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~200.000 cases/year

~ 30.000 deaths/year   

Yellow fever 

Monath. N Engl J Med 2007; 357:2222-2225

Staples et al. MMWR 2010; www.who.int



Butler Nature 2016; Kupferschmid Science 2016; Monathet al. Lancet 2016 

Darfour (2012/13): 2M  

Angola (2015/16): 6M  

Congo (2016): 11M 

Brazil (2016/17):  3.5M 

USA July 2017: breakdown supply

Nigeria (2018) : 25M 
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The recent outbreak in Brazil

Gómez et al., Journal of General Virology (2018)



The Live-attenuated YFV vaccine (YFV-17D)

Pulendran Nat Rev Immunol 2009; Cottin Expert Rev Vaccines 2013

Safe
✓ Massively used since 1938
✓ Rare complications 

Efficient
✓ Fast neutralizing immune response 
✓ One dose; long-lasting protection  

Production
✓ Need for embryonated egg
✓ Q/C & batch release time

Storage & transport
✓ Need for strict cold-chain

https://smart.servier.com/smart_image/injectable/
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Workers from MSF cross a river in the DRC. On their 10-hour
tour of villages, they must keep the vaccine perfectly chilled.
(Source : National Geographic)



PLLAV: Plasmid-Launched Live-Attenuated Viral vaccine

Jet-injector

PLLAV



PLLAV: Plasmid-launched live-attenuated viral vaccine

• Stable maintenance in E.coli
• Inducible high yield production
• Modularity and high vector capacity
• No cold chain required
• Needle-free administration

ADVANTAGES OF DNA VACCINE

• replicates in mammalian cells
• induction of strong immune response
• insertion of foreign antigens possible

ADVANTAGES OF LAV

PLLAV

Live-attenuated YFV vaccine strain 
(cDNA):

Proprietary BAC shuttle vector:    

Dallmeier and Neyts,  WO/2014/174078



Identical virus replication of Stamaril® and
PLLAV-YF17D in tissue culture

PLLAV-YF17D



PLLAV-YF17D is highly stable in E. coli

High copy n° plasmid

PLLAV-YF17D



PLLAV-YF17D is highly thermostable

Stamaril® versus PLLAV-YF-17D

AG129 (IFN-R KO)



Immunogenicity and protection from challenge viremia

Dr. J. Julander, Utah State University, Logan under NIH/NIAID Service Contract 
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Protection from disease and mortality
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6xLD50 YFV-Jimenez



Rapid antibody response in hamsters

Stamaril® PLLAV-YF17D

anti-YFV IgG

nAb



Towards the best route of administration

PLLAV : 2,5µg                      Stamaril® 104 PFU

PEI : Poly-ethylenimine condenses DNA into positively charged particles facilitating endocytosis



PLLAV-YF17D can be administered to pigs

Stamaril®



Proof-of-concept: Immunogenicity of PLLAV-YF17D in 
rhesus macaques

NHP

1 2 3 4 5 6 weeks

Stamaril sc, needle

booster end

Biomedical Primate Research Center, Rijswijk NL

Save, no adverse effects

100µg PLLAV-YF17D + PEI ***

*** formulation issues

CoP by serum transfer to AG129 mice



PLLAV as a platform technology

PLLAV

YFV LAV

Chimeric flavivirus vaccines Transgenic vaccines

YFV LAV

Japanese encephalitis virus
Zika virus

Ebola
Rabies
Influenza
Leishmania
HBV
…



PLLAV as platform for chimeric vaccines           
Japanese encephalitis

C NS1-5prM/E

antigenic virion structure

JEV envelope

Guirakhoo et al. Virology 1999; Appaiahgari et al. Expert Rev Vaccines 2010

replication machinery

www.xinhuanet.com
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A very safe and highly efficient ZIKV vaccine

Zmurko et al. PLoS NTD 2016 and Buh Kum D, et al. in preparation

AG129

105× LD50

ZIKV MR766

1× vax 102 PFU



PLLAV as platform for transgenic vaccines (HBV)

HBV

YFV-17D/Hbc YFV-17D

ELISPOT

Induction of T-cell response to HBV core



PLLAV as platform for transgenic vaccines (rabies)

insertion site 2



PLLAV as platform for transgenic vaccines (rabies)
RabG insertion between E and NS1 (PLLAV-YF/RabG)

Day 14

YFV seroconversion 5/5

RABV seroconversion 5/5

RABV nAb: 1.5 [0.25-3.3]  

Day 28

YFV seroconversion 5/5

RABV seroconversion 5/5

RABV nAb: 5.3 [0.54- 11.5]  



PLLAV as platform for transgenic vaccines (Lassa) 

http://www.virology.ws/2015/08/13/lassa-virus-origin-and-evolution/

Science, March 2018



YFV - rabies

YFV - rabies - Lassa - EBOV

JEV - rabies

Towards region specific vaccines



To summarize…

Commercial YFV-17D vaccine

OR

PLLAV-17D
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