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Our Quest ion :

Ho w  c a n  m a t h e m a t ic a l m o d e ls  o f SARS-
Co V-2 d yn a m ic s  h e lp  u s  u n d e rs t a n d  t h e  
im p a c t  o f va c c in e  p rio rit iza t io n  by ag e?  



Our app roach : 

Use  a n  a g e -s t ru c t u re d  SEIR m o d e l o f SARS-Co V-2 
d yn a m ic s  w it h  

➔ c o u n t ry-s p e c ific  c o n t a c t  m a t rix
➔ p o p u la t io n  d e m o g ra p h ic s
➔ Ag e -d e p e n d e n t  s u s c e p t ib ilit y
➔ Ag e -d e p e n d e n t  IFR 

*Re su lt s  sh o w n  in  s lid e s  a re  fo r Be lg iu m , b u t  m o d e l c a n  e va lu a t e  o t h e r 
c o u n t rie s /re g io n s



W e  c a n  c o n s id e r m o d e l t ra je c t o rie s

Va c c in e s  fo r 
20 % o f t h e  
p o p . & 
d is t rib u t e d  
t o  60 +:

No  va c c in e s :
Total Infected: 84%

↓
Total Deaths: 
0.56%

Total Infected: 68%
↓

Total Deaths: 0.11%

Th is  e xa m p le  s h o w s  h o w  s t ra t e g ic  p rio rit iza t io n  t o  e ld e rly re d u c e s  d e a t h s  b y 
8 0 % b u t  re d u c e s  c u m u la t ive  in c id e n c e  b y 19%, fo r a  va c c in e  t h a t  b lo c k s  
in fe c t io n  & t ra n s m is s io n



Fra m e w o rk  a llo w s  u s  t o  s im u la t e  t h e  
o u t c o m e s  o f d iffe re n t  s t ra t e g ie s

He re  w e  c o n s id e r five  s t ra ig h t fo rw a rd  p rio rit iza t io n  s c h e m e s  b a se d  o n  
p o s s ib le  s t ra t e g ie s  a n d  s a fe t y/e ffic a c y g u id e lin e s  fo r u se . 



Re c o m m e n d a t io n  d e p e n d s  o n  t a rg e t  o u t c o m e
➔ To  m in im ize  d e a t h s , p rio rit ize  e ld e rly
➔ To  m in im ize  c u m u l. in c id e n c e , p rio rit ize  yo u n g  a d u lt s

Ta rg e t : m in im ize  c u m u l. in c id e n c eTa rg e t : m in im ize  d e a t h s



In c o rp o ra t in g  va c c in e  e ffic a c y 
va ria t io n  b y a g e



slides: assume leaky vaccine
manuscript: also considers all-or-nothing; no difference in recommendations. 

Vaccinating young adults remains best strategy for minimizing cases

Hyp o t h e t ic a l re d u c t io n  in  
e ffic a c y fo r t h e  e ld e rlyBa se lin

e

Fo r t h is  va c c in e  e ffic a c y c u rve , va c c in a t in g  t h e  e ld e rly h a s  t h e  g re a t e s t  
im p a c t  o n  m in im izin g  d e a t h s



➔ De p e n d s  o n  #  va c c in e s  a va ila b le  & s h a p e  o f e ffic a c y c u rve
➔ In  g e n e ra l, u n le s s  t h e  e ffic a c y d e c re a s e s  sign if ican t ly in  t h e  e ld e rly in  

c o m p a ris o n  t o  yo u n g e r a g e s , p rio rit izin g  e ld e rly re m a in s  t h e  b e s t  o p t io n  
fo r m in im izin g  d e a t h s .

Ho w  lo w  w o u ld  t h e  e ffic a c y h a ve  t o  b e  a m o n g  
t h e  e ld e rly t o  p ro t e c t  t h e m  ind irect ly?

Ba s e lin
e
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50 /

6 0 /
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Ag e

Tip p in g  
p o in t
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50 /
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10 0 % 4 0 19.5%

50 10.2%

6 0 /

Va c c in e  s u p p ly: 15% o f p o p . Va c c in e  s u p p ly: 25% o f p o p .



In c o rp o ra t in g  s e ro p re va le n c e
W h a t  if w e  h a ve  a n t ib o d y d a t a  fro m  se ro lo g y s t u d ie s?  
W h a t  if t h e  va c c in e  is  o n ly a p p ro ve d  fo r s e ro n e g a t ive  p e o p le ?



Be n e fit  fro m  p a irin g  s e ro lo g y t e s t s  w it h  a  
va c c in a t io n  s t ra t e g y 
*a s su m in g  a n t ib o d ie s  a re  p ro t e c t ive

Su sc e p t ib le
Se ro p o s it iv
e

w /o  s e ro  t e s t s : w / s e ro  t e s t s :



*We included age-stratified seroprevalence (mean = 5.9) estimated from Herzog et. al.

W h e n  s e ro p re va le n c e  is  lo w *, t h e  
re c o m m e n d e d  s t ra t e g y fo r m in im izin g  
in fe c t io n s /d e a t h s  re m a in s  s a m e

Ma rg in a l b e n e fit  o f p a ire d  s e ro lo g ic a l t e s t s  d e p e n d s  
o n  serop revalence a n d  am oun t  of  availab le vaccines
i.e . b e n e fit  is  lo w  u n le s s  s e ro p re va le n c e  is  h ig h



Conclusion
Cu rre n t  m o d e l in c lu d e s :

➔ Co n t a c t  p a t t e rn s  b y a g e
➔ De m o g ra p h ic s
➔ Su sc e p t ib ilit y b y a g e
➔ Se ro lo g y
➔ Ag e -va ria t io n  in  va x e ffe c t ive n e s s .
➔ IFR

Fra m e w o rk  e n a b le s  s e n s it ivit y t e s t in g . 

Th is  w o rk  c a n  evaluat e allocat ion  
st rat eg ies o r recom m end  an  op t im al 
d ist r ibu t ion . 



Ne e d e d  fro m  va c c in e  t ria ls  t o  m a k e  t h e s e  
d e c is io n s  b a s e d  o n  e vid e n c e
● Evid e n c e  a b o u t  e ffic a c y in  g ro u p s  vu ln e ra b le  t o  s e ve re  o u t c o m e s  

(e g e ld e rly)
● Evid e n c e  a b o u t  e ffic a c y in  re d u c in g  in fe c t io n  a n d /o r 

in fe c t io u sn e s s



Broader Fram ew ork

W it h  d a t a  t o  p a ra m e t e rize , t h is  a p p ro a c h  c a n  e xt e n d  t o :

➔ Diffe re n t  re c o m m e n d a t io n s  fo r
d iffe re n t  s t ra t ific a t io n  (e .g . g e o g ra p h ic  m ixin g )

➔ Diffe re n t  m in im iza t io n  t a rg e t                        
(h o s p it a liza t io n s , QALY, e t c .)

➔ Diffe re n t  t yp e s  o f m o d e ls                  
(Ag e n t -b a s e d )

➔ An y c o u n t ry o r re g io n  fo r w h ic h  d a t a
a re  a va ila b le
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So m e  a d d it io n a l c o n s id e ra t io n s



Ca u t io n  in  p rio rit izin g  b y ra c e /e t h n ic it y

● It  is  t e m p t in g  g ive n  d isp a rit ie s  in  risk
● P o t e n t ia lly in e ffic ie n t : if h e rd  im m u n it y b u ild s  u p  w it h in  

d is a d va n t a g e d  c o m m u n it ie s , t h e y m a y b e  lo w e r risk  t h a n  o t h e rs  
b y t h e  t im e  w e  h a ve  a  va c c in e

● Th is  m e a n s  p o t e n t ia lly m o re  d o se s  g ive n  t o  t h o se  w h o  a re  a lre a d y 
im m u n e , re d u c in g  t h e  b e n e fit  p e r d o se

● Th e se  a rg u m e n t s  a re  c o m p le x, d e p e n d e n t  o n  a s su m p t io n s  a n d  
n e e d  fu rt h e r t h o u g h t , b u t  in  t h e  h e a t  o f t h is  b a t t le  m y a d vic e  
w o u ld  b e  t o  a vo id  p o t e n t ia lly d ivis ive  d e c is io n s  w h o se  e ffe c t s  a re  
q u it e  u n c e rt a in



In t e rn a t io n a l a llo c a t io n : k e e p  it  s im p le . 
Tw o  b a d  id e a s :

● P ro p o se d  a llo c a t io n  b y “n e e d ” m e a su re d  b y R(t ) o r c a se lo a d s
○ Ig n o re  d e la ys  b e t w e e n  a llo c a t io n  a n d  d e live ry, m o n t h s  d u rin g  w h ic h  e p id e m ic  

c a n  c h a n g e  d ra s t ic a lly
○ Are  g a m e a b le  
○ P ro vid e  p e rve rse  in c e n t ive s  o n  e p id e m ic  c o n t ro l a n d  re p o rt in g

● P ro p o se d  a llo c a t io n  fo r HCW  u se  b y HCW  p o p u la t io n  p e r c o u n t ry
○ Fu rt h e r p e n a lize s  LMIC w it h  fe w e r HCW  p e r c a p it a  g e t t in g  fe w e r va c c in e s  p e r 

c a p it a
○ Mis t a k e s  re a so n  fo r a llo c a t in g  t o  HCW : “va lu e ” o f a  HCW  is  p ro p o rt io n a l t o  h o w  

m a n y p e o p le  t h e y s e rve . 
○ (P o p  o f HCW  )* (#  s e rve d  p e r HCW )=p o p u la t io n .
○ Thus a lloca t e by popu la t ion , not  HCW  popu la t ion .



Ac ro s s  c o u n t rie s , P ro  Ra t a  Allo c a t io n  is  
Ra re ly Effic ie n t
Op t im a l va c c in e  a llo c a t io n  ru le s  (fo r 
h e rd  im m u n it y):

- Give  t h e  va c c in e  t o  a  p o p u la t io n  (o r  
su b se t  o f p o p u la t io n s ) w h e re  c rit ic a l 
va c c in a t io n  t h re sh o ld  is  a t t a in a b le

- Allo c a t e  t h e  re m a in in g  d o se s  t o  
a n o t h e r p o p u la t io n

- Do  n o t  a llo c a t e  d o se s  t o  p o p u la t io n s  
b e yo n d  t h e ir  c rit ic a l va c c in a t io n  
t h re sh o ld

Im p lies t ha t  sim p le not ions of fa ir 
a lloca t ion  w ill lose opport un it ies for 
herd  im m un it y

Ke e lin g  e t  a l., 20 12; Du ijze r e t  a l., 20 17Slide from E. Rumpler and K. Joshi
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