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Pandemics of the modern world

Cholera COVID-19
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Cholera: A Global Disease

 Acute water-related diarrheal disease
 Seventh pandemic started in 1960s
 Occurs in more than 50 countries affecting 

approximately 7 million people
 Bengal Delta is known as “native 

homeland” of cholera outbreaks
 Since cholera bacteria 
 exist naturally in aquatic habitats
 evidence of new biotypes emerging, 

it is highly unlikely that cholera will 
be eradicated but clearly can be 
controlled by provision of safe 
drinking water. 

6



7



Map of Chesapeake Bay –
beginning of the cholera 
chronicle
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1965-1975 An early contribution of marine microbiology to 
human health:  Determination of the Vibrio cholerae life cycle

9



Vibrio and their natural environment

Brumfield et al. 2021, Env Micro
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G. Constantin de Magny

Bangladesh Model of Cholera source 
and Transmission



Drug resistance profile of V. cholerae O1 from 
environmental sources (Mathbaria 2010-2014)

Rashed et al. 2017, Front Microbiol
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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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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)
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Identified       All Microbes

Raw Sequence Reads

Biological specimen Community DNA

GenBook Biomarker Matching

CosmosID AR/VF Database

TetR

CIPR

mecA
ctxA

Microbial Identification & 
Pathogen Characterization

CosmosID Database

DNA Sequencing

How it worksShotgun whole (meta)genome sequencing
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WGS

What WGS provides

Species ID

Genomic variants
(acquired genes, mutations

)

Phenotypes (antibiogram)

Identification of 
AMR determinants

Epidemiological tracking

Strain subtyping

Surveillance database

Get actionabl
e information

Know the 
enemy

Understand 
to respond

properly

Treatment decision

Antibiotic susceptibility tests 
(MIC, IZD, …)

MALDI-TOF

Non-WGS subtyping
(MLST, T-RFLP, …)

Non-WGS AMR genotyping
(PCR, …)

Standardized protocols
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Microbiome Analys is  of Acute 
Diarrheal

Patients  Compared with Healthy 
Individuals

pre-publication results
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@ 2% Surveillance (every 50th patient) at the National Institute of Cholera and 
Enteric Diseases (NICED), Calcutta, India

Study Phases Total # of 
Samples

Known 
Etiology

Unknown 
Etiology

Healthy 
Control

PHASE I 9 9 0 0

PHASE II 28 0 18 10

PHASE III 37 17 10 10

Study Cohort
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Microbial Community in Healthy vs Diarrheal Patients
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o Genes  which match at > 50% coverage
o HMP samples  had no genes  present which matched at this  level of coverage

Antimicrobial resistance prevalent in Indian population
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https://vibrio-prediction-ufl.hub.arcgis.com/
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Is  COVID-19 polymicrobial and s ys temic?

How does  coronavirus  kill? 
Clinicians  trace a  ferocious  
rampage through the body, from 
brain to toes

Meredith Wadman, J ennifer Couzin-Frankel, J ocelyn 
Kaiser, Catherine Matacic. Science, Apr. 17, 2020, 6:45 PM

https://www.sciencemag.org/news/2020/04/how-does-
coronavirus-kill-clinicians-trace-ferocious-rampage-
through-body-brain-toes
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Identification of Bacteria  and Virus es  
Pres ent in Res piratory Samples  in which 
SARS-CoV-2 has  been Detected

28



SARS Cov-2 viral RNA has  been detected in 
48.1% of s tool s amples

Cheung et al., (2020). Gas trointes tinal Manifes tations  of SARS-CoV-2 Infection and Virus  Load in Fecal
Samples  from the Hong Kong Cohort and Sys tematic Review and Meta-analys is . Gas troenterology. Pre-Proof 
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Pos itive Stool Samples  Detected After 
Res piratory Sample Tes ted Negative During 
Recovery

Wu Y, Guo C, Tang L, et a l. Prolonged pres ence of SARS-CoV-2 vira l RNA in faecal s amples . 2020 The lancet Gas troenterology – hepatology. Volume 5, Is sue 5, 434 
- 435
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COVID-19 tracking in wastewater in 
Maryland, USA, 2020-2022
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Wastewater surveillance
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Results from Frederick, Maryland sites, 2020



Case Study: Mount St. Mary’s University 

• Twice weekly sampling of dormitory 
effluent

• Covid spike triggered testing of 
individual students

• 221 students tested
• 10 positive 
• 9 asymptomatic 

• “It could have become quite a 
spreading event,” said Donna Klinger, 
a spokeswoman for the university

• Coronavirus positive students isolated 
and wastewater tests done twice 
weekly

20030 Century Blvd, Germantown, Maryland 20874
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SARS-CoV-2 (COVID-19)

https://covid-ufl.hub.arcgis.com/apps/covid-19-risk-map/explore
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Clustering of disease prevalence vs ambient air temperature

Usmani et al. 2022, AM J Trop Med Hyg

Warm regions Cold regions
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Hypothesis for environmental COVID-19 risk prediction

Usmani et al. 2022, AM J Trop Med Hyg
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Environmental 
COVID-19 risk 

prediction

Usmani, Brumfield,
Jutla, & Colwell; in preparation
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Expression of AMR in wastewater (RNA-seq)

Brumfield et al. 2022, mBio Vol. 13, No. 4, Microbiome Analysis for Wastewater Surveillance during COVID-19
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Distribution of antibiotic resistance genes (ARGs) and 
stepwise reduction of ARG’s in MF and RO-biofilms
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Detection of SARS-CoV-2 in wastewater
and predicted risk

Brumfield et al. 2022, under review
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Microbiome profiles of wastewater
(DNA metagenomics)

Brumfield et al. 2022, under review
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Prediction of coronavirus risk 

Left panel: Prediction made on April 24th 2020 and valid until May 14th, 2020. 
Right panel: Actual number of COVID19 cases during those three weeks: a 
heuristic prediction model developed in GeoHLab

, 2020 , 2020
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DEPARTMENT OF ENVIRONMENTAL ENGINEERING SCIENCES

https://covid-
ufl.hub.arcgis.com/
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Detection of SARS-CoV-2 in wastewater
and predicted risk

Brumfield et al. 2022, under review
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DEPARTMENT OF ENVIRONMENTAL ENGINEERING SCIENCES

https://covid-
ufl.hub.arcgis.com/
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“When one tugs at a single thing in nature, 
he (and she) find it hitched to the rest of the 
universe.”

John Muir
(1838-1914)
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QUESTIONS AND DISCUSSION
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THANK YOU FOR JOINING US!
Please check back on the SERC website for today’s recording 

and future SERC Talks information.
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