
Reviewing the Clinical 

Development of Zika and 

Chikungunya Vaccines

Stephen J. Thomas, MD

Division of Infectious Diseases

State University of New York Upstate Medical University

October 2017



Discussion Topics

• Introduction

– Virus, Disease, Epidemiology

• Requirement for vaccine development

• Vaccine development challenges

• Review of clinical development efforts 
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Zika
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http://fortune.com/2016/03/03/google-zika-data/



Introduction

• Flaviviridae – same family as DENVs, YF, JE, WNV, TBE

• Antigenic complex: Spondweni

• RNA, icosahedral, enveloped, + single-stranded

 Genome: 3 structural & 7 non-structural proteins
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ZIKV Transmission Cycles



Zika’s Clinical Epidemiology
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• Brazil (2015 – August 2017)

• 231,725 suspected cases, 137,288 confirmed

• 2,869 confirmed cases of Zika virus congenital syndrome

• USA

• 2016: 5,102 symptomatic, 224 local, 36,079 in US territories

• 2017 (1 JAN to 31 AUG) - 225, none local, 554 US territories



Typical Clinical Manifestations of Zika
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Adverse Neurologic Outcomes
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Zika

GBS



Congenital Zika Syndrome

N Engl J Med. 2016 Apr 13.



“…ZIKV targets human brain cells, reducing 

their viability and growth as neurospheres and 

brain organoids. These results suggest that 

ZIKV abrogates neurogenesis during human 

brain development.”

“Together, therefore, our findings 

identify a link between ZIKV-

mediated TLR3 activation, 

perturbed cell fate, and a 

reduction in organoid volume 

reminiscent of microcephaly.”

“Here we show…ZIKV…efficiently infects 

human neural progenitor cells (hNPCs)...

Infected hNPCs further release infectious 

ZIKV particles. Importantly, ZIKV infection 

increases cell death and dysregulates cell-

cycle progression, resulting in attenuated 

hNPC growth. Our results identify hNPCs 

as a direct ZIKV target.”

Zika is Neurotopic



Requirements for a Zika Vaccine

• Reduce clinical burden of infection 

– Microcephaly and other congenital disorders

– Neurologic disorders

• Generate herd immunity

• Interrupt transmission

– Mosquito, sexual, maternal

• Public benefit

– Reduce suffering

– Reduce resource utilization

– Restore normalcy 



ZIKV Vaccine Development Challenges



ZIKV Vaccine Development Challenges



Zika Vaccine Candidates
14

WHO reported more than 40 Zika vaccine 

candidates under development. Twelve phase 1 

trials including 6 candidates are near completion. 



Zika Vaccine TPP
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Indication: Prevention of Zika virus-associated clinical illness of any 

severity in subjects 9 years of age or older 

Contra-indication: No contraindication for use during pregnancy

Target population: Women of reproductive age (adolescent and pre-

adolescent girls ≥9 years of age), and boys/men of the same ages

Efficacy: Prevention of virologically confirmed illness in 80% of recipient

Preparation: single dose

Durability of protection: At least 1 year
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Adoptive transfer studies 

in NHPs. (A) ZIKV-specific 

MN50 titers in serum from 

recipient NHPs (n = 2 per 

group), measured 1 hour 

after adoptive transfer of 

five-fold dilutions of IgG 

purified from PIV-

vaccinated NHPs (groups I 

and II) or sham controls. (B) 

Plasma viral loads in 

rhesus monkeys after 

challenge with 106 vp (103 

PFU) of ZIKV-BR. 

Red bars reflect medians.
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100% develop binding antibody after 3 vaccinations and 

60-63% develop neutralizing abs.



19

Passive transfer of 

human ab induced 

after 3 doses of 

vaccine protect 

92% of mice from 

challenge.  



• Facts

– Some % of ZIKV infections have severe outcomes

– ZIKV co-circulates with numerous other flaviviruses

– In vitro flavivirus cross reactivity exists

– In vivo enhancement in small animals exits

– In vitro / small animal data not translating to NHPs

– In vitro / small animal data not translating to humans
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ZIKV Immune Enhancement- Fact or Philosophy?

Prospective studies aligning closely-in space and time-pre-

existing immune profiles with infection and associated clinical 

outcomes will provide the data and reagents required to 

separate ZIKV enhancement “fact from philosophy.”



Zika’s Legacy
21

https://img.washingtonpost.com/rf/image_1484w/2010-2019/WashingtonPost/2016/02/12/Foreign/Images/2016-02-

12T004906Z_01_NAC10_RTRIDSP_3_HEALTH-ZIKA-BRAZIL.jpg



Chikungunya
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Introduction

• Togaviridae family, Alphavirus genus

– Positive-sensed, single stranded genomic RNA

• Three genotypes (84.5%–97.8% amino acid identity)

– Asian, East/Central/South African (ECSA), West African
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Chikungunya Transmission Cycles
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Chikungunya Clinical Epidemiology
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Table adapted from

R. Tan et al, “Findings of Endemic Transmission of Chikungunya Virus in Yogyakarta, Indonesia”

Understanding Clinical Attack Rate

• Subclinical : Symptomatic = 4.6:1

• 2:1 in 6m-5 year olds

• 12:1 in >50 year olds



Chikungunya Clinical Burden
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Requirements for a Chikungunya Vaccine
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Vaccine Development Challenges

• Epidemiology

– Sporadic outbreaks, long absence prior to return

• How do you plan clinical endpoint studies?

– Unclear infection : clinical attack rate ratio

• How do you properly power an efficacy trial?

• Clinical disease phenotypes

– Mild disease, Severe disease, Chronic disease

• Which endpoint, selection will impact study design?

• Incomplete understanding of disease pathogenesis

– Chronic infection, retained nucleic acid, autoimmunity   

• May impact construct selection, safety evaluations.

• No known correlate of protection or risk.
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Chikungunya Vaccine Pipeline
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Formalin Inactivated Chikungunya Vaccine





Hoke et al, Vaccine 2012

Live Attenuated Chikungunya Vaccine
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Virus Like 

Particle 

36



37



38

Measles 

vector



MVV-Chikungunya Vaccine Recipients
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Regulatory
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Pathways to Licensure:

Clinical Trials, Accelerated Approval, Animal Rule

Speak to your regulators



Summary

• Zika and chikungunya virus infections have the potential 

for rapid and significant infection attack rates resulting in 

morbidity and human suffering. 

• Development of safe and efficacious vaccines designed to 

prevent clinically relevant disease appears feasible. 

• Nuances of zika and chikungunya virus transmission and 

pathogenicity introduce numerous complexities into 

vaccine development plans. 

42



Thank you!
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Upstate Medical University, Syracuse, NY


