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Lecture 11: AI and COVID-19
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Announcements
● A3 released, due Tue Nov 15
● Midterm: In class, Mon Nov 7

○ 80 minutes
○ 1 page 8.5’’ x 11’’ of notes allowed (back and front)
○ No calculators allowed or needed
○ Covers material through “Genomics: Introduction”
○ Practice midterm released on Ed

● Looking ahead:
○ Project milestone due Fri Nov 18
○ Just final project presentations / reports after this!
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Today
- Applications of AI in Healthcare through the lens of a real-world case study: 

COVID-19
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First application area: AI interpretation of 
chest radiology images
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Bernheim et al.: COVID-19 hallmarks on chest CTs based on 
radiologist review

Bernheim et al. Chest CT Findings in Coronavirus Disease 2019 (COVID-19): Relationship to Duration of Infection, 2020.
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Bernheim et al.: 
COVID-19 hallmarks 
on chest CTs based 
on radiologist review

Bernheim et al. Chest CT Findings in 
Coronavirus Disease 2019 (COVID-19): 
Relationship to Duration of Infection, 2020.
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Harmon et al.
- Detection of COVID-19 from CT images
- 2 stage process: lung segmentation followed by classification of COVID-19 or not
- Multinational dataset of 2724 scans from 2617 patients, with 1029 scans (922) patients 

confirmed positive for COVID-19

Harmon et al. Artificial intelligence for the detection of COVID-19 pneumonia on chest CT using multinational datasets, 2020.
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Harmon et al.
- Detection of COVID-19 from CT images
- 2 stage process: lung segmentation followed by classification of COVID-19 or not
- Multinational dataset of 2724 scans from 2617 patients, with 1029 scans (922) patients 

confirmed positive for COVID-19

Harmon et al. Artificial intelligence for the detection of COVID-19 pneumonia on chest CT using multinational datasets, 2020.

First stage: segmentation
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Harmon et al.
- Detection of COVID-19 from CT images
- 2 stage process: lung segmentation followed by classification of COVID-19 or not
- Multinational dataset of 2724 scans from 2617 patients, with 1029 scans (922) patients 

confirmed positive for COVID-19

Harmon et al. Artificial intelligence for the detection of COVID-19 pneumonia on chest CT using multinational datasets, 2020.

Second stage: classification based on whole lung 
region vs. combination of cropped regions
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Harmon et al.
- Detection of COVID-19 from CT images
- 2 stage process: lung segmentation followed by classification of COVID-19 or not
- Multinational dataset of 2724 scans from 2617 patients, with 1029 scans (922) patients 

confirmed positive for COVID-19

Harmon et al. Artificial intelligence for the detection of COVID-19 pneumonia on chest CT using multinational datasets, 2020.

“DenseNet” convolutional neural network architecture
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Harmon et al.
Multinational patient 
dataset

Harmon et al. Artificial intelligence for the detection of COVID-19 pneumonia on chest CT using multinational datasets, 2020.
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Harmon et al.

Harmon et al. Artificial intelligence for the detection of COVID-19 pneumonia on chest CT using multinational datasets, 2020.

Model achieved 90.8% accuracy 
(84% sensitivity, 93% specificity)
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Harmon et al.

Harmon et al. Artificial intelligence for the detection of COVID-19 pneumonia on chest CT using multinational datasets, 2020.

Grad-CAM saliency maps showing regions contributing most to model prediction (will discuss 
more in upcoming lecture)
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Wang S. et al.
- Also detection of COVID-19 from 

CT images, based on 1266 patients 
(924 with COVID-19) from 7 
Chinese cities or provinces

- Addressed lack of available data 
due to ongoing pandemic, through 
pre-training using a different dataset 
of 4106 lung cancer patients (that 
was trained to predict 
accompanying epidermal growth 
factor receptor (EGFR) gene 
mutation)

Wang S et al. A Fully Automatic Deep Learning System for COVID-19 Diagnostic and Prognostic Analysis, 2020.
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Wang S. et al.
- Deep learning architecture is 
similar to a DenseNet (stacked 
modules, with dense 
connections between them)

- Also extracted 
64-dimensional visual features 
from the classification model, 
and combined it with clinical 
features to train a model for 
prognosis (higher-risk vs. 
lower-risk patients)

 

Wang S et al. A Fully Automatic Deep Learning System for COVID-19 Diagnostic and Prognostic Analysis, 2020.
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Gozes et al. 

Gozes et al. Rapid AI Development Cycle for the Coronavirus (COVID-19) Pandemic: Initial Results for Automated Detection & Patient 
Monitoring using Deep Learning CT Image Analysis, 2020.

- Beyond COVID-19 classification on CTs, 
also outputs a “Corona score” to measure 
progression of the disease over time 

- The score is a volumetric measurement of 
the opacities burden, and is based on a 
volumetric summation of 
network-activation maps and localized 
nodule detections

- A “relative Corona score” can perform 
patient-specific monitoring by normalizing 
the score by the score computed at the 
first time point.
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Gozes et al. 

Gozes et al. Rapid AI Development Cycle for the Coronavirus (COVID-19) Pandemic: Initial Results for Automated Detection & Patient 
Monitoring using Deep Learning CT Image Analysis, 2020.

- Multi-time point tracking of patient disease progression
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Wang L. et al.
- This work takes a different approach and tries to detect COVID-19 from chest x-rays instead of CTs, 

since x-rays are fast, more accessible (especially in developing countries), and portable (can be 
performed e.g., within an isolation room)

- Trained a deep learning model to predict no infection, non-COVID-19 infection, COVID-19 infection

Wang et al. COVID-Net: A Tailored Deep Convolutional Neural Network Design for Detection of COVID-19 Cases from Chest X-Ray Images, 2020.

No infection COVID-19 infection
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Wang S. et al.
- Model architecture was 
selected based on a “network 
generation” approach to 
design a high-performing 
network for the task. But still 
based on familiar components! 

Wang et al. COVID-Net: A Tailored Deep Convolutional Neural Network Design for Detection of COVID-19 Cases from Chest X-Ray Images, 2020.
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Second application area: Modeling 
patient outcomes using EHR data
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Aggregating data across many hospitals: the 4CE consortium
- Consortium for Clinical Characterization of COVID-19 by EHR (4CE): international consortium of 96 

hospitals across five countries
- Used platforms such as OMOP to map all EHR to a common data model
- Total data covers 27,584 COVID-19 cases with 187,802 laboratory tests 
- Initially includes 14 laboratory markers of cardiac, renal, hepatic, and immune dysfunction that have 

been associated with poor outcome in COVID-19 patients

Brat et ak, International electronic health record-derived COVID-19 clinical course profiles: the 4CE consortium, 2020.
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- Observational Medical Outcomes 
Partnership (OMOP)

- Created from public-private 
partnership involving FDA, 
pharmaceutical companies, and 
healthcare providers

- Standardized format and 
vocabulary

- Allows conversion of patient data 
from different sources into a 
common structure for analysis 

- Intended to support data analysis

Figure credit: https://www.ohdsi.org/wp-content/uploads/2014/07/Why-CDM.png

Remember: OMOP Common Data Model
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Remember: OMOP Common Data Model

Figure credit: https://ohdsi.github.io/TheBookOfOhdsi/images/CommonDataModel/cdmDiagram.png
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Aggregating data across many hospitals: the 4CE consortium

Brat et ak, International electronic health record-derived COVID-19 clinical course profiles: the 4CE consortium, 2020.
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Aggregating data across many hospitals: the 4CE consortium

Brat et ak, International electronic health record-derived COVID-19 clinical course profiles: the 4CE consortium, 2020.
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Yadaw et al.
- Prediction of COVID-19 patient 

mortality from patient clinical 
variable data

- Trained on 3841 patients from 
the Mount Sinai Health System in 
NYC. Tested on 961 
retrospective and 249 
prospective patients.

- Needed to perform missing value 
imputation (remember from 
Lecture 6)

Yadaw et al. Clinical features of COVID-19 mortality: development and validation of a clinical prediction model, 2020.
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Yadaw et al.
Evaluation of multiple 
types of machine learning 
models

Yadaw et al. Clinical features of COVID-19 mortality: 
development and validation of a clinical prediction model, 2020.
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Razavian et al.
- Instead of mortality, predict favorable outcomes (may be more meaningful when ICUs are already 

saturated!)
- Trained multiple types of machine learning models on 3345 and 474 prospective hospitalizations, 

using clinical variable data. 

Razavian et al. A validated, real-time prediction 
model for favorable outcomes in hospitalized 
COVID-19 patients, 2020.
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Razavian et al.
Integrated and deployed in NYU hospitals 
EHR system

Razavian et al. A validated, real-time prediction 
model for favorable outcomes in hospitalized 
COVID-19 patients, 2020.
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Razavian et al.
    Prospective model performance

Razavian et al. A validated, 
real-time prediction model for 
favorable outcomes in 
hospitalized COVID-19 patients, 
2020.
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Third application area: Finding 
treatments for the disease
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How does virus 
infection work?

Krammer. The human antibody 
response to influenza A virus 
infection and vaccination, 2020.
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How does virus 
infection work?

Krammer. The human antibody 
response to influenza A virus 
infection and vaccination, 2020.

Virus surface proteins are 
used to bind onto host cell 
receptor
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How does virus 
infection work?

Krammer. The human antibody 
response to influenza A virus 
infection and vaccination, 2020.

Virus enters cell through 
endocytosis
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How does virus 
infection work?

Krammer. The human antibody 
response to influenza A virus 
infection and vaccination, 2020.

Viral contents are released 
and viral RNA is reproduced, 
with the help of host 
components
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How does virus 
infection work?

Krammer. The human antibody 
response to influenza A virus 
infection and vaccination, 2020.

New viruses are assembled 
and leave the cell through viral 
egress
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How does virus 
infection work?

Krammer. The human antibody 
response to influenza A virus 
infection and vaccination, 2020.
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How does virus 
infection work?

Krammer. The human antibody 
response to influenza A virus 
infection and vaccination, 2020.

Mechanisms for viral 
treatments include antibody 
binding to viral proteins that 
block / disrupt steps in the 
viral replication process
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AlphaFold
- Protein structure prediction: determining the 3D shape of a protein from its amino acid sequence
- Based on neural network that predicts distances between pairs of residues, then energy 

minimization to determine most likely 3D shape

Senior et al. Improved protein 
structure prediction using potentials 
from deep learning, 2020.

Jumper et al. Highly accurate protein 
structure prediction with AlphaFold. 
Nature, 2021.
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AlphaFold
- Protein structure prediction: determining the 3D shape of a protein from its amino acid sequence
- Based on neural network that predicts distances between pairs of residues, then energy 

minimization to determine most likely 3D shape

Used approach to release 
structure predictions for 
proteins associated with 
SARS-CoV-2

Senior et al. Improved protein 
structure prediction using potentials 
from deep learning, 2020.

Jumper et al. Highly accurate protein 
structure prediction with AlphaFold. 
Nature, 2021.
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Beck et al.
- Deep learning-based drug-target interaction model that predicts whether commercially 

available drugs can act on viral protein of SARS-CoV-2 (drug repurposing)
- Extracted amino acid sequences of proteins from the SARS-CoV-2 replication complex
- Can use sequence models from NLP to model the data!

Beck et al. Predicting commercially available antiviral drugs that may act on the novel coronavirus (SARS-CoV-2) through a drug-target interaction deep 
learning model, 2020.
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Beck et al.
Identified promising drugs such as atazanavir, remdesivir, and others

Beck et al. Predicting 
commercially available antiviral 
drugs that may act on the novel 
coronavirus (SARS-CoV-2) 
through a drug-target interaction 
deep learning model, 2020.
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CryoET high resolution imaging of virus spike structure

- CryoET (cryogenic electron 
tomography) imaging can provide 
high-resolution visualization of 
virus particles

- Analysis of virus spike (surface 
protein) structure, organization 
and variability can provide insight 
into how it binds to host cell 
receptors

Turonova et al. In situ structural analysis of SARS-CoV-2 spike reveals flexibility mediated by three hinges, 2020.
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Additional application areas
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Epidemiology and disease forecasting
- Epidemiological models e.g., SIR, SEIR, based on numbers of susceptible, exposed, infected, 

recovered individuals help with anticipating and preparing for upcoming challenges
- Also efforts at deep learning-based forecasting of future cases

Hu et al. Forecasting and Evaluating Multiple Interventions for COVID-19 Worldwide, 2020.
Shinde et al. Forecasting Models for Coronavirus Disease (COVID-19): A Survey of the State-of-the-Art, 2020.
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Telehealth
- Demand for virtual visits are up more than 1000x in some care settings1

- Digital setting offers opportunity for AI algorithms
- Already many AI applications and even products popping up around use cases such as triaging, 

vitals measurement, and even cough analysis

1https://www.aarp.org/health/con
ditions-treatments/info-2020/teleh
ealth-surges-during-coronavirus-
outbreak.html
Figure credit: 
https://www.healthwise.org/blog/
patient-ed-telehealth-amid-covid-
19.aspx
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Some cautionary tales -- has AI lived up 
to its potential?
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Why has there been limited ability to translate into 
utilization in clinical practice?

Roberts et al. Common pitfalls and recommendations for using machine learning to detect and prognosticate for COVID-19 using chest radiographs and 
CT scans. Nature Machine Intelligence, 2021.

- Common issues
- “Frankenstein” datasets assembled from many sources, unrealized duplication issues
- Many machine learning researchers used a publicly available dataset of non-COVID 

cases as negatives, without realizing they were pediatric patients
- Lack of reproducibility of method
- Lack of reporting about demographics
- Insufficient generalization evaluation
- Unable to assess performance in comparison to RT-PCR
- High risk of bias
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One takeaway: larger collaborative efforts could 
have helped

Roberts et al. Common pitfalls and recommendations for using machine learning to detect and prognosticate for COVID-19 using chest radiographs and 
CT scans. Nature Machine Intelligence, 2021.
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Summary
Today we covered:

- Applications of AI in Healthcare through the lens of COVID-19
- AI interpretation of chest radiology images
- Modeling patient outcomes using EHR data
- Finding treatments for the disease
- Additional application areas
- Has AI lived up to the potential?

Next time:

- Unsupervised Learning and Reinforcement Learning


