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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. 



Map of Chesapeake Bay –
beginning of the cholera 
chronicle



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



The culprit – Calanus copepod host





Work begins in Bangladesh in 1975

Dan Zimble, ESRI Inc.



Villagers in Bangladesh collect filtered water in the same pond used for bathing



G. Constantin de Magny

Bangladesh Model of Cholera source 
and Transmission





Cholera and SST in the Indian Ocean 1985 - 2000
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Six-month SST lead: R2 = 0.72

Lobitz et al., 2000, PNAS Vol. 97, No. 4 pp. 1438-1443



What is reported about cholera and 
macro-scale processes?

Cholera outbreaks have been linked to environmental and climate 
variables

precipitation (Hashizume et al. 2008)
floods (Koelle et al., 2005)
river level (Emch et al., 2008)
sea surface temperature (Colwell, 1996; Lobitz et al., 2000)
coastal salinity (Miller et al., 1982)
dissolved organic material (Worden et al., 2005)
fecal contamination (Islam et al., 2006)
chlorophyll  (Lobitz et al., 2000, Magny et al., 2008)



Theoretical framework for predicting cholera outbreaks in epidemic regions



West Virginia University
Civil and Environmental Engineering

2001: Lobitz’s chlorophyll-SST study

1996: Colwell’s coastal vibrio hypotheses

2013: Classification of  
modes of cholera

2015: Prediction of cholera possible: Prototype 
models

Oceans and Human Health: Lessons from 
Cholera 

2018: First real-time cholera 
prediction model



West Virginia University
Civil and Environmental Engineering



Actual cholera in October 2015 
following Hurricane Matthew

Cholera in Haiti

Prediction of October 2015 cholera 
depending on Hurricane Matthew 

severity 
Khan et al.,  2018 ASCE JWRPM



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)



Epidemic Cholera 
• Sporadic outbreak 
• Usually occurs following floods or inundation of large landscapes 
• Warm temperatures may increase growth of bacteria in aquatic bodies. 

Prediction of October 2015 cholera 
depending on Hurricane Matthew 

severity 

Real-time cholera prediction 
for Yemen

(2017)



www.cosmosid.com

Proprietary CosmosID™



Identified       All Microbes

Raw Sequence Reads

Biological specimen Community DNA

GenBook Biomarker Matching

CosmosID AR/VF Database

TetR

CIPR

mecA
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Microbial Identification & 
Pathogen Characterization

CosmosID Database

DNA Sequencing

How it worksShotgun whole (meta)genome sequencing



Strain is the Clinically Informative and Actionable Unit
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Microbiome Analysis of Acute 
Diarrheal

Patients Compared with Healthy 
Individuals

pre-publication results



@ 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



Microbial Community in Healthy vs Diarrheal Patients
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Crohn’s Disease and the Microbiome

• 1: Crohn’s data come from SRA Bioproject PRJNA46321 " Metagenomic Analysis of the Structure and Function of the Human Gut Microbiota in 
Crohn's Disease”

• 2: Healthy data come from SRA Bioproject PRJNA48479 “Human Microbiome Project (HMP) Metagenomic WGS Projects, deeper sequencing of 
the human microbiome samples: Production Phase”

Total n = 39

14 Crohns

8 Female 6 Male

25 Healthy

9 Female 16 Male



Species Enrichment in Healthy vs Crohn’s

Analysis provided by CosmosID



Water Safety
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Stepwise reduction of bacterial genera from MF to RO

Microfiltration (MF)

Reverse Osmosis (RO)

Relative Abundance—%



Viral Diversity

RO_biofilm

MF_biofilm

- Adeno virus branch - PMMoV

Q1 

- Pepper mild motile virus (PMMoV) 
- Adeno virus branch 

- Rhino virus branch  

- E. coli phage 

DNA
cDNA
both

Genera of virus and phage DNA & cDNA 

- E. coli phage 

Predominately bacteriophage identified in all 
samples



Distribution of antibiotic resistance genes (ARGs) and 
stepwise reduction of ARG’s in MF and RO-biofilms
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Is COVID-19 polymicrobial and systemic?

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

By Meredith Wadman, Jennifer Couzin-
Frankel, Jocelyn 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

https://www.sciencemag.org/news/2020/04/how-does-coronavirus-kill-clinicians-trace-ferocious-rampage-through-body-brain-toes


Identification of Bacteria and Viruses 
Present in Respiratory Samples in which 
SARS-CoV-2 has been Detected



SARS Cov-2 viral RNA has been detected in 
48.1% of stool samples

Cheung et al., (2020). Gastrointestinal Manifestations of SARS-CoV-2 Infection and Virus Load in Fecal
Samples from the Hong Kong Cohort and Systematic Review and Meta-analysis. Gastroenterology. Pre-Proof 



Positive Stool Samples Detected After 
Respiratory Sample Tested Negative 

During Recovery

Wu Y, Guo C, Tang L, et al. Prolonged presence of SARS-CoV-2 viral RNA in faecal 
samples. 2020 The lancet Gastroenterology – hepatology. Volume 5, Issue 5, 434 - 435



COVID-19 tracking in wastewater 
underway



Results from Frederick, Maryland sites



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



A Simple, Sustainable 
Method for 

Reducing Cholera









Full Study

0.00
0.20

0.40
0.60

0.80
1.00

1.20
1.40

Control Sari Nylon

Test Group

C
as

es
 o

f C
ho

le
ra

 P
er

 1
00

0 
Po

pu
la

tio
n
Full Study

Control NylonSari

Test Group

C
as

es
 o

f C
ho

le
ra

 P
er

 1
00

0 
Po

pu
la

tio
n

1.40

1.20

1.00

0.80

0.60

0.40

0.20

0.00



Collaborators and Colleagues
ICDDR,B

• Dr. Munir Alam
• Dr. David Sack
• Dr. M. A. Salam
• Dr. A.S.G. Faruque
• Dr. Peter Kim Streatfield
• Dr. Carel van Mels
• Mr. Sarker M. Nazmul Sohel
• Dr. Mohammad Yunus
• A.K. Ashraful Aziz
• Dr. M. Imadadul Huq
• Dr. Sirajul M. Islam
• Huda Khan
• Rezaur Rahman

NICED, Kolkata, India
• Dr. Balakrish Nair
• Dr. T. Ramamurthy

University of Maryland
• Kyle Brumfield
• Daniela Ceccarelli
• Sittipan Chayanan
• Arlene Chen
• Nipa Choopun
• Jafrul Hasan
• Anwarul Huq
• Christopher Grim
• Guillaume Constantin de Magny
• Chenyang Jiang
• James Kaper
• Erin Lipp
• Valerie Louis
• David Maneval
• Tonya Rawlings
• Janie Robinson
• Estelle Russek-Cohen
• Paul West
• Young Gun Zo
• Norma Brinkley
• Jennifer Papp Newlin
• Victoria Lord



Collaborators and Colleagues
• Richard Atwell, England
• Brad Lobitz, NASA Ames
• Louisa Beck, NASA Ames
• Byron Wood, NASA Ames
• Phyllis Brayton, NIAID, NIH
• Jongsik Chun, Seoul, Korea
• Ana Gil, Lima, Peru
• Jay Grimes, Univ. of Southern Mississippi
• Sunny Jiang, Univ. of California
• Tatsuo Kaneko, San Diego
• L. Lizaragga-Partida, Mexico
• Huai-shu Xu, China
• Norma Binsztein, Argentina
• Crystal Johnson, Louisiana State University
• Carla Pruzzo, University of Genoa, Italy
• Tom Brettin, Los Alamos National 

Laboratory
• Antarpreet Jutla, University of Florida
• Menu B. Leddy, Essential Environmental 

and Engineering Systems
• Joseph A. Cotruvo

• Nell Roberts, Louisiana State University  
• Betty Lovelace, NCI/NIH
• Minnie Sochard, Catholic University,

Washington, DC,  USA
• Irma Rivera, Univ. of Sao Paolo, Brazil
• R. Bradley Sack, Johns Hopkins    

University, School of Public Health
• Fred Singleton, Gainesville, Florida
• Miguel Talledo, Lima, Peru 
• Jack Dangermond, ESRI, Redlands, CA
• William Davenport, ESRI, Redlands, CA
• John Calkins, ESRI, Redlands, CA
• J. Glenn Morris, University of Florida
• Ron Taylor, Darmouth, College, NH
• Matt Luck, ISciences, Burlington, VT
• Thomas Parris, ISciences, Burlington, 

VT
• Ric Ciccone, ISciences, Burlington, VT
• Fred Zimmerman, ISciences, Burlington, 

VT
• Linda Zall, Office of the Chief Scientist



Collaborators and Colleagues

Dr. Anwar Huq, 
Research Professor
University of MD,
College Park, MD

Dr. Nur Hasan
Chief Science 
Officer,
CosmosID, Inc.
and
Adjunct Professor,
University of MD
College Park, MD 

Dr. Antarpreet Jutla, 
Associate Professor, 
University of Florida
Gainesville, FL

Dr. Seon Young Choi, 
Visiting Scientist,
University of MD,
College Park, MD



Courtesy of GB Nair, NICED, Kolkata, India

Safe water is a global challenge






