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Flavivirus genome and structure 
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Non-neutralizing effector functions of antibodies 

Nature Biotechnology, Marasco & Sui, 2007 



Mechanisms by which antibodies neutralize viruses 

Nature Biotechnology, Marasco & Sui, 2007 

a. Block receptor engagement; b. Block entry; c. Block conformational changes triggered by low pH in endosome; d. Block 
conformational changes required for membrane fusion (for enveloped viruses);  e. Inhibit release of progeny virus 



Measuring neutralizing antibodies in the lab 
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Plaque-reduction neutralization test 

Chhaya Sawant, SNDT Women’s University 



Neutralization of virus by antibody 

• Occurs when an individual virion is bound by antibody with a 
stoichiometry that exceeds a required threshold 
 

• Stoichiometry determined by: 
– Antibody affinity 
– Epitope accessibility 

 

• Stoichiometric requirements for virion neutralization have been calculated 
for some viruses: 
– Poliovirus can be neutralized with 4-5 mAb 
– West Nile virus needs ≈30 Ab molecules 
– Rabies virus needs >200 IgG molecules to be neutralized 

 

• For flaviviruses, antibodies against prM have poor neutralizing activity, 
probably in part because the epitope is poorly accessible. 
– Individuals experiencing a secondary dengue infection have an amplified 

antibody response to prM 
– prM antibodies are highly cross-reactive to all DENV serotypes. 

 



Antibody-dependent enhancement (ADE) of infection 

• “A marked increase in the efficiency of virus infection in the presence of 
non-neutralizing concentrations of virus-reactive antibody” (Dowd & 
Pierson, Virology, 2011) 
 

• Occurs when antibody concentration does not meet the stoichiometric 
threshold for neutralization but is still high enough to mediate attachment 
to cells 
– 15 Ab required for ADE of WNV (compared to 30 for neutralization) 

 

• Usually observed in cell types that do not efficiently bind to virus 
– Immature DCs don’t support ADE of DENV because they express DC-SIGN (a 

DENV attachment factor) 
 

• Extrinsic ADE significantly increases the efficiency of viral attachment to 
target cells through multivalent interactions with Fc receptors. Can be 
inhibited by: 
– Antibodies that block Fc receptor engagement 
– Removal of the antibody heavy chain 
– Deletion of the N-linked sugar on IgG molecules required for interactions with 

Fc receptors 



ADE in Dengue infection 

 

• The most clearly established role for ADE in vivo occurs in Dengue virus 
infection 
– 4 major serotypes of DENV (70-80% aa sequence homology); a 5th was 

recently discovered 
– First infection with any of the serotypes results in dengue fever, which is 

usually mild 
– First infection establishes immunity to that serotype 
– Secondary heterologous infection may result in more severe and potentially 

fatal clinical course, including dengue hemorrhagic fever (DHF) or dengue 
shock syndrome (DSS)  
 

• This has complicated vaccine development: need to achieve neutralizing 
Ab against all 4 serotypes simultaneously. 
 

• Observed in infants >6mo born to mothers with history of DENV infection, 
indicating ADE can happen with Ab passively transferred from mother 
(through placenta, breastmilk) as maternal antibody levels wane. 
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Dengue Vaccine: CYD-TDV (Dengvaxia) 
(Sanofi Pasteur) 

• Live attenuated tetravalent chimeric vaccine made by replacing the prM and E structural genes of 
the attenuated yellow fever strain 17D with those of 4 dengue serotypes 

 

• 3-dose regimen at 0, 6, and 12 months 
 

• Licensed for use in Mexico, Philippines, Brazil, El Salvador, Costa Rica, Paraguay, Guatemala, Peru, 
Indonesia, Thailand and Singapore (as of Oct. 2016) 
 

• Evaluated in two large Phase III trials: 
– ~10,000 children aged 2-14 in 5 countries in South-East Asia 
– ~21,000 children aged 9-16 in 5 countries in Latin America 

 

• Differences between responses in children who were seropositive vs. seronegative at the time of 
vaccination: 
– Seropositive individuals achieve high and sustained antibody levels after 1st dose 
– Peak Ab responses in seronegatives are on average 10-fold lower and rapidly decay between doses 
– For the subset of children with known seropositive status: vaccine efficacy was 78.2%; for the subset of 

children with known seronegative status, vaccine efficacy was 38.1% (not statistically significant) 
– In the Asian study, vaccinated children ages 2-5 had an increased risk of dengue-related hospitalization in 

the 3rd year after vaccination (relative risk 7.45) 
– Although sero-status was not known in enough of these children to make a definitive conclusion, data are 

consistent with a model that this youngest age group was mostly seronegative, and therefore the increased 
risk of hospitalization after vaccination was due to ADE of subsequent dengue infection 
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The vaccine is therefore only approved for use in individuals ≥9 years old. 
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Modeling optimal deployment of CYD-TDV (Dengvaxia) 

• A transmission dynamic model published by Ferguson et al (Science, 
Sept 2016) “predicts that clinical effectiveness depends strongly 
on the age group vaccinated and local transmission intensity” 

  

– Vaccinating in low-transmission settings may increase the incidence of 
severe disease from “secondary-like” infection 

 

– Vaccinating in moderate-transmission settings will have positive 
effects for the population in general, but increased risk of severe 
disease for individuals vaccinated while seronegative 

 

– Vaccinating in high-transmission settings will have positive effects both 
for the population and for the individual 

 

• WHO now recommends population serological surveys to be 
conducted prior to introducing the vaccine, and only recommends 
that the vaccine be adopted where seroprevalence in the targeted 
age group is ≥50% (preferably ≥70%) 
 

 
 

 



Other dengue vaccine candidates in clinical trials 

• DENVax 
– Developed at Mahidol University in Bangkok 
– Live attenuated chimeric vaccine made with prM and E of 

DENV1, DENV3, and DENV4 on the backbone of an 
attenuated DENV2 strain (PDK-53) 

– Phase II trials led by Inviragen in Puerto Rico, Colombia, 
Singapore, and Thailand 

 

• TV003 
– Developed at NIAID, USA 
– Live attenuated tetravalent vaccine made by deleting small 

portions of the genome of each serotype DENV1-DENV4 
– Phase III trial launched in Jan 2016 in Brazil (Butantan 

Institute, Sao Paolo), to enroll nearly 17,000 people 
 

 

 
 

 



Other dengue vaccine candidates in clinical trials 

• DEN1-80E 
– Developed at Hawaii Biotech, acquired by Merck 

– Subunit vaccine made of recombinant E protein of all 4 
serotypes 

– Phase I trial in Australia 
 

• TDENV PIV 
– Developed by Walter Reed Army Institute for Medical 

Research and Glaxo Smith Klein 

– Inactivated tetravalent vaccine given with novel adjuvants 

– Phase I/II trials to investigate prime/boost strategies in US, 
Puerto Rico 

 
 

 
 

 



The human challenge model for evaluating  
dengue vaccine candidates 

• Human volunteers are experimentally infected with dengue after vaccination 
 

• Building on the precedent established for human challenge models of 
malaria, influenza, and enteric bacteria 
– However, unlike these infections, there is no therapeutic that can be given in the 

event that a volunteer becomes ill 
 

• Model of infection, not of disease! 
– Attenuated strain used, not known to cause severe disease 
– Dose given unlikely to cause anything but mild illness 
– Endpoints used are peak viral titer, duration of viremia 

 

• Advantages: 
– Could test for efficacy in tens of volunteers rather than the thousands needed 

for Phase III efficacy trials 
– Would save money and resources by throwing out non-promising candidates 

early on 
– More controlled experimental conditions would give greater insight into immune 

responses, correlates of protection 



The race for a Zika vaccine 



Clinical trials: Zika DNA vaccine GLS-5700 
(GeneOne Life Science, Inovio Pharmaceuticals) 

• DNA plasmid vaccine encoding for the premembrane-membrane and envelope 
regions of Zika virus 

 

• Administered intradermally with CELLECTRA®, Inovio’s proprietary DNA delivery 
device 
 

• Phase I open-label trial began July 2016 in 3 sites in US and Canada: 
– 40 people (ages 18-65) enrolled; 2 single dose groups (1 mg and 2 mg) 
– Safety (AE & SAE) and immunogenicity (binding Ab to env; neutralizing Ab to whole virus; T 

cell response) 
– Estimated primary completion date: Nov 2016 

 

• Phase I placebo-controlled, double-blind trial began August 2016 in Puerto Rico: 
– 160 people (ages 18-65) enrolled, all seropositive for dengue virus infection 
– Single dose set at 2 mg 
– Safety (AE & SAE) and immunogenicity (binding Ab to env; neutralizing Ab to whole virus; T 

cell response) 
– Estimated primary completion date: June 2017 
– CDC has estimated that 25% of the population of Puerto Rico will have experienced Zika 

infection by the end of 2016 – opportunity to see early signs of efficacy? 
 
 
 

 



Clinical trials: Zika DNA vaccine VRC-ZKADNA085-00-VP 
(National Institute of Allergy and Infectious Disease, USA ) 

• DNA plasmid vaccine encoding for the precursor transmembrane 
and envelope regions of Zika virus 

 

• Administered intramuscularly into the deltoid muscle (needle-free, 
high pressure injector) 
 

• Phase I placebo-controlled, randomized trial began July 2016 in 3 
sites in US: 
– 80-120 people (ages 18-35) enrolled in 4 groups, to receive 2-3 doses 

of 4 mg each 
• Group 1: Day 0; Week 8 
• Group 2: Day 0; Week 12 
• Group 3: Day 0; Week 4; Week 8 
• Group 4: Day 0; Week 4; Week 20 

– Safety (AE & SAE) and immunogenicity (neutralizing Ab to whole virus) 
– Estimated primary completion date: December 2017 
 

 
 

 



Clinical trials: Zika virus Purified Inactivated Vaccine (ZPIV) 
(National Institute of Allergy and Infectious Disease, USA ) 

• Chemically inactivated whole virus particles 
 
• Phase I randomized, double-blind, placebo-controlled trial began in October 2016 in Boston, US: 

– 48 people (ages 18-50) enrolled in 4 groups, to receive 1 or 2 doses of 5 mcg each:  
• Group 1: Week 0, Week 4 
• Group 2: Week 0, Week 2 
• Group 3: Week 0, Week 1 
• Group 4: Week 0 

– Safety (AE & SAE) and immunogenicity (neutralizing Ab, Env-specific Ab, IFN-g ELISPOT to 4 target proteins) 
– Estimated primary completion date: November 2017 
 

• Phase I randomized, double-blind, placebo-controlled dose de-escalation study began in October 2016 in Saint 
Louis, US: 
– 90 people (ages 18-49) enrolled in 3 groups, to receive 2 doses at Day 0 and Day 29:  

• Group 1: 5 mcg 
• Group 2: 2.5 mcg 
• Group 3: 1.25 mcg 

– Safety (AE & SAE) and immunogenicity (neutralizing Ab, total antibodies); duration of immune response after 12 months 
– Estimated primary completion date: January 2018 

 

• Phase I randomized, double-blind, placebo-controlled trial began in November 2016 in Maryland, US, to evaluate 
effect of pre-existing antibodies to other flaviviruses: 
– 75 people (ages 18-49) enrolled in 3 groups, to receive 2 or 3 doses of 5 mcg each  

• Group 1: Days 1 and 29 
• Group 2: Receives IXIARO® (Japanese encephalitis vaccine) on Days 1 and 29, then ZPIV on Days 112 and 140 
• Group 3: Receives YF-VAX® (Yellow fever vaccine) on Day 1, then ZPIV on Days 84 and 112 

– Safety (AE & SAE) and immunogenicity (neutralizing Ab) 
– Estimated primary completion date: May2018 

 
 
 

 
 

 


