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Water-related diseases 
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Cholera: A Global Disease 

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

approximately 7 million people 
Á .ŜƴƎŀƭ 5Ŝƭǘŀ ƛǎ ƪƴƻǿƴ ŀǎ άƴŀǘƛǾŜ 
ƘƻƳŜƭŀƴŘέ ƻŦ ŎƘƻƭŜǊŀ ƻǳǘōǊŜŀƪǎ 

Á Since cholera bacteria  
Á exist naturally in aquatic habitats 
Á 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.  
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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) 

 



Environmental Signatures Related To Cholera Epidemics  

Dan Zimble, ESRI Inc. 



Cholera and SST in the Indian Ocean 

0 0.6+ 

R2 

Six-month SST lead: R2 = 0.72 
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Fitted model 

Cross-validation model Constantin de Magny et al., 2008, PNAS 



Results 
Kolkata:  Significant and positive relationship between 

cholera and CHL(t) and Rain(t). 

Matlab:   Significant and positive relationship between 

cholera and Chl(t-1).  

KOLKATA 

+1 mg.m-3 in CHL(t) => +32.5% in number 

of cholera cases (95% CI 8.3%-62.0%)  

+1 mm.day-1 in Rain(t) => +6.5% in number 

of cholera cases (95% CI 1.6%-11.7%)  

MATLAB 

+1 mg.m-3 in CHL(t-1) => +31.4% in 

number of cholera cases (95% CI 13.0%-

52.7%)  

Constantin de Magny et al., 2008, PNAS 
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Location of areas in the Indus River Basin where cholera 

outbreaks were reported from 1875-1900.  
 



Relationship between cholera  

outbreaks and air temperatures 
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Theoretical framework for predicting cholera outbreaks in epidemic regions 
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Antarpreet Jutla, Elizabeth Whitcombe, Nur Hasan, Bradd Haley, Ali Akanda, Anwar 
Huq, Munir Alam, R. Bradley Sack and Rita Colwell. 2013. Environmental factors 
influencing epidemic cholera. Amer J Trop Med Hyg 89(3) 597-607 

Could we have predicted the  

Haiti Cholera outbreak? 
 
Á Recent cholera outbreak in Haiti indicated the disease remains a global threat.  

 

Á Framework for developing cholera prediction models in cholera endemic (ER) 

and non-endemic regions (NER) 

 

Á The sharp contrast in mortality rates between ER and NER exists not because 

we do not know how to treat cholera patients, but because of a persistent 

ñknowledge barrierò between ER and NER.  

 

Á We propose a pragmatic and adaptive framework which hypothesizes that 

convergence of three enabling situations - Inception, Environmental 

Conditions, and Transmission - are necessary for a cholera outbreak to become 

an epidemic.  
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Source and Distribution of isolates collected from Haitian outbreak 



Air temperature in Haiti in 2010 compared 

with historical air temperature data 

Monthly rainfall in Haiti in 2010 compared 

with historical rainfall data 



Source: The Institute for Genomic Research 
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Vibrio cholerae  
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Clinical Sample: 
ǒ 81 stool samples 

V. cholerae O1 41 samples 

V. cholerae Non-O1/O139 21 samples 

ǒ Both V. cholerae O1 and Non-O1/O139 have been isolated from 6 stool samples 

A. From Cange in the Central Plateau:  ca. 199 meters above sea level, is located near the 

Artibonite River. 

Å From the hospital: tap water, greywater , and a latrine sample 

Å From the school a latrine sample was also collected.  

Å V. cholerae non-O1/O139 were isolated from all samples, all are  ctxA negative (by PCR).   

 

B. From Jacmel in the Sud-Est Department in southern Haiti: 

Å Water samples were collected from community tube well, river, and ocean  

Å All samples were negative for V. cholerae by toxR PCR, 

Å Some presumptive V. alginolyticus were  isolated from these samples which showed 

positive bands of different size for ctxA and the O1 rfb by Hoshino PCR.   

 

C. Surface water samples from the south of Haiti, Grand'Anse, Nippes, and Sud. 

Å V. cholerae non-O1/O139 have been isolated and are currently being investigated. 

Environmental Sample: 
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Ç 10 Haitian strains (red) form a cluster cloud, distinct and yet, distant, from CP genomes (concurrent 
epidemic isolates form different parts of the world) (blue) and others (green).  
 

Ç Interestingly,  one reference strain CP 1038 (from Zambia) genome falls into the Haitian cluster. 

Principal component analysis: 

The three-dimensional PCA projection plots based 
on divergence of average nucleotide identity 

Haitian Cluster Cloud 



Conclusion: 

Ç Genomic analysis of Haitian V. cholerae O1 strains has provided  evidence of: 

V a distinct VNTR genotype,  
V genetic polymorphisms of rstB and ctxB,  
V nucleotide (GTA) deletions in rstB,  
V an increased number (five) of ToxR binding repeats,  
V mutations in gyrA and parC gene, and  
V ŀ ƎŜƴŜǘƛŎŀƭƭȅ ǎƛƳƛƭŀǊ ǎŜǘ ƻŦ aD9Ωǎ ǎƘŀǊŜŘ ǿƛǘƘ ƛǎƻƭŀǘŜŘ ŜƭǎŜǿƘŜǊŜ 

 

Ç Core gene and SNP-derived phylogenies suggest, and PCA findings reinforce, that quite 
quickly, i.e., within a three week period early in the cholera epidemic, significant genomic 
diversity accumulated in the circulating population.  

Ç Genomic analysis provided evidence that two distinct Vibrio populations, V. cholerae O1 
and V. cholerae non-O1/O139, contributed to the cholera epidemic in Haiti.  

 

Ç Comprehensive genomic analysis showed: 
V V. cholerae O1 populations were clonal, resembling concurrent epidemic isolates 

from South Asia and Africa. 
V V. cholerae non-O1/O139 populations were not clonal but most probably serve as 

a reservoir for genomic and pathogenicity islands.  
 

Ç V. cholerae non-O1/O139 populations in Haiti harbor a genomic backbone similar to 
that of toxigenic V. cholerae O1 circulating in the Western hemisphere.  
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GENIUS Solution 

Å Software suite for analyzing WGS metagenomic sequence data 

ï Runs on a Linux server 
ï Remote client tool to conduct analysis, retrieve and visualize results (runs on desktop Linux, 

Windows, & OS X) 

Å Expertly curated genome databases available for 

ï Bacteria 
ï Viruses (DNA viruses and bacteriophages) 
ï Fungi 
ï Antibiotic Resistance 
ï Virulence Factors 
ï S. aureus (MRSA, MSSA) etc. 
 

Å Database is organized as a phylogenetic tree 

Å Types of markers 

ï Unique to the organism 
ï Shared with other neighboring organisms in the tree 
 

Å Provide identification at or near sub-species and strain level (natural concept) 
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Uses 
entire genome 

(tens of thousands of 
biomarkers) 



Ç Typically different strains of a species elicit different impacts, critical to human 
health or business.  

V Most E. coli are commensal, 
only some are pathogenic. 

Pathotypes: 

Serotypes: 

Lineages: 

Strain: 

ETEC EPEC EHEC EIEC EDEC EAEC 

Lineage I Lineage II Lineage I/II 

EC4501 

O157:H7 

Pathogens Commensal 

Escherichia coli 

VBenefits host by producing vitamin K2, 

VPrevents colonization of pathogenic bacteria 

Vcause serious food poisoning,  

V responsible for product recalls 

WHY IS STRAIN ID IMPORTANT?  

Among pathogenic strains:  

Severity of illness and/or 

economic impacts of their 

contamination varies greatly  
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ÇPathogen detection for 

health and wellness;  
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Çbiothreat and public health 
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Post-sequencing Bioinformatics Analysis of 
Clinical Specimens 
 Process: 

1. Transfer sample sequence data to the CosmosID GENIUS appliance 
server.  
 
 
 
 
 

2. Open GENIUS GUI for the analysis of sample sequence data: 
a) Load samples, 
b) Select sample(s), 
c) Run analysis 

 
3. At the end of the analysis, a report will be generated, which includes 

information on bacterial strains identified and their respective 
relative abundances 
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sequencefile.fasta 



Microbiome Analysis of Acute Diarrheal 

Patients Compared with Healthy Individuals 
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ETIOLOGY 

HMP 
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A SUBPOPULATION OF THE MICROBIOME IS OVER- REPRESENTED IN THE DIARRHEAL PATIENTS COMPARED 
TO HEALTHY INDIVIDUALS 
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PATHOGENIC  

STRAINS ONLY 

MULTIPLE PATHOGENS  CAN READILY BE IDENTIFIED FROM 

DISEASE PATIENTS 



|-----------HMP----------| 

THE POPULATION OF KOLKATA, INDIA MAY TOLERATE A SMALL NUMBER OF PATHOGENIC 

MICROORGANISMS THAT WOULD COMPRISE A DISEASE STATE IN WESTERN EUROPEANS 

IDENTIFIED 
BACTERIAL 
COMMUNITIES 
AT STRAIN 
LEVEL 

Known Enteric 

Pathogens 



FDA/UVA/CosmosID Hospital Biofilm Study 

Å Data ς NGS reads 

ï Biofilm samples collected from sink 
traps 

ï Single isolate samples cultured 
from patients 

 

Å Analysis 

ï Assembled isolate strains & 
incorporated into our database 

ï Ran GENIUS on all samples using 
both bacterial and antibiotic 
resistance factor (AR/V) databases 

ï NCBI BLAST search to check if AR/V 
factors are from plasmid(s) 
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Identification Resistant Bacterial Strains from Biofilms 

4/7/2015 38 
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Biofilms AR/V Factor Results ς Biofilms & Isolates 
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Milestone Technologies 

Year Algorithm Approach Algorithm Relative 
Speed 

1981 
Smith-
Waterman 

Global Sequence 
Alignment 

Exact matches and complete alignments. 
 
Hashes the query. 

1.0 

1988 FASTA 
Local Sequence 
Alignment 

Focuses on common sub-sequences (words) shared 
between  query and database sequences. 
 
Hashes the query. 
 

50x SWA 

1990 BLAST 
Local Sequence 
Alignment 

Focuses on high-scoring sub-sequences (words) shared 
between query and database sequences. 
 
Hashes the query. 
 

50x SWA 

2002 BLAT 
Local Sequence 
Alignment 

Hashes the database. 50x WUBLAST 

2006 ScalaBLAST 
Local Sequence 
Alignment 
 

Utilizes parallel processing 
 

4x BLAST 
using 50 

processors 
 

2013 
GENIUS® 

5VCE 
Probabilistic 

Matching 
Hashes the database. 

10,000X 
BLAST 
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