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Pandemics of the modern world

Cholera COVID-19



Vibrios and their natural environment

Brumfield et al. 2021, Env Micro



1965-1975 An early contribution of marine microbiology to 
human health:  Determination of the Vibrio cholerae life cycle



• 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

5Electron Microscopy: Lupari, H., Long, D., Pope, R., Brumfield, K., and Colwell, R.

Cholera



FIRST MODEL FOR TRANSMISSION OF 
VIBRIO CHOLERAE FROM THE 
ENVIRONMENT TO HUMANS (1975)







Cholera and SST in the Indian Ocean 1985 - 2000

0 0.6+

R2

Six-month SST lead: R2 = 0.72

Lobitz et al., 2000, PNAS Vol. 97, No. 4 pp. 1438-1443
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Environment Sensitive Cholera Hypothesis
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West Virginia University
Civil and Environmental Engineering

Real-time cholera 
prediction for 

Yemen

Risk estimated on May 30th, 2017 
for June 2017 

Reported cholera cases for this month of June 2017 
(Source: WHO)

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



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

Malawi

Current Operational Risk Prediction for Cholera
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2020s

• Viable But 
Non 
Culturable 
(VBNC) 
Bacteria

1970s
1980s

Timeline of Cholera Prediction Model

Field data 
campaigns 

1990s 2000s 2010s

• Real time 
cholera 
prediction

Microbiological 
Theory 

• Temperature, 
Precipitation, 
Salinity and 
Aquatic ecology

• Characterization 
of Serotypes (0139)

• Epidemic/Endemic 
Cholera

• Four-week 
Predictive 
Prototyping

Integration of Microbiological, 
Field data, Earth Observations

Prevention and 
Earth Observations 

• Exploration of 
data from 
satellites for 
linking with 
cholera 
outbreaks

• Sari Filtration 

• Temperature, 
Precipitation, 
Salinity 
(Vibrio spp.)

• Dose response 
established 

1960s



Non-cholera Vibrio spp. infections
 USA: 80,000 illnesses and hundreds of 

deaths p.a.
 65% of cases are foodborne

• V. parahaemolyticus
 95% of waterborne/seafood related 

deaths caused by V. vulnificus
• >50% case fatality rate for primary 

septicemia

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



Vibrio spp. infections have increased in past decades

Brumfield et al., 2021. Environ Microbiol 23: 7314-7340



Long-term 
increase of 
vibriosis in 
Maryland

Morgado, M.E., Brumfield, K.D., Mitchell, C., Boyle, M.M., Colwell, R.R., Sapkota, A.R., Increased 
incidence of vibriosis in Maryland, U.S.A, 2006–2019. 2024. Environmental Research (2024), doi: 
https://doi.org/10.1016/j.envres .117940.



Increased vibriosis in FL

18Brumfield et al., 2023. mBio 14 (6), e01476-23 
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Public health implications of climate variability

Sep 2022

FL Department of Health: October 2022
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And when we thought we had enough --- Hurricane Milton happened

Hurricane Milton Impacts 



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.

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



Phylogenomics of Vibrio spp. 

• Isolated V. parahaemolyticus and V. vulnificus
 Also detected in water and oyster samples via PCR

• Whole genome sequencing
 Strain level characterization: Multiple sequence types
 Identified ARGs, VFs, and MGEs

Brumfield et al., 2023. mBio, under review



Lessons from Vibrio for other infectious diseases
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Predictive Intelligence System for Water-borne 
Pathogens Using Earth Observations
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Impacts of Environmental Variability on Waterborne Pathogens

Ocean 
Warming

Increased 
Salinity 
Variability

Ocean 
acidification

Ocean 
Deoxygenation

Increased 
Precipitation 
Extremes

Increased 
Nutrient Runoff
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Jutla*, Colwell, Huq, Usmani, Brumfield, et al.
*Contact: antar.jutla@essie.ufl.edu

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

May 2023 March 2023

mailto:antar.jutla@essie.ufl.edu
https://vibrio-prediction-ufl.hub.arcgis.com/
https://covid-ufl.hub.arcgis.com/
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