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Overview

e Application of molecular tools for
surveillance

— Event based and policy based

e Brief overview of tools available

e Application of sequence typing and
modelling for surveillance of a zoonoses

— Manawatu sentinel site
— Space-time indicators (event)
— Source attribution (policy)




Infectious disease:
need for molecular tools
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e Pathogen characterisation, detection and diagnosis
(present)

— Tracking outbreaks, surveillance

e Origins and ecology (past)
— Evolutionary biology / population genetics

e Emergence (future)
— ldentify obstacles to prevention and treatment
e AR, vaccination.

— Risks and evolutionary trends — ‘phylodynamics’

e Where (geographically, hosts species), when, and in what form
will pathogens emerge
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Use of molecular tools for surveillance

e Event /Control-based surveillance

— |dentify common source
e Indistinguishable genotypes

— Clonal, amplifying organisms
— PulseNet, food chain, VTEC 0157, Salmonella.

e Genotypes indicating common source or
pathway
— Source/pathway signature
— Host associated genotypes
— Non-clonal, non amplifying, mixed genotypes
— Campylobacter, MLST
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Use of molecular tools for surveillance

Policy /Strategy-based surveillance

— Source attribution
e /oonoses
e Wildlife reservoirs (FMDv buffalo/impala)
— Vaccination
e Monitoring of epidemic strains (FMDv)
e Response to vaccination (MeNZB™)
— Emergence
e Time of emergence
— Invasion
e Vector surveillance, multiple vs single incursion
— Estimating R, from population expansion
e H1N1 outbreak
— Compliance / trade
e NMD




Molecular tools (genotyping)

Tools for measuring ‘relatedness’
— Same/different/relative -
polymorphisms

— Based on mutation (mistakes) and
recombination (horizontal gene
transfer, phage..)

e PCR (Polymerase chain reaction)

— Random or specific genes/sequences (AFLP,

MLG)
— SNP analysis (RT assays)
— Binary genomotyping, VNTR
e RFLP (Restriction fragment length
polymorphism)
— Whole genome (PFGE)
— Individual genes (flaA typing)
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Molecular epidemiology - tools

e Hybridisation techniques
— Microarray.....
e Sequence analysis
— Single genes / sequences
— Multilocus sequence typing
— Whole genome comparisons




What makes a good molecular tool for
surveillance?

e Good typeability (proportion that can be typed)

e Discriminatory

— Optimum level of discrimination depends on setting (lumping and
splitting, event and policy based surveillance)
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Discrimination:
Next generation
sequencing of two
‘indistinguishable’
strains

Over 100 core
genes with
SNPs +
insertions
and deletions

Pooled DNA
for SNP
identification?

NC 002163
1461481 bp
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What makes a good molecular tool for
surveillance?

e Good typeability (proportion that can be typed)

e Discriminatory
— Optimum level of discrimination depends on setting (lumping and
splitting)
e Epidemiologically useful
— ldentifies host association
— Pathway association (food vs direct contact)
— Informs choice of vaccine
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What makes a good molecular tool for
surveillance?

e Good typeability (proportion that can be typed)

e Discriminatory
— Optimum level of discrimination depends on setting (lumping and
splitting)
e Epidemiologically useful
— ldentifies host association
— Pathway association (food vs direct contact)
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— Informs choice of vaccine
e Rapid, inexpensive
e Comparable and portable

— YATM?
— International databases




International databases

comparison)
— PulseNet

e F. coli
e Campylobacter

— MLST

e Oxford website
e Neisseria

e Streptococcus
e Bacillus
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e |nternational initiatives (harmonisation,
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PubMLST

Home

Software
Bio-Linux
Web tools MEW

Downloads and
links

Databases

cereus
fetus
heiveticus
Jefuni & <. coli
fari
upsaliensis
tropicalis
pylori
pheumoniae
eisseria
Feruginosa
agalactiae
uberis
valnificus
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General

Mirror sites:
Primary | NZ1 |
UKl | UKZ

Search and site
map

The Campylobacter MLET database has undergone re-organisation to split allelic profiles from isolate
data. The original MLST database has becorne PubMLST and a new profiles database has been created.
Further details about the database structure can be found here,

Information
Access main databases
0 Allelic Profile/sT Database
O PubMLET Isolate Database
Policy document
Subrission of data
Mews and updates

mistdbhet software

Other software

Relsted links

Recent publications using MLET in Campylobacter research

The use of this database is subject to the terms of the policy docurnent and it should be acknowledged in
all publications that make use of it. The preferred format for the acknowledgement can be found in the

right-hand sidebar.

website and database manzged by Keith Jolley, curated by Kate Dingle.

The primary Camppiobacter jajuni MLST website is hosted at The Peter Medawar Building for Pathogen
Research, University of Oxford, UK. Initial development funded by the Wellcome Trust.

Citing the
database

The preferred format for
citing this website in
publications is:

This publication rmade use
the Campylobacter jejunt
Multi Locus Sequence Typi
website (http://pubmlst.or
campylobacters) develope
by Keith Jolley and Man-
Suen Chan and sited at th
University of Oxford (Jalle
et al, 2004, BMC
Bioinformatics, 5:86). The
developrnent of this site h
been funded by the
wellcome Trust,

Related
databases

<. fatus

<. helveticus
< lart

. upsaliensis

Status

Profile database
Profiles: 1480
Last updated: 2005-05-19

Isolate database
Isolates: 2850
Last updated: 2005-05-19
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Application of molecular tools for
the surveillance of
campylobacteriosis
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— |dentifying and characterising outbreak events

e Common source?

— Source attribution
e Microbial subtyping / source tracking

e Applying molecular tools, population genetics and
epidemiological modelling to inform public health
policy

e NZFSA funded
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Manawatu sentinel surveillance site

e Collaboration between:
— MedLab Central
— Public Health Unit
— Human health surveillance unit: ESR
— Regulator: NZFSA
— Industry body: PIANZ / suppliers
— Dairy and sheep farmers
— Regional council
— Institutes at Massey University




Manawatu study 2005-2009

e Sentinel site (4 yrs)




Numbers of samples/isolates:

C. jejuni
Human 520 (770 samples)
Poultry 562 samples 75% +ve
Red meat 1312 samples 12% +ve
Ruminant faeces 278 samples 58% +ve

Env. Water 335 samples 30% +ve
Wild bird 192 samples 13% +ve

March 15t 2005 to Feb 29t 2008
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Multi Locus Sequence Typing

e PCR highly conserved genes
e 7 housekeeping genes

e Use allelic variation to describe
subtypes: pg

— ST =sequence type — unique
pattern of 7 alleles

— Clonal complex = group of related
STs identified by progenitor ST

— Website: Oxford University
http://campylobacter.mlst.net
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Host associated sequence types in NZ

Ruminant associated
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Application of MLST and modelling[E

Event-based surveillance

e |dentify space-time cluster in ‘real time’

— SatScan
— Knorr-Held and Richardson model

e Type samples from outbreak (+controls)
— Indistinguishable?
— Common source (ruminant, poultry)?
— Common pathway (food, water..)?




Spatio-
temporal
modelling

/

meshblocks




o
=2
=
L}

Te Kun
ki Piirehuroa

Spatio-temporal modelling

Add space-time interaction
term for ‘epidemic indicator’
model




Appropriate spatial resolution?

>9000 meshblocks in Auckland)

Census Area Unit Water supply regions
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|dentifying potential
outbreaks in water
supply regions




Known outbreaks
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Outbreaks identified by model




MLST

Genotype clusters

— Poultry and cattle associated
Some use but not really
discriminatory enough?

— Add flaA SVR

Not rapid enough with current
resources

— Not ‘real time’

— 2-3 weeks

More useful for understanding
epidemiology

— Spatial models combined with MLST

lsolate
HY T8
H7 82
HY 79
H7a0
H7 85
HE05
H783
H7 86
H781
H794
H792
HYTE
HE03 D
H798
HE01
H795
H791
H7 88
HY &7
HE04

Region

Tararua

Tararua

Tararua

Tararua

Palmerstol
Palmersto
Palmerstaol
Palmerston
Palmersto
Palmerstol
Palmerston
Palmerstol
Haorowhent
Haorowhent
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Horowhent
Horowhen

Date

05-Aug-08
12-Aug-08
05-Aug-08
12-Aug-08
12-Aug-08
19-Aug-08
12-Aug-08
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12-Aug-08
05-Aug-08
19-Aug-08
19-Aug-08
19-Aug-08
19-Aug-08
12-Aug-08
12-Aug-08
12-Aug-08
19-Aug-08

ST

CC
36 45
50 21
53 21
61 61
52 52
130 21
403 403

436 U/A

436 U/A
474 45
474 45
474 43
a0 21
&0 21
61 61
130 21
130 21
130 21
130 21
3733 61
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Need for good epidemiological data
EpiSurv, PHU
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Application of MLST and modelling

Policy based surveillance

e Source attribution
— Proportional similarity

e Area of overlap

— Dutch model

e Simple deterministic assignment

— Hald model

e Bayesian model assignment with uncertainty

— Island model

e Population genetics approach




Proportional Similarity Index (PS)
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The PS estimates the area of overlap between the frequency
distributions of e.g. bacterial sub types from different sources.

Human “Bovine”
origin origin
Proportional Lower Upper
Comparison source | Similarity index 95% CI 95% CI
Poultry 0.51 0.45 0.55
Cattle 0.35 0.28 0.40
Sheep 0.30 0.24 0.34
Water 0.15 0.08 0.20
Wild bird 0.10 0.06 013 |

FFFFFFFFFF
rrrrrrrrr



Island model (Wilson et al 2008)
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Population genetics approach

Genealogical method based on
‘coalescent’

— Cross-validation

Use MLST data in animal populations
(“islands”) to estimate:
— Mutation rates

— Recombination rates

— Migration rates (inter-host transmission)
From these estimate ‘migration’ into
human population

— Source attribution




Source attribution

e
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Modelling post intervention change in
attribution
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N=670 human cases

Poultry
g Bovine

Dynamic Hald model




Conclusions

Molecular tools advanced in recent years
— From RFLP - Next generation sequencing

— Need to consider many factors (discrimination, typeability,
portability....)

Modelling tools — recent advances and applications
Important element of infectious disease surveillance

— Event/control and policy/strategy based
— Many applications

Multilocus sequence typing played important role in
local and national control of campylobacteriosis
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