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JUAN CARLOS URIBE RESTREPO mayor de edad, domiciliado en la ciudad de 
Bogotá D.C, República de Colombia, abogado titulado e identificado como aparece al pie 
de mi firma, en mi calidad de apoderado de la sociedad FUNDAQÁO OSWALDO 
CRUZ, existente y organizada conforme a las leyes de Brasil, con domicilio en la ciudad 
de Rio de Janeiro, Brasil, por medio del presente eserito doy respuesta al oficio No, 6982, 
notificado por fijación en lista de fecha 17 de junio de 2014, y conforme a la prórroga de 
términos legales presentada el 28 de agosto de 2014, me permito manifestar y anexar lo 
siguiente:

1. Manifiesto

• Respecto de la UNIDAD DE INVENCIÓN

1.1 El examinador señala que la solicitud no cumple con el requisito de unidad de 
invención porque se refiere a 2 grupos inventivos. El señor examinador define que el 
concepto común inventivo es la vacuna de ADN contra el dengue, concepto 
divulgado por Imoto et al., 2006 (Vaccine, vol. 25, no. 6: 1076-1084, Mota el atl., 
2005 (Vaccine, Vol. 23; 2469-3476) y D I. Indica que los grupos inventivos están 
definidos por las siguientes caraeterísticas esenciales:

1° Reivindicaciones 3-6. Composición/kit comprendiendo una 
vacuna de AD N  y  virus quiméricos abarcando el virus vacunal de 
la fiebre amarilla contra el virus del dengue.
2° Reivindicaciones 7-10. Plásmido recombinante codificando la 
proteína del sobre viral E por cada serotipo del virus del dengue.

El señor examinador sugiere al solicitante restringir la materia a patentar en un sólo 
eoncepto común inventivo especificando el avance tecnológico sobre el estado de la 
técnica.

1.2 Ahora bien, para cumplir con los términos de Unidad de Invención conforme se 
indica en el artículo 28 de la Decisión 486 de la CAN, relacionados por el señor 
examinador en su oficio peira subsanar la materia expuesta que se refieren a un 
plásmido recombinante que codifiea el sobre viral de proteína (E) por cada serotipo 
del virus del dengue, nos permitimos DIVIDIR LA PRESENTE SOLICITUD EN  
DOS SOLICITUDES INDEPENDIENTES y con ello cumplir con este requisito 
solicitado por el señor examinador.
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1.3 Para tal efecto anexamos al presente:

i) Un nuevo capítulo reivindicatorio para conformar con el texto descriptivo de la 
presente y todo su cuerpo una primera solicitud que hace referencia a la 
Composición/kit comprendiendo una vacuna de AD N  y virus quiméricos 
abarcando el virus vacunal de la fiebre amarilla contra el virus del densue, con 
un pliego de 3 reivindicaciones.

ii) Adicionalmente señalo que por separado se está radicando una solicitud 
divisional que hace referencia a Plásmido recombinante codificando la proteina 
del sobre viral E  por cada serotipo del virus del dengue, con un pliego de 4 
reivindicaciones.

Adicionalmente, cabe reiterar que los nuevos capítulos reivindicatoríos contenidos en 
las dos solicitudes ahora independientes no implican una adición a la invención 
inicialmente presentada, sino que haee referencia a las sugerencias del señor 
examinador con el fin de precisar y aclarar la invención.

• Respecto a la EXCEPCIÓN A LA FATENTABILIDAD

1.4 En cuanto a los términos de patentabilidad, el señor examinador se refiere a que el
objeto de las reivindicaciones 1 a 2 no es patentable de acuerdo con el Art 20 literal
d) de la Decisión 486 de la CAN y agrega que las reivindicaciones mencionan un 
proceso para mejorar la eficacia de la protección y corresponden a vm método de 
tratamiento que no es objeto de patentabilidad. Sobre este respecto, me permito 
informar a ese despacho que con la presente respuesta, anexamos un nuevo pliego 
reivindieatorio sobre el cual se ha modificado conforme lo indicado para reclamar el 
uso de la composición de las vacunas de ADN y 17D virus quiméricos. Para tal efecto 
se ha modificado la reivindicación 2 para incorporar el protocolo invertido con el 
principal virus quimérico e impulsar las vacunas de ADN, tal como se describe en la 
invención. El siguiente es el texto de la solicitud de la solicitud correspondiente a la 
PCX presentada:

“En el sistema de dosis y  refuerzo de la presente invención, la 
primera inmunización (dosis) se realizó con vacunas de ADN, 
mientras que el refuerzo se hizo por la inmunización con virus 
quimérico. También es posible invertir este protocolo, con la 
primera inmunización con virus quiméricos y  el refuerzo con 
vacunas de ADN, administradas en intervalos variados. ”.

• DE LA SOLICITUD DE PATENTE

1.5 Respecto al capítulo reivindicatorio, el señor examinador se refiere a que la
composición de las reivindicaciones 3-5 debe ser caracterizada a partir de los
elementos que la conforman y las proporciones de los mismos. Agrega, que el virus
quimérico y la vacima deben ser definidas a partir de su estructura, es decir por la 
secuencia composición de vacuna de ADN y advierte que se menciona su forma de 
obtención pero no que comprende, ni las secuencias específicas de manera que el 
virus quimérico debe ser definido a partir de su estructura indicando la secuencia del 
virus modificado. Agrega también que el término virus quimérico 17D no es claro



puesto que el virus debe ser definido a partir de su estructura, es decir a partir de su 
secuencia de nucleótidos. Para tal efecto, el nuevo pliego reivindicatorio ha 
modificado la reivindicación 3 e incorpora el objeto de las cláusulas 4 y 5 anteriores.

1.6 Seguido, el examinador se refiere a que el kit de la reivindicación 6 está conformado 
por un elemento que ya había sido reclamado en las reivindicaciones precedentes, de 
esta manera dicha reivindicación parece referirse es al uso dado a dichos elementos y 
define que ello no es objeto de patentabilidad. En relación a este requerimiento, esta 
cláusula 6 original (nueva reivindicación 4) se ha modificado de manera que se ha 
destacado la diferencia entre el objeto de la reivindicación 6 (un equipo) del objeto de 
las reivindicaciones anteriores (composición).

1.7 Adelante también define que las reivindicaciones 7 y 9 no son concisas, porque 
presentan una excesiva complejidad, lo cual dificulta determinar la extensión del 
objeto que se busca proteger y define que las reivindicaciones 7 a 10 no son claras ni 
concisas y sugiere definir el plásmido por su secuencia específica y no por la 
secuencia codificada por el plásmido. Agrega también que las reivindicaciones 8 y 10 
no son claras al no indicar el número de la secuencias (SEQ ID NO:) y sugiere 
eliminar la referencia al número de Genebank e incluir el número de secuencia. 
Respecto a tal requerimiento, la solicitante ha modificado las reivindicaciones donde 
las cláusulas originales 7 y 8, ahora las reivindicaciones 1 y 2 de la divisional, fueron 
modificados para incluir la región que corresponde a la ectodominio de la proteína 
(80%) y no la descripción de la forma en que se obtuvo.

1.8 La Solicitante, también agrega que las cláusulas 5 a 8 se han cancelado de este pliego 
reivindicatorio y se han presentado como caracterizaciones de la solicitud divisional 
modificado según lo sugerido por el examinador en el presente Oficio objeto de 
respuesta. Reclamaciones originales 9 y 10, ahora las reivindicaciones 3 y 4 
presentadas como una solicitud divisional, de manera que se modificaron para incluir 
la región que corresponde al dominio III y no la descripción de la forma en que se 
obtuvo. En la nueva serie de ceiracterizaciones todos los términos que se consideran 
como definición abierta como "contiene" y "comprende" se modificaron.

1.9 Así las cosas, con base en el nuevo capítulo reivindicatorio anexo a la presente, la 
solicitante espera haber definido de manera clara y precisa la invención sobre la cual 
se busca protección, particularmente, respecto a lo que define el señor examinador en 
el escrito de Oficio objeto de la presente, agregando que tales correcciones no 
conforman una adición a la materia inicialmente presentada sino por el contrario 
corresponden a las aclaraciones solicitadas por ese despacho.

• EXAMEN DE PATENTABILIDAD.

1.10 Ese despacho concluye que en materia de patentabilidad de la presente invención, los 
documentos DI: Ravíprakash et al.,2009. Human Vaccines 5:8, 520-528; y, D2: 
Guirakhoo et a!., 2004. Journal O í Virology, p. 4761-4775, afectan la 
patentabilidad de las cláusulas 3 a 6. Para tal efecto, presenta una tabla comparando 
la materia reivindicada.

1.11 El documento DI - Raviprakash et al, 2009 Vacunas Humanos. 5: 8, 520 a 528, se 
refiere a avances en el desarrollo de vacuna contra el dengue.



1.12 El documento D2, - Guirakhoo et al, 2004, Journal of Virology, P. 4.761-4.775, se 
refiere a la seguridad y eficacia de las formulaciones de vacunas quiméricas dengue- 
amarillo tetravalente del virus en primates no humanos.

1.13 El examinador menciona que la solicitud de patente en examen carece de inventiva. 
Sin embargo, la combinación de vacuna de ADN basado en el sobre viral de proteína 
del virus del dengue y la fiebre amarilla 17D/dengue virus quimérico no fue sugerido, 
usado o probado por otros grupos de investigación anteriores a la presente o incluso 
hoy en día.

1.14 El examinador cita el artículo de revisión sobre las vacunas contra el dengue de 
Raviprakash et al., 2009 (DI). De hecho, este artículo menciona otros estudios con 
vacunas de ADN contra el dengue basado en el módulo de expresión con el prM y de 
longitud completa E. Sin embargo, el enfoque mencionado en DI es diferente de 
nuestro enfoque con la vacuna de ADN y plásmidos pEl y pE2. En ambos casos, no 
utilizamos el gen que codifica la proteína prM. Los documentos citados en D I, así 
como otros del estado de la técnica, sugirieron que la proteína E del virus del dengue 
no podía ser expresada adecuadamente en la ausencia de la proteína prM que actúa 
como una chaperonina. La Solicitante revela estudios que han demostrado lo 
contrario de lo expuesto en el documento D I. De hecho, la presencia de proteína prM 
a la expresión correcta del ectodominio de la proteína E (80% de dominios de 
codificación I, II y III de la proteína E, y sin el resto de la terminal hidrofóbica C) no 
era necesaria para la inducción de la respuesta inmune protectora. Por lo tanto, basado 
en las enseñanzas de DI no era obvio que la vacuna de ADN pEl sería eficaz para 
mediar la expresión correcta del ectodominio de la proteína E y, como consecuencia, 
para generar una respuesta inmune protectora contra el Dengue.

1.15 DI y D2 también mencionan que las vacunas quiméricas de la fiebre amarilla-dengue 
desarrollado por Monath, Guirakhoo (Guirakhoo es también el autor del documento 
D2 citado en el presente oficio) entre otros, destaca la seguridad y la 
inmunogenicidad de estas quimeras en ambos ensayos preclínicos y clínicos de fase
1. Los autores no sugieren en cualquier momento que el virus quimérico 17D/dengue 
se puede utilizar en combinación con vacunas de ADN. Por el contrario, los informes 
de D2 sugieren el uso de tales virus quiméricos suficientes peira inducir una respuesta 
inmune eficaz y protectora contra el dengue. En ningún caso, los autores del 
documento D2 sugieren combinaciones con la quimera 17D/dengue para producir una 
vacuna más inmunogénica. Sin embargo, estudios más recientes (anexo 1, 
Sabchareon et al. 2012) demostraron que la vacuna tetravalente con el virus 
quimérico 17D/dengue no fue capaz de inducir protección frente al virus del dengue 
tipo 2 en niños en Tailandia, a pesar de que estos niños exhibieron niveles 
satisfactorios de anticuerpos neutralizantes contra el dengue tipo 2. Esto puede ser 
debido a la falta de respuesta inmune celular eficiente y protectora inducida por dicha 
vacuna (tetravalente). Por lo tanto, un experto en la técnica tras la lectura de los 
documentos DI v D2 solos o en combinación, se habría desanimado para combinar el 
virus quimérico 17D con otras estrategias de vacunación.

1.16 Nuestros estudios han demostrado que la combinación con la vacuna de ADN con el 
virus quimérico 17D-D2, dio como resultado una respuesta inmunitaria más eficiente 
y protectora con la inducción de ambos brazos de la respuesta inmune (humoral y



y

celular). De hecho, cuando se combinaron las dos vacunas (vacuna de ADN y virus 
quimérico 17D), se observó un efecto sinérgico sobre la activación de la respuesta 
inmune humoral, con aumento de los niveles de anticuerpos neutralizantes contra el 
dengue, pero no en la respuesta inmune celular (Anexo 2, Azevedo et al. 2013). Una 
respuesta irunune celular robusta sólo se obtuvo cuando los animales también fueron 
inoculados con la vacuna de ADN. Este resultado fue sorprendente, porque desde el 
estado conocido de la técnica, la quimera-17D-D2 (que es un virus atenuado) también 
induce una fuerte respuesta inmime celular. Por lo tanto, de nuevo, estos estudios 
demuestran que la administración de la vacuna de ADN con el virus quimérico 17D 
virus quimérico no es obvia.

1.17 Por lo tanto, la presente invención tiene una actividad inventiva. La combinación de 
vacuna de ADN y el virus quimérico 17D/dengue fue capaz de inducir una protección 
completa en los animales (sin ningún signo de morbilidad). El examinador señaló 
que, de acuerdo con las figuras 3A y 3B de la invención, resulta pElD 2 aislado y 
pElD 2 + 17D-D2 similar. Sin embargo, este no es el caso ya que con sólo la pElD2, 
así como con sólo el 17D-D2, aunque los animales sobrevivieron a la exposición al 
virus, presentaron signos de morbilidad. Por otro lado, con la combinación de los 
ratones pElD 2 17D-D2 no mostraron morbilidad. El examinador también señaló 
que con pElD 2 los animales sólo recibieron 2 dosis, mientras que con la pElD2 -f 
17D-D2 en los ratones de régimen de inducción/potenciación recibieron 3 dosis. Esto 
es correcto. Sin embargo, se obtuvieron los mismos resultados cuando los animales 
fueron inmunizados con pElD2 + 17D-D2 en el régimen de impulso primordial (3 
dosis) o con inoculación simultánea (2 dosis), sin la morbilidad después de la 
exposición al virus, lo que revela el aumento de la protección inducida con la 
combinación de ambas vacunas. Además, la respuesta inmune inducida con los 
grupos (sólo inmunizados con la vacuna pElD2, quimera pElD2 + 17D-D2 o sólo 
17D-D2) fue diferente (Anexo 2, Azevedo et al. 2013). Una vez más, la presente 
invención demuestra que las dos vacunas combinadas produjeron un efecto 
cooperativo, induciendo ambos brazos de la respuesta inmune (humoral v celular) de 
una manera eficiente. Esto fue posible porque, de acuerdo con el enfoque de la 
presente invención, la presentación del antígeno (proteína E) hacia el sistema inmune 
fue realizada de manera diferente y se configuró con inmunizaciones con vacunas 
aisladas. El enfoque v la estrategia son inesperados y no están contemplados por el 
estado de la técnica, ya que, como se mencionó anteriormente, se cree que la quimera 
17D-D2 que es un virus atenuado, sería capaz de inducir eficazmente ambos brazos 
de la respuesta inmune.

1.18 En conclusión, no hay nada en los documentos referenciados por el señor examinador 
que sugiera los mismos elementos constitutivos de la presente invención. La técnica 
citada no reconoce el problema que se aborda en la presente invención, por lo que es 
posible afirmar que el capítulo reivindicatorio, debe considerarse novedoso y de 
altura inventiva. Por todo lo amterior, me permito en conclusión solicitar sea de nuevo 
revisada la presente solicitud y verificar las diferencias aquí expuestas y en 
consecuencia sea concedida la presente en los términos y el tenor de las nuevas 
cláusulas del capítulo reivindicatorio aquí modificadas.

1.19 Con lo anterior esperamos haber cumplido con los requerimientos exigidos por este 
despacho y solicitamos se practique un nuevo examen de fondo conforme el artículo



45 de la Decisión 486 de la Comisión de la Comunidad Andina y en consecuencia sea 
concedida la presente conforme el nuevo capítulo reivindicatorio anexo a la presente.

2. Anexo

2.1 Un nuevo capítulo reivindicatorio.

Al respecto reitero ante esa entidad que la invención radicada bajo el expediente de la 
referencia en adelante debe ser identificada bajo el título COMPOSICIÓN/KIT 
COMPRENDIENDO UNA VACUNA DE ADN Y VIRUS QUIMÉRICOS 
ABARCANDO EL VIRUS VACUNAL DE LA FIEBRE AMARILLA CONTRA 
EL VIRUS DEL DENGUE.

2.2 Estudio Sabchareon et al. 2012.

2.3 Estudio Azevedo et al. 2 0 13.

Adicionalmente manifiesto a ésa entidad que por separado está siendo presentada la 
respectiva solicitud divisional, con el pago de la tasa oficial bajo el título PLÁSMIDO 
RECOMBINANTE CODIFICANDO LA PROTEÍNA DEL SOBRE VIRAL E POR 
CADA SEROTIPO DEL VIRUS DEL DENGUE

4. Petición

De acuerdo con lo anterior, solicitamos revisar nuevamente la presente solicitud y verificar 
las diferencias aquí expuestas y en consecuencia sea concedida la presente invención en los 
términos y el tenor de las nuevas cláusulas del capítulo reivindicatorio aquí modificadas.

Del Señor Jefe,

/
JUAN GARLOS 
C.C. N(6. 79.159.313 de Bogotá 
T.P.A. 54.493 de Min. Justicia

RESTREPO

42902103 86106/Mgr 
Colo 0629 0301 53579



ANEXO I.

i) Un nuevo capítulo reivindicatorío, 

¡i)Estudio Sabchareon et al. 2012. 

lii) Estudio Azevedo et al. 2013.

COMPOSICION Y KIT COMPRENDIENDO UNA VACUNA DE ADN Y 
VIRUS QUIMÉRICOS ABARCANDO EL VIRUS VACUNAL DE LA 

FIEBRE AMARILLA CONTRA EL VIRUS DEL DENGUE



REIVINDICACIONES
1. Composición caracterizada por la combinación de 

vacunas de ADN y virus quiméricos 170 vacunal de fiebre 
amarilla en un sistema que consiste en:

- en el sistema de dosis (vacunas de ADN) y refuerzo 
(virus quiméricos), o en el protocolo invertido con la 
dosis (virus quimérico) y refuerzo (vacuna de ADN) o;
- sistema simultáneo de las dos estrategias vacunales 
(vacunas de ADN y virus quiméricos en una misma 
formulación).
2. Composición vacunal contra el virus dengue que 

consiste en:
(a) Vacunas de DNA contra los cuatro serotipos del virus 

dengue que consiste de distintos plásmidos recombinantes que 
codifican las proteínas E a partir de cada serotipo viral del 
virus dengue, o solamente los dominios III de estas 
proteínas;

(b) Virus quiméricos que consisten en el virus vacunal 
de fiebre amarilla 17D que codifican las proteínas PrM y E de 
los virus dengue de los distintos serotipos; y

(c) un vehículo farmacéuticamente aceptable:
donde estas vacunas de ADN comprenden plásmidos pEl o pE2, 
entre los cuales:

- el plásmido pEl codifica el ectodominio del sobre de 
proteina E, que consiste en los dominios I, II y III de dicha 
proteina, a partir de los virus dengue, todas fusionadas a un 
péptido señal d e l .activador de plasminogeno de tejido humano 
(t-PA),

- un plásmido pE2 codifica sólo el dominio III del sobre 
de proteina E del virus dengue, todas fusionadas a un péptido 
señal del t-PA.
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3. Kit de vacunación contra el dengue caracterizado 
porque consiste de:

(a) un primer recipiente que contiene vacunas de ADN que 
codifican las proteínas E a partir de cada serotipo viral del 
virus dengue, fusionadas a un péptido señal del activador de 
plasminogeno de tejido humano (t-PA), o vacunas de ADN que 
codifican sólo los dominios III de las proteínas E de cada 
serotipo del virus dengue fusionado a un péptido señal de t- 
PA; y,

(b) un segundo recipiente que contiene virus quiméricos 
que consisten en el virus vacunal de fiebre amarilla 17D que 
codifican las proteínas prM y E de los virus dengue de los 
distintos serotipos.



Articles I ( O

Protective efficacy of th e  recombinant, live-attenuated, 
CYD te travalen t dengue vaccine InThai schoolchildren: 
a randomised, controlled phase 2b trial
A ru n e e  S a b ch a reo n , D erek W allace, C h u k ia t S irivichayaku l, K h en g sa k  L im k ittiku l, P o rn th ep  C h a n th a va n ic h , S a ra vu d h  S u va n n a d a b b a ,
V ith a ya J iw a riya ve j, W u t  D uiyachai, Krisana P engsaa , T  A n h  W arte l, A n n ic k  M o u rea u , M elan ia  Saville, A la in  B o u cken o o g h e , S im o n e tta  V iviani, 
N ad ia  G Torníeporthjean Lang

Summary
Background Roughly half the world’s population Uve in dengue-endemic countries, bul no vaccine is licensed. We 
investigated the efficacy o f a recombinant, Uve, attenuated tetravalent dengue vaccine.

Methods In this observer-masked, randomised, controlled, monocentre, phase 2b, proof-of-concept trial, healthy Thai 
schoolchildren aged 4—11 years were randomly assigned (2:1) to receive three injections o f dengue vaccine or control 
(rabies vaccine or placebo) at months O, 6, and 12. Randomisation was by computer-generated permuted blocks of six 
and participants were assigned with an interactive response System. Participants were actively followed up until 
month 25. All acute febrile illnesses were investigated. Dengue viraemia was confirmed by serotype-specific RT-PCR 
and non-structural protein 1 ELISA. The primary objective was to assess protective efficacy against virologically 
confirmed, symptomatic dengue, irrespective o f severity or serotype, occurring 1 month or longer after the third 
injection (per-protocol analysis). This trial is registered at ClinicalTrials.gov, NCT00842530.

Findings 4002 participants were assigned to vaccine (n=2669) or control (n=1333). 3673 were included in the primary 
analysis (2452 vaccine, 1221 control). 134 cases of virologically confirmed dengue occurred during the study. Efficacy 
was 30-2% (95% CI -13 4 to 56-6), and differed by serotype. Dengue vaccine was well tolerated, with no safety 
signáis after 2 years o f follow-up after the first dose.

Interpretation These data show for the first time that a safe vaccine against dengue is possible. Ongoing large-scale 
phase 3 studies in various epidemiological settings will provide pivotal data for the CYD dengue vaccine candidate.

Funding Sanofi Pasteur.

Introduction
D engue has becom e one o f  the  m ost im portan t and 
w idespread arthropod-borne viral diseases o f  h u m an  
beings, w ith about h a lf  the world’s population now  at risk.' 
W H O  estim ates that 50-100 m illion dengue infectíons 
occur each year in m ore than  100 countries, and that h a lf  a 
m illion people develop severe dengue necessitating 
hospital adm ission, although the  true figures could be 
higher.'"' Sym ptom atic infection is classified as either 
dengue or severe dengue, depending  on w hether the 
patien t recovers after the  initial 3-7-day febrile phase, or 
develops com plications as a resu lt o f  a system ic vascular 
leakage syndrom e.''' T here is no  specific trea tm en t and, in  
absence o f  a vaccine, prevention relies on individual 
protection against m osquitoes and  vector control strat- 
egies that, in view o f  the  con tinu ing  expansión o f dengue, 
have show n their lim its as standalone m easures.

T he m ajo r challenges facing vaccine research  and 
developm ent include th e  existence o f  four pathogenic 
dengue virus serotypes (DENVl-4) th a t com pete and 
in teract at the  im m unolog ical level, as well as m ore 
practical challenges, such  as the  lack o f  suitable anim al 
m odels or a correlate o f p ro tection .”  In  m ore th an  h a lf  a 
century o f  research , various vaccine approaches have

been  attem pted  an d  several candidate vaccines are in  
early clinical or preclinical development.*

One candidate vaccine, CYD-TDV, is a recom binant, live, 
attenuated, tetravalent dengue vaccine based on the yellow 
fever 17D vaccine strain  and produced in  Vero cells.’ 
Phase 1 and 2 triáis have been undertaken  in  southeast 
Asia and Latín Am erica in  cohorts o f adults and chüdren 
who were either im m unologically naive against dengue 
and o ther flaviviruses before vaccination or w ho had som e 
degree o f  pre-existing flaviviral im m unity  due to vaccin­
ation against yellow fever or Japanese encephalitis or 
natural exposure in  endem ic areas.^” " These studies have 
show n that a three-dose rég im en given over 12 m on ths is 
weU tolerated and elicits balanced neutralising antibody 
responses against the four serotypes in  diverse epidem i­
ological settings. We present the  p rim ary report o f the  first 
clinical trial o f  the protective efficacy o fth is  investigational 
dengue vaccine. The trial was designad and  undertaken  in 
an endem ic area according to W H O  recom mendations.'* 
The prim ary objective was to assess protective efficacy after 
three  injections against virologically confirm ed sym pto­
m atic dengue, irrespective o f severity or serotype. Passive 
surveiUance for adm issions to hospital owing to fever due 
to dengue is ongoing.
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Methods
Study  design  an d  p a rtic ip an ts
We undertook an observer-blind, random ised, controlled, 
m onocentre phase 2b trial o f  the efficacy o f  CYD-TDV 
against virologically confirm ed sym ptom atic dengue. The 
study was done in the M uang district, Ratchaburi province, 
Thailand, w hich is about 100 k m  west o f  Bangkok. An 
epidemiological study to prepare this site for a dengue 
vaccine efficacy trial was done in 2006-09 and show ed that 
the site was suitable for the  trial in  term s o f  disease 
incidence, the  co-circulation o f  aU four dengue virus 
serotypes (predom inantly DENVl, then  2), adequate 
infrastructure for surveiUance, and high com m unity  
awareness o f the disease.'” ’ The study was done at 
Ratchaburi Regional Hospital (RRH), the  province’s 
principal m edical care facility, and involved 35 schools in 
the  district. We enroUed schoolchildren aged 4—11 years 
who were in good health  based on medical history and 
physical exam ination, and whose paren t or legal guardián 
had no plans to leave the  study area. We excluded chüdren 
with acute febrile ülness at enrolm ent, those with 
congenital or acquired im m unodeficiency or o ther dis- 
orders Usted in  the  protocol, and those receiving im m uno- 
suppressive therapy or o ther treatm ents or vaccines 

S ee  O n lin e  for  ap p en d ix  prohibited by the protocol (appendix).
The ethical review com m ittee  for research  in  h u m an  

subjects, M inistry o f  Public H ealth, T hailand, approved 
the protocol, am en d m en ts , consent, and assen t form s. 
We obtained w ritten  in fo rm ed  consen t from  parents or 
legal guard ians o f  all participants, and  w ritten  assen t 
from  aU participants aged 7 years or older. The trial was 
und ertak en  in  accordance w ith the  princip ies o f the 
Declaration o f  H elsinki, and  in  com pliance w ith good 
clinical practice guidelines.

An in d ependen t data m on ito ring  com m ittee (IDMC) 
oversaw the study. Safety data after the  first vaccination of 
a first cohort o f  150 chüdren  w ere reviewed by the IDMC 
and their recom m endation  to proceed w ith the trial was 
subm itted  to the  ethical review com m ittee for approval. 
T he com m ittee  approved continuation  and at this point 
requ ired  that the  study design  be changed from  active 
(rabies vaccine) to placebo control. Placebo was therefore 
used  for all subsequen t control vaccinations.

R andom isa tion  an d  m asking
At vaccination cen tres set u p  at RRH and  in  20 o f the 
participating  schools, chüdren  w ere random ly  assigned 
(2 :1) to receive th ree  doses o f  dengue vaccine or a control 
product at m o n th s  O, 6 , and  12. Investigators u sed  an 
Interactive w eb-based response  system  (IWRS) to 
sequentiaUy allocate a u n iq u e  inclusión  n u m b er to each 
enrolled  child. Subsequent steps occurred  in  a sepárate 
room  away from  the  m asked-observer investigator. U sing 
the  IWRS, designated  u n m ask ed  trial p ersonnel (who 
w ere no t involved in  data collection or trial assessm ents) 
w ere in fo rm ed  o f  a p roduct code assigned to the 
pa rtic ip an fs  inclusión  num ber, and  adm in istered  the

p roduct labelled w ith th a t code. T he random isation  list 
that assigned a p roduct code to each inclusión  n u m b er 
was generated  u n d e r the sponsor’s responsibüity  by 
block random isa tion  w ith block sizes o f  six and 
stratification by vaccination centre.

Procedures
The recom binant, live, attenuated , tetravalent dengue 
vaccine (CYD-TDV) has been  described elsew here.’ It was 
p resen ted  as a pow der and  saline solvent (0-4%  NaCl, 
contain ing  h u m an  se ru m  album in) for reconstitu tion  
im m ediately before use. Reconstituted vaccine contained 
5±llog,„ m ed ian  cell cu ltu re  infectious dose o f  each o f the 
four CYD vaccine v iruses pe r O • 5 m L dose. The control 
product was inactivated rabies vaccine (Verorab, Sanofi 
Pasteur, Lyon France) for th e  first injection o f the first 
50 chüdren  random ly assigned to the control group, and 
0-9%  NaCl saline placebo for aU o ther injections. AU 
products w ere supplied  by the  sponsor and  w ere injected 
subcutaneously in  the u p p e r arm .

We actively foUowed up  aU chüdren to detect acute febrüe 
iUness based on daüy surveiUance o f school registers 
during school term s for absenteeism , foUowed by phone 
calis or hom e visits to absentees, and on phone caUs twice 
per week, m obüe phone text-messages, or hom e visits 
throughout school holidays. In  case o f febrüe ülness at any 
tim e (defined as iUness w ith two tem peratu re  readings o f 
37• 5°C or h igher at least 4 h  apart), parents were asked to 
take their child to RRH for diagnosis and treatm ent. The 
surveiUance system  also captured spontaneous consul- 
taüons at RRH. Consecutive febrile episodes separated by 
a sym ptom -free interval o f  14 days or longer w ere regarded 
as sepárate episodes. Paired serum  sam ples w ere coUected 
at presentation (ie, acute sam ple, collected no  later than  
7 days after fever onset) and 7-14 days later (convalescent 
sample) and sent to the sponsor’s Global Clinical 
Im m unology (GCI) laboratory (Swiftwater, PA, USA) and 
to the Centre for Vaccine Developm ent (Mahidol U ni­
versity, Bangkok, Thailand). We screened acute sam ples 
for presence o f flavivirus using  an initial PCR assay. 
Positive sam ples were tested for wild-type dengue virus 
w ith a serotype-specific quantitative RT-PCR, derived from  
a pubUshed m ethod .'“ In  paraUel, aU acute sam ples were 
tested for the  presence o f dengue N S l antigen w ith a 
com m ercial ELISA kit (Plateüa, Bio-Rad Laboratories, 
Marnes-La-Coquette, France).''' An episode o f virologicaUy 
confirm ed dengue was defined as a positive resu lt in either 
one of the serotype-specific PCRs, or by NSl-antigen 
ELISA. A case was defined as a first episode o f virologicaUy 
confirm ed dengue. Active surveiUance was m aintained 
un tü  each participant had  been followed up for at least 
13 m on ths after the  th ird  vaccination.

Severe dengue was defined  as an  episode th a t e ither 
fulfilled the  1997 W H O  criteria for dengue haem orrhag ic  
fever (DHF),® or was classified as severe by the  IDM C 
on the  basis o f  the W H O  criteria and  an  additional list o f 
sym ptom s such  as visceral m an ifesta tions (appendix).
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W e docum en tad  and  assessed all serious adverse 
events (SAEs) as defined in  In terna tional C onference 
on  H arm onisation  o f  Technical R equirem ents for Regis­
tra  tion  o f  Pharm aceuticals for H u m an  U se guidance 
u n til the  sixth m o n th  after the  last injection, and 
thereafte r any fatal SAE or vaccine-related SAE. The 
IDM C regularly  reviewed all SAEs. We also assessed  
vaccine reactogenicity in the  first 1050 enrolled  ch ild ren  
u sin g  conventional m ethods as described elsew here for 
previous triáis w ith th is vaccine.'"^

We assessed  dengue im m u n e  responses in  the  first 
300 enrolled  ch ild ren  at RRH in  sera collected at 
en ro lm en t, and before and 28 days after each injection. 
Sera w ere sen t to  GCI for m easu rem en t o f  n eu trah sin g

antibody titres against each o f  the  four the CYD parental 
dengue v iruses w ith the  plaque-reduction  neu tra lisation  
test (PRNT,,,), as described.^ '”  The assay’s quan titation  
lim it was 10 (1/dil). Sam ples lower th an  th is valué were 
assigned the titfe  5 and  regarded as seronegative.

S ta tistical analysis
W H O  guidelines for the clinical evaluation o f dengue 
vaccine in  endem ic areas recom m end that the prim ary 
analysis o f  vaccine efficacy (VE) consider fully vaccinated 
volunteers.” Therefore our prim ary objective was to 
establish VE against cases (ie, participants w ith an  episode) 
o f  sym ptomatic, virologically confirm ed dengue occurring 
m ore than  28 days after the third vaccination according to

1300 given second dose2584 given second dose

1282 given third dose2557 given third dose

12 ineligible

4002 randomised

4014 children screened

1331 given first dose 
(safety analysis set)

2666 given first dose 
(safety analysis set)

1276 completed study 
(active surveiUance 
phase)

2552 completed study 
(active surveiUance 
phase)

2 not vaccinated 
(withdrawn consent)

3 not vaccinated 
(withdrawn consent)

1333 assigned to control
100 assigned to provide serum specimens 
351 assigned to reactogenicity assessment

2669 assigned to dengue vaccine
199 assigned to provide serum specimens 
698 assigned to reactogenicity assessment

350 in reactogenicity analysis set 
99 in full analysis set for immunogenicity 
49 in per-protocol analysis for immunogenicity 

after third injectiont

597 in reactogenicity analysis set 
197 in full analysis set for immunogenicity 
95 in per-protocol analysis for immunogenicity 

after third injectiont

57 did not complete study 
8 iostto follow-up 
6 SAEs*
1 other AEs 

28 withdrew consent 
(not for safety)

14 withdrawn for 
non-compliance

117 did not complete study 
6 lost to follow-up 
O SAEs 
6 other AEs 

73 withdrew consent 
(not for safety)

32 withdrawn for 
non-compliance

1221 included in per-protocol analysis set for efficacy 
110 excluded because of at least one deviation 

49 did not receive three doses 
60 delay between doses not respected 
13 incorrectly enrolled (criteria not respected)

2 code-breaking by investigator 
2 randomisation error

2452 included in per-protocol analysis set for efficacy 
214 excluded because of at least one deviation 

109 did not receive three doses 
108 delay between doses not respected 

20 incorrectly enrolled (criteria not respected) 
6 code-breaking by investigator

FigurcrTrial profile
SAE=serious adverse event. AE=adverse event. *5ix in the control group discontinued because of SAEs; fourdeaths, 1 acute idiopathic thrombocytopenic purpura, one 
acute febrile illness. t  For the first cohort of 150 enrolled children, the ethics committee's approval to  proceed with the trial was not received in tim eto  performthe 
second injection within the time window aliowed in the protocol (injections occurred at month 9 ), resulting in the exclusión of these children from the per-protocol 
analyses of efficacy and immunogenicity.
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the equation: V E = 1 0 0 x (1 -ID „b /ID ,.„„J , w here ID is the 
incidence density calculated as the  n u m b er o f cases 
divided by the total disease-free, person-tim e at risk in each 
group. W ith an  assum ed disease incidence o f 1-3%, a true 
VE o f  70%, a m in im u m  foUow-up o f 1 year after the third 
vaccination, and a subject attrition rate o f 7 • 5% per year, 
4002 participants assigned w ith a 2:1 ratio to dengue 
vaccine or control were needed to show, with m ore than  
80% power, and 95% confidence, that VE was no t nuU. 
Analyses w ere based on the  two-sided 95% CI o f VE, 
calculated using  the Exact method.'* A 95% CI that 
exeludes zero shows a significant difference at a two-sided 
a  level o f  0-05. The prim ary analysis was done on the  per- 
protocol population— ie, in  those who satisfied the 
en ro lm en t criteria, who had correcüy received all three 
doses o f  the assigned vaccine at m on ths O, 6 (±15 days), 
and 12 (±30 days), and for w hom  group aUocation had not 
been  unm asked.

As secondary and observational objectives, we estab- 
lished efficacy against cases occurring  m ore than  28 days 
after th e  second injection, irrespective o f  protocol 
com pliance, an d  against all cases occurring  after at least 
one in jection  (intention-to-treat analysis).

We also p lanned  to assess efficacy against severe 
dengue, and  against cases th a t w ere e ither virologically 
confirm ed or serologically suspected. T here  w ere too 
few severe cases to m ake the  first o f  these  analyses 
m eaningfu l. T he analysis o f  virologically confirm ed  or 
serologically suspected  cases will be reported  separately. 
O ther secondary and  observational analyses that will be 
reported  separately w ere the  relation  betw een n e u ­
tralising  antibody titres and  th e  occurrence o f  dengue, 
and levels o f  viraem ia.

Serotype-specific incidence was to be calculated as 
an observational objective. In  an  exploratory analysis.

Dengue vaccine 
(n=2669)

Control
(n=1333)

Per-protocol analysis set for efficacy

n 2452 1221

Age (years) 8 l8  (2 04) 8-23(2-06)

Boys 1187(48%) 583 (48%)

Full analysis set for immunogenicity

n 197 99

Age (years) 8-26(1-74) 8-12 (1-74)

Boys 84(43%) 46 (46%)

Body-mass index (kg/m^) 16-4 (3'4) 16-8(3-7}

Anti-DENV or anti-JEV prevalence* 179 (91%) 91 (92%)

Anti-JEV prevalence* 157 (80%) 77 (78%)

Anti-DENV prevalence (&1 serotype)* 138(70%) 68(69%)

Data are n, mean (SD), or n (%). DENV=dengue virus. JEV=japanese 
encephalitis virus. * Anti-DENV and anti-JEV seroprevalence defined as the 
percentage of participants with a plaque-reduction neutralisation test (PRNT;  ̂
titreoflOor higher.

Table 1: Baseline characterístics of participants

defined in the  statistical analysis plan, the  serotjqje- 
specific relative risk was estim ated, w hich is p resen ted  
here  as serotype-specific VE (ie, 1-relative risk). In an 
exploratory analysis, defined post-hoc, the serotype 
d istribution  in  the  two groups was tested for heterogeneity  
using  Fisher’s exact test and test. Analyses for safety 
an d  im m unogenicity  endpoints w ere descriptive, using  
95% Cl, Student t test for norm ally d istributed  continuous 
variables, and for th e  hom ogeneity  betw een two 
categorical variables. p<0-05 was regarded  as significant.

The sam ple sizes o f  the  im m unogenicity  and  reacto­
genicity subsets w ere arbitrarily defined as no  hypotheses 
were tested.

This trial is registeredatClinicalTrials.gov, NCT00842530. 

Role o f  th e  fu n d in g  source
The sponsor con tribu ted  to all study stages, including 
trial design, sam ple  testing, statistical analysis, and the 
w riting  o f th is  report. AS, DW, CS, KL, PC, VJ, W D, KP, 
TAW, AM, MS, AB, SV, NCT, an d  JL had  com plete access 
to the  data. AS, DW, and  JL had  prim ary  responsibüity  
for the decisión to subm it for publication.

Results
Between Feb 5, 2009, and Feb 5, 2010,4002 ch ild ren  were 
enrolled, o f  w hom  3839 (96%) received th ree  injections 
and  3673 (92%) w ere included in  the  per-protocol analysis 
set for efficacy (figure). Age and  sex ratios were sim ilar in  
both groups (table 1). At baseline, m ore  than  90% of 
children  sam pled  (im m unogenicity  subset) w ere sero- 
positive against DENV or Japanese encephalitis virus 
(table 1). Active surveiUance detected 2266 febrile ep i­
sodes, 2263 (99-9%) o f  w hich w ere tested by bo th  RT- 
PCR and N Sl-antigen ELISA in acute blood sam ples. For 
2256 (>99%) episodes, these  sam ples w ere collected 
w ith in  7 days o f  fever onset.

D uring  the study, 134 ch ild ren  had  virologically 
confirm ed  dengue, four o f  w hom  (all in  the  control 
group) had  two episodes. O f these  134 cases, 77 occurred 
m ore th an  28 days after th e  th ird  injection  in  the  per- 
protocol population  and w ere included  in  the prim ary 
analysis: 45 occurred  d u rin g  2522 person-years at risk  in  
the  vaccine group, w hereas 32 cases occurred du rin g  
1251 person-years at risk  in the  control group. The 
corresponding vaccine efficacy was 30-2%  (95% CI 
- 1 3 '4 to  56-6; table 2). Efficacy after a tle a s to n e  injection  
(intention-to-treat analysis) was 34-9%  (95% CI 6 -7-54- 3; 
see appendix for Kaplan-M eier curves o f  virologically 
confirm ed dengue, occurring  after th e  first injection).

N on-prim ary analyses assessed serotype-specific rela­
tive risk  and fu rth er post-hoc analyses revealed h e te ro ­
geneity in  the  d istribu tion  o f  serotypes betw een groups, 
suggesting  that efficacy differed betw een serotypes 
(table 2). A gainst DENVl, 3, and  4, efficacy after at least 
one injection  was 61-2% , 81-9% , and 90-0% , respec- 
tively, and statistically superior to 0. A gainst DENV2, 
w hich accounted for 79 (59%) o f  134 episodes, VE was
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Dengue vaccine Control Efficacy

Person-years 
a t risk

Cases or 
episodes*

Person-years 
at risk

Cases or 
episodes*

%(95%CI) Heterogeneity
pvaluet

>28 days after three injections (per-protocol analysis)

Cases 2522 45 1251 32 30-2% ( -13-4 to 56-6) 00340

Serotype 1 episodes 2536 9 1251 10 55'5% (-21-6 to 84-0) -

Serotype 2 episodes 2510 31 1250 17 9-2% (-750  to 51-3) 00309

Serotype 3 episodes 2541 1 1257 2 75-3% (-375-0 to 99-6)

Serotype 4 episodes 2542 0 1263 4 100-0% (24-8 to 100-0)

NSl-antigen positive oniy episodes 2542 4 1265 0 ND

>28 days after tw o injections

Cases 3824 61 1905 47 35-3% (3-3 to 56 5) 0-0057

Serotype 1 episodes 3855 10 1921 16 68-8% (27 Oto 87-4)

Serotype 2 episodes 3824 44 1918 22 -0-3% (-75-8 to  411) 00009

Serotype 3 episodes 3860 2 1924 6 83-4% (7-1 to  98-4)

Serotype 4 episodes 3864 1 1934 4 87-5% (-26-5 to  99-7)

NSl-antigen positive oniy episodes 3863 4 1936 1 -100-5% (-9771-8 to 80-2)

After a t least one injection (in tention-to-trea t analysis)

Cases 5292 76 2630 58 34-9% (6-7 to 54-3) 00027

Serotype 1 episodes 5343 14 2665 18 61-2% (17-4 to 82-1)

Serotype 2 episodes 5312 52 2662 27 3-5% (-59 8 to  40 5) 00007

Serotype 3 episodes 5348 4 2667 11 81-9% (38-8 to 95-8)

Serotype 4 episodes 5353 1 2679 5 90-0% (10'6to99-8)

NSl-antigen positive oniy episodes 5351 5 2681 1 -150-5% (-11748-3 to 72-0)

ND=not determined. * A case was defined asa first episode of virologically confirmed dengue by either serotype-specific PCR, or NSl-antigen ELISA, Serotype-specific efficacy 
was calculated including all episodes of that serotype; four children with two virologically confirmed dengue episodes during the study were therefore included once in each 
of the two serotype-specific analyses concerned. tFisher's exact test was used to test heterogeneity of serotype distribution between groups among the four serotypes and x* 
was used to test the distribution between groups of serotype 2 versus the other three serotypes; NSl-antigen positive only cases (ie, RT-PCR negative cases) were excluded 
from heterogeneity testing.

Table 2: Serotype-specific and overall ef^cacy of CYD te travalen t dengue vaccine against virologically confirmed dengue disease

Dengue vaccine group Control group

First cohort* Second cohort*

n % 95% CI n % 95% CI n % 95% CI

Safety analysis set

n 2666 50 1281

SAEs at any time 315 11-8 10-6-13-1 8 l6-0 7-2-29-1 168 131 11-3-15-1
Vaccine-related SAEs at any time 0 0 0 0 0 -0 1 0 0-0 00-7-1 1 0-1 0-0-0-4
SAEs within 28 days after any injection 50 1-9 1-4-2-5 2 4-0 0-5-137 35 2-7 1-9 -38

Vaccine-related SAEs within 28 days after any injection 0 0 0 O-O-O-l 0 0-0 0 0 -7 1 1 0-1 O-O-O-4

Reactogenicity analysis set

n 697 50 300

AE within 30 min of injection 0 0-0 00-3-5 0 0-0 0-0-71 0 0-0 0-0-1-2

Solicited injection site reactíon within 7 days of injection 426 61-6 57-8-65-2 29 58-0 43-2-71-8 189 63-2 57-5-68-7

Solicited systemic reaction within 14days of injection 538 111 745-80-8 38 76-0 61 8-55-9 223 74-3 6 9 0 -79-2

Unsolicited AE within 28 days of injection 317 45-5 417-49-3 20 40-0 26-4- 54-8 142 47-3 41-6-532

Vaccine-related unsolicited AE within 28 days of injection 10 1-4 0-7-2-6 0 0-0 0 0 -7 1 1 0-3 0 0-1-8

AE leading to  study discontinuation 0 0-0 0-0-0-5 0 0-0 0-0-7-1 0 0 0 O-C-1-2

Data are n, %, or 95% Clof participants with AEs at least once during the study. Safety analysis set®all vaccinated participants, analysed according to the vaccine received. 
AE»adverse event. SAE=serious adverse event. Injection site reaction*pain, erythema, or sweiling. *The first cohort received one injection of rabies vaccine followed by 
two placebo injections; the second cohort received three placebo injections.

Table 3; Summary of all reported SAEs and of AEs reported ’n th e  reactogenicity subset after a t  least one injection
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low and  no t statistically superio r to 0. In data from  the 
control group, the  incidence rate o f  virologically con­
firm ed  dengue was 1-73% in  2010 and  2-33%  in  2011.

584 SAEs occurred du ring  the study: 366 were reported 
for 315 (12%) o f 2666 children in  the  vaccine group, and 
218 were reported for 176 (13%) o f  1331 children in the

All episodes Dengue virus serotype 2

Dengue vaccine group Control group p valué* Dengue vaccine group Control group p valué*

Number of episodes 76 62 52 27

Duration of clinical syndrome (days)

Mean 5-39 (2-34) 5 84(2-68) 0-30 5-23(2-39) 5-89 (2-21) 0-24

Median 5-0(3'5-7-0) 5 5 (40-8-0) 5(3-7) 6 (4-8)

Range 1-12 1-15 1-12 2-10

Duration of fever (days)

Mean 4-13 (1-98) 4-40(1-97) 0-42 4-08(1-96) 4-22 (158) 0-74

Median 4-0 (2-5-5-0) 5(3-6) 4-0 (2-5-5 0) 5(3-5)

Range 1-10 1-9 1-10 1-7

Episodes leading to hospital admission 32 (42%) 30(48 4) 0 4 6 20(38-5) 15(55-6) 014

Duration of hospital stay (days)

Mean 4-91 (1-33) 5-17(1-97) 0-55 5 05 (1-50) 4-80 (1-78)

Median 5(4-6) 5 (4-6) 5(4-6) 5(3-6) 0-66

Range 3-8 2-11 3-8 2-9

Episodes with any haemorrhagic signs 28 (37%) 23 (37%) 0-98 16(31%) 12 (44%) 0 22

Spontaneous bleeding 10 (13%) 10 (16%) 4 (8%) 5 (19%)

Bleeding with blood transfusión 0 0 0 0

Plasma leakage 4(5%) 3(5%) 2 (4%) 1 (4%)

Thrombocytopenia <50xl0VL 6 (8%) 8 (13%) 4(8%) 6(22%)

Thrombocytopenia slOQxlOVL 16 (21%) 16 (26%) 10 (19%) 8 (30%)

Shock 0 2(3%) 0 0

Organ impairment 1 (1%) 1(2%) 1(2%) 0

Data are n (%), mean (SD), median (IQR), or range. Episodes=all symptomatic, virologically confirmed dengue occurring during the study. *t test was used to compare means, 
test was used to compare proportions between groups.

Tob/e4>‘ Clinical characterístics of virologically confirmed dengue episodes

Dengue vaccine (n=2669) Control (n=1333)

12-year-oldgirl 6-year-oldgirl 6-year-old boy 12-year-old giri 10-year-old boy

Onset 182 days after dose 2 328 days after dose 3 344 days after dose 3 48 days after dose 3 170 days after dose 3

Presented with Headache, anorexia, vomiting, 
abdominal pain, confusión

Rash, cough, anorexia, 
vomiting, abdominal pain

Headache, anorexia, 
abdominal pain

Headache, rash, abdominal pain Headache, rash, vomiting, 
anorexia, abdominal pain

Additional clinical Information No clinical shock, CSF normal, 
CT braín norm al tonsillitis

No clinical shock, no other 
visceral manifestations

No clinical shock, no other 
visceral manifestations

Clinical shock (BP 80/50 mm Hg) 
after defervescence, hepatomegaly

No clinical shock, no other 
viscera) manifestations

Duration of hospital stay (days) 7 6 3 11 10

Tourniquet test Negative Positive Not done Negative Positive

Spontaneous bleeding No No Haematemesis Mucosal bleeding Haematemesis

Minimum plateletcount(xloVL) 48 6 25 18 51

Plasma leakage No >20% increase in 
haematocrit

>20% increase in 
haematocrit

Clinical pleural effusion, confirmed 
by chest radiograph, >20% increase 
in haematocrit

>20% increase in 
haematocrit

Dengue WT qRT-PCR

Serotype DENV2 DENVl PCR negative DENVl DENV2

Virus titre (log,o GEq/mL) 9-89 5-46 NA 976 9 83

NSl antigen ELISA 10-5 8-60 8 5 4 10-3 5-85

Diagnosis Dengue fever with 
encephalopathy

DHF grade 1 DHF grade 2 DHF grade 3 DHF grade 2

BP-blood pressure. NA»not appllcable. DHF-dengue haemorrhagic fever.

7flb/c5- Summary of dengue episodes classified as severe according to  independent data  monitoring com m ittee or WHO 1997 ciassifications”
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control group (table 3). No vaccine-related SAEs were 
reported  in  the dengue group, b u t one occurred in  the 
placebo control group. SAEs were m edical disorders 
consisten t w ith the age group and occurred at sim ilar 
rates in  each group w hen  we considered the  study period 
as a whole, as well as SAEs occurring w ithin 28 days o f  an 
injection. In  the reactogenicity analysis set, the proportion 
o f each group w ith adverse events (AEs) was sim ilar 
(table 3). U nsolicited AEs w ithin 28 days o f  any vaccination 
w ere reported  for 317 (45%) o f 697 children in  the vaccine 
group and  142 (47%) o f  300 receiving placebo control. 
Vaccine-related unsolicited AEs w ithin 28 days o f any 
vaccination were reported for ten  (1%) o f  697 chüdren  in 
the vaccine group and  one (<1%) o f 300 receiving placebo 
control. Four children in  the  control group died during  
the  study (drowning, traffic accident, T-cell lym phom a, 
head  injury).

The clinical characterístics o f  dengue episodes were 
sím üar in  the  two groups w hen we considered all episodes, 
irrespective o f  serotype (table 4). These characterístics were 
also sim üar in  the two groups w hen we considered 
serotype 2 episodes only (ie, the serotype against w hich the 
vaccine did no t show  efficacy). Five dengue episodes were 
classified as severe dengue according to IDMC or W H O  
1997 definitions. Three occurred in  the vaccine group, two 
in the control group (table 5). The incidence density o f 
severe dengue after at least one injection was 0-058%  
(3 cases/5149 person-years) in  the vaccine group, and 
0-078%  (2 cases/2578 person-years) in  the  control group. 
O ne episode o f grade 3 DHF occurred in the control group; 
o ther episodes w ere grade 2 DHF or milder. AU five 
chüdren recovered w ithout sequelae w ithin 12 days.

In the  im m unogenicity  subset, geom etric  m ean  titres 
(GMTs) increased  after the  first dengue vaccination 
com pared  w ith baseline  (n=197) an d  w ere h ig h er after 
the  second an d  th ird  in jections com pared  w ith after 
injection  1 (table 6). 4 weeks after the  th ird  injection, 
GMTs w ere in  the range  146 against DENVl to 405 against 
DENV3, decreasing  to valúes in  the range 76-5-153 at 
1 year after th e  th ird  injection. In  the  contro l group 
(n=99), GMTs w ere in  th e  range o f  20-50 at each 
tim ep o in t and w ere h ig h est against DENV2 and DENV3.

Discussion
T his phase  2b, proof-of-concept study was designed with 
the prim ar)' objective o f  establishing efficacy against 
virologicaUy confirm ed dengue o f any serotype after th ree  
injections, un d er the assum ption  that the  n u m b er o f 
cases w ould no t allow a m eaningfu l estim ation  o f 
serotype-specific efficacy. O ur prim ary  estim ate  o f  efficacy 
was lower th an  projected and  was no t significant. How- 
ever, the  n u m b er o f  observed cases was substantiaUy 
h igher th an  expected, allowing us to consider efficacy per 
serotype. Efficacy estim ates against DENVl, 3, and 4 were 
in  a range consisten t w ith ou r assum ed  overall efficacy o f 
70% after three  injections, and these  estim ates were 
significant after at least one vaccination, b u t no t after the

Dengue vaccine group (n=197) Control group (n=99)

m GMT(95%CI) Seropositive* (n, %) m GMT(95%CI) Seropositive* (n, %)

Baseline

Serotype 1 197 42-8 (30-7-59-5) 108 (55%) 99 26-6 (17-6- 40-2) 48(48%)

Serotype 2 197 56 8(40-3-80-1) 115 (58%) 98 43-7{27-8-68-7) 57(58%)

Serotype 3 197 31 5(24 2-41 0) 119 (60%) 99 2 87  (19-3-42-6) 55 (56%)

Serotype 4 197 281(21-7-36-4) 111 (56%) 99 23-2(15-6-34-6) 45(45%)

28  days after first injection

Serotype 1 197 94-4 (66-4-134-3) 144(73%) 98 27-7 (18-1-42-3) 47 (48%)

Serotype 2 197 195 (143-266) 172 (87%) 99 42-9(27-2-67 6) 56 (57%)

Serotype 3 197 1119 (85 8-145-9) 1 6 9 (86%) 99 2 7 0 (18-3- 3 9 8 ) 52 (53%)

Serotype 4 197 1 38 (106- 178) 169 (86%) 99 24-2 (16 4-35-8) 46 (46%)

28 days after second injection

Serotype 1 94 120-7(79-4-183 5) 84 (89%) 49 219(12 4-38 6) 22 (45%)

Serotype 2 94 326 (230-462) 93 (99%) 49 43-5(23 3-811) 2 8 (57%)

Serotype 3 94 195 (144-263) 93 (99%) 49 24-6 (14-4-42-1) 27(55%)

Serotype 4 94 1 5 9 (121- 210) 91 (97%) 49 21-2 (12 3-36 4 ) 22 (45%)

28 days after third injection

Serotype 1 95 1 4 6 1 (98-5- 216-7) 90(95%) 49 23-9 (14 0-40-9) 27(55%)

Serotype 2 95 310(224-431) 94(99%) 49 52-2 (26 8-101-7) 29 (59%)

Serotype 3 95 405(307-534) 95 (100%) 49 48-9(25 5-93 9) 29 (59%)

Serotype 4 95 155(123-196) 93(98%) 49 1 9 4  (1 16 -32-2) 21 (43%)

1 year after third injection

Serotype 1 95 76-5 (48-2-121-5) 73(77%) 48 20-7(12-0-35-8) 22 (46%)

Serotype 2 95 122-5 (78 8-190 4) 8 1 (85%) 48 38 5(20 6-72-1) 27 (55%)

Serotype 3 95 94-8 (65 2-137 9) 85 (89%) 48 25-6 (145-45-3) 26 (54%)

Serotype 4 95 153 (110- 212) 89 (94%) 48 37-5(20-1-69-2) 26 (54%)

m=numberof participants per protocol atthat point inthe study and for whom data are available for that endpoint. 
PRNTjo^plaque-reduction neutralisation test. GMT=geometric mean titre. *Titre 10 or higher.

Table 6: Geometric mean PRNT^, antibody titre  against vaccine parental dengue straíns a t baseline and 
after each injection (per-protocol immunogenicity analysis)

th ird  possibly because o f the lower n u m b er o f  cases. 
Conversely, efficacy was no t show n against DENV2. This 
lack o f  efficacy against DENV2, and the fact that DENV2 
was the  prevalent serotype du ring  the  study, d im in ished  
the  overall vaccine efficacy in  this setting  (panel).

M ore than  91% o f enrollees com pleted the study per 
protocol, and the  active surveiUance system  im plem ented  
for the study successfuUy collected acute blood sam ples 
for virological confirm ation from  m ore than  2200 febrile 
episodes w ith in  7 days o f  fever onset. This h igh  com pliance 
probably reflects the im portance o f site preparation 
activities, and beyond that the im portance o f dengue for 
the study team  and the  population o f Ratchaburi.'*"’̂

The vaccine’s safety and reactogenicity profile was good 
and consistent with previous clinical triáis using  the 
recom binant CYD dengue vaccine technology.*"'”' The 
absence o f  vaccine-related SAEs or any o ther safety signal 
after 2 years o f  active foUow-up o f m ore than  2600 vacci­
nated children is particularly noteworthy. Theoretical 
safety concerns associated with the potential increase in 
the rate or severity o f dengue disease by an incom plete 
im m u n e  response against the  four serotypes o f dengue
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Panel: Research in context 

Systematic review
A search of PubMed with the search terms "dengue", "vaccine", and "efficacy" did not show 
any previous clinical study of efficacy of a dengue vaccine. No date or language restrictions 
were applied.

Interpretation
Although the primary estimate of efficacy in our study was lower than projected and was not 
significant, the study's secondary findings have major implications for the continuing 
development of dengue vaccines.This candidate vaccine was immunogenic for all four 
serotypes and protected against three of the four serotypes (1,3, and 4) at levels consistent 
with the initial hypothesis. Against the fourth serotype, however, no protection was seen in 
this setting despite satisfactory immunogenicity, and this factor affected the primary 
outcome. These findings challenge the vaccine development hypothesis that by inducing 
balanced levels of neutralising antibodies as measured by plaque-reduction neutralisation 
test, tetravalent vaccination would provide similar levels of protection against the four 
serotypes.” ' Crucially, the antibody-dependent enhancement hypothesis that has hampered 
vaccine development to  date was not borne out by this study.*'There was no sign of 
enhanced disease in breakthrough cases after vaccination with this tetravalent YFl/D-based 
recombinant dengue vaccine during the 2 years of study follow-up.

have ham pered  vaccine development.*' In  this context, the 
absence o f  any sign o f disease enhancem ent after 2 years 
o f  foUow-up after the first injection, in  the presence o f  non- 
protective im m u n e  responses against the circulating 
DENV2 viruses, is an  im portant and reassuring  finding. 
Indeed, the duration  o f fever and the rate o f adm ission to 
hospital were no h igher in  cases in  the vaccine group 
com pared w ith the control group, and there was no excess 
in  severe cases or in the classic clinical signs o f dengue 
such as bleeding, plasm a leakage, or throm bocytopenia.

The observed lack o f  efficacy against DENV2 despite 
satisfactory im m unogenicity  is surprising  and will 
need  fu rth er investigation. It leads us to question  the 
robusm ess o f the assum ption  th a t to protect against 
dengue, vaccination m u st induce balanced im m u n o ­
genicity against all four serotypes as assessed  by PRNT,», 
regarded as the  m ost relevant assay to m easu re  antibodies 
th a t pro tect epithelial cells from  dengue virus infection." 
In  vivo, however, Fe receptor-bearing ceUs are crucially 
im portan t in  supporting  dengue infection. Testing the 
biological relevance o f  m easu ring  DENV neutralisation  
in  a system  m odelled on  in-vivo target cells therefore 
deserves fu rth er study.

A n antigenic m ism atch  betw een the  CYD2 vaccine 
virus and the  DENV2 virus o r v iruses that caused disease 
in  o u r cohort is possible. T he A sian 1 genotype o f DENV2 
circulating in  sou theast Asia consists o f  several lineages, 
one o f  w hich has m uta tions in  dom ain  2 o f  th e  E protein  
(at E83, E226, an d  E228) th a t could have im plications for 
viral fitness ."  T he am inoacid residues at these positions 
in  the  donor wild-type v irus for th e  CYD2 vaccine 
(PUO-218) correspond  to those o f  the  A sian/A m erican  
genotype.'*'* A ntibody responses after vaccination 
against DENV2 w ere h ig h er than  those against DENVl

and  DENV3, and w ere sim ilar to responses no ted  in 
earlier stud ies in  the  región.'"" A previous study in  non- 
h u m an  prim ates show ed th a t sera raised  against CYD- 
TDV neutra lise  in  an SN,,, assay a broad range  o f isolates 
across all the DENV serotypes, genotypes, geographical 
origins, and isolation years,'* and th is could  still be the 
case for the  DENV2 viruses circulating  in  ou r study. 
W hether im m u n e  responses to DENV non-struc tura l 
pro teins (which are no t encoded in  th e  CYD vaccine 
viruses) con tribu te  to  the  overall protective response  to 
DENV2 also needs fu rth er clarification. Also, the  DENV2 
antibody titres m ig h t no t have been  h igh  enough  to 
protect against this serotype or the  particular lineage o f 
v iruses c irculating in  R atchaburi du ring  the  study period. 
The m onocentre  design o f this phase 2b study in  a single 
area o f  T hailand and  the p redom inance  o f  th is one 
serotype therefore constitu tes its p rincipal lim itation.

The worldwide dynam ics o f  dengue viruses are complex. 
The prevailing serotype and the  d istribution o f viruses 
differ from  región to región and evolve with tim e as a 
result o f serotype and lineage replacem ent events."*''’''" '’ 
Intrinsic and extrinsic host factors can also play a part. 
U nder different epidem iological circum stances, the 
vaccine as currently form ulated m igh t provide significant 
benefit. Further evaluation o f  vaccine efficacy in  different 
epidem iological settings, against a wide range o f dengue 
viruses o f  differing virulence and viral fitness, circulating 
in  both epidem ic and  endem ic contexts, is im portant. 
O ngoing phase 3 efficacy studies in m ore than  
30000 volunteers in  ten countries in  Latin Am erica and 
Asia will provide pivotal data for this candidate vaccine’s 
efficacy (NCT01374516 and NCT01373281).

In conclusión, although the assum ed high efficacy against 
all four serotypes o f  dengue vim s was not shown, our study 
constitutes the first ever dem onstratíon that a safe dengue 
vaccine is possible. In the context o f  W HO goals to reduce 
dengue mortaUty by at least 50% and the  m orbidity rate by 
at least 25% by 2020,'" this study represents a m ajor 
m üestone. These findings have im portant implications for 
dengue vaccine developm ent and support the continued 
evaluation o f this dengue vaccine based on the recom binant 
CYD dengue vaccine technology.
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Introduction

Dengue is an im portant viral disea.sc, consisting of a global 
public hcalth problcm  in tropical and subtropical regions o f the 
World including the Americas, whcrc the main vector is the 
mosquito Aedes aegfpti. It is estimated that over 2.5 billion peoplc 
live in arcas of dengue risk in which 50 to 100 million of infection 
occur annually and about 250 to 500 thousand patients develop 
the most severe symptoms of the disease, such as dengue 
hcmorrhagic fever (DHF) and dengue shock syndrome (DSS), 
with m ore than 20,000 deaths [1], [2]. Dcspitc several efforts, 
there is still ncither an cffectivc antiviral therapy ñor a prevcntive 
vaccine against dengue commercially available [3].

T here are four antigenically distinct dengue vh'uses (DE¡ST\'T-4), 
which bclong to the famüy Flaviviridac, gcnus Flavivirus [4]. The 
D EN V  gcnome is a positive single-strandcd RNA, cncoding a 
pol)protein which is proccsscd to produce three structural 
proteins, capsid (C), prem em branc/m em branc (prM /M ) and 
envelope (E) and scvcn nonstm ctural (NS) proteins, N S l, NS2A, 
NS2B, NS3, NS4A, NS4B and NS5 [5]. T he E glycoprotein is the 
m ajor com ponent o f virion surface and it is associated with several 
biological activities. It acts as a binding protein, intcracting with 
receptors present on host cell surface and leading to endocVosis of

the virus particlc. It also mediatos fusión of envelope and host cell 
m em brancs, which culminatcs with the nucleocapsid disassemble 
and rclcase o f virus gcnomc for polyprotein synthesis [5], [6]. The 
virus partióle contains 90 homodimers of the E protein and its 
ectodomain is composed of the dom ain I, II and III [6].

This protein is the main target for the induction of neutralizing 
antibodies and therefore most vaccines bcing developed against 
D ENV are based on the stiinulation of imm une responses towards 
the E glycoprotein [7], [8]. O ne of the main problcms for 
developing a vaccinc against dengue is the requirem ent for a 
protective imm une response against aU four serotypes, without the 
risk of inducing scvcrc disease [9], [10]. This rational is 
particularly attributed to epidemiological obscrvations that most 
scvcrc dengue cases occur in individuáis expericncing a secondary 
D ENV infection [11] and an ineflicient immunization against one 
serotype may increase the risk o f D H F /D S S  development if the 
vaccinated host acquircs an infection with such serotype.

Several vaccine approaches have been proposed to combat 
dengue disease, including the use o f inactivated or live attenuated 
viruses, chimeric live viruses, subunit antigens and DNA 
immunizations [9], [12], [13]. Im m unization with tetravalent 
formulations containing sets o f live attenuated viruses Icad to
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uiibalanccd imm une responses against the four serotypes, due to 
tlic intcrference oí one virus in the replication o f the others a n d /o r 
the imm unodom inancc of the response against some antigens 
upon others [9]. In fact, clinical studies with chimeric attenuated 
viruses by' Sanofi-Pasteur, which is the most advanccd tetravalent 
live attenuated dengue vaccine, revealed the necessity o f three 
doses with several m onth intcrvals to rcach seroconvcrsion against 
all the four serotypes [14], [15], O n the other hand, the DNA 
vaccine is a genc-based stratcgy' which scems not to cause 
intcrference upon combined immunization [16]. Actually, DNA 
vaccines have been shown to be significantly more effective w'hcn 
combined in other imm unization approaches, such as in p rim e/ 
boost régimen, leading to a synergistic cffcct o f the immune 
response that can reduce the num ber o f doses required for 
protection [17-19].

Therefore, in the present work we evaluated the combination of 
thcsc two vaccinc strategies for cliciting a  robust im m une re.sponsc 
and protection against dengue. B alb /c  mice were immunizcd with 
a DNA vaccine (pElD2), which encodes die ectodomain of the 
envelope DEN\'*2 protein, previously constructed by our group 
[20], combined to a chimeric yellow fever/dengue virus (YF17D- 
D2) [21]. Mice were inoculated with these vaccines by prime- 
booster or simultaneous imm unization protocols and we obscrv'cd 
a synergistic ell'cct on the elicited immune rc.sponse, increasing 
neutralizing antibody titcrs and conferring protection against a 
lethal challenge widi DENA''2. Results also revealed that imm u­
nization with the DNA vaccinc, rcgardless o f the combination with 
the chimeric virus, induced a robust cell im m une response with the 
production of INF-y by C D 8-I- T  lymphocy'tes.

Materials and Methods

Viruses and Cell Unes
T he D E N \'2 , strain New Guinea C (NGC) (GcnBank M2909.5), 

was used for construction of the p E lD 2  recom binant plasmid. 
This strain was ncuroadaptcd by passaging in new'born mouse 
brains and used in challenge assays. T he DENV2 4 4 /2  [21] was 
used for plaque reduction neutralization test. Both viruses were 
propagatcd in Vero cell monolaycrs (ATCC), cultivated in 
M édium  199 with Earlc salts (E199, Sigma, USA), buffercd w'ith 
sodium bicarbonatc, supplemented with 5% fetal bovine serum 
(FBS, Invitrogcn, USA) and m aintained a t 37°C in 5% CO^.

Vaccines
T h e  D N A  v a c c in e  P E 1 D 2 . T he DNA vaccinc p E lD 2  was 

previously described [20]. Briefly, this plasmid encodes the NG C 
DENV2 ectodomain (domains I, II and III) o f E protein fused to a 
signal sequence derived from the hum an tissue plasminogcn 
activator (t-PA). T he pcTPA plasmid [22], without the E gene, was 
used as a control. Plasmids wcrc isolatcd from transformed 
Escherichia coli, D H 5-a strain, purified by Qiagen Endofree Plasmid 
Giga K it (Qiagen, Germanyj following m anufacturer’s mstruction, 
suspended in endoto.xm-frec sterile w ater and storcd at — 20‘'C  
until use.

C h im e r ic  v i r u s  Y F 17D -D 2 . The YF17D-D2 (P44/S) vac­
cine is a chimeric yellow fever (\'’F)/denguc 2 virus, constructed by 
replacing prM  and E genes o f the live attenuated virus vaccine 
YFl 7D by these genes from DENV2, as described previously [21]. 
T he chimeric virus stock was ampliíicd and tittercd on Vero cells 
and stored at — 70°C until use.

Mice Immunization
Experiments with mice wcrc conducted in compliance with 

ethical principies in animal experimentation stated üi the Brazilian

Collcgc of Animal Experim entation and approv'cd by the 
Institute’s Animal Use Ethical Com mittee (approval ID: L -067/ 
08). Groups o f B alb/c inicc (n =  10), malo SPF with 4 to 6 weeks 
oíd, were inoculated by three difl'erent immunization protocols 
and challengcd with DENV2, as summarized on table 1. The 
single type protocol was perform ed by imm unization with the 
DNA vaccinc or chimeric viru.s alone. Briefly, each animal was 
inoculated with the p E lD 2  vaccine or the control plasmid 
(]OcTPA) (100 pg DNA/do.se/anim al) intramuscularly (i.m.), as 
described [20], or subcutaneously (s.c.) with the chimeric YT17D- 
D2 virus (10 ’ PFU /dose/anim al). In both cases animals were 
iminunized with one or two doses, given 2 weeks apart. In the 
prime-booster protocol (DNA/chim era), animals were inoculated, 
as described abovc, with one or two doses of plasmid DNA (prime) 
followed by a booster dose of YF17D-D2, given 10 days after the 
last DNA dose. Anothcr group w'as immunizcd by an inverse 
prime-booster schcme (chim era/DNA), following the same doses 
and inoculation routes. F'inally, m the simultaneous protocol, mice 
were inoculated with one or two doses o f a m ixture w'ith the 
plasmid DN/Y and chimeric virus by the intram uscular route (Mix; 
DNA+chimcra), or with two doses of each vaccinc by different 
routes (DR: i.m. and s.c. for plasmid DN A  and chimeric virus, 
rcspectively), given two w'ceks apart. Non immunizcd mice w'cre 
also used as negative control. /Vnimals w'cre bled by retro-orbital 
puncturc before inoculation (preimmune sera) and one day before 
challenge. Serum samples w’ere collected and stored at —/O 'C  
until use.

Plaque Reduction Neutralization Test (PRNT50)
Neutralizing antibodies agamst DENA72 were measured using 

plaque reduction neutralization tests (PRNT) perform ed in Vero 
cells, with 96-well platcs, as previously described [20]. Briefly, 
serum samples w'ere serially diluted (from 1:5 to 1:640) in 50 |iL  of 
E l 99 m édium followed by the addition of approxiinately 30 PFU 
of DENV2, and incubated at 37°C for 1 h. Vero cell suspensions 
were addcd and plates were incubated at 37 'C  for 3 h. Cells w'cre 
overlaid witli 100 pL  of E199 médium with 3% carboxymethyl- 
cellulose and plates were incubated for 7 days at 37°C in 5% CO^. 
Cells w'cre then íixed with 10% formalin, stained with crystal violct 
and plaques w'erc m anually counted. Neutralizing antibody titers 
were exprcssed by 50'/o o f plaque reduction (PRNTsoít). This 
assay is w'cll established in the laboratory, with reproducible 
results, and it is used for testing mouse individual serum samples, 
whose voluincs are sinall.

Interferon Gamma ELISPOT Assay
Spleen cells from groups of imm unizcd mice (n = 5), isolatcd 

10 days after the last immunization, were used in IFN-y 
ELISPO T test. T he assay was perform ed with a 9-m er peptide 
(SPCKIPFEI), corresponding to 331-339 amino acid residues ol' 
the D E N \0  E protein, which is an im m unodom inant C D 8-H T  
cell epitope in B alb/c mice specific for the serotype 2 [23]. 
Animals w'ere immunizcd with the DNA vaccine a n d /o r  
chimeric virus, as summarized in table 1. The IFN-y ELISPO T 
mouse set (BD Biosciences) was used as previously described 
[24], in accordance with the m anufactnrer's instruction. Briefly, 
96-w’cll plates w'cre coatcd overnight at 4°C w'ith 5 p g /m L  IFN- 
y capture inonoclonal antibody (100 pL  in PBS/well), followed 
by w'ashing and blocking with supplemented RPM I-1640 
médium (Sigma), for 2 hours at room tem perature. Splenocytcs 
(2 x 1 0 ’ cells/well) were added in 100 pL  RPM I-1640 vsith the 
subsequent addition of 100 pL of the E peptide (final 
concentration of 10 pg/m L). Non-stimulated and concanavalin 
A (Con A, 5 Pg/m L) stimulated cells were used as negative and
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Table 1. The different im m unization protocols using the p E lD 2  DNA vaccine and/or YF17D-D2 chimeric virus.

Groups

Vaccines Challenge^

0 15 25 3 0  35

Plasmid Id  (i.m)® pElD2 - - DENV2 -

Plasmid 2d (i.m.)® pElD2 or pcTPA pElD2 or pcTPA - DENV2 -

Chimera Id  (s.c)® - - YF17D-D2 DENV2

Chimera (s.c)® YF17D-D2 YF17D-D2 - DENV2 -

Plasmid Id  (i.m.)+Chimera (s-c)*^ pElD2 YF17D-D2 - DENV2 -

Plasmid 2d (i.m.)+Chimera Id  (s.c.)*̂ pE1D2 or pcTPA pElD2 or pcTPA YF17D-D2 DENV2

Chimera Id  (s.c)+Plasmid 2d (i.m.)*^ YF17D-D2 pElD2 pElD2 DENV2

Mix Id  (i.m.): Plasmid+Chimera'^ pE1D2 or PCTPA+YF17D-D2 - - DENV2 -

Mix 2d (i.m.): Plasmid+Chimera'^ pE1D2 or pcTPA+YF17D-D2 pElD2 or pcTPA +YF17D-D2 - DENV2 -

DR: Plasmid (i.m.)'fChÍmera(s.c.)^ pE1D2 or pcTPA+YF17D-D2 pE1D2 or PCTPA+YF17D-D2 - DENV2 -

Plasmids: pElD2 (DNA vaccine) or pcTPA (control).
Chimera: YF17D-D2 (Chimeric virus constructed by replacing the  prM and E genes from a ttenuated  yellow fever 170 virus by those from DENV2).
"Single type immunization;
‘"Combined im munization with prim e-booster régimen;
'C om bined im munization with sim ultaneous inoculations;
‘‘challenge with DENV2 by the  intracerebral route.
i.m.: intramuscular route; s.c.: subcutaneous route; Mix: plasmid DNA (pEI D2 or pcTPA)+chimeric virus (YFl 7D-D2); DR: different routes of inoculations for plasmids (i.m.)
and chimeric virus (s.c.).
doi:10.1371/journal.pone.0058357.t001

positive Controls, re.spcctivcly. Splenocytcs wcrc culturcd for 
20 b  at 37“C in 5% CO^. Piares were washed once wdth water 
and then with 0.05% Twecn 20-PBS (PBST), followed by 
incubarion for 2 h at room tem perature with 2 p g /m L  of 
biotinylated IFN-y detcction antibody, diluted in 100 pL  PBS 
with 10% FBS. Plates were washed again witli PBST and 
incubated for 1 h at room tem perature with streptavidinhorscr- 
adish peroxidasc diluted 1:100. Spots were revealed with AEG 
substrate reagent set (BD Bioscicnce) at room tem perature and 
countcd with an Im m unospot rcader (Ccllular Technology Ltd, 
Cleveland,OH) using the Im munospot Software Versión 3. 
Results were exprcssed as the avcragc from triplicare wclls of 
spot-forming cells (SFC) per 2 x 1 0 ’ cells, after subtraction of 
background valúes dcfcctcd in splcnoc)'tcs incubated only with 
mcdium.

L e th a l  c h a l le n g e  w ith  D E N V 2. Micc were challengcd with 
a mouse brain adaptcd N G C  DENV2, ten or fiftccn days after 
the last immunization. /Vnimals wcrc anesthetizcd with a 
mixture of ketaniine-xylazinc [25] and m tracerebrally (i.c.) 
inoculated with 30 pL  of 4.32 logio PFU of DENV2, which 
corresponds to approximately 4 LD50, diluted in E l 99 médium 
supplemented with 5% FBS. Animals were m onitored for 21 
days for mortalit)' and morbidity. The evaluation o f diífcrcnt 
m orbidity degrees was perform ed using an arb itran ' scale 
ranging from O to 3 in each animal group (O =  nonc, 1 =  müd 
paraly'ses in one hind Icg or alteration of the spinal column with 
a small hum p, 2 = severe paralyscs in one hind Icg and 
alteration of the spmal column with a small hum p or severe 
paralyscs in both hind Icgs, 3 = two severe hind leg paralyscs 
and deformed spinal column or dcath).

S ta t i s t ic a l  a n a ly s is .  Statistical anah'scs wcrc performed 
using G raphPad Prism software (La Jolla, USA), versión 5.02. 
For tlie analysis o f sun'ival and m orbidity rates, statistical 
significanccs wcrc evaluated by chi-squarc test, whilc dilfcrcnces 
in the degree of morbidity, PR N T 50 titcrs and ELISPO T assay 
W'ere analyzed by A'Iarm-Whitney test. Valúes were considered 
significant at P< 0.05.

Results

Induction of Neutralizing Antibodies against DENV2
The hum oral immune response induced by the DNA vaccinc 

(pElD 2) a n d /o r  the chimeric Y F /D E N V  virus (YF17D-D2) was 
evaluated in B alb/c mice by the presence of neutralizmg 
antibodies against DENV2. Serum  samples from micc inoculated 
W'ith the different imm unization protocols (Table 1), as well as 
control animals, w'cre collected 24 h  before virus challenge and 
titrated for neutralizmg antibodies (PRNT-,(|»,„), performed w'ith a 
DENV 2 isolatc difl'erent from that used for vaccine constructions. 
/Vnimals inoculated with the single type imm unization protocols, 
only with the p E lD 2  DNA vaccine or the 'YF17D-D2 chimeric 
t'iriis, showed dctccrablc neutralizing antibodies. Im munization 
with two doses o f the DN/V vaccinc elicits a  slight increase of 
neutralizing antibody levels w'hen com pared to inoculation w'ith 
one dose (PRN T m edian of 67 and 40, rcspectively), whilc two 
doses o f the chimeric virus induced significant higher PR N T  
comparing to w'hat it W'as obsen'ccl with one dose o f this vaccine 
(median of 349 and 22, rcspectively') (Fig. 1). However, combined 
immunizations with the two vaccine strategies revealed an increase 
in the antibody response. Mice immunizcd with two doses of the 
pE ID 2  DN/V vaccinc and boostcd with one dose o f YF17D-D2 
virus presented high antibody titers (median = 560), in which 50% 
of thcsc animals reached the maximal neutralization titer detected 
in our assay (a640) (Fig. lA). Furtherm ore, all mice inoculated 
with the ret'crsed prime-booster protocol, w'ith one dose of 
YF17D-D2 and tw'o doses o f p E lD 2 , presented the highest 
neutralizing antibody titer (S640). O n  the other hand, animals 
inoculated w'ith the prime-booster system using the control pcTPA 
plasmid [pcTPA (2d)-F'VTl 7D-D2 (Id)] did not reveal any increase 
in the hum oral immune response (median = 20). In this group, the 
observed neutralizing antibody titers were, hi fact, due to the 
imm unization with the chimeric virus, as can be sccn when wc 
compare PR N T  in mice receiving only one dosc of the YFl 7D-D2 
(median = 22) (Fig. 1/V). T he imm unization schcme with one dose 
of each vaccine, p E lD 2  (prime) and YF17D-D2 (Irooster), induced
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significantly fow'cr neutralizing antibody titcrs (median = 165) 
when com pared to groups that received the formcr priinc-boost 
protocol, with two doses o f p E lD 2  and one dose of YF17D-D2 
(Fig. lA). In addition, the simultaneous imm unization protocols 
(Mix), with both vaccines combined in a single formulation, also 
elicited high levels of neutralizing antibodies, either with one or 
two doses. In fact, 40% and 90% of animals inoculated with one or 
two doses o f the Mix, rcspectively, showed the highest antibody 
titers detected in our assay (S640) (Fig. IB). Thus, the schcme of 
two doses of mixed p E lD 2  DNA vaccine and YF17D-D2 virus 
revealed to be as eflcctivc m gencrating neutralizing antibody 
levels as one dose oflive YF17D-D2 virus followed by two booster 
doses o f the DNA vaccine. In addition, simultaneous imm uniza­
tion with the two vaccines inoculated by difl'erent routes (DR) also 
elicited high neutralizing antibody levels, in w'hich 60% of animals 
presented m áximum PR N T  (titcrs S640) (Fig. IB). Pre-immune 
scritm samples and sera collected from pcTPA-moculated micc 
[pcTPA (2d)] did not present detectable neutralizing antibody 
titers against D E N \'2  (data not shown).

Production o f IFN-y Elicited by the Different 
Immunization Protocols

The IFN-y E LISPO T  assay w'as perform ed in order to 
investigatc C D 8-F T  cell responses induced by the DNA vaccine 
an d /o r  chimeric virus, wúth difl'erent imm unization protocols 
(Table 1), using the DEN1V2 specific Esn-.s.sa im m unodom inant 
epitope, previously described in B alb /c  mice [23]. Splenocytcs 
from animals immunized with two doses o f the live YF17D-D2 
chimeric virus presented significantly higher SFC valúes when 
com parcd to ccUs collected from micc inoculated wáth only one 
dose of'such vaccinc (Fig. 2). How'cvcr, mice administered w'ith the 
p E lD 2  DNA vaccine alone, rcgardless the num ber o f dose (one or 
two doses), presented a remarkable increase of this immune 
response, with approximately scvcn fold m ore IFN-y positive SFC 
num bcrs w'hcn com pared to results observed w'ith YF17D-D2- 
inoculated animal groups (Fig. 2). O n the other hand, combined 
immunizations w'ith these two vacchies, either with the prime- 
boost schcme or w'ith simultaneous inoculation in a  single 
formulation (Mix) or with different routes (DR), also elicited high 
num bcrs of SFC secrcting IFN-y (Fig. 2). Positive control, using 
Con A as stimulating antigen, confirmed the cell viability' from all 
mouse groups (data not show'ii).

Protection against DENV2 Challenge
The protective efficacy of the different imm unization protocols 

were evaluated in vaccinated animals challengcd with a lethal dose 
of a mouse brain-adaptcd DENV2. Mice w'crc m onitored the 
following 21 days after challenge for the development o f morbidity 
and mortality. T he difl'erent m orbidity degrees were evaluated 
using an arbitrary scale, regarding mainly hind leg paralysis, 
altcrations in spinal column and death.

Results indicated that all animals immunized w'ith a prime- 
booster protocol, with one or two doses of the p E lD 2  (prime) 
followed by a booster dose with 'YF17D-D2 or in the reverse 
schcme (one dose of 'YF17D-D2 and two doses o f pE lD 2), 
sur\'i\'cd virus challenge (Fig. 3A). Similar results w'cre also 
observed in mice immunized w'ith tW'O doses o f p E lD 2  vaccmc 
and all thcsc groups showed statistically significant differences of 
sur\'i\'al rates (p < 0 .0001) when comparcd to control groups (non- 
immunized and pcTPA-inoculated animals).

How'cver, only animals vaccinated with the prime-booster 
protocol, with either two doses o fp E lD 2  and one dose of'\T 17D - 
D2 or W'ith the reverse schcme, revealed a total absence of 
morbidity after virus challenge (Fig. 3B). Additionally, only one

mouse (1/ 10) in the group immunizcd with one dose of' each 
vaccinc in the prime-booster régimen show'cd clinical signs of 
infection (Fig. 3B). O n the other hand, although 70% and 60% of 
animals submitted to a single type immunization, w'ith one dose of 
the p E lD 2  or YF17D-D2 vaccines, respectively, sun-ived the 
DENV 2 challenge (Fig. 3A), 50% and 80% of these mice 
presented morbidity, rcspectively (Fig. 3B). Furtherm ore, although 
most micc immunized with the prime-booster protocol using the 
pcTPA control plasmid [pcTPA (2d)-l-YF17D-D2 (Id)] also 
survivcd the virus challenge (80%) (Fig. 3B), the majorirv' o f them 
showed remarkable clinical signs o f infection (Fig. 3B).

Protocols o f combined immunizations using simultaneous 
inoculations also induced 100% surt'ival, rcgardless o fthe  num ber 
of'doses (Fig. 4A). Additionally, animals immunized with two doses 
o f these combined vaccines (Mix 2d), showed complete protection 
against DENV2, w'ithout any morbidity' (Fig. 4B). O n the other 
hand, 30% of'mice immunized with tw'o doses of'the YF17D-D2 
presented clinical signs o f infection (Fig. B). The protective efficacy 
W'as also es'aluated hi animals inoculated simultaneously w'ith the 
two vaccines administered by different routes (DR) and results 
revealed the same level of protection (100% suiv'ival, without any 
clinical signs o f infection) (Fig. 4).

Discussion

In the present report, wc investigated the immune response and 
protection induced w'ith a combination of two difl'erent vaccine 
strategies against dengue in micc, usmg a DNA plasmid (pElD2) 
and a yellow fcvcr/dcngric chimeric virus (YF17D-D2). Both 
vaccines contain seciucnces from the DEN'V2 envelope gene. The 
p E lD 2  DNA vaccine encodes 80% of the DENV2 envelope 
protein sequence, cori'esponding to its ectodomain (domains I, II 
and III) without the C-term inal stem-anchor región, f'used to the t- 
Py\ signal peptide [20]. Expression o f th e  recom binant E protein 
was previously dcmonstrated in vitro, in BH K  cells transf'ccted w'ith 
the p E lD 2  plasmid, and results revealed that the t-PA signal 
sequcncc was ablc to m edíate secretion of the ectodom ain w'ith 
expected molecular w'cight [20], w'hich is an im portant charac- 
tcristic fbr cfficicnt hum oral im m une  responso activation by DNA 
vaccines [26-28]. T he YF17D-D2, in its turn, is a live attenuated 
chimeric virus derived from the yellow fever 17D vaccine virus in 
which the pre-M  and E genes w'cre rcplaced by the corresponding 
scquenccs from DENV-2 [21], [29].

T he envelope glycoprotein is present on the surface of virus 
particlc and it contains several epitopcs that clicit neutralizing 
antibodies against dengue [7], [30-32]. Such antibodies have an 
important role in dengue immunity, by blocking the binding of 
virions to cell receptors which culminatcs in the failure o f virus 
infection and replication, and they have generally been used as a 
marker for vaccine ell'ectivcncss [16]. M ost o f dengue neutralizing 
antibodies is directcd to the E protein and some studies suggcsted 
that the domain III is the major target for the induction of such 
antibodies [7], [33], since it is the binding dom ain for the 
attachm cnt of'DENW  to cell receptors [6], [31]. However, wc 
previously obseived that a DNA vaccine based only on the domain 
III elicited a wcak neutralizing antibody response in miec w'hen 
contparcd to full-length ectodomam-based vaccine [20]. Besides, 
other rcports have also suggested that domains I and II contain 
epitopcs which secm to l/c im portant for the gcneration of 
neutralizing antibody against D E N \' [30], [34].

Wc obseived that imm unization with one or two doses o f the 
p E ip 2  DNA vaccine induces detectable levels o f neutralizing 
antibodies against DEN"V2, ranging from 1:8 to 1:240. In a 
previous woik with this DNA vaccine w'c obseived a significant
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Figure 1. N eutra lizing an tib ody  responses against DENV2. Paneis A and B refe rto  samples tested from animals immunized with prime-boost 
protocols or with simultaneous inoculations, respectively, and control groups. Individual serum samples were collected 24 h before virus challenge. 
Sera were serially diluted from 1:5 to  1:540 and the PRNT5o% was performed in 96-well plates. Asterisks indícate differences that are statistically 
significant using the  Mann-Whitney test {*p<0.05; **p<0.01 and ***p<0.001). One dose = 1d; two doses = 2d. 
doi:10.1371/journal.pone.C058357.g001

increase o f neutralizing antibody levels after challenge with 
DENV2 by the intracerebral route, indicating the activation of 
immunological mcmoiy' with rapid and strong secondar)’ hum- 
m oral response, which may also con tribute for protection [20]. 
Víicc immunizcd with the YF17D-D2 chimeric \irus also 
presented neutralizing antibodies, mainly those animals inoculated

with uvo virus doses, (PRN T m edian = 349). However, such 
hum oral imm une response increased remarkably when animals 
wcrc inoculated with the combination o f the lwo vaccine 
strategies, most of them rcaching the maximal antibody level 
dcfcctcd in our PR N T  assay (titcrs S640). Tlic synergistic dfcct 
on the imm une response was obsen'cd cven wiien experiments
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Figure 2. Production o f IFN-y by CD8+ T cells from  mice im m unized w ith  d iffe ren t vaccination protocols. Spienocytes collected from 
the different animal groups (n = 5) were stim ulated with a T-cell specific peptide and the  num ber of s p o t - fo r m in g  cells (SFC) were quantified in a 24 h 
ELISPOT assay. Asterisks indícate statistically significant differences using the Mann-Whitney test (*p<0.05; **p<0.01). One dose = Id; tw o doses = 2d. 
doi:10.1371/journal.pone.0058357.g002

wcrc performed with the prime/boo.st imm unization protocol 
using only one dose of each vaccinc. However, the highest 
antibody levels were detected in animals receiving two doses o fthe  
DNA plasmid followed by one dose of the chimeric virus. 
M orcovcr, the imm unization vrdth the rcversed prim e/boost 
régimen (chhncric virus/DN/V vaccine) was also clfcctivc and 
induced an cvcn more cfficient neutralizing antibody response. 
Some rcports also dcmonstrated that DN.A vaccines combined 
with other imm unization strategies induces higher humoral 
immune responses against diífercnt pathogens, including dengue 
viruses, when com parcd to each approach tested singly [17], [18], 
[35-40]. The p rim c/boost approach using D N r\ vaccine has been 
im estigatcd with different combinations, including subunit vac­
cines, inactivated pathogens as well as the use of live viral vectors 
[17], [36], [38-41]. However, as far as wc know, our work is the 
first report of using the combination o f a DNA vaccine and a 
chimeric yellow fever/dengue virus for induction of an immune 
responso against DENV. Besides, regarding dengue vaccines, none 
o f the trial products tested in hum ans showed yet to be completely 
protective, thus indicating the need to pursue new strategies to 
reach a broader protection.

In addition, the simultaneous inoculation of the p E lD 2  DNA 
vaccine with the YF17D-D2 chimeric virus also revealed a  potent 
synergistic cffcct on the neutralizing antibody response in mice, 
rcgardless o fth e  imm unization route, with an unique formulation 
of both vaecmes delivered by tire i.m. route (MLx) or with 
inoculations by the i.m. and s.c. routes for the DNA vaccine and 
the chimeric virus, respectively (DR). Previous rcports using DNA 
vaccine and other strategies, such as recom binant proteins or 
inactivated virus, also showed an increase in antibody response 
when both vaccines were administered simultaneously [37], [38]. 
Apparcntly, the use o f two different imm unization strategies, either 
by a p rim e/boost régimen or with simultaneous administrations,

lead the antigen to the mouse imm une system in a distinct way, 
which may dcliver it to different antigen prescnting cells, thus, 
cliciting different immune responses either in its m agnitude an d / 
or its quality. This can be the reason why chimeric virus YF17D- 
D2 inoculations did not induce strong IFN-y responses as we 
detected in animals immunized with the DNA vaccine pE lD 2.

Although most of the studies concerning the immune responso 
induced towards the E protein are based on antibody production, 
other rcports suggcsts that the activation o f T  cells with of IFN-y 
expression may also contribute to protection against dengue [42- 
45]. In our work, wc ob.scrvcd a robust production of IFN-y by 
spienocytes eolleeted from mice immunizcd with the p E lD 2  DNA 
vaccinc and stimulated with the peptide w'hich was
prcx'iously described as an im m unodom inant cytotoxic CDB^ T  
cell epitope in B alb/e micc specific for the serotype 2 [23]. Similar 
results were detected wúth cells obtained from animals immunized 
with the combination o f th e  two vaccines (pEID2 and YF17D- 
D2), either in the prim c/boost system or with simultaneous 
inoculations. O n  the other hand, mice vaccinated only with the 
YFI7D -D 2 chimeric virus showed a significantly lower IFN-y 
response. The induction of robust ccllular imm une responses in 
animals inoculated with DNA vaccines against different pathogens 
has been widely described [46], [47]. However, different from 
what we observed in the antibody production, we did not detected 
a synergistic cffcct in the IFN-y-positive T  ccll responso in micc 
immunized with the combination o f the two \-accincs. In fact, the 
num ber of SFC in the E LISPO T  assay with spienocytes collected 
from these mice were similar to what wc detected m animals 
immunizcd with only the p E lD 2 , suggesting that such response 
was induced predom inantly by the DNA vaccinc. T he ccllular 
imm une response is a key aspect for the induction of a long-lasting 
immunologic memory [48-50]. Therefore, these results reinforce 
the idea that the combination o fth e  two imm unization strategies
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Figure 3. The protective efficacy o f vaccination w ith  pE1D 2 and Y F17D -D 2 against DENV2 in prim e-booster régim en. Groups of Balb/ 
c mice (n = 10) were Immunized with pE1D2 (i.m.) and/or YFl 7D-D2 (s.c.), administered singly or In a prime-booster régimen, and challenged (I.c.) with 
the NGC DENV2. Vaccinated and control mice were m onitored for 21 days after challenge with the  record of survival rates (A) and degree of morbidity 
(B). Asterisks indícate statistically significant differences using the  chi-square test in (A) (*p<0.001: **p<0.0001) and the  Mann-Whitney tes t in (B) 
(*p<0.05: **p<0.01, ***p<0.001). One dose=  Id; two doses = 2d. 
dol:10.1371/journal.pone.0058357.g003

can load to a  more eflicicnt vaccmc. This is an im portant finding, 
sincc rccendy results wcrc published concerning the protective 
efficacy of the tetravalent Sanofi-Pasteur vaccinc, also based on 
chimeric yellow fever/dengue virus, in a phase 2 trial with children 
[51]. Authors showed that, although children presented high levels 
o f dcngue-2 neutralizing antibodies, they wcrc. not protected 
against this virus. Such result reveáis that o ther branch of the

immune rcs)jonsc should be investigated and that the induction of 
a robust ccllular rcsjronse with production of IFN-y may be 
im]jortant for protection.

In accordance to the imm une response detected in vaccinated 
micc and discusscd abovc, the challenge experiments rvitlr a lethal 
dose o f DENV2 also revealed iit the present w'ork that the 
combination of the tw-o different imm unization strategies were
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Figure 4. The protective efficacy o f vaccination w ith  pE1D2 and YF17D -D 2 against DENV2 inoculated sim ultaneously. Groups of 
Balb/c mice (n = 10) were immunized by the  i.m. route with a mixture of these two vaccines (Mix) or by the  i.m. inoculation of th e  pEI D2 plasmid and 
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m onitored for 21 days after challenge with the  record of survival rates (A) and degree of morbidity (B). Asterisks indícate statistically significant 
differences using the  chi-square tes t in (A) (*p<0.001; **p<0.0001) and the  Mann-Whitney test in (B) (*p<0.05; **p<0.01, ***p<0.001). One 
dose = 1d; two doses = 2d. 
doi:10.1371/journal.pone.0058357,g004

more prorcctivc tiran cach vaccine administcrcd singly, spccially 
whcn two doscs o f tiro DNA vaccine p E lD 2  were adniinistcrcd.

Thcsc aninrals were fully protcctcd, without prcsenting any clinical 
sign of tire dengue infection, cither in mouse groups submitted to
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prim c/boost '  imm unizations [pElD2{2d)+YF17D-D2(ld) or 
Y’Fl7D -D 2(ld)+pElD 2(2d)] or with simulrancous inoculations 
[Mix (2d): pE lD 2 +  YF17D-D2 or DR: pE lD 2 +  YF17D-D2],

Although scTTiptoms manifcstcd in micc inoculated M th dengue 
virus by the intracerebral route are not cxactly the same as 
obscrvcd in hum ans, it has Ircen reportad that infection witli 
dengue can also Icad to cnccphalitis in somc fatal cases, with 
detcction of virus antigcns or the virus RNA in the brain [52-54]. 
Thcrcforc, such cvidcnccs indícate the involvcmcnt o f the central 
ncn-’ous systcm in the pathogcnesis of dengue. Moreover, wc 
choose this challenge model because it is the most widcly uscd 
moclel for vaccines tests against dengue virus [12], [20-21], [24], 
[27], [55-56]. Henee, rcsults prescntcd in the present work ean be 
compared to thosc described in sevcral studics. M ost animals were 
challenged 15 days after the last immunization because in older 
animals the cffcct of the dengue inoculation is rcduced. Howcvcr, 
another mouse group simultaneous inoculated with the trvo 
vaccine strategies was also challenged 30 days after the last 
immunization and all vaccinated mice sunávcd virus infection, 
without the appcarance of any clinical sign of infection (data not 
show'n).

T he YF17D-D2 chimeric virus uscd in our cxpcrimcnts W'as 
constructed in Brazil [21] by the exchange of the prM -E genes. 
T he Sanofi-Pasteur also devcloped a dengue vaccine based on a 
teti'avalcnt formulation o f prM -E chimeric viruses and this vaccine 
has undergonc cxtcnsive clinical testing [14], [15], [51], [57]. Such 
triáis rcvealed the necessitt' o f threc doses with sevcral m onth 
inteiwals to achieve. a Iralanced antibody responso against all four 
dengue scrotypcs [14], [15]. T he administration of sevcral doscs 
for long pcriods may reprcsent one problem for vaccination in 
dengue endemie regions, since it can Icavc the population more 
susceptible to the dcvclopment of sevcre discase until it became 
immunologically covcred and protcctcd. Thcrcforc, combined 
imm unization of a chimeric yellow fcvcr/dcnguc virus with a 
DNA vaccine, as proposed in the present work using DENV2 as a 
p roof o f principie, may circumvcnt such dilficulty for induction of 
robust immune rcsponscs against all serott^pes, rcducing the 
num ber o f doscs a n d /o r  the vaccination intcivals. M oreover, it is 
im portant to note that when the p E lD 2  or the YF17D-D2 
vaccines were testcd alone [20- 21] they do not induced fully 
protcction against dengue, w'hich was only achicvcd after 
imm unization of both strategies in the same animal. Furthcrmore, 
the combination of the two different imm unization smatcgies 
administcrcd simultaneously (Mix or D R  groups), mstead of the 
p rim c/boost régimen, is an attractive approach for vaccination 
campaigns, since it can facilitatc the logistic for inoculations using 
a single formulation. O n  the other hand, the rcvcrscd primc-boost

System also opens a perspectivc for the use of a DNA vaccine as a 
boostcr, particularly in individuáis who do not achieve satisfactory- 
neutralizing antibody levels against the four scrotyyres after 
imm unization with the yellow fever/dcngue chimeric vü'usi' In 
this case, the boostcr DNA vaccine may be administcrcd as 
m onovalcnt or tetravalent formulations. However, furthcr studics 
will be necessary for testing such hypothesis using tetravalent DNA 
vaccine and chimeric virus formulations.

Another problem conccrning dengue tetravalent vaccines based 
on live attcnuatcd viruses is the possibilits' o f viral intcrference, 
Icading to hcterogeneous immune responsos against cach scrotypc 
[9]. O n  the other hand, DNA vaccine appears not to cause 
intcrference upon combined immunization and in fact it sccms to 
be more cffcctix c when combined to other vaccine strategies [17- 
19]. .Although virus intcrference may still occur when the two 
strategies are uscd, the DNA imm unization may also help for 
balancing die immune rc.sponse induced against cach serotype, 
providing a boostcr responso for one or some virus when 
necessary. However, furthcr experimcnts will be conductcd to test 
if the intcrference phenom cnon may be overeóme in a tetravalent 
vaccine consisting of chimeric virus YF17D-denguc and DNA 
vaccines.

Additionally, the MLx régimen uscd in the present w'ork 
represents an mteresting strategy' because it can reduce the 
num ber o f doscs. \'Ve uscd the tcrin “dose” as the num ber of 
imm unization in cach animal at a  specific time point. rMthough 
mice received the double concentration of cach vaccine in tire Mix 
(2d), for example, they w'crc given simultaneously, thus maintain- 
ing intcn-a! bctwccn doscs (two wccks). Furthcrm ore, in the case of 
Mix (Id), although three mice presentad clinical sings o f infection, 
this System was more protective when w'c com parcd to p E lD 2  (Id) 
or YT17D-D2 (Id). M oreover, when viO. think about the 
imm unization schcdule, the M ix (Id) can be considercd also more 
protectis'c than the YF17D-D2 (2d), since it attaincd the same 
result (100% survi\--al witli 30% moriridity') as the sccond group but 
in a single vaccination time.
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