Cholera modeling capacity at IDM:

leveraging diverse data streams for scenarios and forecasting
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Recent resurgence of cholera in Sub-Saharan Africa

Increase in cases and deaths since 2021

AFRO cases
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Recent resurgence of cholera in Sub-Saharan Africa

AFRO cases — Increase in cases and deaths since 2021
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Cholera response set to improve

OCV stockpile expected to

&S CHOLERA CONTROL improve in 2025 and 2026

EuBiologics

ROADMAP

@ VaccinesWork ut tories e
A global strategy to reduce cholera deaths and stop cholera 2025: 70 million

transmission
2026: 90 million

Interview: how we’re working to boost global

. . . cholera vaccine supply
© Eliminate from 20 countries ot e
11September 2024 + & min read Reuters World v USElection BusinessV Markets v i v Legalv iews v v
0 Healthcare & Pharmaceuticals | Public Health | Regulatory Oversight | Drug & Device Trials | Regulatory
o Red uce d eaths by 90 A) India's Bharat Biotech to launch oral

cholera vaccine amid global shortage
njlaall<]

By Rishika Sadam
August 27, 2024 5:49 AM PDT - Updated 2 months ago

Bharat Biotech
2025: 45 million
2026: up to 200 million
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IDM cholera modeling capacity:

key questions for surveillance and modeling

1. Scenarios of OCV administration at regional scale ﬂ

— OCV supply required for GTFCC goal?

— Impacts of reactive and preventative OCV
campaigns

— One- and two-dose strategies

2.  What is the relative contribution of the various drivers
of transmission?

OCV + climate change + population movement + WASH
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Metapopulation Outbreak
Simulation with Agent-based
Implementation for Cholera
(MOSAIC)

b

Spatial model of
endemic cholera in
Sub-Saharan Africa

b

Scenarios and
forecasting Q2 2025
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LMOSAID — Spatlal model of endemlc cholera

Metapopulation Outbreak
Simulation with Agent-based
Implementation for Cholera
(MOSAIC)

Diverse data
streams required

Surveillance data
(MoH, WHO, JHU)
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EMOSAIC — Spatial model of endemic cholera

Metapopulation Outbreak
Simulation with Agent-based
Implementation for Cholera
(MOSAIC)

Diverse data
streams required

Surveillance data
(MoH, WHO, JHU)

ocV Pop movement
(WHO ICG, GTFCC) (OAG, CDR, surveys)

WASH Climate
(WHO UNICEF JMP) (Open-Meteo, BOM)
Immune dynamics Observational bias
(Published studies) (Published studies)
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MOSAIC model structure: complex drivers require diverse data
streams and model mechanisms

Reported Reported Reported
vaccinations cases deaths

./ Obs
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MOSAIC model structure: complex drivers require diverse data

streams and model mechanisms

Human-to-human transmission
with seasonal forcing

Temporally forced transmission rate

Spatial transmission

among countries \
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PO p u |a tl on moveme nt Network model of average weekly connectivity within SSA

* OAG air passenger data crucial for
model spatial structure
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MOSAIC model structure: complex drivers require diverse data
streams and model mechanisms

Reported Reported Reported
vaccinations cases deaths

[ Obs
"\ deaths

Observed

» R
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S environment-to-

human transmission
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Environmental suitability

Climate data from Open-Meteo Regional climate drivers
e 19 weather variables (1970-2030) e El Nino Southern Oscillation (3 Pacific Ocean regions)

«  Based on MRI_AGCM3_2_S climate model from * Dipole Mode Index (Indian Ocean)
Meteorological Research Institute, Japan (MRI) *  Projections from Bureau of Meteorology, Australia
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Environmental suitability

* Requires historical incidence data (currently 2023-2024)

*  Long Short-Term Memory (LSTM) Recurrent Neural Network
(RNN) model. Multiple network layers = deep learning Al.

*  Predictions up to 5 months for all SSA countries

Reported Cholera Cases and Predicted Environmental Suitability () for Mozambique (MOZ)
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Environmental suitability

Requires historical incidence data (currently 2023-2024)

Long Short-Term Memory (LSTM) Recurrent Neural Network
(RNN) model. Multiple network layers = deep learning Al.

Predictions up to 5 months for all SSA countries

Reported Cholera Cases and Predicted Environmental Suitability () for Mozambique (MOZ)
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Predicted suitability for 40+ SSA countries
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MOSAIC model structure: complex drivers require diverse data
streams and model mechanisms

Reported
deaths
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Vaccination data: reported OCV campaigns

Model of OCV vaccination rate is highly data dependent
* Data from WHO ICG OCV dashboard (2016-present).

* Single assumption about maximum daily rate of OCV
administration during campaigns.

Example of distributional assumption (max = 100k doses/day)
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distributed per day
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Model of OCV vaccination rate is highly data dependent
Data from WHO ICG OCV dashboard (2016-present).
Single assumption about maximum daily rate of OCV

17

Reported OCV campaigns

Number of OCV Doses

administration during campaigns.

Example of distributional assumption (max = 100k doses/day)

4e+06
26406 Shipped doses on
campaign start date
1e+06
5e+05 Estimated doses
distributed per day
1e+05

0e+00

01 Jun 15 Jun
2024 2024

© 2024Bill & Melinda Gates Foundation.

01 Jul 15 Jul
2024 2024

Allrights reserved.

28.0%

01 Aug
2024

Number of OCV Doses Distributed (square root transform)

2.0e+07
1.5e+07
1.0e+07

5.0e+06

0.0e+00

2.0e+07
1.5e+07

1.0e+07
5.0e+06

0.0e+00

2.0e+07
1.5e+07
1.0e+07

5.0e+06

0.0e+00

2.0e+07
1.5e+07
1.0e+07

5.0e+06

0.0e+00

2.0e+07
1.5e+07
1.0e+07

5.0e+06

0.0e+00

2.0e+07
1.5e+07
1.0e+07

5.0e+06

0.0e+00

2.0e+07
1.5e+07
1.0e+07

5.0e+06

0.0e+00

Cameroon

Proportion Vaccinated: 34.6%

Democratic Republic of Congo

Proportion Vaccinated: 10.4%

T

Ethiopia

Proportion Vaccinated: 17 6%

Il

Kenya

Proportion Vaccinated: 7.5%

[l

Malawi

Proportion Vaccinated: 36.6%

Mozambique

Proportion Vaccinated: 28.6%

o il

Niger

Proportion Vaccinated: 17.4%

e e —

Nigeria

Proportion Vaccinated: 6.1%

e

ol

Sierra Leone

Proportion Vaccinated: 12.4%

Somalia

Proportion Vaccinated: 33.4%

‘_,_,—f

South Sudan

Proportion Vaccinated: 8.7%

Uganda

Proportion Vaccinated: 0.3%

| 1 1 —
Zambia Zimbabwe

Proportion Vaccinated: 28.0%

1 n Il.

Proportion Vaccinated. 38.6%

I | .

2016 2018 2020 2022 2024

2016 2018 2020 2022 2024



Reported OCV campaigns

© WHO ICG data contains reactive
OCV campaigns only (103M doses)

© O0CV coverage underestimated by
~55M doses

© Working on combining with GTFCC
vaccination data (reactive and
preventative campaigns)

18 | 2024 Bill & Melinda Gates Foundation. All rights reserved.

Reported OCV doses distributed by WHO-ICG as of October 09, 2024

Cumulative Doses
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Modeling immune dynamics

Immunity from vaccination

Effectiveness of One Dose OCV

19

0.754

Initial effectiveness of one-dose OCV

0.50 1

0.25

0.751

0.501

0.251

Vaccine derived immunity decays over time
(mean =4.8 yrs)
Relying on 5 observations from 4 studies
A
‘ ”Azma’r;lertal (2615)
@ Malembaka et al (2024)
@ Qadrietal (2016)
Qadri et al (2018)
1
w =0.00057
i 2 3 4 5 6 7 8 9

Years after vaccination
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Modeling immune dynamics

Immunity from vaccination

Effectiveness of One Dose OCV

20

Initial effectiveness of one-dose OCV

Vaccine derived immunity decays over time

(mean =4.8 yrs)

Relying on 5 observations from 4 studies

(LY

Azman et al (2016)
Malembaka et al (2024)
Qadri et al (2016)
Qadri et al (2018)

0.50 1

0.25

w =0.00057

Years after vaccination
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Initial one dose OCV effectiveness (¢)

|

0.751

0.501

0.251

Density

Immunity from infection

*  Assumed >95% immune up to 90 days post infection

* Immune decay over time (mean =7.2 yrs)

*  Only 2 studies, seeking more with collabs

Proportion immune
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~ O Assumption

@ Clemens etal (1991)
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MOSAIC model structure: complex drivers require diverse data
streams and model mechanisms

Reported
vaccinations

I P . Observation
, >
process

£ IDM
. . . . i INSTITLTE =0
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Observation process

Medically attended A
suspected cholera

\ Clinical
cholera
surveillance

Medically attended
cholera cases

Symptomatic
cholera infections

Asymptomatic
V. cholerae O1 infections
and exposures

Hegde etal. 2023
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Observation process

Medically attended
suspected cholera

Clinical
cholera

Medically attended
surveillance

cholera cases

Symptomatic
cholera infections

Asymptomatic
V. cholerae O1 infections
and exposures

© 2024Bill & Melinda Gates Foundation. Allrights reserved.

23

Proportion of reported cases that are true infections
(calibrated to data in Wiens et al. 2023)

Density
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Observation process

Medically attended A
suspected cholera

\ Clinical
cholera
X surveillance

Medically attended
cholera cases

Proportion of true infections that are symptomatic

(Meta-analysis of 8 studies suggests mean = 0.24)

Asymptomatic
V. cholerae O1 infections
and exposures
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EMOSAIC — Spatial model of endemic cholera

Metapopulation Outbreak
Simulation with Agent-based
Implementation for Cholera
(MOSAIC)

Diverse data
streams required

Surveillance data
(MoH, WHO, JHU)

ocV Pop movement
(WHO ICG, GTFCC) (OAG, CDR, surveys)

WASH Climate
(WHO UNICEF JMP) (Open-Meteo, BOM)
Immune dynamics Observational bias
(Published studies) (Published studies)
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EMOSAIC — Spatial model of endemic cholera

Metapopulation Outbreak
Simulation with Agent-based
Implementation for Cholera
(MOSAIC)

Diverse data
streams required

AT, s
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IRERREEEEEEEEEEE]
Years after infection
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Key take-aways: from data collection to forecasting

Reconstructing endemic cholera dynamics is challenging, and useful forecasting
requires robust mechanisms for all major drivers.

Forecasting is data hungry: >10 data streams for model already. Real-time
surveillance is vital (clinic + MoH + WHO + dashboard).

Modeling frameworks must be flexible and absorb new data streams (wastewater,
sero-surveys relevant) or new situations (climate change/ conflict).

Modeling endemic cholera at scale is possible if we cultivate the right data and
validate. Aim is to provide additional context around GTFCC goals and OCV
campaigns.
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Thank you
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