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Objectives

• Epidemiology of Dengue and Zika

• Clinical disease manifestations of Dengue and Zika

• Vaccine Development for Dengue

• Vaccine Development for Zika
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Deaths and lost productivity Worldwide due to 
Infectious Disease 

Nature Reviews
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Transmission
• Factors

• Initiation and maintenance of epidemic

1) Strain of virus
• Strains vary in virulence, duration of viremia

2) Density, behavior and competence of the vector

• Rainy season

• Increased transmission due to prolonged vector survival, 

shortens extrinsic incubation period

3) Susceptibility of human populations
• Host factors

4) Introduction of virus into susceptible community
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Dengue

• Aedes aegypti, Aedes albopictus

Zika

• Aedes aegypti, Aedes albopictus
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Emerging Infections

Emergence as a 2–step process

• 1)  Introduction of an agent into a new host population

• New infection

• Variant of existing infection

• 2) establishment and dissemination within a new host (“adoption”)

• Variety of factors associated with “spread”

Morse.  Perspect. Biol. Med:34:387
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Vector borne diseases
•Spread supported/facilitated by:

– Global trade

– Ineffectiveness of vector control

• Biochemical

– Resistance issues

• Removal of breeding grounds

• Biologic targeting of mosquitos

– Urban crowding/living conditions

– Poorly designed irrigation and water 

storage

– Poor waste disposal

– Increasing in global travel

– Deforestation and habitat destruction

– global warming?
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Dengue and Zika

• Flavivirus

West Nile 

Dengue 

Yellow Fever

Tick-borne Encephalitis Virus (TBE)

Saint Louis Encephalitis (SLE)

Japanese Encephalitis Virus (JEV)
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Dengue
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Risk and Incidence

2 billion persons live in tropics/subtropics
• 40% of world’s population at risk

Most rapidly spreading mosquito-borne virus in the world
• 1950s annual case reports to WHO totaled 900

• By 2005 annual case reports in 60 countries 

Annually:
• 120 million travel annually to these areas.

• 50-100 million cases dengue fever annually

• 250-500,000 cases Dengue Hemorrhagic Fever

• Approximately 20,000 deaths, but limited knowledge from many 
corners of the globe.
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Epidemiology

Epidemic Dengue Hemorrhagic fever (DHF) and Dengue Shock Syndrome (DSS)

• Emerged over 50  years ago in Southeast Asia

• Emerged in 1981 in the Americas

• Emerged in 1989 in Southern Asia

• Since post-WWII

• Incidence of DHF/DSS has increased 500 fold

• One of the leading causes of pediatric morbidity and mortality in Southeast Asia
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2012 Dengue Map 

http://www.healthmap.org/dengue/index.php

CDC.gov
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Worldwide incidence of Dengue

Dengue incidence
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Pan American Health Organization
Available at: http://new.paho.org/hq/index.php?option=com_content&task=view&id=264&Itemid=363&lang=en

Dengue as an emerging disease in the Americas
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Trends in Incidence in Dengue Fever among Hospitalized Patients in U.S.

Figure. National estimates of dengue yearly incidence rates and 95% exact binomial confidence intervals (error bars), calculated by using data from the 

National Inpatient Sample, United States, 2000–2007. The trend (dotted line) is based on a logistic regression model fit by using generalized estimating 

equations. Note that the trend is curvilinear in the incidence rate, yet linear in the log odds of the incidence

Streit et al.  Emerg Infect Dis. 2011; 17
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“New” Clinical Dengue Classifications
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Clinical Disease Caused by Dengue Viruses

19
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Clinical Disease

• Classic disease

• Incubation period 3-14 

days (average 4-7)

• May have asymptomatic 

disease or mild febrile illness

• 3 phases

• 1) Febrile Phase

• 2) Critical Phase

• 3) Recovery Phase

20
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Clinical

• Risk factors for severe disease

AB blood group

Race

Young age

Viral strain

Female sex

High BMI

Genetic variants of Human Leukocyte Antigen (HLA) 

Possibly chronic disease: Sickle cell disease, diabetes, 

asthma

• Factors that Decrease risk of 

severe disease

• Race

• Malnutrition

• Polymorphisms in Fcγ and Vitamin 

D receptor
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Immunopathogenesis of Severe Disease

Antibody dependent Enhancement (ADE)

• After initial infection antibodies remain cross reactive with other serotypes

• Non-neutralizing antibodies could then mediate an increased uptake of virus into 

monocyte/macrophage

Whitehead et al.  Nature Rev Micro 2007

• Leading to increased viral 

replication, immune activation 

and cytokine release



23

Zika
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The Beginning

Dr. George Dick
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Zika cases
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Symptoms of Zika
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Zika clinical signs

Nenad Macesic et al. Clin Infect Dis. 2015;61:1485-1486

Lab Findings

• Low White blood cell counts

• Low Platelet counts

• Elevated Liver Enzymes
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What is microcephaly

Infant’s head is smaller than the heads of other infants of same age and sex

Can occur as a result of congenital insult or post-natal insult

MicrocephalicNormocephalic
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Microcephaly
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36Euro CDCRates of suspected Microcephaly in Brazilian states by year
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Grass
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Congenital ZIKV Infection
….not just microcephaly

• Microcephaly

• Brain atrophy

• Ventricular enlargement

• Intracranial calcifications

• Ocular defects

• Joint contractures

• Absence of the corpus callosum

• Agenesis of the vermis

• Thalamus absent

• Cataracts

• Hydrops fetalis
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Guillain–Barré Syndrome (GBS)

Acute, immune mediated

May lead to paralysis

Roughly 25, 000 cases/yr in the US

Preceding infection in previous weeks

10-30% will require mechanical ventilation

Most fully recover

Mortality rate 5%
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Risk of GBS and Infectious Disease

Guillain-Barré Syndrome
chance per million exposures

0 1000 2000 3000

Cytomegalovirus

Camplylobacter jejuni

Zika virus

Seasonal Flu

1976 swine flu vaccine

Chance per million exposures

0.1

17

240

250-650

600-2,200

Source: CDC and Kwong JC et al. Risk of Guillain-Barre syndrome after seasonal influenza 

vaccination and influenza in health care encounters. Lancet Infect. Dis. (2013) 13(9):769-76
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Results:

• 98% of the 42 patients with GBS had anti-ZIKV IgM or IgG, and 
100% had neutralizing antibody against ZIKV compared with 
56% of 98 patients in control group (p<0.0001)

• 88% of 42 patients with GBS reported symptoms of ZIKV 
infection 6 days before onset of neurological symptoms.

• Estimated rate of GBS with ZIKV infection =  1/5000
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Clinical Microbiology Reviews.  2016



44NEJM. 2016 44
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68 patients with GBS

• 66 (97%) with previous symptoms c/w Zika

• 42 patients with +PCR

• Urine/CSF

• ?increased risk/link between Zika and GBS with previous Dengue infection
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URINEBLOOD

RASH
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48Asymptomatic Men, Children, Women who are not pregnant
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Zika testing

• Serum

• Antibody testing and PCR

• IgM lasts up to 12 weeks (present by D4)

• Cross-reactivity with other flaviviruses

• Urine

• Submitted alongside serum samples

• CSF

• Amniotic fluid

• Tissue

• Saliva

• Alternative if blood cannot be collected
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“Newer” recommendations

• Men

• Wait 6 months from last possible exposure 

before trying to conceive with partner

• Women

• Wait 8 weeks from last possible exposure 

before trying to conceive

CDC.gov. 2016

• Pregnant women

• PCR screening of blood 

and urine up to 14 days 

after last possible 

exposure

• If evaluated 2-12 weeks 

after travel

• IgM and PCR
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The world’s most dangerous animals
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General Rule: The more similar a vaccine is to the disease-causing 
form of the organism, the better the immune response to the vaccine 

Introduce the immune system to a pathogen in a 

“controlled” environment

Cause the immune system to remember the pathogen and 

to respond to it

Enable the immune system to effectively clear the 

pathogen to prevent disease

How Vaccines Work
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Arms of the Immune system

Front line defense

Innate immune cells

Dispatchers/coordinators

Antigen-presenting cells

Decision makers/archivists

T cells – Generals / commanders / 

admirals

B cells – fighter pilots

• make antibodies = missles/bombs

Vaccines engage the immune system like an emergency preparedness 

drill to be ready for the real threat. 
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Pathogen - likeness

Reactogenicity

Ability to induce memory

engage immune system

MMR, Flumist

YFV, JEV, 

Dengue, (Zika)

FLU shot
Tetanus, HepB

Pneumococcal
HPVTyphoid

Ebola, Zika

(experimental)

Vaccine Types
Example

Type

MAX

MIN
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Why develop a live attenuated vaccine?

• Live attenuated vaccines have been successful for other flaviviruses: yellow fever 

and Japanese encephalitis virus

• Highly immunogenic, requiring only one dose

• Expected to induce lifelong immunity

• Can be very economical to produce and can be manufactured locally in 

endemic countries

• Induces both humoral and cellular immune responses
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Challenges to dengue vaccine development

• Four serotypes cause disease

• Cannot predict circulation patterns

• Usually the 2nd DIFFERENT dengue serotype is the culprit

• Need to avoid interference between viruses in vaccine

• Attenuation in a specific way

• Engaging the whole immune system (not just antibodies)
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Dengue circulation 
patterns are 
unpredictable

North Vietnam South Vietnam
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DENGUE-1

Outside of virus

(structural)

DENGUE-2

DENGUE-3

DENGUE-4

• Copying

• Decoy factors

• Blueprint protection

Dengue is caused by any of four distinct dengue viruses
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Where do these vaccine candidates come from?
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Dengue 1 Western Pacific. 

1974

From the serum of a Chinese traveler to 

Nauru, reporting mild dengue at the 

Pacific Biomedical Research Center in 

Honolulu, Hawaii 

Pacific 

Biomedical 

Research 

Center, 

Honolulu, HI

Nauru

McKee Jr. et al, 1987, Amer. J. Trop Med Hygiene 36(2): 435-442

DENGUE 1
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DENGUE 2

1. Sabin, A.B., (1950) Bacteriol. Rev 14: 225

2. Gubler DJ, et al. (1978) Am. J Trop Med Hyg 27(3) 581-589 

Kingdom 

of Tonga

Tonga2: 

• 1974: outbreak of mild disease, 17% 

infection rate. 

• 1975: severe disease, high attack rate. 

New Guinea
New Guinea C1: 

• 1944: Mild diseease
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Indonesia

DENGUE 3

Sleman, 1978, 32% infected, mild illness

Bantu, 1977, 65% infected, severe disease 

1. Gubler DJ. et al, 1979, Amer. J. Trop Med Hygiene 28: 701- 710

2. Gubler DJ. et al, 1981, Amer. J. Trop Med Hygiene 30(5): 1094-1099
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DENGUE 3

Perfect illustration of how to pick a vaccine virus 

(Sleman, not Bantu)

10-fold weaker



651. Henchal E.A. et al, (1986), Amer. J. Trop Med Hygiene 35(2): 393- 400

Dominican 

Republic

May 1981: 

Generally mild disease. 

Distinct from the concurrent 1981 

Cuba outbreak, which led to severe 

disease – which was DENV2. 

DENGUE 4
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Dengue and Zika viruses carry their own blueprints 
and the host cell builds new viruses.  

Attachment

Blueprint release
Manufacturing

New product
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DENGUE-1

Outside of virus

(structural)

DENGUE-2

DENGUE-3

DENGUE-4

• Copying

• Decoy factors

• Blueprint protection

X

X

X

X

Live attenuation strategy: editing dengue genome

X
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Testing individual dengue vaccine candidates to 
ensure a balanced immune response (antibody)
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DEN1

DEN1Δ30

3 studies; 114 
subjects

TETRAVALENT 
FORMULATION 

(103 PFU)

DEN2

DEN2/430

3 studies; 71 
subjects

TETRAVALENT 
FORMULATION 

(103 PFU)

DEN3

DEN3/4Δ30

103 PFU, 105

PFU evaluated; 
56 subjects

DEN3-3´D4Δ30

1 study; 28 
subjects

TETRAVALENT 
FORMULATION

(103 PFU)

DEN3Δ30/31

1 study; 28 
subjects

TETRAVALENT 
FORMULATION 

(103 PFU)

DEN4

DEN4Δ30

3 studies; 4 
doses (101 –
105 PFU; 127 

subjects

TETRAVALENT 
FORMULATION

(103 PFU)

DEN4Δ30-
200,201

2 doses (103, 
105 PFU); 56 

subjects

TETRAVALENT 
FORMULATION

(103 PFU)

Over 400 subjects at UVM and Johns Hopkins participated in testing of safety of each component and as a mixture.
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DENGUE-1

DENGUE-2

DENGUE-3

DENGUE-4

X

X

X

X

Final tetravalent vaccine formulation TV003

103

Dosing

103 or 104

103

103
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After 1 dose

DEN1
1%

DEN2
2%

DEN3
3%

DEN4
94%

CYD

DEN1 DEN2 DEN3 DEN4

DEN1
12%

DEN2
17%

DEN3
26%

DEN4
45%

NIH
TV003

DEN1 DEN2 DEN3 DEN4

DEN1
2%

DEN2
98%

DEN3
0%

DEN4
0%

Takeda

DEN1 DEN2 DEN3 DEN4

Sanofi (CYD) NIH (TV003) Takeda

A
N

TI
B

O
D

Y 
re

sp
o

n
se

s

TV003 gives balanced immune response to all four DENV
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NIH (TV003)

Will it work? Dengue human infection model

DENV2 Tonga

– OR –

PLACEBO

DENV2 Tonga

Kirkpatrick, Durbin, Whitehead, Pierce, Diehl et al. (2016) Science Translational Medicine 

6 months

Cover story March 2016
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Will it work?

Kirkpatrick, Pierce, Diehl et al. (2016) Science Translational Medicine 

• TV003 protects against 

DEN2 virus in blood

• DEN2 virus gives a rash

• TV003 protects against this

v
ir
u
s

Threshold*

105-

108-

107-

106-

102-

10,000-
times 
less

Rash:

• Mild (usually unnoticed) 

• Lasts 1 day

• Indicates good response

*Vaughn et al. (2000). J Infect. Dis. (181(1):2-9
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What’s next for dengue vaccine

• How many serotypes needed to get protection? (2,3, all 4?)

• Protection against other serotypes (DENGUE-3)

• Safety and efficacy in field trials 

• Bangladesh 

• Thailand

• Brazil (17,000 subjects) 3 years

• Which parts of immune system are necessary for protection?

• Combination with ZIKA virus? 
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From Latin, flavi = yellow)

• Yellow Fever Virus

• Dengue (Dengue 1, 2, 3, and 4)

• Japanese encephalitis (JEV)

• St Lous Encephalitis

• West Nile Virus

• Zika virus

Flaviviruses

WNV

MVE

JEV

SLE

ZIKV**

DENV-1-
4

YFV

F
la

v
iv

ir
u

s
 P

h
y

lo
g

e
n

y

Many 

flaviviruses exist 

but not much is 

known about 

most

ZIKA
DEN1-4

YELLOW FEVER

WEST NILE

JEV

SLE
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ZIKA has a familiar structure
Yellow Fever virus

CDC

Zika virus

Mlakar, NEJM, 2016

Kostuychenko, Nature, 2016

Zika Virus

Sirohi, Science, 2016

Key points: 

• Icosahedral (soccer ball)

• Unique sugar structure – receptor binding? 

• Stability

Kuhn, Cell, 2002

Dengue virus
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ZIKA is a stable flavivirus

Kostuychenko, Nature, 2016

Key points: 

• Dengue virus loses 

infectivity at higher 

temperatures

• ZIKV retains 

infectivity even at 

40oC

• Implications for 

unique transmission
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• All ZIKV strains are 

cytopathic

• Dengue not cytopathic

ZIKV-Uganda/1947

ZIKV-Paraiba/2015

ZIKV dose

ZIKV-Philippines/2012

ZIKV-Thailand/2014

Dengue always looks like this even at high doses (cells fully intact)

ZIKA –cytopathic flavivirus

ZIKV-Uganda/1947

ZIKV-Paraiba/2015

ZIKV dose

ZIKV-Philippines/2012

ZIKV-Thailand/2014



79

Rodriguez-Morales et al., Ann Clin Microbiol Antimicrob (2016) 15:13

Routes of ZIKA transmission
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ZIKA vaccine approaches

Durbin, Sem. Reprod Med Sept. 2016

UVM and 

Johns Hopkins

Outer shell of virus

Live 
attenuated

Parts of ZIKA in 
another virus

Parts of ZIKA as 
genetic pieces

Killed virus
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Experimental Zika viruses

Nicaguara

Campinas

• ZIKA is known to replicate less than DENV
Waggoner et al. Clin Infect Dis August 2016

• A genetic blueprint of ZIKA is now available
Tsetsarkin, et al. (2016) mBio 23 Aug 2016

rZIKVΔ30

Δ30

C prM E NS1 NS2A NS2B NS3 NS4A NS4B NS5 3´5´
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Challenges with rapid global vaccine development

• The infection has to be 

circulating and some go away 

(examples: Ebola, ZIKA?)

• ZIKA has typically been 

associated with small outbreaks 

(before this one)

• Hard to know exactly how virus 

behaves
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Sustainability of a ZIKA vaccine

Dengue

• 390 million 

infections per year

• No congenital 

syndromes known

• Still mainly just 

mosquito 

transmission

ZIKA

• 1.62 million infections since 1947 

(with 1.5M in 2015-2016)

But…

• Congenital microcephaly

• Risk of Guillan-Barre

• Unique transmission modes
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Proposed dengue/ZIKA combination vaccines

DEN1 DEN2 DEN3 DEN4

C prM E NS1 NS2A NS2B NS3 NS4A NS4B NS5 3´5´

Δ30

rDEN1Δ30

C prM E NS1 NS2A NS2B NS3 NS4A NS4B NS5 3´5´

∆30

rDEN2/4Δ30

C prM E NS1 NS2A NS2B NS3 NS4A NS4B NS5 3´5´

Δ30

rDEN4Δ30

rDEN3Δ30/31C prM E NS1 NS2A NS2B NS3 NS4A NS4B NS5 3´5´

∆30/31

ZIKV+

rZIKVΔ30

rZIKV(prM/E)/D2Δ30

– OR–

Tetravalent (TV003/005)

Δ30

C prM E NS1 NS2A NS2B NS3 NS4A NS4B NS5 3´5´

Δ30

C prM E NS1 NS2A NS2B NS3 NS4A NS4B NS5 3´5´
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The Challenge in Vaccine Development

CURRENT

PARADIGM

NEW

PARADIGM

REDUCED

INVESTMENT

AT RISK

RegistrationPhase IIB/IIIProof of ConceptPre-clinicalTarget Antigen ID

$1M

$10M

$300M
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)

20 years and $1B for Sanofi dengue vaccine

5 – 10+ YEARS?

Shift decision making to the left
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Vaccine Testing Center
University of Vermont College of Medicine

Center for Immunization Research
Anna Durbin

CIR clinic and lab teams

Stephen Whitehead

General Clinical Research Center


