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History of Ebolavirus outbreaks
• Zair e  ebo lavir u s : 23 r epor t ed  ou t br eaks  s in ce  19 76

• Th e m os t  fa t a l Ebola  vir u s . 

• 20 14 - 20 16  ou t br eak in  Wes t  Afr ica  ( la r ges t  Ebola   

ou t br eak t o  da t e  wit h  m or e t h an  28 ,6 0 0  cases )

• 20 18 - 20 20  ou t br eak in  DRC (2n d la r ges t  ou t br eak)

• Two app r oved  vaccin es , on e r eact ive  an d  p r oph ylact ic 

(r VSVZEBOV, Mer ck) an d  on e p r oph ylact ic (Ad26 .ZEBOV, 

MVA- BN- Filo , Jan ssen )

• Efficacy da t a  ava ilable  for  r VSV- ZEBOV, 

im m u n obr idgin g da t a  ava ilable  for  Ad26 .ZEBOV, MVA-

BN- Filo

• Bin d in g an t ibod ies  s t r on gly cor r e la t ed  wit h  su r viva l in  

NHP. Used  in  im m u n obr idgin g t o  es t im a t e  vaccin e 

efficacy of t h e  Ad26 .ZEBOV, M VA- BN- Filo  r egim en  an d  

is  t h e  bas is  for  licen su re  in  t h e  EU

https://www.cdc.gov/ebola/outbreaks/index.html

https://www.cdc.gov/ebola/outbreaks/index.html


The 2-dose primary regimen is administered 
approximately 8 weeks apart

h t t p s :/ / www.em a .eu r op a .eu / en / m ed icin es / h u m an / EPAR/ zabden o

h t t p s :/ / www.em a .eu r op a .eu / en / m ed icin es / h u m an / EPAR/ m vabea

https://www.ema.europa.eu/en/medicines/human/EPAR/zabdeno
https://www.ema.europa.eu/en/medicines/human/EPAR/mvabea
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• Ebola  ou t br eaks  a r e  n ot  p r ed ict able  in  t er m s  of loca t ion  an d  s ize
 –  Near  im p oss ib le  eva lu a t ion  of a  p r op h ylact ic vaccin e efficacy
• In  t h is  s it u a t ion  an d  u n der  t h e  An im al Ru le  (FDA)  / Con d it ion a l or  Excep t ion a l 

Cir cu m s t an ce au t h or iza t ion  (EMA), licen su r e  based  on  an im al efficacy da t a  
br idged  t o  h u m an  im m u n ogen icit y da t a  m ay be accep t able

 –  Con fir m ed  a t  VRBPAC
• Met h ods  based  on  a  s im ila r  ap p r oach  for  An t h r ax vaccin e

Why an immunobridging approach?

https://www.fda.gov/regulatory-information/search-fda-guidance-documents/product-development-under-animal-rule
https://www.ema.europa.eu/en/human-regulatory/marketing-authorisation/conditional-marketing-authorisation
Schiffer et al Vaccine 2015

https://www.ema.europa.eu/en/human-regulatory/marketing-authorisation/conditional-marketing-authorisation
https://www.ema.europa.eu/en/human-regulatory/marketing-authorisation/conditional-marketing-authorisation
https://www.ema.europa.eu/en/human-regulatory/marketing-authorisation/conditional-marketing-authorisation
https://www.ema.europa.eu/en/human-regulatory/marketing-authorisation/conditional-marketing-authorisation
https://www.ema.europa.eu/en/human-regulatory/marketing-authorisation/conditional-marketing-authorisation
https://www.ema.europa.eu/en/human-regulatory/marketing-authorisation/conditional-marketing-authorisation
https://www.ema.europa.eu/en/human-regulatory/marketing-authorisation/conditional-marketing-authorisation
https://www.ema.europa.eu/en/human-regulatory/marketing-authorisation/conditional-marketing-authorisation
https://www.ema.europa.eu/en/human-regulatory/marketing-authorisation/conditional-marketing-authorisation
https://www.ema.europa.eu/en/human-regulatory/marketing-authorisation/conditional-marketing-authorisation
https://pubmed.ncbi.nlm.nih.gov/26072016/
https://pubmed.ncbi.nlm.nih.gov/26072016/
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• Es t ablish / u se  r e levan t  an im al m odel
• Iden t ify im m u n ologica l b iom ar ker s  t o  exam in e
• St a t is t ica l descr ip t ion  of t h e  im m u n o- br idgin g ap p r oach
• Br idgin g t h e  im m u n e r esp on se bet ween  sp ecies
• In t er p r et a t ion  for  clin ica l r e levan ce

Br idgin g im m u n e r esp on ses  in  p eop le  t o  su r viva l a ft er  Ebola  vir u s  ch a llen ge in  a  n on - h u m an  
p r im at e  m odel
• Es t ablish  im m u n ologica l p a r am et er  t h a t  cor r e la t es  wit h  p r ot ect ion  t o  Ebola  ch a llen ge in  a  

fu lly le t h a l n on - h u m an  p r im at e  m odel
• Measu r e  t h is  im m u n ologica l p a r am et er  fo llowin g vaccin a t ion  of p eop le
• In fer  clin ica l ben efit  of vaccin a t ion  in  p eop le  by com p ar ison  wit h  p r ot ect ive  im m u n e 

r esp on ses  in  n on h u m an  p r im at es

Selection and implementation of a bridging biomarker
Major challenges

https://www.fda.gov/regulatory-information/search-fda-guidance-documents/product-development-under-animal-rule
https://www.ema.europa.eu/en/human-regulatory/marketing-authorisation/conditional-marketing-authorisation
Schiffer et al Vaccine 2015

https://www.ema.europa.eu/en/human-regulatory/marketing-authorisation/conditional-marketing-authorisation
https://www.ema.europa.eu/en/human-regulatory/marketing-authorisation/conditional-marketing-authorisation
https://www.ema.europa.eu/en/human-regulatory/marketing-authorisation/conditional-marketing-authorisation
https://www.ema.europa.eu/en/human-regulatory/marketing-authorisation/conditional-marketing-authorisation
https://www.ema.europa.eu/en/human-regulatory/marketing-authorisation/conditional-marketing-authorisation
https://www.ema.europa.eu/en/human-regulatory/marketing-authorisation/conditional-marketing-authorisation
https://www.ema.europa.eu/en/human-regulatory/marketing-authorisation/conditional-marketing-authorisation
https://www.ema.europa.eu/en/human-regulatory/marketing-authorisation/conditional-marketing-authorisation
https://www.ema.europa.eu/en/human-regulatory/marketing-authorisation/conditional-marketing-authorisation
https://www.ema.europa.eu/en/human-regulatory/marketing-authorisation/conditional-marketing-authorisation
https://pubmed.ncbi.nlm.nih.gov/26072016/
https://pubmed.ncbi.nlm.nih.gov/26072016/
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Assumptions that pre-clinical endpoints can be surrogates for 
clinical endpoints

Pr e- clin ica l d isease  m odel is  a  
su r r oga t e  for  h u m an  d isease  

Host  su scep t ib ilit y

Ch a llen ge agen t

Exp osu re rou t e

Sym p tom s an d  m an ifes t a t ion s

Pr e- clin ica l m odel is  a  su r r oga t e  
for  vaccin e r esp on ses  in  h u m an s

Pre- clin ica l sp ecies  im m u n e sys t em  is  com p arable  t o  h u m an s

Vaccin e r esp on ses  in  p r e- clin ica l sp ecies  a r e  s im ila r  t o  t h ose in  
h u m an s  (PK,PD)

Associa t ion s  of im m u n e r esp on ses  wit h  p r ot ect ion  in  p r e- clin ica l m odel 
is  s im ila r  t o  t h ose  in  h u m an s

Su p p or t in g  da t a  can  s t r en gt h en  
con fiden ce in  above a ssu m p t ion s

Natu ra l h is t ory im m u n e r esp on se da t a  in  h u m an s  



Ebola: Pre-clinical data that led to the approval of 
Zabdeno/Mvabea
Pre-clinical disease model is a surrogate for human disease

Roozen daa l et  a l,  NPJ Vacc 20 20

Alt h ou gh  t h e  ch a llen ge 
m odel is  m or e s t r in gen t , it  
is  deem ed  ap p r op r ia t e  t o  

sh ow r eason able  likelih ood  
of clin ica l ben efit

https://www.nature.com/articles/s41541-020-00261-9


Select ion  based  on :

• Kn own  im m u n e r esp on ses  in  Ebola  su r vivor s

• Kn own  im m u n e r esp on ses  e licit ed  by t h e  
vaccin e p la t for m

For  t h is  vaccin e/ ch a llen ge m odel:
• Bin d in g an t ibod ies  by GP ELISA

• Neu t r a liz in g  an t ibod ies  by p s VNA

• Specific T cells  by IFN- 𝛾𝛾 ELISp o t

(not considered a s lim ited/ no da ta  a va ila ble: w t 
VNA; ICS; deta iled cha ra cteriza tion  of Abs)

Th om  et  a l. Lan cet  ID 20 21

Ebola: Pre-clinical data that led to the approval of 
Zabdeno/Mvabea
Identifying relevant immune markers associated with protection from Ebola in NHP

https://www.thelancet.com/journals/laninf/article/PIIS1473-3099(20)30736-2/fulltext


• Bin d in g an t ibod ies , 
n eu t r a liz in g  Abs  an d  T cells  
a r e  s ign ifican t ly cor r e la t ed  
t o  ch a llen ge ou t com e in  NHP

• ELISA an d  VNA ar e  
com p ar able  for  
d iscr im in a t or y p ower

• Lower  d iscr im in a t or y 
cap acit y wit h  T cells

Roozen daa l et  a l,  NPJ Vacc 20 20

Ebola: Pre-clinical data that led to the approval of 
Zabdeno/Mvabea
Single immunological correlates of protection in NHP

https://www.nature.com/articles/s41541-020-00261-9


Roozendaal et al, NPJ Vacc 2020

Ebola: Pre-clinical data 
that led to the approval of 
Zabdeno/Mvabea
Refining the curve

https://www.nature.com/articles/s41541-020-00261-9


• In it ia l da t a  se t  was  colla t ed  fr om  5 s t u d ies  t h a t  t es t ed  d iffer en t  r egim en s  in  add it ion  t o  t h e  se lect ed  clin ica l r egim en : 
Dose, lo t s , d ir ect ion a lit y an d  spacin g

• Neglig ib le con t r ibu t ion  of o t h er  cova r ia t es  t o  d iscr im in a t ory capacit y of t h e  m odel

• Dose down  s t u d ies  wer e  con du ct ed , t o  gen er a t e  m or e  da t a  in  t h e  lower  en d  of t h e  cu r ve

• Th ese s t u d ies  im pr ove m odel wit h  r e la t ion  t o  d iscr im in a t ory capacit y bet ween  su r vivor s  an d  n on - su r vivor s

Roozen daa l et  a l,  NPJ Vacc 20 20

Ebola: Pre-clinical data that led to the approval of 
Zabdeno/Mvabea
Refinement of ELISA logistic model by vaccine dose down studies

https://www.nature.com/articles/s41541-020-00261-9


• Br idge t h e h u m an  im m u n ogen icit y r esu lt s ; On e 
Lab, On e Assay

• Tr an sfer  t o  CRO, t o  in cr ease con t r o l over  a ssay 
p er for m an ce an d  r esou r cin g

• FANG ELISA p a r a llelism  in ves t iga t ion : Su it ab ilit y 
of u s in g  t h e sam e assay for  bot h  sp ecies

• Secon dar y Ab cr oss - r eact ive exp er im en t

• (Sp on sor - sp ecific)  va lida t ion  of ELISA for  h u m an  
ser u m

• (Sp on sor - sp ecific)  va lida t ion  of ELISA for  NHP 
ser u m

• (r e- )m easu r ed  a ll NHP sam p les  in  va lida t ed  NHP 
ELISA t o  es t ab lish  logis t ic r egr ess ion  cu r ve

Niem u t h  et  a l PLOSOn e 20 20

Ebola: Pre-clinical data that led to the approval of 
Zabdeno/Mvabea
Measuring the immune response for NHP and human samples

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0241016#:%7E:text=Species%2Dneutral%20immunological%20methods%20are,in%20parallel%20to%20human%20serum.
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0241016#:%7E:text=Species%2Dneutral%20immunological%20methods%20are,in%20parallel%20to%20human%20serum.
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0241016#:%7E:text=Species%2Dneutral%20immunological%20methods%20are,in%20parallel%20to%20human%20serum.


• Use cu r ve t o  ca lcu la t e  m ean  su r viva l p r obabilit y an d  9 5%  CI in  h u m an s  u s in g  dou ble-
boot s t r ap  m et h od

• Clin ica l ben efit  dem on s t r a t ed  if lower  lim it  of 9 5%  CI is  above p r e- sp ecified  su ccess  
cr it er ion  of 20 %  (FDA-  an d  EMA- ap p r oved)

• NHP m odel m or e s t r in gen t  t h an  EVD in  h u m an s :
• Model can  p r ovide eviden ce for  clin ica l ben efit

• Model can n ot  qu an t ify vaccin e effect iven ess , a s  1:1 t r an s la t ion  will likely u n der es t im a t e clin ica l ben efit

• Qu an t ifica t ion  of t h e  act u a l clin ica l effect iven ess  m u s t  be  det er m in ed  in  a  fie ld  s t u dy

Roozen daa l et  a l,  NPJ Vacc 20 20

Ebola: Pre-clinical data that led to the approval of 
Zabdeno/Mvabea
FDA- and EMA-approved immunobridging strategy: inferring clinical benefit

https://www.nature.com/articles/s41541-020-00261-9


• Pr im ar y an a lys is  o n  a ll adu lt s  (18 - 50  yea r s )  fr om  Ph 2 an d  Ph 3 s t u d ies . N=1550

• Pr e- s p ecified  s en s it ivit y an a lys es  t o  in ves t iga t e  t h e r obu s t n ess  of t h e p r im ar y an a lys is :

• An alys is  s t r a t ified  p er  baselin e EBOV GP FANG ELISA level t o  a ssess  t h e im p act  of p r e- exis t in g  EBOV 
GP bin d in g  an t ibody levels

• An alys is  exclu d in g  t h e su bject s  of t h e Sier r a  Leon e s t u dy (EBL30 0 1) 

• Dem o gr ap h ic s u b- an a lys es  s t r a t ified  by:

•  age

• Sex

• Race

• geogr ap h ic r eg ion , in clu d in g  Eas t  Afr ica ,  Wes t  Afr ica ,  Eu r op e an d  USA.

• Po s t - h o c an a lys is  for  fu r t h er  in s igh t  t o  t h e p r im ar y an a lys is :

• An alys is  s t r a t ified  by cou n t r y

• An alys is  of en t ir e  adu lt  p op u la t ion  s t r a t ified  by cou n t r y

• An alys is  s t r a t ified  by sp ecia l p op u la t ion s  (elder ly [>50  yea r s ] ,  HIV- in fect ed  adu lt s ,  p ed ia t r ics )

Ebola: Pre-clinical data that led to the approval of 
Zabdeno/Mvabea
Immuno-bridging Statistical Analysis



In t er im  an a lys is  in  Bocks t a l e t  a l NPJ vaccin es  20 22

Ebola: Pre-clinical data that led to the approval of 
Zabdeno/Mvabea
Immuno-bridging Statistical Analysis

Fin a l Im m u n o - br idg in g  (PPS)
Fin a l Pr im ar y an a lys is

Th e 9 5.7%  CI lower  lim it  of 4 1.2%  p as s es  t h e  p r e- s p ecified  s u cces s  cr it e r io n  o f 20 %
• Evid en ce  fo r  clin ica l ben efit  s u cces s fu lly d em o n s t r a t ed  a t  fin a l an a lys is
• In  view of t h e  s t r in gen cy of t h e  m odel, t h e  p oin t  es t im a t e  can n ot  be  u sed  for  absolu t e  

qu an t ifica t ion  of vaccin e efficacy in  h u m an s .
• Es t im at e  of clin ica l effect iven ess  an d  du r a t ion  of p r ot ect ion  t o  be  dem on s t r a t ed  in  su bsequ en t  

s t u d ies

https://pubmed.ncbi.nlm.nih.gov/36450746/


In t er im  an a lys is  in  Bocks t a l e t  a l NPJ vaccin es  20 22

Ebola: Pre-clinical data that led to the approval of 
Zabdeno/Mvabea
Immuno-bridging Statistical Analysis

Obser ved  clin ica l ben efit  n ot  d r iven  by in clu s ion  of p ot en t ia lly p r e- exp osed  Sier r a  Leon e su bject s .
• Sen s it ivit y an a lyses  fu lly con s is t en t  wit h  p r im ar y an a lys is .
• Tr en d  t o  lower  p r ed ict ion  in  Wes t - Afr ica , in flu en ced  by lower  im m u n e r esp on ses  in  Sier r a  Leon e.

East Africa: Kenya, Uganda; West Africa: Sierra Leone, Burkina Faso, Cote d’Ivoire; Europe: France, UK; North America: US

Fin a l Im m u n o - br idg in g  (PPS)
Su bgr o u p  an a lys is

https://pubmed.ncbi.nlm.nih.gov/36450746/
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• Tr an s la t ion  of an im al m odel vaccin e efficacy t o  p r ot ect ion  fr om  h u m an  EVD: 
h ow can  we assess  effect iven ess?

• Br idgin g t o  o t h er  vaccin es  wh er e  efficacy h as  been  sh own  su ch  as  ERVEBO, 
h ow t o  ap p r oach  a  p oss ib le  im m u n o- br idge?

• Mech an ism  of Act ion : 

• bin d in g Abs  a r e  a  su it able  br idgin g b iom ar ker , bu t  p r o t ect ion  is  a s sessed  in  
t h e  vaccin a t ed  an im al, w it h  a ll im m u n ologica l p a r am et er s  t h a t  m ay 
con t r ibu t e  t o  p r ot ect ion

• Pr ot ect ion  is  a s sessed  a t  p eak im m u n ogen icit y r esp on se; h ow does  t h is   
p r ed ict  for  lon g t er m  p r ot ect ion ?

• Lon gevit y of t h e  im m u n e r esp on se an d  m em or y r esp on ses  a r e  es t ablish ed ; 
h ow do t h ey con t r ibu t e  t o  p r ot ect ion ?

Several questions remain





Back up



Alternative pathway to vaccine licensure:
Immuno-bridging

Current vaccine licenses based on immuno-bridging*: 
Anthrax : Biothrax and CYFENDUS
Ebola Zaire : Zabdeno/Mvabea
Chikungunya : IXCHIQ and VIMKUNYA
*either animal rule (FDA) or Marketing authorisation under exceptional circumstances (EMA)

Vaccine immune responses associated with protection in NHP provide a model to bridge to 
human vaccine immune responses and estimate the likelihood of clinical benefit



Summary
• Immuno-bridging is an approach to vaccine licensure when 

conventional vaccine licensure is not possible; focus should 
lie on bridging the gaps

• Ensure argumentation around feasibility of efficacy studies

• Study FDA and EMA guidance and case studies

• Ensure that pre-clinical disease model is a surrogate for 
human disease and well characterized

• Examine associations of immune responses with protection 
in pre-clinical model and relate to human immune 
responses

• Supporting data can strengthen confidence in immuno-
bridge: Natural history immune response data in humans

• Prepare to meet quality requirements for assays

• Define success criteria with uncertainty/confidence in 
mind

• Clinical data package may be a lot lighter than 
conventional late stage vaccine development packages



Setting success criteria

Requires a well 
thought out strategy 

and thorough 
knowledge of the 

elements required

Not about target 
thresholds or point 

estimates, it is about 
the lower bound

->Confidence vs 
uncertainty

Variation at NHP 
and human side, 
each with a lower 

bound

Passive transfer: 
indicates 

mechanism, using 
human antibodies to 

protect NHP, set 
threshold of 

protection-> xx% of 
vaccinees to exceed 

threshold (lower 
bound 95%CI)

Logistic regression: 
mechanism 

unknown, relate 
NHP protective 

responses to human 
responses, set target 
xx% probability of 
protection (lower 

bound 95%CI)


