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Summary and Overview of the Cluster

Introduction
The set of analyses reported here for the Lamb and Sheepmeat cluster builds on a set of economic
evaluations carried out by Agtrans Research for Meat and Livestock Australia (MLA) in 2006.

The 2006 Analysis

The 2006 analysis was effected by randomly selecting a representative sample of 50 projects
funded by Livestock Production Innovation (LPI) that received funding over the five years from July
2001 to June 2006. Each of these projects was described in terms of their objectives, outputs,
outcomes and economic, environmental and social benefits they had produced.

Thirty of the fifty projects were selected for quantitative economic evaluation and their benefits
valued in monetary terms. The value of benefits for each project was then compared to the
investment made in each project. As all projects were selected at random across a stratified
population of projects, this allowed the aggregate performance of the sampled projects to be
extrapolated to the entire population of projects funded by LPI.

The Pooled Sample Approach

The pooled sample approach requires evaluation of a set of research area clusters that covers the
RDC portfolio (or in MLA’s case, the LPI part of the portfolio). Seven LPI clusters were submitted by
MLA to ACIL Tasman who subsequently randomly chose three clusters to be evaluated. These
clusters were Lamb and Sheepmeat, Feedlots, and Environment.

The 2006 evaluations have now been modified according to the ACIL Tasman guidelines and
requirements. This report covers the Lamb and Sheepmeat cluster.

Summary of the Results for Each Individual Investment
The four individual investments where benefits were quantified were:
e Improved On-Farm Control of Ovine Johne’s Disease

e Development of Gene Silencing in Haemonchus contortus

e MLA Prime Time Campaign

e Strategic Research for Diagnosis and Prevention of OJD

For each of the four investments, all past costs and benefits were expressed in 2006/07 dollar terms
using the CPI. All benefits after 2006/07 were expressed in 2006/07 dollar terms. All costs and
benefits were discounted or compounded to 2006/07 using a discount rate of 5%. All analyses ran
for the length of the investment period plus different periods from the last year of investment, up to a
maximum period of 25 years. The results specific to each of the four analyses are reported in the
next four sections.

Investment criteria were estimated for both total investment and for the MLA investment alone. The
investment criteria for each of the four analyses for the 25 year period are reported in Tables 1 and
2. Table 1 summarises the results for investment from all sources including the MLA funding while
Table 2 summarise results for the MLA investment alone.
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Table 1: Investment Criteria for Total Investment and Total Benefits

(discount rate 5%)

Criterion On farm Gene Prime 0JD

control of | Silencing Time Strategic
0JD Research

Present value of 25.98 79.83 13.74 15.42

benefits (m$)

Present value of 7.87 10.40 2.27 5.34

costs (m$)

Net present value 18.11 69.43 11.47 10.08

(m$)

Benefit cost ratio 3.30 7.68 6.05 2.89

Internal rate of 13.8 17.6 26.0 10.7

return (%)

Table 2: Investment Criteria for MLA Investment and MLA Benefits
(discount rate 5%)

Criterion On farm Gene Prime 0JD

control of | Silencing Time Strategic
0JD Research

Present value of 2.93 11.36 8.46 2.70

benefits (m$)

Present value of 0.74 1.49 1.41 0.94

costs (m$)

Net present value 2.19 9.87 7.05 1.76

(m$)

Benefit cost ratio 3.96 7.60 6.00 2.89

Internal rate of 19.1 17.4 25.6 10.7

return (%)

Results for Aggregate Investment
Tables 3 and 4 show the investment criteria for the four investments combined for different benefit
periods and for both the total and MLA investment.

Table 3: Aggregate Investment Criteria for Total Investment

(discount rate 5%)

Criterion 0 years 5 years 10 years | 15years | 20 years | 25 years
Present value of 3.63 10.89 37.38 78.87 112.25 134.98
benefits (m$)

Present value of 25.59 25.59 25.59 25.59 25.59 25.59
costs (m$)

Net present value | -21.97 -14.70 11.78 53.28 86.66 109.38
(m$)

Benefit cost ratio 0.14 0.43 1.46 3.08 4.39 5.27
Internal rate of negative | negative 8.7 14.0 15.5 16.0
return (%)
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Table 4: Aggregate Investment Criteria for MLA Investment
(discount rate 5%)

Criterion 0 years 5 years 10 years | 15years | 20 years | 25 years
Present value of 0.90 3.67 8.98 16.14 21.87 25.45
benefits (m$)

Present value of 4.74 4.74 4.74 4.74 4.74 4.74
costs (Mm$)

Net present value -3.84 -1.07 4.25 11.40 17.13 20.72
(m$)

Benefit cost ratio 0.19 0.77 1.90 3.41 4.62 5.37
Internal rate of negative 1.0 12.0 16.0 17.2 17.5
return (%)

There were 85 projects in the population of the Lamb and Sheepmeat cluster. Ten of these were
drawn in the sample. Four of the ten were analysed quantitatively, together with another 18 projects
to which the original four were clearly linked. Twenty two projects were therefore analysed in the four
groupings. Each of the other six projects was analysed qualitatively.

Table 5 shows the aggregate investment criteria for the MLA investment when the benefits from the
four investments (22 projects) are placed against the total costs of all Lamb and Sheepmeat projects
drawn in the sample (28 projects).

Table 5: Aggregate Investment Criteria for MLA Benefits from the Four Investments
Compared with the MLA Investment in All Lamb and Sheepmeat Projects Drawn in the
Sample

(discount rate 5%, 25 year benefit period )

Present value of benefits (m$) 25.45
Present value of costs (m$) 6.72
Net present value (m$) 18.74
Benefit cost ratio 3.79
Internal rate of return (%) 14.2

The population of projects from which the sample of 28 Lamb and Sheepmeat projects was drawn
numbered 85. The proportion of costs the sample represented was higher, however, due to the
stratified sampling that favoured the larger projects. On a nominal cost basis the sample total
investment was $5.3 million from a population of $9.3 million or a sampling rate of 57%.

Benefit Types

A summary of the benefits produced by projects sampled in the Lamb and Sheepmeat cluster is
presented in Table 6. This shows the nature of the benefits produced (economic, environmental and
social) from the 28 projects.
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Table 6: Summary of Principal Benefits for the Sampled Projects

Project

Economic benefits

Environmental
benefits

Social benefits

Individual tests
for OJD
(1 project)

Knowledge that the known tests
are not particularly sensitive to
0JD

Knowledge that some sheep
can recover from an early
infection of OJD so avoiding
flock management strategies
based on early-age testing and
associated culling, as such a
strategy may remove some
genetically resistant sheep

Muscle
hypertrophy and
leanness

(1 project)

Higher productivity on-farm due
to higher lamb weights at a
given age and higher carcase
yields

Potentially enhanced demand
for sheepmeat due to generally
higher levels of leanness

Increased feed
conversion
efficiency can lead
to less stress on
native vegetation in
drought periods

Potential for human
medical applications
from the knowledge
being generated

Immunity to
sheep worms
(1 project)

Potentially new sheep nutrition
strategies to better manage
internal parasites around the
time of lambing (peri-parturient
period)

Potential for reduced neonatal
mortality

Whole-flock
vaccination for
0JD

(9 projects)

Lowered death rates

Lowered production losses
within infected flocks

Improved worm control due to
OJD driven grazing
management

improvements within infected
flocks

Lowered rate of spread of OJD
to new flocks

Contributed to reduced trading
losses of producers via the
replacement of quarantining
and zoning policies with a risk
management system of trading

Contributed to reduced costs of
regulation

Some fencing of
riparian areas due to
control measures
assisted with
enhancing water
quality and
protecting
biodiversity

The control policy of
rotational grazing of
native perennials will
have enhanced
biodiversity

The contribution to
increased trading of
sheep allowed the
avoidance of
degraded pastures
and soil erosion

Contributed to reduced
community anxiety via
the replacement of
guarantining and zoning
policies with a risk
management system of
trading

Gene silencing in
parasitic

More effective control of
internal parasites of sheep

Improved health of
sheep increases

Enhanced welfare and
well being of agricultural
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nematodes
(6 projects)

Reduced costs of internal
parasite control in sheep

productivity per
head and can
therefore decrease
environmental
impact.

animals

Improved social welfare
due to reduced use of
conventional drugs in
livestock production

Capacity building in
biotechnology and a
strengthening of
linkages between
fundamental and applied
research

Supported discovery of
new antiparasitic agents
to treat serious human
diseases

Commercialising
Flockcare
(1 project)

Improved meat yield due to less
trimming

Time efficiencies in record
keeping

Improved market access and
market opportunities

Reduced chemical
impact on the
environment

Improved health and
safety, including
chemical usage

Improved animal welfare

Increased capacity to
manage

Consistency of
lamb supply
(1 project)

Higher and more consistent
lamb products produced,
processed and delivered to
consumers. Higher average
lamb prices achieved by
producers, higher margins by
processors and marketers and
higher levels of satisfaction by
consumers

Increased knowledge of
lamb markets with
greater control of
marketing leading to
higher levels of
confidence and personal
pride in their business

Non-Injectable
vaccine delivery
(1 project)

If this technology were proven
to be efficient, there will be
potential cost reductions
through reduced labour

Reduced product quality
downgrade costs.

Lowered productivity impact
from diseases

Reduction in needle
stick injuries to livestock
handlers

Prime Time
Campaign
(6 projects)

Higher productivity per hectare
for the group of lamb producers
changing management
practices as a result of the
campaign, leading to higher
profitability and lowered cost of
production

More lamb producers meeting
market specifications

Individual capacity
building in that many
producers now have
increased confidence to
change management
practices

Industry capacity
building in that networks
of producers and private
sector agencies have
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Partial benefits from increased been developed and
use of other lamb and strengthened
sheepmeat services provided
by MLA

Potential market and trade
benefits from maintaining lamb
and sheepmeat supply

Pathogenesis of | A new vaccine or drug may A new vaccine or drug
0JD lower death rates and may will result in a lower
(1 project) reduce spread of OJD, human injury risk,
compared to use of Gudair, compared to use of
provided it is more cost- Gudair
effective and would be used by
producers Contribution toward risk
management for
The differential test may reduce Crohn’s disease

the risk of infection when
trading sheep of high value.
Depending how used, the test
may reduce rate of spread of
OJD in Australia

Overseas sales of differential
test, vaccine or drug

Spinoff benefits to BJD
management and control in
Australia and worldwide

Public versus Private Benefits

The benefits identified from most of the investments analysed in this cluster are predominantly
private industry benefits. The predominant beneficiaries of the research are sheepmeat and wool
producers. However, some of the benefits of the productivity and profitability gains will be passed
along the supply chain to processors and consumers. The processor and consumer benefits would
be partially domestic, with the balance being transferred to overseas markets for the exported
volumes of the respective commodities, which make up a significant part of total sheepmeat volume,
and the predominant part of total wool produced. Likewise, the benefits from some market access
and market improvements may also be shared by producers. There may be some spinoff benefits to
the beef cattle sector.

The private veterinary medicines sector could benefit from development of drugs and vaccines.
There may be some community benefits from animal welfare benefits and anxiety reduction in rural
communities regarding OJD. Also, there have been potential spillovers to health and safety and
human disease treatments as well as some capacity building in the biotechnology area. Other
capacity building has occurred due to the investments in the sheepmeat industry itself. The
investments have had only small positive impacts on the Australian biophysical environment (e.g.
reduced chemical use).

Additionality

If MLA had not received funding (or had received less funding) from the Commonwealth, some of
the OJD investments probably still would have been funded by MLA but at a significantly reduced
level. There were a number of organisations committed to invest in the OJD area in response to
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widespread concern about the spread of the disease, but Commonwealth funding to MLA provided
the critical mass of funding to allow these projects to be undertaken.

The Prime Time campaign including the six projects analysed here probably would still have been
funded at some significant level. This is because other non-funding partners were strongly
supportive of the goals of the program (especially the Sheepmeat Council of Australia, and key
event private sector partners). Also this investment addressed a critical market problem of a likely
lamb shortage through taking advantage of opportunities for increasing lamb and sheepmeat
production and profitability. If the government contribution was removed altogether, it would have
significantly reduced the scope and reach of the program, probably reducing the capability of the
industry to achieve the productivity increases required to meet export demand.

Overall, it is postulated that the level of commitment to most of the investment in this cluster would
have been significantly reduced in the event of a Commonwealth Government reduction in funding
to MLA. If the government contribution was removed altogether, there would undoubtedly have been
a major impact on the outcomes of the Lamb and Sheepmeat investment. Particularly at risk may
have been the highly strategic projects at the high risk - high return end of the risk - return spectrum
(e.g. gene silencing, non injectable vaccine delivery).

National and Rural Research Priorities
The Australian Government’s national and rural R&D priorities are reproduced in Table 7.

Table 7: National and Rural R&D Research Priorities 2007-08

Australian Government

National Research Rural Research Priorities
Priorities
1. An environmentally 1. Productivity and adding value
sustainable Australia 2. Supply chain and markets
2 Prqmo'gln_g and 3. Natural resource management
maintaining good health
3. Frontier technologies for 4. Climate variability and climate
I ) change
building and transforming
Australian industries 5. Biosecurity

4. Safeguarding Australia Supporting the priorities:
1. Innovation skills
2. Technology

The investments analysed have major contributions to Rural Research Priorities 1 and 2 through
their impacts on:

Reducing death rates and productivity losses in sheep
Lowering cost of production

Increasing profitability

Strengthening supply to the market

There have been contributions to National Research Priority 2 from its impact on anxiety reduction,
animal welfare and potential spillovers to public health issues. National Research Priority 3 (frontier
technologies) has been addressed in several of the investments, particularly innovation skills and
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capacity in biotechnology. Minor contributions have been made to National Research Priority 1.
Protecting Australia from disease (National Priority 4 and Rural Research Priority 5) has been
addressed by several of the investments. The assessment of the relative contribution to each of the
five Rural Research Priorities is:

Rural Research Priority 1 (50%)

Rural Research Priority 2 (30%)

Rural Research Priority 3 (5%)

Rural Research Priority 5 (15%)

Conclusion

The investment by MLA in the Lamb and Sheepmeat cluster was $9.2 m in nominal dollar terms.
The MLA investment in the 28 projects included in the sample reported here totalled $5.3 million in
nominal dollar terms and had a present value of costs of $6.7 million in 2006/07 dollar terms as of
2006/07. This investment was estimated to produce a present value of benefits of $25.4 m, giving a
benefit-cost ratio of 3.8 to 1 and an internal rate of return of 14% per annum over a 25 year benefit
period.

A range of types of benefit was evident. The predominant group of benefits was private in nature
and captured predominantly by lamb and sheepmeat producers with some benefits being passed
along the marketing chain to processors and consumers. However, there were public benefits
produced also. Some social benefits were evident in the form of animal welfare benefits, reduced
anxiety in rural communities, and capacity building at producer, community and industry levels.
Some potential spillover benefits to human health issues were also evident. Environmental and
natural resource management benefits were minor in the form of reduced chemical use and
enhanced biodiversity.
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Improved On-Farm Control of Ovine Johne’s Disease

Introduction

Ovine Johne’s Disease (OJD) is a sheep wasting disease caused by a bacterium (Mycobacterium
avium subsp paratuberculosis). The bacterial infection causes thickening of the wall of the small
intestine and reduced absorption of nutrients, leading to decreased productivity and ultimate death.

A nationally coordinated program (National Ovine Johne’s Disease Control and Evaluation Program
(NOJDP)) commenced in 1998 and ran until 2004 (Kennedy, 2005). This program covered
surveillance, control, financial assistance, and communication as well as an R&D component.

The pnnupal areas of investment in R&D included (MLA, 2005a):

The control of OJD within infected flocks

The economic impact of OJD

Eradicating OJD from infected flocks

Cross species transfer of OJD

Detecting OJD

Basic research to identify new ways to detect and control OJD
Preserving genetic material from infected flocks

NouswNE

Of particular significance in the R&D program was whether improved management methods might
be more desirable and effective in controlling the disease than attempting to eradicate and control
the disease through regulation.

A key part of the R&D program was to test a vaccine called Gudair™ as to its efficacy and impact on
the disease. The vaccine was already available in Spain but not registered in Australia. Project
0JD.015 was one of the projects that addressed the potential and impact of the vaccine.

Flock management methods were also investigated in other projects and contributed to control
options. Because of the difficulties of attributing specific benefits to OJD.015 by itself, the current
analysis describes the investment in the farm and flock management projects undertaken in the
R&D program and the principal outputs and outcomes that have been delivered by them.

There are eleven projects considered to have contributed to the control outcomes for managing OJD
and these are discussed in the following section. The total investment parcel subject to analysis in
this evaluation is therefore these 11 projects combined.

Investment Description
Table 1 provides further information for the projects that contributed to the improved on-farm
management control of OJD.

Table 1: Projects Contributing to the Improved On-Farm Control of OJD

Project Project title Period of funding Total Research
code funding ($) | organisation
OJD 002 A Exposure factors - OJD Jul 99 to Dec 04 771,875 | University of
Infection and clinical Sydney
disease
OJD 009 Field Evaluation of OJD Nov 99 to Apr 05 458,020 | NSW
0OJD 009 V4 | control using Gudair™ Agriculture
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0OJD 015 Effects of Whole Flock Apr 00 to Oct 04 103,478 | University of
Vaccination at Merrill Sydney

OJD 019 Control strategies workshop | Jun 2001 10,940 | No research

organisation

0OJD 023 Biological and economic Sep 01 to Sep 03 249,636 | University of
impacts of OJD in affected Sydney
sheep flocks

0JD 024 Ewe-lamb transmission of Aug 01 to Mar 03 60,679 | NSW Agriculture
0JD

OJD 027 Computer models to Sep 01 to Apr 03 80,952 | AusVet Animal

OJD 027A describe epidemiology of Health Services
0JD with extension

0OJD 028 Epidemiology of OJD 2 — Oct 01 to Jun 05 721,602 | University of
pasture contamination Sydney
level, age susceptibility and
diagnostic tests

0OJD 032 Preliminary study on the Jan 03 to Mar 04 31,502 | Central
potential cost of slaughter Tablelands Rural
of vaccination lesions Land Protection
caused by the Gudair™ Board
vaccine

0OJD 033 Changes in within-flock Jun 03 to Mar 08 297,639 | University of

0OJD 033 V1 | prevalence of Sydney/Central
Mycobacterium Avium Tablelands Rural
Paratuberculosis shedding Lands Board
followin% vaccination with
Gudair™ in high and low
prevalence flocks

0OJD 038 Identification of risk factors | Jun 04 to Jun 05 237,475 | University of
for OJD infection level in Sydney
sheep flocks

Source: MLA

Table 2 provides a summary of the objectives of each of these 11 projects.

Table 2: Summary of Objectives of Projects Contributing to the Improved On-Farm Control of OJD

Project Project title Short objective
code
OJD 002 A | Exposure factors - OJD To determine the relative risk of dam infection status
Infection and clinical and pre and post weaning exposure to infected pasture
disease for development of OJD at 3 years if age
0OJD 009 Field Evaluation of OJD To determine through a field trial the efficacy of a killed
control using Gudair™ Mptb vaccine (Gudair™) for control of OJD in Australian
merinos
0OJD 015 Effects of Whole Flock To conduct a detailed longitudinal study of an attempt to
Vaccination at Merrill control OJD (including vaccination) in a large self
replacing Merino flock at Gunning in NSW
0OJD 019 Control strategies workshop | To integrate knowledge about control options for OJD
0OJD 023 Biological and economic To determine the on-farm costs of OJD in terms of
impacts of OJD in affected mortality rates and financial losses
sheep flocks
0OJD 024 Ewe-lamb transmission of To determine the extent of intrauterine or mammary
0JD transmission of OJD between ewes and their unborn
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lambs

0OJD 027 Computer models to To identify the impact of control options on the spread of
describe epidemiology of 0JD

0OJD with extension
0JD 028 Epidemiology of OJD 2 — To determine whether age of sheep and pasture
pasture contamination contamination levels affect OJD

level, age susceptibility and
diagnostic tests

0OJD 032 Preliminary study on the To predict the risk of discounts being applied in Australia
potential cost of slaughter due to OJD vaccination site lesions

of vaccination lesions
caused by the Gudair™

vaccine
0OJD 033 Changes in within-flock To examine the long-term effects of vaccination on 12
prevalence of farms with varying prevalence of starting infection levels

Mycobacterium Avium
Paratuberculosis shedding
followin% vaccination with
Gudair™ in high and low
prevalence flocks

0OJD 038 Identification of risk factors | To identify risk factors affecting the severity of OJD on
for OJD infection level in farms in terms of farming practices, flock management
sheep flocks and soil type.

Source: Various
Investment Costs
A summary of the financial investment in the 11 projects specified is provided in Table 3.

Table 3: Resources Invested by Year for MLA/Funding Partners and Researchers for 11 Projects
Associated with On-Farm Control (nominal $)

Year Total MLA and Researcher Total
funding partners (a) contribution (b)

1999/00 305,891 283,232 589,123
2000/01 303,841 281,334 585,175
2001/02 184,784 171,096 355,880
2002/03 840,846 778,561 1,619,407
2003/04 638,961 591,631 1,230,592
2004/05 581,150 538,102 1,119,252
2005/06 252,657 233,942 486,599
2006/07 64,800 60,000 124,800
2007/08 92,772 85,900 178,672
Total 3,265,702 3,023,798 6,289,501
Notes:

(a) MLA assumed to contribute 25%, Animal Health Australia 25% and Commonwealth Government
50% of total MLA and Partner Funds. Additional 8% added for MLA management costs

(b) Researcher contribution is assumed equal to sum of MLA and partner funds excluding
management costs

Principal Outputs

Management information produced for controlling OJD within sheep flocks included:
= How long the bacteria can survive in the environment.

Page 13 of 63



Environmental risk factors that can positively affect the severity of OJD (e.g. high soll
fertility, organic matter and clay soils).

When young sheep become infected and the susceptibility to infection of sheep of
different ages.

Pasture and animal management strategies, particularly involving time of spelling and
the preference for lambs and weaners to graze on clean paddocks rather than older
sheep in order to limit their exposure to the bacteria, so reducing infection levels.

The importance of pasture spelling was supported.

The research suggested that older sheep can graze more heavily infected pastures
with less risk of disease and death than weaners and lambs, the implication being
that a key grazing management strategy is to reduce the exposure of lambs to OJD
bacteria both before and after weaning.

Pasture can be cleaned (but the bacteria not eliminated entirely) by removing all
sheep for 6-12 weeks during summer and a longer period when sunlight is less
intense.

The R&D program carried out the field evaluation required to register the Gudair vaccine in Australia
(the vaccine was already used in Spain). Since 2002 Gudair™ vaccine has been registered for use
in Australia for sheep from 4 weeks of age. Associated outputs were:

The vaccine was not 100% effective in preventing deaths when lambs grew into adult
sheep.

Vaccination of lambs reduced subsequent death rates by 90%. When vaccinated as
lambs, hoggets and adult sheep were relatively resistant to the clinical effects of OJD
even though infection occurred.

Vaccinating lambs decreased the level of bacteria shedding by about 90%, so
vaccination was effective in reducing the spread of the bacteria.

Over 10% of infected sheep may develop subclinical infection and shed bacteria with
no iliness.

It was not effective to vaccinate older sheep that are infected and starting to show
clinical signs.

Vaccination becomes more valuable following vaccination of a number of successive
lamb crops.

Lesions from vaccination occur but are associated with insignificant costs with regard to
marketing and carcass trimming.

More information was then available on the cost-effectiveness of vaccination and other on- farm
management options for individual producers. One finding was that infected flocks will incur serious
financial losses if the disease is not managed effectively. Some of the associated outputs were:

A study of 12 infected farms on the southern tablelands showed that the average death
rate was 6.2% of adult flock each year and varied between 2.1 and 17.5% on individual
farms (MLA, 2005b).

Production losses (e.g. 6% of annual wool production) can occur in the early subclinical
stages of the disease (before death) (MLA, 2005a); there had been uncertainty
previously regarding production losses occurring in infected sheep before the clinical
signs of the disease appeared.

The cost of OJD was found to be 6.4% of the expected farm gross margin; the average
loss due to OJD infection per DSE was $7.68 or $65.92 per ha (MLA, 2005b). There
was a large variation between farms.

OJD would cost about $17,000 per annum for a 2,000 ewe self-replacing flock (MLA,
2005a). This cost included lost production due to sheep deaths and the cost of
vaccination. Losses due to trading restrictions and subclinical impacts such as tender
wool and the need for supplementary feeding were not included in this estimate.
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= Management strategies can lower flock mortality rates. Lamb vaccination is an effective
control option with the economics dependent on the expected death rate. With an on-
farm death rate of 12% per annum, vaccination is likely to prove cost effective within
five years from the start of a vaccination program; with a death rate of 5-6% per annum,
vaccination would be cost-effective in ten years (MLA, 2005a).

In summary the key outputs from this suite of projects was information about how the disease was
transmitted on the farm and within the flock. The Gudair™ vaccine was tested, proved effective,
guidelines produced for its use (age of vaccinates etc), and most importantly, the vaccine was
registered and therefore usable. The vaccine was shown to reduce death rates significantly and also
bacterial shedding which reduced infection rates. The vaccine was found to be most effective when
used in conjunction with other on-farm management strategies such as limiting exposure of pre-
weaned lambs to infection from contaminated pastures. Finally there appeared to be only minimal
economic losses associated with injection site lesions.

Principal Outcomes

Improved control within infected flocks

0JD can have serious impacts on sheep production when infection levels are high. However, the
research investment has shown that infection levels, bacterial shedding, production losses and
death rates can be reduced significantly on individual properties through use of the vaccine. This will
benefit those sheep producers whose flocks are currently infected as well as those whose flocks will
become infected in the future. Lowered production losses and death rates will eventuate. The
vaccine was registered in April 2002 and has been used by the industry since that time (Eppleston,
2005).

Providing spelled pastures to younger sheep rather than older sheep will not only reduce infection
levels but will contribute to lowered internal parasite incidence in sheep flocks. Producers now have
a more effective set of tools to manage OJD.

The improved on-farm control in the future is also likely to slow the spread of the disease through
the country so that those currently not infected by OJD will also indirectly benefit.

Contribution to Policy Changes

The availability of on-farm control methods influenced policies concerning the development of a risk
management approach rather than quarantining and regulatory policies. In this regard the control
information contributed to reduced trading losses.

The change from a quarantining and regulated movement policy to one of risk management with
sheep traded relatively freely has substantially reduced the anxiety among producers and others
supporting the sheep farming communities (e.g. veterinarians). Again, the control technologies
produced by the R&D program contributed in part to the change in approach.

Benefits Associated with the Investment
A summary of the benefits emanating from the R&D investment across the 11 projects is given in
Table 4.
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Table 4: Summary of Types of Benefits from the Investment

Economic | _Environmental | Social
Improved control of OJD
Lowered death rates Some fencing of
riparian areas due
Lowered production losses within to control
infected flocks measures assisted
with enhancing
Improved worm control due to OJD water quality and
driven grazing management protecting
improvements within infected flocks biodiversity
Lowered rate of spread of OJD to new The control policy
flocks of rotational
grazing of native
perennials will
have enhanced
biodiversity
Change in control policies
Contributed to reduced trading losses of | The contribution to | Contributed to reduced
producers via the replacement of increased trading community anxiety via the
guarantining and zoning policies with a of sheep allowed replacement of
risk management system of trading the avoidance of guarantining and zoning
degraded pastures | policies with a risk
Contributed to reduced costs of and soil erosion management system of
regulation trading

Public versus Private Benefits

The benefits identified from the investment in the on-farm control of OJD are predominantly private
benefits. The predominant beneficiaries of the research are sheepmeat and wool producers.
However, some of the benefits of the productivity and trading gains will be passed along the supply
chain to processors and consumers. These processor and consumer benefits would be partially
domestic, with the balance being transferred to overseas markets for the exported volumes of the
respective commodities, which make up a significant part of total sheepmeat volume, and the
predominant part of total wool produced.

Additionality

If MLA had not received funding (or had received less funding) from the Commonwealth, some of
the OJD investments probably still would have been funded by MLA but at a significantly reduced
level. There were a number of organisations committed to invest in this area in response to
widespread concern about the spread of this disease, but Commonwealth funding provided the
critical mass of funding to allow these projects to be undertaken.

It is postulated that the level of commitment to this investment would have been significantly reduced
in the event of a Commonwealth Government reduction in funding to MLA. If the government
contribution was removed altogether, there would undoubtedly have been a major impact on the
outcomes of this program.
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Match with National Priorities
The Australian Government’s national and rural R&D priorities are reproduced in Table 5.

Table 5: National and Rural R&D Research Priorities 2007-08

Australian Government

National Research Rural Research Priorities
Priorities
1. An environmentally 1. Productivity and adding value

sustainable Australia 2. Supply chain and markets

2. Pro_mo'gln_g and 3. Natural resource management
maintaining good health _ o _
3. Frontier technologies for 4. Climate variability and climate change

building and transforming | 5. Biosecurity

Australian industries Supporting the priorities:

4. Safeguarding Australia 1 Innovation skills

2. Technology

The program has made a major contribution to Rural Research Priority 1 through its impact of
reducing death rates and productivity losses in sheep. The investment has made a small
contribution to National Research Priorities 2 and 3 from its impact on anxiety reduction (Research
Priority 2) and the use of frontier technologies and innovation skills and technology for building
Australian industries (Research Priority 3 and Supporting Rural Research priorities).

Protecting Australia from disease (National Priority 4 and Rural Research Priority 5) has been
addressed by this investment.

Quantification of Benefits
The first task in quantifying benefits from these projects is to define what would have happened if the
R&D had not been undertaken.

Counterfactual

Without the R&D it is assumed the knowledge of the appropriate control measures would not have
been generated. While some of the knowledge produced may have eventually been produced, it is
likely to have been piecemeal as the different States may have taken different approaches to policy
development and the associated knowledge that they needed.

Without the R&D investment there would have been less emphasis on on-farm management
solutions and a risk management approach to sheep trading. With regulatory policies not being
effective in restraining the spread of the disease, and with sparse on-farm control mechanisms in
place, the disease would have spread more quickly than what is assumed under the actual situation
that has occurred.

The benefits that have occurred in the “factual” scenario are based on valuing most of the benefits
identified in the previous section. These are:
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A. Lowered death rates and production losses
B. Part of the reduced trading losses of producers
C. Part of the reduced anxiety of producers and communities

A. Lowered death rates and production losses

Without R&D scenario

The number of actual infected flocks (known and unknown) at about the time the NOJDP
commenced is assumed to have been 2,700. This estimate is based on the estimate of 2,842 flocks
infected (AusVet Services, 2000) as of December 2000. It is difficult to assess what the rate of
increase would have been without the R&D. The assumption made is that the number of infected
flocks would have increased by 5% per year Australia wide. In the first few years the increase would
have been dominated by increased infections in the high prevalence areas of NSW. In fact AusVet
(2000) estimated that the rate of spread at the time in high prevalence areas would have been 35
new flocks infected each year per 100 flocks already infected. This would have given just for the
high prevalence areas of NSW 475 new flock infections each year since there were 1,356 NSW
flocks in the high prevalence area of that State already infected. The 5% estimate may be
conservative and provides an estimate of 5,809 flocks infected in the year 2027/28, the final year of
benefits considered in this analysis.

The average death rate of adult sheep in infected flocks is assumed to average 6% per annum if
changes to management are not made. The associated impact on the gross margin per DSE is
assumed to be a loss of $7.68 per dry sheep equivalent (DSE). Wool production losses in the year
before death for infected sheep that eventually die are also assumed to be 6%.

With R&D scenario

With the new management tools, it is assumed the rate of spread will fall to 2% per annum. This
provides an estimate of 5,173 flocks infected in 2027/28. There is likely to be more sheep traded
with the R&D assisted changes and the risk for each trade will be at least able to be estimated. Also,
because of less bacteria shedding with vaccinated sheep, it is assumed that the rate of spread
between flocks would be slower.

With the vaccination and grazing management improvements the average death rate is assumed to
fall from 6% to 1% per annum. The cost of vaccination is assumed to be $2.00 per lamb
replacement. The wool production losses in the year before death for infected sheep that eventually
die remain at 6% for the 1% of sheep that die.

It is assumed that it will be financially sound for an individual producer with OJD to vaccinate.
Modelling results from other studies suggest that vaccination is cost effective within 5-8 years on
heavily infected farms and 9-10 years on farms with moderate levels of infection. It is assumed there
is no carcass downgrading or reduction in carcass weight from vaccination. No social cost for
accidental self injection has been included.

The adoption rate of vaccination is likely to be higher for those producers with infected flocks who
rely relatively more on trading, and for flocks that are more than very lightly infected. For purposes
of the analysis it is assumed that 100% of producers already with OJD will both vaccinate and apply
the improved grazing management practices. While this may be an overestimate, it allows for some
vaccinating by those managing currently uninfected flocks in close proximity to infected flocks,
especially those in high prevalence areas. It is assumed that some of these managers will also
vaccinate in anticipation of their flocks being infected at some time in the future.
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In 2004/05 the assumption results in a total number of vaccinations of just over 2 million doses. This
is reasonably consistent with about 2.5 million doses of vaccine being sold in calendar year 2005
(AHA, 2005).

A three year lag is assumed from the year of first vaccination to when the impact of lowered death
rates occurs. The first year of adoption of vaccination is assumed to be 2003/04 and the first year of
benefits is 2006/07.

B. Reduced trading losses of producers

The change from the regulatory approach including quarantining and movement control to one of
actively managing OJD on-farm and using a risk management approach to trading has provided
benefits to the industry in terms of reduced trading losses of studs as well as commercial flocks.

The availability of vaccination allowed the development of trading pathways for producers. The study
by Hassall and Associates (2003) estimated that the annual losses due to OJD were $52.7 m per
annum of which 85% ($44.8m) was due to trading losses. They assumed that 70% of this could be
saved by moving to a risk management policy.

It could be argued that part of the trading losses assumed by the Hassall and Associates study could
be compensated by benefits to other parts of the industry (non-infected studs and sellers of
replacement sheep that normally have market values above slaughter values). This would assume
they had the capacity to deliver additional breeding sheep. Nevertheless, if such “transfer” payments
are excluded, the Hassall's estimate of trading losses could be considered high.

The estimate used here for the trading losses without the R&D is $15 m per annum or approximately
one third of $44.8 m per annum. The estimate of trading losses with the change in policy is
assumed to be $5 m per annum, a reduction of approximately 70% which is consistent with the
Hassall and Associates estimate of the percentage reduction. Of the $5 m per annum benefit, the
attribution to the R&D on on-farm control is assumed 10%.

C. Reduced anxiety from replacing quarantining and movement policies with a risk
management system of trading

Estimates of the value of anxiety reduction are scarce. No estimates of the value of anxiety
reduction specifically relating to the repercussions of policies associated with managing animal
diseases could be found in the literature. Nevertheless, an attempt is made here to value the
anxiety removed from sheep producers due to the change in policy, partly due to the availability of
management tools for OJD.

As reported in Adler (2004), the US Food and Drug Administration (FDA) have calculated a value of
US$373,000 for a quality adjusted life year (QALY), a widely used welfare scale in health
economics. The scale ranges from zero for death to one for a perfect health state. In its analysis to
set the acceptable defect rate of gloves to examine patients, the FDA stated:

“According to one measurement scale of well-being, reduced mental lucidity, depression, crying,
lack of concentration, or other signs of adverse psychological sequence may detract as much as 8
percent for overall feelings of well-being”. The FDA then weighted personal health as one sixth of
the 8 per cent and therefore valued a stress day as 1/6 of 8% of US$373,000/365, or about $13.

For the reduced anxiety in the current analysis, it could be appropriate to value stress using the
US$373,000 and the 8%. Additional assumptions are that:
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= The OJD situation, by itself, is assumed to have contributed 50% of the total weighting to
trigger a major stressful episode
= 1,000 additional people each year would have been exposed to stressful situations

without the NOJDP

= 20% of these would have shown stress symptoms (stress as defined above)
= the period of stress would have lasted 365 days for each person

= this higher stress situation would have gone on for four additional years without the R&D

findings

Summary of Assumptions

A summary of all assumptions made is given in Table 6.

Table 6: Assumptions for the Valuation of Benefits from the On-farm Control Strategies

| Value | Source
A. Lowered death rates and production losses
Average sheep per flock in NSW | 2,891 (five year average | AGsurf (2006)
and Victoria to 2004)
No. of flocks infected as at 1998 | 2,700 Based on AusVet(2000)

Rate of spread without R&D 5% per annum Agtrans
Rate of spread with R&D 2% per annum Agtrans
Death rate without R&D 6% per annum MLA (2005b)
Death rate with R&D 1% per annum MLA (2005b)
Value of a sheep death $7.68 per DSE MLA (2005b)
Wool production loss in year 6% MLA (2005a)

before death

Wool cut 4.3 kg per head (five ABARE (2005)
year average to 2004)
Wool price $5.5 per kg (five year ABARE (2005)

average to 2004 nominal
terms )

Wool loss in year before death

$1.43 per death

6% x 4.3x5.5

Proportion of lambs in flock

20%

Agtrans

Cost of vaccination

$2.00 per lamb
replacement

Agtrans

Vaccination adoption rate for
lambs

100% of flocks that are
infected

Agtrans, supported by
number of doses of

vaccine sold
Year of first adoption with R&D 2003/04 Agtrans
Year of first benefit with R&D 2006/07 Agtrans

B. Reduced trading losses of producers

Trading losses without R&D

$15 m per annum or
approximately one third
of $44.8 m per annum

Hassall and Associates
(2003), p 39 after allowing
for transfer payments

Trading losses with less
regulated trade

$5 m per annum;
approximately 70%

Agtrans; the 70% based
on Hassall and Associates

reduction 2005, p 34
Attribution of benefit to R&D 10% Agtrans
Period of benefits 2004/05 to 2007/08 Agtrans

C. Reduced anxiety
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Value of a Quality of Life Year US$373,000 Adler (2004)
Australian Dollar US$0.75 (at the time) Agtrans
Reduction in well being due to 8% Adler (2004)
stress

Weighting of OJD situation to 50% Agtrans
triggering stress episodes

Number of people exposed to 1,000 Agtrans
0OJD per year

Proportion of exposed people 20% Agtrans
showing stress symptoms

Number of days of stress per 365 Agtrans
person

Number of additional years until 4 Agtrans
policy would have changed

without NOJDP

Period of benefits 2004/05 to 2007/08 Agtrans
Attribution of benefit to R&D 60% Agtrans
Results

All past costs and benefits were expressed in 2006/07 dollar terms using the CPI. All benefits after
2006/07 were expressed in 2006/07 dollar terms. All costs and benefits were discounted or
compounded to 2006/07 using a discount rate of 5%. The base run used the best estimates of each
variable, notwithstanding a high level of uncertainty for many of the estimates. All analyses ran for
the length of the investment period plus 25 years from the last year of investment (2007/08) to the
final year of benefits assumed (2032/33).

Investment criteria were estimated for both total investment and for the MLA investment alone. Each
set of investment criteria were estimated for different periods of benefits. The investment criteria are
reported in Tables 7 and 8.

Table 7 shows the results for investment from all sources including the MLA funding for the eleven
projects. Table 8 shows the investment criteria for MLA funding. This MLA investment is limited to
the nine of the eleven projects that were in the population of projects from which the sample was
drawn.
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Table 7: Investment Criteria for Total Investment and Total Benefits
(discount rate 5%)

Criterion 0 years 5 years 10 years | 15years | 20 years | 25 years
Present value of | 2.83 8.89 14.13 18.67 22.59 25.98
benefits (m$)

Present value of | 7.87 7.87 7.87 7.87 7.87 7.87

costs (m$)

Net present value | -5.04 1.02 6.26 10.80 14.72 18.11
(m$)

Benefit cost ratio | 0.36 1.13 1.80 2.37 2.87 3.30

Internal rate of | negative | 6.4 10.9 12.6 13.4 13.8

return (%)

Table 8: Investment Criteria for MLA Investment in Nine Projects in population®
(discount rate 5%)

Criterion 0 years 5 years 10 years | 15years | 20 years | 25 years
Present value of | 0.32 1.00 1.60 2.11 2.55 2.93
benefits (m$)

Present value of | 0.74 0.74 0.74 0.74 0.74 0.74
costs (m$)

Net present value | -0.42 0.26 0.85 1.37 1.81 2.19
(m$)

Benefit cost ratio | 0.43 1.35 2.15 2.84 3.44 3.96
Internal rate of | negative | 10.7 16.4 18.2 18.8 19.1
return (%)

includes OJD.002A, 0JD.009, 0JD.015, 0JD.023, 0JD.024, 0JD.027, 0JD.028,
0JD.032, OJD.038

In terms of the quantified benefits, 100% could be attributed to the productivity and adding value
component of the rural research priorities. This ignores the benefit component related to the social
benefits of reduced stress. The results showed that of the three types of benefits valued, the
production/productivity benefits contributed 46% of the total Present Value of Benefits, the trading
benefits 16%, and the benefits from reduced stress 38%.

The cash flow of benefits is shown in Figure 1 for both the total investment and for the MLA
investment.
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Figure 1: Benefit Cash Flow
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Sensitivity Analyses

Sensitivity analyses were carried out on a range of variables and results are reported in Tables 9
and 10. All sensitivity analyses were performed using a 5% discount rate for the MLA investment
only. Benefits were estimated over the life of the investment plus 25 years from the year of last
investment. All other parameters were held at their base values.

Table 9 shows the sensitivity of the investment criteria to the level of attribution made to the R&D
control projects in reducing social stress. Without valuing the social stress benefit, the rate of return
falls to single figures (9%).

Table 9: Sensitivity of Investment Criteria to the Assumption of the Influence of the R&D Investment
on Social Stress
(Benefits and Costs for MLA investment in the nine projects)

Criterion Discount rate 5%
Low value Base value High value

0% 60% 90%
Present value of 1.83 2.93 3.49
benefits ($ m)
Present value of 0.74 0.74 0.74
costs ($ m)
Net present value 1.09 2.19 2.75
($m)
Benefit-cost ratio 2.46 3.96 4.70
Internal rate of 9.3 19.1 30.1
return (%)

Table 10 shows the changes in investment criteria with different assumptions regarding the death
rate after vaccination.
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Table 10: Sensitivity to Death Rate Assumed After Vaccination
(MLA investment, 5% discount rate; 25 years)

Criterion 2% 1% p.a.(Base) 0.5%
Present value of benefits (m$) 0.76 2.93 4.02
Present value of costs (m$) 0.74 0.74 0.74
Net present value (m$) 0.02 2.19 3.28
Benefit cost ratio 1.03 3.96 5.42
Internal rate of return (%) 5.2 19.1 24.0

The break-even death rate after the research to return 5% on the investment was just over 2% per
annum.

No sensitivity to adoption (high, medium, low) has been presented as the assumptions made did not
lend themselves to such an analysis.

Conclusions

This suite of projects has been successful in producing improved on-farm management methods for
0JD. The investment has lead to the application of the Gudair™ vaccine and other control methods
mainly associated with grazing management. The vaccine is being adopted with 2.5 million doses
administered in the 2005 calendar year.

Based on the assumptions made, MLA'’s investment in the nine projects has provided a net present

value of over $2 million, a benefit-cost ratio of nearly 4 to 1, and an internal rate of return of 19%.
The reduction in social stress due the investment was significant in the total benefit structure.
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Development of Gene Silencing in Haemonchus contortus

Organisation: Department of Primary Industries, Victoria
Start Date: January 2004

Completion Date: April 2006

Principal Investigator: Jody Zawadzki

Introduction

The most important parasitic diseases of livestock (cattle tick, sheep, worm infections, sheep blowfly
and sheep lice) have been estimated to cost the Australian economy $0.7 billion annually, with
sheep worms alone estimated to cost $222 million (1995 dollars) (McLeod 1995). Such diseases
have historically been controlled by chemotherapeutic agents (anthelmintics). However these
treatments can be expensive and only partially effective. In addition, use of these agents over time
has resulted in serious problems with anthelmintic resistance by the most pathogenic species of
worms. A more recent approach to drug discovery has been to understand how disease and
infection are controlled at the molecular and physiological level and to target specific entities based
on this knowledge. This approach has been made even more critical by the absence of significant
research investment by the animal health pharmaceutical industry (Sangster and Emery 2001;
Geary et al 2004; Shyrock 2004).

A research program jointly funded by MLA and Australian Wool Innovation (AWI) commenced in
2003 and focused on identifying new targets for anthelmintics (drugs or vaccines) to control
intestinal worms in livestock. This program is unofficially called the Gastro Intestinal Nematode
Target Identification Program (GINTIP).

Investment Description

The GINTIP program is identifying new targets on parasites that can be disrupted by chemicals or
biological agents. It addresses key host responses to infection and manipulation of these to achieve
control and develop enabling technologies to assist and accelerate the discovery of these unique
control targets.

Nine projects make up the program. The titles and purposes of each of these projects, together with
the researchers and research oganisations involved, are presented in Table 1.
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Table 1: Title, Purpose, Researchers and Research Organisations in GINTIP

Project code and title

Purpose

Researchers/Research
Organisation

AHW.022: Novel
approaches to the control of
parasitic nematodes of
sheep

Conduct basic research
that will allow discovery of
new solutions to internal
parasitic diseases of sheep,
specifically the discovery of
stage, sex or parasitic-
specific, vaccine or drug
targets in Trichostrongylus
vitrinus, a model organism
for the broad spectrum of
livestock nematode
parasites

Robin Gasser et al,
University of Melbourne,
Genetic Technologies Ltd

AHW.023: Thiol metabolism
as a drug target for
parasitic nematodes

Provide proof of concept
that unique enzymes in
parasites of sheep are
potential drug-targets for
the control of Haemonchus
Contortus, and potentially
all important internal
parasites of sheep

Mary Davey, University of
Technology, Sydney

AHW.024: Analysis of the
sheep-Haemonchus
contortus relationship

Examine the effect of
internal parasites on the
immune responses of
sheep in order to find
interventions to minimise
damage to the host and
identify mechanisms for
controlling worm fecundity

Nicholas Sangster,
University of Sydney

AHW.028: Identification of
immunostimulatory
molecules of
gastrointestinal parasites
for use adjuvants

To provide new options for
controlling parasites of
sheep by investigation of
the innate immune
responses and
mechanisms of the sheep
host.

Els Meeusen, University of
Melbourne (later transferred
to Monash University)

AHW.029: Drug discovery
in sheep nematodes by
functional genomics in
Caenorhabditis elegans

Identify and validate new
nematode specific drug
targets by identifying sets of
genes that have been
classified into apparent
functional groups
considered essential to vital
processes in the biology of
parasites using RNAI

Carolyn Behm, Australian
National University

AHW.031: Development of
Gene Silencing in the

Develop robust and reliable
methods for the in vitro

Jody Zawadzki, Department
of Primary Industries,
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Parasitic Nematode
Haemonchus contortus

growth of Haemonchus
contortus, a sheep parasite
to the late L4 and possibly
early L5 stage and to
develop and apply gene
silencing technology (RNAI)
to these parasitic stages

Victoria

AHW.032: Enabling
Technologies of RNAIi and
Cell Culture for Internal
Parasites of Sheep

Develop techniques for
maintaining the parasites H.
contortus and T.
colubriformis and their cells
in the laboratory, and
establish conditions for
RNAI in these tissues

Nicholas Sangster,
University of Sydney

AHW.033: Novel
Approaches for Control of
Sheep Nematode Parasites

Create a database of
potential drug or vaccine
targets from the
excretory/secretory and
parasite surface molecules
expressed at different
developmental stages of
the sheep parasite H.
contortus

Jody Zawadzki, Department
of Primary Industries,
Victoria

AHW.049: Validation of
Putative Drug Targets for
Control of Haemonchus
contortus

Identify antioxidant systems
which are critical to parasite
survival in the host. This
information can then be
used in drug identification
studies to identify a specific
inhibitor suitable for use as
a drug for parasite control,
specifically those by use of
RNAI are directed against
antioxidant targets known
to play a vital role in
parasite survival

Andrew Kotze, CSIRO
Livestock Industries

Investment Costs

Table 2 presents the resources invested in the GINTIP program by year for MLA and AWI. It is
assumed that the researcher organisations’ in-kind contribution is equivalent to 100% of the
MLA/AWI input.
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Table 2: Resources Invested by Year for MLA, the Researchers and Funding Partners for the nine
projects within GINTIP (nominal $)

Year MLA AWI Researcher Total
Organisations
2002/03 181,298 181,298 362,596 725,192
2003/04 623,955 623,955 1,247,910 2,495,820
2004/05 643,530 643,530 1,287,060 2,574,120
2005/06 600,065 600,065 1,200,130 2,400,260
2006/07 172,656 172,656 345,312 690,624
Total 2,221,504 2,221504 4,443,008 8,886,016

Principal Outputs

The outputs of the GINTIP program will be largely strategic and highly scientific in nature. The

principal potential outputs of each of the projects are summarised below:

o AHW.022: A set of targets that is expressed specifically in males or females, or expressed
specifically in the parasitic stages of the life cycle and which are vital to parasite survival.

e AHW.023: High throughput screening to identify chemical inhibitors of parasite thiol metabolism
to provide an anthelmintic hit compound.

e AHW.024: Immunological reagents to guide the direction of the host response or reagents that
influence parasite gene expression or reagents that interfere with the hypothesised response of
the parasite to host immunity.

e AHW.028: Novel adjuvants to enhance the response of sheep to vaccination against nematode
parasites.

e AHW.029: Validated candidate drug targets for HTS development and subsequent chemical
library screening.

e AHW.031: Enabling technologies for the RNAI validation of targets as being essential for
development/viability in free-living stages of H.contortus. In the long term, this may extend to
RNAI validation of targets in parasitic stages.

e AHW.032: Enabling technologies for tissue culture and RNAi. RNAI in tissue culture would most
likely be useful for testing the function of genes with cell autonomous functions essential for cell
viability. These are not likely to include genes required for multi-cellular functions such as
development and reproduction (i.e. the biological functions that are the focus of AHW.022).

e AHW.033: Targets for testing RNAI that will then feed into assay and high throughput screening
(HTS) (or vaccine) development. There is also the intention that some/all of the proteins
identified will be considered for development as vaccine antigens. The intention is that these
targets will be largely parasitic stage specific and/or show differences in regulation between
parasitic stages.

e AHW.049: Drugs that enhance host immunity via inhibition of worm defences against oxidative
damage and development of RNAI in parasitic stages of H. contortus.

The review of the program undertaken in early 2006 found that some of these potential likely outputs
are likely to be produced.

The probability of successful outputs of GINTIP will be enhanced by the publication of the genome

sequence for H.contortus which is expected to be complete and publicly available in late calendar
2006 (Stephen Page, pers.comm., July 2006).

Page 29 of 63



Principal Outcomes

The ultimate outcome of the program is expected to be validated targets that can be used in high
throughput screening (HTS) to identify hits and lead compounds. There is also the possibility that an
understanding of a particular target may allow the design of a specific anthelmintic. The review of
the program in early 2006 identified the steps required for the project outputs identified above to
actually lead to a commercial pharmaceutical product. This includes the interest of a major
pharmaceutical company to invest in the program at the point where a candidate target (or set of
targets) has been identified and validated by a demonstration that interference with the target’s
function in a relevant parasite species is deleterious.

The program aims to transfer all significant drug or vaccine target information to a pharmaceutical
industry partner to take the technology to market (Stephen Page, pers.comm., July 2006).

Options identified in the review for commercialising the eventual outputs of the GINTIP program
include:

e License the targets to R&D companies

Sell the targets on a non-exclusive basis to R&D companies
Donate the targets to R&D companies

Sponsor high throughput screening

Directly fund high throughput screening

A commercial awareness program involving presentations and discussions of each project has been
initiated and contacts with key decision makers in the top nine animal health pharmaceutical
companies established. All future projects will be designed to closely meet the requirements of
potential industry partners (Stephen Page, pers.comm., July 2006).

Benefits Associated with the Investment

In the shorter-term, potential benefits include conceptual advances in the knowledge of molecular
biological processes in parasites and key parasitic diseases of livestock through the application of
genomics technologies. This could lead to novel and innovative methods of parasite control with
significant biotechnological and commercial benefits in the longer term.

The long-term benefits of the potential outputs and outcomes of GINTIP include:

e Enhanced focus on animal health biotechnology through the development of safe anti-parasite
compounds and/or vaccines

Improved and sustainable control of important parasites of sheep and other livestock
Increased profitability of agricultural animal production
Improved welfare of agricultural animals

Improved international marketability and consumer acceptance, due to reduced use of
conventional anti-parasitic drugs during production

e Development of a technology platform for further applications in genomics and post-genomics of
pathogens of global significance

e Capture of the benefits and outcomes of fundamental research and a strengthening of the links
between fundamental and applied research

e Enhanced quality and quantity of scientifically skilled people in biology and biotechnology

Close collaboration with research groups endeavouring to discover effective agents for the
control of filarial and other parasitic diseases of humans (see Behm et al 2005).

Page 30 of 63



A summary of the potential benefits that may emerge from the GINTIP investment is provided in
Table 3.

Table 3: Summary of the Economic, Environmental and Social Benefits from the Investment

Economic

Environmental

Social

More effective control
of internal parasites of
sheep

Improved health of
sheep increases
productivity per head

Enhanced welfare and well being of
agricultural animals

and can therefore
decrease
environmental impact.

Reduced costs of
internal parasite
control in sheep

Improved social welfare due to
reduced use of conventional drugs in
livestock production

Capacity building in biotechnology
and a strengthening of linkages
between fundamental and applied
research

Support discovery of new
antiparasitic agents to treat serious
human diseases

Public versus Private Benefits

The potential benefits identified from the investment in the gene silencing projects are predominantly
private. The predominant beneficiaries of the research are sheepmeat and wool producers,
however, some of the benefits of the cost reductions will be passed along the supply chain to
processors and consumers. These processor and consumer benefits would be partially domestic,
with the balance being transferred to overseas markets for the exported volumes of the respective
commodities, which make up a significant part of total sheepmeat volume, and the predominant part
of total wool produced. There are some community benefits deriving from potential spillovers to
identification of drug targets for human disease treatments, as well as some capacity building in the
biotechnology area.

Additionality

If MLA had not received funding (or received less funding) from the Commonwealth, the investment
may not have been funded at all or may have been funded at a significantly lower level. This
because it was probably considered at the time a highly strategic project at the high risk - high return
end of the risk- return spectrum
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Match with National Priorities
The Australian Government’s national and rural R&D priorities are reproduced in Table 5.

Table 5: National and Rural R&D Research Priorities 2007-08

Australian Government

National Research Rural Research Priorities
Priorities
1. An environmentally 1. Productivity and adding value

sustainable Australia 2. Supply chain and markets

2. Promoting and maintaining 3. Natural resource management
good health _ o )
3. Frontier technologies for 4. Climate variability and climate change
building and transforming 5. Biosecurity

Australian industries Supporting the priorities:

4. Safeguarding Australia 1. Innovation skills

2. Technology

The program has contributed to Rural Research Priority 1 through its potential impact of lowering
costs of production and increasing productivity.

The investment has made a significant contribution to National Research Priority 3 through its focus
on molecular biology of parasites. The investment also fits with Supporting Rural Research Priorities
through building innovation skills and capacity in biotechnology.

There has also been a contribution to Rural Research Priority 5 (Biosecurity) and National Research
Priority 4 (Safeguarding Australia).

Quantification of Benefits

It is difficult to quantify the benefits of the GINTIP research program. This is partly because the
program of research is not yet complete, and also due to the strategic nature of the research. There
are a number of steps to be undertaken and potential obstacles to overcome before the early stage
scientific knowledge being produced will be utilised in commercial drugs and vaccines for the
treatment of livestock parasites.

The scientific and commercial review of the program undertaken in February 2006 made
recommendations to changes to the program to maximise the probability of successful commercial
outcomes, and therefore benefits, being realised.

The capture of benefits will require the involvement of a pharmaceutical company with experience in
the research, development and regulatory approval of new chemical entities. The cost of such an
exercise has been estimated at around US$50-55 million and it is reasonably expected that this cost
will be borne by the pharmaceutical partner. While the global sheep market for anthelmintics is
relatively small, the market for a new cattle antiparasitic product is large (Wood Mackenzie 2005)
and sufficient to drive a new development program. As part of the validation of novel targets
identified during the GINTIP program will be an assessment of their applicability to nematodes of
other animal species (notably cattle) and humans (Stephen Page, pers.comm., July 2006).
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If quantification of benefits were attempted, it would be necessary make a set of assumptions
concerning:
(a) The probability of scientific outputs being achieved within the life of GINTIP that could
conceivably be subject to proof of concept research
(b) The time lags and financial resources required for proof of concept studies to be carried
out
(c) The probability of success of the proof of concept studies that are carried out
(d) The time lags and costs of commercialisation of proven technologies
(e) The probability of successful commercialisation
(f) The costs of the technology to producers in relation to existing nematode worm costs and
the impact on total industry costs
(g) The likelihood of other scientific initiatives being successful earlier in providing more
effective control of internal parasites of sheep (e.g. breeding worm resistant sheep)

It has been reported that Intestinal worms cost the Australian sheep industry $220 m per year and if
resistance increases in future this could be 4 to 5 times that amount within 10 years (Sandeman and
Warner, 2002). A more recent estimate of the cost of intestinal worms to Australian industry is $369
m per year (Sackett et al, 2006).

Tentative estimates of the required parameters for one approach to quantification are given in Table
6.
Table 6: Initial Assumptions for Estimating Expected Investment Criteria for GINTIP

Parameter/Activity Probability /Cost//Time
Scientific outputs for GINTIP ready for proof | Probability of 0.2 by end of GINTIP
of concept investment (2006/07)
Proof of concept studies 5 years with $1 m per year to 2011/12;

probability of success 0.3
Commercialisation; the major component of | $1 m per annum for 5 years to 2016/17

taking a GINTIP outcome to market will be (assumed a drug); probability of success
borne by a pharmaceutical company with 0.5. The total commercialisation cost
principal interestin a cattle product. would be far greater but it is assumed that

the sheep component of this process
would bear a cost of only $1 million per
annum, and would involve only target
animal efficacy, safety and residue

studies
Reduction in costs of parasitic nematodes of | 50% after costs of technology to producer
sheep taken into account; assumed cost of

parasitic nematodes has risen three fold
to $1,107 m per annum in 2005/06 dollar
terms by 2016/17

Other scientific initiatives reaching successful | Dilution factor for benefits of 70% applied
outcomes earlier; assumed during to allow for this possibility
commercialisation phase for GINTIP outputs.
This may not be an all or nothing parameter
as even a delayed introduction of a GINTIP
outcome could deliver benefits and capture
some market share. Applied therefore as a
dilution factor for benefits.
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Results

All past costs and benefits were expressed in 2006/07 dollar terms using the CPI. All benefits after
2006/07 were expressed in 2006/07 dollar terms. All costs and benefits were discounted or
compounded to 2006/07 using a discount rate of 5%. The base run used the best estimates of each
variable, notwithstanding a high level of uncertainty for many of the estimates. All analyses ran for
the length of the investment period plus 25 years from the last year of investment (2006/07) to the
final year of benefits assumed (2031/32).

Investment criteria were estimated for both total investment and for the MLA investment alone. Each
set of investment criteria were estimated for different periods of benefits. The investment criteria are
reported in Tables 6 and 7.

Table 6 shows the results for investment from all sources including the MLA funding for the nine
projects. Table 7 shows the investment criteria for MLA funding alone and is restricted to the six of
the nine projects that were in the population of projects from which the sample was drawn.

Table 6: Investment Criteria for Total Investment and Total Benefits*
(discount rate 5%)

Criterion 0 years 5 years 10 years | 15years | 20 years | 25 years
Present value of 0 -0.87 5.76 36.66 60.86 79.83
benefits (m$)

Present value of 10.40 10.40 10.40 10.40 10.40 10.40
costs (m$)

Net present value | -10.40 -11.27 -4.64 26.26 50.46 69.43
(M$)

Benefit cost ratio 0 -0.08 0.55 3.52 5.85 7.68

Internal rate of | negative | negative 0.4 14.3 16.8 17.6

return (%)

Y Includes AHW.022, AHW.023, AHW.029, AHW.031, AHW.032, and AHW.049

Table 7: Investment Criteria for MLA Investment in Six Projects in Population®

(discount rate 5%)

Criterion 0 years 5 years 10 years | 15years | 20 years | 25 years
Present value of 0 -0.12 0.82 5.33 8.66 11.36
benefits (m$)

Present value of 1.49 1.49 1.49 1.49 1.49 1.49

costs (m$)

Net present value -1.49 -1.62 -0.67 3.72 7.17 9.87

(m$)

Benefit cost ratio 0 -0.08 0.55 3.49 5.80 7.60

Internal rate of | negative | negative 04 14.1 16.6 17.4

return (%)

! Includes AHW.022, AHW.023, AHW.029, AHW.031, AHW.032, and AHW.049

In terms of the quantified benefits, 100% could be attributed to the productivity and adding value
component of the rural research priorities.
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The cash flow of benefits is shown in Figure 1 for both the total investment and for the MLA
investment in the six projects.

Figure 1: Benefit Cash Flow
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Sensitivity Analyses

Sensitivity analyses were carried out on a range of variables and results are reported in Tables 8 to
10. All sensitivity analyses were performed using a 5% discount rate for the MLA investment only.
Benefits were estimated over the life of the investment plus 25 years from the year of last
investment. All other parameters were held at their base values.

Table 8 shows the investment criteria are sensitive to the discount rate. This is not surprising given
the long period to the expected time of benefit capture.

Table 8: Sensitivity of Investment Criteria to Discount Rate
(Benefits and Costs for MLA investment in the six projects)

Criterion 2.5% 5% (Base) 10% 15%
Present value of benefits ($ m) 17.08 11.36 5.33 2.67
Present value of costs ($ m) 141 1.49 1.67 1.85
Net present value ($ m) 15.66 9.87 2.73 0.82
Benefit-cost ratio 12.07 7.60 2.64 1.44
Internal rate of return (%) 17.4 174 174 17.4

Table 9 shows the investment criteria are highly sensitive to the assumptions regarding probability of
success assumed (outputs, proof of concept and commercialisation) for reaching the various
milestones along the way to capturing benefits. It is interesting to note that if all outputs and
outcomes are achieved and commercialisation proceeded and was successful, the net present value
for the MLA investment alone would be $577 million and the benefit-cost ratio 386 to 1.
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Table 9: Sensitivity to Probability of Success of Research, Proof of Concept and Commercialisation

(MLA investment, 5% discount rate; 25 years)

Criterion Low Base High
0.1,0.15, 0.25) (0.2,0.3,0.5) (0.4,0.6, 1.0)
Present value of benefits (m$) 1.36 11.36 91.93
Present value of costs (m$) 1.49 1.49 1.49
Net present value (m$) -0.13 9.87 90.44
Benefit cost ratio 0.91 7.60 61.51
Internal rate of return (%) 4.5 17.4 33.6

Table 10 shows the sensitivity of the investment criteria to the cost reduction assumed due to the

investment.
Table 10: Sensitivity to Cost Reduction from Anti-Parasitic Product
(MLA investment, 5% discount rate; 25 years)
Criterion 25% Base (50%) 75%
Present value of benefits (m$) 5.58 11.36 17.14
Present value of costs (m$) 1.49 1.49 1.49
Net present value (m$) 4.09 9.87 15.65
Benefit cost ratio 3.74 7.60 11.37
Internal rate of return (%) 12.6 17.4 20.4

No sensitivity to adoption (high, medium, low) has been presented as the assumptions made did not
lend themselves to such an analysis.

Conclusions

GINTIP is a highly strategic research investment targeting internal parasite of sheep. While
recognising the difficulty of evaluating this investment in economic terms, an attempt has been made
to address this issue via a probabilistic approach. Given the assumptions made the net present
value for the MLA investment is expected to be positive at $10 million at a 5% discount rate with a
benefit-cost ratio of 7.6 to 1 and an internal rate of return of over 17%.
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MLA Prime Time Campaign

Organisation: Currie Communications
Start Date: January 2005

Completion Date: June 2005

Principal Investigator: Charles Paterson

Introduction

Sheep numbers in Australia had gradually fallen from 170 million in 1990 to 99 million to in 2003.
MLA had predicted a chronic shortage of sheep and lambs until at least 2007 and was concerned
about the industry’s reputation as a reliable supplier of lamb, mutton and wool.

The Prime Time campaign was an MLA initiative to increase awareness among sheep producers of
the likely shortage, opportunities for increasing lamb and sheepmeat production, and practices that
boosted flock productivity and profitability. MLA’s partners in the campaign were the Sheepmeat
Council of Australia, the Sheep Industry CRC, and key event private sector partners, Landmark and
Elders Limited.

Investment Description

The Prime Time campaign was launched in July 2003. The aim of the program was to boost lamb
production by 1 million lambs in 2004 and accelerate lamb and sheep meat production over the
following four years.

Phase One involved producer forums on ‘lts Prime Time to get into Sheep’. It was aimed at
encouraging sheep/lamb producers in the wheat—sheep zone to increase production.

Phase Two delivered the message ‘Making More from Merinos’ to merino sheep producers in order
to encourage them to rebuild the merino ewe flock, mainly due to the merino’s role in first and
second cross lamb production. Phase Two was carried out in 2004.

Phase Three was implemented in 2005 and focused on prime lamb specialists and or mixed farmers
in the high rainfall zones of Australia and delivered forums on ‘It's Prime Time to Make more From
Lamb’.

The investment focused on empowering sheep producers to manage the most important drivers of
cost of production on their own farm in order to make more money. Key messages were on how to
take advantage of technology in terms of proven breeding, feeding and management strategies that
required little or no cost that could help them to

= wean up to 10% more lambs;

= get up to 50% more from their pasture;

= gain up to 5% more carcase yield; and

= make up to 25% more from their breeding ewes.

There were 40 projects funded by MLA in the Prime Time campaign but only six of these were in the
population. The remainder were small projects less than the minimum value of $20,000 in total
funding from MLA. The communications area was central to the campaign. For example, the
specific objectives of one of the larger projects in the six projects (Project SCSB.065) were to:

1. Implement the MLA Prime Time communication and delivery campaign.
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9.

Prepare industry briefing documents and media releases for MLA and event partners for the
duration of the campaign, as required by MLA from time to time.

Manage communication activities with event partners, as required by MLA from time to time.
Write and edit monthly campaign updates for distribution to MLA, event partners and key
influencers/stakeholders, as required by MLA from time to time.

Prepare and manage editorials, letters to the editor, case studies, website and FEEDBACK
articles through the duration of the campaign, as required by MLA from time to time.

Manage print advertising in key rural newspapers for the duration of the campaign.

Develop, produce and distribute agents’ fax flyers and MLA Prime Time forum posters, as
approved by MLA from time to time.

Conduct event management, communication, organisation and operational activities for MLA
Prime Time forums as required by MLA from time to time.

Develop and implement a monitoring and evaluation program to measure the effectiveness
of the campaign, as required by MLA from time to time.

10. Produce a final report.

Hence this project researched, developed, delivered, monitored and evaluated an integrated
communication campaign for the MLA Prime Time campaign.

Investment Costs
Table 1 provides estimates of the total investment in the Prime Time campaign.

Table 1: Resources Invested by Year for MLA and the Research Organisation for Total Prime Time

Campaign (nominal $)

Year MLA funds (a) Other State Total
financial Agencies
support (in kind) (c)
(b)

2003/04 772,760 50,000 70,000 | 892,760
2004/05 555,115 50,000 70,000 | 675,115
2005/06 334,500 0 0| 334,500
Total 1,662,375 100,000 140,000 | 1,902,375

(a) Source was MLA

(b) Estimate for Elders, Landmark, AWI and Australian Sheep CRC

(c) Estimate for State Agencies’ contribution in kind through speakers at forums across
Australia.

Financial and in-kind support was sought from Landmark and Elders as “key event partners” for the
forum series. The Australian Sheep CRC, Australian Wool Innovation (AWI) and the state
Departments of Primary Industries were “event supporters” (Currie Communications, 2005a).
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Principal Outputs

Phase 1

A total of 1,609 producers (plus 213 livestock agents and others) attended the 16 forums in 2003.
Exit surveys from 939 forum attendees rated the value of the forums at 8.5 out of 10. Also, the exit
surveys indicated that 85% of attendees would make changes to their business as a direct result of
attendance.

A majority of mixed farmers (75%) agreed higher sheep productivity could be achieved without
affecting grain production, if they better managed pastures and sheep genetics.

Phase 2
Audience-specific productivity and profitability key messages were developed for consistent
communication to industries. This phase consisted of four key activities:

= National advertising campaign

» Integrated media relations campaign

= 13 forums conducted in four states

=  Provision of MLA funding for sheep producer groups to conduct “Wean More Lambs”

demonstration sites throughout Australia.

A total of 1,031 producers (plus 150 livestock agents and others) attended the 11 MLA ‘Making More
from Merinos’ forums in March to May 2004. In addition there were 379 producers/agents who
attended the two joint AWI/MLA ‘Making More from Merinos’ forums in February 2004. Exit surveys
again showed that forums were rated between 8 and 9 out of ten. The survey indicated that 77% of
attendees would make changes to their farm management as a result of attending.

Phase 3

Phase 3 ran from February 2005 to June 30 2005. A total of 1,673 producers and 222 agents
attended the 17 MLA “Make More from Lamb” forums. Exit surveys again rated the forums highly (an
average of 8.6 out of 10). The survey indicated that 89% of attendees would make changes to their
farm management as a direct result of attending a forum

The most frequently cited changes were, in order of priority (Currie Communications, 2005b):

1. Improve ewe nutrition — condition score (target score 3) pre-joining /pre-lambing and
supplementary feed when required (and scan to identify twin bearing ewes);
More stringent terminal /maternal sire selection, understanding use of EBVS/ASBVSs;
Improve measurement- calculate cost of production, use benchmarking;
Improve pasture assessment /utilisation, increase stocking rates (exit plan in dry years);
Conduct worm egg counts, monitor drench rotation /resistance more closely;
More strategic feeding of lambs (supplementary and/or consider grain/lot feeding); and
Modify/review lambing and joining times (tighten and/or later).

Nogahrwd

At the 17 MLA ‘Make More from Lamb’ forums (Phase 3) alone, 37% of the attendees requested
further information from MLA regarding one or more EDGEnetwork workshops and/or MLA products
and services including (Currie Communications, 2005):

= 657 producers had requested a copy of the new MLA “Lamb Cost of Production
Calculator”;
218 requests for information on the “Wean More Lambs“ EDGEnetwork workshop;
196 requests for “Effective Breeding“ EDGEnetwork workshop;
167 requests for information on the “PROGRAZE” training course; and
142 requests for information on LAMBPLAN.
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As a part of developing best practice production manuals and guides and training programs for
sheep producers, MLA supported an independent financial analysis developed by Holmes Sackett
and Associates that quantified the direct impact of increasing productivity on the cost of production
and the net profitability of improving the lamb enterprise. This resulted in a “Lamb Cost of Production
Calculator” which was communicated to forum participants.

In total 46 forums were held. The number of forums was actually greater that this as MLA Prime
Time information was presented in other forums outside this official MLA driven number. Around
7,000 lamb/sheep producers (on various databases) have engaged directly with at least one specific
MLA Prime Time program activity (Charles Paterson, pers.comm., July 2006).

In addition to the forums, MLA provided other avenues for producers to extend their knowledge
(MLA, 2005):
1. Specialist hands-on workshops for small groups of producers in conjunction with stock and
station agents; 415 producers have attended 18 MLA Prime Time Workshops by 30 June
2005; and
2. Funding for land and sheep producer groups to conduct on—farm flock “productivity “
research trials; 752 producers have participated in Wean More Lambs on-farm trials and 187
producers have participated in MLA Prime Time On-Farm Demonstration sites.

In summary, the ‘top line’, quantifiable outputs and early stage outcomes generated by activities
specific to the MLA Prime Time program over the two years (1 July 2003 to 30 June 2005) include:

e Attitudinal research conducted with lambs and sheep producers has revealed:

- 65% lamb/sheep producers aware of MLA Prime Time or Making More from Merinos (July
2005)

- 59% of lamb producers aware of latest MLA Prime Time forum series (June 2005)

- 79% of Merino breeders aware of the Making More from Merinos forum series (June 2004)

- 39% of lamb producers aware of the new MLA Lamb COP Calculator (June 2005)

- 41% of Merino breeders aware of the new MLA ‘Wean More Lambs’ EDGEnetwork®
workshop (June 2004)

e Around 18,000 lamb/sheep producers have received MLA Prime Time information kits/booklets
from MLA (via field days, forums, workshops etc) since 1 July 2003.

e Around 7000 lamb/sheep producers (on various databases) have engaged directly with at least

one specific MLA Prime Time program activity, including:

- 4,692 producers (and 585 agents/other) have attended 46 MLA Prime Time and Making
More from Merinos forums;

- 1,700 producers requested (via 1800 Hotline) the Wean More Lambs guide;

- 415 producers have attended 18 MLA Prime Time workshops (hosted by agents);

- 752 producers are participating in Wean More Lambs on-farm trials;

- 187 producers are participating in MLA Prime Time On-Farm Demonstration Sites;

- A proportion of the 1,800-plus sheep producers that have attended EDGEnetwork®
workshops between 1 July 2003 and 30 June 2005.

e Analysis of the 3,300-plus evaluation forms completed by producers/others upon exit of MLA
Prime Time and MLA Making More from Merinos forums revealed:
- Eight in ten (85%) respondents said that they would make changes to their business/farm
management as a direct result of attending the forum.
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e Research in July 2005 of MLA Prime Time forum attendees (three to 21 months after a forum
series) revealed that 67% of attendees had made at least one change to their on-farm/sheep
management as a direct result of attending a forum.

Principal Outcomes

Apart from increasing awareness among sheep producers of the productivity increases possible and
the support tools to achieve these including training courses, the campaign also increased the
participation of sheep producers in other MLA sponsored events such as training and on farm trials.

Another aim was to increase the adoption of best management principles by five per cent per annum
among sheep producers who participated in the MLA Prime Time activities (Currie Communications,
2005a). Some evidence in support of achieving this aim was provided by the forum exit surveys
which indicated that 77-89 % of producer attendees (85% overall, upon exit from forums) intended to
make changes to their farm management business and/or practices as a direct result of attendance.

More than two thirds of lamb/sheep producers participating in Phase 2 activities stated they had
have changed management practices as a result of their participation. Changes reported included
improving pasture management, reviewing lambing management and joining practices, sourcing
better genetics, improving ewe/weaner nutrition, considering lot feeding /finishing of lambs, and
thinking about performance in terms of production per hectare rather then per head (MLA,2005).
Currie Communications (2004) reported that 80% of Phase 1 participants had made changes to the
way they managed their sheep enterprise since attending the forums 12 months earlier.

Other evidence to indicate whether these intended changes have or have not been made is mainly
anecdotal from producer testimonials and on-farm case studies (e.g. ..... increased my weaning
percentages by 10% since attending MLA Prime Time workshops etc). Given the scenario that
some changes have been made, there is no indication of the proportion that have made changes or
the timing of such changes. Further, for those who may have made changes, there is no hard
information as to whether the changes have resulted in productivity increases or increases in net
income.

The MLA Lamb Survey in 2004 reported a 16% increase in ewes mated to produce Merino lambs, a
13% increase in estimated number of lambs on hand, and a forecasted 5% increase in ewes joined
to produce prime lambs. Naturally, any changes in the results from the MLA Lamb Survey cannot
be attributed solely to the MLA Prime Time campaign given changing seasonal and enterprise
profitability factors. However indirect (media relations) and direct (forums, workshops etc)
communications most likely would have had some impact on motivation and adoption. For example,
the June 2004 producer survey (compared with results in June 2003) showed:
= producer awareness of the need for the production of an extra one million lambs in 2004
was boosted from 25% to 75%.
= the percentage of mixed farmers who intended to increase the size of their sheep flocks
(when seasons returned to normal) increased from 13% to 37%.
= The percentage of mixed farmers who used LAMBPLAN EBVs increased from 9% to
42%.
= The percentage of mixed farmers who used Merino Genetic Services EBVs increased
from 6% to 28%.
» The percentage of mixed farmers who used PROGRAZE principles increased from 6% to
12%.
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Caution needs to be taken in assessing the outcomes of any change in enterprise driven by the
campaign as necessarily leading to a higher level of profitability. The outcome of such changes,
without change in lamb productivity, may have been driven by factors such as the property type,
relative product prices and seasonal conditions.

One of the key outcomes of the campaign was the heightened interest and awareness among
producers of the potential for lamb productivity enhancements and the follow up interest in other
services and tools offered by MLA.

Numbers attending the two major EDGEnetwork training courses mentioned by participants are
shown in Table 2. These numbers certainly support a peak in 2004/05 for “Wean More Lambs” that
could have been caused by the campaign. There were many workshops where MLA Prime Time
forums were impetus for groups of producers getting together and for generating ‘prospects’ for
post-forum contact; exit surveys were supplied to EDGEnetwork deliverers with interested producers
identified e.g. with regard to ‘Wean More Lambs’ workshops alone, ~360 producers requested
information about ‘Wean More Lambs’ workshops at 2003 forums; 228 producers requested
information about ‘Wean More Lambs’ workshops at 2004 forums, and 218 producers requested
information about ‘Wean More Lambs’ workshops at 2005 forums.

Table 2: Numbers Attending Relevant EDGENetwork workshops by year

Workshop Name 2001-02 | 2002-03 | 2003-04 | 2004-05 | 2005-06 | TOTAL
Effective Breeding Lamb 338 271 336 175 42 1,162
Wean More Lambs NA NA 95 296 137 528

Benefits Associated with the Investment

Economic benefits will provide the vast majority of benefits from this investment. The major benefit
will most likely be derived from any management changes made as a result of the campaign that in
turn leads to higher productivity and profitability. The campaign has also raised the profile of other
products and services in the lamb and sheepmeat area offered by MLA such as EDGEnetwork. The
benefits from an increased uptake can be partly attributed to the MLA investment. Another potential
benefit is that if the campaign has increased the number of lambs produced in Australia, there may
have been some market and trade benefits from maintaining a constant or increased supply
compared with the scenario of a decreasing supply.

A summary of the likely benefits from the investment in the project are provided in Table 3.
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Table 3: Summary of the Economic, Environmental and Social Benefits from the Investment

Economic Environmental Social
Higher productivity per Individual capacity building
hectare for the group of in that many producers now
lamb producers changing have increased confidence
management practices as a to change management
result of the campaign, practices

leading to higher
profitability and lowered
cost of production

More lamb producers Industry capacity building in

meeting market that networks of producers

specifications and private sector agencies
have been developed and
strengthened

Partial benefits from
increased use of other lamb
and sheepmeat services
provided by MLA

Potential market and trade
benefits from maintaining
lamb and sheepmeat

supply

Public versus Private Benefits

The benefits identified from the investment in the Prime Time campaign were predominantly private
benefits. The predominant beneficiaries of the research are sheepmeat and wool producers,
however, some of the benefits of the productivity and trading gains will be passed along the supply
chain to processors and consumers. These processor and consumer benefits would be partially
domestic, with the balance being transferred to overseas markets for the exported volumes of the
respective commodities, which make up a significant part of total sheepmeat volume, and the
predominant part of total wool produced.

Additionality

If MLA had not received funding (or received less funding) from the Commonwealth, the Prime Time
campaign including the six projects analysed here probably would still have been funded at some
significant level. This is because other non-funding partners were strongly supportive of the goals of
the program (especially the Sheepmeat Council of Australia, and key event private sector partners)
and addressed a critical market problem of a likely lamb shortage through taking advantage of
opportunities for increasing lamb and sheepmeat production and profitability.

It is postulated that in the event of a Commonwealth Government funding reduction that MLA would
have invested in this program to some level, but the Commonwealth funding enabled the program to
be conducted with greater scope and to reach a significantly larger portion of the rural community. If
the government contribution was removed altogether, it would have significantly reduced the scope
and reach of the program, probably reducing the capability of the industry to achieve the productivity
increases required to meet export demand.
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Match with National Priorities

The Australian Government’s national and rural R&D priorities are reproduced in Table 4.

Table 4: National and Rural R&D Research Priorities 2007-08

Australian Government

National Research Priorities

Rural Research Priorities

1. An environmentally
sustainable Australia

2. Promoting and maintaining
good health

3. Frontier technologies for
building and transforming
Australian industries

4. Safeguarding Australia

1. Productivity and adding value

2. Supply chain and markets

3. Natural resource management

4. Climate variability and climate change
5. Biosecurity

Supporting the priorities:

1. Innovation skills

2. Technology

The program has made a major contribution to Rural Research Priorities 1 and 2 through its impact
of increasing profitability and strengthening supply to the market. The investment has made a small
contribution to National Research Priority 3 through promoting much of the technology that already

had been developed through past research.

The investment also contributed to the Supporting Rural Research Priorities through building
innovation skills and capacity in the sheepmeat industry, at the level of the individual producer and in
producer networks and private sector agencies.

Quantification of Benefits

Slaughtering of lambs in Australia over the past few years and slaughterings expected in the next
few years, together with relative price changes are reported in Table 5.

Table 5: Australian Lamb Slaughter Numbers: Past and Expected

Year Number of Index of prices Lamb price
lambs received for (c/kg)
slaughtered lamb (1997/98 (nominal)

(000) = 100)

1999/2000 18,507 (a) 94.8 (a)

2000/2001 17,897 (a) 104.1 (a)

2001/2002 17,086 (a) 167.2 (a)

2002/2003 16,430 (a) 176.7 (a)

2003/2004 16,675 (a) 190.1 (a)

2004/2005 17,331 (b) 174.9 (a) 352 (b)

2005/2006 18,470 (b) (est) 348 (b) (est)

2006/2007 18,900 (b) (est) 320 (b) (est)

(a) Australian Commodity Statistics, December 2005
(b) Australian Commodities, June Quarter 2006
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Any changes in production due to the Prime Time campaign will be first reflected in increased ewe
joinings in early calendar 2004, resulting in increased lamb production in the 2004/05 financial year.
Due to other factors such as changes in product prices and seasonal conditions, it is not possible to
derive any conclusions about the production impact of the campaign from the data in Table 5.

The key benefit quantified in the evaluation is that of on-farm productivity changes due to
participation in the Prime Time workshops and forums. It is assumed that these productivity changes
would be translated into increased net farm cash incomes.

The number of producer participants attending forums for each of the three years was available from
Currie Communications. An allowance has been made that more than one producer attended from
the same business. A conversion factor was applied (0.80) to convert producer participant numbers
to enterprise numbers that could potentially benefit. The 0.8 number was estimated from other
workshops and courses run for the livestock industry (e.g. EDGEnetwork).

It was assumed that 67% of participants had actually made changes due to attendance at the
forums. A major assumption in the analysis is that not all participants are assumed to benefit
financially even if they made management changes. It was assumed that only 50% of those
incorporating management changes would actually increase farm cash income due to their forum
attendance. The current analysis assumes that the average increase in farm cash income for those
who do increase their income would be 2.5%. This is less than that assumed for other MLA
initiatives such as training courses and programs due to:
= There are other sources of income generally for sheep farms producing lambs
= Most lamb producers would have attended a forum for only one day, whereas other MLA
initiatives often raise awareness, deliver observation and trialling experiences and build
confidence over more extended periods.

Workshop costs to attendees are assumed to be:
= $150 per day opportunity cost of time per participant
= $20 entry costs per participant (afternoon teas etc)
= $30 travel costs per enterprise represented.

Summary of Assumptions
A summary of key assumptions made is given in Table 6.

Table 6: Key Assumptions for the Valuation of Benefits from Prime Time

Variable | Value | Source
Number of Participants
2003 producers 1,609 Currie Communications
2004 producers 1,410 Currie Communications
2005 producers 1,673 Currie Communications
Total producers 4,692 Currie Communications
2003 others 213 Currie Communications
2004 others 150 Currie Communications
2005 others 222 Currie Communications
Total others 585 Currie Communications
Factor to convert from participant Based on EDGENetwork
numbers to enterprise numbers 0.8 attendances
Impact of Prime Time
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Proportion of participants making | 67% Agtrans Research based

management changes due to on MLA (2005)
Prime Time
Number of enterprises making 50% Agtrans Research

management changes that
deliver financial benefits

Increase in net farm cash income | 2.5% Agtrans Research

for those who benefit

Average net farm cash income for | $40,464 per annum ABARE Farm Surveys
sheep producers (five years from

2000 to 2004)

Lag period between participation | 2 years Agtrans Research

in forum and benefits
Cost of Attendance at Workshops

Entry costs $20 per participant Agtrans Research
Opportunity cost of time $150 per participant Agtrans Research
Travel distance costs $30 per enterprise based | Agtrans Research

on 50 km @ 60c per km

Results

All past costs and benefits were expressed in 2006/07 dollar terms using the CPI. All benefits after
2006/07 were expressed in 2006/07 dollar terms. All costs and benefits were discounted or
compounded to 2006/07 using a discount rate of 5%. The base run used the best estimates of each
variable, notwithstanding a high level of uncertainty for many of the estimates. All analyses ran for
the length of the investment period plus 25 years from the last year of investment (2004/05) to the
final year of benefits assumed (2029/30).

Investment criteria were estimated for both total investment and for the MLA investment alone. Each
set of investment criteria were estimated for different periods of benefits. The investment criteria are
reported in Tables 7 and 8.

Table 7 shows the results for investment from all sources including the MLA funding for the 40
projects. Table 8 shows the investment criteria for MLA funding alone and is restricted to the six
projects that were in the population of projects from which the sample was drawn.

Table 7: Investment Criteria for Total Investment and Total Benefits
(discount rate 5%)

Criterion 0 years 5 years 10 years | 15years | 20 years | 25 years
Present value of -0.66 2.79 6.59 9.58 11.91 13.74
benefits (m$)

Present value of 2.27 2.27 2.27 2.27 2.27 2.27

costs (m$)

Net present value -2.94 0.52 4.32 7.30 9.64 11.47
(M$)

Benefit cost ratio -0.29 1.23 2.90 421 5.24 6.05

Internal rate of | negative 9.4 22.8 25.2 25.9 26.0

return (%)
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Table 8: Investment Criteria for MLA Investment in Six Projects in Population®
(discount rate 5%)

Criterion 0 years 5 years 10 years | 15years | 20 years | 25 years
Present value of -0.41 1.72 4.06 5.89 7.33 8.46
benefits (m$)

Present value of 1.41 1.41 1.41 1.41 1.41 1.41
costs (m$)

Net present value -1.82 0.31 2.65 4.48 5.92 7.05
(m$)

Benefit cost ratio -0.29 1.22 2.88 4.18 5.20 6.00
Internal rate of | negative 9.1 22.3 24.7 25.4 25.6
return (%)

! Includes SCSB.037, SCSB.043A, SCSB.043C, SCSB.052, SCSB.065, and SCSB.085

In terms of the quantified benefits, 100% is attributed to the productivity and adding value
component of the rural research priorities.

The cash flow of benefits is shown in Figure 1 for both the total investment and for the MLA
investment in the six projects.

Figure 1: Benefit Cash Flow
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—— Total —— MLA
Sensitivity Analyses

Sensitivity analyses were carried out on a range of variables and results are reported in Tables 9 to
11. All sensitivity analyses were performed using a 5% discount rate for the MLA investment only.
Benefits were estimated over the life of the investment plus 25 years from the year of last
investment. All other parameters were held at their base values.

Table 9 shows the investment criteria are sensitive to the assumed level of profit increase.
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Table 9: Sensitivity of Investment Criteria to Level of Profit Increase
(Benefits and Costs for MLA investment in the six projects)

Criterion 1% 2.5% (Base) 5%

Present value of benefits ($ m) 3.01 8.46 175
Present value of costs ($ m) 141 141 1.41
Net present value ($ m) 1.60 7.05 16.12
Benefit-cost ratio 2.14 6.00 12.44
Internal rate of return (%) 11.1 25.6 43.3

Table 10 shows the sensitivity of the investment criteria to the proportion of those adopting who
reduce costs.

Table 10: Sensitivity of Investment Criteria to Proportion of those Making Management Changes
Who Reduce Costs
(MLA investment, 5% discount rate; 25 years)

Criterion 20% 40% (Base) 60%
Present value of benefits (m$) 3.92 8.46 13.00
Present value of costs (m$) 1.41 1.41 1.41
Net present value (m$) 2.51 7.05 11.59
Benefit cost ratio 2.78 6.00 9.22
Internal rate of return (%) 13.9 25.6 35.0

An additional table is presented below (Table 11) that shows the sensitivity of the Net Present Value
to the proportion of those exposed to the campaign making management changes. Table 12 shows
the net present value for low, medium and high adoption for different analysis periods.

Table 11: Sensitivity of Net Present Value ($) to Adoption
(Total Benefits and Costs; Discount Rate of 5%)

Period 0 years 5 years 10 years 15 years 20 years 25 years

Low (30%) -2,935,516 | -1,578,436 125,452 | 1,460,493 | 2,506,533 | 3,326,132
Medium (67%) -2,935,516 515,603 | 4,320,954 | 7,302,546 | 9,638,701 | 11,469,140
High (80%) -2,935,516 | 1,251,347 | 5,795,049 | 9,355,159 | 12,144,598 | 14,330,197

Conclusions

The Prime Time campaign was ranked highly by those attending. Exit surveys from the forums and a
later follow up survey of attendees suggest that a significant number of producers would have
changed management practices as a result of the campaign. However, there is little information
available on the actual cost of production decrease or income increase captured by producers.
Assumptions were made on this parameter based on other training and knowledge
transfer/participation events. Given the assumptions made, the investment criteria for the investment
by MLA in the six projects were positive with a net present value estimated of over $7 m and a
benefit-cost ratio of over 6 to 1 at a 5% discount rate.

Acknowledgements
Charles Paterson, Currie Communications

Page 49 of 63



References
Currie Communications (2004) “MLA Survey Report - Participants Survey, MLA Prime Time.

Currie Communications (2005a) “MLA Prime Time: Final Evaluation Report” Report to MLA, June
2005

Currie Communications (2005b) “Evaluation Report: National Snapshot” Report to MLA”, June
2005

MLA (2005) "Outcomes of MLA'’s Livestock Production Research and Development”. MLA Sydney
ABARE (2005) Australian Commodity Statistics

ABARE (2006) Australian Commodities, June Quarter 2006

Page 50 of 63



Strategic Research for Diagnosis and Prevention of OJD

Organisation: University of Sydney

Start Date: July 2002

Completion Date: December 2007
Principal Investigator: Richard Whittington

Introduction

Ovine Johne’s Disease (OJD) is a sheep wasting disease caused by a bacterium (Mycobacterium
avium subsp paratuberculosis or Mptb). The bacterial infection causes thickening of the wall of the
small intestine and reduced absorption of nutrients, leading to decreased productivity and ultimate
death.

The project OJD.031 commenced in the later stages of the R&D program which was a constituent
part of the National Ovine Johne’s Disease Program (NOJDP). The project commenced in the
2002/03 year after MLA recognised that the existing R&D program was focused strongly on shorter-
term outcomes. Before OJD.031 there was no longer-term R&D investment to provide greater
scientific understanding of the disease so that more effective control measures using new and
emerging technologies could be developed. A workshop held in 2001 had already identified
priorities for this strategic research initiative.

Investment Description

The general objective of this Sydney University project was to understand the biochemical, genetic
and cellular events in the early stage of the disease progression that could lead to more effective
interventions than currently available such as an early diagnostic test, vaccine candidates, or gene
markers associated with resistance.

The specific objectives were to:

1. Develop new methods for early diagnosis of OJD, based on testing blood samples and
capable of differentiating animals with active infection from those that had recovered from the
infection

2. Improve understanding of the basic disease process, to underpin future advances in
technology, facilitating more rapid development of vaccines, therapeutic agents and tests

3. Identify critical mechanisms in the disease process suitable for intervention as drug or
vaccine targets

4. Through advanced immunological and genomic approaches, identify and activate
mechanisms which resist or control infection

5. Develop methods applicable to the study of other important livestock diseases, such as
internal parasitism, based on advances in cellular immunology techniques, DNA arrays and
proteomics

The program was established with four subprograms:
1. Diagnostic cell-mediated immunity
2. Opportunities for diagnosis and control in early pathogenesis
3. Bacterial macrophage pathophysiology — the infection/resistance signature
4. Diagnostic potential of bacterial detection in blood
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Subprogram 1 was aimed at early detection of infection and covered an improved gamma interferon
test, new platforms (such as microbeads, ELISPOT and FACS) for detection of gamma interferon
and other cytokines, and developing a novel assay for OJD based on apoptosis.

Subprogram 2 was aimed at developing in vitro models to study the interaction between Mptb and
host cells. Also the subprogram supported field projects that were to provide materials for the study
of early pathogenesis.

Subprogram 3 was focused on the basic science of early infection and included host/pathogen
genomics and proteomics. Its purpose was to define bacterium virulence factors enabling uptake by
and entry into host cells and which were responsible for survival, replication, persistence and spread
in macrophages and ovine intestinal tissues. Also the subprogram was expected to define gene
expression in sheep during the early stages of infection with the bacterium.

Subprogram 4 included new diagnostic approaches including blood polymerase chain reaction
(PCR) and culture and novel detection of the organism in circulating leucocytes. Another part of this
subprogram was to stimulate infected macrophages to move from intestinal tissue into blood, skin or
faeces to increase the sensitivity of diagnostic testing.

Investment Costs

A summary of the financial investment in Project OJD.031 is provided in Table 1. The investment
includes three variations of the one project. Within the population of projects, Project OJD.031
consisted of OJD.031 V, V2 and V3.

Table 1: Resources Invested by Year for MLA, the Researchers and Funding Partners for Project
0JD.031V, V2 and V3 (nominal $)

Year MLA funds Funding Researcher Total
Partners’ contribution
funds
2002/03 165,000 495,000 282,857 942,857
2003/04 135,000 405,000 231,429 771,429
2004/05 175,000 525,000 300,000 | 1,000,000
2005/06 187,500 562,500 321,429 | 1,071,429
2006/07 100,000 300,000 171.429 571,429
2007/08 38,000 113,000 64,714 215,714
Total 800,500 2,401,500 1,371,857 | 4,572,857

Notes:

(a) MLA assumed to contribute 25%, Animal Health Australia 25% and Commonwealth Government
50% of total MLA and Partner Funds

(b) Researcher contribution estimates are based on the 70/30 sharing (MLA/Researcher) of
intellectual property as expressed in the original contract for the project.
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Principal Outputs

As a first step, an operational plan was developed in 2002. The plan was revised and updated
several times up to 2005 as intended. The project was originally planned to be completed by
November 2005. It was subsequently extended to June 2006 (same objectives and money) and later
to December 2007.

The University of Sydney team included supervising scientists, postdoctoral researchers, technical
officers and postgraduate students. Trials commenced in early calendar 2004. Some delays
occurred at the beginning of the project due to laboratory refurbishments, difficulties in appointing
technical officers and purchasing capital equipment.

By the end of May 2004 all staff positions had been filled (except for the postgraduate students) and
the operational plan had been revised. A standard isolate of the bacterium had been confirmed.
Initial biopsies had been taken from sheep to establish molecular and proteomic techniques.
Immunological studies and culture and infection of macrophage cells had commenced
(Subprograms 1 and 3).

By September 2004 a supply of lambs for infection trials was being developed. Further biopsies had
been taken and molecular and proteomic techniques standardised. Immunological studies were
progressing.

By December 2004 alternative formats for detection of gamma interferon were developed. A Cell-
ELISA format had greater analytical sensitivity than the current CSL Bovigram assay. An apoptosis
assay was established for the first time for sheep. Work commenced on the kinetics of responses
during OJD infection. Immortal cell lines had been established and hybridoma cell lines also to
produce monoclonal antibodies against cell surface markers and cytokines.

Results suggested that the existing gamma interferon assay could be improved for ovine samples by
changing the assay conditions, including plate type, antigen concentration, incubation time, and
addition of additives to samples at the time of collection.

Molecular assays for the study of gene expression in mycobacterial infection had been reviewed.
Gene expression data had been analysed from the first experiments.

By May 2005, a number of methodological developments had been successfully completed and
applied to the study of the disease including the enigmatic early stages of infection. Cell lines grown
in the laboratory had been infected with Mptb and in sheep with natural and experimental infections
of the disease. Feasibility of the approach had been confirmed (genomic and proteomics).

The ELISPOT assay had been developed to detect gamma-interferon with the intent of detecting
when the bacterium had been killed by the host or whether an active infection persisted. Work was
progressing on the detection of gene or gene products involved in pathogenesis and the detection of
the bacterium in the blood by getting infected macrophages to move into the blood or other tissues
where testing could be easier than in the intestine.

By September 2005 samples from the infection trials had been analysed using immunological,
molecular biological and microbiological methods developed in the project.

By November 2005 ELISPOT and Cell-ELISA methods had been developed to detect gamma
interferon from sheep, apoptosis, lymphocyte transformation and phenotyping assays had been
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developed allowing evaluation of the tests in sheep with different stages of OJD. Young sheep
deliberately infected and young sheep also naturally infected were collected from farms. Several
novel signals had been discovered in pilot experiments.

By March 2006 samples were being collected from a further group of animals and further
optimisation of the testing methods was proceeding. Eleven genes had been found to be
differentially expressed between the control and the infected animals. Promising results had also
been obtained for testing the status of early infections.

Principal Outcomes and Benefits

Due to the strategic nature of the research, no usable and practical outcomes have yet been
produced by the pathogenesis project. However, the understanding of the pathogenesis of the
disease has been advanced and further knowledge increments expected. These further knowledge
advances, particularly with regard to genes involved in resistance of young sheep to infection, may
be valuable in future development of tools to minimise the future impacts of OJD in Australian sheep
flocks.

Also, the development of a new diagnostic test that can identify whether an infection will develop in
young sheep or whether it will never become clinically expressed will be a major advance in terms of
managing the flock if such technology can be developed. Such a test may have implications for the
current risk management scheme for trading, as well as be useful for individual testing of high value
sheep.

While it is too early to specify in any detail the likely outcomes of this research, a number of outcome
possibilities can be identified. These would include:

A. A quick and inexpensive early diagnostic test for individual animals that is accurate and reliable
and could distinguish between infections in young sheep that will develop clinical effects of the
disease and those that will not

B. A vaccine or drug that will be more effective than the current vaccine in terms of reducing death
and production impacts and safer to use in a human health sense

C. Identification and application of marker genes for resistance to OJD that can be used to assist in
future selection and breeding programs

D. Changing breed and strain types where there is already a difference in resistance to OJD

Each of these prospective outcomes is discussed briefly in turn.

A. A quick and accurate test that provides more information if positive

The results of the project to date indicate some possibility of an improved test being achieved.
Ideally it would provide information that if a young sheep were already infected, whether it would go
on to express clinical symptoms (e.g. shedding bacteria) or whether it would merely carry the
infection with no clinical symptoms.
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B. A More Effective and Safer Vaccine or Drug

It would be far too early to suggest that this could be an outcome of the project without further
investment after the project is completed. In addition there would be commercialisation pathways to
travel after that with time lags and cost issues influencing the cost to producers. The benchmark
vaccine (Gudair) is 90% effective so any improvement over this would be marginal. However, a
more effective vaccine could have implications for the risk management trading scheme in place at
present with higher points awarded for sale sheep vaccinated with a more effective vaccine. A
vaccine that is safer to use from an occupational and health viewpoint could also have some
advantages.

As with a vaccine, it is probably far too early to suggest that an effective drug could be an outcome
of the project without further considerable research investment after the completion of the
pathogenesis project. Commercialisation costs would most likely be higher than for a vaccine due to
the increased safety testing required.

C. Differential Resistance between Breed and Strain Types

If Project OJD.031 produced information that some breeds or strains of sheep were more resistant
than others, then this may be of practical value to sheep producers and provide another tool to those
in high risk areas to control the disease.

D. Identification and Application of Marker Genes

Results of differential expression in a number of genes for control and infected sheep may give
some promise that marker genes for resistance can be identified in the project. The application of
markers in breeding programs could speed up any program aimed at breeding higher levels of
resistance to OJD in Australian flocks.

There have been a number of other benefits arising from the investment in OJD.031. One benefit
has been capacity building spinoffs. The project has been deliberately staffed by young postdoctoral
level researchers and PhD students aimed at research training animal health researchers where a
shortage is looming (Richard Whittington, pers. comm., May 2006). Livestock research
infrastructure has also been enhanced by the project. The University has made significant
investment in laboratory infrastructure which will be available to industry for several decades.
Investment in the Camden facilities by the University of Sydney has exceeded $2.1m, primarily as a
result of acquiring the OJD.031 project.

The science understanding that would underpin the potential sheep industry outcomes could also
lead to spinoffs to testing and control of Johne’s Disease in the beef industry (Bovine Johne’s
Disease or BJD). Internationally a vaccine that does not trigger cross reactions in tests for TB (as
does Gudair) is already being sought.

A summary of the potential benefits that may emanate from the investment OJD.031 is provided in
Table 2.
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Table 2: Summary of the Economic, Environmental and Social Benefits from the Investment

Economic Environmental Social
Vaccine or drug: Lowered Vaccine or drug: Less
death rates compared to human injury risk with use
use of Gudair provide a of new vaccine or drug
new drug or vaccine is compared to use of Gudair

more cost-effective and
would be used by

producers

Vaccine or drug: If more Contribution toward risk
effective may reduce management for Crohn’s
spread of OJD disease disease

Differential test: Reduce
risk of infection when
trading sheep of high value
Differential test: Depending
how used, may reduce rate
of spread of OJD in
Australia

Overseas sales of
differential test, vaccine or
drug

Spinoff benefits to BJD
management and control in
Australia and worldwide

Public versus Private Benefits

The potential benefits identified from the investment in this are predominantly private and will benefit
sheepmeat and wool producers. Some of the projected benefits of an improved vaccine or drug and
the associated higher production will be passed along the supply chain to processors and
consumers. These processor and consumer benefits would be partially domestic, with the balance
being transferred to overseas markets for the exported volumes of the respective commodities,
which make up a significant part of total sheepmeat volume, and the predominant part of total wool
produced.

Exports of potential products such as drugs, vaccines or a differential test may benefit the private
veterinary medicine sector. There also could be spinoff benefits to the cattle sector (implications for
Bovine Johne’s disease). However, there are some potential community benefits apparent due to
potential spillovers to risk management for Crohn’s disease (humans) as well as some capacity
building in the biotechnology area.

Additionality

If MLA had not received funding (or had received less funding) from the Commonwealth, some of
the OJD investments probably still would have been funded by MLA but at a significantly reduced
level. There were a number of organisations committed to invest in this area in response to
widespread concern about the spread of this disease, but Commonwealth funding provided the
critical mass of funding to allow these projects to be undertaken.
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It is postulated that the level of commitment to this investment would have been significantly reduced
in the event of a Commonwealth Government reduction in funding to MLA. If the government
contribution was removed altogether, there would undoubtedly have been a major impact on the
outcomes of this program.

Match with National Priorities
The Australian Government’s national and rural R&D priorities are reproduced in Table 3.

Table 3: National and Rural R&D Research Priorities 2007-08

Australian Government

National Research Rural Research Priorities
Priorities
1. An environmentally 1. Productivity and adding value

sustainable Australia 2. Supply chain and markets

2. Promoting and maintaining 3. Natural resource management
good health _ o _
3. Frontier technologies for 4. Climate variability and climate change
building and transforming 5. Biosecurity

Australian industries Supporting the priorities:

4. Safeguarding Australia 1. Innovation skills

2. Technology

There is potential for the program to make a major contribution to Rural Research Priority 1 by
lowering costs of production and increasing productivity for wool and sheepmeat producers.

The investment has made a significant contribution to National Research Priority 3 through its
contribution to understanding the pathogenesis of an important sheep disease. The investment also
fits with Supporting Rural Research Priorities through building innovation skills and capacity in
biotechnology.

There is also an element of promoting and maintaining good health (National Research Priority 2)
through potential spillovers to public health issues.

Quantification of Benefits

As the investment is large (over $4 million in total nominal $) and not yet completed, some
prospective analysis was considered desirable. As the project is highly strategic, the analysis
therefore needs to be probabilistic in nature.

Table 4 presents some initial assumptions on the chances of useful outputs and outcomes and the
likelihood of commercialisation. Table 5 presents further initial assumptions on the costs of
adoption/commercialisation and likely target markets. All theses assumptions are meant to be
exploratory in terms of establishing a framework for analysis.
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Table 4: Initial Assumptions on Probabilities of Useful Outputs/Outcomes and Commercialisation
from OJD.031

Output/Outcome Probability of a Probability of
useful commercialisation given a
output/outcome useful output/outcome from
0JD.031

A. An accurate and 0.4 0.5

quick early

diagnostic test

B. A more effective 0.2 0.2

vaccine or drug

C. Guidelines on 0.2 0.8

substituting differing

strains/breeds

D. Marker assisted 0.5 0.5

selection and

breeding programs

Table 5: Initial Assumptions on Cost of Adoption/Commercialisation by Outcome for OJD.031

Outcome

Cost of adoption/
commercialisation

$)

Producer group and likely impact

A. An accurate and
quick early
diagnostic test

$5 m over 5 years

Studs plus some producers selling from
commercial flocks; existing trading losses
reduced by 20%. Rate of spread
decreases from 2% to 1% pa.

B. A more effective
vaccine or drug

$30 m over 5 years
(drug may cost more)

Australian producers; same price as for
Gudair vaccine with death rate and
production losses reduced down to 0.5%
instead of 1% with Gudair. Rate of spread
decreases from 2% to 1% pa. Prospects
for overseas sales not valued.

C. Guidelines on
substituting differing
strains/breeds

$1m cost in 2009/10

Taken up by 20% Australian producers
with infection; avoidance of existing
vaccination costs with 50% benefits
derived from vaccination i.e. death rate
reduced from 5 to 3.5%; benefits
commence in 2011/12

D. Marker assisted
selection and
breeding programs

$1 m per annum
additional costs to
industry for five years
from 2009/10;
available in 2014/15

Taken up by studs with flow on to 40% of
those with infection; avoidance of existing
vaccination costs with same benefits of
vaccination i.e. death rate reduced from
5% to 2%

The above assumptions were used as input to a spreadsheet model.
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Results

All past costs and benefits were expressed in 2006/07 dollar terms using the CPI. All benefits after
2006/07 were expressed in 2006/07 dollar terms. All costs and benefits were discounted or
compounded to 2006/07 using a discount rate of 5%. The base run used the best estimates of each
variable, notwithstanding a high level of uncertainty for many of the estimates. All analyses ran for
the length of the investment period plus 25 years from the last year of investment (2007/08) to the
final year of benefits assumed (2032/33).

Table 6 shows the results of the investment analysis for the situation when each of the four
outcomes is evaluated separately and with both the chance of a successful outcome and the
likelihood of commercialisation set at 100%.

Table 6: Investment Criteria by Each Type of Benefit Assumed for Total R&D Costs of 0JD.031 and
Assuming Outcomes and Commercialisation are Attained in all Cases
(discount rate is 5%)

Criterion Benefit A | Benefit B | Benefit C | Benefit D
and all and all and all and all
R&D R&D R&D R&D
costs costs costs costs
Present value of benefits ($m) 10.91 -15.1 20.08 44.18
Present value of costs ($m) 5.34 5.34 5.34 5.34
Net present value ($m) 5.57 -20.45 14.74 38.84
Benefit-cost ratio 2.04 -2.82 3.76 8.27
Internal rate of return (%) 8.2 negative 14.3 17.7

Table 6 indicates that a positive scientific outcome with commercialisation of three of the possibilities
on their own would each more than pay for the investment at a 5% discount rate. The fourth
possibility (Outcome B, the vaccine), based on the assumptions made for the associated benefits
and costs, has a negative present value of benefits even before the sunk R&D costs are taken into
account. Given the assumptions made, the highest benefit is attained if Outcome D eventuated.

When the probability of achieving each outcome is assumed to be as in Table 4 (rather than 100%) ,
all of the net present values are negative at a 5% discount rate except for Outcome D. These results
are obtained when the benefit from each individual outcome is placed against all costs of the R&D
investment.

Assuming the expected benefits from Outcome B are zero (it does not pay to commercialise any
positive outcomes), when the cash flows from the other three outcomes are combined and the
combined benefits placed against the cost of the R&D investment, the NPV is positive at 5%
discount rate. The investment provides a rate of return of 10.5% (Table 7). This assumes the
outcomes A, C and D are additive and can apply to overlapping producer groups.
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Table 7: Investment Criteria for Combined Expected Benefits Against Total R&D Costs of OJD.031
and Assuming Outcomes and Commercialisation Probabilities as in Table 3.

(5% discount rate)

Criterion Outcome | Outcome | Outcome | Outcome All
A B C D outcomes
combined
Present value of benefits ($m) 2.18 0 3.18 10.06 15.42
Present value of costs ($m) 5.34
Net present value ($m) 10.08
Benefit-cost ratio 2.89
Internal rate of return (%) 10.7

The results in Table 7 apply to all possible outcomes combined, for total investment, and to a 25
year period from the last year of investment.

Investment criteria were also estimated on the same basis for the MLA investment alone. Each set
of investment criteria (Total and MLA investment alone) were estimated for different periods of
benefits rather than just 25 years. The resulting investment criteria are reported in Tables 8 and 9.

Table 8: Investment Criteria for Total Investment and Total Benefits

(discount rate 5%)

Criterion 0 years 5 years 10 years | 15years | 20 years | 25 years
Present value of 0 -2.20 2.22 7.18 11.57 15.42
benefits (m$)
Present value of 5.34 5.34 5.34 5.34 5.34 5.34
costs (m$)
Net present value -5.34 -7.55 -3.13 1.84 6.22 10.08
(m$)
Benefit cost ratio 0 -0.41 0.41 1.34 2.16 2.89
Internal rate of | negative | negative | negative 6.9 9.5 10.7
return (%)

Table 9: Investment Criteria for MLA Investment

(discount rate 5%)

Criterion 0 years 5 years 10 years | 15years | 20 years | 25 years
Present value of 0 -0.39 0.39 1.26 2.02 2.70
benefits (m$)
Present value of 0.94 0.94 0.94 0.94 0.94 0.94
costs (m$)
Net present value -0.94 -1.32 -0.55 0.32 1.09 1.76
(m$)
Benefit cost ratio 0 -0.41 0.41 1.34 2.16 2.89
Internal rate of | negative | negative | negative 6.9 9.5 10.7
return (%)
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The proportion of benefits from each benefit source was 14% from A, 21% from C and 65% from D.

In terms of the quantified benefits, 100% could be attributed to the productivity and adding value
component of the rural research priorities.

The cash flow of benefits is shown in Figure 1 for both the total investment and for the MLA
investment in the project.

Figure 1: Benefit Cash Flow
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Sensitivity Analyses

Sensitivity analyses were carried out on the aggregate level of two variables and results are reported
in Tables 10 to 12. All sensitivity analyses were performed using a 5% discount rate, for the MLA
investment only, and for the combined outcomes. Benefits were estimated over the life of the
investment plus 25 years from the year of last investment. All other parameters were held at their
base values.

Table 10 shows the sensitivity of the investment criteria to the discount rate.

Table 10: Sensitivity of Investment Criteria to the Discount Rate
(Benefits and Costs for MLA investment)

Criterion Base Level (5%) 10% 20%
Present value of 2.70 1.17 0.22
benefits ($ m)

Present value of 0.94 1.03 1.26
costs ($ m)

Net present value 1.76 0.14 -1.05
(& m)

Benefit-cost ratio 2.89 1.13 0.17
Internal rate of 10.7 10.7 10.7
return (%)

Table 11 shows the investment criteria are sensitive to the probabilities of a successful outcome and
commercialisation.
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Table 11: Sensitivity of Investment Criteria to Overall Level of Probabilities Assumed
(Benefits and Costs for MLA investment)

Criterion Half Base Level | Base Level (See 2 x Base
Table 4) Level

Present value of 0.58 2.70 10.67

benefits ($ m)

Present value of 0.94 0.94 0.94

costs ($ m)

Net present value -0.35 1.76 9.73

($m)

Benefit-cost ratio 0.62 2.89 11.40

Internal rate of 2.8 10.7 19.2

return (%)

The break even probability factor for the investment to break even at 5% was 0.62, that is, if the
probabilities in Table 4 were only 62% of the assumed values, the investment would still break even.

Table 12 shows the low sensitivity of the investment criteria to the assumed level of costs of
adoption/commercialisation

Table 11: Sensitivity to Level of Cost of Adoption /Commercialisation
(Benefits and Costs for MLA investment)

Criterion Half Base Base Level 2 x Base Level
Level (See Table 5)

Present value of benefits (m$) 2.96 2.70 2.18

Present value of costs (m$) 0.94 0.94 0.94

Net present value (m$) 2.02 1.76 1.25

Benefit cost ratio 3.16 2.89 2.33

Internal rate of return (%) 11.8 10.7 8.7

No sensitivity to adoption (high, medium, low) has been presented as the assumptions made did not
lend themselves to such an analysis.

Conclusions

The investment in OJD.031 is part of the NOJDP R&D program and is situated at the strategic end
of the research spectrum. It is producing knowledge and improved understanding of the
pathogenesis of the disease that may provide implications for improved methods of control and flock
management in the future. While it is too early to predict the specific outcomes of the investment, it
is possible to hypothesise what sheep industry outcomes could eventuate from the research itself or
from further investment in more strategic research or commercialisation. An initial attempt at
estimating the expected benefits from the research has been made using a set of assumptions that
should be considered exploratory only.

Benefits associated with both human and physical research infrastructure are accruing from the

investment but have not been valued in the current analysis. These benefits are likely to be much
greater than for many other LPI research investments.
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There could also be other benefits that emerge should a new vaccine be developed, particularly if it
had spin-off benefits to BJD control and could prove superior in control methods, for example, in
terms of not triggering cross reactions to TB testing.
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