
Anielly Alves Ferreira', Monique da Rocha Queiroz Lima?, Nieli Rodrigues da Costa Faria?
Fernanda de Bruycker Nogueira?, Jaqueline Bastos Santos Simes?, Priscila Conrado Guerra Nunes?,
Simone Alves Sampaio?, Ricardo Lourengo-de-Oliveira’, Flavia Barreto dos Santos?/*

Laboratério de Trasmissores de Hematozoarios 2Laboratério de Flavivirus, Institute Oswaldo Cruz-Fioruz, Rio de Janaire, R, Brasil

In Mterdi, state of Rio de Janeivo, dengue virus type 4 (DENV-4) was isolated for the first time in March 2011
We analysed the laboratory findings of the first cases and evaluaied the use of molecular fechnigues for the defection
of DENV-4 in Aedes aegypli that were field-caught. Conventional reverse transcriptase-polymerase chain reaction
{RT-PCR) and Simplexa™ Dengue real-time RT-PCR confirmed DENV-4 infection in all cases. Additionally, DENIV-
4 was confirmed in a female Ae. aegypti with 1.08x 10° copies/mL of virus, as determined by quantitative real-time
RTPCR. Thiz i3 the first time the Simplexd™ Dengue real-time assay has been used for the classification of cases
of infection and for enfomological investigations. The use of these molecular fechnigues was shown to be important
Jor the surveillance of dengue in humans and vectors.

Keywords denguevirustyped - Aedes aegypti - RT-PCR - real-time RT-PCR - Bimplexa™ Dengue real-time RT-PCR

Dengue iz widespread in the tropical and sub-tropi-
cal areas of Asia, Africa and the Americas andthe trans-
mission of the virus is primarily associated with dedes
aegypti. In Brazil, a dengue outbreak that was caused by
dengue virus (DENV) type 1 and DEN'V-4 was reported
in 1981-1982 in a city in the Amazon Region (Osanai et
al. 1983). However, it was only after DEN'V-1 was intro-
duced in Rio de Taneiro (RT) in 1986 (Schatzmayr et al.
1986) that the disease became a nationwide public health
problem. Additionally, a virological and entomological
program was established to monitor DENV in human
sera and vectors in 1986 (Nogueira et al. 1988, 1999,
Lourengo-de-Oliveira et al. 2002). RT has assumed an
important role in the epidemiology of dengue, with the
first case of DENV-2 identified in 1990 (Nogueira ef al.
1993) and the first case of DENWV-3 identified in 2000
(Nogueira et al. 2001).

DENV-4 was reintroduced into Brazil in 2010 in the
municipalities of Boa Vista and Canta, state of Roraima
(RR) (Temporio et al. 2011). The virus then spread to the
different regions of Brazil. Cases of infection have been
identifiedin northern, northeastern and southeastern Bra-
zil (MS/SVS 2011). Sequencing of the viral isolate genom-
esrevealed that the DEN'V-4 Brazilian strains belonged to
genotype IT (de Sousa et al. 2011). In RJ, the first DEN'V-4
cages that were detected occurred in the Cafubé neigh-
bourhood. Cafuba is located in the oceanic region of the
municipality of Niterdi which iz located in the metropoli-
tan region of RJ, Brazil (Nogueira & Eppinghaus 2011).
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The entomological surveillance of DENV in adult
and immature mosquito stages iz an important tool for
the early prediction of dengue epidemics. Additionally,
the virological surveillance of field-caught dengue vec-
tors using molecular techniques, such as conventional
reverse transcriptase-polymerase chain reaction (RT-
PCR), has been useful for the rapid detection of dengue
outbreaks in endemic regions and/or for the detection of
the introduction of novel DENV variants (Chow et al.
1998, Pinheiro et al. 2005, Mendez et al. 2006, Chen et
al. 2010, Guedes et al. 2010).

In this study, we aimed to characterise the first DEN V-
4 cases and demonstrate the role of rapid molecular
techniques, such as conventional RT-PCR and real -time
RT-PCR, in the entomological surveillance of the newly
introduced DENV-4 variant in vector populations from
Niterdi after it was isolated from humans. Furthermore,
we evaluated a real-time PCR commercial kit that has
recently become available for the detection and typing of
DENY in serum samples and mosquito macerates.

Human serum samples were obtained during a surveil-
lance program of the Laboratory of Flavivirus, Oswaldo
Cruz Institute, Oswaldo Cruz Foundation (Fiocruz), RJ.
This program was an on-going project that was approved
by the Fiocruz Ethical Committee in Research (CEP
274/05, resolution CSN196/96), Ministry of Health.

The investigation of DENV-4 cases was performed
during the RT DENV-1 epidemic in 2011. The first two
confirmed cases were two sisters who lived in the Ca-
fuba neighbourhood of Niterdi. Both experienced an
onset of symptoms on March 6 2011 (Nogueira & Ep-
pinghaus 2011). We investigated nine other suspected
cazes of individual s who experienced an onset of symp-
toms from March 23 2011-April 11 2011 and who lived
in Cafubd, Sio Francisco, Sio Domingos and Engenho
do Mato (Fig. 1A).
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Fig 1. denguevirus typed (DENV-4) introduction in MNiterdi, state of
Rio de Janeiro, Brazil, 2011 4 Miterdi neighbourhoods with DENV-
4 confirmed caszes. Dates shown are DENV-4 confirmed cases in the
different neighbouthoods; B: entomological surveillance in the 530
Daomingos neighbourhood. White crosses represent the four collec-
tion sites within an area with confirmed DENV-4.

Ae. aegypti adult mosquitoes were collected at nine
residential and non-residential sites (540 Domingos)
where DENV-4 human cases had been confirmed. The
collection of the mosquitoes was performed at four sites
{(Fig. 1B) on May 4 2011, using battery-operated aspira-
tors. Mosquitoes were anaesthetised at 4°C, identified,
sexed and stored in liquid nitrogen on the same day of
collection. Seventy-two de. aegypti (33 females and 39
males) adult mosquitoes were collected. Of these mos-
quitoes, 47 (18 females and 29 males) were collected
from a single site in a village-like residential area (site
#1) that was comprised of six houses. Ae. qegypli were
individually macerated in 1 mL of Leibovitz L-15 me-
dium (Sigma) with antibiotics (penicillin-streptomycin,
10,000 units; Invitrogen) and centrifuged (6,000 rpm at
4°C for 30 min). The supernatant was then transferred
to an Eppendorf tube that contained 100 mL of strepto-
mycin/fungizone and penicillin. The tube was kept in
an ice bath for 1 h and centrifuged (3,000 rpm at 4°C for
15 min). The supernatant was then transferred to an Ep-
pendorf tube that contained 0.3 mL of foetal calf serum
(Invitrogen) and frozen (-70°C).

Virus isolation was performed by inoculating the
C6/36 Aedes albopictus cell line (Igarashi 1978) and the
viral isolates were identified by an indirect fluorescent
antibody test using serotype-specific monoclonal an-
tibodies {(Gubler et al. 1984). Infected supernatant was
clarified by centrifugation and the virus stocks were
storedin 1-mL aliquots at -70°C untfil use.

Viral RNA was directly extracted from mosquito mac-
erates using the QlAamp Viral RNA Mini kit (Qiagen) ac-
cording to the manufacturer’s instructions. The RN A was
stored at -70°C for DEN'V detection and genotyping.

RT-PCR for the detection and genotyping of DEN'V
was performed as described previously (Lanciotti ef al.
1992). DNA products of a size unique to DENV-4 (392
bp) were amplified and then analysed by agarose gel
electrophoresis and ethidium bromide staining.

For the quantification of the virus, the RNA that
wag igolated from the individually macerated de. ae-
gypfl mosquitoes was subjected to a quantitative real-
time RT-PCR according to the protocol described by
Drosten et al. (2002).

Simplexa™ Dengue real-time RT- PCR - For the qual-
itative detection and typing of the viral isolates, the RN A
from individually macerated.4de. aegypéi mosquitoes was
subjected to the Simplexa™ Dengue real-time RT-PCR
assay (Focus Diagnostics, Cypress, CA) according to the
manufacturer’s protocol. The assay uses the 30 Integrat-
ed Cydler instrument for the in vitro detection and geno-
typing of DENV-1 through DENV-4. The assay is based
on a real -time RT-PCR that detects DEN'V-1 and DENV-
4 in one reaction and detects DENV-2 and DENV-3 in
a separate reaction. The aszay uszes bi-functional fluo-
rescent primer-probes and reverse primers for the fol-
lowing specific regions of DENV: DENV-1 (NS5 gene),
DENWV-2 (NS3 gene), DENV-3 (NS5 gene) and DENV-4
(capsid gene). An internal RNA control iz used to moni-
tor the efficiency of the extraction process and to detect
RT-PCR inhibition. In real-time RT-PCR, a posifive re-
action is detected by the accumulation of a fluorescent
gignal. The cycle threshold (Cf) is defined as the number
of cycles that are required for the fluorescent signal to
cross a particular threshold exceeding the background
level. Ct values are inversely proportional to the amount
of target nucleic acid present in the sample. Therefore,
the lower Ct value, the greater the amount of target nu-
cleic acid that is present in the sample. The Simplexa™
Dengue real-time RT-PCR assay stipulates 40 cycles of
amplification. The Simplexa™ Dengue kits from Focus
Diagnostics were kindly provided for the evaluation. The
evaluation was performed for research purposes only and
the authors have no competing financial inferests.

Anti-dengue IgM antibodies in human serum were
measuredusing the commercially available Panbio Den-
gue IgM capture ELISA. The results were classified as
positive, negative or equivocal according to the manu-
facturer’s instructions.

For the NSI antigen capture, two commercial Kits
were used for the analysis of human serum and mac-
erates. The Platelia™ Dengue NS1 Ag ELISA (Biorad
Laboratories, Marnes-La-Coquette, France) is a one-
step, sandwich format microplate enzyme immunoassay
that iz used to detect the DENV NS1 antigen in human
gserum or plasma. The Dengue NS1 Ag STRIP (Biorad
Laboratories, Marnes-La-Cocuette, France) is an im-
munochromatographic test for the rapid detection of the
NS1 antigen. This assay was performed according to the
manufacturer’s protocol.

During March and April 2011, a total of 11 DENV-4
cases were confirmed using the following routine labo-
ratory diagnostic techniques: MAC-ELISA, NS1 capture
ELISA and rapid test, virus isolation and conventional
RT-PCR. Two of the first cases were previously analy-
ged, both consisting of individuals who experienced an
onset of symptoms on March 6 2011 (Nogueira & Ep-
pinghaus 2011). Three of the other cases occurred in the
same neighbourhood as the first cases (Cafuba), three
cases occurred in Sdo Domingos, two in Sio Francisco
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and one occurred in Engenho do Mato (Fig. 1A). The
age of the patientsranged from 14-46 years (mean £ 24.7
vears). Six patients were male and three were female. All
patients had acute infections (up to 4 days of infection)
and two of the nine patients (22.2%) were positive by
MAC-ELISA. The izolation of virus wag possiblein five
out of nine patients (55.5%) and all pafients were positive
by conventional RT-PCR. Four patients (44.4%) were
positive when analysed by both the NS1 capture ELISA
and the N51 Ag Strip test. We further analysed all cases
using the Simplexa™ Dengue real-time RT-PCR assay
and all of the cases (9/9) were confirmed as DENV-4
uging thiz method (Table). Ct values that were obtained
from the DENV-4 human samples ranged from 16.8-35.1
{mean + 25.0) (Fig. 2).

Because of the establishment of a sentinel network
for DENV surveillance, which includes blood collections
from febrile cases for virus detection, in 1986 in Niterdi,
it was possible to detect the introduction of DENV-2
and DENV-4 into the human population early, in 1990
and 2011, respectively {(Nogueira et al. 1990, Nogueira
& Epppinhaus 2011). Immediately after DENV-4 was
isolated, an intensive study was conducted to monifor
the distribution of the virus. Nine other DENV-4 cases
from the neighbourhoods of Cafub4, Sio Francisco, Sio
Domingos and Engenho do Mato were confirmed by
laboratory analysis (Fig. 1A).

The development of conventional RT-PCR and real-
time RT-PCR techniques has significantly reduced the
processing time required to permit the detection of both
the virus in the early stages of the infection in humans
andits transmission by viral vectors. The DENV-4 cases
that were investigated in this study were initially de-
tected by conventional RT-PCR, which is established as
a routine diagnostic test for all suspected acute dengue
cases. Conventional RT-PCR results are usually released
24-48 h after samples are received in the laboratory. Ad-
ditionally, for novel serotypes, all DENV-4 cases were
re-tested separately using genotyping primers to con-
firm the new genotype. Concomitantly, cases were sub-
jected to MAC-ELISA, N51 ELISA and virus izolation.
Because the cages studied consisted of patients in the
acute phase of disease, MAC-ELISA was able to con-

firm only two out of nine cazes. Samples were obtained
from both of these patients within four days after the
onset of symptoms. Samples from all of the other cases
were acquired within the first and second days after the
onset of symptoms. The most common technique usedto
gerologically diagnose dengueig still baged on the detec-
tion of anti-DENV IgM using MAC-ELISA (Huang et
al. 2001). However, one of the limitations of this method
is that there are variations in the detection rate during
the acute phase of disease.

A previous study showed that the NS1 capture ELI-
SA has a higher detection rate during the first four days
after the onset of symptoms compared with the MAC-
ELISA (Lima et al. 2010). In this study, both of the NS1
tests confirmed four out of the nine cages up until the
fourth day after the onset of symptoms. During the acute
phase of dizease, the NS1 protein exists as a secreted and
membrane-aszociated protein. Both forms of the protein
have been demonstrated to be immunogenic (Young et
al. 2000). High levels of NSl have been demonstrated
to circulate during the acute phase of dengue infection
and they are found in the serum of patients with both
primary and secondary DENYV infections unfil the ninth
day after the onset of symptoms (Young et al. 2000).

Ctvalues
L8 P

] 1 2 3 4 5 [ 7 ] ]
@ (Nay @ (M m @ @

Case# (days of symptoms)
Fig 2. Simplexa™ Dengue real-time reverse transcriptase-poly-
merase chain reaction amplification on dengue type 4 cases (n=9)
from Miteroi, state of Rio de Janeiro, Brazil according to the number
of days after the onset of the symptoms. Cycle threshold (Ct) values
are shown. N&: not available.

TABLE

Human dengue virus type 4 cases laboratorial investigation in Niteréi, state of Rio de Janeiro, Brazil

Routine labeoratorial diagnosis methodologies

Newly available
diagnosis methodology

positive/tested posttiveltested
Virus 31 ME1 Ag Conventional  Simplexa™ Dengue
Dengue cases MAC-ELISA 1solation ELIZA STRIP RT-FCR real-time RT-PCE
Males (n=16) 2/ 48 36 2fg 66 68
Females (n=3) 0f3 1/3 1/3 23 33 3/3
Total [n (5] 249 (22.2) 5/9 (55.5) 419 @44 4) 49 @44 % (100) 99 (100)

ET-PCER: reverse transcriptase-polymerase chain reaction.
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Degspite the increased time required to produce a
final result, virus isolation is still the “gold-standard”
technique for the diagnosiz of dengue infection. After
the inoculation of C6/36 cells with the wviral isolates,
DENV-4 could be recovered and genotyped in five of
the human cases. This technique is important because
virug can be izolated from the supernatant and used for
molecular epidemiologic studies by partial or complete
viral genome sequencing. Sequencing and phylogenetic
analysis have characterised Brazilian DENV-4 as be-
longing to genotype IT {de Sousa et al. 2011).

All individual macerates were initially subjected to
conventional RT-PCR, virug isolation and Simplexa™
Dengue real-time RT-PCR. Of the 19 total adult mos-
quitoes (13 males and 6 females) that were collected,
DENV-4 was identified by conventional RT-PCR in a
single female Ae. aegypti mosquito (1/72; 1.4%0) that was
capturedin one ofthe residences (15.2). Due to the nature
of the genetic material of these moszquitoes, there were
many non-specific bands that were visualised on the
agarose gel (Fig. 3); therefore, all of the macerates were
separately retested using conventional RT-PCR with all
four typing primers (TS1, TS2, TS3 and TS4). The same
Ae. aegypti female, designated 15.2.4/11, was also the
only mosquito that was found to be positive for DENV-
4 when all macerates were subjected to the Simplexa™
Dengue real-time RT-PCR assay and the mosquito was
identified ag having a Ct value of 23.5 (Fig. 4). No vi-
ruses were recovered from any of the 72 macerates when
viral igolation using C6/36 cells was attempted. Real-
time RT-PCR detected 1.08 x 10° copies’'mL of DENV-4
in the macerate from the single 4e. aegypti female that
was naturally infected.

A dingle Ae. aegypti female collected at a residence
in site #1 was identified to be positive for DEN'V-4 infec-
tion by molecular techniques. Additionally, we performed
both a NSl capture ELISA and a NS1 Ag Strip test on
all of the 47 macerates that were available from the same

0 11 12 13

Fig 3: conventional reverse transcriptase-polymerase chain reaction
agarose gel electrophoresiz analysiz from dedes aegypti adult mosz-
quitoes, individually macerated from the entomological surveillance
performed in nine residential and non-residential locationsin the 580
Domingos neighbourhood, Miterdi, state of Rio de Janeiro, Brasil
in 2011, Lanes 1, 14, 15, 25 100 bp molecular weight {Invitrogen),
2-12, 16-19: de aegypti macerates, 5 dengue virus typed (DENV-4)
positive de. aegypti individually macerated; 13 DENV-1-4 positive
controls mix;, 200 negative control (water); 21-24: DENV-1-4 positive
controls, respectively.
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location. The same female mosquito (15.2.4/11) was posi-
tive by both of the N'SI tests. Interestingly, both tests also
detected NS1 in a macerate from an Ae. gegpypti male
mosquito (15.2.3). The use of the NS1 antigen capture
kit for the detection of DEN'V antigens from .4e. aegypii
mosquitoes has recently been demonstrated (Tan ef al.
2011). However, none of the other techniques that were
available could confirm infection or verify the infecting
gerotype. The transovarial transmission of DENV, which
occurs when the virus is transmitted to the progeny of an
infected female, has been reported previously (Khin &
Khin 1983, Joshi et al. 2002, Le Goff et al. 2011).

DENV detection rates from .4dedes moscuitoes by
RT-PCR may vary depending on the geographical loca-
tion, epidemiological background or the vector popula-
tion. In Taiwan, only 0.2% of Az. qegypti females that
were analysed were pogitive for DENV (Chen et al.
2010). However, it has been shown that 16.1% of the
Ae. aegypti females that were collected from Mexican
schools were infected with DENV (Garcia-Rejon et al.
2011). In Brazil, previous studies showed that 17% of the
Ae. aegypii mosquitoes were infected in a DENV-3 sur-
veillance program that was initiated during an epidemic
in the city of Manaus, located in the northern region of
Brazil (Pinheiro ef al. 2005). Conversely, only 0.1%0 of
adult mozquitoes were found to be infected with DENV-
3 in an entomological surveillance study performed in
RT during the inter-epidemic year of 2006 (unpublished
observations). In Recife, located in northeastern Brazil,
10%% of the tested pools were infected and, despite the

Dengue virus 1 and 4_1 segment report
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Fig. 4: Simplexa™ Denguereal -time reversetranscriptase-pol ymerase
chain reaction amplification on dedes aegypti mosquitoes collected
in the neighbourhood of 550 Domingos, Miterdi, state of Rio de Ja-
neiro, Brazil and individvually macerated. Experiment report sheet
after reaction. Samples SC-E, G, H: negative de. aegypti macerates
samples #15.4.1/11, #15.4.2/11, #154.3/11, #154 5/11 and #15.4.6/11,
respectively, 5F: de asgypsi female #15.2.4/11 positive for dengue
virus type d (DENV-4) at a cycle threshold of 23.5; red line: DENV-4
probe fluorophore CFRAL0; purple line internal control (IC), green
line probe fluorophore QA70.
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predominance of DENV-3 in human cases of dengue in-
fection, both DENV-2 and DEN V-1 were also detected
in mosgquitoes (Guedes et al. 2010).

During an entomological surveillance program per-
formed in RT by our group in 2001, DENV-1 was alzo
detected in Ae. qegypti mosquitoes when the presence of
DENV-3 wag being investigated. Likewize, DENV-1 was
alzo detected during a DEN V-4 surveillance studyin RR
in 2010 (MG de Castro et al., unpublished observations).
It has been suggested that a predominant serotype may
persist for one or two years until it iz replaced by a new
serofype (Chow et al. 1998). In the present study, infec-
tion with DENV-4 in humans and mosquitoes was con-
firmed during an explogive DEN'V-1 epidemic in RJ, az
well as in other Brazilian states. During this epidemic,
approximately 87% of the confirmed dengue caszes that
were reported in 2011 were confirmed to be DENV-1
infections (MS/SVS 2011).

Readl-time RT-PCR methods have been established as
a more rapid and sensitive technique for the detection
and quantification of DENYV in clinical samples (Dros-
ten et al. 2002, Lai et al. 2007). In this study, we used
quantitative real-time RT-PCR to quantify the DEN V-4
viral titre (1.08 x 10° copies/mL) from a single Ae. ae-
gypti female mosquito that was naturally infected and
individually macerated.

We alzo evaluated, for the firsttime, the effectiveness
of the Simplexa™ Dengue real-time RT-PCR kit for the
detection and genotyping of DENV in both human cases
and.Ae. aegypii samples. All of the DENV-4 human cas-
es that were analysed in this study were confirmedusing
a commercial real-time RT-PCR kit. The Ct values that
were observed ranged from 16.8-35.1 (mean + 25.0). The
Ct valuegin areal-time PCR assay are inversely propor-
tional to the amount of target nucleic acid that is present
in the sample. Because all of the samples were obtained
during the acute phase of disease (2 samples within 4
days of the onset of symptoms, 3 samples within 2 days
of the onset of symptoms, 3 samples within 1 day of the
onget of symptoms and 1 sample in which the timing
was unknown), high viraemia levels would be expect-
ed, resulting in lower Ct values (Fig. 2). From all of the
Ae. aegypti macerates that were subjected to the Sim-
plexa™ Dengue real-time RT-PCR analysis, only female
15.2.411 was positive for DENV-4 and was observed to
have a low Ct value (23.5). This suggests that there was a
high viral load in the single female (Fig. 3).

Despite the confirmation of DENV-4 cages in RJ,
a major DENV-1 epidemic wag established at the same
time. In December 2011, a new DENV-4 case was iden-
tified in Niterdi and confirmed by the laboratory meth-
odg that were available. This case wag identified eight
months after the first cases were confirmed. Therefore,
our overall results with regard to the laboratory diag-
nosis and entomological surveillance of dengue using
molecular techniques, such as conventional RT-PCR and
real-time RT-PCR, show that these approaches are fast,
reliable, sensitive and specific for dengue serotype sur-
veillance. Furthermore, these techniques were found to
still be effective when a new serotype is introduced or
when a serotype re-emerges during a dengue epidemic
of a different serotype.
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Artigo 5: A simple heat dissociation method significantly increases the ELISA
detection sensitivity of the nonstructural-1 glycoprotein in dengue type-4 virus

infected patients.

Relacdo do Manuscrito com os Objetivos: Os resultados apresentados

neste manuscrito sao referentes aos seguintes objetivos:

e Objetivo Especifico 4: Estabelecer métodos de dissociacdo de
imunocomplexos antigeno-anticorpo para o aumento da sensibilidade do teste de

captura de antigeno NS1 em casos de infec¢do secundaria de DENV-4.

Situacdo do Manuscrito: Artigo aceito para publicacdo na revista Journal

of Virological Methods.

Fator de Impacto da Revista: 1,900

Referéncia: Monigue da Rocha Queiroz Lima, Rita Maria Ribeiro Nogueira,

Ana Maria Bispo de Filippis, Priscila Conrado Guerra Nunes, Carla Santos de
Sousa, Manoela Heringer da Silva, Flavia Barreto dos Santos. A simple heat
dissociation method significantly increases the ELISA detection sensitivity of the

nonstructural-1 glycoprotein in dengue type-4 virus infected patients.

Resumo: A forma secretada da glicoproteina ndo estrutural-1(NS1) do
virus dengue (DENV) tem sido proposta como sendo util ao diagndéstico das
infeccbes por DENV em amostras de soro de pacientes. Neste estudo, 471
amostras positivas para DENV-4 dos pacientes de fase aguda foram selecionados.
Estas amostras foram coletadas no periodo de mar¢co de 2011 a outubro 2012. Os
soros primarios (n= 228) e secundarios (n= 238) de DENV-4 foram identificados
utilizando ELISA de captura de IgM e IgG. A sensibilidade do teste ELISA de
deteccédo da glicoproteina NS1 dos DENV foi avaliada em amostras de soro que néo
foram pré-tratadas e que foram pré-tratadas por dissociacdo de &cido e calor, antes
de ser testado. A dissociacdo acida e de calor realizada nas amostras de soro de
pacientes com DENV-4 para as infec¢bes primérias e secundarias aumentaram
significativamente a sensibilidade da deteccdo da glicoproteina NS1 de 54,4% para
77,2% e 82% e de 39% para 63,9% e 73,1%, respectivamente. O tratamento de
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amostras de soro de pacientes infectados com o DENV utilizando a dissociacao por
calor (100°C durante 5 minutos), demonstrou ser, portanto, muito Gtil em aumentar a

sensibilidade da deteccao da glicoproteina NS1.

73



De: "&. Zuckerman” <jvmeth@ucl.ac.uk=

A 55 unto: Your Submission
Crata: Sex,2l de Few, 2014 06:48
P ara: monigueg®ioc fiocruzbr

Mz, Ref No.. WIRMET-D-13-00484R2

Title: & simple heat dissociation method increases significantly the ELISA detection
sensitivity of the nonstructural-1 glycoprotein in patients infected with DEM W

type-4

Journal of Yirological Methods

DearMs, Monigue Queiroz Lima,

I am pleased to confirm that your paper "& simple heat dissociation method increas es
significantly the ELISA detection sensitivity of the nonstructural-1 alycoproteinin
patients infected with DEM Y type-4" has been accepted for publication in Journal of
Yirological Methods,

When your paperis published on ScienceDirect, you want to make sure it gets the
attention it deserves, To help you get yourmessage across, Elsevier has developed a
new, free service called AudioSlides: brief, webcast-style pres entations that are
shown (publicly available) next to your published article, This format gives you the
opportunity to explain your research in your own words and attract interest, You

will receive an invitation email to create an AudioSlides presentation shortly, For
more information and examples, please visit http/fwww gls evier.com/faudioslides,

Thank you for submitting your work to this journal,
With kind regards,

4.1, Zuckerman
Editor-in-Chief
Journal of Yirological Methods

B O S ek R R R ek R R R L

Forfurther assistance, please visit our customer support site at

httpiffhelp elseviercomfappfans wers/list/p /7923  Here vou can search for solutions
on a range oftopics, find answers to frequently asked questions and learn mare
about EES via interactive tutorials . You will also find our 24 /7 support contact
details should you need any further assistance fram ane of our custamer support
representatives .

74



[a—

10

11

12

13

14

15

16

17

18

19

20

21

22

23

A simple heat dissociation method increases significantly the ELISA
detection sensitivity of the nonstructural-1 glycoprotein in patients infected

with DENV type-4

Monique da Rocha Queiroz Lima, Rita Maria Ribeiro Nogueira, Ana Maria Bispo de Filippis,
Priscila Conrado Guerra Nunes, Carla Santos de Sousa, Manoela Heringer da Silva, Flavia

Barreto dos Santos

'Favivirus Laboratory, Oswaldo Cruz Institute, Rio de Janeiro, Brazl.

Corresponding author: Flavivirus Laboratory, Oswaldo Cruz Institute/ FIOCRUZ, Av Brasil,
4363, Manguinhos, Rio de Janeiro, RT, 21045-360, Brazl. Tel.: +53 21 2562 1920; fax:
+55(21) 2562 1779

E-mail address: flaviab@@ioc.fioeruz.br (F.B. dos Santos)

Key words: Dengue diagnosis, NS1 ELISA, immune-complex dissociation, DENV -4,

secondary infections

Running title: Dissociation methods inerease DENV -4 NS1 glycoprotein ELISA detection

75



24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

4

43

44

45

46

47

Abstract

The scereted form of the dengue virus (DENV) nonstructural-1 (NS1) glycoprotein has been
shown to be useful for the diagnosis of DENV infections in patients’ serum samples. In a
number of studies, the sensitivity of the commereially available DENV NS1 glycoprotein
detection assays was higher against some DENV serotypes (DENV-1 = DENV -3 > DENV-2 =
DENV-4) than others and were also lower using patients’ serum samples with secondary
versus primary DENV infections. In this study, 471 DENV-4 positive acute phase patients’
serum samples were selected from a large panel collected in Brazil from March 2011 to
October 2012 by RT-PCR and/or virus isolation followed by serotype determination. The sera
from primary (n = 228) and secondary (n = 238) DENV -4 infections were identified using
IesM and IgG capture ELISAs. The sensitivity of a commercial DENV NS1 glycoprotein
detection ELISA was then assessed when these serum samples were not pre-treated or pre-
treated by acid or heat dissociation prior to being tested. Acid and heat dissociation of patients'
serum samples with primary and secondary DENV-4 infections increased significantly the
sensitivity of the DENV NS1 glycoprotein detection ELISA from 54.4% to 77.2% (p=0.03)
and 82% (p<0.05) and from 39.1% to 63.9% (p<0.05) and 73.1% (p<0.05), respectively.
Treatment of DENV infected patients' serum samples using simple and rapid heat dissociation
step (100°C for 5 minutes) was, therefore, shown to be very useful for increasing the
sensitivity of the DENV NS1 glycoprotein detection ELISA using serum samples from either

primary or secondary DENV infected patients.
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Dengue fever (DF) is a mosquito-borne viral disease of public health significance, caused by
one of four dengue virus serotypes (DENV-1 to DENV-4) and mainly transmitted by Aedes
aegypti mosquitoes. Hyper-endemic DENV transmission of one or more serotypes occurs in
most countries of the Americas (WHO, 2013). In Brazl, dengue became a public health
problem after the introduction of DENV-1 in 1986. In July of 2010, DENV -4 was isolated in
Roraima, 28 years after its first detection in that same State and soon this serotype spread

other States of the country (Nogueira and Eppinghaus, 2011).

The DENV nonstructural-1 (NS1) glycoprotein, exists as membrane-associated protein and
secreted form and was demonstrated to circulate in the acute phase of the disease by antigen
capture ELISAs, up to the ninth day after the onset of the symptoms of primary and secondary
infections (Alcon et al., 2002). The diagnostic sensitivity of the DENV NS1 glycoprotein
detection ELISA could exceed 90% for serum samples from patients with primary DENV
infections, and its circulation persisted for several days after the fever subsided (Chateryi et al.,
2011; Dussart et al., 2008; Tricou et al., 2011). However, using serum samples from patients
with secondary DENV infections, the DENV NS1 glycoprotein antigenaemia was shown to be
shorter and the detection sensitivity using this ELISA was lower (60 to 80%) (Guzman et al.,
2010). The anamnestic IgG responses generated against this glycoprotein during the primary
DENV infection were hypothesized to account for these findings, since the formation of
cireulating immune complexes (CICs) which contained IgG-DENV NS1 glycoprotein would

reduce the ELISA detection by both masking epitopes and increasing clearance of this antigen.

In 2008, an evaluation of three commercial DENV NS1 glycoprotein detection assays using

DENV-1, DENV-2 or DENV-3 infected patients' serum samples was performed in Brazl
3
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(Lima et al., 2010). Since DENV-4 subsequently re-emerged in 2010 (Nogueira and
Eppinghaus, 2011), these assays were not tested on patients’ serum samples infected with this
serotype. Therefore aimed to evaluate the sensitivity and specificity of a commercial DENV
NS1glyeoprotein detection assay using primary and secondary DENV-4 infected patients’
serum samples and whether CIC dissociation methods could inerease the DENV-4 NS1

glycoprotein sensitivity of this assay.

This study was performed as part of an on-going project approved by resolution number
CSN196/96 from the Oswaldo Cruz Foundation Ethi cal Committee in Research (CEP 274/05),
Brazilian Mimstry of Health, after the introduction of DENV -4 into the state of Rio de Janeiro.
The DENV infected patients' serum samples (n = 471), used for this study, were collected
from day 1 to 7 after the onset of fever from March 2011 to October 2012. DENV-4
infections were confirmed by virus isolation using C6/36 cell culture and subsequent DENV
serotype determination using indirect fluorescent antibody test (IFAT) with serotype-specific
monoclonal antibodies (Gubler et al., 1984) and/ or RT-PCR (Lancioth et al., 1992). The
Panbio dengue IeM Capture ELISA (Panbio Diagnostics, Queensland, Australia) was used for
the qualitative detection of anti-DENV IeM antibodies in serum for case confirmation. The
IgG-ELISA previously described (Miagostovich et al., 1999) was performed for the
characterization of dengue immune response. The Platelia Dengue NS1 Ag-ELISA (BioRad
Laboratories, Marnes-la-Coquette, France) was used for NS1 antigen capture according to the
instructions by the manufacturer. In an effort to improve the Platelia Dengue NS1 Ag-ELISA
test sensitivity, two antigen-antibody complex dissociation protocols were tested using the

serum samples collected from the DENV -4 confirmed DF cases using virus isolation and/or
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RT-PCR, but which were negative using the DENV NS1 glyeoprotein-detection ELISA (n =

250).

The acid dissociation method was performed as described previously (Koraka et al., 2003).
Briefly, 50 pl of serum was added to 50 pL of dissociation buffer (1.5 M glyeine/ hydrochloric
acid, pH 2.8) and incubated at 37°C for 1 h. The dissociation reaction was stopped by the
addition of 50 pl of neutralizing buffer (1.5 M Tris/hydrochloric acid, pH 9.7). The heat-
mediated dissociation method was performed as deseribed previously (Schipbach et al.,
1996). Briefly, 50 ul of serum was added to 100ul. of RNA/DNAse free water (Invitrogen,
Carlsbad, USA) and heated in a boiling water bath for five minutes. DENV -4 positive patients'
acute phase serum samples were subjected to immune-complex dissociation to assess whether
these treatments could increase the sensitivity of the DENV NS1 glycoprotein detection
ELISA. The derived data was evaluated by chi-square test using the Epi Info 7.0.9.34 (Center

for Disease Control and Prevention, Atlanta).

A total of 2.468 samples from suspected DF cases were obtained during the collection period,
of which 47.6% (1.174/2.468) were confirmed to be infected with DENV. DENV-4 was
identified as the infeeting serotype in 40.1% (471/1.174) of these positive cases. The overall
DENV-4 NS1 glycoprotein detection sensitivity using the commercial ELISA was 46.9%
(221/471). The sensitivity of DENV NS1 glvcoprotein detection was therefore lower than that
reported for the DENV -4 serotype (89.6%) using patients serum samples collected in French

Guiana (Dussart et al., 2006)or from a multi-country study (67-91%) (Guzman et al., 2010).
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Higher DENV confirmation rates were observed when the results from the DENV NS1
glycoprotein detection ELISA were combined with those obtained by either the MAC-ELISA
(51.4%, p =0.192), DENYV isolation (67.1%, p < 0.03) or the RT-PCR (99.6%, p < 0.03) (data
not shown). The DENV NS1 glycoprotein detection ELISA showed a progressively increased
sensitivity using patients serum samples collected from day 0 (51.6%) to day 3 (68%, peak
sensitivity) before it gradually declined to 38.2% using patients’ serum samples collected on
day 7 after the onset of fever (Figure 1). By contrast, the ability to isolate DENV-4
progressively decreased from 77% to 24.1% using patients’ serum samples collected from day
0 to day 7 after the onset of fever, while RT-PCR detection which was mainly used to select
these DENV-4 infected patients’ samples was, as expected, only reduced slightly from 100%
to 94% over this same period. The sensitivity of the MAC-ELISA showed a gradual increase
using patients serum samples collected on day 0 (28.3%) to day 7 (42.3%), with 50% of these
patients being positive on day 3 after the onsct of fever. From the 471 DENV-4 confirmed
patients' serum samples, 48.9% (228/466) were classified as primary DENV infections, 51.1%
(238/466) were classified as secondary DENV infections, while the samples from 5 other
patients could not be classified (Table 1). DENV-4 NS1 glycoprotein-positive results were
obtained using the ELISA in 54.4% (124/228) and 39.1% (93/238) of the serum samples from
primary and secondary DENV infections, respectively and therefore the sensitivity was higher
for samples from primary infections (p = 0.001). Previously, higher DENV NS1 glyeoprotein
detection sensitivities were observed in both primary and secondary DENV patients’ serum
samples collected in a country where severe DENV infections were rare (Netherlands Antilles)
compared to those collected from DENV infected patients in a country {Indonesia) where
severe DENV infections (DHF/DSS) were common (Koraka et al., 2003). The DENV NS1

glycoprotein dot-blot detection assay had higher sensitivities using primary rather than
6
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secondary DENV infections in both patient cohorts (Koraka et al., 2003) as was also found
using the Platelia NS1 glycoprotein detection ELISA with DENV infected patients' serum
samples from another DHF/DS S-endemic area (Cambodia) (Duong et al., 2011). These results
may be explained by the presence of Ab-DENV NS1 glycoprotein complexes in the serum
samples from patients with secondary DENV infections. By contrast, the higher DENV N§1
glycoprotein sensitivities obtained using serum samples from Thai patients with secondary
versus primary DENV -2 infections using another ELISA could be accounted for by the higher

viracmia identified in these patients (Libraty et al., 2002).

Interestingly, acid treatment/neutralization steps performed on DENV infected patients’ serum
samples collected in Indonesia dramatically inereased the DENV NS1 glyeoprotein detection
sensitivities of a dot-blot assay using samples from both primary and secondary infection from
64% to 91% and from 22% to 93% respectively (Koraka et al., 2003). In a subsequent study
using patients' serum samples collected in Thailand, the sensitivity of the Platelia DENV NS1
glycoprotein detection ELISA was increased from 63.2% to 72% when the DENV infected
patients’ serum samples were subjected to the same acid treatment/neutralization steps
{Lapphra ct al., 2008). Moreover, acid treatment/neutralization steps performed on HIV-1
infected patients’ serum samples was previously shown to inecreased dramatically the
sensitivity of a HIV-1 p24 protein detection ELISA, but which could be further increased to
higher than HTV-1 RNA detection after a simple heat denaturation step, performed to disrupt
these patients’ IgG-p24 protein immune complexes (Schiipbach et al., 1996). Since a higher
anti-DENV E/prM glycoprotein IgG titres in patients' serum samples that tested negative for

the DENV-4 NS1 glycoprotein was observed (data not shown), these samples were further
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tested to analyze whether either the acid/neutralization steps or the heat treatment steps could

increase the NS1 glycoprotein detection sensitivity.

In this study, the sensitivity of the DENV NS1 glycoprotein detection ELISA was increased
from 54.4% (124/228) to 77.2% (176/228), p=0.03, after the patients’ serum samples from
primary DENV-4 infections were subjected to the acid dissociation and 82% (187/228),
p<0.03, after they had undergone heat dissociation (Table 1). As expected, the sensitivity of
detection ELISA using patients' serum samples from secondary DENV -4 infections was also
increased from 39.1% (93/238) to 63.9% (152/238), p<0.05, after acid dissociation and to
73.1% (174/238), p=0.03, after heat dissociation. Thus, there was a statistically significant
difference between these sensitivities for samples from primary versus secondary DENV -4
patients when they were either non-dissociated (p = 0.001), acid dissociated (p = 0.002) or
heat dissociated {(p = 0.002). The overall ELISA sensitivities, using the combined results for
samples from primary and secondary DENV-4 infected patients, were increased significantly
from 46.6% (217/466) to 70.4% (328/466) and 77.5% (361/466), (p = 0.017) after acid

dissociation and heat dissociation, respectively.

In this study, it has been shown further evidence that acid or heat dissociation methods, as
previously used for the inereased ELISA detection of the HIV-1 p24 protein (Schiipbach et al.,
1996), could both sigmficantly increase the sensitivity of a commercial ELISA for the
detection of a soluble antigen of another virus (DENV-4 NS1 glycoprotein) and that heat
dissociation was a superior method to acid dissociation. This was the first report to test the
heat dissociation for the increased detection of the DENV NS1 glycoprotein and it has shown

to be an ideal method since it can be more rapidly performed than the acid dissociation

8
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method. The absorbance values obtained using the DENV NS1 glyeoprotein detection ELISA
for each of the 250 DENV-4 NSl-negative patients' serum samples untreated (non-

dissociated), acid or heat dissociated are shown on Figure 2.

Interestingly, although to a sigmficantly lower level than for patients’ serum samples from
secondary DENV infections, both the acid and heat dissociation methods also increased the
sensitivity of the DENV-4 NS1 glycoprotein detection using samples from patients with
primary DENV-4 infections (Table 1). These results are therefore unlikely to be accounted for
by the disruption of the patients' antibody-DENV-4 NS1 glycoprotein complexes, since the
DENV NS1 glycoprotein 1s not an immuno-dominant DENV protein during primary DENV
infections (Shu et al., 2003). Since both acid treatment and heat treatment are known to
dissociate the native hexamerie form of the DENV NS1 glyeoprotein (Falconar and Young,
1990), these findings may be due to an increased ELISA detection sensitivity for the

monomerie forms of the DENV-4 NS1 glycoprotein.

In this study, the usefulness of qualitative result of NS1 antigen detection assay in early
recognition of dengue infection particularly in combination with others tests has been
demonstrated. The evaluation of the Platelia NS1 Ag assay exhibited a quite low sensitivity in
diagnosing DENV-4 cases. Therefore, the NS1 antigen results should be interpreted with
caution when used alone due to the false negative results and high clinical awareness and close
follow-up are still needed in patients with acute febrile illness in dengue endemic area. Based
on the results obtained, that it 15 suggested the addition of a heat dissociation step on sera prior
to the performance of the NS1 assay to improve the test sensitivity on endemic areas where

secondary infections are more reported frequently.
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Table 1: DENV-4 NS1 glycoprotein ELISA detection sensitivities against 466 patients'

serum samples with primary or secondary dengue infections

DENV-4 NS1 glycoprotein ELIS A detection

Primary (n = 218)

Secondary (n = 238)

NS1

Non-dissociated

54.4%
(124/228)

p
N§1 Dissociated
value
Acid
<
77.2% 0,05
(176/228)
Heat
<
82,08 0,05
(187/228)

N51
Non-
dissociated

39 1%
(93/238)

P
NS1 Dissociated
value
Acid
<
63 9% 0,05
(152/238)
Heat
<
73.1% 0,05
(174/238)
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Artigo 6: Evaluation of available elution methods for dried blood spot for the use in

the serodiagnosis of dengue infections.

Relacdo do Manuscrito com os Objetivos: Os resultados apresentados

neste manuscrito sao referentes ao seguinte objetivo:

o Objetivo Especifico 5: Avaliar a utilizacdo de sangue coletado por
puncédo digital utilizando papel de filtro como espécime alternativo para a utilizacéo

em testes de captura de antigeno NS1.

bY

Situacdo do Manuscrito: Artigo submetido a revista Journal Virological
Methods.

Fator de Impacto a Revista: 1,900

Referéncia: Monigue da Rocha Queiroz Lima, Rita Maria Ribeiro Nogueira,
Ana Maria Bispo de Filippis, Priscila Conrado Guerra Nunes, Jaqueline Bastos
Santos Simdes, Nieli Rodrigues da Costa Faria, Flavia Barreto dos Santos.
Comparison of available methods to elute from dried blood spot samples for Dengue

serology.

Resumo: A coleta de sangue seco (DBS) é mais simples porque nao
necessita de profissionais com experiéncia, nao requer instalacbes para
centrifugacédo e podem ser armazenadas e transportadas a temperatura ambiente.
N&o esperamos que as técnicas atuais de coleta de plasma ou soro sejam
substituidas por coleta de DBS, mas este método oferece oportunidades adicionais
a locais com menos recursos ou quando a quantidade de sangue a ser colhido é
limitada. Com isso, cinco protocolos existentes para a extracado de soro de sangue
seco em papel filtro foram comparados. Os critérios de avaliacdo incluiram a
deteccdo dos anticorpos IgM e 1gG, captura de antigeno NS1; tipo do eluato;
volumes de eluatos recuperados; tamanho do disco de papel de filtro; o tempo de
processamento; dificuldade do protocolo; equipamentos necessarios; seguranca e
0s custos estimados. A captura do antigeno NS1 de dengue e deteccdo de
anticorpos IgM de dengue em eluatos obtidos com o protocolo 1 demonstrou que a
utilizacao do diluente do proprio kit (tampéo 1) foi mais eficiente na confirmacao das

amostras positivas (10/10) e negativos (15/15). A utilizacdo dos tampdes 2, 3 e 5
91



foram eficazes na confirmacdo das amostras positivas e negativas utilizando o
protocolo 4 para a deteccdo dos anticorpos IgG de dengue. O volume dos eluatos
recuperados foram suficientes para a realizagcdo de todos os testes. Todos o0s
protocolos mostraram ser relativamente faceis de realizar, no entanto, apenas dois
protocolos requereram menos de 50 min. Em geral, os protocolos de comparagao
tiveram um bom desempenho na extracdo dos anticorpos e antigenos do papel de
filtro.
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ABSTRACT

The current diagnostic tests used for dengue viruses (DENV) infections involve phlebotomy
for detecting anti-DENV antibodies, antigens and/or viral RNA. Dried blood spots (DBS) are a
minimally invasive method for samples collection and are easy to store, ship, handle and test,
specially in remote settings. Evaluation studies using commercially available and in-house
enzyme immunoassays, demonstrated that collection of DBS is a feasible and reproducible
alternative to phlebotomy for dengue diagnosis. However, a crucial step prior to the DBS
testing is the elution of the blood that may interfere in the diagnostic assay sensitivity. Five

existing protocols for eluting the blood from the DBS from filter paper were compared.

Assessment criteria included the detection by anti-DENV IgM, anti-DENV IgG, DENV NS1
capture, volumes of recovered eluates, disk size of the filter paper, processing time and

throughput, complexness of the protocol, equipment required, safety and estimated costs.

Capture of DENV NS1 antigen and anti-DENV IgM antibody in eluates obtained by the
protocol decribed by Matheus et al (2008) using the kits’ dilution buffer itself (buffer 1)
resulted in the highest sensitivities by both tests, with 100% agreement on positive (10/10)
and negative (15/15) cases. The use of buffers 2, 3 and 5 were effective in confirmation of
positive and negative samples using the protocol 4 for detection of dengue IgG antibody in
eluates. Sufficient eluate volumes recovered were for all tests. While all protocols were
relatively easy to perform, only two protocols required less than 50min for completion. In

general, the protocols analyzed performed well on the extraction of antibodies and antigen
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from DBS for dengue serology, with differences observed on the time for completion, required

equipment and cost.

Introduction

Dengue is an acute infectious disease caused by one of the four dengue viruses serotypes
(DENV). The DENV infect more than 50 million people resulting in an estimated 500,000
hospitalizations and more than 12,500 deaths, mostly in children (WHO, 2009). Currently,
there is no effective vaccine against DENV infections. Laboratory diagnosis combined to the
epidemiological surveillance is essential to guide dengue control efforts. Serum is the
specimen most frequently used for dengue serology. Thus, proper suspect case investigation
requires that several specimens be obtained. However, these specimens can pose problems in
their collection due to the invasive nature of venipuncture and its poor acceptance by the
patient and parents, their storage and transportation to testing facilities (Bellini & Helfand,

2003).

The World Health Organization (WHQO) supports the use of filter paper dried blood spots
(DBS) as specimen collection alternatives to overcome the above mentioned limitations.
Inclusion of DBS in the list of specimens collected for dengue will facilitate collection and
transport of specimens, as well as offer the potential for performing serology and genetic
characterization using a single sample (Matheus et al, 2007; 2008; 2014). Recent performance
evaluation studies using commercially available and in-house enzyme immunoassays,
demonstrated that collection of DBS is a feasible and reproducible alternative to phlebotomy

for dengue diagnosis (Matheus et al, 2007; 2008; 2012; Balmaseda et al, 2008; Aubry et al,
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2012; Matheus et al, 2014). In addition, blotting paper has been used as a blood support for the
diagnosis of human immunodeficiency virus, hepatitis B and C viruses, rubella, measles, CMV
and Chikungunya (Solomon et al, 2002; Hogrefe et al., 2002; EI Mubarak et al, 2004; Villar et
al., 2011; Jutte et al, 2013; Brandao et al, 2013; Timothy et al, 2013; Andriamandimby et al,

2013; Kaine et al, 2014).

Several methods have been used to extract blood products including serum from DBS for
serology of infectious diseases. Some of the protocols are ideal for field situations, while
others require well-equipped laboratories. In all protocols, disks are excised from DBS and
soaked in elution buffer, which helps to diffuse serum components from the rehydrated filter
paper matrix (Draper & Kelly, 1969; Monto et al, 1969; Chisthy, 1971; Fortes et al., 1989;
Hanna et al., 1989; Condorelli et al., 1994; Tappin et al., 1998; Helfand et al., 2001; Hogrefe
et al., 2002; Riddell et al, 2002; 2003; Korukluoglu, 2004; Akoua-Koffi, 2004; Villar et al,
2011; Marques et al, 2012). In some cases, serum diffusion is integrated in the immunoassay
procedure (Matheus et al, 2007; 2008; 2014). In other protocols, DBS serum elution is taken
one step further by manually extruding or by centrifuging the soaked disks to actively recover
DBS components (Draper & Kelly, 1969; Monto et al., 1969; Chishty, 1971; Riddell et al.,
2002; 2003; Korukluoglu, 2004; Akoua-Koffi, 2004; Tran, 2006; Mercarder et al, 2006;
Matheus et al, 2007). Additionally, protocols may differ in the number and diameter of the
filter disks for elution, depending on the subsequent serological immunoassay (Draper and
Kelly, 1969; Chishty, 1971; Fortes et al., 1989; Hanna et al., 1989; Condorelli et al., 1994;

Helfand et al., 2001; Hogrefe et al., 2002; Riddell et al., 2003; Tran, 2006; Villar, 2011).
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Here, we aimed to compare available methods for DBS serum elution for dengue
serodiagnosis and propose one that will allow the recovery of the maximum volume of eluted
sample in the minimum time, effort and cost. We compared five protocols and seven buffers

using the dengue immunoassays used for dengue laboratorial diagnosis as evaluation criteria.

Material and methods

Ethics statement

Filter papers disks were spiked with positive or negative serum samples available from the
collection of the Laboratory of Flavivirus, IOC/FIOCRUZ, from an ongoing Project approved

by the Ethics Committee on Human Research (CEP 274/05).

Dried blood spot (DBS) samples

A panel of 25 spiked DBS was prepared and consisted of disks with red blood cells spiked
with a pool of IgM, IgG and NS1 positive samples (n=10), disks with red blood cells spiked
with negatives serum (n=10) and disks with red blood cells only (n=5). These DBS samples
were prepared at the Laboratory of Flavivirus, IOC/FIOCRUZ using positive and negative
cases received and tested in the laboratory. Before testing, the quality of the DBS was
determined by visual inspection. DBS samples were prepared by spotting 3-5 drops
(approximately 75ul) of whole blood, onto Whatman filter paper 903 (GE Healthcare, Bio-
Sciences Corporation), until the 12-mm pre-printed circular paper disks were completely

filled.

Elution Buffers

97



116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

Elution buffers were composed as follows: Buffer 1: dilution buffer from the commercial Kit
itself; Buffer 2: 1x PBS pH 7.2; Buffer 3: 1x PBS pH 7.2 + 0.05% Tween 20; Buffer 4: 1x
PBS pH 7.2 + 0.05% Tween 20 + 0.005% sodium azide; Buffer 5: 1x PBS pH 7.2 + 0.05%
Tween 20 + 5% non-fat dry milk (NFDM); Buffer 6: 1x PBS pH 7.2 + 0.5% BSA and Buffer
7: DNAse/RNAse free water. Buffer 2 was prepared using NaCl (Sigma—Aldrich, St. Louis,
MO), KCI (Sigma-Aldrich, St. Louis, MO), Na,HPO,, KH,PO, (Merck, Darmstadt, Germany)
and distilled H,O (Sambrook et al., 1989). Buffer 2 was used for preparation of all other

buffers.

Elution of serum from dried blood spot (DBS)

A step-by-step description of each of the five protocols used for the elution of serum from the
DBS is provided on Table 1. To elute DBS samples, a 3-mm or 6-mm filter paper disk was cut
and transferred to 1,5mL microtubes. Protocol 1 was performed as previously described by
Matheus et al (2008). One drop of blood absorbed onto filter paper was cut and placed in a
sterile microtube containing 150uL of the dilution buffer provided by the Kit in use. After 30
minutes of incubation at room temperature, 100uL of the blood samples and controls were
incubated with 100uL of diluted conjugate for 90 minutes and 100puL of the supernatant was
transferred to microplates. The subsequent steps were performed according to the
manufacturer’s recommendations. Protocol 2 was evaluated by Matheus et al (2007). The
filter paper was incubated in 400uL in Buffer 5 for 30 min at room temperature. The sample
was centrifuged at 3,000 rpm for 10 min at 4°C, and 100uL of the supernatant was transferred
to microplates. The subsequent steps were performed according to the manufacturer’s

recommendations. Protocol 3 was described by Riddell et al, 2003 and modified by
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Korukluoglu, 2004 and Akoua-Koffi, 2004. One disk of filter paper was cut and placed into on
a microtube. After the addition of 400uL of the buffer, the microtube was agitated for 15
minutes at room temperature to ensure thorough soaking of the disks. The microtube was
incubated at 4°C overnight. After overnight elution, the microtube was agitated at room
temperature for a further 15 minutes before centrifugation (10 minutes, 2.200Xg), and then
100uL of the supernatant was transferred to microplates. The subsequent steps were performed
according to the manufacturer’s recommendations. Protocol 4 was developed by Marques et al
(2012) modified from Mercarder et al (2006). A filter paper disk was cut and transferred to a
microtube containing 400ul of buffer and incubated overnight (18-24 hrs). After incubation, a
pipette tip was used to transfer the DBS disk and elution buffer to the spin system. This system
consists of a 15mL tube containing a microtube with a 3mL syringe at its end. Each paper disk

was placed inside the syringe, which remains attached to the microtube containing the eluate.

Then, this system was subjected to centrifugation for 10 min at 2.200Xg at room temperature,
and only the microtubes containing the eluate were removed from the system and stored for
testing. One hundred microliters of the supernatant was transferred to microplates. The
subsequent steps were performed according to the manufacturer’s recommendations. Finally,
protocol 5 was performed according to Draper & Kelly (1969), Monto et al (1969) and Chishty
(1971). A filter paper disk was cut and transferred to a microtube containing 400ul of the
buffer and incubated for 1hr at 4°C. After incubation, a pipette tip was used to transfer the
DBS disk and elution buffer to the spin system. This system consists of a 15mL tube
containing a microtube with a 3mL syringe at its end. Each paper disk was placed inside the

syringe, which remains attached to the microtube containing the eluate. Then, this system was
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subjected to the syringe plunger was pressed down the column and the resultant pressure
expressed the hydrated specimen from the filter paper and into a labeled collecting tube, and
only the microtubes containing the eluate were removed from the system and stored for testing.
One hundred microliters of the supernatant was transferred to microplates. The subsequent

steps were performed according to the manufacturer’s recommendations.

Immunoglobulin M (IgM) antibody capture ELISA (MAC-ELISA)

The Panbio dengue IgM Capture ELISA is for the qualitative detection of IgM antibodies to
dengue antigen in serum. Serum antibodies of the IgM class, when present, combine with anti-
human IgM antibodies attached to the polystyrene surface of the microwell test strips. The
antigens are produced using an insect cell expression system and immunopurified utilizing a
specific monoclonal antibody. An equal volume of the HRP conjugated monoclonal antibody

(MAD) is added to the diluted antigen, which allows the formation of antigen-MAb complexes.

Residual serum is removed from the assay plate by washing, and complexed antigen-MADb is
added to the assay plate. After incubation, the microwells are washed and a colorless substrate
system, tetramethylbenzidine / hydrogen peroxide (TMB Chromogen) is added. The substrate
is hydrolysed by the enzyme and the chromogen changes to a blue color. After stopping the
reaction with acid, the TMB becomes yellow. Color development is indicative of the presence

of anti-dengue IgM antibodies in the test sample.

Immunoglobulin G (IgG) antibody detection ELISA (IgG— ELISA)
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The IgG—ELISA was performed as previously described by Miagostovich (1999). Briefly, 96-
well plates were coated with hyper immune ascitic fluid (a mixture of anti-DENV-1 to 4),
followed by the addition of a mixture of the four DENV antigens. Serum diluted 1:40 was
added to the first well and four-fold dilutions were carried out up to the eighth well. After

incubation, anti-human IgG conjugated to horseradish peroxidase was added.

Platelia™ Dengue NS1 Ag-ELISA (BioRad Laboratories)

The test system (Platelia™ Dengue NS1 AG, BioRad Laboratories, France) is based on a one-
step sandwich format microplate enzyme immunoassay to detect DENV NS1 antigen in human
serum or plasma. The test uses murine monoclonal antibody for capture and revelation. If NS1
antigen is present in the sample, an immune-complex MAb-NS1-MAb/peroxidase will be
formed. Briefly, the specimens were allowed to thaw to laboratory ambient temperature (21—
22 °C). Sample diluent (50ul), respective samples and controls (50 ul each) and 100 ul of
diluted conjugate were incubated for 90 min at 37 -C within the respective microplate wells
coated with purified mouse anti- NS1 monospecific antibodies. After a six-times washing step,
160ul of substrate was added into each well and incubated for 30 min at room temperature in
the dark. The presence of immune-complex was demonstrated by a color development and the
enzymatic reaction was stopped by adding 100ul of 1IN H,SO,. The OD reading was taken
with a spectrophotometer at a wavelength of 450-620 nm and the amount of NS1 antigen

present was determined by comparing the OD of the sample to the OD of the cut-off control.

Statistical analysis
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The derived data was tabulated using Microsoft Excel worksheets and evaluated by chi-square
test using the Epi Info 7.0.9.34 (Center for Disease Control and Prevention, Atlanta) for any

statistical significant association.

Results

Comparison of dried bloodspots (DBS) elution protocols and recovered eluates volumes

Protocols 1 through 5 were compared to provide an overview of available elution methods
performed without any applied force (protocols 1) and applied centrifugal or manual force
(protocols 2 through 5). Protocols 1 to 3 were similar, performed on microcentrifuge tubes to
soak the DBS discs and the eluted sample was removed from with a pipette. In contrast,
protocols 4 and 5 used a syringe barrel for sample recovery. In protocol 5, following the
incubation with elution buffer, the syringe plunger was pressed down and the resultant
pressure elutes the hydrated specimen from the filter paper and into a collecting tube. The
volume of the DBS eluates recovered according to the different protocols used was found to be

highly reproducible in all procedures and is presented on Table 2.

A smaller volume than desired was obtained by protocol 1 and it was sufficient for only one
test. Elutions by protocols 2 to 5 with 400uL of elution buffer resulted in suboptimal volumes
of recovered specimen and allowed the testing by the Platelia™ Dengue NS1 Ag-ELISA,
dengue IgM capture ELISA and IgG-ELISA. Of all methods, protocols 4 and 5 were those that
resulted, in what appeared to be the complete elution of blood products from the DBS since
the resultant filter paper discs were practically white and dry after the procedure. In contrast,

filter paper discs following protocols 1-3 were seemingly saturated with hydrated blood,
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indicating that a portion of the eluted sample was trapped in the filter paper fibers, and

between the filter paper discs and could not be recovered.

Disk size of the filter paper

To identify the ideal DBS size for the procedure, DBS samples were cut out in discs of 3 and 6
mm diameters that were placed into a microtube. The two-sizes discs were eluted by the
different buffers and protocols. Overall, an increased sensitivity (70 -100%) was obtained by
using the 6 mm disks when tested by NS1 antigen capture, anti-DENV IgM capture and anti-

DENYV IgG detection (Tables 3 to 5).

Estimated cost, logistic, practical aspects per protocol

Protocols that do not require any electrical equipment (protocols 1 and 5) were the most
economical ones. For laboratories with readily available equipment infrastructure, protocol 4
would be the more expensive procedure regardless of the number of samples to be processed,
followed by protocol 3. Overall, protocols 1, 2 and 5 would be easy and less costly to
implement in any laboratory currently performing serology, with protocol 4 and 5 being the
most advantageous in terms of sample volume recovery and effective sample extraction. In
general, all five protocols were found to be relatively easy and safe to perform. Protocol 5 was
less straightforward due to manual handling during elution. Protocols 4 and 5 were found to be
somewhat more laborious due to material preparation. On the other hand, protocols 1 to 3 are
more subjected to contaminations due to sample aerosol formation when opening and closing
the microcentrifuge tubes during the procedure. Protocols not requiring any electric powered

equipment (protocols 1 and 5) are obviously more suitable for field situations, where
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infrastructure may be limited. Protocols that do not require overnight DBS elution (protocol 1,
2 and 5) were found to be suitable for outbreak situations, when rapid processing of samples is

needed (Table 1).

Selection and comparison of DBS elution buffers

The ability to capture dengue NS1 antigen in samples eluted from DBS under the five
protocols and seven buffers was determined using DBS spiked with NS1 positive and NS1
negative serum specimens. By testing the samples by the Platelia™ Dengue NS1 Ag-ELISA,
no statistical differences (p>0,05) were observed on the test sensitivity by using the different

buffers, independently of the protocols performed.

However, in the protocol analysis, we observed that protocol 1 presented 100% agreement on
the results of the positive (10/10) and negative samples (15/15). The use of the second protocol
did not yield any positive result (0/10), but a 100% agreement with the negative samples was

observed.

In protocol 3, the use of DNAse/RNAse free water for elution in the the Platelia™ Dengue
NS1 Ag-ELISA, yield 90% of detection (9/10) in positive samples with 100% specificity for
the negative samples. The highest sensitivity of The Platelia™ Dengue NS1 Ag-ELISA by
using the protocol 4 and buffer 3 was considered statistically significant (p < 0.05) whren
compared to the others. In the protocol 5, the highest number of positive samples was obtained
by using buffer 6 with 100% of detection (10/10) and 100% specificity for the negative

samples. Based on these findings and previous studies using NS1 antigen capture on filter
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paper (Matheus et al, 2008), the use of the diluent buffer from the kit itself (buffer 1) was more
efficient in confirmation of positive and negative samples. Similarly, the detection of anti-
DENV IgM antibodies studied was performed by using DBS spiked with positive and negative
anti-DENV IgM. By this method, no differences were observed by using the different
protocols (p> 0.05), independently of the protocol used. However, the buffer 7 was inefficient
for elution in all protocols. In analyzing the protocols, we found no significant differences (p>

0.05) in the detection of anti-DENV IgM between positive and negative DBS samples.

Nevertheless, protocols 1 and 2 obtained a 100% of agreement of the results of the positive
samples (10/10) and negative (15/15). Protocols 3-5 showed to be effective for the detection
of anti-DENV IgM in positive samples. Based on these results using IgM antibody detection
filter paper, the use of the diluent buffer from the kit itself was effective in the confirmation of
positive and negative samples. Likewise, the detection of anti-DENV IgG antibodies studied
was performed using DBS spiked with anti-DENV IgG positive and negative sera. No
significant differences in anti-DENV IgG detection was found between protocols analyzed in
the positive and negative DBS samples. The use of buffers 2, 3 and 5 were effective in

confirming positive and negative samples using the protocol 4.

Discussion

This study confirms the value of this type of clinical sampling for serological diagnosis of
dengue infections for field screening studies. Indeed, because of the ease collection, storage,
and transport, DBS samples collected on filter paper offer many practical advantages over

conventional methods of serum collection and storage. This shows that this type of biologic
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specimen is suitable for several types of laboratory studies of dengue. DBS cards have already
proven to be useful in neonatal screening for inborn errors of metabolism (Guthrie & Susi,
1963; Snijdewind et al, 2012). The goal of this study was to provide an overview and a
comparison of methods used over the years to elute serum from DBS for the serodiagnosis of

infectious diseases.

The Whatman #903 filter paper used in this study is relatively thick and absorbent and has
been used extensively to collect blood others diseases (Villar et al, 2011; Marques et al, 2012).
This approach may be used for the diagnosis of chronic infection in endemic areas even when
these are resource-limited (Mendy et al., 2005; Villa et al., 1981), since the use of DBS for a

sample card has its value estimated at $0.42, versus $1.13 of venous blood collection.

Other parameters evaluated were the disc diameter and volume of the eluates. In the present
study, the same diameter and volume were employed for NS1 antigen capture, anti-DENV
IgM, and anti-DENV IgG detection. Komas et al. (2010) also used 6 mm diameter discs for
HBsAg and anti-HBc detection by MEIA, while Mendy et al. (2005) employed 6 mm diameter
discs for HBsAg detection by IQA. However, Matheus et al. (2007, 2008) used 3mm diameter
discs for NS1 capture of Dengue. A study by Tran et al. (2006) used two discs of 6mm for
detection of anti-DENV IgM and anti-DENV IgG. The volume recovery of the blood collected
is also a point of concern, because filter paper contains a small volume of serum diluted in the
elution buffer. The amount of sample recovered from a punch of a DBS card varies with the
size of the spot, which is influenced by the viscosity, due to variations in the hematocrit values

(Ht) (Denniff & Spooner, 2010; Mei et al., 2001). Especially in young children, the quality

106



321

322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

controls for correcting Ht levels may be required because their Ht values may differ from
ranges that are common in adults (Pandya et al., 2011). In the present study, the volume

recovered was enough to perform all tests proposed.

Our data suggests that the protocol based on passive elution, i.e., protocol 1, using the kit’s
diluent buffer, would work well for the elution and detection of anti-DENV IgM and NS1
capture. In contrast, differences were observed in the eluates obtained by active elution, i.e.
protocols 2-5. For anti-DENV IgM detection and NS1 capture, any of the protocols are likely
to be useful for antibody elution and the buffer of choice would be impact in the result. In the
case of anti-DENV IgG detection, the protocol 4 was the more efficient when used with the
elution buffers 2, 3 and 4, probably due to their ability to reduce non-specific reactions in the

ELISA.

Brazil has a large territory where some individuals are inhabiting regions away from the great
urban centers and the potential use of this approach for dengue diagnosis becomes especially
valuable among communities located in those remote areas, where blood sample collection,

storage and transportation are extremely difficult.
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453  Table 1. Detailed description of the five protocols used for sample elution from dried blood spots.

Protocols
01 02 03 04 05
Korukluoglu, 2004;
; Marques et al, 2012 Draper and Kelly, 1969;
modified from Mercarder et al, 2006 ’aI 1969
Riddell et al. 2002, 2003 ' '
Elution container Microcentrifuge tube Microcentrifuge tube Microcentrifuge tube Syringe barrel Syringe barrel
Punch DBS* disc yes yes yes yes yes
Elution buffer addition yes yes yes yes yes
Incubation on . .
] no no 15 min 15 min no
automatic shaker
Incubation time and ) ]
30 min/RT 30 min/RT o/n; 4°C o/n ; 4°C 1h/RT
temperature
Agitation no no 15 min no no
Disc /buffer transfer to
no no no yes yes
colunn
Applied force no 10 min / 2200Xg / 4°C 10min / 2200Xg 5 min/1249.92Xg Manual
Eluate removal from
container with a yes yes yes no no
pipette
Sample sotrage yes yes yes yes yes
454 *Dried blood spot; RT: room temperature ; o/n: overnight; Xg: relative centrifugal force
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455

456

Table 2: Volume of recovered dried blood spot eluates according to the different protocols used for elution.

Volume necessary per assay

Protocol Volume of elution Volume of NSL canture
buffer recovered P MAC-ELISA 1gG-ELISA
ELISA

01 200uL 190uL

02 420uL

03 423uL 100uL 100uL 100pL
400pL H H H H

04 450uL

05 445uL

113



Table 3: Dengue NS1 antigen capture in dried blood spots by using the Platelia™ Dengue NS1 Ag-ELISA (BioRad Laboratories) expressed as percentage detection rates.

Protocol

NS1 positive dried blood spot eluate (n=10)

Buffer 1

Buffer 2

Buffer 3

Buffer 4 Buffer 5 Buffer 6 Buffer 7
3mm 6mm 3mm 6mm 3mm 6mm 3mm 6mm 3mm | 6mm 3mm ‘ 6mm 3mm 6mm
o1 10/10 10/10°
(100%0) (100%0) Not Applicable Not Applicable
02 0/10 0/10
1/10 3/10° 5/10 7/10° 4/10 8/10° 5/10 7/10° 7/10
0,
03 (10%) (30%) (50%) (70%) (40%) (80%) (50%) | (70%) 0110 (70%) 0110 9/10 (90%)
Not Applicable b a b b
04 pp 4/10 5/10 1/10 10/10 5/10 9/10 0/10 5/10 5/10 8/10 0/10 4110 (40%)
(40%) (50%) (10%) | (100%) | (50%) (90%) (50%) (50%) (80%)
2/10 2/10 9/10° 1/10 9/10° 2/10 9/10° 10/10
05 0/10 0/10 0/10 5/10 (50%
(20%) (20%) (90%) (10%) (90%) (10%) | (90%) (100%) (50%)
NS1 negative dried blood spot eluate (n=15)
Protocol Buffer 1 Buffer 2 Buffer 3 Buffer 4 Buffer 5 Buffer 6 Buffer 7
3mm 6mm 3mm 6mm 3mm 6mm 3mm 3mm 6mm | 3mm 6mm 3mm 6mm 3mm
o1 15/15 15/15°
(100%) | (100%) _ .
Not Applicable = Not Applicable
02 15/15 15/15
(100%) | (100%)
03 15/15 15/15° 15/15 15/15° 15/15 15/15° 15/15 15/15° 15/15 | 15/15° 15/15 15/15°
(100%) | (100%) | (100%) | (100%) | (100%) | (100%) | (100%) | (100%) | (100%) | (100%) | (100%) (100%)
Not Applicable
04 PP 9/15 4/15° 14/15 | 15/15° | 14115 14/15° | 15/15 15/15° (58,; 13‘2 | 915 b 13/15 12/15°
(60%) (26.6%) | (93.3%) | (100%) | (93.3%) | (93.3%) | (100%) | (100%) ) 0 (60%) (86.6%) (80%)
05 15/15 15/15° 15/15° | 15/15° 15/15 15/15° 15/15 15/15° 15/15 15/15° 15/15 15/15°
(100%) | (100%) | (100%) | (100%) | (100%) | (100%) | (100%) | (100%) | (100%) | (100%) | (100%) (100%)

% Significant detection rate due to the size of disk (p < 0.05). ®: not a significant detection rate
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Table 4: Detection of anti-DENV IgM antibodies in dried blood samples by the Panbio dengue IgM Capture ELISA expressed as detection rates percentages.

IgM positive dried blood spot eluate (n=10)

Protocol Buffer 1 Buffer 2 Buffer 3 Buffer 4 Buffer 5 Buffer 6 Buffer 7
3mm 6mm 3mm 6mm 3mm 6mm 3mm 6mm 3mm | 6mm 3mm 6mm 3mm 6mm
o1 6/10 | 10/10°
(60%) | (1009%0) i .
Not Applicable 6710 9107 Not Applicable
2
0 (60%) (90%)
03 10/10 10/10° 9/10 10/10° 9/10 10/10° 10/10 10/10° 6/10 10/10° 0/10 5/10°
Not Anolicable (100%0) (10090) (90%) (100%) (90%) (10090) (100%) (10090) (60%) | (100%0) (50%)
. PP 310 | 1010° | 410 | 10100 | 510 | 10100 | 7710 | 910° | 10710 | 7710° | 510 | 310°
(30%) | (100%) | (40%) | (100%) | (50%) | (100%) | (70%) (90%) | (100%) | (70%) | (50%) (30%)
05 3/10 10/102 7/10 10/10° 3/10 10/10° 4/10 8/10° 3/10 | 10/10* | 10/10 4/10°
(30%) | (100%) | (70%) | (100%) | (30%) | (100%) | (40%) (80%) | (30%) | (100%) | (100%) | (40%)
IgM negative dried blood spot eluate (n=15)
Protocol Buffer 1 Buffer 2 Buffer 3 Buffer 4 Buffer 5 Buffer 6 Buffer 7
3mm 6mm 3mm 6mm 3mm 6mm 3mm 3mm 6mm | 3mm 6mm 3mm 6mm 3mm
15/15 b
01 (100% 112/0105/
) ( 0) Not Applicable Not Applicable
02 15/15 15/15°
(100%) (10090)
10/15 2/15? 7/15 6/15 8/15 15/15 13/15°
1 152 1 1 1
03 ) (66.6%) (13.3%) (46.6%) 015 (40%) 0/15 0715 015 (53.3%) 0115 (100%6) (86.6%)
o Not Applicable == =" [ 15/15 | 13/15° | 14/15 | 13/15° | 115 | 15/15° | 1515 | 15/15° | 7715 12/15°
(100%) | (100%) | (100%) | (86.6%) | (93.3%) | (86.6%) | (73.3%) | (100%) | (100%) | (100%) | (46.6%) | (80%)
05 15/15 | 15/15° 5/15 115" [ 1515 | 1515° | 1515 | 1515° | e O/15 15/15 | 11/15°
(100%0) (100%) (33.3%) | (73.3%) | (100%) (100%) (100%) (100%) (100%) | (73.3%)

% Significant detection rate due to the size of disk (p < 0.05).

®: not a significant detection rate
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Table 5: Detection of anti-DENV 1gG antibodies in dried blood samples by IgG—ELISA (Miagostovich et al. 1999) expressed as detection rates percentages.

1gG positive dried blood spot eluate (n=10)

Protocol Buffer 1 Buffer 2 Buffer 3 Buffer 4 Buffer 5 Buffer 6 Buffer 7
3mm | 6mm 3mm 6mm 3mm 6mm 3mm ‘ 6mm 3mm 6mm 3mm 6mm 3mm 6mm
01 4/10 7/10°
Not Applicable (40%) (70%) Not Applicable
02 3/10 6/10°
(30%) (60%)
03 Not 10/10 10/10° 8/10 10/10° 7110 9/10° 8/10 10/10° 5/10 10/10° 2/10 3/10°
Applicable (100%) | (100%) | (80%) | (100%) | (70%) (90%) (80%) | (100%) | (50%) | (100%) | (20%) (30%)
04 5/10 9/10" 3/10 10/10 2 5/10 7/10° 8/10 10/10° 6/10 7/10° 5/10 6/10°
(50%) (90%) (30%) | (100%) | (50%) (70%) (80%) | (100%) | (60%) | (70%) | (50%) (60%)
o5 2/10 7/10° 7110 9/10° 4/10 8/10° 3/10 8/10° 3/10 10/10° 1/10 4/10°
(20%) (70%) (70%) (90%) (40%) (80%) (30%) (80%) (30%) | (100%) | (10%) (40%)
1gG negative dried blood spot eluate (n=15)
Protocol Buffer 1 Buffer 2 Buffer 3 Buffer 4 Buffer 5 Buffer 6 Buffer 7
3mm | 6mm 3mm | 6mm 3mm ‘ 6mm 3mm ‘ 3mm 6mm 3mm 6mm | 3mm 6mm ‘ 3mm
o1 6/15 7/15°
. (40%) (46.6%) )
Not Applicable - Not Applicable
02 5/15 8/15
(33.3%) | (53.3%)
03 Not 9/15 3/15° 6/15 0/15 5/15 1/15° 2/15 4/15° 7/15 3/15° 14/15 14/15°
Applicable (60%) (20%) (40%) (33.3%) | (6.66%) | (13.3%) | (26.6%) | (46.6%) | (20%) | (93.3%) | (93.3%)
04 15/15 15/15° 13/15 | 14/15° | 14/15 14/15° 12/15 14/15° 15/15 | 15/15° 5/15 9/15°
(100%) | (100%) | (86.6%) | (93.3%) | (93.3%) | (93.3%) (80%) (93.3%) | (100%) | (100%0) | (33.3%) (60%)
o5 15/15 | 15/15° 815 | 1015° [ 1315 | 14/15° | 14715 | 15015° | 415 | 6157 | 2/15°
(100%) | (100%) | (53.3%) | (66.6%) | (86.6%) | (93.3%) | (93.3%) | (100%) | (26.6%) | (40%) (13.3%)

& Significant detection rate due to the size of disk (p < 0.05).
® not a significant detection rate
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Capitulo de Livro 1: Dengue Diagnosis: commercially available kits and laboratory

support.

Relacdo do Manuscrito com os Objetivos: Os resultados apresentados

neste manuscrito sao referentes aos seguintes objetivos:

e Objetivo Especifico 6: Realizar uma revisdo bibliografica dos

principais kits diagnostico para dengue.

Situacdo do Manuscrito: Capitulo de livro publicado na Expert Reviews —
Future Medicine Ltd.

Fator de Impacto da Revista: Nao se aplica.

Referéncia: Monigue da Rocha Queiroz Lima, Rita Maria Ribeiro Nogueira,

Flavia Barreto dos Santos. Dengue Diagnosis: commercially available kits and
laboratory support. Clincal Insights: Expert Reviews — Future Medicine Ltd. Cap.02.
pg. 27-48. doi: 10.2217/EBO.14.8.

Resumo: O diagnostico laboratorial do dengue pode ser realizado através
de diversos meios para a deteccdo do virus, RNA viral, antigenos ou anticorpos
especificos, ou ainda de uma combinacado destes métodos. Em muitos cenarios, tais
como o cuidado dos pacientes, vigilancia de surtos e investigacfes de epidemias,
testes de vacinas e o diagnostico diferencial, um diagndstico preciso é de grande
importancia. No entanto, a escolha de um método ou de um teste ndo depende
apenas do seu objetivo, mas também de fatores como a infra-estrutura do
laboratoério, conhecimentos técnicos disponiveis, a coleta das amostras, transporte e
condi¢cOes de armazenamento. A janela desejavel para o diagndstico da infec¢éo por
dengue baseia-se no periodo do inicio da febre (fase aguda), quando ocorre a
viremia e o virus pode ser isolado e 0 genoma viral pode ser detectado, até o 10° dia
(fase de convalescenca) ap6s esse periodo os anticorpos anti-dengue podem ser
detectados. Dependendo da fase, o diagndstico especifico, deve ser aplicado, no
entanto essas técnicas geralmente realizadas para uma detecgdo viral direta, sdo
mais especificas, porém menos disponiveis. O ensaio Enzyme linked

immunosorbent (ELISA) utilizado para detectar a imunoglobulina M (IgM) e
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imunoglobulina G (IgG), bem como a detec¢cdo de antigeno NS1 tem sido
considerados como métodos mais Uteis ao diagnodstico do dengue, devido a sua
sensibilidade, facil desempenho e custos. Muitos protocolos ‘in house’ foram
estabelecidos, no entanto, o aumento da carga da doenca tem levado ao
desenvolvimento de uma variedade de testes comerciais ao diagnoéstico do dengue
em diferentes formatos (ELISA e teste de diagndstico rapido [RDT]), na maioria das

vezes, rapido e facil de realizar, mas nao frequentemente avaliados .
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Learning points

Dengue diagnosts & based on semiogy, viral solation and vl
RiA detection by mokecular techniques.

ELEA, & 2tillthe st widely used technique forseroiogcal diagnosts,
but it & unabletoident ify the dengue virws sarctype esponsibke for
the cument infection.

iah and QG ratios may be useful for differentiating primary from
sacondargtertiary infections.

The norstructural prdtein 1 (N51 is @ highly consersed ghwo-
potein seceted from infected ce2ls dunng wirl replication, and
t has bean widely usad &5 a biomarker far the eardy diagnosis of
dengue infections.

The combination of N=1 antigen detection in a2 ute-phase s2@ and
dengue wirus i detection in early convalkesoent-phase sara can
increas2 the mte of case confirmation.

Physicians must be awame of the advantages, disadvantages and
chamctenstics of the diagnostc methods awailkbe in oder to
pvide the best cane to their patients.

A& regat e result By any of the tests awailable does ndt rule out the
infection, especially in dengue-endemic countries.

SUmMmary

The laborat ory diagnosis of dengue can be carried out us-
ing zeveral approaches for the detection of the wirus, viral
RRA, antigens orzpecific antibodies, or even a combination
of these methodsz. In marny scenarios, such as patient care,
sunveillance, outbreak and epidemics investigations, vaccine
trialz and differential diagnosis, an accurate diagnosis iz of
great importance, However, the chaice of method or test
will ot anly depend on the goal of the testing but alzo on
factors such as the laboratory infrastructure, technical ex-
pertize available, zamplingcollection, shipment and st arage
conditions. The dezirable window for diagnosing dengue

29
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infection relies onthe period of the onset of fever {acute
phaze) when the viremia oocurs until the terth day after
(cormalescent phasze) when anti-dengue antibodiesz can be
detected. Depending onwhich phase, specific diagnosiscan
be made; however, thoze technigues generally performed
far direct viral detection, despite being more specific, are
the least available, ELI%A, wsedto detect g and convales-
cart 19G artibodies, aswell as forthe detection of nonstruc-
tural protein 1 (M51) antigen, hasbeencorsidered the most
usefulmethod for diagnosing dengue, due toits sensitivity,
easier performance and low costs, Many in-howee protocols
have been establizhed; however, the increasad burden of
the dizeasze has ledto the development of a variety of den-
gque diagnosis commercial tests in different formats (ELISA

and rapid diagnostic test), Most of the time these are fast
and easzy to perform, but are not often fairly evaluated.

Dengue & an emenging nmosguito-
tmnsmitted infection in the tmpics
ard subtmopics workdwide causad by
ane of the four dengue virus ¢ DENY;
DENY 147 semtypes. The vins be-
langs to the Fawrdae family, &
WrS genus, and may. cocirculate in
the same geodraphic ragion, causing
a variable spectrum of dsease that
ranges fom an undifferentizted fe-
ver to savem depgue. It & estimated
that 50-100" million dengue infections
occur annualk, with a thid of the
workd's population at risk of acquiring
the infection

Dengue infections may pose significant
public heatth conocerre for tewelkrs
ard individuak inhabiting  endemic
aezs. Them ame no licensad vaddines
ard no specific antiviral therapies for
teating the infection, and patient
manadernent relies on good supportive
care. The laborzstorial diagnosis of
denqgue infections is important forcase
oonfimnation and to differentiate the
dizezse from other Hawers infections
ard disexses presenting dengue-like
signs and symptors . Furthermom,
an efficient diagnoss & an important
tool to support  epidemiokogical

Dengue: atmpicalinfectious dissase caused by oneof thefour

Dengue virus semty pes (D EMY 1-4) trarsmitted by saveral species of
the Aecks mosquito genus.

Labomtorial diagnosiz: the diagnosis perfomed wsing any test in
a labomtory aiming to corfimn or nota dissass,

A0
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sunieillance programs, considering the
difficulties in canfirming dengue cxs2s
basad anly on the symptoms, especially
dunng intempidenic perods, 35 well
as plaing aralein clinical cae, disaass
surweillance, pathogenesis studies and
YaCine rrRaarnch

The laboratorial diagnosis of dengque
infectiors maw be performed by wins
izalation, detaction of wiral BMA by
reverse tarsoriptase PCR, detection of
DENY antigersarant - DENY antibodies,
ar by a combination of those methods.
The wirks can be detected in clinical
specimens for 4-5 davs (in the aark
phase) after the onsat of fever, when
virs molation, everse tRnschptase
PCR and antigen detection can be
used. After that period iduring the
comakstent phasa), semibgic tests 4o
detect specific anti-DEMNY antibodies
ame the methodsof choice.

Immung responsgin
dengue infe Ctiofs

The aoquird immune responsa to 3
DENY infection is characterzed by the
poductionof g and 190 antibodies,
which vares depending on whether
the indwidual preserts 3 primany or
secondany infection. In the primany
DENY infection, 3 skw and bw-titer
antibody response & obsaved, with
l[gMml antibody being the first elicited.
Anti-DENY 195 & detectable in the end
af the first week of the disozse at 2
|l titer, inCeasing siowl afterwads,

Howewer, during a s2condary DENY
infection, anti-DENY g antibody
fters incmase rapdl even in the
aute phase of the di2asa, r1sing
awer the following 2 weeks and cross-
eacting with mamy other flavivinses

CANt-DENY [gh levels, on
the other hand, may be significanth
lvwerin sacondary infections, resulting
sometimes in anti-DENY falka-negat ive
Esltts.,

The norstructural pmotein 1 (RS1)
& a highl consered ghoopmiein
essantial for wiral meplication  and
viability.. During wiml meplication,
M51 s s=creted fom infected cells
a2 s0lubke hesamer compossd of
dimer subunits. It pmduces a strong
hurmorl response and & known as a
amplementfizing antigen. As N1
& found in the blbod of infected
indwiduaks, many studies  have
examined the ussfulpess of N1 as a
tool for diagnosis fordengue, &5 it can
bie found in the blood circulation for
up to @ days fmom illness onsat, and
with a peak at dawse-10

Detection of antiDENY  antibodies
rigml or &) and antigen (N1 ane
the most widel wsad tests for dengue
diagnoss and may be available in a
varety of commercial tests in the
fomn of capture or direct detection
af those antibodies andfor antigen,
uniquel orsimutaneousk and in two
fomnats: ELISA or mpid diagnostic
tests (ROTS)

Al
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Figure Z1. Immune responses on primary and secondary dengue infections.

A Monstrociura Eotein 1.

The inceased bumen of dengue in
topical and subtropical megions of
the woard, abng with teChnobgical
develbprents, hawe led 1o the
pmliferztion of a wariety of dengue
diagnozis cammeial fests aiming 1o
support cas2 managerment and detect

outbreaks early. Howewer, theme & =ill
the nead for a full evaluation of thos
tests, and a3 welkdocumented and
detailed guide, with all consideations

for both  field and  clinic-basad
evaluations, has  been  publshed
previoush

inf mstrocture,

Commercial tests - diagnostic tests in el fomats available in
the market produced by specialzed companies.

ELIZA: a biochemical assaw that uses antibodies, usually to detect an
antigen, performmed in a micmoplate 2 a diagnostic tool.

Rapid diagnostic tests: easy-to-use, wualk membrne-based stdpzin a
plastic casette, mosth commemially available, requiring a drop ar small valurme
af the clinical zample and without the need for sophisticated equiprment and

A2
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Artibody detaction
(lght & 193]

Anti-DEMY  antibody detection can
be performed by saverl diagnostic
samiogical techniques such a5 the
hermagglutination inhibition (HI) test,
camplement  fixation, neutralzation,
gt capture EUSA ¢MAZ-ELUSA) and
[9G ELEA assavs. Alhowgh the HI test
has been corsidenad the gold-standamd
samiogic method due to its high
sarsitieity and meliabilty, the method
does not identify the infecting s oty pe
and & not available 35 a commercial
kit. By contrast, ELEA for detection of
g and BG antibodies has an easy
potoool, has commemially availablke
kits and may be auwtomated, themby
making them the most commonbk
perfiormed  method  in diagnostic
laboratories

ELISA & ROTs

MAC-ELES & the fomnat  most
commonk uwsad o by o diagnostic
laboratories and. the fomat most
commemrialy aailkble 2= 3 kit. The
principleofthatest iesonthe total g
in the patient’s sem being captured
by an anti-p-chain-specific antibody
ispecific to hurman g costed anto
a micmoplate, DEMY-specific antigens
ame bound to the captured anti-DENY
g and ae detected by momockonal
or polclonal  DEWY  antibodies
conjugated with an ereyme that
will convert 2 noncolored substte

into colbmed pmoducts meazied v a
spectmphotomater

05 ELEAs have abko been deweloped
and ame comparable with the HI test
far the differentiztion of primany
and secondary infections by DER.
They may be usad for the detection
af recent or past DENY infection, if
paimd sem are collected within the
comect tine frame ], The test may
mot b2 very specific 25 it maw show
Cross-mactivity with other flavivinisss,
Howewer, this fechnijue & a5 semsitive
s the HItest and it may be ussful in
semepdemiological studies 1. The
presance of anti-DENY G antibodies
&= an indication of a long-term aoquined
immunity of 3 past infection. In some
cxes, this lng-temn Igs immunity can
be detected up to 60 years after the
initial infection with DEWY

Direct and indirect ELEAS may be usad
todetect anti-DENY 195, Thedirect 19
EU=A method & generally less sansitive
than the indiect ELEA and & less often
eed because it mquies purified viml
antigen. Theindiract g0 EUSA & more
sorsitive and wses 3 capture antibody
to immobilize the wil antigen to
a =0ld surface. This ELEA is either
wsad quantitativel or with end paint
diltions.

In 2006, astudyonthe aocuracy of eight
commenial ighl RDTs available at that
time far the diagnosi of acute DENY
infection meported  low  sonsitivities

A3
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Figure 2.2. The Igh capture ELEAfarthe seralogic diagnosiz of dengue

infections.
DB Denigue wrus.,

(6.4-652%) and specificiies ranging
fom 89,1 1o 100%, with some tests
presanting distindt sensitivities within
the DENY sanaty pes

A multicenter study of nine g

commemial kits available (five ELSAS
and four RDTs) showed that the fest
sansitities vaned fom 615 o 9.0%
and specificities mnged fmm 29 0
Q78% for the ELEAS evaluated. The
ROTs andveed presented sorsitivities
vaning from 2.5 o 927% and
specificities from .6 10 B06% . Three
aut of fiwe anti-DENY lghl ELEA kits

534

pesented  aooepiablke  performance
compared with mefeence  standams
(ISekect™ [Focws Disgnodics, CA,
58], Dengue MW Captue ELEA
[Fanbio  Diagrostics,  Queersland,
Austalia) and Dengue gkl Capture
ELEA  [Sardad  Diagmostics  Inc.,
Kyonodi-do, outh Koma]). Howeeer,
three laterbflow tests did not presant
an acoeptable performance compansd
with refeence  standamds (Dengue
Duo Cassette [Panbio  Diagnostics],
S0 Bnline Dengue ghl¥lgs [Standad
Diagnostics Inc] and Dengucheck W/E
Eephwr Biormedicds Pangji, India])

Wi futurarmeadicine corm
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A moent study by Blacksell ako
evaluated  the performance of
cammerially awailable gl and 3G
EUSA  kits most commonk usad
by dengue diagnoss LBbomtones:
Dengue wirus Ighl captume  ELISA
ard Dengue virus QG captue ELISA
(Panbio Diagnostcs) and  Dengue
wirs gl ELEA and Dengue vwirus
Ig% ELISA (Standard Diagnostics Inc.)
. Far Igh detection, the kit fmom
Panbio showed 2 slightly higher oveall
sersitivity (23 6% ) compared with the
kitfmmstandard Diagnostics (34 5%
howewer, the latter was shown o be
mome specific (@72 vs 878%0) The
l[ght ELEA test fmom Panbio showed
a higher =ensitivity on confiming
DEMY1 cases and the test fom
Standamd Diagnostics had a slighth
higher sereitivity on DENY 2 cases, Far
9% detection, the kit from Standamd
Diagnostics showed 3 much  higher
sersitiity (38.9%) incomparsonwith
the igic ELEA kit fmonn Panbio (56,4 %).
ionthe other hand, the igs ELEA fom
Standamd Diagnostics had a much
[ower specificity (525 s 85 2%,

A somepdemiological  study  was
perfomed aiming 1o assess the extent
of DENW exposum ina population fom
Hong kong, China, using the Panbio
Dengue Igis Indirect ELEA. Anti-DERY
[0G was detected in 16% of the
blood samples tested and individuals
whio wisted ocountries in southeast
Agawemr sgnificantl associated with
samposit vty

Due to its chamcterstics, the NAC-
EU=A may be avallabletoolfordengue
surieillance, and ako during epidemics
to help to confirm suspected cases,
which will have an impact on dseasa
tmnsmission.  In dengue-endemic
aezs, MA-ELEA can be used in the
mutine evaluation of 3 lamge number
aof clinical samples and, given the
g and 190G =tio, this tool may be
wsaful in diffemntiating primary from
saoondarytertiary infections.

Antigen det@etion (ME1)

Cualitative . aszaws that use  both
ROT -and ELEA formats hawe been
deweloped to detect the hE1 DENY
antigen that appearswithin the blood
a5 eark asthe first day afterthe onsst
af fewer until the ninth day of illness,
from primary and secondary DERY
infections Although  some
studies may show 2 Dweer sonsitivity
in sacondary infectiors due 1o the
famnation  of  immunooomplexes
with arti-nN>1  antibodies, a high
pemrentage of N1 posfivity in thoss
cases may also be due to 2 lamer
¥immia

In 2 RDT famnat that uses teakflow
immunochmmatography,  the W31
antigen pesert in the sample will
comp ez withthegoldoollodal particles
coated  with  antiM51 antibodies.
After migration, the complexes will
b2 captured by anti-N>1 antibodies at
the test line, whem 2 blue or purple
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line will appear The ELEA tests am
sandwich fomat microplete enzyvme
immunosssaws  for the qualtatie
detection of DENY N51 antigen in
hiuman s2rum or plasma.

The ROTs are mome comenient 1o use,
as the msults can be obtained within
15-20 min, ame easy to implemant
and their performance does not
imohe the use of special laboatory
equiprert. In the ELEA format,
despite having increased sersitivity 1o
carnfim cases, msufts ae obtained at
appmzimatel 150 min: they ae ako
ey to perform but equie the we of
special equiprment, such a5 an ELSA
plate mader.

Cumenth, several commemial kits ae
available foreary diagnosis of dengue
based on M1 antigen capture, and
have been extensively evaluated
in  studies  performed  in many
labo rtories

A omuticountry evaluation of two
cammank wsed N51 captue ELEAS
i(Pan-E Dengue Earl EUSA [Panbio
Diagnostics] and  Platelia™ Dengue
M51 Ag [Biorad, Marnes-la<_oquetie,
France]) performed in s countres
in Asia and in the Americas showed
that the Platelia kit from Bioad was
mome sersitve (06%) than the Pan-E
Dengue Eark EUSA fmm Panbio
(52%) in confimned dengue cases,

with specificities of 90 and 100%,
respectively

A6

In Brzzil, the fist genemtion of the
DengueEary EUSAshowed 3 s2nsitivity
af 72.2% and a specificity of 1009
while the sensitivity of the Platelia N1
Feaay was 82.6%., Howewver, the highest
sarsitieity (83 6% was abtained using
the Dengue N1 Ag Strp (Bioad).
Differences in the sansitivities of the
tests within the DEMY somtvpes was
described, with DENY2 cases being
the least confimned by all thmee kits
analvzed. Despite the cross-mactivity
obserwed for anti-DERMY  antibodies,
differences in sensitivities among the
distinct somtypes may be eportad

Aiming to improve kit senstiity,
Panbio Diagnostics releasad 2 s2cond
generation fortheir Na1 capture ELEA
- the Dengue Eary ELEA - and the
companzon of the two gerertions
showed a sgnificant incease in the
test sercitivity (fmom 722 to S09%.
p < 005 corsidering cases up o the
ninth daw of illness

A study performed  in Colombia
analzed five Ms1-based commerial
tests: thee ELEAS (Platelia Dengue NS
A, Dengue Eark EUSA, 5D Dengue
M1 Ag (Standard Diagnostics Inc.) and
two ROTs (Denque M1 Ag STRIP and
=0 Dengue Do (Standard Diagnostics,
Inc.;. The S0 Dengue Duo, which
oombines the simuttaneous detection

of N=1Agi g5 presented the highest
sersitivity (80.7%), while all three

ELEA format kits showed comparable
sarsit vities (all bakbw 75%). The single
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W51 detection pmowvided by the Dengue
W51 Ag Strip and by the S0 Dengue h&1
A resutted in sensitivities lower than
&5% . Furthermome, sacondary infection
and infections by DENWZ and DENYA
werethe keast confirmed cases

Alemative us2 of the Ms1 antigen
captue commemid tests includes the

uszafunne o, tesuesfomfRalcasss
, cembral spinal fluid and viral
sunvaillance in mosquito wectors

W51 antigen capture asavs ae indeed
an atternative tool for the eary diagnosis
of dengue infections  However, their
combinZion  with gl antibody
detection may sgnificanth  enhanoe
e dengue diagnosis, extending the
poible window of detection o). The
Dengue Earky Rapid (Panbio Diagnostics)
sonstivities observed in a3 study
performed in Malwsia and - Vietnam
wem 692 and e89%, mspectiel

howener, 2 sorsitivity of B2% was
abaned when this test was combined

with the g/ oG Dengue Duo test

Combineduse of
sarologicaltests

The combined use of N1, g and Igs
poyided by the S0 Dengue Duo was
evaluated in the field and on clinical
manadement durnd an  epidemic
that occumed in Cambodia in 2011 by
hospital labortories and a national
reference labotory, and the overll
sarcitivities and specificities wem 275

and 839% and 944 and 90.0%,
Espectively

In Brzzil, the prevalence and incidence
of DEN'Y and antibody placental transfer
during late pregnancy wem evaluated
and, o assess pmewious exposure fo
DENY, parturients and their neonates
wem tested using the Dengue Igs
Indirect. To ewaluste a mcert DENY
infection, cases wem tested by the
Dengue i Captue and participarts
with 2 history of fewer and two or mone
dengue svmptomes, At kast 10 daws
prior to the delivery, wemr ako testad
w=ing the Dengue Eary M1

The chamcterstics of solected ELEA
ard RDT kits for dengue diagnoss
oommerizly 2vailable are describedon

. respectively. The most
commonk used approaches by RDT
oommerial kits awailable for dengue
diagnosis ame shown on

The broad usefulmess of these tests
during the course of DEMY infection
makes this 3 suitabke approach for
Fute-phasediagnosis, especialk when
oombinedwit hantibody detection. Due
to its high specificity, N51 captum tests
iy atso e usafulin bath endernic and
nonendemic settings. A negative result,
howewer, does not rule out dengue,
ard further evaluation sudies are
needed o better establsh the role of
thosa tests in the labortorial diagnoss
af dengque, maink due to the repertaine
af wariables, such 2= host immune
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Fiqure 2.2, Mozt commion v used approaches by some cormmercially

available mpid tests far thediagnosis of dengue infections, and some

possible results. Exafmpes Ofrapd diagnostc ests for (4) ant-dengue viruslgh and 195
antibody deection, {BLMS1 &ntigen capure and () the cormbined detecton of W31 and

1q MGG aniadies .

07 ontigen S oontre line; S 1S testline; Mgk testline; M3 MoretTucturd gotein 1;

T ®stline.

respons2, viRl strirs cinculating and
2 pidemiokbgical scenanos.

Dengue infactions that pmduce 3
bmad m@nge of symplorms can be
clinicaly andiar laborztory confimed.
howewer, 25 the Clinical diagnoss 1acks
specificity, a definitive dengue case
confimnation needs laboatory support

42

thatcanconfirmthe infection by soverl
available diagnostic appmaches. Eary
laboratonal confimiation by one ar
mom of the tests described here
may be waluable = some patients
may progmess fom a mikd o 2 sovere
dizez=a and death in a short period of
time, and a prompt interdention may
b life s2ving.
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Laboratory-based diagnosis of dengue
iz important not onk for patient
assitance and case  managerent,
but also for disease suneillance,
outbmeak and epidemics investigation,
and to ensure waccine triak and
implementation.  Another important
isse o be addressed sthe ooCurenoe
of dengue in trawelers, a5 the number
of cases is incmeasing & intemational
tevekers visit endemic courtries. In
that acenario, an aocurate diagnosis
has alo been accomplshed v using
rome than ane test, usualk combining
semibgical assavs far the detection of
anti-DENY antibodies (lgh and 9G]
with the datection of the wiral nucleic
acd and N51 antigen . Despite the
eziting laboratory techniques 2vailable
and the varety of commercial tests an
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Multiple cholce questions

An efficient diagnosis of dengue & important for

i_linical care, disaase sunmillance, pathogenese studies
and vaceine reseanh

only differentiating this deeasa from others with similar
symptoms such & chikunguma, keptospirss, ubelle and
measkes

Jnly supporting the physicians’ decisions on aclinkeal case
The inwestigation of outbreaks only

uding the measures of wactor contml

The desirable windoww for diagnosing dengue infections relies on:

The acute phase only, untilthe s2wenth day after the onsst
af the symptams

The convalescent phase only {after the tenth day afterthe
onzat of symploms)

The ons=t of the fewer when the wirus can be kolated
and viral genome detected urtil the tenth day afterwhen
anti-dengue antibodies can be detected

The incubation period, just after mosquito bite and bafor
the onsat of feer

A mytinne during the patient's Ifetime after being infected

In the primary dengue virus infection

A& Iovi-titer antibody response & obsereed, with i first
produeced and igG detectable in the end of the fist week
of the diseass at low tiers

& fast and high IgG antibody response & observad in the
acute phase of the diszase

A low gk titer and a high QG titer are observed in the
acute phase of the diszase

[ghl and G antibody esponses are elicited simu taneoushy
in the acute phase of the deaass
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The IgG titers inceasz2 @Epidly even in the acute phase of
the disaasa, rking ower the following 2 weeks and g
levels may be significant by ioeer

In elation to the specific labomtorial diagnosis of dengue, it is
comect 1o state that:

Wirus isolation and mokecular techniques ame the most
widely used diagnostc methods

The inhibition hemadglutionation test & a gold standard
for charactenzation of primary and s=condary infections
and determination of the infecting serotype

Severml serological methods ame availlable, but onlby
commenialy

Detection of Igh. 109G and nonstructural protein 1 (W51
ame the most widely usad tests fordengue diagnosis

The commercial kits available hawe boen fully ewaluated
and ame all reliable for dkease diagnoss

M=1 & a highly conzerved protein s2cmeted fom infected cells and
usad as a tool for dengue diagncets, and:

[t can be found in the biood cinulation for up 1o 9 days
fmorm . ilness orset

It zan befound in the blood circulation of primary dengue
infections onby

1= alternat e us2 includes the use of unne, feres, tEsues
fom fatal cases, vemb@l spinal fluid and mosguitoes

2nhy the mpd diagnostic test fomat & curently available

Modifferences in sensitivities within the four s2otypes ae
ob=ened
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5. DISCUSSAO:

A dengue € a arbovirose mais importante da atualidade e a cada década o
namero de casos reportados a OMS cresce exponencialmente (Nathan & Drager,
2006). A importancia da dengue como um problema de saude publica crescente em
paises tropicais e subtropicais, com sérias implicacbes meédicas, econdmicas e
politicas, tém estimulado pesquisas relacionadas a epidemiologia, virologia
molecular e metodologias de diagndéstico desta infecgao.

O estabelecimento do diagndstico laboratorial precoce das infecgbes por
DENV é de grande importancia para guiar a implantacdo de medidas de controle
que visem a prevencado de surtos e epidemias. Até entdo, as técnicas de diagndstico
mais amplamente utilizadas tém sido baseadas na deteccéo de anticorpos IgM por
MAC-ELISA e IgG por IgG-ELISA. Porém, uma das limitagdes destas técnicas € a
variacdo dos niveis dos anticorpos anti-DENV especificos na fase aguda da doenca
(OPAS, 1997, Schilling et al., 2004). Sao necessérios de 3 a 5 dias para anticorpos
IgM anti-DENV e de 10 a 14 para o IgG anti-DENV se tornarem detectaveis. Além
disso, infeccbes primarias e secundarias apresentam diferentes perfis de producéo
destes anticorpos (Shu et al.,, 2004). A deteccdo de produtos virais tais como
antigeno ou RNA é apropriada para o diagndstico durante a fase aguda ou virémica
da doenca. Apesar de o isolamento viral ser considerado o “padrao-ouro” para o
diagndstico laboratorial precoce das infec¢cdes por DENV, é ainda considerado um
método caro, além de serem necessarios de 6 a 10 dias para a replicacédo viral em
cultura celular. O método molecular de detec¢do do acido nucléico viral, RT-PCR,
ainda consiste em um método caro e é indisponivel em muitos laboratérios de
paises em desenvolvimento.

A forma hexamérica da proteina NS1 é altamente conservada nos quatro
sorotipos e foi encontrada circulando no soro de pacientes do primeiro ao nono dia
apos o inicio da febre (Falconar, 1997; Flamand et al., 1999, Young et al., 2000,
Alcon et al., 2002, Xu et al., 2006). Aproveitando-se destas caracteristicas, ensaios
imunoenziméticos para a deteccdo especifica da proteina NS1 tém sido
desenvolvidos e avaliados para a confirmagdo de casos agudos primarios e
secundarios de dengue (Xu et al., 2006; Dussart et al., 2006; Kumarasamy et al.,
2007; Sekaran et al., 2007; Blacksell et al., 2007; Lapphra et al., 2008; Chuansumrit
et al, 2008; Phuong et al.,, 2009; Chaiyaratana et al., 2009; Hang et al., 2009;
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Guzman et al., 2010; Duong et al., 2011; Blacksell et al., 2012; Huang et al., 2013;
Sanchez-Vargas et al., 2014).

5.1. ANALISE DO DESEMPENHO DOS TRES KITS DE CAPTURA DO
ANTIGENO NS1 DISPONIVEIS COMERCIALMENTE AO DIAGNOSTICO DOS
DENV:

(Artigos 1 e 2)

Em 2008, o Ministério da Saude implantou unidades sentinelas em
municipios estratégicos do pais, utilizando o teste de captura de NS1 como um
método de triagem e diagnostico precoce das infecgBes pelos DENV, no entanto,
sem uma avaliacdo detalhada do desempenho destes testes. Visando atender as
demandas de avaliagdo e utilizagbes alternativas, inicialmente, avaliamos e
comparamos trés kits de captura de antigeno NS1 disponiveis comercialmente em
um painel de 450 amostras de casos ocorridos desde a introducéo do dengue no
Rio de Janeiro, Brasil, em 1986 a 2008, envolvendo DENV-1, DENV-2 e DENV-3,
mas ndo o DENV-4.

Aqui demonstramos que o teste rapido NS1 Ag Strip (BioRad Laboratories)
foi o mais sensivel em confirmar casos de dengue seguido pelo teste Platelia NS1
ELISA (BioRad Laboratories). O teste menos sensivel foi o pan-E Early ELISA,
primeira geragdo (Panbio Diagnostics), com 72,3% de sensibilidade. No entanto,
neste estudo o kit Panbio foi mais especifico (100%), enquanto que ambos os kits
da BioRad apresentaram 98,7% e 99,1% de especificidade, respectivamente. Uma
avaliacdo realizada na Malasia demonstrou que o teste rapido NS1 Ag Strip
apresentou 90,4% de sensibilidade e especificidade de 99,5% (Zainah et al., 2009).
Estudos realizados no Vietnd (Hang et al., 2009) e na Guiana Francesa (Dussart et
al., 2006) demonstraram uma sensibilidade de 82% e 88%, respectivamente, para o
teste Platelia NS1 ELISA. No entanto, também foram relatados uma variagdo na
sensibilidade para este kit de 63,2% a 93,3% (Kumarasamy et al., 2007; Lapphra et
al., 2008). Apesar dos diferentes gendétipos do DENV circularem nas Américas e na
Asia, avaliacBes dos kits NS1 nos paises destas areas mostraram ser capazes de
detectar o DENV em pacientes infectados. Nossas observacdes sao consistentes
com estudos anteriores, nos quais o pan-E Early ELISA apresentou uma menor
sensibilidade (Blacksell et al., 2008; Dussart et al., 2008; McBride, 2009; Bessoff et

al., 2008).
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Neste estudo, todos os trés testes de captura de Ag NS1 avaliados foram
mais sensiveis em confirmar casos positivos por isolamento viral do que casos
positivos por RT-PCR. Dussart et al.,(2006) confirmaram 94,1% de casos positivos
por isolamento viral e 85% dos casos de RT-PCR positivos usando o ensaio Platelia
NS1 ELISA. McBride (2009) mostrou que a captura do antigeno NS1 foi positivo em
87% dos casos positivos por RT-PCR. Em nosso estudo, o teste rapido NS1 Ag
Strip confirmou 98,7% dos casos positivos por isolamento viral e 82,3% dos casos
positivos por RT-PCR, resultados estes observados de forma semelhante por
Zainah et al., (2009). Na presenca de anticorpos IgM, o teste rapido NS1 Ag Strip
confirmou mais casos (77,4%) do que o pan-E Early ELISA, primeira geracao
(69,4%) e o Platelia NS1 ELISA (64,5%). Neste estudo, a presenca ou auséncia do
anticorpo anti-DENV IgM néo influenciou na confirmacéo dos casos pelo pan-E Early
ELISA, primeira geracdo (p= 0,6159). No entanto, a maior confirmag¢ao por ambos
os testes Platelia NS1 ELISA e NS1 Ag Strip, na auséncia de IgM, foram
estatisticamente significativas. Sekaran e colaboradores (2007) observaram que as
taxas de deteccdo do NS1 diminuiam a medida que os niveis de IgM se elevavam,
corroborando nossos achados.

O pan-E Early ELISA, primeira geracdo, apresentou uma sensibilidade maior
em confirmar infeccbes por DENV-2 e o teste Platelia NS1 ELISA em infec¢des por
DENV-1. No entanto, o teste Dengue NS1 Ag Strip teve a mesma sensibilidade na
confirmacédo de infec¢cdes por DENV-1 e DENV-2. InfeccBes por DENV-3 foram os
menos confirmados por todos os trés kits. A aparente incapacidade de infeccao
confirmada por esse sorotipo foi demonstrada anteriormente (Blacksell et al., 2007).
Além disso, as diferencas nas sensibilidades entre os sorotipos foram relatados
pelos trés kits. McBride (2009) mostrou sensibilidades mais baixas pelo pan-E Early
ELISA, primeira geragdo, em infecgbes por DENV-2 e DENV-4. Este ultimo também
foi encontrado em estudos anteriores realizados por Bessoff e colaboradores (2008),
por Dussart e colaboradores (2008) e por Ramirez e colaboradores (2009) em um
estudo realizado na Venezuela. Ambos os kits do fabricante BioRad (Platelia NS1 e
Dengue NS1 Ag Strip) mostraram uma menor sensibilidade em infec¢cées por DENV-
2 no Vietna (Hang et al., 2009). Devido a auséncia de circulacdo do DENV-4 no
Brasil naquele momento, ndo fomos capazes de avaliar a sensibilidade destes
ensaios em casos infectados por este sorotipo.

A taxa de deteccdo pelos trés testes foi maior durante os primeiros quatro
dias apds o inicio dos sintomas. Apesar de detec¢des do antigeno NS1 da dengue
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serem descritas até o 9° dia de doenca, aqui analisamos casos, apenas, até o 7°
dia, devido ao baixo niumero de amostras que representativas dos dias 8° e 9°, em
nossa populagéo. Estudos prévios encontraram antigeno NS1 em 82% a 83 % dos
pacientes com dengue desde o dia 1° ao 9 ° dia ap0s o inicio da febre (Alcon et al.,
2002; Shu et al.,, 2002). O teste Platelia NS1 ELISA demonstrou uma maior
sensibilidade para confirmar infeccbes primarias do que as secundarias, como
descrito previamente (Kumarasamy et al., 2007; Sekaran et al., 2007; Lapphra et al.,
2008; Chuansumirit et al., 2008; Zainah et al., 2009; Hang et al., 2009).

Entre os kits avaliados, o teste rapido NS1 Ag Strip foi o0 mais eficiente na
confirmacdo de infeccbes por dengue. Além disso, € o mais conveniente de ser
utilizado, com resultados que podem ser obtidos em 15 minutos, facil de ser
realizado e o seu desempenho ndo envolve o uso de equipamentos especiais de
laboratério. No entanto, em um estudo retrospectivo realizado em Taiwan, a
sensibilidade do teste rapido NS1 Ag Strip foi de 68,37% em casos confirmados de
dengue em adultos (Huang et al., 2013).

Estudos anteriores demonstraram uma estratégia de diagnostico
combinando a deteccdo de NS1 em soros de fase aguda e a deteccdo de IgM no
soro de fase convalescente, proporcionando uma sensibilidade de cerca de 90%
para o diagnéstico do dengue (Dussart et al., 2006; Chuansumrit et al., 2008). Além
disso, a sensibilidade para o diagndstico combinando a detec¢do de NS1 no Liquor
com a deteccado de IgM no soro foi de 92.3%.

Recentemente, um estudo avaliando o teste rapido SD Bioline Dengue Duo,
que combina a deteccdo de IgM e NS1 em um Unico teste, demonstrou uma
sensibilidade de 90,65% e especificidade de 89,66% em casos de dengue ocorridos
em uma regido endémica do México. Nao foram observadas diferencas significativas
na sensibilidade do teste em confirmar casos de infec¢do primaria e secundaria, no
entanto casos agudos foram significativamente mais confirmados do que casos
convalescentes (Sanchez-Vargas et al., 2014).

O diagnéstico do dengue é baseado em achados clinicos e laboratoriais.
Isto € de grande importancia para o bom atendimento e tratamento dos pacientes,
além de orientar a implementacdo de medidas que visem o controle e prevencéo de
surtos e epidemias. A FHD esta emergindo como um importante problema de saude
publica no mundo, inclusive na regido das Américas e, anualmente, um numero
elevado de casos vem sendo relatados (OMS, 2009). A confirmacéo de casos fatais
por dengue sempre foi problematica, pois na maioria dos casos, apenas uma
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amostra de sangue é obtida e o 6bito ocorre por volta da fase de defervescéncia
(Gubler, 1998) quando a utilizacéo, por exemplo, do isolamento viral e deteccéo viral
do RNA, ndo é mais apropriado (Guzman et al., 1999; Jessie et al., 2004; Limonta et
al., 2009).

O diagnostico virolégico do dengue em amostras de tecidos também é
possivel pela técnica de imunohistoquimica (Hall et al., 1991; Miagostovich et al.,
1997; Jessie et al.,, 2004; Limonta et al.,, 2007). Esta metodologia permitiu a
deteccdo do DENV no figado, baco, cérebro, pulmdes, linfonodo, timo, rim, coracéo,
medula 6ssea e pele (Miagostovich et al., 1997; Guzman et al., 1999; Jessie et al.,
2004; Limonta et al., 2007).

Contudo, devido as crencas culturais e religiosas, a falta de infraestrutura
para a realizacdo de anatomia patoldgica, pela falta de técnicos especializados e as
questdes de biosseguranca, as necrépsias podem ndo ser normalmente realizadas
(Burton & Underwood, 2007). Neste estudo, trés testes para captura do antigeno
NS1: Early ELISA (Panbio), Platelia NS1 ELISA (BioRad) e o teste rapido NS1 Ag
Strip (BioRad) foram avaliados em tecidos de casos fatais por dengue ocorridos no
Rio de Janeiro durante a epidemia ocorrida em 2002. Apesar de inUmeros estudos
demonstrarem a utilidade de deteccdo de antigeno NS1 dos DENV por diferentes
ensaios ELISA no plasma e/ou no soro de pacientes com dengue (Dussart et al.,
2006; Kumarasamy et al., 2007; Blacksell et al., 2008; McBride, 2009; Zainah et al.,
2009; Lima et al.,, 2010; Chua et al., 2011), nenhuma pesquisa foi realizada
anteriormente para demonstrar a presenca do antigeno NS1 em tecidos de casos
fatais.

No presente estudo, o antigeno NS1 foi detectado em 22 dos 23 casos
fatais por dengue examinados e 73,9% de todos os fragmentos de tecidos
avaliados. A deteccao do antigeno NS1 nos casos fatais foi de 34,7% (8/23), 60,8%
(14/23) e 91,3% (21/23) quando testados pelos testes Early ELISA (Panbio),
Platelia NS1 ELISA (BioRad) e o teste rapido NS1 Ag Strip (BioRad),
respectivamente. Nas amostras avaliadas, o Dengue Early ELISA, segunda geragéo,
foi detectado em 22,9% (17/74) e o Platelia NS1 ELISA em 45,9% (34/74). A maior
sensibilidade foi obtida pelo NS1 Ag Strip e as diferencas entre as sensibilidades
foram estatisticamente significativas (p<0,05). Dentre os testes avaliados, o NS1 Ag
Strip foi o mais sensivel na confirmacdo de casos de dengue no figado, pulméo,
rim, cérebro, baco e timo. Apesar destes resultados, ndo podemos inferir se esta
deteccéo foi devido a replicacao viral in situ ou devido ao virus presente no sangue
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que circula nestes tecidos. No entanto, a presenca do antigeno viral em alguns
tecidos detectados por imunohistoquimica, pode corroborar com estes achados.
Estudos de imunomarcacdo dos tecidos, utilizando anticorpos anti-NS1, por
exemplo, sdo sugeridos para ajudar a elucidar essas questdes.

Na maioria dos tecidos incluidos neste estudo (figado, pulmé&o, rim, cérebro,
pele e baco) tem sido relatado, em estudos anteriores, a presenca do DENV
utilizando métodos moleculares e de imunohistoquimica (Kangwanpong et al., 1995;
Miagostovich et al., 1997; Guzman et al., 1999; Jessie et al., 2004; Limonta et al.,
2007). Neste estudo foi possivel a positividade para o antigeno NS1 no tecido
cardiaco e no timo, que até este momento, ndo tinha sido relatado com antigeno
dos DENV (Killen & O’sullivan, 1993). A infec¢cado do coragao pelos DENV poderia
causar disfuncdo cardiaca e perturbacfes do ritmo cardiaco, tal como do bloqueio
atrioventricular (Donegani & Bricefio, 1986; Khongphatthallayothin et al., 2000) e
batimentos ventriculares ectépicos (Chuah, 1987). Estas alteracdes tém sido
descritos durante os episédios de FHD, a maioria delas apresentando um curso
benigno, com resolucdo espontanea. Essas caracteristicas clinicas tém sido
atribuidas a miocardite viral, mas no entanto o mecanismo exato ainda nao foi
completamente elucidado. Lesbes no coragdo supostamente causadas por
infeccbes pelos DENV, como a hemorragia subendocardial no septo ventricular
esquerdo, ja foram relatadas (Wali et al., 1998).

O figado é reconhecido como um dos principais alvos na patogénese na
infeccdo por DENV, considerando a replicacéo viral nos hepatécitos (Couvelard et
al., 1999; Lin et al., 2000). Os nossos resultados sugerem que este 6rgao possa ser
o tecido mais adequado para a deteccdo de antigeno NS1.

Aléem dos orgaos descritos previamente, o SNC pode ser acomentido.
Assim, € posivel ocorrer a ruptura da barreira hemato-encefélica foi mostrado
anteriormente em casos fatais de dengue (Miagostovich et al., 1997). Em um estudo
com 378 pacientes vietnamitas com suspeita de infeccdo do sistema nervoso
central, 4,2% estavam infectados com o DENV (Solomon et al., 2000).

Além das manifestagcbes comuns de infec¢cdo por DENV, manifestacoes
toracicas, tais como derrame pleural e pneumonia, também s&o descritos na FHD.
Estudos morfolégicos dos tecidos pulmonares revelaram pneumonia intersticial
associada as areas focais ou difusas de congestao e hemorragia alveolar, aumento
do numero de macréfagos alveolares, recrutamento de plaguetas, células
mononucleares e polimorfonucleares (Barreto et al., 2007; Basilio-de-Oliveira et al.,
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2005). O antigeno viral também ja foi demonstrado em células inflamatérias do
pulméo e do baco (Basilio-de-Oliveira et al., 2005).

Apenas a técnica de RT-PCR em tempo real (de Araujo et al., 2009)
realizada nos tecidos avaliados foi mais sensivel do que o ensaio NS1 Ag Strip. As
sensibilidades de qualquer um dos trés ensaios de captura de NS1 foram maiores
do que o isolamento viral e RT-PCR convencional.

A aplicacdo de testes de captura do antigeno NS1 para demonstrar a
presenca dos DENV pode proporcionar uma melhor compreensao do tropismo viral
em casos fatais. Tanto o teste de ELISA quanto o teste r4pido para a captura do
antigeno NS1 podem constituir uma alternativa ao diagnostico dos casos fatais pela
investigacdo dos tecidos e do liqguor, uma vez que exigem menos estrutura
laboratorial do que as técnicas moleculares e imunohistoquimica, usadas
atualmente para detectar os DENV nestes espécimes.

Bidpsias por agulha seriam uma alternativa a coleta destes espécimes em
locais com recursos escassos e que enfrentam rejeicfes a necropsias. A bidpsia por
agulha ja foi comprovado como um procedimento Gtil em locais com pouco recursos
(Burton & Underwood, 2007) e em estudos de dengue (Huerre et al., 2001; Jessie et
al., 2004; Wiersinga et al., 2006).

5.2. COMPARACAO DE DUAS GERACOES DE UM ELISA PARA
CAPTURA DO ANTIGENO NS1:
(Artigo 3)

Visando aumentar a sensibilidade do seu teste de captura de antigeno NS1
para o diagnéstico precoce dos casos de dengue, a Panbio lancou uma segunda
geracao para o teste pan-E Early ELISA, o teste Early ELISA, atualmente disponivel.
Segundo o fabricante, as mudangas para o aperfeicoamento do teste foram feitas
nos reagentes e os controles e amostras de pacientes sédo agora diluidos 1:02 ao
invés de 1:101, como recomendado para o teste da primeira geragao.

Em uma analise prévia realizada pelo nosso grupo (Lima et al., 2010), uma
sensibilidade total de 72,3% e especificidade de 100% foi observada para o teste
pan-E Early ELISA, primeira geracdo, considerando amostras de soro até o 9° dia
apos o inicio dos sintomas. Sensibilidades de 63% (Blacksell et al., 2007) e 64,9%
(Avirutnan et al., 2006) foram descritas quando o teste do fabricante Panbio foi
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comparado a outros kits comerciais para captura de antigeno NS1. No entanto,
neste estudo, um aumento na sensibilidade (80%) foi observado quando a nova
geracdo de captura do antigeno NS1 (Dengue Early ELISA) foi comparada com a
mesma populacdo do estudo anterior. Além disso, a segunda geracao foi menos
sensivel do que a primeira para casos positivos somente por IgM. Apesar do
aperfeicoamento do teste, uma menor sensibilidade em casos de infec¢cdes por
DENV-3 também foi encontrada aqui como relatadas anteriormente (Blacksell et al.,
2007; Lima et al., 2010).

5.3. UTILIZACAO DE TESTES DE CAPTURA DE ANTIGENO NS1 EM
MOSQUITOS Ae. aegypti:
(Artigo 4)

O DENV-4 ressurgiu no Brasil em 2010 em Roraima, 28 anos depois que foi
detectado pela dltima vez no pais (Temporédo et al., 2011). Em 2011, este sorotipo
se dispersou para outros estados brasileiros e, no Rio de Janeiro, 0s primeiros
casos foram isolados em Niteroi (Nogueira & Eppinhaus, 2011).

Os casos de DENV-4 investigados neste estudo foram inicialmente
detectados por RT-PCR convencional, estabelecido no LABFLA,IOC/FIOCRUZ
como um método de diagndstico de rotina para todos 0s casos suspeitos na fase
aguda da doenca. Os resultados séo geralmente liberados de 24 a 48 horas apés o
recebimento das amostras no Laboratorio. Concomitantemente, 0os casos s&o
submetidos aos testes de MAC-ELISA, NS1-ELISA e isolamento viral. Uma vez que
o estudo consistiu na analise de amostras de pacientes na fase aguda da doenca, o
teste de MAC-ELISA confirmou apenas dois dos nove casos testados. O MAC-
ELISA ainda é uma das técnicas sorolégicas mais amplamente utilizadas para a
deteccdo de anticorpos IgM anti-DENV. No entanto, uma das limitacbes deste
método sdo as variagdes nas taxas de deteccdo durante a fase aguda da doenca
(Huang et al., 2001).

Ambos os testes, Platelia NS1 ELISA e Dengue NS1 Ag Strip, confirmaram
qguatro dos nove casos de DENV-4 até o quarto dia apés o inicio dos sintomas. O
DENV-4 foi isolado em cinco dos casos investigados e o sequenciamento genémico

realizado confirmou a circulagdo do gendétipo Il de DENV-4 nestes casos.
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A vigilancia entomologica dos DENV em mosquitos adultos e em estagios
imaturos constitui uma ferramenta importante para a previsao precoce de epidemias
de dengue. Além disso, a vigilancia entomoldgica de vetores dos DENV coletados
no campo utilizando metodologias moleculares tém sido Uutil para a rapida
identificacdo de surtos de dengue em regides endémicas e/ou para a deteccao da
introducé@o de novos sorotipo e/ou gendtipos dos DENV (Chow et al., 1998; Pinheiro
et al., 2005; Mendez et al., 2006; Chen et al., 2010; Guedes et al., 2010).

O desenvolvimento e estabelecimento de métodos moleculares como o RT-
PCR convencional e mais recentemente do RT-PCR em tempo real, reduziram
significativamente o tempo de processamento necessario para a identificacdo dos
virus nas fases iniciais da infeccdo no homem e vetores virais.

Todos os macerados de mosquitos coletados no campo foram submetidos
as técnicas de RT-PCR convencional e RT-PCR em Tempo Real. O DENV-4 foi
identificado por RT-PCR convencional em uma fémea de Ae. aegypti (1/72; 1,4%)
que foi capturada em uma das residéncias dos casos suspeitos. A mesma fémea
também foi positiva quando testada pelo teste comercial de RT-PCR em Tempo
Real, Simplexa™ Dengue Real-Time RT-PCR assay. O RT-PCR em Tempo Real
quantitativo detectou 1.08 x 10° copias/mL de DENV-4 no macerado da fémea
Aedes aegypti naturalmente infectada.

As taxas de deteccdo de mosquitos Aedes por RT-PCR podem variar
dependendo da localizacdo geografica, situacdo epidemiolégica ou populacdo do
vetor. Em Taiwan, apenas 0,2% das fémeas de Aedes aegypti analisadas foram
positivas para DENV (Chen et al., 2010). Contudo, foi demonstrado que 16,1% das
fémeas de Aedes aegypti coletadas em escolas mexicanas encontravam-se
infectadas pelos DENV (Garcia-Rejon et al.,, 2011). No Brasil, estudos prévios
demonstraram que 17% dos mosquitos Aedes aegypti estavam infectados, durante
uma vigilancia iniciada durante a epidemia de DENV-3 ocorrida na cidade de
Manaus (Pinheiro et al., 2005). Em Recife, 10% dos “pools” analisados eram
positivos para os DENV e, apesar do predominio de casos de DENV-3 em humanos,
DENV-1 e DENV-2 também foram detectados nos mosquitos (Guedes et al., 2010).
No Ceard, larvas capturadas na antureza e ciadas no laboraqtério, demonstrando
ser uma transmisséo transovariana, foram detectadas com DENV-2 e DenV-3
(Pessoa et al., 2012).

Como uma abordagem alternativa, 47 macerados de mosquitos foram
submetidos aos testes de captura de antigeno NS1, Platelia NS1 ELISA e o teste
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rapido NS1 Ag Strip. A utilizacdo de testes de captura de antigeno NS1 para a
deteccdo de antigenos de DENV a partir de mosquitos Aedes também ja foi
demonstrada (Tan et al., 2011). A mesma fémea de Aedes aegypti positiva pelos
métodos moleculares utilizados nesta investigacdo foi positiva por ambos os testes.
Interessantemente, ambos testes também detectaram NS1 no macerado de um
Aedes aegypti macho. A transmissao transovariana do DENV pode ocorrer quando
0 virus é transmitido para a descendéncia de uma fémea infectada e ja foi
demontrada previamente (Khin & Khin, 1983; Joshi et al., 2002; Le Goff et al. 2011).

5.4. ESTABELECIMENTO DE METODOS DE DISSOCIACAO DE
IMUNOCOMPLEXOS ANTIGENO-ANTICORPO:
(Artigo 5)

Resultados negativos para captura de antigeno NS1 ndo devem ser
considerados necessariamente casos ndo-dengue. Resultados falso-negativos
podem ser resultantes da formag¢do de imunocomplexos do antigeno NS1 com a
IgG, particularmente em infeccbes secundarias para dengue, no qual antigenos
alvos ndo sdo mais acessiveis ao anticorpo monoclonal utilizado nos testes de
ELISA (Koraka et al., 2003; Hang et al., 2009). Utillizando amostras de soro de
pacientes com infeccbes secundarias, a antigenemia da glicoproteina NS1
demonstrou ser mais curta e a sensibilidade de deteccdo em ensaios ELISA menor
(60 a 80%) (Guzman et al, 2010).

O Brasil vive atualmente, uma situacdo de hiperendemicidade, com a co-
circulagdo dos quatro sorotipos de DENV, e consequentemente a ocorréncia, cada
vez maior, de casos de infecgbes secundarias. Apos a introducdo do DENV-4 no
pais, uma menor sensibilidade dos testes de captura de antigeno NS1 foi relatada e
uma reavaliagdo da utilizacdo destes testes como um método de triagem para o
monitoramento dos DENV sugerida (Sea et al., 2013; Colombo et al., 2013). De fato,
uma menor sensibilidade do teste Platelia NS1 ELISA em casos de infeccéo
secundaria por DENV-4 foi demonstrada (Sea et al., 2013). Ressalta-se que, a
avaliacdo dos testes disponiveis comercialmente realizada apos a introducgéo
destes, nas unidades sentinelas pelo Ministério da Saude em 2008, néo

contemplava a analise destes casos, uma vez que o DENV-4 nao circulava no pais.
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Visando atender a uma demanda do Ministério da Saude, esforcos foram
realizados no intuito de aperfeicoar a sensibilidade destes testes, em uma nova
realidade epidemioldgica do pais, caracterizada pela circulagdo de um novo sorotipo
e pela ocorréncia de casos de infec¢des secundarias.

Titulos elevados do anticorpo IgG em amostras de soro de pacientes
positivos para DENV-4 que obtiveram resultados negativos para a detec¢cdo de NS1
foram observados. Neste contexto, foram realizados processos de dissociagao por
tratamento acido e calor visando um aumento na sensibilidade de deteccédo da
glicoproteina NS1.

No nosso estudo, a sensibilidade de deteccdo da NS1 aumentou de 54,4%
(124/228) para 77,2% (176/228), ap0s as amostras de soro dos pacientes com
infeccdo primaria por DENV-4 serem submetidos a dissociacdo acida e para 82%
(187/228), depois de terem sido submetidos a dissociacdo por calor. Como
esperado, a sensibilidade de deteccao utilizando as amostras de soro dos pacientes
com infeccdo secundéria por DENV-4 também aumentou significativamente, de
39,0% (93/228) para 63,9% (152/238), apdés a dissociacdo acida e para 73,1%
(174/238) apos dissociagdo por calor. Assim, houve uma diferencga estatisticamente
significativa entre essas sensibilidades para amostras de pacientes com infeccéo
por DENV-4 em casos primarios contra secundarios, nos casos nao dissociados
(p=0,001), com dissociacéo acida (p=0,002) e dissociacéo por calor (p=0,002).

A sensibilidade total, utilizando os resultados combinados para as amostras
de pacientes com infec¢do primaria e secundaria por DENV-4, foi significativamente
aumentada para 70,4% (328/466) e 77,5% (361/466), (p=0,017), apds a dissociacao
acida e dissociacao por calor, respectivamente. Este é o primeiro estudo a testar a
dissociacdo por calor para aumentar a detec¢do da glicoproteina NS1 dos DENV e
que tem mostrado ser um meétodo ideal, uma vez que pode ser realizada mais
rapidamente do que o método de dissociagdo &acida e sem a necessidade da
utilizacado de tampdes adicionais. Métodos de dissociacdo acida ou por calor foram
descritos como aboradagens para aumentar a deteccédo da proteina p24 do HIV-1
por testes de ELISA (Schipbach et al., 1996).

Em um estudo prévio, maiores sensibilidades na deteccdo de NS1 foram
observadas em infec¢des primarias e secundarias de casos ocorridos nas Antilhas
Holandesas, onde casos graves sdo raros, quando comparadas aquelas obtidas
com a analise de soros de pacientes da Indonésia, onde casos de dengue grave sao
comuns. No entanto, maiores sensibilidades foram obtidas em infeccbes primarias
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qguando as duas populac¢oes foram consideradas (Koraka et al., 2003). No Camboja,
outro pais endémico para casos de dengue grave (FHD/SCD), uma maior
sensibilidade foi observada em casos de infeccdo primaria testados pelo teste
Platelia NS1 ELISA. Estes resultados poderiam ser explicados pela presenca de
imunocomplexos formados durante infec¢des secundarias (Duong et al., 2011). No
entanto, uma maior sensibilidade na deteccdo de NS1 em casos de infeccéo
secundaria de pacientes infectados por DENV-2 na Tailandia pode ser explicada por
uma maior viremia apresentada por estes pacientes (Libraty et al., 2002).

A realizacdo de um processo de dissociacao por tratamento acido realizado
em soros de pacientes coletados na Indonésia aumentou consideravelmente a
sensibilidade na deteccdo da glicoproteina NS1 em casos de infeccdo primaria e
secundéria, de 64 para 91% e 22% para 93%, respectivamente (Koraka et al.,
2003). Em um estudo subsequente realizado na Tailandia, a sensibilidade do
Platelia NS1 ELISA aumentou de 63,2% para 72%, quando as amostras de soro dos
pacientes foram submetidas ao mesmo processo de dissociagcdo por tratamento
acido (Lapphra et al., 2008).

5.5. DETERMINAQAO DO METODO DE ELUIQAO DO SANGUE APARTIR
DE PAPEL DE FILTRO:
(Artigo 6)

A utilizacao de sangue € fundamental para a realizacdo de praticamente
todos os ensaios diagnosticos laboratoriais. Embora relativamente simples em se
tratando de um ambiente clinico, ela exige profissionais treinados, insumos e
equipamentos para coleta da amostra, processamento e armazenamento,
representando um problema para locais mais remotos e pouca infraestrutura.

A flebotomia é invasiva, dolorosa e pode representar um desafio a mais para
o Programa de Vigilancia e Controle do Dengue. Neste contexto, a coleta de sangue
por puncao digital, por ser menos invasivo e mais facil de coletar, pode ser uma
alternativa mais satisfatéria e conveniente a coleta de sangue intravenosa,
principalmente em determinadas populagdes, como criancas, idosos, individuos
febris ou ainda, em estudos epidemioldgicos de vigilancia em voluntarios saudaveis

por permitir acesso facil a populacdes fora do ambiente clinico (Perry, 1992).
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Amostras de sangue coletadas por puncéo digital e absorvidas em papel de
filtro, chamadas “sangue seco”, tém algumas vantagens sobre o0 sangue, porque sao
simples de serem coletadas, ndo necessitam de profissionais com experiéncia, ndo
requerem instalacdes para centrifugacdo e podem ser armazenadas e transportadas
a temperatura ambiente.

Estudos de diagnoéstico de dengue utilizando sangue coletado por puncgéo
digital em papel de filtro para a vigilancia da doenga datam da década de 1980 na
Tailandia (Fukunaga et al., 1984). No Brasil, um estudo de soroprevaléncia de
dengue em escolares do municipio de Niter6i no Rio de Janeiro, ja utilizava sangue
coletado em papel de filtro para utilizacdo em testes de Hl em 1995 (da Cunha et al.,
1995).

Um estudo prévio jA demostrou a deteccdo de anticorpos especificos para
DENV, RNA e antigeno NS1 em sangue seco, porém estes estudos nao
apresentavam comparacfes sistematicas do desempenho do sangue seco
comparado com amostras de plasma (Prado et al., 2005).

Em um estudo realizado na Nicaragua, a detecgéo de IgM e IgA anti-DENV
em soro e sangue coletado em papel de filtro se mostrou eficaz para o diagnoéstico
das infec¢des por dengue (Balmaseda et al., 2008).

Os diferentes sorotipos de DENV puderam ser determinados por diferentes
protocolos de RT-PCR em sangue seco coletado em papel de filtro de casos
ocorridos nas ilhas do Pacifico apds trés semanas do transporte a temperatura
ambiente. Na maioria dos casos, 0 sequenciamento do gene do envelope para a
genotipagem dos virus também foi possivel (Aubry et al., 2012).

Recentemente, um estudo analisou a cinética do antigeno NS1, IgM e IgA
em casos confirmados de dengue e demonstrou sensibilidades e especificidades de
96% e 100%, respectivamente para a captura do NS1, de 58,1% e 100%,
respectivamente para a captura de IgM e 33% e 100%, respectivamente para a
deteccdo de IgA (Matheus et al., 2014). No entanto, estes estudos ndo avaliaram
diferentes métodos de eluicdo do sangue coletado em papel de filtro, que poderiam
resultar em uma melhor sensibilidade de deteccéo pelos testes de diagnoéstico.

O uso de sangue seco em papel de filtro também ja € bem estabelecido
para outros virus como HIV, Herpes simplex, CMV, Hepatites B e C, Sarampo e
Chikungunya (Solomon et al., 2002; Hogrefe et al., 2002; EI Mubarak et al., 2004;
Villar et al., 2011; Brandao et al., 2013; Andriamandimby et al., 2013).
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O papel de filtro Whatman 903 usado neste estudo é relativamente espesso
e absorvente e tem sido amplamente utilizado na coleta de sangue em outras
doencas (Villar et al., 2011; Marques et al., 2012; Masciotra et al., 2012).

No presente estudo, 0 mesmo diametro (6mm) e volume foram utilizados a
eluicdo do sangue seco para analise pelos testes de captura do NS1 (Platelia NS1
ELISA) e de deteccédo de IgM e IgG. Komas e colaboradores (2010) utilizaram
discos de papel de filtro de 6mm de diametro para deteccdo de HBsAg e de anti-
HBc pelo ensaio MEIA, enquanto Mendy e colaboradores (2005) utilizaram discos
de 6mm de diametro para a deteccdo de HBsAg por IQA. No entanto, Matheus e
colaboradores (2007, 2008) usaram discos de 3mm de diametro para a captura de
antigeno NS1 dos DENV, enquanto que, Tran e colaboradores (2006) usaram dois
discos de 6 mm para a deteccdo de anticorpos IgM e IgG anti-DENV. A
recuperacdo do volume de sangue recolhido € também um ponto de interesse,
porque o papel de filtro contém um pequeno volume de soro que ainda é diluido no
tampdo de eluicdo. A quantidade da amostra recuperada a partir do papel de filtro
varia com o tamanho do ponto de coleta, que é influenciado pela viscosidade devido
as variacdes nos valores do hematocrito (Ht) (Mei et al., 2011; Denniff & Spooner,
2010). No presente trabalho, o volume recuperado foi o suficiente para realizar todos
os testes.

Os dados obtidos neste estudo sugerem que o protocolo de Matheus e
colaboradores (2008) com eluicdo passiva, utilizando o préoprio diluente fornecido
pelos testes comerciais, seria a melhor estratégia para a captura de anticorpos IgM
anti-DENV e de antigeno NS1. Por outro lado, diferencas foram observadas nas
eluicbes obtidas ativamente (por centrifugacdo ou pressdo manual), utilizadas nos
protocolos 2, 3, 4 e 5.

Para captura de anticorpos IgM anti-DENV e de antigeno NS1, qualquer um
dos protocolos utilizados seriam uteis para a eluicio do sangue. Contudo,
independente do protocolo, uma menor sensibilidade na deteccdo poderia ser
resultado da escolha do tampéo. Para a deteccao do anticorpo anti-DENV, o melhor
protocolo foi descrito por Marques e colaboradores (2012), modificado de Mercarder
e colaboradores (2006), quando usado com o tampéo 1 (1x PBS pH 7.2), 2 (1x PBS
pH 7.2 + 0.05% Tween 20) e 4 (1x PBS pH 7.2 + 0.05% Tween 20 + 5% leite em po
desnatado), provavelmente devido a habilidade destes reagentes em reduzir

reacOes ndo especificas em testes de ELISA.
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Os protocolos que ndo requerem equipamentos elétricos (protocolos 1 e 5,
de Matheus et al., 2008 e Draper and Kelly, 1969; Chishty, 1971; Monto et al., 1969,
respectivamente) foram os mais econdmicos e Uteis para trabalho de campo. Os
protocolos 1, 2 e 5 sdo os mais faceis e menos custosos de se implementar em
qualquer laboratério que realize sorologia. Os protocolos 4 e 5 seriam 0s mais
vantajosos em termos de volume de amostra recuperada. De uma forma geral,
todos os cinco protocolos sdo relativamente faceis e seguros de realizar. O
protocolo 5 foi o0 menos direto devido a manipulacdo necessaria durante a eluicao e,
juntamente com o protocol 4, foram mais trabalhosos devido a preparacdo do
material a ser utilizado. Devido a utilizacdo de microcentrifugacdo, com a
manipulacdo de microtubos, os protocolos 1, 2 e 3 sd0 0S mais propensos a
contaminacao pela formacao de aerosol. Protocolos que ndo requerem incubacgao
“overnight” para a eluicdo do sangue do papel de filtro sdo os mais adequados na
ocorréncia de surtos, quando o processamento rapido e de um maior nimero de
amostras se faz necessario.

N&o houve diferenca significativa (p>0,05) nos resultados obtidos pelo teste
Platelia NS1 ELISA quando os diferentes tampdes foram avaliados, independente
do protocolo utilizado. Contudo, o protocolo 1 apresentou uma concondancia de
100% na anélise das amostras positivas (10/10) e negativas (15/15). No protocolo 2,
apesar de uma concordancia de 100% nas amostras negativas, nenhuma amostra
positiva foi detectada. A utilizacdo do protocolo 3 com a eluicdo por agua permitiu a
deteccdo de 90% (9/10) das amostras positivas, com uma concordancia de 100%
com as negativas. Baseando-se nestes achados e no estudo de Matheus e
colaboradores (2008), a utilizacdo do diluente do préprio teste comercial foi mais
eficaz na confirmacé&o de casos positivos e negativos.

Para a captura de anticorpos IgM anti-DENV foi demonstrado que os
protocolos 1 e 2 resultaram em uma concordancia de 100% nas amostras positivas
(10/10) e negativas (15/15). Protocolos 3 e 5 foram eficazes apenas na deteccdo
das amostras positivas. O tampdo do préprio teste comercial foi considerado o
melhor tampao de eluicdo do sangue seco em papel de filtro para o0 MAC-ELISA.
Para a deteccéo de anticorpos IgG anti-DENV, a utilizagdo dos tampdes 2, 3 e 5
foram mais eficazes em confirmar casos positivos e negativos, utilizando o protocolo
de eluicao 4.

O potencial de aplicacdo destes métodos para o diagnéstico do dengue se
torna especialmente importante entre comunidades localizadas em areas remotas,
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onde a coleta de amostra de sangue, armazenamento e transporte sao
extremamente dificeis. O Brasil tem um grande territério, onde alguns individuos se
situam em regibes distantes dos grandes centros urbanos. Nestas regides, as
amostras de sangue coletadas em papel de filtro podem ser transportadas para
laboratérios sem refrigeracéo, permitindo uma anélise mais aprofundada.

De modo geral, os testes de captura de antigeno NS1 se mostraram
sensiveis e especificos para utilizacdo no diagndstico precoce do dengue e
demostraram serem Uteis em diferentes abordagens alternativas. Porém, como séao
mais eficientes na fase aguda da doenca, os testes deverdo ser utilizados em
combinacdo com MAC-ELISA para aumentar a sensibilidade deteccéo,
principalmente em &reas de alta prevaléncia de infec¢gées secundarias. Baseando-se
nos resultados obtidos, ficou evidente que, resultados negativos para captura de
antigeno NS1, ndo devem ser considerados necessariamente casos nao dengue.
Resultados falso-negativos podem ser resultantes da formacdo de imunocomplexos
do antigeno NS1 com a IgG, particularmente em infec¢cdes secundéarias para
dengue, onde antigenos alvos ndo sdo mais acessiveis ao anticorpo monoclonal dos

testes.

5.6. REVISAO BIBLIOGRAFICA DOS PRINCIPAIS KITS DISPONIVEIS
COMERCIALMENTE PARA O DIAGNOSTICO DAS INFECCOES POR DENGUE:
(Capitulo de Livro 1)

A deteccao precoce das infeccdes por DENV é de grande importancia para
auxiliar a prevencgao de surtos e/ou epidemias, no entanto, diante da disponibilidade
de inumeros testes disponiveis comercialmente e diante dos diferentes padrdes
epidemiologicos observados atualmente, fazem-se necessarias avaliagdes
criteriosas para a implantacéo destes testes no diagnostico da doenca.

O aumento dos casos de dengue nas regides tropicais e subtropicais do
mundo (OMS, 2009), juntamente com o desenvolvimento tecnoldgico, ocasionou a
proliferacdo de uma variedade de testes comerciais para o diagnéstico do dengue,
visando auxiliar o manejo do caso e a deteccao precoce de surtos e epidemias. No
entanto, ainda existe a necessidade de uma avaliacdo completa destes testes.

Os testes para a deteccdo de anticorpos IgM e IgG anti-DENV e do
antigeno NS1 sdo os ensaios mais amplamente utilizados para o diagnostico da
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dengue e podem estar disponiveis numa variedade de testes comerciais, sob a
forma de captura ou deteccéo direta e em dois formatos: testes rapidos ou ELISA. O
MAC-ELISA é o formato mais utilizado para o diagndstico laboratorial e o formato
mais comercialmente disponivel como kit.

Em um estudo sobre o desempenho de oito testes rapidos comerciais para
captura de IgM foi relatada uma baixa sensibilidade (6,4% para 65,3%) e
especificidades que variaram de 69,1% a 100%, com alguns testes apresentando
sensibilidades distintas dentro dos sorotipos de DENV (Blacksell et al., 2006). Um
estudo multicéntrico que avaliou nove kits comerciais, para a captura de IgM anti-
DENYV (cinco ELISAs e quatro testes rapidos), descreveu sensibilidades entre 61,5-
99,0%, especificidades entre 79,9-97,8% para os teste em formato de ELISA. O
testes rapidos analisados apresentaram sensibilidades entre 20,5-97,7% e
especificidades entre 76,6-90,6%. O testes DXSelect (Focus Diagnostics), Dengue
IgM ELISA (Panbio Diagnostics) e Dengue IgM ELISA (Standard Diagnostics) foram
0S que apresentaram um desempenho aceitavel quando comparado com padrdes
de referéncia. No entanto, os testes rapidos Dengue Duo Cassete (Panbio
Diagnostics), SD Bioline Dengue IgM/IgG (Standard Diagnostics) e Dengucheck WB
(Zephyr Biomedicals) ndo apresentaram um desempenho aceitavel quando
comparado com padrdes de referéncia (Hunsperger et al. , 2009). Um estudo de
Blacksell e colaboradores (2012) também avaliou o desempenho de teste
comercialmente disponivel para IgM e IgG. O teste Dengue IgM ELISA (Panbio
Diagnostics) mostrou uma sensibilidade de 88,6%, quando comparado com o kit SD
Bioline Dengue IgM/IgG (Standard Diagnostics) (84,5%). Para a deteccédo de IgG , o
kit de diagnéstico Dengue virus IgG ELISA (Standard Diagnostics) apresentou uma
sensibilidade muito mais elevada (88,9%) em comparacdo com o kit de ELISA de
IgG do fabricante Panbio (56,4%). Por outro lado, o teste Dengue virus 1gG ELISA
(Standard Diagnostics) apresentou uma menor especificidade (63,5% versus
95,3%).

Devido as suas caracteristicas o MAC-ELISA pode ser uma valiosa
ferramenta para vigilancia da dengue e durante as epidemias, ajudando a confirmar
casos suspeitos que terdo um impacto sobre a transmisséo da doenca.

Ensaios qualitativos que também usam os formatos de ELISA e teste rapido
foram desenvolvidos para detectar o antigeno NS1 e foram previamente discutidos
ao longo deste trabalho. Estes testes mostram-se realmente como uma ferramenta
alternativa para o diagndostico precoce das infeccdes por dengue. No entanto, a sua
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combinacdo com a deteccdo de anticorpos IgM pode melhorar significativamente o
diagnéstico dos casos agudos de dengue, prolongando a janela de deteccdo
(Blacksell et al., 2011). O teste rapido de captura de antigeno NS1 Early Rapid test
(Panbio) apresentou sensibilidades de 69,2% e 68,9%, em um estudo realizado na
Malasia e no Vietna, respectivamente, no entanto, uma sensibilidade de 93% foi
observada quando este teste foi combinado com o teste IgM/IgG Dengue Duo (Fry
et al., 2011).

O diagnostico laboratorial das infeccbes pelos DENV ndo € importante
apenas para a assisténcia e manejo dos pacientes, mas também para a vigilancia
de surtos, epidemias e para assegurar o0s testes e implementacdo de vacinas. A
ocorréncia de dengue em viajantes é outro tema que merece atencdo, diante do
crescente numero de viajantes que visitam paises endémicos. Neste contexto, um
diagnéstico preciso tem sido alcancado através da utilizagdo de mais de um teste,
geralmente combinando-se ensaios sorolégicos para a detec¢do de anticorpos anti-
DENV (IgM e IgG) com a detecgdo do acido nucleico viral e antigeno NS1 (Ratnam
et al., 2013). Além das técnicas laboratoriais existentes disponiveis e a variedade de
testes comerciais no mercado, o desenvolvimento de novas técnicas para utilizacédo

em larga escala, de custo reduzido, € ainda desejado.
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6. CONCLUSOES:

o A avaliacdo de testes de captura de antigeno NS1 disponiveis
comercialmente demonstrou a utilidade destes no diagndstico precoce das
infecgBes por DENV, principalmente até o 6° apds o inicio dos sintomas.

o ModificagOes realizadas pelo fabricante Panbio no teste comercial Pan

E Early ELISA resultaram em um aumento significativo na sensibilidade na
segunda geracéo do teste.

o Independente do teste comercial para captura de antigeno NS1
avaliado neste estudo, uma menor sensibilidade na confirmacdo de casos de
DENV-3 foi observada.

o Os testes de captura de antigeno NS1 constituiram uma ferramenta
alternativa valiosa para confirmacéo post-mortem de casos fatais por DENV, sendo
o teste rapido NS1 Ag Strip mais adequado, por apresentar maior sensibilidade e
resultados em 15 minutos.

o A utilizacdo do teste de captura de antigeno NS1 demonstrou ser (Util
para a vigilancia dos DENV em mosquitos vetores.

o A adicdo de uma etapa de dissociacdo de imunocomplexo por calor no
soro previamente a realizacdo da captura de antigeno NS1 resultou em aumento
significativo na sensibilidade do teste, na confirmacéo de casos de infeccdo primaria
e secundéria por DENV-4.

o A potencial utilizacdo de sangue seco coletado em papel de filtro no
diagnéstico de dengue € de grande importancia, e a correta escolha de protocolos e
tampdes de eluicdo pode favorecer a sensibilidade dos testes diagnosticos.

o Uma revisdo detalhada acerca dos diferentes testes comercialmente
disponiveis demonstrou uma variedade de ensaios com formatos e abordagens

distintas, mas nem sempre completamente avaliados.
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7. PERSPECTIVAS:

O Brasil com dimensdes continentais apresenta condi¢cdes ideais para a
dispersdo dos sorotipos e/ou genotipos DENV. A deteccdo de outras arboviroses
que podem estar sendo negligenciadas, principalmente em grandes surtos de
dengue, é de extrema importancia para saude publica, tanto para os casos mais
brandos que s&o notificados como suspeita de dengue, mas principalmente em
casos graves e oObitos ndo esclarecidos.

Pela complexidade da situacdo epidemioldgica, diferentes abordagens que
permitam o rapido reconhecimento dos virus circulantes encontram uma efetiva
aplicacdo. Assim sendo, com perspectiva futura e com o objetivo de contribuir para a
vigilancia epidemioldgica destas arboviroses, propomos a investigacao de casos de
dengue e ndo dengue e a avaliacdo da potencial utilizacdo de espécimes ainda néo
convencionais ao diagnéstico como saliva, sangue seco em papel de filtro, urina e

liquor.
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