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Our Lab’s starting point in Global Health

In 2020, there were ~247 million cases of malaria, 95% of these cases were In
Africa, ~625,000 malaria deaths, and malaria also increases the risk of death

from other diseases.

Approximately $3.5B USD was estimated for elimination and control efforts.

World malaria report 2022. Geneva: World Health Organization

Malaria can be treated and cured with anti-malarial drugs (i.e. interventions exist)
Malaria can be prevented with effective malaria control.
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Starting with a Significant Global Health Challenge

Pre-September
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Are there
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packages that are not generate insight from
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because of lack of accommodate the
tooling? inherent uncertainty
therein in a principled

manner?

Post September
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(malana models and data) been considered by useful for policy decisions
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David L. Smith selection of intervention today o —— s . i
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(Parameterised) Disease Models
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Kerr, C.C., Stuart, R.M., Mistry, D., Abeysuriya, R.G., Cohen, J.A., George, L., |
Jastrzebski, M., Famulare, M., Wenger, E. and Klein, D.J., 2022. Python vs. the
pandemic: a case study in high-stakes software development. In Proc. of the
21st Python in Science Conf.(SCIPY).
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Kiware SS, Chitnis N, Tatarsky A, Wu S, Castellanos HMS, et al. (2017) Attacking
the mosquito on multiple fronts: Insights from the Vector Control Optimization
Model (VCOM) for malaria elimination. PLOS ONE 12(12): e0187680.
https://doi.org/10.1371/journal.pone.0187680
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0187680



https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0187680

What you do, and when you do it matters

Crude prevalence of malaria infection stratified by survey round and larviciding status.
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Supporting Decisions with ML

O. Bent, et. al. Novel exploration techniques
(NETs) for malaria policy interventions. In
Thirty-Second AAAI Conference on Artificial
Intelligence (IAAI 2018)

S.L. Remy, et. al. Reshaping the use of digital
tools to fight malaria. Multilateral Initiative
on Malaria - Workshop on Using Digital
Tools to Strengthen the Malaria Supply
Chain (MIM 2018)

S.L. Remy, Innovations for Global Health
and Development. ITU/WHO Workshop on
Artificial Intelligence for Health (AI4H 2019)
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Example Model
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Kiware SS, Chitnis N, Tatarsky A, Wu S, Castellanos HMS, et al. (2017) Attacking
the mosquito on multiple fronts: Insights from the Vector Control Optimization
Model (VCOM) for malaria elimination. PLOS ONE 12(12): e0187680.
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https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0187680

Key Design Change
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Remy, S.L. and Bent, O., 2020, August. A Global Health Gym Environment for RL Applications.

In NeurIPS 2019 Competition and Demonstration Track (pp. 253-261). PMLR
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Environments define:

* Available actions

* Available observations
* Action goodness

Meta-Models define:
*  Which parameters can be changed
* What data can be observed

10



Finding Intervention Programs Which Work Well

Tuning/Calibrating Models for Specific Use
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Building Trust With Sample Data

Comparison of 3 Algorithms

Transmission Rate
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Pre-Pandemic Engagement with the ML Community
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, N & = $ee) UNIVERSITY OF
IBM Research kg0

Teams Competitors - Submissions

IBM Malaria Challenge
Knowledge

Use reinforcement learning to determine the optimal combination of interventions to control the transmission of malaria

47 data scientists enrolled, 21 on the leaderboard 25 August-30 August 2019 12:59




Peri-Pandemic Engagement with the ML Community
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Peri-Pandemic Engagement with the ML Community

conda create -niclr23env python=3.10
conda activate iclr23env

pip install git+https://github.com/IBM/ushiriki-policy-engine-library

import gym
import ushiriki_policy_engine_library
from gym.wrappers import normalize

e = gym.make('ICLR23Workshop—-envl-v@',
model_name="http://.../ibmracovid19modelv1/",
driver_data="https://gist.githubusercontent.com/..",
numdays=28, duration=280,
apply_api_compatibility=False)

env = normalize.NormalizeObservation(e)

model = TD3(env, replay_buffer_size = 5e5, hidden_dim = 512)
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Since we’'re living in the future...

How can ML help a public health professional infer
the transmission rate of a disease in a particular
location?

It seems like you're talking about using ml models to
directly infer the transmission rates, do these
concerns of they're indirectly used? For example to
optimize the parameter of known epidemiological
models?

© 2023 IBM Corporation

Machine learning (ML) can help a public health professional infer the transmission rate
of a disease in a particular location by analyzing data related to the disease and the
location. Here are some ways ML can be useful:

1. Predictive modeling: ML models...

You are correct that the concerns I mentioned earlier may not apply if ML models are
indirectly used to optimize the parameters of known epidemiological models, rather
than directly inferring the transmission rates. Indirect use of ML in this context can refer
to the application of ML algorithms to optimize model parameters and improve the
accuracy of existing epidemiological models, such as SIR (Susceptible-Infectious-
Recovered) or SEIR (Susceptible-Exposed-Infectious-Recovered) models




Since we’re living in the future... (take 2)

How can I infer transmission rate from case data for
a disease?

Is the transmission rate and Reproduction number
truly the same thing? I thought one was a probability

© 2023 IBM Corporation

In order to infer the transmission rate from case data for a disease, you can use
mathematical models that describe the transmission dynamics of the disease. One
commonly used model is the SIR (Susceptible-Infectious-Recovered) model, which
divides the population into three groups: those who are susceptible to the disease,
those who are infected and can transmit the disease, and those who have recovered
and are no longer susceptible.

The transmission rate (also called the reproduction number or RO) is the average
number of secondary infections that result from each infected person during the early
stages of an outbreak, when the majority of the population is still susceptible. This
value can be estimated by analyzing the case data and fitting the SIR model to the
observed data.

The transmission rate and the reproduction number are related concepts, but they are
not exactly the same thing.
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Accelerated discovery tor

neglected tropical diseases
(NTDs)




IBM is developing partnerships with non-profit and government
organizations on new discovery accelerators for NTDs

Artificial
Intelligence

Scientific
Method




Two phases of exploration
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Our Goal for 2025

IBM is developing tech with the goal of overcoming bottlenecks, accelerating discovery

M 10)7¢

increase the speed of

discovering more effective drugs
for NTDs with partners




Questions

Do you think this can work?
What else do you think we need?
What could go wrong/right?

Who do you thing might want to join us in the journey?
* Or whose journey can we join?
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Artificial
Intelligence

Mimic Humans

Machine
Learning

Learn with Experience

Supervised
Learning

Reinforcement
Learning

Unsupervised
Learning

... Deep Learning?
... Data Science?




Source: https://arxiv.org/absﬂ801.00690.
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