9% s 4T .,
*‘/ -:f““""‘“‘" PUblIC“‘le spect: ¥ ~"*ﬂ'
-% How to ensure hi¢ .la I|t and 5
affordable water, sahitati agﬂ
hygiene (WAS services T
i e 7. lﬂa‘é Mﬂ . Al

L J
- Jan C. Semenza
Umead University, Sweden
Heidlberg University, German



Exposure

Selected health risks

Severe
weather

Injuries,
fatalities,
drowning

CLIMATE CHANGE 1

Changes in
Extreme Air Watet e Environmental Rising sea Food supply

inatt vector
heat pollutio Cotaon ecology degradation levels and safety

Human/ Social/ Financial/ Physical/ Natural Capital

Dehydration, Chikungunya,

Heat-related Asthma, Infections with: dengue, Civil conflict, Malnutrition,
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Semenza JC, Ebi KL. J Travel Med. 2019;26(5).




Sea surface temperature anomaly (°C) for the month of
June 2023, relative to the 1991-2020 reference period
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The hydrologic cycle
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Pathways by which climate change drives the
burden of waterborne diseases




Climate change and cascading risks from
waterborne disease
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Climate change and cascading risks from
waterborne diseases

« Weather, such as a heavy rain event, can potentially trigger a
sequence of secondary events, when risks are causally

connected, with one triggering the next.

« These cascading risk pathways of causally co% ants

can result in large-scale waterborne disease
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Combined Sewer Overflow
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Seasonal distribution of waterborne outbreaks by
size of outbreak, Denmark, Finland, Norway and
Sweden. 1998-2012
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Association between heavy precipitation
events and waterborne outbreaks in four
Nordic countries, 1992-2012

Matched case-control study

Epidemiological registries of waterborne outbreaks

Meteorological data between 1992 and 2012 from four
Nordic countries:

« Central Weather Station
« Gridded precipitation data

Heavy precipitation events were defined by
average (exceedance: 95 percentile) daily ra
the preceding week using local references

i— Guzman-Herrador B, J of Water and Health 2016;14(6):10




Association between waterborne outbreaks and
exceedance precipitation during the previous week

Cases Week 1 prior to outbreak (1-7 days)

N (exceedance days) Controls 1 day > 2 days
sample 0 1 24 0 1 24 OR (95% C1)
All 26 51 12 8 249 19 139 (0.82-237) Q219  3.06(1.38-6.78) 0.006
Spring-summer 20 ¥ 9 57 14 1 1.81(0.96-3.42)  0.069 o ).004
Autumn-winter 6 17 3 31 65 8 0.75(0.27-2.04) 0570  1.45(0.34-6.13) 0.613
Groundwater 2 3% 8 62 189 13 180 (0.99-3.29) 0055  3.13(1.20-8.17) 0.020
Surface water 2 2 3 17 4 4 045 (0.09-206) 029 3.23 (0.63-16.6 0.160
Single household 5 0 5 19 57 E 143 (0.44-465)  0.549
Municipal/private 20 37 7 66 176 14 141(0.76-260) 0277




Cryptosporidium




Cryptosporidium

During heavy rainfall, cryptosporidium washes into
waterways, where it can contaminate water treatment

plants.

In 1993, severe rains in Milwaukee contaminated the public
water plant with cryptosporidium oocysts because of water
treatment failure, resulting in the largest reported
cryptosporidium outbreak in the United States.

Mac Kenzie WR, N Eng/ J Med 1994; 331: 161-7.
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Cryptosporidium cases in two groups of health
authorities, in North West England 1990-2005
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Surveillance Data: Diarrhea and Dysentery,

Nukus, Uzbekistan
Counts reported by SES by month, Nukus 1991-1996
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Water treatment plant, Nukus







Diarrhea Rates in Nukus by Chlorination
Status, Uzbekistan, June-August 1996
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Drought: Intermittent drinking water supply
Cross-connections with sewer lines

Cross- Climate change
connections adaptation
PRESSURIZED
LINE
‘_ ‘ NO PRESSURE
M m 1 | ) | .
WATER TABLE 3y ,

NO PRESSURE NO PRESSURE

\., Am J Trop Med Hyg. 1998;59(6):941%



Waterborne disease impacts from climate change
and policy entry points for risk reduction

Hazard
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Observed climate change impacts
from infectious diseases (ID) due to
hazard, exposure and vulnerability



Adaptive strategies addressing key
vulnerabilities of climate- sen5|t|ve WBD

Vulnerability Selectas aatation
Surveillance and monitoring
imi i Establish |ntegrated survellla e ystems for climate-sensitive

Limited surveillance ca- ’
pacity to detect WBD
outbreaks triggered by
climate hazards

nated recreational water sites);

« physical properties of surface- and drinking-water quality (e.g., temperature,
turbidity, pH, chlorine, conductivity) that may promote microbial growth and sur-
vival and efficiency of water treatment and purification and enable authorities to

ed in real time through PCR testing, NGS, ELISA, and biosen-

sors;
« social media for references of symptoms or WBDs (e.g., hashtags, keywords).
Develop capacity for rapid point-of-use field detection, mobile detection of waterborne

to iden-

as).

pathogens with a suitcase Iaboratory (and nanopore- sequencing teck
tify and confirm outbreaks iz gaand vul

Health care system

Unprepared health infra- Identify climate hazards that wi ©S ang
structures tions and assess vulnerabilities.

Strengthen resilience by implementing th§ 10 components of
framework ¢
Reinforce @fe 10 essential public health functions.3




Ten essential public health functions

Surveillance

Outbreak
investigation

Public health

Research
Evaluate
\\
/
Workforce

Link to care

Inform, educate,

_—| empower

Partnerships

Policies

Enforce laws
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Adaptive strategies addressing key
vulnerabilities of clima P

Multiple causative agents Develop and use improved % =IEt:
for climate-sensitive « PCR and LAMP — highly sensitive and specific tests used for the diagnosis of
WBDs and outbreaks waterborne pathogens such as cryptosporidium and giardia;

« metagenomic sequencing — high-throughput sequencing that can detect genetic
material in patient samples, including bacteria, viruses, fungi, and parasites; may
be used in broad screening where diagnosis is unclear;

« mass spectrometry — identifies proteins and peptides in patient samples and
may be useful in diagnosis of waterborne pathogens (e.g., legionella);

« biosensors — highly sensitive and specific devices to detect specific pathogens
(e.g., Escherichia coli, salmonella) in patient samples in real time.

Access to safe water
Vulnerable water supply Implement risk management approaches throua water safety plans.

systems Identify risks to water safety and associated risks OT 1T e m— e.g., outbreaks).
Determine and validate control measures (e.g., water disinfection), reassess, and priori-
tize risk.

Consider the long-term impacts o pgrade plans accordingly.

Access to safe sanitatiop
Lack of access to or in- Implement risk management approaches throu ._‘

adequate sanitation climate-related hazards, assess existing control meas o
systems Identify and prioritize health risks from climate-sensitive WBDj
chain, from toilet to storage, conveyance, treatment, and e

Control highest risks along the sanitation chain with the use o

changes in management and operation, behavior change

regulatory measures..
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SANITATION SAFETY PLANNING

Step-by-step risk management for safely managed sanitation systems




Adaptive strategies addressing key
vulnerabilities of climate-sensitive WBD

Vulnerability

Marginalized groups and
Global South

Additional vulnerabilities

Key research gaps

In Central Asia, North and Centr® and other regions where cli-
mate data are not readily available (because of the lack of monitoring stations, infra-
structure, technology, financial resources, or technical expertise), generate evidence
base through technology transfer, capacity building, and financial assistance.

Develop tools (e.g., Quantitative Microbial Risk Assessment) to estimate risk of adverse
effect (e.g., infection, illness, or death from WBD exposure).

Predict risks of WBD under different climate change scenarios to better understand pos-
sible future impacts on disease burden.

Assess resilience of WASH-based interventions to climate hazards and their usefulness
in reducing the impacts of climate change on WBDs.

Generate evidence based on effects of climate change mitigation and adaatas

WBD risks.
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Conclusion

« Climate-proofing water treatment and distribution
systems, as well as our health care delivery systems, is
critical for preventing, preparing for, and managing
climate-sensitive waterborne diseases.

« Reducing waterborne diseases requires safe and equitable
access to water and sanitation for all segments of the
world’s population.

- It entails returning to basic public health principles,
ensuring climate resilience in water infrastruct
rapidly transitioning from our dependence on fo
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