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Aims and Objectives

Development of an epidemiological model to assess
the ablility of different monitoring strategies to identify
potential adverse outcomes which could be
attributable to GM feed.

Impact: Such a model could be used to inform
future monitoring of the health effects of GM-crop
derived animal feed In livestock; it could form the
basis of scientific approaches towards the
identification of potential linkages between animal
health and GMO consumption



Background Research

GM feed undergoes rigorous pre-market testing
In the EU allowing for good consumer confidence
In both animal and human health of products.

Allergenicity,  Toxicity,  Nutritional effects,
Horizontal gene transfer and other environmental
safety concerns are addressed and considered
In depth.



Background, Trans-Genetic Feed - Literature.

Identification of Risk Parameters

Literature on adverse health effects on the whole
agrees with the overall safety of the permitted
varieties.

90 day feeding trails in rodents and some livestock.

A few longer term studies are available which agree
with the safety of GM feed.

No consistent evidence exists to indicate specific
risks.



Trans-Genetic Feed - Background Information

 Feed Is both grown in the EU and imported
from outside the EU. Traceability of feed
being used on a given livestock population is
extremely challenging.

« Currently 62 different variants are grown with
more imported.

« Consumption is highly price variable.

« The degree of uncertainty and variability
precludes any useful ‘exposure’ measurement
at this stage.




Objectives of Model Outputs

To evaluate at population level the possibility that if adverse events
occurred what would be the sensitivity of detection of:

1) Changes to production variables as a result of GM Variants.
2) Adverse effect on known current disease states.
3) Unknown and unforeseen adverse effects.

The breadth of these requirements required a flexible dynamic model,
with a wide applicability.

The model can assess the ability to detect, can inform the best strategy
to detect, can identify the “problems” that are more likely to be detected



Purposes of surveillance

PURPOSES OF SURVEILLANCE

Before considering how to best implement animal disease
surveillance, we should first have a clear understanding of
why we need to do surveillance. There is a large number of
reasons why veterinary authorities undertake surveillance
activities, but these can be summarised into four general
purposes:

Demonstrating freedom from disease
Early detection of disease

Measuring the level of disease
Finding cases of disease



Purposes of surveillance

Case Detection
Purpose : Adverse event reporting.

Reporting by the farmer and local vet to a
regulatory body.

Requires :
 |dentification / Detection of an abnormality.



Framework of the Model

Applies tools from syndromic surveillance.
Does not depend upon quantification of ‘exposure’.

Requires specification of animal subpopulations
(species, system)

Output: likelihood that a certain monitoring effort
detects selected animal health outcomes in selected
subpopulations



Defining Syndrome Variables

Standard Body Systems used for syndromic surveillance

Standardised with UK and European systems

Reproduction (Abortion) Gastro-Intestinal
Reproduction (fertility) Respiratory

Eyes, Ears and Integument Systemic

Musculoskeletal Mastitis

Cardiovascular Treatment Failure
Neurological Sudden Death / Fallen Stock.
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Types of Surveillance

Animal Health survelillance occurs across the EU for
may reasons.

 Monitoring of endemic disease (Prevalence
studies).

 Proof of disease freedom and International
reporting. (Notifiable Infectious Disease).

* Industry Monitoring.

« To date little surveillance has been orientated
around feed related risks.



Probabilistic scenario iree modelling -

Passive Surveillance
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sitivity of detection (Passive System)

Test positive for
Probability of Clinical Signs 'known'
. _Risk Syndrome 'Sign' Event Occuring | Observed by Farner® | Local Vet Called Samples taken eitiology. Outcome Overall
» Branch Branch Prob.  |Branch Prob. Branch  Prob. Branch Prob.  |Branch Prob. | Outcome Prob |Checksum Unitse | Sensitivity |
» |Premature Calving Yes 0.222105 Yes 0.538887 Yes 0.538887 Yes 0.70347 Yes 0.41439 NECD 0.01880
f No 0.58561 Detected  0.02657 0.216663863
J No 0.29653 NECD 0.01913
J No 0.461113 NECD 0.05519
0| No 0.461113 NECD 0.10242
1] No 0.777895 Yes 0.461113 Yes  0.461113 Yes 0.29653 Yes 0.58561 NECD 0.02872
2| No 0.41439 Detected  0.02032
3 No 0.70347 NECD 0.11635
4 Denom No 0.538887 NECD 0.19330
5 No 0.538887 NECD 0.41920/  1.00000 0.0469
5 Endometritis Yes 0.05847 Yes 0.992386 Yes 0.992386 Yes 0.87278 Yes 0.37567 NECD 0.01888
7| No 0.62433 Detected  0.03138
8 | No 0.12722 NECD 0.00733
9| No 0.007614 NECD 0.00044
0 No 0.007614 NECD 0.00045
1 No 0.94153 Yes 0.007614 Yes  0.992386 Yes 0.12722 Yes 0.62433 NECD 0.00057
2| No 0.37567 Detected  0.00034
3| No 0.87278 NECD 0.00621
4| No 0.007614 NECD 0.00005
5 No 0.992386 NECD 0.93436|  1.00000 0.03172
5 Retained Placentae Yes 0.05847 Yes 0.520024 Yes 0.520024 Yes 0.50402 Yes 0.41217 NECD 0.00328
. - Na N RO702 Natactad nnnace
» Input Data Repro (Abortion) Repro (Fert) Eyes, Ears & Integument Systemic RES ..




Parameterisation

Each surveillance component requires
parametrisation with data.

These can include:
« EXxpert opinion data,

* Published data from literature,
« Specific detailed surveillance data.
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Population. {Farm Level Simulation} 20000

Number of lterations 100

Relative Risk 1.05

GM Exposure Component 1

Combined
Multi-Herd Model Baseline Detection rates. Exposed Detection rates. Probability of
On Farm Detect| Post-Motem | Abattoir Detection | National Surveillence | Industry Maonitoring | On Farm Detection |Post-Mortem Abattoir Detection | National Surveillencd Industry Monitoring.
REP{A} 002181 0.0168 0.0017 0.0010 0.1237 0.0229 0.0176 0.0018 0.0010 0.1299 0.0429
REP{F} 0.08615 0.0212 0.0026 0.0081 0.1265 0.0905 0.0223 0.0028 0.0085 0.1328 0.1208
EEI 0.08556 0.0300 0.0252 0.0061 0.0541 0.0898 0.0315 0.0306 0.0064 0.0568 0.1510
5Y5 0.05885 0.0104 0.0053 0.0010 0.1241 0.0613 0.0110 0.0055 0.0011 0.1303 0.0782
GIT 0.01062 0.0085 0.0014 0.0002 0.1227 0.0112 0.0089 0.0015 0.0002 0.1288 0.0216
RESP 0.01913 0.0043 0.0015 0.0005 0.0076 0.0201 0.0045 0.0016 0.0005 0.0080 0.0265
MUS 0.08863 0.0042 0.0014 0.0059 0.0994 0.0931 0.0044 0.0015 0.0062 0.1044 0.1040
MNEU 0.00189 0.0015 0.0004 0.0001 0.1145 0.0020 0.0016 0.0005 0.0001 0.1202 0.0041
Do 0.04130 0.0036 0.0000 0.0032 0.4595 0.0434 0.0037 0.0000 0.0034 0.4825 0.0502
Vs 0.04019 0.0323 0.0129 0.0007 0.1876 0.0422 0.0345 0.0135 0.0007 0.1970 0.0883
MAST 0.05983 0.0225 0.0100 0.0042 0.2963 0.0629 0.0237 0.0105 0.0044 0.3111 0.0986
UTR 0.07842 0.0633 0.0404 0.0001 0.2048 0.0823 0.0670 0.0424 0.0001 0.2150 0.1802
AMR 0.01132 0.0069 0.0001 0.0011 0.2511 0.0119 0.0073 0.0001 0.0011 0.2637 0.0203
P.Value ofa
Simulation Baseline No.of Farms Affected. Simulation Exposed MNo. of Farms. difference [Chi
Multi-Herd Model
On Farm Detect Post-Mortem  Abattoir Detection |National Surveillence | Industry Monitoring | On Farm Detection |Post-Mortem Abattoir Detection | Mational Surveillencd Industry Monitoring.

REP{A} 455 373 36 22 2457 454 375 31 19 2615 0.021921409
REP{F} 1789 403 49 162 2492 1812 468 52 178 2689 1.18105E-05
EEI 1742 618 586 1i8 1175 1809 612 624 129 1203 0.147297071
5Y5 1219 197 108 20 2455 1248 240 122 19 2579 0.001125973
GIT 209 169 22 5 2541 247 198 32 5 2579 0.001933679
RESP 361 83 38 11 145 393 a0 36 10 148 0.533385708
MUS 1706 89 23 128 1991 1939 93 109 2054 2.48593E-08
NEU 35 32 15 5 2266 38 23 11 3 2418 0.015030006
DoD 825 76 2 52 9130 B34 ] o &5 9624 2.530813E07
CVs 312 &48 262 13 22 5.67734E-06

Independancy Matricies Combining Components Simulation_Outputs




REP(A) / Industry Monitoring
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* Probabilistic modelling using excel and @risk 6.3
was performed to identify detection rates for
disease syndromes.

« Mathematical simulations were run to establish if,
In the event of GM feed causing an increase In
the prevalence of a certain endemic syndrome,
the Increase would be detectable by the
surveillance systems in place.

« Monte Carlo sampling was used to perform
stochastic simulation of both endemic and
unknown conditions.



Probability of Detecting a change of 5% using

data from the UK passive surveillance system

Probability of detecting a change of 5% based on passive surveillance in the

UK with 95% Confidence.
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Conclusions

« Sensitivity of detecting a change varies with
syndrome.

 Doesn’t appear to be related with the prevalence
of the underlying condition.

 Based on UK data No syndrome has the ability to
accurately detect a change of at least 5% In
endemic or existing ‘syndromes’ with a certainty
greater than 80%.



Probability of detecting a change in

Integumentary system in the UK
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* The Integumentary system represents a higher
sensitivity syndrome in the UK.

« The probability of detecting a change of at least
1% above the baseline is 50%.

« The Probability of detecting a change of at least
20% Iincreases to 80%.



Probability of detecting a change in Neurological
conditions at different changes in prevalence with 95%

Confidence in the UK
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Low sensitivity of detection condition

« The Neurological system represents a disease
system which has a low sensitivity of detecting a
change.

« The probability of detecting an increase of 1% in
existing conditions at is 1%.

« The probability of detecting an increase of 20% is
3% at farm level.



Sensitivity of the surveillance system for feed

related syndromes detectable in Spain

Probability of detecting a change of at least 5% in a diary
population (model parameterized based on values from
Spain.)
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Ovutcomes and recommendations

« EU wide surveillance programs exist for
Infectious disease monitoring but less so for
endemic disease.

« Sensitivity of detection of changes due to GM
feed are currently insufficient to detect a change
with any degree of certainty.

* Increasing the sensitivity of detection may be
possible with targeted reporting.

« Specificity increase and multi-variate monitoring
may help to improve case definition.
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