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Prophage accounts for PFGE variation
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SNPs and InDels inform Evolution
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Isolate epidemiology
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The 2010 Earthquake and Cholera Outbreak in
Haiti

On January 12, 2010, a catastrophic 7.0 magnitude earth-
quake struck Haiti, affecting 3,500,000 people [1,2]. This
severely damaged an already marginal public sanitation erm,
creating ideal conditons for outhreaks of major infectious
diseases. In October 2010, nine months after the earthquake, an
outhreak of cholera started, which quickly spread all across the
country [3]. As of January 7, 2014, 8,534 deaths and 697,256
cholera cases have been reported by the Haitian Ministry of
Public Health and Population [4]. Prior to 2010, there was no
reported history of cholera in Haiti, despite devastating
outhreaks in the Caribbean region in the 19" century [3].
Many wondered where the cholera in Haiti came from. Two
hypotheses as to its origin were presented. The climatic
hypothesis argued that nonpathogenic Vibrio choleras, indigenous
in the coastal waters of Haiti, was given the right environmental
circumstances and evolved into a pathogenic strain [6]. On the
other hand, the human transmission hypothesis suggested that
cholera was introduced to Hait by individuals infected in a
foreign country.

Cholera and V. cholerae

Cholera, cansed by V. cholerae, 15 a disease characterized by very
severe diarrhea and dehydration, which can lead to death in less
than 48 hours if left untreated. Cholera is treatable through oral
rehydrarion salt solutions, intravenous fluids, or antibio
depending on severity [7]. Ingestion of contaminated water is
the main vehicle for human infection. The principal virulence
determinant is the potent cholera toxin, encoded by the ctcdB
genes on the bacteriophage CTX¢ [8] found in toxigenic V.
cholerae genomes. The toxin, together with other virulence factors,
leads to the harmful effects of the V. dioleras infection (Figure 1)
These auxiliary virulence factors are encoded in custers of genes
called genomic islands, which are acquired by environmental J.
cholerae through horizontal gene transfer [9] (Figure 1). It is also
important @ note that infection can be asymptomatic, and these
cases play a major role in the ransmission of the disease [10]. 17
cholerae is of major public health concern because of its potential
to cause pandemics. Seven such pandemics have been recorded
since 1817, when cholera first spread beyond the Indian
subcontinent, all presumably caused by V. diolerae belonging to
the O'1 serogroup. V. dioleras of the dassical biotype dominated
the previous six pandemics and was replaced by the El Tor
biotype in the currently ongoing seventh pandemic, which
originated in Southeast Asia in 1961 [7]. In 1992, a new
serogroup of V. dholeras, 0139, was first identified after causing
cholera epidemics in India and Bangladesh [11]. Cholera has
been eliminated from industrialized countries by efficient water
and sewage treatments but not in les-developed countries with
poor water sanitation.

PLOS Pathogens | www.plospathogens.ony

Initial Studies Support the Human Transmission
Hypothesis

Rumaors spread on October 27, 2010, pointing blame for the
outbreak at the United Nations Stabilization Mission in Haiti
(MINUSTAH) troops from Nepal who had recently set up camp
in Meille, a small village 2 km south of Mirebalais (Figure 2A).
This followed revelations by news reporters showing improper
sewage waste disposal in the camp [12,13].

The stool samples collected by the Haiti National Public Health
Laboratory from cholera patients at the start of the outbreak were
sent to the Centers for Disease Control and Prevention (CDC) for
analysis. On November 13, the CDC reported that V. diolerae El
Tor O] was isolated from the samples and independent isolates
were indistinguishable by multiple rapid phenotypic and molec-
ular characterization methods, suggesting that a single strain
caused the outhreak and was likely introduced into Haiti in one
event [14].

A study by Piarroux and colleagues made use of all available
epidemiclogical data, checking hospital records, doing field
and applying statistics for spatiotemporal analysis, to
trace the source and spread of the outhreak [15]. The findings of
their investigation confirmed the news reporters’ daims. Based on
all gathered evidence, they put together a likely scenario — the
MINUSTAH camp contaminated the Meille tributary with fecal
matter by their unsanitary practice of sewage drainage, and the
Meille wibutary connects downstream to the Latem River that
goes through the town of Mirebalais, the site of the first reported
cholera case [16]. The Latem River eventually connects to the
Artibonite River, the longest as well as the most important river
that spans Haiti (Figure 2A). The movement and spread of cholera
in the early onset of the epidemic was closely linked to proximiry
with the Artibonite River.

surveys,
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Outbreak Isolates Sequenced
(9 Total)
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Core gene phylogeny
With Hendriksen et al.
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Canada’s GRDI Interdepartmental Pilot Project
for Food & Water Safety

Isolation-Detection Information Generation

H

Food & Water
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Bioinformatics

Developing an integrated analytical system for ‘omic data querying & visualization
Establishing a national enteric bacterial pathogens database

Delivering novel detection platforms

Modernizing source attribution & risk assessment methods



NML PHG Program
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IRIDA: $1.5M over 3y
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€6M over 5y, WGS for Disease Surveillance
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GRDI FWS Platform

. WGS database system and application
ontology for infectious disease genomic
epidemiology

. Bioinformatics tools and pipelines for
analysis of WGS data

. In silico typing tools and linking of WGS
data to microbial sequence typing
databases

. Training

™

open source



IRIDA Platform Expansion

IRIDA: Integrated Rapid Infectious Disease Analysis

1.56M, 3 year Genome Canada Large-Scale Applied
Platform Grant

SFU / BCCDC / PHAC-NML / Dalhousie

Expands the GRDI platform to include additional
epidemiology and pathogenomic analysis functionality,
and additional training

Implementation in provincial public health labs
Training
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Ontologies and Data Standards
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SNP Phylogenomics




Genomic Island Detection

Pseudomonas aeruginosa LESB58 chromosome

=
o

s )]
<
|
|

5, L\

http://www.pathogenomics.sfu.ca/islandviewer



Phylogeography
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Microbial In Silico Typing (MIST) Pipeline
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Global Microbial Identifier

ABOUT GMI PEOPLE WORKGROUPS NEWS & EVENTS CONTACT

Global Microblal Identifier

6th Meeting on GMI

The purpose of the meeting will be to
determine a path forward for how to
establish a globally distributed system
and follow up on previous meeting:
Read more about the meeting

Work Group 4 survey
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What is to be gained
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proficiency testing programme by
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