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Veterinary Epidemiology — What iIs 1t?

 \Veterinary epidemiology Is concerned with the

ol wwem updaten

patterns and processes driving infection acroSs 'm s w  smsm—
. ] s | <,
animal populations. Ll *
L

“Concerned with quantifying risk, and forms an
evidence base for understanding and
controlling disease effectively.”




Veterinary Epidemiology
— how does it impact disease control?

 Works with different stakeholders to provide evidence base

Test performance
Biosecurity risk
Food chain risk

Evidence: _ Evidence: Evidence: /

Does a comm?erual How best can |
test work well” mitigate risk?

Should | be worried
about this product?




— how does it Impact disease control?

Veterinary Epidemiology

S

Food chain risk

Test performance m .
Biosecurity risk

Global efforts

transmMISSIONS (keeling et al. 2001)
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Global success Rinderpest (OIE)
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Veterinary Epidemiology — Bovine TB

Direct
transmission

/ | Cut transmission chains
— requires evidence and tools

Indirect
transmission

Intraspecific

transmission
v

Intraspecific
transmission

Interspecific
transmission




Veterinary Epidemiology — Bovine TB

Direct
transmission

Wildlife disease ecology

Immunology

Indirect
transmission

Intraspecific
transmission

Intraspecific
transmission

Environmental
microbiology

Diagnosticians

Interspecific
transmission

Molecular biology



Veterinary Epidemiology — Research base NI, the tools

Statistical modelling

. Mathematical modelling —

dFE ST
— =A— —oE - pE
10 dt N
dl
i oF — ul

Herd Immunity: How It Works GeoSpatlaI mOde”mg

Percent Vaccinated: 50%

i
i

Saowirey  Simulation modelling |

5k

People

Parcent Waccinated: 75% Percent Yaccinated: 0% Parcent Vaccinated: 85% 0 ] 15 30 45
r iy Sialiabian GATLSL F SRS, LRSS SMER e i T . = .7 f Weeks
1"?{‘1: &_Iq._z_?' - t** s g © g el 3 d i I I W — Susceptible — Infected Removed
s g ST e D IR s Sy e Lo . : :
SOl DRSS B litat demiol
Yer st SRR Qualitative epiaemiology
' ) -l - ".'.:. - :_..l At E ‘_' Y -
-.‘:.:ﬂ g % t,,. :# ol " oy - " L X -y X 0
P g Ay aiyten [y %, - P = . ¥ ky w
o, e e - " ! L) - “ . r Agri-Food and

Biosciences Institute *

* Infected = Unvaceinessd o Yaccnetsd



Veterinary Epidemiology — Research base NI, the
tools

- o 308
Statistical modelling

Mathematical modelling

Geo-Spatial modelling

< Simulation modelling

6251

.2l0gy = Research base NI, the



Veterinary Epidemiology — diagnosis

Anergic animals

/ = serological

— (antibody) tests

evaldiation

Tuberculin skin test

Gamma interferon
test (IFN-Y)

McCallan et al. 2017a & 2017b
Lahuerta-Marin et al. 2015, 2016,
2018 (in review)

|

]
I
I
]

I
I
’

Immune response

/ _ Increasing pathology

Time
Pollock and Neill 2002

Early /

responders




Veterinary Epidemiology — diagnosis

| I Two ‘flavours’ of ENFER test —
Ar:'e;gr'glﬁg'ir:js undertaken blind in ENFER labs
(antibody) tests (ROI)

Tuberculin skin test / « Enfer2ag (positive to either MPB70, MPB83

Gamma interferon

test (IFN-Y

" Antibody l antigens) or

AL
& \y response

I
1
I
1
[]
1

/ * Enferdag (positive to two from four of the

/ following antigens: MPB70, MPB83, Early
secretory antigenic target-6 (ESAT-6), Culture

/ filtrate protein-10 (CFP10))

/ o IDEXX — standalone kit, undertaken

Time v in-house: MPB70, MPB83 antigens

Assessment of “commercially available”
S e r O I O g I C al teS t S veterinary o Assessment of serological tests for diagnosis of bovine tuberculosis

(2017) 181,
(te as doi: L. McCallan, C. Brooks, C. Couzens, F. Young, ). McNair, A. W. Byrne

Immune response

Increasing pathology

10.1136/vr. 104272

Context positive- and negative-predictive values were also calculated
L WcCallan, Bovine tuberculosis (TB) remains a significant problem  pogy 14 e Resules
G Brauks. ford ially avail- Performance of serological antibody tests for bovine tuberculosis in cattle from
infected herds in Northern Ireland

There was strong agreement from the Enfer test result

¢ interpretations (x=0.85), and the Enter’lag and IDEXX
ment b erdag

. There differ-

McCallan et al. 2017a & 2017b =y

A W.Byme,




Veterinary Epidemiology — diagnosis

Anergic animals e Results

= serological . .
(anfiffo"d;g {‘;";‘ts « High specificity, but variable/low SE

Tuberculin skin test I

Gamma interferon %
test (IFN-Y) s

I
1
I -
>
I & 1
[]
1

Immune response

Increasing pathology

Time v

— especially when blood samples
taken prior to skin testing

Assessment of “commercially available”

serological tests

McCallan et al. 2017a & 2017b

4 N\
- ‘
l (1
| en INF-g & skin test used together
| 1
— |
' — serology testing was not disclosing !
' additional infected animals” '
\ |
\ ———————————————————————————————— /
CsHY i i
veterinary record - Assessment of serological tests for diagnosis of bovine tuberculosis @ . blo RX v
11111111 THE PREFRINT SERVER 108 BIDLOGY
( d L. McCallan, C. Brooks, C. Couzens, F. Young, ). McNair, A. W. Byrne
10TIB6/LI0NTE ext posiive:and negative-preficive values wete aso calulated
L McCallan, Bovine tuberculosis (TB} remains a significant problem Results Mew Resules
g' g::::ﬁ all re was strong agreement from the Enfer test result Performance of serclogical antibody tests for bovine tuberculosis In cattie from,
E.meg, ’ cre interpretations (x=0.85), and the EnferZag and IDEXX infected herds in Northern Ireland
J Mchair bt u:lag Lyanee MeCallan, Cathy Brooks, Catherine Cousens, Fions Young, Andree Byrne, Jim Mebisic
A W.Bym i doi: |ﬂ||)\'}-‘d<|l.|;w'|(\ I mmv.llna ) - e




Veterinary Epidemiology — diagnhosis

Early responders

LS R o SOITT Followed herds which retained

Immune response

T ! animals that were INF-g

I
1
I
]
]
(]

-------------- I positive, but SCITT negative

Gamma interferon

test [IFN-Y]

/ e Survival model

~ Increasing pathology l - 1107 IFN'g pOSItlve an|maIS

—— I from 239 herds

Time | 4

Assessment of INF-g to find early infection

e syt G ege E VETERINARY RESEARCH oot

R h in Vet y Si
Lahuerta-Marin et al ]
anueria arin et al. Should they stay, or should they go? @
Relative future risk of bovine tuberculosis
2 O 1 5 2 O 1 6 for interferon—gam ma test—positive cattle Risk factors for failure to detect bovine tuberculosis in cattle from
1 1 left on farms infected herds across Northern Ireland (2004-2010)

. ir in d s m A.J. Str

Dowell, Andrew W, Byrne ™




Veterinary Epidemiology — diagnosis

®
9,

INF-g+ animals were 2.3 times more likely to fail a
future TB test (p<0.05), than IFN-g negative herd-mates

J/
\_/

@ 18 months 22.6% for IFN-g positive animals versus 6.1% for IFN-g negative
animals had failed the SICCT

« Parallel use of SCITT and IFN-g tests together resulted in the least missed
Infections

Lahuerta-Marin et al.

Should they stay, or should they go? @

20 15 L 20 1 6 . Relative future risk of bovine tuberculosis

for interferon-gamma test-positive cattle
left




Veterinary Epidemiology — co-infection

Co-

infection

Endemic
pathogen
infection

» Co-infection can modulate immunological (e.g. D)
responses

e Impact on diagnostics
« Exacerbate infection diaghostics

(skin test or
lesions)

Some data on the potential impacts in bTB _bTB
infection

In all three pathogens of interest progression
e BVDV & spread
e Liver fluke

e Johne’s Disease Negaiive

eradication

&

. g
—— mverenan in the O
Rt Parasites & Vectors i i N e oyt B iy s
oy o nn g s MBS ORIGINALARTICLE WILEY SEEEERCTE S program Agﬂ Food and
s L ——— Biosciences Institute *
_— 5 Prevemive Vevariniary Medking \r.-i Modelling the variation in skin-test tuberculin reactions, post- Bovi berculasis visible lesions i o ®—
Liver fluke (Fasciola hepatica) infection in ® e L mortem lesion counts and case pathology in tuberculosis- uller:!edm - cﬁe:::shv Ikde * I'15h n cf?“ -\, 4
cattle in Northern Ireland: a large-scale exposed cattle: Effects of animal characteristics, histories and % ring reakdowns: the effects
of infection wi . i co-infection
{l ) at viy: i
- f ; N Aw. 20 | ) m' | € M. Guelbe: lo® | wwlermi
o e i J McNair® | R A. Skuce™ | A A

epidemiological investigation utilising of individual characteristics, trade
surveillance data nf




< Charoenlarp et al.
(in review)
Wageningen

Veterinary Epidemiology — co-infection
Infection

* Highlight spatial epidemiology
of BVD and Liver fluke

e Fluke — co-infection (N=6242)
associated with smaller TB lesions

* * ; P
[ﬁi Eﬁ' N Legend ' r
NI CORINE
e .
4 g F ! JL IR ex | CORINE code ] B 0 0 Kam
ol ot B i 3
. o g, |
1 s oy ,
i d; e : _"'r.‘ "| 4 2
p ' i 9 - ]
& P #
am ) l il .,‘ .. '- . & -l‘
L .. 4 oy P ¥
I-I" = i ag £

N'.h.u'-l-l
-
-l

- — I . .
== Sjze and lower lesion counts
=l « Co-infection reducing confirmation
‘=2 probability? Undermining skin test
<7l Interpretation?




<o \/eterinary Epidemiology — co-infection

Infection

* Retrospective animal-level assessment Johne’s disease co-infection
— “Avian reactors” — negative B-A tuberculin
— Confirmation (VL) probability vs non-reactors (b-a=0)

0.8

n E[)Jne}sem:e
0.

0.4

AN\

Probability of bTB visible lesio

B

0.0

| | | T T T
-20 Q 20 40 60 80
Bovine minus avian tuberculin reactions during bTB skin test

e Avian reactors higher risk of
being missed when infected
(n=6,242) reactors/NICs

Byrme ef ol BUC Veterinary Research (2017) 13400
DO1 101186/¢1 281741 71321 2 BMC Veterinary Research

Cosblask

Bovine tuberculosis visible lesions in cattle L
culled during herd breakdowns: the effects

of individual characteristics, trade

movement and co-infection




BER® \eterinary Epidemiology — co-infection

Infection

L L

30

 Avium reactions were also
higher for Johnes Disease
ELISA+ (p<0.001)

20
&+ &

*
*
L
*
L

Ll E A L R L L E R LELSE B KX

10

3

Skin test reaction size (mm)

MAP effects bTB diagnosis

<
¥
<
O
+

Lahuerta-Marin et al. unpublished



Veterinary Epidemiology — Movement networks

< Emma Brown, PhD
candidate QUB/AFBI

 Movement of animals is important for disease
Spread

« Movement can be modelled using social
network analysis — farms are “nodes”,
trade/moves are “edges” connecting nodes

AFBI working on visualising network & mapping

QUEEN'S O
UNIVERSITY Agfondand
BELFAST Ny




* Network modelling constitute a
‘big data’ challenge

* For example, 21,963,941
movements in the database for
6,154,451 cattle over the 10 year
period

Fraction of Nodes

0.24

0.08

0.08

0.04

Veterinary Epidemiology — Movement networks

I|I Power law distribution example
IIIIIIIIIIII"..IIIIIII RENEREEREE

“Not all nodes are equal'”
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Agri-Food and
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Veterinary Epidemiology — Chronic herds

“The majority of reactors in Northern Ireland come from a small amount of herd”

These herds are characterised as having long or recurrent breakdowns - chronic herds

Herds which have experienced a chronic breakdown 2003-2015

ovo We addressed two questions?
:Z;Tfi;na What risk factors are associated with
: “chronicity”?
< . Are there spatial clusters in space
A and time?

350000-

Chronic herd type
]
|

Milne et al. 2018a & 2018b (in review)




Veterinary Epidemiology — Chronic herds

Cluster EDD? -201 1

We addressed two guestions?

1. Are there spatial clusters in
space and time?

Answer: Yes!

Mapping of genotypic strains of
M. bovis suggested movement

from outside “home range” may
be important . b e

as.factor(EpisodeType)
® |In cluster {Chronic)
® |n cluster {Non-chronic)
® Mot in cluster {Chronic)

Mot in cluster {Mon-chronic)

oDvo

Armagh
Balhymena
Coleraine
Dungannon
Enniskillen
Larne
Londondsrmy
Newry
Newtownards

(Oimagh

qqqqqqqq

ong Milne et al. 2018a & 2018b (in review)

Purchasing strategy Is important for managing risk



Veterinary Epidemiology — Chronic herds

“A tool for further investigation” ‘

4 ‘\
(] = - ..
‘ ."T : g sey | e .
5, :*._..-"". i g
o :
172 o
)
L]
"

We addressed two questions?

1. Are there spatial clusters in
space and time?

Answer: Yes!

Mapping of genotypic strains of
M. bovis suggested movement
from outside “home range” may
be important




fhro,_.ri"}q'" Veterinary Epidemiology — Chronic herds

2. What risk factors are associated with “chronicity”?

Multiple comparisons (Estimate and conf. intervals)

Herd-size, buying-in, local prevalence, associated herds

Loess curve for badger_1 and patch prevalance

@

——

et e A It L e Dt NI e It (A0 NN b IO e H LN it 000 N L Lt OO0 JOH L LS
1 L R R R O I I I O D D O D I O O B D D R R D R e B D B D D O D B e e e R D D DR B AR AR )

%
3

, | Badger metrics? '
and partictar | R

20
|

15

TB patch prev

10

TB genotype

f=tel el tea B B R B Tata e e R UM UL U LI L R S SR S S SR PR PR L B e

Agri-Food and
Biosciences |nstitute *
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Veterinary Epidemiology — Wildlife

Direct

A research basis is fundamental to understanding and
potentially mitigating the wildlife risk

1. Establish effects of historic badger interventions

..")!' Indirect

transmission NR /A
2. Spatial and temporal variation in badger TB Intraspecific | . e -

prevalence transmission
3. Fundamental ecological studies to understand risk f',.'w'
— density and movement (T

Interspecific
o Ultimately, research can feed into mathematical W

and simulation models to test “what If” scenarios?

transmission

Intraspecific
transmission




ealien
THE SUNDAY TIMES

#  NEWS | SPORT BUSINESS COMMENT NEWSREVIEW CULTURE | STYLE

Welcome to your preview of the Sunday Times

NEWS

Badger culling a decade ago ‘still
reducing risk of bovine TB’

Byrne ef al. Veterinary Research 2014, 45:108

I vereamas seseance

RESEARCH Open Access

Risk of tuberculosis cattle herd breakdowns in
Ireland: effects of badger culling effort, density
and historic large-scale interventions

(mean) probability of herd breakdown
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Veterinary Epidemiology — Wildlife

1. Establish effects of historic badger interventions

e Large-scale
Intensive
Interventions can
have measurable
effects 10 years on




Veterinary Epidemiology — Wildlife

2. Spatial and temporal variation in badger TB prevalence

0.30
1

< * Significant correlation
- between cattle and
badger risk

0.25
|

0.15
1

Badger TB prev.
0.20

0.10

“Cattle TB prev.
 Tracked the
changing dynamics of
the epidemic

0.30
I
s23EE |pan

>
-
o
m
|_
©
(@)
©
— CG
';“., ED 2 m a 40 Kilometens m
Large spatial variation in \

T T T T T T
Jan 01, 2007 Jan 01, 2008 Jan 01, 2009 Jan 01,2010 Jan 01,2011 Jan 01, 2012

Year

local badger prevalence




Veterinary Epidemiology — Wildlife

3. Fundamental ecological studies to understand risk
— density and movement

e Badgers move over longer | .
distances than previously
thought

 Movements were significantly
affected by density

e Future NI work essential —
TVR & TBSPG

10

8
|

Movement distance (km)
4 6

2
|

T T
15 20

H 8 P C . AR "
Journal of Animal Ecology
of Animal Ecology 21 doi: 10.1111/1365-2656.12197

Journal ogy 2014, 83, 991-1001

UcCcC

' Coldiste na hOllscoile Corcaigh, Eire
==  University College Cork, Ireland

Large-scale movements in European badgers: has the &
tail of the movement kernel been underestimated?

Andrew W. Byrne™23*, John L. Quinn?, James J. O’Keeffe®*, Stuart Green®,
D. Paddy Sleeman? ., S. Wayne Martin® and John Davenport?



Simulation modelling
e Using fundamental parameters, create a in
silico model to test ‘what if’ scenarios

Az
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PP e
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Disease induced
mortality

Veterinary Epidemiology — Wildlife

(a) 50
QD
Q
c
<@
(]
=
2
a
m
—
0
-5 0 5 10 15 20
Time (Years)
== No confrol == Culling == Selective culling
— Vaccination —— Vaccine baits

Contents lists available at ScienceDirect

Preventive Veterinary Medicine

journal homepage: www.elsevier.camlocate/prevetmed

ELSEVIER

Effect of culling and vaccination on bovine tuberculosis infection in a @mm
European badger (Meles meles) population by spatial simulation
modelling

Marwa Abdou?®, Klaas Frankena?, James 0'Keeffe®, Andrew W. Byrne®¢+

bTB prevalence

WAGENINGEN

UNIVERSITY & RESEARCH

azis dnoub
HNPE UBS|N

Time (Years)

== + TVC (Prevalence)
== C +TVC (Group size)

== ( +VB (Prevalence)
== C+ B (Group size)




Wildlife disease
ecology and
management

Getting more

from data epidemiology

already collected |

Veterinary
epidemiology

Other

pathogens
Further development of

mathematical/simulation
models

Liver fluke
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Policy stakeholders
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Getting more from
data already
collected
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) epidemiology g DAFM/DAERA funded
_ ~ - AFBI, UCD, Teagasc, CIT

disease
ecology and
ot Y
j/ BVD

management
. . AHWNI, Wageningen,
Further development of / ch ¢
mathematical/simulation /
models

J 4 QUEEN'S
4 UNIVERSITY
BELFAST

¥
Liver fluke
QUB, Hillsborough AFEI, DSIB

Veterinarians

Industry

Public & other stakeholders

IRISH

WIDLIFE R oo E‘:’E‘J‘S,ﬁ"‘ Witkisre T

AN\
FaneValley




Acknowledgements
Collaborators/institutions (2014-2018):

Prof. Adele Marshall (Statistics, QUB)
Dr. Hanna Mitchell (Statistics, QUB)

2CenSSOR

Centre for Statistical Science and Operational Research

WAGENINGEN

Prof. Klaas Frankena (Epidemiology, WUR) UNIVERSITY & RESEARCH

Dr. Chris Newman (ecology, University of Oxford)
Dr. Christina Buesching (ecology, Oxon)

Prof. David Macdonald (ecology, Oxon) L

www.animalhealthni.com

Dr. Sam Strain (BVDV/Johne’s disease, AHWNI) @ s

Dr. James O’Keeffe (veterinary medicine, DAFM/UCD) ﬁ%%
Prof. Simon More (epidemiology, University College Dublin) .\7
Prof. Wayne Martin (veterinary epidemiology, VRRET
University of Guelph) iy

.......................

Prof. John Quinn (ecology; University College Cork)
Dr. Paddy Sleeman (wildlife; UCC)

PhD students:

Emma Brown (statistics; Queen’s University Belfast)
Emma Campbell (wildlife disease ecology; QUB)
QUEEN'S

4 UNIVERSITY ONIVERS
BELFAST

Laura Rosen (wildlife disease ecology; Colorado
State University)

MSc students:

Marwa Abdou (epidemiology; Wageningen)
Waroonsiri Charoenlarp (epidemiology; Wageningen)

WAGENINGEN

UNIVERSITY & RESEARCH

AFBI collaborators:
Prof. Robin Skuce & Dr. Adrian Allen (molecular biol.)
Dr. Angela Lahuerta (veterinary)

Dr. Fiona Young & Dr. Lyanne McCallan (diagnostics)
Dr. Georgina Milne & Jordon Graham
(modelling/data management)




