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Background

• Recall the paper presented in class: Identification of potential treatments for COVID-
19 through artificial intelligence-enabled phenomic analysis of human cells infected 
with SARS-CoV-2 (Heiser et al. 2020) 



Multiple Instance Learning

• Multiple Instance Learning (MIL), a form of weakly supervised learning. 

• The learner is provided with a training set of labeled bags, where each bag 
contains a set of instances. 

• Task: predict a label for an unseen bag given its instances.

• Standard Assumption: If a sample cell population is infected, there should be 
at least one instance that contains infected cells, and a non-infected sample 
cell population does not have any infected cells. 



Main Contributions

• This is the first work to approach the drug repurposing problem via leveraging 
weak supervision through multiple instance learning.

• DEEMD could identify infected regions in sample images without requiring any 
viral-specific markers or annotations. 

• DEEMD can be applied to quantify the effectiveness of any available 
compound and identify lead candidates that show therapeutic potential against 
viral infection. 



Overview of DEEMD pipeline



Baseline Models for Comparison

• Whole-imaged based model: trained with the conventional training 
procedure for training convolutional neural networks by minimizing a cross-
entropy-based loss function. The model takes the sample image and 
calculates infection probability for that cell population. 

• Patch-based Model: instead of use k instances with the highest probabilities 
within each bag, the model uses all instances.  In other words, k = N, where N 
is the total number of instances within a bag. 



Selecting the optimal value for hyper-parameter k



MIL can accurately predict SARS-CoV-2 infection



Ranked List of DEEMD identified treatments



DEEMD dose-dependent efficacy scores are well-structured



DEEMD-identified treatments are reoccurring in the literature



Generated infection maps for a representative set of infected samples



Limitations

DEEMD only  relies on the assumption that if the drug is toxic, the 

treated cell morphology would be similar to uninfected cells, thus the 

model estimates a low efficacy for a toxic compound. 

The RxRx19a dataset does not include images from healthy drug 

treated cells, which restricts the morphological feature space learned by 

the model during training. 



Questions?????



Thank you !!!


