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Background and objective

* Enteric infections cause significant burden of morbidities (e.g. diarrhoea) and
mortality in children and elderly in low- and middle-income countries (LMICs)

* They are indirectly affected by ambient temperature via water- or environmental-
related pathways

* Enteric infection pathogen have varying temperature-sensitivity, not been
considered in previous projections

* This study did aetiology-specific approach in projecting temperature-related
mortality due to enteric infections in a global-level



Methods

* 10 enteric infection aetiologies modelled by IHME-GBD

* non-typhoidal salmonellosis, shigellosis, campylobacteriosis, cholera, enteropathogenic E.

coli enteritis (EPEC), enterotoxigenic E. co/ enteritis (ETEC), typh01d rotavirus,
norovirus, and cryptosporidiosis

* 85% of overall enteric infections (Troeger et al 2017)

* Forecasted annual actiology-specific deaths (D) without temperature change
(Foreman et al 2018)

e ].inear mixed model with:

* Sociodemographic index (§DI), trend (1), and scalar of risk factors (§) as fixed effects
* Actiology (7), country (/), age (a) as random effects

IN[E(Dy1,a,t)] = @rpa + BoSDIco.g 1t + P1SDIz0.81¢ + 0T + In(Siq,e)
* SDI categorised by: (IIASA/WCD)

* SSP 1-3 only
* Scalar of risk factors by: IHME-GBD)

¢ .Baseline, additional, and low health investments (non SSP)



Methods

* Projections ot annual aetiology-specific enteric infections (4)

* Derived from temperature anomalies (1) and aetiology-specific temperature sensitivity (f)
e[ﬁT X (Tprojected™ Tbaseline)]_l

dT,l,t = Driac X PratX e Pr X (Tprojected™ Thaseline)]

* Temperature change (reference 1s 1976-2005) by:
* RCP 2.6, 4.5, and 6.0 only (ISIMIP2b tasAdjust)

* Assumed temperature-morbidity associations are same with temperature-mortality

* Scenarios
* SSP 2 + Baseline Health Investments (BHI) & all RCPs (7zd)
* SSP 1 + Additional Health Investments (AHI) & all RCPs (better)
* SSP 3 + Low Health Investments (LHI) & RCP 4.5 and 6.0 (worse)



GCM-ensemble estimates of global temperature-attributable enteric infection deaths
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GCM-ensemble estimates of global temperature-attributable fractions of enteric infection deaths
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GCM-ensemble estimates of mean temperature-attributable enteric infection deaths under various
scenarios in 2080-2095 by 0.5°%0.5° grids
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Discussion points

* Future with a warmer climate and worse soclodemographic scenarios may have
higher enteric infections (6-10% increase by 2080-2095)

* Majority in Sub-Saharan Africa (~70%) and South Asia (~20%0)
* Dominated by deaths due to Shigella, Cryptosporidinm, and Salmonella typhi (~50%)

* Reduction of deaths due to rotavirus and norovirus (~-30%)

* Net reductions in East Asia & Pacific and Latin America and the Caribbean
* Mechanistic models and incorporation of other climate/environmental factors

* Limitations
* Modelled aetiology-specific mortality IHME-GBD)

* Short-term temperature-diarrhoea associations may not apply in annual-level and mortality
* Other climate factors not considered



References

Chua PLC, Fook C, Ng S, Tobias A, Seposo XT, Hashizume M. Associations between ambient temperature and enteric
infections by aetiology: a systematic review and meta-analysis. 2020. (Submitted to Lancet Planetary Health)

Foreman KJ, Marquez N, Dolgert A, et al. Forecasting life expectancy, years of life lost, and all-cause and cause-specific
mortality for 250 causes of death: reference and alternative scenarios for 2016—40 for 195 countries and territories. Lancet

2018. DOI:10.1016/S0140-6736(18)31694-5.
Institute for Health Metrics and Evaluation. Global Health Data Exchange. 2019. http://ghdx.healthdata.org/gbd-results-tool

International Institute for Applied Systems Analysis. SSP Database - Version 2.0. 2018. 2018.
https:/ /tntcat.ilasa.ac.at/SspDb/dsd? Action=htmlpage&page=about#v2

Levy K, Woster AP, Goldstein RS, Carlton EJ. Untangling the Impacts of Climate Change on Waterborne Diseases: A

Systematic Review of Relationships between Diarrheal Diseases and Temperature, Rainfall, Flooding, and Drought. Environ.
Sci. Technol. 2016. DOI:10.1021 /acs.est.5b06186.

Troeger C, Forouzanfar M, Rao PC, et al. Estimates of global, regional, and national morbidity, mortality, and aetiologies of
diarrhoeal diseases: a systematic analysis for the Global Burden of Disease Study 2015. Lancet Infect Dis 2017.
DOI:10.1016/S1473-3099(17)30276-1.

Wittgenstein Centre for Demography and Global Human Capital. Wittgenstein Centre Data Explorer Version 2.0 (Beta).
2018. http:/ /www.wittgensteincentre.org/dataexplorer

World Health Organization. Quantitative risk assessment of the effects of climate change on selected causes of death, 2030s
and 2050s. Geneva: World Health Organization, 2014



Thank youl

Email: paulcarloschua@gmail.com; bb59518002(@ms.nagasaki-u.ac.jp



mailto:paulcarloschua@gmail.com
mailto:bb59518002@ms.nagasaki-u.ac.jp

