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Pandemics of the modern world
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Vibrios and their natural environment
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1965-1975 An early contribution of marine microbiology to
human health: Determination of the Vibrio cholerae life cycle

N ViBrio CHOLERAE — COPEPOD ANNUAL
CYCLE IN| THE ENVIRONMENT

Vibrio cholerae
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Cholera

* Acute water-related diarrheal disease

* Reported in ~50 countries
»  Affects >10 million people

* V. cholerae exists naturally
» New biotypes emerging
»  Will not be eradicated but can be
controlled with safe water Savaie SyTeis

watery diarrhea o

nausea/vomiting

dehydration

®
@
o

low blood pressure

Vibrio cholerae

rapid heart rate

persistent
vomiting _- muscle cramps

OGS

Electron Microscopy: Lupari, H., Long, D., Pope, R., Brumfield, K., and Colwell, [



PHYSICAL & CHEMICAL BIOLOGICAL CHARACTERISTICS
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Lobitz et al., 2000, PNAS Vol. 97, No. 4 pp. 1438-1443

Six-month SST lead: R2=0.72
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Environment Sensitive Cholera Hypothesis
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NASA ARSET — The Application of Earth Observations to Assessing Waterborne Disease Risk
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Real-time cholera
prediction for
Yemen

Reported cholera cases for this month of June 2017
(Source: WHO)
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Usmani, M., Brumfield, K.D., Magers, B.M. et al. Combating cholera by building predictive capabilities for pathogenic Vibrio cholerae in Yemen. Sci Rep 13, 2255 (2023).

https://doi.org/10.1038/s41598-022-22946-y



Current Operational Risk Prediction for Cholera
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scientific reports

Malawi Cholera Risk
June 26, 2023

‘W) Check for updates

OPEN Combating cholera by building
predictive capabilities
for pathogenic Vibrio cholerae
inYemen

Moiz Usmani?, Kyle D. Brumfield?3, Bailey M. Magers?, Juan Chaves-Gonzalez*,
Helen Ticehurst®, Rosa Barciela®, Fergus McBean®, Rita R. Colwell*? & Antarpreet Jutlal™

T T T T T T T
16°0'0"S 15°0'0"S 14°0'0"S 13°0'0"S 12°0'0"S 11°0'0"S 10°0'0"S

‘ n . l ADVANCING
GeoHealth AGU R,
EDITORIAL
10.1029/2022GH000681 o Hish
o
Predictive Intelligence for Cholera in Ukraine?
60 30 0 60 Miles

Moiz Usmani' 7, Kyle D. Brumfield?*? ', Bailey M. Magers', Anwar Huq>?, Rosa Barciela®,
Thanh H. Nguyen® *, Rita R. Colwell’>* (-, and Antarpreet Jutla'

17°0'0"S 16°0'0"S 15°0'0"S 14°0'0"S 13°0'0"S 12°0'0"S 11°0'0"S 10°0'0"S

33°00"E 34°00°E  35°00°E 36°0'0'E 37°00°E  38°00°E

Malawi

@j UNIVERSITY OF Herbert Wertheim College of Engineering
1 : - 1 1
% MARYLAND '

DEPARTMENT OF ENVIRONMENTAL ENGINEERING SCIEHCES

Jutla, Colwell, Hug, Usmani, Brumfield, et al. Geohealth . 2022 Sep 1;6(9):e2022GH000681. doi: 10.1029/2022GH000681. eCollection 2022 Sep.



Timeline of Cholera Prediction Model
Microbiological Field data Prevention and Integration of Microbiological,
Theory campaigns Earth Observations Field data, Earth Observations
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Non-cholera Vibrio spp. infections

» USA: 80,000 illnesses and hundreds of
d Infection from shellfish and
eaths p.a. water exposre

» 65% of cases are foodborne

Infection from shellfish

* V. parahaemolyticus consumption
» 95% of waterborne/seafood related @
deaths caused by V. vulnificus
* >50% case fatality rate for primary
septicemia
Wound
infection

Gastroenteritis

Infection from water exposure

Baker-Austin and Oliver, 2019. Trends Microbiol 28(1): 81-82; 15
Brumfield, K et al., 2021. Environ. Microbiol. 23:7314-7340



Vibrio spp. infections have increased in past decades

A) Vibrio spp. Infections; 1996-2019 B)

W All test methods | Culture-confirmed [l CIDT+ only
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Long-term

increase of
vibriosis in
Maryland
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V. cholerae

V. fluvialis

V. alginolyticus
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V. parahaemolyticus
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The Public health implications of climate variability

Guardian

Florida issues warning over flesh-eating & \
bacteria in wake of Hurricane Ian “NEW Sf o __555?&&; -
&he New Pork Eimes '_ et i
Hurricane lan Is Blamed for Deadly L e 4%
TIME Bacterial Infections in Florida sy e
Flesh-Eating Bacteria Cases Are Rising in e
. . o 130 mph 4,
Florida After Hurricane Ian M
|l
FLESH-EATING BACTERIA IN FLORIDA ‘\
SO FAR THIS YEAR . . .
A rare but dangerous flesh-eating bacteria is

infecting Florida residents

65 CASES | 11 DEATHS

OF VIBRIO VULNIFICUS [l FROM VIBRIO VULNIFICUS

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

FLORIDA DEPARTMENT OF HElLTH: AS OF FII'IDI‘I‘ .E

R Gt

FL Department of‘H’é'a'I'th—ﬁGtober 2022 19



Hurricane Milton Impacts

o

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.

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 ‘
20

NASA ARSET — The Application of Earth Observations to Assessing Waterborne Disease Risk




Climate warming and increasing V. vulnificus infections in North America

Eastern USA (1988-2018)

» Wound infections increased
8-fold

» Northern case limit shifted
northwards ca. 50 km p.a.

Latitude
W w

Source: Archer et al., 2023. Sci Rep 13, 3893
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What Pathogenic Vibrio spp. Are in the USA?

Dominant Species of Vibriosis Cases From 2010-2019
Composition of Vibriosis Cases by Vibrio spp.
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Shewanella oneidensis MR-1

}+

100

Phylogenomics of Vibrio spp.

* |solated V. parahaemolyticus and V. vulnificus
» Also detected in water and oyster samples via PCR

* Whole genome sequencing
» Strain level characterization: Multiple sequence types
» ldentified ARGs, VFs, and MGEs

S« UNIVERSITY OF
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Lessons from Vibrio for other infectious diseases

Environmental parameters

- Seasonal effects

- Extreme weather events
- Ocean currents

- Temperature

Climate change

‘Adaptation ,

WASH & Early warning

* | - Precipitation
Impact - Seal level

- Salinity

- Dissolved O,

_ pH

- UV-light intensity

Infectious diseases ——

Mitigation

Impact

Transmission
Route
- Water -
- Air Emergence, distribution, &
- Vector prevalence

Pathogen
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Predictive Intelligence System for Water-borne
Pathogens Using Earth Observations




Impacts of Environmental Variability on Waterborne Pathogens
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Vibrio Prediction Hub COVID-19 Prediction Hub

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

coastal communities under current and changing environments Airborne Pathogen Observatory

GeoHealth & Hydrology Lab at the University of Florida GeoHealth & Hydrology Lab at the University of Florida

https://vibrio-prediction-ufl.hub.arcgis.com https://covid-ufl.hub.arcgis.com

] Cholera Dashboard by the Geoteaith & Hydrology Lab at University ofFlorida
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