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Summary

Salmonella enterica is a global health concern because of its widespread association
with foodborne iliness. Bayesian models have been developed to attribute the burden
of human salmonellosis to specific sources with the ultimate objective of prioritizing
intervention strategies. Important considerations of source attribution models include
the evaluation of the quality of input data, assessment of whether attribution results
logically reflect the data trends and identification of patterns within the data that
might explain the detailed contribution of different sources to the disease burden.
Here, more than 12,000 non-typhoidal Salmenella isolates from human, bovine, por-
cine, chicken and turkey sources that originated in Minnesota were analysed. A modi-
fied Bayesian source attribution model (available in a dedicated R package), accounting
for non-sampled sources of infection, attributed 4,672 human cases to sources
assessed here. Mast (60%) cases were attributed to chicken, although there was a
spike in cases attributed to a non-sampled source in the second half of the study pe-
riod. Molecular epidemiological analysis methods were used to supplement risk mod-
elling, and a visual attribution application was developed to facilitate data exploration
and comprehension of the large multiyear data set assessed here A large amount of
within-source diversity and low similarity between sources was observed, and visual

exoloration of data provided clues into variations driving the attribution modelling
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Evidence in Practice — A Pilot Study Leveraging Companion
Animal and Equine Health Data from Primary Care Veterinary
Clinics in New Zealand

T Petra Muellner'*, T Ulrich Muellner’, { M, Carolyn Gates’, | Trish Pearce’, |fly Christina Ahlstrom’, [ Dan O'Neill, | Dave
Brodbelt: and || Nick John Cave®

oa Lrd, Wellngton, New Jesland
J 3nd Biomedical Scrences. Massay University, Paimersion North, New Zesland

Mew Zealand

“Thie Reryal Vietarinaey Collage. Hat

Veterinary practitioners have extensive knowledge of animal health from their day-to-day observations of elinieal patients. There
have been several recent initiatives to capture these data from electronic medical records for use in national surveillance systems
and clinical research. In response, an approach to surveillance has been evolving that leverages existing computerized veterinary
practice management systems to capture animal health data recorded by veterinarians. Work in the United Kingdom within the
VetCompass program utilizes routinely recorded clinical data with the addition of further standardized fields. The current study
describes a prototype system that was developed based on this approach. In a 4-week pilot study in New Zealand, clinieal data on
pr ion reasons and di from a total of 344 patient consults were extracted from two veterinary clinics into a dedicated
database and analyzed at the population level. New Zealand companion animal and equine veterinary practitioners were engaged
to test the feasibility of this national practice-based health information and data system. Strategies to ensure continued
engagement and submission of quality data by participating veterinarians were identified, as were important considerations for
transitioning the pilot program to a sustainable large-seale and multi-species surveillanee system that has the eapacity to securely
manage big data. The results further emphasized the need for a high degree of usability and smart interface design to make such a
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Connecting data and
epidemiology with people

User interfaces: information dashboards, infographics ...

New data sources
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Case studies from our work

APPLIED OUTPUTS THAT WORK IN THE REAL WORLD

Our multi-disciplinary expertise allows us to create a variety of outputs that are not only accurate, but also tailored to the

audience. Converting abstract data or information into accessible and well-presented media is a passion of ours.

=
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Data Visualisation Online Applications
We use our team of developers, We design and develop web and

designers, and scientists to mobile applications to make your

visualise data in new ways. projects accessible to a wide and

varied audience.

LHE=

Scientific Reports Supporting Media
We write, review and assess We design and develop media to
scientific reports. support your projects including

booklets, posters, motion graphics,

infographics, and video tutorials.
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Driven to Discover

TOOLS /sau1

Interactive Teaching Tools for Epidemiological Analysis

GET STARTED

E' Powered by Epi-interactive

© University of Minnesota, 2017 Disclaimer




AR TOOLS /sav1 Ezm & About Contact

n

A

Genetic Analysis Optisample™ Beta Network K-Test
Explore distance matrices, phylogenetic trees Optimize the strategy of sampling for each Performs network k-test on the
and nucleotide substitution models. farm in order to substantiate the freedom of epidemiological relevance of a network.

infection considering also the costs of testing.

Ei Powered by Epi-interactive

© University of Minnesota, 2017

Disclaimer



AR TOOLS / J\%i Contact

User Guide
Download a user
guide to walk you

Jiy Genetic Genetic Analysis i i
Analysis Nucleotide sequence data can be used to infer relationships between different oot
isolates, for example collected from different herds or in different years. You have Video Tutorial
the option to upload you own data or to use example data from a Porcine - ek tousn e
Reproductive and Respiratory Syndrome Virus outbreak. Select the data source in tutorial
v Data @ the left panel of the page. A preview of the selection is provided below.
© Use example data
@ Upload your own Preview data
data
Attributes summary

« Isolates (53)

o RFLP (5): 144, 164, 173, 174, 184

« System(5): A, B,C D, E

« Year (6): 2003, 2006, 2007, 2012, 2014, 2015

Cross tablulate attributes
Select attribute for row

» Explore Outputs




v Explore Qutputs

@ Distance matrix
@ Neighbor joining tree
© Maximum likelihood tree

Select which model to
use

© Use best model with
lowest AIC

@ Choose a different
model

Choose style

Choose color of tip label

RFLP -

Choose tip style
© Dotonly
@ Isolate ID

Show scale

@ Add bootstrapping

= Generate output

Zoom
% &

Color of tip labelled by: RFLP

914 @64 @173 @174 @184
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Export Your Data
Export a CSV file of your
results.

Export a PNG image of
your results.

Export an NWK file of
your tree




New data sources

Muellner P, Muellner U, Gates M, Pearce T, Ahlstrom
C, O'Neill D, Brodbelt D and Cave NJ. Evidence in practice
— a pilot study leveraging companion animal and equine
health data from primary care veterinary clinics in New
Zealand. Frontiers in Veterinary
Science 3:116. doi: 10.3389/fvets.2016.00116, 2016.



New data sources — primary
care data

User Access

ﬁ uh %

Enters cases into practice Data is extracted nightly Users, e.g. vets and

Vet collects information :
management software in XML format researchers, access apps

IT System

Data is sent to the Database Cluster via SSIS

Application
S == - Server: apps

collects

- XML files Staging SQL Database: Data Screening Live Database: - from Live

used to collate data from Database: used to hosts data for Database
XML files validate data Application Server

v




v Vet I n‘te About Contact

Equine

Baseline statistics National data My practice data

Baseline Statistics
Top 3 presentation reasons Top 3 diagnosis
0 T ;
49 3 O 5 6 4 /0 1 | Wound - laceration Sigrificart increace 1 | Periodontal disease Significantincrasse gy
Clinics enrolled Total of patients Average coding rate in ; — o — — s
in Vetintel recorded thelastthreemonths | 2 | Traumatic episode Spranioes A& | | 2 |Aguredovergouth of cheek - Spdiantioes A |
3 Lameness - bilateral forelimb Mo significant change = . 3 | Solar penetration Na signifizant change =
Number of recorded visits per region Number of recorded visits  past 12 menths Age distribution
Key: O Total number of recorded visits Average age of patients: 4.5 years
024 LY in the past year: 1,579 visits
25-49 w
50-74 ¥
R 75-99 300 60
. 100-124
. 125-149 250 — ! 50
. 150-174 P : N -
. 175-200 Lo/ 700 P 40— [l ‘-( -
150 | —~ 30 | | )
.. wo4 S 20 ‘ | o —
/ | ‘
‘ 50— 10 ‘ J—
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 01 12 23 3-4 4-5 59 10-19 20-29 30.

ﬁ‘ With support from the New Zealand Equine Health Association IE‘ Powered by Epi-interactive

Copyright text and other important information




v Vet | n .t e About Contact

Equine
Baseline statistics National data My practice data
National data
Data type v
Select category: Dlagnogs
(O Presentation reason L
@) Diagnosis T
() Procedure Total of 1,386 patients
in the selected time period
() Vaccinations 300
: Category: Diagnosis
Select: 250
Laminitis Diagnosis: Laminitis
200 - = e N,
: Time range: 01-01-2016 =
Time ~ to 31-12-2016 150id / \\.
Choose time range: — / \
7 ; e E Time internal: Monthly .
01-01-2016 | to | 31-12-2016 100 — g =
Filters: Mone -— N 8 -y
Select time interval: ey ~
() Daily
O Weekly Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
® Monthly
Filters e Top 10 diagnoses Past three months Top 10 presentation reasons Past three months
Select breed: 1 Periodonital disease Sigrificantincresse gy 1 [ Wound - laceration A~
[ Aquired overgrowth of cheek teeth (sharp enamel points) Sigrificantincresse g . Traumatic episcde Signifiantincrenie iy
Select age range: 3 | Solar penetration Mo sigrificant change = 3 | Lameness - bilateral forelimb NosignFicantchange =
All 4 [ Cellulitis Significantincrease 4 [ Lameness Significant increase A
Select gender: 5 Inflammatory airway disease (IAD) Significant decreaze W 1 5 e o T
All | 6 [ Colic - spasmodic/undifferentiatied Sigrificantincrease o 6 | Lameness - left fore Sgnfiantincrease
7 White line dissase Mo significant change. = ] T -and - puncture Mo significant change = |
8 | Pyrexia of unknown crigin (PUO) Sigrificantincrease 8 . Wound Sgnificantincreaze
9 . Pregnancy - single Significan: decrease W ] 9 [ Pain - on eating/chewing Significart decreaze. W .
10 i ‘Wave mouth Sigrificans increase 10 . Lameness left hind Sigrificant increase A

With support from the New Zealand Equine Health Association | Powered by Epi-interactive




W Vetinte

Equine

Baseline statistics National data

My practice data

About Contact

Data type L
Select category:

() Presentation reason

@ Diagnosis

(O Procedure

() Vaccinations

Select:

Laminitis

Time ~

Choose time range:

01-01-2016 | to | 31-12-2016 |

Select time interval:
(O Daily

O Weekly

@ Monthly

Filters ~
Select breed:

Al

Select age range:

All

Select gender:
Al

National data

Diagnosis

Total of 1,386 patients
in the selected time period

Category: Diagnosis
Diagnosis: Laminitis

Time range: 01-01-2016
to 31-12-2016

Time internal: Monthly

Filters: Mone

Top 10 diagnoses

Periodental disease

[ Sclar penetration

Cellulitis
[ Inflammatory airway disease (IAD)
| Colic - spasmodic/undifferentiatied
White line disease

Pyrexia of unknown origin (PUO)

Lo B = I N ¥ I R T

[ Pregnancy - single

5]

Wave mouth

__t_' With support from the New Zealand Equine Health Association

Aquired overgrowth of cheek teeth (sharp enamel points)

Key:
0-24
25-49
50-74
75-99
I 100-124
. 125-149
. 150-174
. 175-200

Pastthree months
Significant increase
Sigrificant increase
Mo significant change
Sgrafizant inceaze
Sgraficant decreass
Sprificant incresze
Mo sigrifican change
Sigrificant increase
Sigrificant decrease

Significant increase

> >

L IE 1

> 4D

Top 10 presentation reasons
1 [ Wound - laceration
-Traumatic episode
. Lameness - bilateral forelimb
Lameness
Lameness - right fore
Lameness - left fore
.Woum:l - puncture
-Wound

Pain - on eating/chewing

O v @ v o0 b WM

Lameness left hind

Past three months

Significant incresce

>\»

Significant increase

ho significant change

Significant increace

Sigrificant desreaze

ALl

Significant

Increass

Mo significant change ==

Significan incresse

Sigrifican; decreate

SIRH

Significant incresse

E‘ Powered by Epi-interactive




... for vet clinics

v Vet | nte About Contact

Equine

Baseline statistics Mational data My data

My data - Waikato East Clinic

Top 3 presentation reasons Top 3 diagnosis
1, 54 6 1 02 640/0 1 | Wound - laceration Sigrificant increaze g | 1 [ Periodontal disease Significam increase
Visits in the last Total of patients Average coding rate in e = = . = —_— <
three months recorded the last three months 2 | Traumatic episode Significant increase iy | 2 | Aquired overg h of cheek ... Sanficantincmase g |
3 [ Lameness - bilateral forelimb  Mosgnificant change = 3 .“Solar penetration Mo significant changs = 1
Coding rate Weekly case load
The current coding rate is 64%
30
100%
25 — T T T T
80% |
0% W
. =
40% 10 T
20% —| ! )
5 —— -
L L 1 J - _
lan Feb Mar Apr May Jun Jut Aug Sep Oct Nov Dec Monday Tuesday ~ Wednesday  Thursday Friday Saturday Sunday

t-_ With support from the New Zealand Equine Health Association E i| Powered by Epi-interactive

Copyright text and other important information




Decision-support

o Royal o
ge::annary
+]
R e
;@j | I ]
Visually explore spatiotemporal trends in disease transmission and
improve your understanding of disease modelling.
Start the App
Which infecthon states would you ke to
Batail motel rype consider?
| Choose control strategy : ; % o
Define host population features - ! 3
8 different disease modeis Step-by-step parameter data vi lisati Table view and export options
selection

Muellner U, Fournie G, Muellner P, Ahlstrom C, Pfeiffer D. epidemix - an Interactive
Multi-Model Application for Teaching and Visualizing Infectious Disease Transmission.

Epidemics, In press, 2017.



Interactive & layering

Specify detalis of the model parameters below.

Select infection states to consider

Current ssiection

S.m.R

N s from

Femowed Ui are not repaced (COBeC DODUIIEON et

et nfo

Define host population features

Current seiection
Popuigtion sge « 100
Coned popuaton

L]

Define infection and transmission features

Current selection

Numoer of inflecisd LS a Start of SmuEton « 1
Dmdy Aumber of eflectve COTEACS Dar Unt = 0.4
Lengm of symptomanc infectious penod [daym « 10

it o

Choose control strategy

Current selection
Nore

RVC
i

Visualisaton Cata Table

= The graph shows the number of units in each infection state over time. The time s expressed in days on the x-axis.
Ciick on the infection states below 10 select or unselect them.
Roli over the lines to get the number of units per infection state for a given time.

@ Suscectivie
 Rermovec

 irfectedilatent) @ Rocoveres-rmmune

@ Vaconatec

Unas
5 B 8 8 8 8 3 B 8B 8

10 20 » &0 S0 [ M L] w0 00
Teme (cays)

powered by E' EM v s uen




Set simulation parameters

Current selection
Number of simuiations = 10
Length of a simulation (days) = 100
Number of trmesteps per day = 1

adt | info

Animation

S ——— S S S e e g - —— - g st e gy e et — - ——

units' infection states over the course of a simulation by pressing the play button (triangie at the right bottom of the slider).
Click to update the graph when changing a parameter in the left sidebar.

Show graph
Choose time (in timesteps)
1 57 100 Infection states:
@ Susceptivie
! Infected (lment)
» @ infectious asymptomatic
Infectious symptomatic
- Select a simulation by moving the slider ® Recovered
n 10 ¥ Removed
) @ vaccinated
2 =
L ] L]
L o4 L]
. ° A o
® . . e
P WS N2
£ L3 L)
o ® ‘ e ® ....
L] [ ] ®
° L 4 ° e o ’0 s o
3 ot ° ': *® e , 2 e
* L] L ] L ]
e L LY 4 ™ kS
© * L4 e @
[
L ] L] L
L]
e ®
™ Yo/ @ B
o L ]
8 4




Context-sensitive information

’% epidemix Which infection states would you like te consider?

Specify the sequence of infection states through which a host unit can pass:
» Susceptible [S]: The unit is free of the disease, but can be infected.

Current selection
Population size « 100

It all or soma infectious whits ane emoved from the population at the and thslr
infectious perod, you can decide whether;

Visuaisation Data Tabie « Infected (latent) [E]): The unit is infected, but incapable of trangmilting the
Select model type nfection
s Infectious and asymplomatic [la]: The unit is infected, capable of tranamitting
Deterministic Homogeneous COMP| - The graph shows the number of the infaction, but does not show chinical signs of the dissase,
Click on the infection states beic + Infectious and symptomatic [Is]: The unit is infected, capable of transmitting
Deterministic Homogeneous COMP Roll over the lines to get the nun the infection, and shows clinical signs of the disease.
Deterministic Heterogeneous COMP +« Recovered and immune [R]: The unit has recovered fram infection, is no longer
Stochastic Homogeneous COMP ° infectious, and has become immuna to the diseasea.
Stochastic Heterogeneous COMP ¥ Removed
" W you do not selact [R], infectious units will be remaoved from the population at the and
Stochastic Homogeneous IBM %0 of thair infectious period (e.g. an individual or an animal dying from an infection, a farm
Stochastic Heterogeneous IBM being depopulated following infection). H you select [R], you can specify the
Stochastic N IBM 80 propartions of infectious units ecovering and baing removed from the population:
Stochastic Soatial IBM 70 + All units recover: All infectious units will recover from infection and becoma
Removed units are NOt regx opulats d) immune at the end of thelr infectious period
o | (o % + Some units recover: Some infectious units recover from infection while other
g 50 urits are removed from the population (8.9. an individual or an animal dying from
an infaction, a fanm being depopulated following infection).
Define host population features N
0
20

Removed units are nat replaced in the population.
Removed units are immadiately replaced with susceptibla units.
Removed units ane replaced with susceptible units after a specified perod of
L] 10 \ {
. 2 e G I;:.:::] g. depopulated farms are authorized 1o repopulate after a downtime

:




6 HEALTH

Health data reporting

New Zealand Health Survey

Annual Data Explorer

December 2017

The Annusal Ciata Explores is 3n mmeractive 1ol for explanng New Zealand Heafth
Survey caa It presents ihe Eies! resulls by sex, 2ge. eMnic group and neghbourhood
deprivaton. 35 well 35 changes over ime. See Hep lop nght hand comer) for

mlormanan on how to use the Explorer

This secion prowicss miormation on egit &2y indcaiors (Ter 1
SICS] pSyChaiopnsl disTess Sefraed Neain unmet nesd for 2
5° goe o cost, unilied presonpion due 10 oSl obesdy  curent
SNGONG Jaslyedr ANNKIng and Razanoos dnnkng

New Zealand Health Survey

Explore topics

—_—
O s
T —

Ths sacton provkdes 3 summarny of resuls 1o each Bpic (e body
sze, memai healin) by sonvsy year | inoudes §nks 1o more cetaded
rfonmation for 2ach INdicator ncuoed unoer the opic

E Methodology

NewZealand Government

Explore indicators

/7

This section proviges cetaled information for €ach indcator {eg
wEQNE Nesight, chesity) B Acludes 2 Senes Of graphs and taes wih
resulls presentad by sex. a0= 2hnic growd neghboarhood
depraaton a5 well 25 COMpansans betwaen SULGROURS and ChRanges
OveEr e

il Download datasets




Choose a population

Adults (aged 15 yearsand ove v

Choose a topic

Self-rated health v

Choose an indicator

Excellent, very good orgoods v

Home About Help

Explore indicators

v/

Indicator: Excellent, very good or good self-rated health 4 Download
¢ Charts (zip)
Adults Indicator Definition: —_—
Topic: Self-rated health Adult respondents (aged 15+ years) are categorised as having good or
better self-rated health if they answered ‘excellent’, “very good’ or ‘good’ to
Full definition

Most adults reported that they were in good, very good or excellent health

Self-rated health is a widely used indicator of a population’s health status. Interviewers asked adults taking part in the survey whether they considered
their health to be ‘excellent, very good. good. fair or poor'. The term ‘good health’ means good, very good or excellent health. Ratings of fair or poor'...
More information

Prevalence / mean = ‘ ‘Subgroups comparison = ‘ ‘Changes over time B

Time series
The prevalenoe was This chart presem:s UnadJUStEd results; that is, the prevalence estimates reflect the actual
8 8 2¢y percentage of the population affected in each time period.
- o

which is an estimated

3,379,000
adults

—o %95 5

2006/07 2008/09 2010111 201213 2014115 201617




Subgroups comparison o Age distribution

This chart gives comparisons by sex, ethnic group and

neighbourhood deprivation. Adjusted ratios above 1 mean the 30%
indicator is more likely in the group of interest than the

comparison group; adjusted ratios below 1 mean the indicator is

less likely.

Men vs women

Adjusted *
ratio 1 '22

Maori vs non-Ma

Adjusted *
ratio 2'59

Pacific vs non-Pacific

Adjusted *
H- ratio 1 '47

Asian vs non-Asian 15-17 18-24 25-34 35-44 45-54 55-64

e Adjusted
ratjilcj)S i 0-40* Age group (years)

Most vs least deprived

Adjusted *
- ratio '3 '27

An asterisk (*) indicates that the adjusted ratio is statistically significant.




Infographics

* Providing a visual summary of  LONGITUDINAL SAMPLING

technical reports, strategies...  SlhrramoUm®

23 beef cattle at Charles Sturt University's
Beef Farm, Wagga Wagga, NSW, Australia

Teeted negative fur &£, col M5

e Lots of fun to make and often e
what people remember

Each cow sampled 3%, sampled 2x a week S Tusin postiv o sassigman £ e 0187

FADDOCK1Pmmfm=( 7 Nov 2012 (n=24 days) PADDOCK 2 From & - 25 Nav 2012 (n=18 days)
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Why are we struggling?

e Its complicated!
e Easy is hard
* Forest for the trees




Let go of the “Wolpertinger model”

* Don’t need “web-programming-
epidemiologist-designer-
veterinarians”

e Things are getting way to complex!

 In-depth collaboration /
multidisciplinary approach needed
* Need connectors
« Can be painful




Conclusion

e Try out new ways to communicate research

“We have interesting stories, beautiful information and
above all information that holds the key to improving
human and animal health and well being — let’'s do a
better job at getting the message across.”



Thank you for listening
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