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Yannis Paschalidis
Distinguished Professor of Engineering (Electrical & 
Computer, Systems, and Biomedical)
Founding Professor of Computing & Data Sciences
Director, Hariri Institute

AI for (Good) Health
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COVID and Preventing the next Pandemic
Predictive Models for Level-of-Care Requirements
• Worked with datasets from Wuhan, Mexico, Brazil, 

MGH-Brigham, BMC (n=900−113,000)
• Predicting Hospitalizations, ICU Admissions, Need 

for Ventilation, Mortality
• BMC cohort revealed role of Social Determinants of 

Health and Racial Biases 

Hao et al., eLIfe, 2020; Hao et al., JAMIA, 2022; Yuan et al., Engineering, 2022; Wollenstein-Betech et al., Int. J. 
Med. Inform., 2020; Wollenstein-Betech et al., PLOS One, 2020; Wang et al., JMIR Med. Inform, 2020

A multidisciplinary team from Hariri, CISE, CEID, 
NEIDL, and BTEC, working on an NSF-funded 
project to develop models that predict disease 
emergence and spread, and to devise pandemic 
mitigation strategies



Boston University Slideshow Title Goes Here

@BostonUResearch | #researchontap

Alzheimer’s Disease & Dementia
• Most common form of 

dementia, > 5M in the US 
with AD ($300B) → 14M by 
2050 ($1.1T)

• Most clinical trials fail

Amini et al., J. of AD, 2021; Amini et al., Alzheimer’s & Dementia, 2022; Xue et al., Alzheimer’s Res. & Therapy, 2021

Digital Biomarkers

Automated Cognitive Assessment Pipeline

• Leveraging Automated Speech Recognition (ASR) and Natural 
Language Processing (NLP) 

• Does (almost) as well as clinicians (93% AUC)
• Visit health-ai.bu.edu

https://health-ai.bu.edu/login?next=/
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Predictive and Prescriptive Modeling

Predictive Models of Pregnancy
• SPH PRESTO (Pregnancy 

Study Online) dataset 
• eIVF dataset 

Yland et al., Human Reproduction, 2022; Xu et al., Scient. Reports, 2022

Key Challenges in Health Applications
• Interpretability & Robustness
• Statistical ML & Optimization

ESHRE 24hr Tweetutorial

Prescriptive Models for Hypertension
• Launching a BMC Pilot Study
• AI model to make personalized 

recommendations for Hypertension drugs
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Yland et al., Human Reproduction, 2022; Xu et al., Scient. Reports, 2022

COVID: Boran Hao, Yang Hu, Shahab Sotudian, Dr. Taiyao Wang, Dr. Salo Wollenstein-
Betech, Dr. Tingting Xu, Zahra Zad & BU, MGH, BMC, Brazil, China

AD: Samad Amini, Boran Hao, Aman Gupta, Mengting Song, Lifu Zhang, Jingmei Wang, 
& Dr. Rhoda Au, Dr. Vijaya Kolachalama, Dr. Cody Karjadi at BUMC and FHS

Fertility: Zahra Zad, Dr. Taiyao Wang, Dr. Tingting Xu & Dr. Lauren Wise (SPH), Dr. 
Elizabeth Hatch (SPH), Dr. Shruthi Mahalingaiah (Harvard)

Hypertension: Yang Hu & Dr. Rebecca Mishuris (BMC), Dr. Nick Cordella (BMC)

Theory: Dr. Ruidi Chen

Network Optimization & Control Lab
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Margrit Betke
Professor

Department of Computer Science, CAS

AI for Pediatric US Diagnosis, 
AI for Physical Therapy, 

AI for Post-Stroke Prognosis   



AI to Interpret Ultrasound Videos for 
the Diagnosis of Pediatric Pneumonia 
in Limited Resource Settings 

(here Lusaka, Zambia)

NIH R21 TW 011343-01, PI Gill

Pneumonia is leading cause of death 
in children < 5 years worldwide with 
mortality 68% at 6 month

Goal: 
Develop AI cell phone app for first-line health care 
workers to use mobile US device to image infants & 
diagnose and treat pneumonia.

Results: 
Collected 12 videos/infant of 2 cohorts of 200 infants.
Developed AI models for single image analysis.  Low 
F1 score.

Ongoing Work:
Developing AI model for US video analysis. 



ExerciseCheck -
Home-based Physical 
Therapy with AI

Results: 
App for managing logistics.
Initial experiments. 

Ongoing Work:
Developing attention-based 
deep-learning model for 3D 
human pose tracking.

with Terry Ellis & Hariri



Stroke is a leading cause of severe and complex long-term disability.  Aphasia 
affects approximately 1/3 of stroke survivors.  A personalized prognosis on the 
evolution of aphasia provides guidance for clinicians to select appropriate treatment.

Results: 
Developed support vector machine and random forest models to predict 
responsiveness to treatment using pretreatment behavioral, demographic, and 
structural and functional neuroimaging data.  
Best model’s 
prediction score 
F1=0.94. 

Ultimate Goal:
Recommend treatment

Ongoing Work:
Developing 
traditionally-learned 
& deep-learned models 
for patient outcome
prediction. with Swathi Kiran, Prakash Ishwar, Archana 

Venkataraman, Janusz Konrad & students

AI to Predict Response to Post-Stroke Rehabilitation 



AI to Predict Response to Post-Stroke Rehabilitation 

Ongoing Work: Develop fusion model. www.cs.bu.edu/fac/betke
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Mark Kramer
Professor, Mathematics and Statistics, CAS

Associate Director, Center for Systems Neuroscience

Examples of Machine Learning in Biomedicine:
Applications to Epilepsy



Epilepsy impacts brain dynamics

in subtle ways ... 

10 s

attention memory IQX X X

?

X
0.05 s

spike ripple

Bad

spindle



Detect these subtle dynamics

CNN

XBU: Nadalin, Shaw, Han, Eden
MGH: Shi, Walsh, Richardson, Chu

BU: Wodeyar, Eden
UMN: Schatza, Widge



So now what?
after detection, do something ... 

attention
memory
IQ

BU: Shaw, Kondabolu, Eden, Han
MGH: Shi, Walsh, Richardson, Chu

BU: Wodeyar, Eden
MGH: Chinappen, Chu

X



Close the loop

Practical problems (in human health)

- motivate mathematics & statistics

- to impact these problems.

BU: Nadalin, Shaw, Han, Eden
MGH: Shi, Chinappen, Walsh, Richardson, Chu
UMN: Schatza, Widge
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Kayhan Batmanghelich
Assistant Professor

Electrical and Computer Engineering 
College of Engineering

AI in Healthcare: 
From Theory to Practice
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Impression:
Mild left costophrenic blunting, 
basilar pleural effusion, increased 
left suprahilar opacity, differential 
diagnosis includes increased 
volume loss and apical pleural 
fluid. Right costophrenic, right 
lung free of focal consolidation.

MTI Tags: Degenerative changes

Medical Concepts

Medical ResearchBedside Practice

Technical/Theoretical Development

Practical Deployment
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Black Box AI Model

Outcome

S. Singla, B. Polack, S. Wallace, M. Eslami, K. Batmanghelich, “Explaining the Black-box Smoothly: A Counterfactual 
Approach,” to appear in MedIA.  
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Impression:
Mild left costophrenic blunting, 
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volume loss and apical pleural 
fluid. Right costophrenic, right 
lung free of focal consolidation.
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?
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?
Imaging 

Biomarkers
Immune System

×n

×10n

×10n

Batmanghelich et al., “Unpaired Data Empowers Association Tests ,” Bioinformatics Oxford Academics, 2020 

Question: Is there any way we can use “unpaired” 
data?
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AI 
model

Impression:
Mild left costophrenic blunting, 
basilar pleural effusion, increased 
left suprahilar opacity, differential 
diagnosis includes increased 
volume loss and apical pleural 
fluid. Right costophrenic, right 
lung free of focal consolidation.

MTI Tags: Degenerative changes

Medical Concepts

?

Medical ResearchBedside Practice

Technical/Theoretical Development

Practical Deployment
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Learning

Partial Differential Equation
(PDE)

Batmanghelich, et al. Prediction of Voxel-level Liver Stiffness in Patients with Non-alcoholic Fatty Liver Disease using Deep Learning, AI 
Radiology, 2021
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Carotid Endarterectomy 

AI ModelSurgeons*

Stroke 
rate: 7% 

Stroke during surgery is diagnosed after
surgery.

No brain monitoring. 
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Vijaya B. Kolachalama, PhD, FAHA

Associate Professor
Department of Medicine, Boston University School of Medicine

Department of Computer Science and Faculty of Computing & Data Sciences, Boston University

Digital Pathology and Spatial Biology: Opportunities 
for Multimodal Machine Learning
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Introduction

 Build tools to bring efficiency within the clinical 
workflow

 Current Team: Yi Zheng, Olivia Zhou, Anika Walia, Meagan Lauber, 
Meysam Ahangaran, Chonghua Xue, Michael Romano, Lingyi Xi, 
Cody Karjadi, Akshara Balachandra, Diala Lteif, Sandeep Sreerama, 
Caitlin Newman, Lindsey Claus, Yichi Zhang, Aakash Bhatnagar, 
Tejus Surendran

 PhD students and postdocs with computational background
 MD students, residents and clinical fellows
 Background in more than a single discipline
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Ongoing revolution in pathology

Pathologist report:
• Grade 0/1/2/3
• Identification of 

histologic features

Computer report:
• Detailed grading
• Quantitative 

characterization of 
pathology
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Current workflow for cancer therapies

Patient gets 
biopsy done at a
hospital based 
on a specialist 

recommendation

Part of the biopsy 
goes for genetic 

testing (extra step 
in the workflow)

Predicts:
• Mutational status of 

oncogenic drivers
• MSI (microsatellite 

instability)
• TMB (tumor mutational 

burden)
• PD-L1 status (programmed 

death ligand status)

Main part of the 
biopsy will be 

converted to slides

Pathologist analyzes 
the slide under the 

microscope for general 
cancer grading and 

reporting

Report goes to the 
oncologist

Next generation sequencing
Data Analysis
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Representation learning for cancer pathology

A Graph-Transformer for Whole Slide Image Classification. Zheng Y, Gindra RH, Green EJ, Burks EJ, 
Betke M, Beane JE, Kolachalama VB. IEEE Trans Med Imaging. 2022 Nov;41(11):3003-3015.

https://pubmed.ncbi.nlm.nih.gov/35594209/
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Summary

 Our laboratory is focused on the development of 
representation learning approaches to process high-
resolution microscopic and patient-specific genomic data.

 Huge opportunity for multidisciplinary collaboration between 
computer scientists and clinicians to build multimodal data 
analysis frameworks in cancer medicine.

 Funding:



SIMON says: The Power of AI to Transform 
Human Immunology

Adriana Tomic

November 9th 2022

@TomicAdriana atomic@bu.edu atomiclaboratoryadrianatomic

Microbiology | Boston University School of Medicine

Biomedical Engineering | College of Engineering

atomic-lab.org
Boston University Office of Research
Research on Tap



Biological processes are 
COMPLEX

We need a 
DIFFERENT 

PERSPECTIVE

It is time for 
INTELLIGENT 
IMMUNOLOGY

Boston University 
Office of Research

Diana Lange, OpenProcessing; https://www.diana-lange.de/

@BostonUResearch | #researchontap



AI to the rescue

If we can teach computers to … 

Can we teach them 
IMMUNOLOGY

PLAY DRAW

?

Boston University 
Office of Research@BostonUResearch | #researchontap



Sequential Iterative Modelling Over Night

Boston University 
Office of Research@BostonUResearch | #researchontap

Predicting immune 
responses

Tomic et al, JI, 2019; Tomic Sci Data 2019;
O’Connor et al, Mol Syst Biol, 2020; 

Stockdale et al, Frontiers Ana Sci, 2022 

Fundamental 
immunology discovery

Predicting COVID-19 
disease severity

Predicting duration 
of protection

COMBAT consortium, Cell, 2022

Tomic et al, Patterns, 2021

Tomic et al, Nature Comms, 2022

Tool for pattern recognition 
& knowledge extraction

Why don’t vaccines work for 
some people?

Why are some people 
protected for longer time?

SIMON

Why people develop more 
severe disease?

Identification of novel immune 
subsets



Join open-source community supporting SIMON!

Boston University 
Office of Research@BostonUResearch | #researchontap

Check out SIMON at 
genular.org

Tomic et al, SIMON: open-source knowledge discovery platform. Patterns, 2021
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Daniel Segrè

Professor of Biology and Bioinformatics
Director, BU Microbiome Initiative

Department of Biology, CAS
Bioinformatics Program

From AI to MI (Microbial Intelligence)
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Can we understand, predict and design microbial communities?
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ML can help map interactions and design environments 
that lead to a given community composition (in silico)

Alan Pacheco, 
Royal Society Interface, 2021

Demetrius DiMucci, 
Mark Kon
mSystems, 2018
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Dynamic metabolic modeling + Reinforcement learning  Microbiome Design

Dileep Kishore
Pankaj Mehta
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Opportunities

1

2

3

Hybrid Mechanistic + AI 
predictive approaches

From genomics 
to phenomics
with Yannis Paschalidis
BioRxiv 2022

+

Can microbiome engineering 
mitigate climate change?

DeLisi et al. BioDesign Research, 2020
Michael Silverstein, Jennifer Bhatnagar et al.
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Ji-Xin Cheng

Moustakas Professor 
ECE & BME, College of Engineering 

AI in Chemical and Biomedical Imaging 
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Clinical Observation in 2013Augmented 
Reality for 
Ultrasound-
guided Kidney 
Stone 
Removal Acusee R&D (~ 2 years)FDA clearance 2020Preclinical and clinical validation 



Computational Chemical Microscopy
Advanced Instrumentation + Data Science to break the 

tradeoff between Speed, bandwidth, and SNR

Spee
d

SNR

Bandwidth

Spee
d

SNR

Bandwidth

+ Data Science
“no free lunch”

Haonan Lin R01EB032391 (2022 to 2025 PI) computational chemical imaging 
Collaborator: Lei Tian
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Fingerprint Stimulated Raman Scattering (SRS) is 
Informative but Noisy

Weak but more 
information

Mia 
PaCa 2 
at C-H 
Region

Strong but 
crowded

Mia 
PaCa 2 
at 
Fingerpri
nt 
Region
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Denoising Fingerprint SRS by
a Spatial-Spectral Residual Net

Raw image SS-ResNet GT (100 averages)
Mapping biofuel pinene and limonene inside E.coli

Nature Communications, 2021, 12:3052
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Visualization of a Limonene Synthesis Metabolon 
inside Living Bacteria by fingerprint SRS imaging 
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Jing Zhang,…Dunlop, Cheng, Advanced 
Science, 2022: 2203887 
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Emma Lejeune
Assistant Professor

Department of Mechanical Engineering, College of Engineering

Curating Imaging Data for Computational Models in 
Biomechanics and Mechanobiology  
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image analysis
software (some 

ML)

combined 
mechanistic/ML 

models

current interest:

collaborators: Chris Chen (BU), Jeroen 
Eyckmans (BU), Manuel Rausch (UT Austin), 

Chad Hovey (Sandia)

Focus: methods for creating interpretable structure-
function computational models for biomechanics 
and mechanobiology. 

large datasets curated data computational models
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collaborators: Chris Chen (BU), Jeroen 
Eyckmans (BU), Manuel Rausch (UT Austin), 

Chad Hovey (Sandia)

large datasets curated data computational models
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reproducible
pipeline

collaborators: Chris Chen (BU), Jeroen 
Eyckmans (BU), Manuel Rausch (UT Austin), 

Chad Hovey (Sandia)

automated image analysis:

validation with synthetic data:

large datasets curated data computational models



Boston University Slideshow Title Goes Here

@BostonUResearch | #researchontap

collaborators: Chris Chen (BU), Jeroen 
Eyckmans (BU), Manuel Rausch (UT Austin), 

Chad Hovey (Sandia)

lab website
(includes more info on non-bio work)

integrating data-driven and 
mechanistic models is ongoing…

large datasets curated data computational models
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Lei Tian
Assistant Professor

Department of Electrical and Computer Engineering
Department of Biomedical Engineering

School of Engineering

Deep Learning Augmented Computational Imaging for 
Biomedical Microscopy & Neural Imaging
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BU Computational Imaging Systems Lab

56

Computational Neural ImagingComputational phase imaging

Deep learning for neural imagingDeep learning for microscopyImaging in scattering media
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Computational Miniature Mesoscope (CM2) for large-scale neural imaging

Lei Tian, Boston University

Collaboration with David Boas, Ian Davison

CM2 achieves single-shot cortex-wide, cellular-resolution 
3D imaging by integrating novel miniature optics and 
advanced computational algorithms
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Self-supervised denoising for in vivo spatiotemporal neural imaging data

Mean frame 
raw

Single 
frame raw

Single frame 
denoised

In vivo two-photon voltage imaging

Collaboration with Jerry Chen

Lei Tian, Boston University

input

output

DeepVID achives
15X improvement in SNR

DeepVID
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Deep learning for information extraction from 
multi-modal, multiscale imaging data

Collaboration with Irving Bigio, David Boas, 
Ann McKee, Douglas Rosene

𝑿𝑿: OCT 
scattering 
coefficients 

𝒀𝒀: Gallyas of 
adjacent slice

Relating label-free OCT measurements to Gallyas stain measurements for 
quantifying myelin content and neuron density in human brains



THANK YOU!

@BostonUResearch | #researchontap
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Upcoming Event

● Funding Info Session: BUMC & Hariri Institute Host Special Funding 
Call on Digital Health 

○ Information Session and Cross-Campus workshop on Digital Health
○ Date: Wed, November 30, 2022 (in-person),12:00pm - 2:00pm
○ Location: BUMC, 72 East Concord St, Instructional Building, Hiebert Lounge 

L 1407, Boston, MA 02215
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UPCOMING EVENTS

RESEARCH ON TAP

Developing Technologies for a 
Sustainable Future
Wednesday, December 7, 2022 | 4-6 pm

RESEARCH HOW-TO

Meet the U.S.-Israel Binational Science 
Foundation
Thursday, November 10, 2022 | 9:30-10:30 am

Working with the Media to Share Your 
Research
Wednesday, November 16, 2022 | 3-4:30 pm

Learn more & RSVP: bu.edu/research/events
Topic ideas & feedback: bu.edu/research/topic-ideas 
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