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Pertussis is a leading causes of  
vaccine-preventable deaths

Pertussis, or whooping cough, is a highly contagious lung infection caused 
by the bacteria Bordetella pertussis. 


• Estimated 16 million cases and 200,000 associated infant deaths annually.


• Can infect people of all ages but is most severe and life threatening for 
infants under a year old


• Transmission occurs primarily through bacteria laden respiratory droplets 
produced when an infected individual coughs and sneezes



Bordetella pertussis attacks cells lining the airways

More detals >

Healthy 
cilia Bordetella  

pertussis

Toxins

The bacteria use adhesive proteins to stick to ciliated cells whilst 
releasing toxins 

https://bioboot.github.io/cmi-pb_teaching/background/intro_to_pertussis.html


Pertussis is primarily a toxin-mediated disease
These toxins damage cilia, suppress the immune response and disrupt 
signaling leading to inflammation, mucus buildup and impaired function

Damaged cilia
Mucus

More detals >

https://bioboot.github.io/cmi-pb_teaching/background/intro_to_pertussis.html


Pertussis develops in three 
main phases

More detals >

https://bioboot.github.io/cmi-pb_teaching/background/intro_to_pertussis.html#disease-progression


Fascinating history

Timeline >

https://bioboot.github.io/cmi-pb_teaching/timeline/pertussis_timeline.html
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Pertussis Pathogensis



More detals >

https://bioboot.github.io/cmi-pb_teaching/background/intro_to_pertussis.html#disease-progression


Major aP vaccines (US) 

More detals >
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Major aP vaccines (US) 

More detals >
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Waning Immunity from aP pertussis vaccination 

Source: National Notifiable Diseases Surveillance System, CDC 

● 1940s: Introduction of an 
inactivated whole bacteria PT 
vaccine (wP) dramatically 
decreased cases 

● 1995: Vaccine-related side effects 
led to a replacement with the 
acellular PT vaccine (aP) in the 
USA 

● aP induced protection wanes 
faster than wP → Why?  

Slide credit: Parmod Shinde







Recruitment Strategy 
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Slide credit: Parmod Shinde



Characterizing immune responses - Multiomics approach

● PBMC cell frequencies by flow cytometry 
■ Total of 37 distinct cell populations  

● Plasma antigen-specific antibody titers by Luminex 
■ Antibody Isotypes: IgG, IgG1, IgG2, IgG3, IgG4 
■ Vaccine Antigens 
● Pertussis Toxin (PT), PRN, FHA, FIM2/3 
● Tetanus Toxoids (TT) 
● Diphtheria Toxoids (DT)  
● OVA (irrelevant control) 

● Plasma proteomics by Olink 
■ Concentration of 45 cytokines 

● Transcriptomics by bulk RNA-Seq

Slide credit: Parmod Shinde
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d. Databases, Model building, and Prediction Challenge
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Slide credit: Parmod Shinde



e. Providing access to experimental data in a standardized format

Database  
Schema
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a. Past and future CMI-PB annual prediction challenges

Annual prediction challenge title Contestants
Number of subjects

Current statusTraining dataset Test dataset 

1 First Challenge: Internal dry run CMI-PB consortium 60 (28 aP + 32 wP) 36  (19 aP + 17 wP) May 2022 
2 Second Challenge: Invited challenge Invited contestants 96  (47 aP + 49 wP) 22  (13 aP + 9 wP) Announced on 

September 12, 
2023

3 Third Challenge: Open Challenge 1 Public 118  (60 aP + 58 wP) 32  (16 aP + 16  wP) Will be 
announced in 
April 2024

4 Fourth Challenge: Open Challenge 2 Public 150  (76 aP + 74 wP) 32  (16 aP + 16 wP)* Will be 
announced in 
December 
2024

Slide credit: Parmod Shinde



b. Prediction challenge outline



● Previously identified vaccine responses are 
formulated as prediction tasks* 

● General vaccine responses:  
○ Plasma IgG levels increased at day 14 post-booster 

vaccination compared to baseline 
○ Increase in the percentage of monocytes on day 1 

post-booster than baseline 

● aP/wP specific vaccine responses: 
○ A subset of aP-primed individuals showed an 

increased expression of proinflammatory genes, 
including CCL3 at day 3 post-booster vaccination

*

Ig
G

.P
T

Days post boost

Days post boost

aP
wP

c. Formulating prediction tasks for CMI-PB Challenge

C
C

L3



c. Formulating prediction tasks for CMI-PB Challenge

predicted values

predicted fold-change 
values

List of tasks

The ultimate goal is to model as many of the tasks as possible. However, 
contestants are not required to submit answers for all tasks.

Subject ID Predicted 
value

Rank 

101 2.9 4

102 9.1 1

103 1.2 5

104 4.5 3

105 4.7 2

Example of Rankings



d. Overview of the CMI-PB Challenge data

Challenge related information and Data access is provided via the CMI-PB website





The CMI-PB team

• Expertise: A combination of "big 
data" analysis and immunology 
domain.  

• Collaborating on data and models 
being released to the community 
to support reproducibility and the 
prediction contest, and also 
participate in the prediction 
challenge.

Steven Kleinstein 
Jeremy Gygi 
Leying Guan 
Anna Konstorum 

• Expertise:  the use of  
computational approaches, 
based on both biophysics and 
bioinformatics, to study the 
structure, function and 
evolution of key biological 
macromolecules.  

• Dr. Grant will engage and 
advise over 40 biology 
graduate students in the CMI-
PB Prediction Challenge. 

Barry Grant

• Expertise: Development of 
bioinformatics tools that utilize high-
dimensional and high-throughput 
datasets to deduce insights into 
chromatin conformation, genetic 
variation, and the regulation of gene 
expression.  

• The Ay lab is focused on developing 
predictive machine learning models, 
which will serve as examples and 
baselines for participants in the CMI-
PB challenge.

• Expertise:  Both experimental and computational 
studies to better understand human immune responses 
in the context of infectious diseases, allergy, cancer 
and vaccines.  

• The team is responsible for the generation of 
experimental data, making it accessible in a central and 
standardized fashion, and coordinating the creation and 
coordination of the prediction contest. 

Ferhat Ay 
Joaquin Reyna

Bjoern Peters 
Jason Greenbaum 
James Overton 
Brendan Ha

Jiyeun Lee 
Lisa Willemsen 
Shelby Orfield 

Grant Lab 
(UCSD)Kleinstein Lab 

(Yale)

Ay Lab 
  (LJI) Peters Lab 

     (LJI)

Pramod Shinde 
Mari Kojima 
Rasteh Haji Kazem Nili 

And thank you to the Sette Lab, Crotty lab, LJI Clinical Core, LJI Bioinformatics Core
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