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Ideal Dengue Vaccine 
Candidate

• Tetravalent
• Low reactogenicity
• Life-long Immunogenicity
• Minimal or no repeat 

immunizations
• Economical

Dengue vaccine

• Vaccine factor: interference of tetravalent live 
vaccines

• Agents factor: involve in several countries in the 
world

• Host factor: wide spectrum of ages 
• Safety: theoretical potential for immune 

enhanced disease (ADE/DHF)
• How to evaluate Vaccine: 

- Immunogenicity: no surrogate marker of 
protection 

- Efficacy: most of infection is mild disease

Challenges in Dengue 
Vaccines development 



Dengue Vaccine Currently in Clinical Trials

Vaccine candidate Approach Developer/partner Clinical 
Trial Phase

Dengvaxia (Chimerivax) Chimeric viruses YF 17D Sanofi Pasteur 3                                 
Back bone Licensed: Brazil, El Salvador, Mexico, Paraguay, 

Philippines, Thailand, Indonesia…18 countries
Live Attenuated rDEN ∆30 Combination mutations: NIAID LID/Butantan, Biological E, 3

deletions and chimeras Panacea, VaBiotech
DENVax Chimeric viruses DENV2 CDC/Takeda 3

PDK 53 Backbone
DEN-80E Recombinant subunit  E         Hawaii Biotech/Merck 1, 2

produced in insect cells
Purified inactivated Inactivated GSK/FIOCRUZ 2
D1ME-VR-P DNA vaccine comprising US Naval Medical Research Center 1

prM / E genes, CMV promoter 



Dengue Vaccine

• Live-attenuated vaccine
– Classical cell passage
– Genetically modified

• Chimerix: CYD, TDV (DENVax)
• Gene deletion: rDEN ∆30 

• Inactivated vaccine
– Whole virus
– Subunit

• DNA vaccine



Phase I live attenuated tetravalent dengue trial in adult: an 
important step for dengue vaccine development (DEN04198)

Historical Dengue Vaccine in Clinical Trials





Safety and Immunogenicity after 
Tetravalent Live-attenuated 
Dengue Vaccine in Thai Children
(DEN 06199)



% Systemic AE after each dose 
(100 naïve dengue subjects 5-12 yr old)
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Dengue-like synd in a 7-year-old girl 
after the first dose

Systemic Max Delay of Duration
reactions Intensity onset (D)

Fever Severe D 5 5
Vomiting Severe D 5 5
Photophobia Mod D 4 7
Asthenia Mod D 4 7
Coughing Mod D 4 7
Headache Mod D 5 6
Abd Pain Mod D 5 5
Anorexia Mod D 5 6
Nausea Mod D 5 6
Myalgia Mod D 5 3
Rash Mild D 9 3
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- 90 – 100% seroconversion to all 
dengue serotypes after 3-injection 
- F2 (3313) vaccine has a better safety 
profiles and elicits a higher immune 
response.

SUMMARY RESULTS

Safety and Immunogenicity after 
Tetravalent Live-attenuated 
Dengue Vaccine in Thai Children
(DEN 06199)



 Collaboration with Acambis (Cambridge UK/US) since 1998
 Live attenuated chimeric virus derived from a YF 17D virus with genes encoding for 

the premembrane (prM) and envelope (E) proteins of each dengue serotype  and 
produced on Vero cells

Yellow fever  17D genome cloned as cDNA
5’ 3’

5’ 3’C                                     Non-structural genes

prM     E prM     E Exchange coat protein genes
of dengue, JE, etc.

5’ 3’

C   prM     E            Non-structural genes

Transfect mRNA 

C      prM      E                Nonstructural genes

Envelope is heterologous virus
containing immunizing antigens

RNA replicative
‘engine’ is YF 17DGrow virus

in cell culture

Chimeric cDNA –> transcribe to RNA

ChimeriVax™ Vaccine



Previous Studies
Phase Code Populations Country Status

Non-endemic trial I
monovalent

CYD01 Adults (18-40 y) 
n=56

US
FV naive

Completed
2002

Non-endemic trial I
tetravalent

CYD02 Adults (18-40 y) 
n=99

US
FV naive

Completed 
2005

Non-endemic trial II a
tetravalent

CYD04 Adults (18-45 y)
n=66 

US
FV naive

Completed
2007

Endemic trial 
(Flavivirus naïve and 

positive)

I
tetravalent

CYD05 Adults (18-45 y)   n=18
Adoles (12-17 y)  n=36 
Children (2-11 y) n=72

N=126 

Philippines
Den++/-

Completed
2008

Non-endemic trial       
(mainly Flavivirus

naïve)

I
tetravalent

CYD06 Adults (18-45 y)    n=18
Adoles (12-17 y)  n=36
Children (2-11 y)  n=72

N=126

Mexico
Den+/--

Completed
2008

Non-endemic trial I
Tetravalent

CYD10 Adults (18-40 y)
(DIV12 Trial, VDV1, VDV2

or YF primed)
N=48

Australia
FV naive

Completed
2007

ChimeriVax™ Vaccine



Safety: Post-Dose 1 of Dengue vs Control vaccine
(% adverse events)

CYD04 (US) CYD05 (Ph) CYD06 (Mex)
DV

(n=33)
Placebo
(n=33)

DV
(n=84)

Typh 
(n=42)

DV   
(n=84)

YF
(n=42)

Any Adverse event 84.8 66.7 79.8 95.2 72.6 66.7

Any Adverse 
reaction 81.8 60.6 65.5 92.9 60.7 52.4

Injection site 
reaction 18.2 15.2 29.8 83.3 32.1 21.4

Systemic reaction 78.8 57.6 60.7 52.4 50.0 42.9

Severe Injection site 
reaction 0 0 0 0 1.2 0

Severe Systemic 
reaction 15.2 6.1 0 2.4 7.1 0

 Safety profile overall comparable to the control groups
 Most of Adverse Reactions are mild to moderate, and transient
 Few severe reactions occurred - transient solicited reactions or CPK elevation 

ChimeriVax™ Vaccine
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Satisfactory safety profile
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CYD04 US: Safety and immunogenicity after 
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3-doses

		%SP

		0-4/4,5-12/15

				Serotype 1		Serotype 2		Serotype 3		Serotype 4		All 4 serotypes

		WHO strain		100		100		100		100		100

		GMT

				WHO strain		Pre-WHO		Post-WHO

		Serotype 1		67.1		13.8		17.3

		Serotype 2		538		258		497

		Serotype 3		122		45.8		72

		Serotype 4		154		59.5		96

		Safety

				Dengue vaccine		Placebo

		Any adverse reaction		72.7		60.6

		Injection site reaction		21.2		15.2

		Systemic reaction		66.7		57.6
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%

% seropositivity (>=10)



2-doses
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				72		45.8

				96		59.5
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Dengue vaccine
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%
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		%SP

		0-8/10

				Serotype 1		Serotype 2		Serotype 3		Serotype 4		All 4 serotypes

		Mahidol strain		96.2		96.2		92.3		92.3		80.7

		WHO strain		92.3		100		100		100		92.3
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				WHO strain		Pre-WHO		Post-WHO

		Serotype 1		67.1		13.8		17.3

		Serotype 2		538		258		497

		Serotype 3		122		45.8		72

		Serotype 4		154		59.5		96

		Safety

				Dengue vaccine		Placebo

		Any adverse reaction		72.7		60.6

		Injection site reaction		21.2		15.2

		Systemic reaction		66.7		57.6
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Post-Dose 2 Viremia - YF-RT-PCR
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Post-Dose 1 Viremia - YF-RT-PCR
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First Dose

Viremia more frequently detected in adults/ados
2 CYD vaccinated subjects had viremia level 

≥ LLOQ (maximum level 2.3 log10 pfu/mL)
No samples were positive in Plaque assay
Serotype 4 most detected followed by serotype 3

Second Dose

2 CYD vaccinated subjects had viremia level 
≥ LLOQ (maximum level 1.8 log10 pfu/mL)

No samples were positive in Plaque assay
Serotype 4 only detected

Post-Dose 3 Viremia - YF-RT-PCR
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Third Dose

No  vaccinated subjects had viremia level 
≥ LLOQ

No samples were positive in Plaque assay

ChimeriVax™ Vaccine CYD phase II:  Safety
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CYD05 Dose1 CYD Grp

		

		CYD05 Trial

		ChimeriVax Dengue TV group

		YF-RT-PCR Detected Viremia

				Adults		Adolescents		Child [6-11]		Child [2-5]

		Day 0		0		4.2		0		0

		Day 7		25		20.8		12.5		4.2

		Day 14		0		8.3		16.7		4.2

		Day 7 and/or Day 14		25		25		25		8.3

		Viremia >LLOQ		0		2 (max 2,3)		0		0

		Voir si les mêmes sujets ont une virémie à Day 7 et Day 14

		CYD-RT-PCR Detected Viremia

		Adults

				CYD1		CYD2		CYD3		CYD4		Total

		Day 0		0		0		0		0		0

		Day 7		0		0		0		2		3

		Day 14		0		0		0		0		0

		Plaque assay		0		0		0		0

		Adolescents

				CYD1		CYD2		CYD3		CYD4		Total

		Day 0		1		0		0		0		1

		Day 7		0		0		1		3		5

		Day 14		0		0		1		1		2

		Plaque assay		0		0		0		0

		Children [6-11]

				CYD1		CYD2		CYD3		CYD4		Total

		Day 0		0		0		0		0		0

		Day 7		0		1		0		2		3

		Day 14		0		1		1		2		4

		Plaque assay		0		0		0		0

		Children [2-5]

				CYD1		CYD2		CYD3		CYD4		Total

		Day 0		0		0		0		0		0

		Day 7		0		0		0		1		1

		Day 14		0		0		0		0		1

		Plaque assay		0		0		0		0





CYD05 Dose1 CYD Grp

		



Adults

Adolescents

Child [6-11]

Child [2-5]

% Subjects

Post-Dose 1 Viremia - YF-RT-PCR



CYD05 Dose1 TYPH Grp

		



CYD1

CYD2

CYD3

CYD4

Nb subjects

CYD05-Post-Dose 1 CYD-RT-PCR (Adults)
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CYD2
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Nb subjects

CYD05-Post Dose 1 CYD-RT-PCR (Ado)
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CYD05-Post Dose 1 CYD-RT-PCR (Child 6-11)
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CYD05-Post Dose 1 CYD RT-PCR (child 2-5)
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		CYD06 Trial

		YF Vaccine group

		YF-RT-PCR Detected Viremia

				Adults		Adolescents		Child [6-11]		Child [2-5]

		Day 0		0		0		0		0

		Day 7		0		0		0		0

		Day 14		0		0		0		0

		Day 7 and/or Day 14		0		0		0		0
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Adults

Adolescents

Child [6-11]

Child [2-5]

% Subjects

CYD06-Post-Dose 1 Viremia (YF-RT-PCR) in YV vaccine grp



Feuil4

		

		CYD05 Trial

		ChimeriVax Dengue TV group - Dose 2

		YF-RT-PCR Detected Viremia

				Adults		Adolescents		Child [6-11]		Child [2-5]

		Day 0		0		0		0		0

		Day 7		0		0		12.5		4.5

		Day 14		0		0		0		4.5

		Day 7 and/or Day 14		0		0		12.5		9.1

		Viremia >LLOQ		0		0		2 (max 1,8)		0

		CYD-RT-PCR Detected Viremia

		Adults

				CYD1		CYD2		CYD3		CYD4		Total

		Day 0		0		0		0		0		0

		Day 7		0		0		0		0		0

		Day 14		0		0		0		0		0

		Plaque assay		0		0		0		0

		Adolescents

				CYD1		CYD2		CYD3		CYD4		Total

		Day 0		1		0		0		0		0

		Day 7		0		0		0		0		0

		Day 14		0		0		0		0		0

		Plaque assay		0		0		0		0

		Children [6-11]

				CYD1		CYD2		CYD3		CYD4		Total

		Day 0		0		0		0		0		0

		Day 7		0		0		0		2		3

		Day 14		0		0		0		0		0

		Plaque assay		0		0		0		0

		Children [2-5]

				CYD1		CYD2		CYD3		CYD4		Total

		Day 0		0		0		0		0		0

		Day 7		0		0		0		1		1

		Day 14		0		0		0		1		1

		Plaque assay		0		0		0		0
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CYD05-Post Dose 1 CYD-RT-PCR (Child 6-11)
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		CYD06 Trial

		ChimeriVax Dengue TV group

		YF-RT-PCR Detected Viremia

				Adults		Adolescents		Child [6-11]		Child [2-5]

		Day 0		0		0		0		4.5

		Day 7		0		0		8.3		13.6

		Viremia >=LLOQ		0		0		0		0

		CYD-RT-PCR Detected Viremia

		Adults

				CYD1		CYD2		CYD3		CYD4		Total

		Day 0		0		0		0		0		0

		Day 7		0		0		0		0		0

		Day 14		0		0		0		0		0

		Plaque assay		0		0		0		0

		Adolescents

				CYD1		CYD2		CYD3		CYD4		Total

		Day 0		0		0		0		0		0

		Day 7		0		0		0		1		2

		Day 14		0		0		0		0		1

		Plaque assay		0		0		0		0

		Children [6-11]

				CYD1		CYD2		CYD3		CYD4		Total

		Day 0		0		0		0		0		0

		Day 7		0		0		0		0		0

		Day 14		0		0		0		0		1

		Plaque assay		0		0		0		0

		Children [2-5]

				CYD1		CYD2		CYD3		CYD4		Total

		Day 0		0		0		0		0		0

		Day 7		0		0		0		0		0

		Day 14		0		0		0		0		0

		Plaque assay		0		0		0		0
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CYD05 Dose1 CYD Grp

		

		CYD05 Trial

		ChimeriVax Dengue TV group

		YF-RT-PCR Detected Viremia

				Adults		Adolescents		Child [6-11]		Child [2-5]

		Day 0		0		4.2		0		0

		Day 7		25		20.8		12.5		4.2

		Day 14		0		8.3		16.7		4.2

		Day 7 and/or Day 14		25		25		25		8.3

		Viremia >LLOQ		0		2 (max 2,3)		0		0

		Voir si les mêmes sujets ont une virémie à Day 7 et Day 14

		CYD-RT-PCR Detected Viremia

		Adults

				CYD1		CYD2		CYD3		CYD4		Total

		Day 0		0		0		0		0		0

		Day 7		0		0		0		2		3

		Day 14		0		0		0		0		0

		Plaque assay		0		0		0		0

		Adolescents

				CYD1		CYD2		CYD3		CYD4		Total

		Day 0		1		0		0		0		1

		Day 7		0		0		1		3		5

		Day 14		0		0		1		1		2

		Plaque assay		0		0		0		0

		Children [6-11]

				CYD1		CYD2		CYD3		CYD4		Total

		Day 0		0		0		0		0		0

		Day 7		0		1		0		2		3

		Day 14		0		1		1		2		4

		Plaque assay		0		0		0		0

		Children [2-5]

				CYD1		CYD2		CYD3		CYD4		Total

		Day 0		0		0		0		0		0

		Day 7		0		0		0		1		1

		Day 14		0		0		0		0		1

		Plaque assay		0		0		0		0
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CYD05-Post-Dose 1 CYD-RT-PCR (Adults)
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CYD05-Post Dose 1 CYD RT-PCR (child 2-5)
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		CYD06 Trial

		YF Vaccine group

		YF-RT-PCR Detected Viremia

				Adults		Adolescents		Child [6-11]		Child [2-5]

		Day 0		0		0		0		0

		Day 7		0		0		0		0

		Day 14		0		0		0		0

		Day 7 and/or Day 14		0		0		0		0
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Adults
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CYD06-Post-Dose 1 Viremia (YF-RT-PCR) in YV vaccine grp
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		CYD05 Trial

		ChimeriVax Dengue TV group - Dose 2

		YF-RT-PCR Detected Viremia

				Adults (100% FV+)		Adolescents (95.8% FV+)		Child [6-11] (58.3% FV+)		Child [2-5] (70.8% FV+)

		Day 0		0		0		0		0

		Day 7		0		0		12.5		4.5

		Day 14		0		0		0		4.5

		Day 7 and/or Day 14		0		0		12.5		9.1

		Viremia >LLOQ		0		0		2 (max 1,8)		0

		CYD-RT-PCR Detected Viremia

		Adults

				CYD1		CYD2		CYD3		CYD4		Total

		Day 0		0		0		0		0		0

		Day 7		0		0		0		0		0

		Day 14		0		0		0		0		0

		Plaque assay		0		0		0		0

		Adolescents

				CYD1		CYD2		CYD3		CYD4		Total

		Day 0		1		0		0		0		0

		Day 7		0		0		0		0		0

		Day 14		0		0		0		0		0

		Plaque assay		0		0		0		0

		Children [6-11]

				CYD1		CYD2		CYD3		CYD4		Total

		Day 0		0		0		0		0		0

		Day 7		0		0		0		2		3

		Day 14		0		0		0		0		0

		Plaque assay		0		0		0		0

		Children [2-5]

				CYD1		CYD2		CYD3		CYD4		Total

		Day 0		0		0		0		0		0

		Day 7		0		0		0		1		1

		Day 14		0		0		0		1		1

		Plaque assay		0		0		0		0
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		CYD06 Trial

		ChimeriVax Dengue TV group

		YF-RT-PCR Detected Viremia

				Adults		Adolescents		Child [6-11]		Child [2-5]

		Day 0		0		0		0		4.5

		Day 7		0		0		8.3		13.6

		Viremia >=LLOQ		0		0		0		0

		CYD-RT-PCR Detected Viremia

		Adults

				CYD1		CYD2		CYD3		CYD4		Total

		Day 0		0		0		0		0		0

		Day 7		0		0		0		0		0

		Day 14		0		0		0		0		0

		Plaque assay		0		0		0		0

		Adolescents

				CYD1		CYD2		CYD3		CYD4		Total

		Day 0		0		0		0		0		0

		Day 7		0		0		0		1		2

		Day 14		0		0		0		0		1

		Plaque assay		0		0		0		0

		Children [6-11]

				CYD1		CYD2		CYD3		CYD4		Total

		Day 0		0		0		0		0		0

		Day 7		0		0		0		0		0

		Day 14		0		0		0		0		1

		Plaque assay		0		0		0		0

		Children [2-5]

				CYD1		CYD2		CYD3		CYD4		Total

		Day 0		0		0		0		0		0

		Day 7		0		0		0		0		0

		Day 14		0		0		0		0		0

		Plaque assay		0		0		0		0





		



Adults

Adolescents

Child [6-11]

Child [2-5]

% Subjects

CYD05-Post-Dose 3 Viremia (YF-RT-PCR) in CYD Dengue vaccine grp



		



CYD1

CYD2

CYD3

CYD4

Nb subjects

CYD06-Post Dose 2 CYD-RT-PCR (Child 6-11)



		



CYD1

CYD2

CYD3

CYD4

Nb subjects

CYD06-Post Dose 2 CYD RT-PCR (child 2-5)



		





		





		





		





		






Graph4

		Day 0		Day 0		Day 0		Day 0

		Day 7		Day 7		Day 7		Day 7



Adults

Adolescents

Child [6-11]

Child [2-5]

% Subjects

Post-Dose 3 Viremia - YF-RT-PCR

0

0

0

4.5

0

0

8.3

13.6



CYD05 Dose1 CYD Grp

		

		CYD05 Trial

		ChimeriVax Dengue TV group

		YF-RT-PCR Detected Viremia

				Adults		Adolescents		Child [6-11]		Child [2-5]

		Day 0		0		4.2		0		0

		Day 7		25		20.8		12.5		4.2

		Day 14		0		8.3		16.7		4.2

		Day 7 and/or Day 14		25		25		25		8.3

		Viremia >LLOQ		0		2 (max 2,3)		0		0

		Voir si les mêmes sujets ont une virémie à Day 7 et Day 14

		CYD-RT-PCR Detected Viremia

		Adults

				CYD1		CYD2		CYD3		CYD4		Total

		Day 0		0		0		0		0		0

		Day 7		0		0		0		2		3

		Day 14		0		0		0		0		0

		Plaque assay		0		0		0		0

		Adolescents

				CYD1		CYD2		CYD3		CYD4		Total

		Day 0		1		0		0		0		1

		Day 7		0		0		1		3		5

		Day 14		0		0		1		1		2

		Plaque assay		0		0		0		0

		Children [6-11]

				CYD1		CYD2		CYD3		CYD4		Total

		Day 0		0		0		0		0		0

		Day 7		0		1		0		2		3

		Day 14		0		1		1		2		4

		Plaque assay		0		0		0		0

		Children [2-5]

				CYD1		CYD2		CYD3		CYD4		Total

		Day 0		0		0		0		0		0

		Day 7		0		0		0		1		1

		Day 14		0		0		0		0		1

		Plaque assay		0		0		0		0





CYD05 Dose1 CYD Grp

		



Adults

Adolescents

Child [6-11]

Child [2-5]

% Subjects

Post-Dose 1 Viremia - YF-RT-PCR



CYD05 Dose1 TYPH Grp

		



CYD1

CYD2

CYD3

CYD4

Nb subjects

CYD05-Post-Dose 1 CYD-RT-PCR (Adults)



CYD05 Dose2

		



CYD1

CYD2

CYD3

CYD4

Nb subjects

CYD05-Post Dose 1 CYD-RT-PCR (Ado)



CYD05 Dose3 CYD Grp

		



CYD1

CYD2

CYD3

CYD4

Nb subjects

CYD05-Post Dose 1 CYD-RT-PCR (Child 6-11)
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CYD1

CYD2

CYD3

CYD4

Nb subjects

CYD05-Post Dose 1 CYD RT-PCR (child 2-5)
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		CYD06 Trial

		YF Vaccine group

		YF-RT-PCR Detected Viremia

				Adults		Adolescents		Child [6-11]		Child [2-5]

		Day 0		0		0		0		0

		Day 7		0		0		0		0

		Day 14		0		0		0		0

		Day 7 and/or Day 14		0		0		0		0
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Adults

Adolescents

Child [6-11]

Child [2-5]

% Subjects

CYD06-Post-Dose 1 Viremia (YF-RT-PCR) in YV vaccine grp
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		CYD05 Trial

		ChimeriVax Dengue TV group - Dose 2

		YF-RT-PCR Detected Viremia

				Adults		Adolescents		Child [6-11]		Child [2-5]

		Day 0		0		0		0		0

		Day 7		0		0		12.5		4.5

		Day 14		0		0		0		4.5

		Day 7 and/or Day 14		0		0		12.5		9.1

		Viremia >LLOQ		0		0		2 (max 1,8)		0

		CYD-RT-PCR Detected Viremia

		Adults

				CYD1		CYD2		CYD3		CYD4		Total

		Day 0		0		0		0		0		0

		Day 7		0		0		0		0		0

		Day 14		0		0		0		0		0

		Plaque assay		0		0		0		0

		Adolescents

				CYD1		CYD2		CYD3		CYD4		Total

		Day 0		1		0		0		0		0

		Day 7		0		0		0		0		0

		Day 14		0		0		0		0		0

		Plaque assay		0		0		0		0

		Children [6-11]

				CYD1		CYD2		CYD3		CYD4		Total

		Day 0		0		0		0		0		0

		Day 7		0		0		0		2		3

		Day 14		0		0		0		0		0

		Plaque assay		0		0		0		0

		Children [2-5]

				CYD1		CYD2		CYD3		CYD4		Total

		Day 0		0		0		0		0		0

		Day 7		0		0		0		1		1

		Day 14		0		0		0		1		1

		Plaque assay		0		0		0		0
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Adults

Adolescents

Child [6-11]

Child [2-5]

% Subjects

Post-Dose 2 Viremia - YF-RT-PCR
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CYD1

CYD2

CYD3

CYD4

Nb subjects

CYD05-Post Dose 1 CYD-RT-PCR (Child 6-11)
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CYD1

CYD2

CYD3

CYD4

Nb subjects

CYD05-Post Dose 1 CYD RT-PCR (child 2-5)



		

		CYD06 Trial

		ChimeriVax Dengue TV group

		YF-RT-PCR Detected Viremia

				Adults		Adolescents		Child [6-11]		Child [2-5]

		Day 0		0		0		0		4.5

		Day 7		0		0		8.3		13.6

		Viremia >=LLOQ		0		0		0		0

		CYD-RT-PCR Detected Viremia

		Adults

				CYD1		CYD2		CYD3		CYD4		Total

		Day 0		0		0		0		0		0

		Day 7		0		0		0		0		0

		Day 14		0		0		0		0		0

		Plaque assay		0		0		0		0

		Adolescents

				CYD1		CYD2		CYD3		CYD4		Total

		Day 0		0		0		0		0		0

		Day 7		0		0		0		1		2

		Day 14		0		0		0		0		1

		Plaque assay		0		0		0		0

		Children [6-11]

				CYD1		CYD2		CYD3		CYD4		Total

		Day 0		0		0		0		0		0

		Day 7		0		0		0		0		0

		Day 14		0		0		0		0		1

		Plaque assay		0		0		0		0

		Children [2-5]

				CYD1		CYD2		CYD3		CYD4		Total

		Day 0		0		0		0		0		0

		Day 7		0		0		0		0		0

		Day 14		0		0		0		0		0

		Plaque assay		0		0		0		0
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Adolescents

Child [6-11]

Child [2-5]

% Subjects

Post-Dose 3 Viremia - YF-RT-PCR



		



CYD1

CYD2

CYD3

CYD4

Nb subjects

CYD06-Post Dose 2 CYD-RT-PCR (Child 6-11)



		



CYD1

CYD2

CYD3

CYD4

Nb subjects

CYD06-Post Dose 2 CYD RT-PCR (child 2-5)



		





		





		





		





		







CYD TDV Worldwide

CYD22

Adults-ado
Children 

JE+/-, Den+/-
Vietnam

CYD23/57 (phase IIb)
(2009-2014)

Children
JE+/-, Den+/-

Ratchaburi, Thailand
N= 4002

CYD28

Child-Ado-Adults
Den+/-

Singapore

CYD24

Children
YF+, Den+/-

Peru

CYD12

Adults
FV naive 

US

CYD13 /CYD30

Adolescents
Den+/-

Latin Am 

Phase  I, II trials – Safety and Immunogenicity 

Ph III trials large scale Safety and Efficacy Trials, 
31,000 children and adults, 2011-2016

CYD11 

Adults 
FV naive 
Mexico 

Malaysia
CYD32
N=250

FVFS: 03 Dec 2010

CYD06

Adults- Ado-
Children
Mexico
N= 126

Australia
CYD17
N= 715

FVFS: 06 Oct 2010

Asia: IDN, MY, PH, TH, VN
CYD14, N= 10,278
FVFS: 04 Jun 2011

Latin America: 
BZ, CB, HDR, MX, PRC

CYD15, N= 20,875
FVFS: 08 Jun 2011

CYD05

Adults- Ado-
Children

Philippines
N= 126

Phase III Lot-to-
lot Consistency

Phase III Safety 
and Immuno

ChimeriVax™ Vaccine



Trial designsChimeriVax™ Vaccine



CYD23 Investigators, team & CRAs Quintiles 

Phase 2b ChimeriVax



Overall Efficacy: 30.2%
No efficacy against DEN2

CYD23: summary

ChimeriVax™ Vaccine



Dengue for Overall Population (4-11yo) Entire Studies

Randomization ratio is 2:1 for CYD vs. Placebo group

Relative Risk  to have VCD (CYD : Placebo)
Viral confirmed dengue 
infection (VCD) Cases Phase

Active Phase (Y1-Y2) 
(CYD23)

Hospital Phase (Y3-Y6) 
(CYD57)

Entire Study (Y1-Y6)
(CYD23+57) 

CYD

32              

117               

30              

76              

Placebo

85               46              

Active Phase: from D0 to the end of the Active Phase (Month 25)  
Hospital Phase: from the end of the Active Phase until Year 6

ChimeriVax™ Vaccine CYD23/57: result


Chart1
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CYD14

								Study		Period/ Case type		Lower		VE		Upper

		7.6		7.6		7.6		Active Phase (Y1-Y2)		01 DEC 2015		0.31		0.534		0.91

		4.5		4.5		4.5		HP ONLY		01 DEC 2015		0.64		0.932		1.36

		1.4		1.4		1.4		ALL		01 DEC 2015		0.57		0.774		1.05





CYD14

				0		0		0		0		0



Active Phase (Y1-Y2)  01 DEC 2015

HP ONLY 01 DEC 2015

ALL 01 DEC 2015
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Kaplan-Meier Curves for Dengue for the Overall Population Entire Studies

ChimeriVax™ Vaccine CYD23/57: result
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Relative Risk VCD (CYD:Placebo)Phase

Randomization ratio is 2:1 for CYD vs. Placebo group Active Phase: from D0 to the end of the Active Phase (Month 25)  
Hospital Phase: from the end of the Active Phase until Year 6

Viral confirmed dengue 
infection (VCD) Cases 

ChimeriVax™ Vaccine CYD23/57: result

Dengue Subgroup Population (4-8 / 9-11 yo)


Chart1

		0		0





Grafico 1

								Study		Period/ Case type		Lower		VE		Upper

		2.5		2.5		2.5		4-8y		31-Oct-15		0.08		0.276		0.81

		1.5		1.5		1.5		4-8y		31-Oct-15		0.25		0.513		1.05

		0.5		0.5		0.5		4-8y		31-Oct-15		0.24		0.422		0.75





Grafico 1

		0		0



4-8y 31-Oct-15

4-8y 31-Oct-15

4-8y 31-Oct-15
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Grafico 1

								Study		Period/ Case type		Lower		VE		Upper

		2.9		2.9		2.9		4-8Y		31-Oct-15		0.08		0.276		0.81

		1.7		1.7		1.7		4-8Y		31-Oct-15		0.25		0.513		1.05

		0.6		0.6		0.6		4-8Y		31-Oct-15		0.24		0.422		0.75
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Grafico 1

								Study		Period/ Case type		Lower		VE		Upper

		2.5		2.5		2.5		4-8y		31-Oct-15		0.36		0.680		1.30

		1.5		1.5		1.5		4-8y		31-Oct-15		0.76		1.194		1.93

		0.5		0.5		0.5		4-8y		31-Oct-15		0.69		0.986		1.43
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Kaplan-Meier Curves for Subgroup Population (4-8 / 9-11 yo)

9-11y CYD

4-< 9y Control
4-< 9y CYD 

9-11y Control

There is greater protection, that appears to be stable, against hospitalized 
or severe VCD in subjects ≥9 years of age observed over time.

ChimeriVax™ Vaccine CYD23/57: result



Efficacy: 56.5%, (35.0% for DEN2)

ChimeriVax™ Vaccine CYD14: summary



Efficacy: 64.7%, (42.3% for DEN2)

ChimeriVax™ Vaccine CYD15: summary
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TWO PHASE III EFFICACY TRIALS DEMONSTRATED A CONSISTENT EFFICACY AND SAFETY PROFILE 

DURING THE 25 MONTHS (ACTIVE PHASE)

1. Capeding, 2014, Lancet
2. Villar, 2015, N Engl J Med.
3. Hadinegoro, 2015, N Engl J Med.

*Per protocol, 12 months post-dose 3 ; †Dengue hemorrhagic fever, World Health Organization (WHO) 1997 criteria, intent to treat; ‡Intent 
to treat, 25 months postdose 1.

ASIA-CYD141

2-14 yo
LatAm-CYD152

9-16 yo

56.5%
(95% CI: 43.8-66.4)

60.8%
(95% CI: 52.0-68.0)

Efficacy against symptomatic dengue*

80.0% 
(95% CI: 52.7-92.4)

95.0%
(95% CI: 64.9-99.9)

Efficacy against severe dengue† ‡

92.9%
(95% CI: 76.1-97.9)

67.2%
(95% CI: 50.3-78.6)

80.3% 
(95% CI: 64.7-89.5)

Reduction in hospitalized dengue‡

80.8% 
(95% CI: 70.1-87.7)

Pool results in the targeted 
age indication (9-16 yrs)3

65.6%
(95% CI: 60.7-69.9)



Efficacy in first 25 months:

All: 60.3% (CI 55.7-64.5)
>9 yr old: 65.6% (CI 60.7-69.9)
<9 yr old: 44.6% (CI 31.6-55.0)

Safety precaution:

*Vaccine AE: mild
* Unexplained higher incidence of 
dengue admission in age <9 yr 
in vaccine gr in some studies.

ChimeriVax™ Vaccine CYD23/57+14+15: summary



Ongoing regulatory submission in other endemic countries.  

Dengvaxia® approved in 18 countries

Brazil 
(Public Programme)

Philippines 
(Public Programme)

Mexico

El Salvador

Paraguay

Costa Rica

Guatemala

Peru

Indonesia

Thailand

Bolivia

Singapore

Cambodia

Venezuela

Malaysia

Argentina

Australia

Honduras



Based on up to six years of clinical data, 
the new analysis evaluated long-term 
safety and efficacy of Dengvaxia in people 
who had been infected with dengue prior to 
vaccination and those who had not. The 
analysis confirmed that Dengvaxia provides 
persistent protective benefit against 
dengue fever in those who had prior 
infection. For those not previously infected 
by dengue virus, however, the analysis 
found that in the longer term, more cases 
of severe disease could occur following 
vaccination upon a subsequent dengue 
infection.Press release from SP: 29 NOV2017



Image from: Flasche S, Jit M, Rodriguez-Barraquer I, Coudeville L, 
Recker M, Koelle K, et al. The Long-Term Safety, Public Health Impact, 
and Cost-Effectiveness of Routine Vaccination with a Recombinant, 
Live-Attenuated Dengue Vaccine (Dengvaxia): A Model Comparison 
Study. PLoS Med. 2016;13:1–19. doi:10.1371/ journal.pmed.1002181.

What is the absolute risk of severe dengue in the 
vaccinated and unvaccinated trial populations by 
serostatus?

The risk depends on the yearly incidence of dengue. Based 
on the incidence in the epidemiological settings of the trials, 
for persons aged 9 years and above, the new analysis 
indicates that 

- the 5-year risk of severe dengue in vaccinated 
seronegative persons (4 per 1,000 seronegative 
persons vaccinated) is similar to the risk of severe 
dengue in unvaccinated seropositive persons (4.8 per 
1,000 seropositive persons unvaccinated). 

- The risk of severe dengue is lower in unvaccinated 
seronegative persons (1.7 per 1,000 seronegative 
persons unvaccinated). The risk of severe dengue in 
vaccinated seropositive persons is the lowest (less than 
1 per 1,000 seropositive persons vaccinated).

- There is no evidence that clinical manifestations of 
disease were more severe in vaccinated seronegative 
persons compared to unvaccinated seropositive 
persons. For the entire vaccinated population, overall, 
the risk of severe dengue is reduced compared to a 
non-vaccinated population. 

WHO update 

Risk of severe dengue (/1000) Non Vaccine Vaccine

Seronegative 1.7 4

seropositive 4.8 1
?



outcome age group 
(year)

estimated pre-
vaccination 
serostatus

incidence of VCD post-vaccination 
[n/total number (%)]

relative risk or 
hazard ratio 

(95% CI)vaccine control

hospitalized VCD 2-8 positive 93.6/313.2 (29.9) 89.8/156.4 (57.4) 0.50 (0.33-
0.77)

negative 137.4/192.8 
(71.3)

37.2/100.6 (37.0) 1.95 (1.19-
3.19)

9-16 positive 58.8/1502.9 (3.9) 137.7/729.8 
(18.9)

0.21 (0.14-
0.31)

negative 64.2/375.1 (17.1) 25.3/207.2 (12.2) 1.41 (0.74-
2.68)

severe VCD 2-8 positive 23.9/313.2 (7.6) 20/156.4 (12.8) 0.58 (0.26-
1.30)

negative 30.1/192.8 (15.6) 5/100.6 (5.0) 3.31 (0.87-
12.54)

9-16 positive 11.2/1502.9 (0.7) 33.4/729.8 (4.6) 0.16 (0.07-
0.37)

negative 14.8/375.1 (3.9) 3.6/207.2 (1.7) 2.44 (0.47-
12.56)

The relative risk or hazard ratio (95% confident interval) of hospitalized 
virologically confirmed dengue (VCD) and severe VCD based on age and pre-
vaccination serostatus (Sridhar et al., N Engl J Med, 379(4), 327-340. ) .



Weekly epidemiological record, 8 JUNE 2018, No 23, 
2018, 93, 329-344.



PRNT is currently most accurate test for flavivirus 
but laborious, expensive and variation among LABs 
and tests.
HAI and ELISA are cheaper and can be tested for 
large samples.
ELISA had 99.4% sensitivity and 100% specificity* 
but standardization for different available tests are 
needed.
HAI had 94.4% sensitivity and 62.5% specificity*.

Antibody testing

*Lukman et al. Biomed Res Int 2006.



Antibody may cross react with other flavivirus 
(Zika, Japanese Encephalitis, Yellow fever, etc.) 
causing false positivity.
Waning of antibody causes false negativity.
There has been no study primarily aiming to 
assess antibody tests to diagnose previous 
infection to dengue.
There has been no gold standard, although PRNT 
may be the best.

Antibody testing 



for diagnosis of previous 
dengue infection

PRNT and ELISA



Dengue cohort in Ratchaburi

Baseline PRNT

Dengue illness

ELISA
acute

ELISA convalescent



PRNT test for diagnosis of previous 
dengue infection*

Pre-illness PRNT
ELISA (gold standard)

Primary infection Secondary 
infection

Negative 5 11**

Positive 0 34

* unpublished data from dengue cases in dengue cohort in 
Ratchaburi, 2005-6

** 10 cases had positive PRNT for JE

sensitivity = 75.5%, specificity = 100%
PPV = 100%, NPV = 31.3%



IgG ELISA test for diagnosis of 
previous dengue infection*

IgG ELISA in acute 
sample

ELISA (gold standard)

Primary infection Secondary 
infection

Negative 5 27

Positive 0 19

* unpublished data from dengue cases in dengue cohort in Ratchaburi, 
2005-6

sensitivity = 41.3%, specificity = 100%
PPV = 100%, NPV = 15.2%



TDV

• Developed by Takeda (Inviragen)
• Using DEN-2 (16681) PDK 53 as a backbone and 

replaces genes encoding pre-membrane and envelope 
protein with genes from DEN-1, DEN-3 and DEN-4. 

• Major difference from CYD vaccine: the core and other 
non-structural proteins are of DEN-2, not yellow fever

C M E NS3 NS5

NS2A

NS1 NS2B

NS4A

NS4B
5’UTR 3’UTR
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TDV

Incidence of symptomatic dengue in TDV vaccinee VS placebo 
recipient during 18 months surveillance in Phase 2 study in 
children aged 2-17 years (Xavier Sáez-Llorens et al., 2017)



Gene Deletion Vaccine

• Developed by Laboratory of Infectious Diseases, 
National Institute of Allergy and Infectious Diseases

• Use reverse genetic and recombinant DNA technology
• Deletion of 30 nucleotides at the position 172-143 from 

3' untranslated region could well attenuate DEN-1 and 
DEN-4

• Chimeric recombination for  DEN-2 (so-called 
rDEN2/4∆30)

• Additional deletion of 31 nucleotides at the position 
258-228 (so-called rDEN-3∆30/31) for DEN-3



Gene Deletion 
Vaccine

• TV003 (comprising rDEN-1∆30, rDEN-2/4∆30, rDEN-
3∆30/31, and rDEN-4∆30; 3log10PFU for each 
serotype) 

• TV005 (comprising 3log10PFU for each rDEN-1∆30, 
rDEN-3∆30/31, and rDEN-4∆30; and 4log10PFU for 
rDEN-2/4∆30

• Phase 2 clinical trial on DEN-4∆30: vaccine was safe 
but caused asymptomatic rash (65%), mild 
neutropenia (20-25%) and vaccine viremia (52%) 
(Durbin et al., 2005), leading to changing amino acid 
at the codons 200 and 201 of NS5 from Lys-His to 
Ala-Ala (DEN-4∆30-200,201). Replacement of DEN-
4∆30-200,201 in TV003 is TV004.

• A phase 2 clinical trial in adults: TV003 caused few 
asymptomatic maculopapular rash and vaccine 
viremia in 79% and 71% of vaccine recipients, 
respectively. Vaccine viremia were form DEN-3 
(63%), DEN-1 (21%), DEN-4 (17%), and DEN-2 (4%) 
(Kirkpatrick et al., 2016). A phase 3 study is ongoing.



Whole-virus Inactivated Vaccine

• Developed by GSK/FIOCRUZ
• Simple in production but the difficulty is viral culture
• Need potent adjuvant
• Study in monkey revealed that, after vaccination and 

challenge, monkey had no viremia but genetic material was 
still detectable (Robert Putnak et al., 2005). 

• Phase 1 clinical trial of 2 doses (2.5 or 5 μg/dose) of purified 
inactivated DEN-1 vaccine with aluminum hydroxide 
administered on day 0 and 28 : vaccine was safe and was 
able to induce neutralizing antibody in dengue naïve people 
aged 18-50 years (Martinez et al., 2015).



Subunit Vaccine
• At least 3 vaccine:

– recombinant subunit protein containing 80% of envelope protein 
from N-terminal portion (r80E)

– consensus dengue envelope protein domain III (cED III)
– recombinant lipidated envelope glycoprotein domain III

• r80E with ISCOMATRIXTM adjuvant can induced a potent 
viral neutralizing antibody as well as memory response 
(Clements et al., 2010). 

• r80E from DEN-2 with AS05 or AS08, given 3 months apart 
in rhesus monkeys found that the monkeys had no dengue 
viremia but dengue genomes were still detectable after 
challenge (Robert Putnak et al., 2005) .

• In human phase 1 study, it was immunogenic and well 
tolerated (Manoff et al., 2015).



DNA Vaccine

• Developed by inserting genes encoding target protein 
(i.e. envelope protein for dengue vaccine) into vector 
virus (e.g. adenovirus, measles virus)

• Advantage: high producibility, stability in room 
temperature, induce both humoral and cell-mediated 
immunity, no interference among serotypes

• Disadvantage: poor immune response
• A three-dose tetravalent DNA vaccine using a pCMVkan 

expression vector injected via intramuscular 
electroporation : vaccine was able to induce neutralizing 
antibody in mice (Prompetchara et al., 2014). 
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