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Challenges and opportunities In
modeling cholera and climate



Importance of cholera and climate

In the news:

“Cholera thrives on poverty and conflict, but
IS now being turbo-charged by climate
change.

Extreme climate events like floods,
cyclones and droughts further reduce
access to clean water and create the ideal
environment for cholera to spread.”

WHO Director-General's opening remarks at the media briefing
October 5 2022

In reports:

TS.B.5.7 Higher temperatures (very high confidence), heavy
rainfall events (high confidence) and flooding (medium
confidence) are associated with increased water-borne diseases,
particularly diarrhoeal diseases, including cholera (very high confidence)
and other gastrointestinal infections (high confidence) in high-, middle-
and low-income countries. Water insecurity and inadequate water,
sanitation and hygiene increase disease risk (high confidence), stress
and adverse mental health (limited evidence, medium agreement),
food insecurity and adverse nutritional outcomes and poor cognitive
and birth outcomes (/imited evidence, medium agreement). {4.3.3,
7.2.2,Box 7.3,9.10.1, Figure 9.33,10.4.7,11.3.6,12.3.4,12.3.5,13.7.1,
Figure 13.24, 14.5.6, 16.2.3, CCP6.2.6, CCB ILLNESS, CWGB URBAN}

IPCC, 2022: Climate Change 2022: Impacts, Adaptation and
Vulnerability. Contribution of Working Group Il to the Sixth
Assessment Report of the Intergovernmental Panel on
Climate Change



Evidence on cholera and climate/weather



Positing a cholera-climate relation

Global Climate and Infectious _
Disease: The Cholera Paradigm
Rita R. Colwell
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Cholera Dynamics and El

Nifno-Southern Oscillation

Mercedes Pascual,’* Xavier Rodé,” Stephen P. Ellner,*
Rita Colwell,* Menno J. Bouma®
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Positing a cholera-climate relation
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Perez-Saez et al., Lancet Global Health, 2022



What evidence is there on cholera-climate relations?
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e Systematic review: 2,500 screened, 53
papers extracted

e Most evidence from South-East Asia
(Bangladesh)
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Zheng et al., in preparation



Challenges in modeling cholera and climate/weather



Challenges in quantifying relations

RESEARCH ARTICLE

Challenges in developing methods for
quantifying the effects of weather and climate
on water-associated diseases: A systematic
review

Giovanni Lo lacono’*, Ben Armstrong®, Lora E. Fleming®, Richard Elson®, Sari Kovats?,
Sofiris Vardoulakis'**% Gordon L. Nichols™ %"

Lo lacono et al., PLoS NTD, 2017

e Diversity of methods and approaches

e Challenges with epi and
climate/weather data

e Challenge with multiple transmission
pathways
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Challenges in quantifying relations: immunity dynamics
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Challenges in quantifying relations: immunity dynamics
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Transmission pathways and cholera-climate
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Effect modifiers: water sanitation and hygiene

e Decoupling between climate/weather “
and WASH?  ArP W -‘;'Tl , o *
e Probably dependent on transmission = "e B iy ARt
th n r \ J (b) changements dans le
pa WayS o~ \J comportement en
e matiére d'hygiéne

Azman & Perez-Saez, Revue médicale Suisse, 2022



Effect modifiers: previous hydro-climatic conditions matter
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e Account for previous wetness conditions for
rainfall impacts

e Depends on climate zone

e Differential WASH impact?




Modeling cholera and climate/weather



What aims for modeling cholera and climate

e Spatial targeting interventions
o Where to intervene to offset climate effects?

e [orecasting
o Where will outbreaks occur in the near future (1 week, a month?)

e Attribution studies
o What is the probability an outbreak may be due to climate change?

e Strategic modeling
o Alternative vaccination timings under climate change conditions?



Scoping review of mechanistic modeling of cholera-climate

e 127 screened, 18 selected
e [ocus on rainfall
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Scoping review of mechanistic modeling of cholera-climate

e 127 screened, 18 selected
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Scoping review of mechanistic modeling of cholera-climate

e 127 screened, 18 selected
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Scoping review of mechanistic modeling of cholera-climate
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Scoping review of mechanistic modeling of cholera-climate

e 127 screened, 18 selected

e Focus on rainfall
o Linear effect on
exposure/contamination
o Mostly satellite-derived rainfall

e Few on role of ENSO
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Scoping review of mechanistic modeling of cholera-climate

Negative effect of water depth,
e 127 screened. 18 selected Positive effect of water temperature
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Gaps in modeling climate/weather and cholera

e Few studies incorporate weather-climate mechanistically

Weather:

o Rainfall: lags, transformations, previous conditions, epidemic phase
o Temperature: bacterial dynamics, exposure dose

e Climate:
o Beyond forecasting to scenario modeling

Effect modification by WASH conditions

Effect modification by immunity dynamics

Data gaps: exposure (satellite) and epi (suspected vs. confirmed cases)
Other model purposes: strategic modeling, attribution



Conclusion and opportunities for future studies

Despite old evidence, still young field

Diversity of transmission settings relevant to current cholera control
Diversity of model purposes

Disentangle transmission pathways (epi studies)

Account for effect modification (WASH, immunity)

Potential for novel epi data sources (serology, genomic, eDNA, wastewater)



Thanks for your attention!
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