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Blueprint priority diseases
• At present, the priority diseases are:
• COVID-19
• Crimean-Congo haemorrhagic fever
• Ebola virus disease and Marburg virus disease (last Sudan and Marburg 

virus)
• Lassa fever
• Middle East respiratory syndrome coronavirus (MERS-CoV) and Severe 

Acute Respiratory Syndrome (SARS)
• Nipah and henipaviral diseases
• Rift Valley fever
• Zika
• “Disease X”* 

*Disease X represents the knowledge that a serious international epidemic could be caused by a 
pathogen currently unknown to cause human disease. The R&D Blueprint explicitly seeks to 
enable early cross-cutting R&D preparedness that is also relevant for an unknown “Disease X”.

https://www.who.int/activities/prioritizing-diseases-for-research-and-development-in-emergency-contexts 

https://www.who.int/activities/prioritizing-diseases-for-research-and-development-in-emergency-contexts


Literature leading up to this point
• Longini, I.M., Sagatelian, K., Rida, W.N. and Halloran, M.E.: Optimal vaccine trial design when estimating 

vaccine efficacy for susceptibility and infectiousness from multiple populations. Statistics in Medicine 17, 

1121-1136 (1998).

• Longini, I.M., Nizam, A.,  Ali, M., Yunus, M., Shenvi, N. and Clemens, J.D.:  Controlling endemic cholera 

with oral vaccines.  Public Library of Science (PloS), Medicine 4 (11) 2007: e336 

doi:10.1371/journal.pmed.0040336. 

• Henao-Restrepo A-M, Longini IM, Egger M, Dean NE, et al:  Efficacy of a recombinant live VSV-vectored 

vaccine expressing Ebola surface glycoprotein: Interim results from the Guinea ring vaccination cluster-

randomized trial. The Lancet, 38, 857–866 (2015).

 

• Dean N, Gsell PS, Brookmeyer R, De Gruttola V, Donnelly CA, Halloran ME, Jasseh M,  Nason M, Riveros 

X, Watson C, Henao-Restrepo AM, Longini IM: Considerations for the design of vaccine efficacy trials 

during public health emergencies.  Science Translational Medicine 2019:  Vol. 11, Issue 499, eaat0360, 

DOI: 10.1126/scitranslmed.aat0360

• Dean NE, Gsell P, Brookmeyer R, Crawford F, et al. Creating a framework for conducting randomized 

clinical trials during disease outbreaks.  New England Journal of Medicine 382, 1366-1369 (2020).  DOI: 

10.1056/NEJMsb1905390

• Longini IM, Yang Y, Fleming TR, Muñoz-Fontela C, et al.  A platform trial design for preventive vaccines 

against Marburg virus and other emerging infectious disease threats.  Clinical Trials 19, 647–654 (2022). 

doi: 10.1177/17407745221110880

http://dx.doi.org/10.1371/journal.pmed.0040336


https://journals.sagepub.com/doi/pdf/10.1177/17407745221110880 

https://journals.sagepub.com/doi/pdf/10.1177/17407745221110880


Rapid accumulation of data during outbreaks

The vaccine and comparator 

will be delivered according to 

a vaccination schedule

Long-term accumulation of 

data where transmission 

may occur 

Clusters are ring 

vaccination

Clusters are ring 

vaccination

All vaccines selected for trial are 

eligible for testing at all sites

1.a: Individually 

randomized in high-risk 

populations

1.b.: Individually 

randomized within 

transmission clusters

2:  Cluster randomized

Individual randomization to 

vaccine or comparator in 

areas of high exposure to 

virus

Vaccine trial designs

Individual randomization to 

vaccine or comparator within 

clusters of infection 

transmission
Transmission units 

such as households, 

compounds, or other 

types of contact units

A single vaccine is tested in each 

ring or cluster, but multiple 

vaccines tested across rings or 

clusters

Clusters themselves are 

randomized to receive vaccine 

or comparator

Transmission units such 

as households, 

compounds, or other types 

of contact structures

A single vaccine is tested in each 

ring or cluster, but multiple 

vaccines tested across rings or 

clusters



Example 1:  Cholera vaccine trial 
in Bangladesh

Longini, I.M., Nizam, A.,  Ali, M., Yunus, M., Shenvi, 
N. and Clemens, J.D.:  Controlling endemic cholera 
with oral vaccines. PloS Medicine 4 ( 2007)
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Estimate direct, overall, indirect and total 
effectiveness



Goals of Simulation Model

• Calibrate to historical attack rate and vaccine 
effectiveness data

• Simulate use of cholera vaccine at various coverage 
levels, study effectiveness measures



Simulator Overview

Input 
Population

Code Outputs

•Population of 
Matlab in 1985

•ANSI c code models 
cholera natural 
history and 
community level 
transmission

•Developed on unix.  
Portable

•1000 runs per 
simulation

• Illness attack rates

• Effectiveness 
measures

•Spatial distribution 
of cholera cases



Simulator Elements

• Disease natural history model and parameters

• Community-level transmission of cholera infection

• Matlab population demographics (age, gender, 
location, travel within Matlab)

• Historical illness attack rate data for model 
calibration



Cholera Natural History

Susceptible Latent
Ill

Asymptomatic

Recovered/R
emoved

In each 
subpopulation, on 
any given day of the 
epidemic, there is a  
probability of 
infection, determined 
by an infection 
function (next slide)

90%

10%

1 day: 40%

2 days: 40%

3-5 days: 20%

Uniform 
distribution 
7-14 days

In each 
subpopulation, on 
any given day of the 
epidemic, there is a  
probability of 
infection, determined 
by an infection 
function (next slide)

Additional assumptions:

•Ill shed at 10 times the rate of 
asymptomatics

•Working males:

• circulate >= 1 day

•Pr(withdrawal after ill)= 0.75

Uniform 
distribution 
7-14 days

1 day: 40%

2 days: 40%

3-5 days: 20%



Infection Function

The probability that a susceptible person will be infected in a 

particular location on day t is:

 

Where

 p   = transmission probability

 Ө   = 1 – vaccine efficacy against susceptibility (VES)

 x   = 1 if susceptible is vaccinated, 0 if unvaccinated

 b   = seasonal boost factor for first month

 nuv(t) = # unvacc. infectious people

 nv(t)  = # vacc. infectious people

 Ф   = 1 – vaccine efficacy against infectiousness (VEI)

( ) ( )
1 (1 ) (1 )uv vn t n tx xf bp bp  = − − −  



Model Calibration
Model input parameters

  p:  0.000009

  b:  10

  VES: 0.7

  VEI: 0.5

  Number of initial infectives:  5

  Probability of withdrawal given ill: 0.75

  Probability asymptomatic:  0.9



Population Characteristics

• 183,826 subjects from Matlab

• 50.5% Female 49.5% Males

• Geographic map

– Bari code

– X,Y coordinates

– Age on 1/1/1985

• Vaccinated where children 2 – 15 years old and 
women > 15 years old.



Population Characteristics

Matlab “Grid”

• Matlab area mapped to 64 ‘sub-regions’

• Each subject mapped to one of the sub-regions based 
on the GIS location

Matlab



Population Characteristics

Distribution of Population Across the Grid



Population Characteristics

Connectivity Between Sub-regions
• Males over 16 years old, and 50% of males between 

14 -16 years old were randomly assigned a work sub-
region according to the following distance function:

–55% work and reside in same sub-region
–35% work 4-10km away from residence sub-

region
–10% work >10km away4

4. Distance function derived from time traveled to school reported in Matlab Health and Socioeconomic Survey 
dataset, 1996. http://www.icpsr.umich.edu/ 





Vaccination Coverages, Average Incidence Rates and Direct Effectiveness (Calibration Runs) 

 

 Mean Cases/1000 

 (95% CI) 

 

 

 

Vaccination Coverage (%) 

 

 

Placebo 

 

 

Vaccinated 

Mean Direct 

Effectiveness (%) 

 (95% CI) 

Target 

Population 

Overall 

Population 

 

Observed 

 

Simulated 

 

Observed 

 

Simulated 

 

Observed 

 

Simulated 

14   9 7.0 

(6.5, 7.5) 

7.8 

(1.9, 14.8) 

2.7 

(1.9, 3.5) 

2.8 

(0.5, 6.1) 

62 65 

(52, 77) 

 

31 20 5.9 

(5.4, 6.4) 

4.7 

(0.9, 10.2) 

2.5 

(2.0, 3.0) 

1.7 

(0.3, 3.8) 

58 65 

(55, 76) 

 

38 25 4.7 

(4.2, 5.2) 

3.8 

(0.8, 8.6) 

1.6 

(1.2, 2.0) 

1.3 

(0.2, 3.4) 

67 65 

(54, 77) 

 

46 30 4.7 

(4.2, 5.2) 

2.8 

(0.5, 6.8) 

2.3 

(1.9, 2.7) 

1.0 

(0.1, 2.5) 

52 66 

(54, 79) 

 

58 38 1.5 

(1.2, 1.8) 

1.8 

(0.3, 4.8) 

1.3 

(1.0, 1.6) 

0.6 

(0.1, 1.8) 

14 66 

(51, 80) 

 

 

χ² goodness-of-fit test for frequency data p = 0.84







Average Indirect, Total and Overall Effectiveness of Vaccination,  

and Cases Prevented 10,000 Per Doses 
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Underlying statistical model
Some notation

• Partition K randomized studies into K1 IRT and K- K1 

CRT

• 𝑋𝑖𝑗
𝑘   is the treatment indicator for individual j in 

cluster i for study k.

• Then the fraction vaccinated in a particular cluster 

is                                              ,  where 𝑛𝑖
𝑘 is the 

number of individuals in cluster i for study k.

• Let p be the (randomized) vaccine coverage in a 
cluster, and we 



Effectiveness measures

• Direct:

• Indirect:

• Total:  

• Overall:   



Estimating equations
We assume a Cox model:    

(1)



Estimating variance 



Effectives measures from Cox model

Where β1 measures the direct effect and β2 the indirect effect in a Cox model, 
and p is the vaccination coverage. 



Estimating variance of VE estimators





When there is dependence
• The case where VED,p could depend on the coverage level 

(3)



Properties of estimators from simulations





Example 2:  Ebola and ring vaccination



INDEX CASE
Lab confirmed 

EVD case

lived in the same 

household 

visited the symptomatic 

patient

household members of 

high risk contacts

extended family

neighbors

close contact with 

patient body or body 

fluids, linen, or clothes

What is a vaccination ring?

Contacts and contacts of contacts

38



39

“…three 
challenges…
  three fixes…”



40

“…three 
challenges…
  three fixes…”



41

“…three 
challenges…
  three fixes…”



Confidential and not for circulation

Cases of Ebola by week of notification of cases, Guinea 2014-15 

Start of the trial

Stop 

randomization

Decision to conduct trial



Ring vaccination - cluster randomized trial

Immediate vaccination Delayed vaccination (21 days)
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Cluster randomized

Estimate total and overall effectiveness



Statistical approach for 
cluster-randomized trials or studies



How was the ring vaccination trial implemented?



Text

The social mobilization teams explain the trial and trial procedures to the community before any action starts  



In the ring vaccination trial, teams  go to  communities with a recently confirmed Ebola case  



Vaccination is administered immediately or after 
3 weeks as defined by randomisation outcome  



Cumulative risk, estimates, statistics

Primary outcome:  
Vaccine efficacy = 100%  
                 95%CI [75% - 100%]
             p = 0.0036

Secondary outcome:  
Overall Vaccine effectiveness = 75%
   95%CI [– 7% - 94%]
   p =  0.1791

Source: Henao-Restrepo, Longini, Egger, 
Dean, et al.  Lancet (2015) 



What does this mean?

• Vaccine efficacy is high:  75 - 100%

• Ring-level overall protection is 75% with about 50% 
coverage

• Mobile stockpile of Ebola vaccine is being  used to contain 
and mitigate future Ebola introductions

• Over 450,000 people have been vaccinated in the 2019 - 
2022 outbreaks of Ebola in the DRC



Current filovirus outbreaks



https://www.who.int/emergencies/diseases/novel-coronavirus-2019/global-research-on-novel-coronavirus-2019-

ncov/solidarity-trial-of-covid-19-vaccines

COVID-19 Vaccine Trials



Types of COVID-19 candidate vaccines

VIRUS VACCINES
Live-attenuated virus                         Inactivated virus

VIRAL VECTOR VACCINES
Replicating viral vector              Non-replicating viral vector

NUCLEIC ACID VACCINES
DNA and RNA vaccines

PROTEIN-BASED VACCINES
Protein subunits                        Virus-like particles

*Codagenix

**Medigen



Effectiveness of current COVID vaccines

• Most licensed vaccines started with VE > 90% 
against any COVID disease for the original strain, 
but are not protecting well against the Omicron 
variants, VE < 40%.

• Most started with VE > 95% against severe disease 
and have slipped a bit against the Omicron variants, 
VE ≈ 80%.

• We need an Omicron vaccine for primary series and 
boosters, or a live attenuated vaccine that 
stimulates mucosal immunity



For example, phase III vaccine trail
• Sponsor Name:  Pfizer

• Vaccine:   BNT162b2 RNA vaccine 

• Final analysis carried out at 196 events

• VE = 94.6% (95% CI 89.9 to 97.3)

– Apparent VE severe disease and older adults

– Safe so far, but more severe reaction in those with allergies

– Licensed

https://www.fda.gov/media/144246/download



Recent meta-analysis against omicron:
Overall vaccine effectiveness of full dose doses against infection or symptomatic infection

Song S, Madewell Z, Liu M, Longini I, Yang Y.  Effectiveness of SARS-CoV-2 vaccines against Omicron infection 

and severe events: A Systematic review and meta-analysis of test-negative design studies.  Frontiers in Public Health 

11 (2023)  https://www.frontiersin.org/articles/10.3389/fpubh.2023.1195908

https://www.frontiersin.org/articles/10.3389/fpubh.2023.1195908


Overall vaccine effectiveness of second booster dose against 
Infection or symptomatic infection and against severe events



WHO Solidarity vaccines trial 

An international randomised trial of several 
candidate vaccines

• Prompt, efficient, and reliable evaluation of the several of 

the candidate SARS-CoV-2 vaccines under development 

• Assessment of efficacy and safety

• Identification of those appropriate for deployment



Krause P, Henao-Restrepo AM, Longini I, Peto R, Fleming TR. COVID vaccine trials should prove worthwhile efficacy, not just some 

efficacy.  Lancet. DOI:  https://doi.org/10.1016/S01406736(20)318213(2020)

Basic design of trials



Trial operating characteristics

• Find vaccines with a VE ≥ 50% and eliminate those 

with a VE ≤ 30% 

• Need a total of 150 events per vaccine vs placebo 

comparison

• One interim analysis at 100 events per vaccine vs 

placebo comparison

• Need about 20,000 participants per vaccine arm 

and 20,000 in the shared placebo arm.



Rapid accumulation of data during outbreaks

The vaccine and comparator 

will be delivered according to 

a vaccination schedule

Long-term accumulation of 

data where transmission 

may occur 

Clusters are ring 

vaccination

Clusters are ring 

vaccination

All vaccines selected for trial are 

eligible for testing at all sites

1.a: Individually 

randomized in high-risk 

populations

1.b.: Individually 

randomized within 

transmission clusters

2:  Cluster randomized

Individual randomization to 

vaccine or comparator in 

areas of high exposure to 

virus

Vaccine trial designs

Individual randomization to 

vaccine or comparator within 

clusters of infection 

transmission
Transmission units 

such as households, 

compounds, or other 

types of contact units

A single vaccine is tested in each 

ring or cluster, but multiple 

vaccines tested across rings or 

clusters

Clusters themselves are 

randomized to receive vaccine 

or comparator

Transmission units such 

as households, 

compounds, or other types 

of contact structures

A single vaccine is tested in each 

ring or cluster, but multiple 

vaccines tested across rings or 

clusters



Rapid accumulation of data during outbreaks

The vaccine and comparator 

will be delivered according to 

a vaccination schedule

Long-term accumulation of 

data where transmission 

may occur 

Clusters are ring 

vaccination

Clusters are ring 

vaccination

All vaccines selected for trial are 

eligible for testing at all sites

1.a: Individually 

randomized in high-risk 

populations

1.b.: Individually 

randomized within 

transmission clusters

2:  Cluster randomized

Individual randomization to 

vaccine or comparator in 

areas of high exposure to 

virus

Vaccine trial designs

Individual randomization to 

vaccine or comparator within 

clusters of infection 

transmission
Transmission units 

such as households, 

compounds, or other 

types of contact units

A single vaccine is tested in each 

ring or cluster, but multiple 

vaccines tested across rings or 

clusters

Clusters themselves are 

randomized to receive vaccine 

or comparator

Transmission units such 

as households, 

compounds, or other types 

of contact structures

A single vaccine is tested in each 

ring or cluster, but multiple 

vaccines tested across rings or 

clusters



Individually randomized

Estimate direct effectiveness only



Current Solidarity Trial

• Medigen (protein-based) vaccine with adjuvant (aluminum 
hydroxide and CpG 1018)

– Mali, Philippians and Colombia

–  ~ 20,000 per arm

– Results will be available soon

• Codagenix live attenuated intranasal vaccine

– Kenya, Mali, Sierra Leone and Colombia

– Currently in the field



Thank You!
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