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Homework
Opens Month 3/27/2025 — Due 4/10/2025 — Posted on Training Webpage

A certificate of completion will be awarded to those who attend all live sessions and
complete the homework assignment(s) before the given due date.
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Environmental Engineering Sciences of Sustainable Infrastructure and

Co-Director, USGS Florida Water Environment, University of Florida
Resources Center, University of
Florida
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The Application of Earth Observations for Assessing
Waterborne Disease Risk
Part 2: Using Remote Sensing-Based Vibrios Predictive
Intelligence for Intervention and Mitigation



Part 2 Objectives

1. Recognize how satellite observations are used for prediction of waterborne diseases.

2. Recognize how satellite observations with in situ water quality data are integrated to develop
waterborne diseases using cholera as an example.
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Outline

«  Waterborne Diseases: The Impending Threat of Vibrios

« Vibrio cholerae: Lessons Learned From a Model Pathogen

« Art of Prediction

« The Cholera Risk Model incorporating NASA Remote Sensing Data
« Interpreting and Understanding Cholera Risk

« Lessons Learned and Future Applications in Florida
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Waterborne Diseases: The Impending Threat of Vibrios



Impacts of Environmental Variability on Waterborne Pathogens
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Hurricane lan Impacts

Spike in vibrio cases after Hurricane

o Ian

e

Guardian

Florida issues warning over flesh-eating, gy, new ork imes

bacteria in wake of Hurricane Ian Hurricane lan Is Blamed for Deadly
Bacterial Infections in Florida

Dangerous flesh-eating bacterial infections
increased in Florida after Hurricane lan

TIME

Flesh-Eating Bacteria Cases Are Rising in
Florida After Hurricane Ian 9 .




Hurricane Milton Impacts

And when we thought we had enough... Hurricane Milton happened.

NATION Vibrio vulnificus Add Topic +

Flesh-eating bacteria cases rise to
record level after hurricanes in
Florida

The bacteria can infect a person with an open wound, such as a cut, and can
cause the skin and soft tissue around the wound to quickly break down.

L

Liz Freeman, C. A. Bridges and Thao Nguyen USA TODAY NETWORK
Published 2:32 a.m. ET Oct. 22, 2024 | Updated 9:53 p.m. ET Oct. 22, 2024 .
10
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Increased Presence of WBD and Vibriosis

Number of Vibriosis Cases by Causative Vibrio spp. (1990-2019)
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What Pathogenic Vibrio spp. are in the USA?
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Temporal Trends in Florida: 2001-2022

Vibriosis trend Vibrio vulnificus trend
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Environmental Factors Influencing Vibrio spp.

« Sea Surface Temperature

« Precipitation

« Flooding

« Coastal Salinity

« Dissolved Organic Matter

« Chlorophyll — Proxy for Phytoplankton and Zooplankton

These environmental data are available from NASA Earth obbservations.
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Prediction of Vibrio spp. For Florida

Chlorophyll-a From PACE OCI
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Genomic sequencing and
microbiological sampling has provided
insights to the presence and abundance
of other pathogenic Vibrio spp.,
particularly in the United States.
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Advances in remote sensing of sea
surface temperatures, salinity, chlorophyl,
and phytoplankton make monitoring
coastlines and brackish waters more
feasible, helping to predict risk of vibriosis.
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Vibrios are autochthonous to brackish water!



Vibrio cholerae: Lessons Learned From a Model Pathogen



Cholera

® o @®

50 Countries 700,000 Cases 4,300 Deaths Hours
Impacted by Cholera Of Cholera in 2023 Of Cholera in 2023 The Length of Time
in 2023 Cholera can be Fatal if
Untreated
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Vibrio cholerae

Cholerais @
diarrheal disease
caused by
consumption of
contaminated
drinking water
containing Vibrio
cholerae, @
bacterium.

V. cholerae is
found in rivering,
estuarine, and
coastal
environments
and also
freshwater
ecosystems
globally.

V. cholerae is an
ecologically
significant
bacterium, and it
will never be
eradicated.
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Cholera is
caused by
consuming a
large enough
dose of V.
cholerae to
cause an
infection.




Timeline of Vibrio cholerae Studies

Microbiological Field Data Prevention and Integration of Microbiological,
Theory Campaigns Earth Observations Field data, Earth Observations
 Temperature, * Temperature, « Exploration of « Epidemic/
Precipitation, * Viable But Precipitation, Salinity data from Endemic
Salinity (Vibrio Non and Aquatic satellites for Cholera
spp.) Culturable ecology linking with * Four-week * Real time
» Dose response (VBNC) » Characterization of cholera outbreaks Predictive cholera
established Bacteria Serotypes (0139) * Sari Filiration Prototyping prediction
1960s 1970s 1990s 2000s 2010s 2020s
1980s
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The Art of Prediction



Prediction and Predictability

Intervention Poini(s) Intervention Point
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Week Week
Scenario A Scenario B

Schematic representation of the disease control measures implemented at
the beginning (Scenario A) and after the peak (Scenario B) of an outbreak,
and potential cases averted.
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Using Remote Sensing for Cholera

« Lobitz, Brad, et al. “Climate and infectious
disease: Use of remote sensing for detection of
Vibrio cholerae by indirect measurement.”
Proceedings of the National Academy of
Sciences, vol. 97, no. 4, 15 Feb. 2000, pp. 1438-
1443, https://doi.org/10.1073/pnas.97.4.1438
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https://doi.org/10.1073/pnas.97.4.1438

Cholera in the Indus River Basin
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Odds of cholera outbreaks during above average and below average temperature and pdds of cholera outbreaks during above average and below average rainfall and
l<:orrespc>nding odds ratio. corresponding odds ratio.

Jutla, AS., Whitcombe, E, Hasan, H., Haley, B., Akanda, A., Hug, A., Alam, M., Sack, B., Colwell, R. 2013. Environmental
factors influencing epidemic cholera. American Journal of Tropical Medicine and Hygiene, 89(3):597-607.
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Environment Sensitive Cholera Hypothesis

/ Normal or Low

/ Temperature

]

Data Source
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Water Security
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Pathogen Module
Growth Curves

}

Populaﬁon.ModuIe Environmental Module
Density UF Weighted Raster Air Temperature

Displacement Precipitation
placem: \ Algorithm (UFWRA) /
Age*
w R

Kenya Cholera Risk July 15 - August 11 A

Interaction Module _# —

Natural Disasters

Anthropogenic Disasters
Civil Status
WASH Module
Drinking Water
Sanitation
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Remote Sensing Data Used in Vibrio cholerae Model

. Data Spatial Temporal o e
Variable . . Availabilit
Product Resolution Resolution =l=illyy
Historic TRMM 0.25deg X 0.25 Dail https.//disc.gsfc.nasa.gov/datasets
Precipitation Data deg y /TRMM 3B42 Daily 7/summary
Recent 0.1 deg X 0.1 : https://disc.gsfc.nasa.gov/datasets/
Precipitation Data CPMIMERG deg Dally GPM 3IMERGDL 07/summary
Historic and .
0.5deg X 0.625 : https://disc.gsfc.nasa.gov/datasets/
Recent MERRA-2 Daily
deg M2SDNXSLV 5.12.4/summary
Temperature Data
SPElI Data ERAS 30 km X 30 km Monthly https://www.drought.gov/data-download
. ORNL
Population Data ~1 km X~1km N/A https://landscan.ornl.gov/
LandScan
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https://disc.gsfc.nasa.gov/datasets%20%20/TRMM_3B42_Daily_7/summary
https://disc.gsfc.nasa.gov/datasets%20%20/TRMM_3B42_Daily_7/summary
https://disc.gsfc.nasa.gov/datasets/%20%20GPM_3IMERGDL_07/summary
https://disc.gsfc.nasa.gov/datasets/%20%20GPM_3IMERGDL_07/summary
https://disc.gsfc.nasa.gov/datasets/%20%20M2SDNXSLV_5.12.4/summary
https://disc.gsfc.nasa.gov/datasets/%20%20M2SDNXSLV_5.12.4/summary
https://www.drought.gov/data-download
https://landscan.ornl.gov/

The Cholera Risk Model



Impact of Resilient WASH

July Cholera Risk
(@)

Damaged
WASH

Resilient
WASH

July Cholera Risk
(a)
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Pathogen analysis results by
UIUC confirm that proactive
response by the local
communities shortly after the
earthquake allow the
microbial community to
return to the pre-earthquake
condition.

Uprety et al, 2017
Earthquake Spectra; Uprety
et al, 2017 Frontiers in
Microbiology; Khan et al,
ASCE JWRPM, 2018



R May air temperature anomalies June precipitation anomalies

Nepal

« Khan, Rakibul, et al. “Evaluation
of risk of cholera after a natural
disaster: Lessons learned from
the 2015 Nepal earthquake.”
Journal of Water Resources
Planning and Management,
vol. 144, no. 8, 31 Aug. 2018,
hitps://doi.org/10.1061/(asce)wr
1943-5452.0000929.
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https://doi.org/10.1061/(asce)wr.1943-5452.0000929

Haiti

Khan, Rakib, Anwar Huqg, et
al. *Assessment of risk of
cholera in Haiti following
Hurricane Matthew.” The
American Journal of
Tropical Medicine and
Hygiene, vol. 97, no. 3,7
Sept. 2017, pp. 896-903,
hitps://doi.org/10.4269/qijt
mh.1/-0048.
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https://doi.org/10.4269/ajtmh.17-0048
https://doi.org/10.4269/ajtmh.17-0048

More Rain # More Cholera

Week 1: May 25-June 21 Low
Week 2: June 1- June 28 Low
Week 3: June 8- July 5 Low

Week 4: June 15- July 12 Low
Week 5: June 22- July 19 Low

gy
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Yemen

« Usmani, Moiz, et al. “Combating Cholera by Building Predictive Capabilities for Pathogenic Vibrio
Cholerae in Yemen.” Scientific Reports, vol. 13, no. 1, 8 Feb. 2023, hitps://doi.org/10.1038/s41598-
022-22946-y.

........
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Model Validation

100%
920% M Sensitivity M Specificity ™ Precision ™ Accuracy
80%
70%
60%
50%
40%
30%
20%
10%

0%



Drought Impacting Vibrio

We observed a few regional anomalies with our hypothesis.

In 2022, an outbreak occurred in Ethiopia that did not fall under the
conditions of our previous hypothesis or model.

Upon investigation, the region was experiencing a drought at the time
of outbreak.
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Modified Hypothesis for Extireme Events

o

Drought

Lower than
climatological
average precipitation
4 weeks previous
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of humans and Fibrio

cholerge due to water
insecurity

G WASH infrastructure

g ,
o 0 o unavailable or
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No Drought
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8 weeks previous

g0o

G WASH infrastructure
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Higher than
climatological
average precipitation
4 weeks previous

2/

Increased interaction
of humans and Vibrio
cholerae due to
increased
contamination of
walcr sources

36




Odds of Cholera Increase During a Drought

« Cholera Outbreaks are 3 times more likely during a drought.

«  When combined with our previous hypothesis, we found that the odds of a cholera outbreak are 3.5
times more likely during extreme climate events.




Updated Cholera Model

Ethiopia Cholera Risk December 4 - December 31

Two Scenarios: Drought or
Excess Rainfall

it
Exs

0 145 290 580 Kilometers
L 1 1 1 | 1 1 1 | - Low
© Copyright 2023 University of Florida Research Foundation, Inc. All Rights Reserved
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Interpreting and Understanding Cholera Risk



Threat Level = Risk Score + Rising/Decreasing Value

n Malawi Cholera Risk »
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Figure 3: Changes In the risk scores from previous week (In p age)
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What is Risk?

Values are on a
Scale of 0 to 1

High Risk

Medium Risk

Low Risk

0.3 > Risk = Low
0.5 > Risk > 0.3 = Medium
Risk > 0.5 = High

High chance of populations with insufficient or damaged WASH infrastructure interacting with
water contaminated with V. cholerae

Region will have cases of cholera greater than the spatial average of all cases

Chance of populations with insufficient or damaged WASH infrastructure interacting with water
contaminated with V. cholerae, but not likely

Willneed to monitor the region for the next 4 weeks
It implies that the region is one standard deviation below the spatial average of cholera cases

No or very low risk of cases of cholera
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Interpretation Disclaimers

Risk cannot be converted to number Model results are generally valid for
of cholera cases. the next 4 weeks, but week-to-week
variation should be taken with caution.
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Cholera Situation Awareness Reports

« Generated for a Particular Region — On request
currently

« New Regions: 10 days furnaround time
« Existing Regions: 3-5 days turnaround time

« Report produced every Monday/Tuesday

« Users can send comments, feedback, or
requests using email:
choleraprediction users@lists.ufl.edu
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SITUATION AWARENESS REPORT

Disease: Cholera

Country: Malawi

FORECAST VALIDITY PERIOD: June 12 — July 09, 2023
LEVEL OF THREAT: Low decreasing®

WHAT To Do: Activity 2*
*Please see Appendix D for details

The Cholera Prediction System Consortia

at

UF FLORIDA
@UNIVEILS%

THE

UNIVERSITY
OF RHODE ISLAND



mailto:choleraprediction_users@lists.ufl.edu

What actions should be taken for each level of risk?

WhattoDo [Details | Interpretation

Improve access fo WASH Immediate need to provide WASH and education for
Activity 1: collected and fested for At this point, if possible, collect water samples to
High Risk cholera bacteria (if possible) identify hot spots of the presence of cholera bacteria.
Medical intervention Medical intervention, with access to doctors and

hospitals prioritized.

Stable WASH Provide WASH and education, given the risk exists, but

Recommend collection of not at an alarming level.
Activity 2: water samples for cholera

Medium Risk  [YPNom0s At population centers, microbiological analysis of

water samples should begin.
Erepore for piigtelietel Medicines should be stockpiled for a possible outbreak.
intervention
Low cholera risk and an opportunity to develop
policies for sustaining WASH and education for the

community.

NS A Sustain WASH
Risk
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Lessons Learned and Future Applications in Eastern USA



)ashboard by the GeoHealth & Hydrology Lab at University of Florida
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Future Models and Prediction - Using PACE and Future Data Products

Salinity Sea Surface Temperature Phytoplankion

" -

- M/

<[
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Part 2

Summary



Summary

Vibrio Prediction

New technologies and
decades of research
have allowed for real-
time monitoring of
environmental
parameters associated
with Vibrio spp.

Lessons from our cholera
model and mitigation
projects have helped us
prepare for prediction of
Vibrio spp. in the US.
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Vibiriosis and enteric
pathogens are a threat
to human health, and
earth observation
satellites provide an
opportunity for
interventions
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The Application of Earth Observations for Assessing
Waterborne Disease Risk
Summary



Reviewed Common Waterborne Diseases

« Diarrhea: Caused by viral or bacterial infections from water & food. Can also result from food
allergies.

— Dehydration resulting from diarrhea can be life threatening, particularly to young children.
« Typhoid: Caused by Salmonella bacteria in water and food. Highly contagious.

— Regular outbreaks in Southeast Asia and Africa.

« Cholera: Caused by Vibrio cholerae bacteria from contaminated water and poor sanitation.

— Deadly if not tfreated immediately. Most prevalent in Southeast Asia, Africa, Haiti.
« Escherichia coli (E. coli): Caused by bacterial infection.
« Giardia: Caused by parasites infecting intestine. Found in waters worldwide.
« Hepadtitis A: Caused by Hepatitis A virus. It is a highly contagious liver infection.

« Polio: Caused by a virus that mainly affects the nerves in the spinal cord or brain stem.

— High-risk areas are Africa, the Middle East, and Southern and Central Asia.

hitps://www.mayoclinic.org/diseases-conditions/
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Identified Environmental Parameters Relevant for Inferring the
Presence of Waterborne Pathogens

« These factors affect survival, growth, and spread of pathogens (water-related illnesses):
— Water Temperature
— Precipitation/Flooding
— Nutrients and Chemicals from Agricultural and Industrial Runoff (Landcover, Soil Moisture)
— Chlorophyll/Harmful Algal Blooms
— Dissolved Organic Matter
— Sdlinity
— Solar Radiation
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Infroduced Satellite Missions and Earth System Models Relevant
for Disease Risk Prediction Models

Global and Regional
Landsat 8 & 9 SNPP. JPSS 1 & 2 Land Data Assimilation System (LDAS)

GPM

x10° (b) MERRA-2 observations

w

D

w
T

N
T

Observation Count

Sentinel-1

=
T

0 z :
1980 1985 1990 1995 2000 2005 2010 20

N Conventional AIRS W Geo IR I Heritage MW Precip
B Aircraft N AMV 8 GPSRO . (AS| . Sfc Wind
I Advanced MW i CriS Heritage IR m Ozone B SSMmi

MERRA-2: The Modern-Era Retrospective Analysis for
R rch and Applications, Version 2 (MERRA-2

NASA ARSET — The Application of Earth Observationsto Assessing Waterborne Disease Risk



https://ldas.gsfc.nasa.gov/
https://doi.org/10.1175/JCLI-D-16-0758.1
https://doi.org/10.1175/JCLI-D-16-0758.1

Reviewed Webtools to Search, Access, and Visualize Earth
Observation Data

Farthdata Search Worldview

<« G % search.earthdata.nasa.gov/search * O

EARTHDATA SEARCH  Finda

Search for collections or topics a

&

€ Loyers B Events & Data

N
Visually explore the past and the present of this dynamic planet from a

6 u = REFERENCE B satellite’s perspective. Select from an array of stories below to learn more
about Worldview (a part of NASA Earthdata), the satellite imagery we
1 Browse Portals o _ provide and events occurring around the world. Start using Worldview ©
=
Features A @ [Cosstines x
© Openstreetitap contributors
Available in Earthdata Cloud
Customizable & TG =
Map Imagery
Keywords &
Platforms ‘&
Instruments

Q

Organizations

Projects. a
(Corrected Reflectance (True Color)
Torrs/MODIS VeANRT

+ AddLayers | ¥ Group Similar Layers

Processing Levels.
Data Format

Thog Sysiam Harmonized Landsat Night Lights from NASA's
Sentinel-2 Assessing Floodwat Black Marble

Horizontal Data Resolution Start Comparison

Latency Do not show until a new story has been added.

V24482 - Sosrch Time: 135 - NASA Offciok: Stephen Berrick - FOIA - NASA

CYaN

EPA Cyanobacteria Assessment Network v« Q0%

9 My Locations @D Notifications 4 Waterbody Stats
. A

e

a Type: Weekly Reload Data Request Location Data

9 Discover. Connect. Follow.
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https://search.earthdata.nasa.gov/search
https://worldview.earthdata.nasa.gov/
https://qed.epa.gov/cyanweb/

Recognized the Use of Earth Observations in Vibrio cholerae
Prediction Model

Pathogen Module TRMM &
Growth Curves .. .
l Precipitation GPM
Population Module Environmental Module Data IMERG
. [l)enSITY t UF Weighted Raster Air Temperature
isplacemen ; Precipitati - -
Income* \ Algorithm (UFWRA) / recipitation Historic and
A *
. v i Terflzgf;hre MERRA-2
A Kenya Cholera Risk July 15 - August 11 A DO 'I'O
Interaction Module *
Natural Disasters — — SPEI Data ERAS
Anthropogenic Disasters - .
Civil Status T *Standardized Precipitation
WASH Module Evapotranspiration Index
| Drinking Water
S 1- 1» . . . o e
h NASA ARSET - The Application of Eqrth O ions to Assessing Onl ?Dilzr:mk ChO|erO predICTIOnS In NepO|I HOITI, Ond Yemen
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Vibrio Information

GeoHealth & Hydrology Lab at the University of Florida

Vibrio Prediction Hub

Vibrio Prediction Hub Cholera Dashboard ~ Archive ~ Malaria Cases  About

Vibrio Prediction Hub

A decision-making initiative for protecting human health and enhancing the resilience of coastal communities

under current and changing environments

GeoHealth & Hydrology Lab at the University of Florida

OUR PRIORITIES
Understand the Role of Humans in the Hydrological Cycle
We work hard to meet this goal by researching these key areas for a sustainable environment

O> NN

. Remote Sensing COVID-19 Pandemic
Water-borne Diseases

Cholera Risk Map

Use the interactive map below to explore Cholera risk
Click here to explore this map further
Map last updated August 26, 2024 at 6:00AM EST

=T == p— o 71—

Cholera Dashboard

Cholera Dashboard by the GeoHealth & Hydrology Lab at University of Florida

Last Updated (MM/DD/YYYY)
08/26/2024
Africa Risk Last Updated
(MM/DD/YYY)
08/26/2024

Africa Risk Map

Disclaimer
The University of Florida does not
make any warranties about the

provided on this map. Any action
you take upon the information
relating to the Map is strictly at
your own risk and the U y of
Florida will not be liable for any

Esri, TomTom, FAO, NOAA, USGS
Risk Map Pixel Map Africa Risk Monthly
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Powered by Esri

Afghanistan Weekly Risk Change
Kuran Wa Munjan: 127.98%
Wakhan: 77.20%
Washer: 76.61%
Khas Uruzgan: 68.70%
Reg(Khanshin): 64.54%
Chakhansur: 55.46%
Zaranj: 49.39%
Khash Rod: 48.40%
Chora: 47.40%
Garmser: 46.25%

]

Weekly Risk
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https://vibrio-prediction-ufl.hub.arcgis.com/
https://www.arcgis.com/apps/dashboards/61db2dcb2fe6470b972ceb85b633717b

Summary

Advantages and Limitations of Earth Observations:

A wide variety of open source and cost-free environmental data availability

Global, consistent spatial and temporal coverage; 10+ to 20+ years of data available
Webtools available for data search, access, and visualization

Different data sources with varying spatial and temporal resolutions

Data gaps due to swath widths

Missing data retrievals from optical images in the presence of clouds

In situ water sample data and disease incidence data are necessary for the development of
disease prediction models and their validation.

Both prolonged wet (floods) and dry (droughts) conditions impact interactions of humans with
pathogens:

Unsafe WASH conditions due to water insecurity (droughts)
Consumption of contaminated water (floods)

Increasing risk of vibriosis along the Southern and Eastern coasts of the US

NASA ARSET — The Application of Earth Observationsto Assessing Waterborne Disease Risk




Homework and Certificates

- Homework:
— One homework assignment
— Opens on 03/27/2025
— Access from the fraining webpage
— Answers must be submitted via Google Forms
— Due by 04/10/2025

« Cerlificate of Completion:
— Attend all three live webinars (attendance is recorded automatically)
— Complete the homework assignment by the deadline

— You willreceive a cerfificate via email approximately two months after completion of the
course.
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Contact Information

Trainers:

e  Amita Mehta
—  Amita.v.mehia@nasa.gov

 Dr. Antarpreet Jutla
— gutlo@ufl.edu

- Bailey Magers
— bmagers@uil.edu

Coordinator:

« Natasha R. Johnson-Griffin
Editors:

« Suzanne Monthie

« Jonathan O'Brien

Coordinators:
 Brock Blevins
e Sarah Cutshall

« Selwyn Husdson-Odoi

« ARSET Website

« Follow us on Twitter!
— @NASAARSET

« ARSET YouTube

Visit our Sister Programs:
« DEVELOP
« SERVIR
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mailto:bmagers@ufl.edu
https://appliedsciences.nasa.gov/what-we-do/capacity-building/arset
https://twitter.com/NASAARSET?ref_src=twsrc%5Egoogle%7Ctwcamp%5Eserp%7Ctwgr%5Eauthor
https://www.youtube.com/user/NASAgovVideo/playlists
https://appliedsciences.nasa.gov/what-we-do/capacity-building/develop
https://www.nasa.gov/mission_pages/servir/index.html

Resources

« GPM Health Appplications
« PACE Applications
« Waterborne Diseases: CDC
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https://gpm.nasa.gov/applications/health
https://pace.oceansciences.org/applications.htm
https://www.cdc.gov/healthy-water-data/waterborne-disease-in-us/index.html

Thank Youl!
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Activity 1

- High
300 600 Kilometers B Low 0

300 600 Kilometers
1

© Copyright 2023 University of Florida Research Foundation, Inc. All Rights Reserved

© Copyright 2023 University of Florida Research Foundation, Inc. All Rights Reserved

- Hiah
- Low
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E\j Turkana

\

Samburu

0 150 300 600 Kilometers
1 1 1 1 J

© Copyright 2024 University of Florida Research Foundation, Inc. All Rights Reserved

175 705
'kisii. Bomet

Narok

People Affected by Floods
<1000

1,000 - 10,000
10,000 - 20,000 Taita Taveta

>20,000 - 50,000 )
7 Kwale
>50,000

N
No Data \"-\/

0 150 300
1 1 1 1 1

600 Kilometers
L 1 ]

© Copyright 2024 University of Florida Research Foundation, Inc. Al Rights Reserved
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This time, Internally Displaced
People (IDP) data due to
flooding is given.
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Transportation Data

* Incorporating this data would help us
predict areas of greater population
movement,

« Could help inform at-risk individuals of
routes to lower risk areas.

Macharia, Peter & Mumo, Eda & Okiro, Emelda. (2021). Modelling
geographical accessibility to urban centres in Kenya in 2019. PLoS
ONE. 16.e0251624. 10.1371/journal.pone.0251624.

L. Turkana
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Hospital and Medical Facility Data

? healthSiteS.iO o<8 Blog About Map Country data How it works Share data Partners Donate Q =
T “rwor ~ i) ~ T =
l + I ( , 7N MTRY ! F V Shilz
k ] nMQm'\nw : . 5 .
A . ey N Gode kenya - 2409 healthsites

{ State.__

;I Eastern ‘ .—J-'

Equatorio

Number of healthsites per type Completeness of attributes

hospital
pharmacy

clinic

Jubaland A
EVpIEPeS \

x

Jilib, ;u,dg

dentist

99.8%

doctors

T T | |
0% 50% 100% [ complete [ partial M basic

Latest updates

15 July 2024 10:23:15- @Johnwhelan - Kuresoi Health center amended
13 July 2024 13:10:12 - @Johnwhelan - Murrihs pharmacy amended
13 July 2024 13:10:12 - @Johnwhelan - Murrihs pharmacy amended

12 July 2024 16:44:19 - @Johnwhelan - pharmacy amended
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Flood Data
’ ‘ w Kenya Meteorological Department

g g KMD
' i —\i - - 7 Day Cumulative Rainfall expected
y \ B 2
X > From 3" - 9 September 2019 " .
A 4N / . -
P L ) B /,r" %
] ¢ " by y
kK Turkana j S Mandera /.//
| >
\ 7
u 4
2° N
Wajir
0° 4
Garissa
b
N
N\
N
Tana River :
High 5
- Hig 75 < e
i . . Water Bodies T i
0 150 300 600 Kilometers B 0w | kenya_counties ] 4
| 1 1 1 1 1 1 1 J S !
[ <smm 4
© Copyright 2023 University of Florida Research Foundation, Inc. All Rights Reserved j F
: 5-20 mm { TataTaveta y
\ o
[ ]20-50mm g /
0 Qud \‘-\ OMOBIRL™
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 FeAld
B > 100mm 0 80 160 320 Km
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Thank You

Contact Us
Bailey Magers —
bmagers@ufl.edu

Aﬁ’rorpree’r Jutla -

tla@ufl.edu

Dr

©]1V;
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