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1. Summary

Between 1983 and 1992, the Australian Centre for International
Agricultural Research (ACIAR) invested A$3 millioninresearchtofind a
vaccinethat could provide protection from Newcastl e disease in chickens
and be applied in village environmentsin devel oping countries. A further
$160 000 wasinvested infollow up projectswhich ended in 1996. Village
chickensoften provide the only source of protein to poor villagerslivingin
remote areas and Newcastl e di sease frequently devastates unvaccinated
villageflocks.

The ACIAR-sponsored research was highly successful in developing a
heat resistant vaccine (HRV4) which could bereadily used inthefield by
coating it onto chicken feed. The vaccine was commercialised by an
Australian company which subsequently wastaken over by an American
firm. Uptake of that technology has been somewhat limited to date. The
capacity of poor villagersto pay for vaccineislimited, and logistical
problems have been encountered in transporting and storing large
guantities of vaccine-coated grain.

Having perceived these problems, ACIAR sponsored further research
which led to the production of anew, uncommercialised vaccine, I,.
Quantities of the seed of thisvaccine are now being sent to many
countries, particularly in Africa. From this seed vaccine the heat resistant
vaccine can be made locally and applied to chickensin drinking water or
by eyedrops.

Theresults of thisanalysisindicate that on the basis of conservative
assumptions, the benefits from the research have already outweighed the
costs. Inthelonger term, the discounted net present value of theresearchis
estimated at $211 million. Malaysiaand Vietnam have been the major
beneficiariesto date, but large benefits are al so expected in Africa.

2. Introduction

Newcastle disease (NCD) isahighly virulent diseasein poultry and
outbreaks can devastate village chicken populationsin developing
countries. Over an eight year period ending in 1992, the Australian Centre
for International Agricultural Research (ACIAR) funded two major
projectsaimed at controlling NCD in village chickensin Malaysiaand
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other participating countries, including the Philippines, Sri Lanka,
Indonesia, and Thailand. Thiswasto be accomplished by developing a
vaccine (HRV4) that could remain activein tropical climateswithout
cooling facilities and be coated onto chicken feed. Conventional vaccines
requirea‘cooling chain’ and areimpractical for the conditions under
which village chickens are run in devel oping countries.

Thisreport presentsthe findings of a benefit—cost assessment of the
outcomes from these projects. Thefocusis on two projects (8334 and
8717), and asubsequent project (93/222) that devel oped an alternative
vaccine, |, aimed at spreading the technology in Vietnam and African
countries. Thevaccine parent seed stock isbeing made readily available
andtraining isbeing provided for thelocal production and use of the
vaccine.

Earlier reviews of projects 8334 and 8717 were undertaken before and
shortly after their completion. The general conclusions (Johnston and
Cumming 1991; ACIAR 1992) werethat the research provided the
potential for substantial benefitsrelativeto the costsinvolved. Several
issues requiring further attention were identified.

Asthe projectswere compl eted several yearsago, itisof particular interest
to find out what has actually happened in thetarget countriesand to revisit
some of the assumptions madein thelight of actual outcomes.

3.2

The ACIAR Projects

Background

Thevirusthat causesNCD in poultry isvery widely distributed throughout
most developing countries (Figure 1). Thediseaseis particularly seriousin
countries of Asiaand Africa. Thevirusisaparamyxovirusthat has several
strains. The vel ogenic strains cause high mortality in chicken flocks,
attacking the central nervous system (nerotropic) or other vital organs,
particularly theintestines (viscerotropic). It isthe latter that causes most
chicken deathsin Asia (Spradbrow 1987). Other strains of the virus cause
lower rates of mortality or production losses. An avirulent strain of the
virusispresent in Australia. Thisiscommonly referred to asthe V4 strain.
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World distribution of Newcastle disease.

Figure 1.
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3.2 The Significance of Village Chickens

For many peopleliving in villagesin devel oping countries, chickens
provide the only cheap source of protein (through chicken meat and eggs)
intheir diets. Spradbrow (1994) presentsadetailed review of NCD in
village chickens. The chickensare free ranging and thereisnormally a
complete absence of any husbandry practices. Each family may run afew
chickens, which mostly scavenge on food scraps. A study in northern
Thailand found that, on average, village families harvest about 13 birdsa
year for consumption and, in addition to the eggs produced, thiswastheir
only source of animal protein (Javiriyasopak et al. 1989). Another study
involving Malaysian villages found that the average household ran nearly
19 birdswith three eggs produced per hen per month, of which 55 per cent
were brooded, with 67 per cent hatchability (Johnston 1990, ascited in
Spradbrow 1994). In Indonesia, one study indicated an average flock of
only 10 scavenging chickens, in the absence of NCD, provided 25 per cent
of thefamily’ smonthly expenditure. Table 1 provides dataon therelative
importance of village chickensin several countries. In countriessuch as
the Philippines, Maaysiaand Vietnam there has been substantial growth
intotal poultry numbers, particularly commercial poultry.

Village chickens have an important socia value aswell astheir valueto
supplementing village family income and consumption. Women and
children mostly look after chicken flocks which providesthem with a
direct—albeit small—source of income. Village chickens and eggs mostly
command apremium over commercial chickensinthelocal markets
because of their perceived better taste. Also, chickensare frequently used
or consumed during various socia or religious occasions, creating
increased demand for short periods. Village chickens mostly scavenge
food scraps, and are ameans of keeping villages clean and minimising the
incidence of some human diseases (Johnston and Cumming 1991).

Ascountries progressin their economic devel opment, large commercial
poultry industries develop. Thistrend has been observed in Maaysia, for
example, wherevillage chickens are now arelativity minor source of
national chicken meat and egg consumption. But village chicken
production continuesin remote areas and remainsimportant to the
villagersinthose areas.

IMPACT ASSESSMENT SERIES



m CONTROL OF NEWCASTLE DISEASE IN VILLAGE CHICKENS 9

Table 1

Village chickens in some developing countries

3.3

Country/Region Number of village or Village poultry numbers as a
rural chickens (million) proportion of the national flock (%)

Africa 1 500.0 70

Ethiopia 53.2 99

Kenya 16.0 70

Lesotho 16

Nigeria 120.0 80

Tanzania 20.1 97

Nganda 16.0 80

Zimbabwe 30

China 2 000.0 50

Indonesia 187.0 60

Malaysia 6.5 13

Mganmar 232 85

Philippines 43.0 72

Thailand 120.0 80

Vietnam 196.0 98

Nepal 90

Pakistan 55.5 42

Sri Lanka 25 25

Source: Awan (1993)

Losses Due to Newcastle Disease

Productivity in village chickensisvery low. Johnston and Cumming
(1991) suggest that on average, slightly lessthan one chickenis consumed
by thefamily or sold in ayear for each chicken kept. NCD isnot the only
reason for low productivity, but it iscertainly one of the mgjor causes. In
the absence of husbandry, brooding losses are great and other diseases
such asfowl choleraal so cause losses. A serious outbreak of NCD may
devastate the village chicken flock but normally lesser outbreaks occur at
certain times of the year—especially the beginning and end of therainy
season. One study of the global problem of NCD suggested that in most
developing countries there are annual regional outbreaks of the disease
that kill 70-80 per cent of unvaccinated village chickens (Spradbrow
1994).

Control of NCD in many areaswould provide the potential for adoption of
simple changesin husbandry practicesto improve productivity. Without
thiscontrol, thereislittleincentivefor villagerstoinvestin even basic
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3.4

3.5

husbandry practices. In the absence of control of NCD, egg production and
chicken harvesting islimited because of the need to repl enish flocks after
an outbreak of the disease.

Development of the V4 Vaccine

Australiais one country that isfree of the virulent or velogenic strains of
the NCD, but the avirulent strain (V4) ispresent. ThisV4 strain was
originally isolated by Simmons (1967) in Queensland and was found to
create antibodiesin chickens. Strict quarantineregulationsin Australia
have prevented the introduction of live velogenic strainsof NCD for
experimental purposes. The problem addressed in the early work on
developing avaccinefor NCD wasto seeif theavirulent V4 strain, when
given to chickens, could generate enough antibodiesto give protection
from challenge by the vel ogenic strains that cause NCD. Under laboratory
conditionsthis proved highly successful and vaccines based on the
Australian V4 strain started to be developed. Much of theinitial research
wasdoneinthe early 1980s at the Universiti Pertanian Malaysia(UPM)
with support from the Australian Poultry Research Fund and the
International Foundation for Science. The vaccine company Arthur
Webster (based in Sydney) also becameinvolved in theresearch and
development of V4 asacommercia vaccineagainst NCD. The Australian
poultry industry was keen to support Webster’ s efforts and to maintain
stocks of the V 4 vaccine because of theimportanceit placed on having the
meansto control NCD should there ever be an outbreak in Australia.

Objectives and Description of the Projects

Most vaccines are heat sensitive. They can be successfully applied under
commercia conditionswherethereiscomplete control over the birdsand
each bird can beinocul ated with relative ease. Thisisnot the case for
chickensin village environmentsin devel oping countries, where birds are
largely free ranging and uncontrolled.

The ACIAR projects (8334 and 8717) set about tackling the task of
developing heat resistant strains of the V4 vaccine (HRV 4) which could be
coated on to various chicken feeds. These could then befed to village
chickens, which are often largely feral. The heat resistant characteristics
were essential to allow thelive vaccineto remain activein thetropical heat
conditionsin the absence of ‘ cold chain’ distribution systemsand given
that it iscoated on feed and fed out to chickensin rudimentary ways (see
ACIAR 1987a,b).
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> > > >

> > > >
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> > > >

Thefirst ACIAR project (8334) was entitled Vaccination of Malaysian
Village Poultry with an Avirulent Australian Newcastle Disease Virusand
commenced in early 1984. This project had four key objectives.

To establish acheap and effective method of protecting Malaysian
village poultry against Newcastle disease.

To examinethe potential of theV4 virusasapotential vaccine against
Newcastle disease.

To establish asimple delivery system of the vaccineviaits
incorporation into feeds, such as pellets, rice or other local feeds.

To determine the usefulness of the oral vaccine under village
conditionsto control Newcastle disease outbreaks.

This project involved acollaborative effort between scientists at the
University of Queensland, led by Professor Peter Spradbrow, and at the
UPM led by Professor Latif Ibrahim. Heat resistant strains of the V4 virus
were developed (HRV 4) and various methods were investigated for
incorporating thisonto various chicken feedsand eval uating the protection
against NCD in laboratory experiments and under village conditions (see
ACIAR 1990).

Following the success of thefirst project in meeting its objectives, the
second ACIAR project (8717) embarked on further field testing on amore
ambitious scale. Collaboratorsfrom thefirst project werejoined by other
colleaguesin Australia, Thailand, the Philippines, Indonesiaand Sri
Lanka. Further work in Australiaand Malaysiainvestigated various
methods of coating feed pellets and use of other feed carriers. Large scale
villagetrialswere undertaken in Malaysiaand also the Philippines, and
laboratory efficiency trialsand pilot villagetrialswereinitiated inthe
other countries. The laboratory work involved looking at how well the
avirulent virusin the vaccine survives on different feed carriersand the
mechanisms of immune reactions both within and between birds. The
project also involved the collection of epidemiological, productivity and
economic dataand adetail ed benefit—cost analysis of the research work
(Johnston and Cumming 1991). This project was completed in early 1992.

The HRV 4 vaccinewas commercialised by Webster’ sin Sydney.
Subsequently, this Australian company was taken over by the American
Home Products company and became known as Cyanamid-Webster's.
The name was then changed to New Fort Dodge Pty. Ltd. In Malaysia, the
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Malaysian Technology Development Corporation finally took over
Webster's.

At present there are three sources of the master seed stock for HRV4
vaccine: Pan African Veterinary Vaccine (PANVAC), New Fort Dodge
and the Maaysian Technology Development Corporation. Thus, all
supplies of the HRV 4 vaccine are through commercial arrangements.

A consequence of these changes and the commercialisation processwas
that the vaccine became available at alow priceonly inrelatively large
guantities—1 000 dosesat atime. Availability in smaller quantities
substantially increased the cost to users. Thislimited the use of HRV 4 for
village chicken applications, as many villages are unable to afford the
vaccine. Thisled Professor Spradbrow to apply for athird ACIAR
project—to develop anew avirulent vaccine, |,, which could be produced
locally at very little cost. Thiswasthe objective of asmall project
(93/222), which was completed in December 1996. This project also
aimed at devel oping training methodsfor people in devel oping countries
to develop the |, vaccine from seed stocks of the vaccine supplied from
Australiafree of charge.

4.1

Project Outputs and Short Term
Outcomes

Project 8334 Successfully Developed a
Thermostable Vaccine

Theinitial project was highly successful in meeting its objectives. A
thermostabl e vaccine (HRV 4) was devel oped that was capable of being
coated onto several feed carriers, and some feedswere found to be more
effective than others as carriersfor the avirulent virus. The HRV 4 vaccine
proved to be effectivein providing a high degree of protection to chickens
against virulent NCD attack under |aboratory conditionsand in the pilot
villagetrials.

The project also achieved adoption of the vaccination procedures by the
pilot village communities. At the conclusion of thisproject ACIAR
sponsored an international workshop in KualaLumpur. Thishighlighted
theimportance of village chickensin rural communities of developing
countries, emphasi sed the devastating impact of NCD and alerted the
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4.2

international community to the potential benefits of thermostable vaccines
for NCD based on HRV 4.

Project 8717 Successfully Extended the Trials to
Other Countries

Following the Kuala L umpur workshop in 1987, del egates from several
countriesindicated an interest in future collaborative work. The second
project further demonstrated the effectiveness of the HRV 4 vaccinein
providing protection to chickens under village conditionsin the
participating countries. Thisfeed vaccine was officially adopted by the
Malaysian Government asthevaccinefor anational NCD control strategy.
Thefeed vaccine was shown be safe, cheap, have amoderate shelf life
without refrigeration and provide protection to vaccinated chickens
against attack from virulent NCD (lbrahim et al. 1992). Protection wasin
some cases more effective when the vaccine was applied to drinking water
rather than on feed.

Considerabl e advances were made in understanding the epidemiol ogy of
the HRV 4 virusin chickens and its transmission between birds but the
research did not provide complete answersto all questions. A conclusion
wasthat any transmission between birdswasmorea‘bonus’ thana
dependableway of providing protection—flocks periodically needed to be
provided with the vaccine on feed or in drinking water and preferably asan
eyedrop, if possible, for protection to be effective.

Overall, thisresearch showed that thermostable NCD vaccines can be
produced and can protect chickensin village environments when
administered as oral vaccine on coated chicken feed or applied to drinking
water. A review of these projects (Geering et al. 1990) concluded that this
work had been of considerable benefit to Australiaand the other
participating countries. The key findings of the review werethat, for work
completed to that point:

m ithadyet to be conclusively demonstrated that thereis protection
against field challenge under village conditions; and

m it hadyet to be determined whether control of the NCD istrand ated
into productivity and economic gainsin vaccinated village chickens.

The review team recommended that the momentum of the project should
continue with extension of field trials and focus on issues such asfeed
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4.3

vaccine delivery systems, natural transmission under village conditions,
basi ¢ epidemiol ogy and economic evaluation.

Subsequent trial work demonstrated that the HRV 4 vaccine does providea
high degree of protection under village conditions but the degree of
protection depends on the type of feed carrier used.

Benefit—cost analysis showed potential gains

Aspart of project 8717, adetail ed benefit—cost assessment of both projects
was undertaken. Taking atwenty year time horizon and on the basis of
various assumptions regarding increased productivity through vaccine
use, the study concluded that adoption of the vaccine by the participating
countries (Thailand, Malaysia, Sri Lanka, Indonesiaand the Philippines)
should giveriseto net research benefits of A$144 millionin present value
(1990%$A) terms (Johnston and Cumming 1991).

Estimated benefits exceeded the research costs by afactor of forty. But a
high degree of adoption of thetechnology wasassumed. A key focusin the
present review isthe extent of adoption sincethesetrialswere completed
in1992.

Project 93/222 Developed the |, Vaccine

Asnoted previously, commercialisation of the HRV 4 vaccineled to
limitations on its use by poor rural villagers. Project 93/222 was designed
to develop avaccinethat could be produced cheaply at thelocal village
level. This project was successful in developing anew strain of avirulent
thermostable NCD virus (1) suitable for usein the production of vaccine
for villageflocks. Sufficiently large quantities of thel, master seed culture
were made in Queensland to enable small quantities of seed cultureto be
sent to laboratoriesin developing countriesinterested in devel oping
working seed. From this, the required quantities of the vaccine could then
bemadeinlocal villages. Theworking seed is produced to standards|ess
exacting than those required for commercial vaccines, but the costs of the
final vaccine product are minimal. Thisl, vaccineisnow being developed
inVietnam and thereis considerableinterest in several African countries.
A workshop in Onderstepoorf, South Africa, in December 1995 enabled
promotion of theideaamong African delegates. Some training workshops
have been held and trials are proceeding in several African countries.

Thisvaccine is more effective when administered by eye drop, which can
limit its application and adoption in uncontrolled chickens. Much testing
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remainsto bedonein Africa. In some casesthere are delaysin getting the
necessary government approvalsfor the vaccine seed to beimported.

5.1

Long Term Project Outcomes

The underlying impetus to the research was to improve the welfare of
villagersin devel oping countries by controlling NCD in village chickens.
This section examines the devel opments which have occurred since the
end of themain ACIAR projects (8334 and 8717) in the countriesinvolved
with these projects. In addition welook at developmentsin Vietnamandin
African countrieswhich arethe focus of ACIAR-funded projectson thel,
strain.

Malaysia

At theend of the ACIAR projectsthefollowing conclusionswere drawn
(Ibrahimet al. 1992).

“It has now been established that village chickens vaccinated with the
food-based vaccine are protected against virulent NCD virus. Thefood-
based NCD vaccinewill undoubtedly revol utionise the vaccination of
village chickens against NCD in Malaysia. The benefitsto therural
farmersintermsof increased survival of chickens, improved nutrition of
rural poor villagers and an increased incometo the farmers, could be
enormous.”

The poultry industry in Malaysiais now highly commerciaised. Village
chickenskept in small numbers no longer contribute significantly to
overall poultry productionin Malaysia, but they are till an important
source of protein and supplementary income for many poor villagers,
particularly in remote aress.

A recent trend has been the devel opment of semi-intensive systems of
producing ‘village chickens' involving 20 000 birds per farm. Such farms
do not appear to be using the V4 vaccine (Department of Veterinary
Services, Malaysia, pers. comm.). There are about 6.5 million village
chickensout of atotal poultry population of 50 million. Given the recent
trend towards semi-intensiverearing of ‘village' chickensitislikely that
the number of traditional village chickensin small flocks may have
declined and will probably continueto decline.
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Thetechnology developed by the ACIAR projectswas handed over to
Webster’ sin Malaysiaand isnhow controlled by the Malaysian
Technology Development Corporation (MTDC). UPM wasvery activein
commercialising the vaccine. Thevaccineisno longer supplied on feed
but rather in freeze-dried form. MTDC sellsthe vaccine to agentswho
then distributeit to villagers. At thevillagelevel, the vaccine can then be
added to drinking water or mixed with feed. There has been no monitoring
of the use and effectiveness of the vaccine since the end of the ACIAR
projects and information on village chickensis scarce.

NCD isnot yet eradicated in Malaysia but there have been no reports of
major outbreaks of the disease sincethe early 1990s. It isdifficult to relate
thisto theintroduction of the HRV 4 vaccinein any preciseway. Upto 40
different types of imported vaccines are used to control NCD in
commercial chickens, and the control of the disease in these flocks may
have reduced theincidence of NCD invillage environments. Also, there
are continuing devel opmentsin vaccine research and devel opment which,
over time, will dilute theinfluence of the original research on HRV4
vaccine. For example, scientistsat UPM are now working on recombinant
vaccines, and the development of freeze-dried vaccines has already been
mentioned.

5.2 Thailand

NCD isstill amajor problemin Thailand but some protection against the
diseasein village chickens has been achieved with conventional vaccines,
unlikein many other Asian countries. Therefore the main focus of the
ACIAR-sponsored trial swas on the comparison of the HRV 4 vaccine
adminstered orally through various feed carriers and drinking water, with
conventional vaccination (Tantaswasdi et al. 1992). Field trialsgave
variable resultswith protection from HRV 4 to challenge ranging from

28 per cent to 85 per cent for oral vaccine. It was concluded that oral
vaccination based on HRV 4 would be only practiced if theaim wasto
provide protection to feral chickensin someremote parts of Thailand.

At the completion of thetrials, the Department of Livestock Development
planned to usethe HRV4 strain in the control of NCD in native chickens.
However, no further action wastaken asthe Department wastold that the
HRV4 belonged to acompany and could not be provided.

TheNational Institute of Animal Health becameinvolved in laboratory
trialsand devel oped a heat resistance seed vaccine based on local strains,
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5.3

5.4

but limited funds and other priorities of the Institute prevented thiswork
from progressingtofield trials.

Philippines

There has been asubstantial growth of poultry numbersin the Philippines
from 81.5millionin 1992 to 135 millionin 1997 (Food and Agriculture
Organisation of the United Nations[FAQ] database). Of the latter, 76.6
million or 54 per cent were village chickens. Thiscompareswith about 43
million village chickensin the early 1990s (Johnson et al. 1992, ascited in
Spradbrow 1994).

Newcastle diseaseis still amajor problem among village chickens,
especially inremoterural areas. During outbreaks of the disease mortality
rates of 80—90 per cent still occur (B.C. Fontanilla, pers. comm.). The oral
HRV4 vaccine, when applied correctly and at the right time can increase
survival ratesto around 6585 per cent.

Despite the success of the ACIAR triass, large scal e vaccination of village
chickens has not developed in the Philippines. Lakpue Drug Inc. isthe
exclusivedistributor of Webster productsin the Philippinesand carries
stocks of the HRV 4 vaccine, but the product has not sold well and supplies
of the vaccine have practically ceased (Fontanilla, pers. comm.). The
company is seeking assistance to establish anetwork of vaccinators
throughout the country to teach villagers how to vaccinate their flocks
withthe HRV 4 vaccine.

Indonesia, Myanmar and Sri Lanka

These countries, although initially included in the participating countries
for project 8717, either did not proceed with the cooperativetrialsor did
not progress beyond someinitial trials. There has been little adoption of
theHRV4 vaccinetechnology in Sri Lanka. Therewaslittle cooperationin
the case of Myanmar because of political difficultiesand in Indonesia
researchers concentrated on devel oping a heat resistant vaccine based on
an Indonesian strain of avirulent virus.

5.5 Vietnam

NCD isdtill abig problemin village chickensin Vietnam. Each family has
an average flock of around 10 chickenswhich are kept for home
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consumption and occasionally additional income from salein thelocal
market. These sales help spread the disease.

The Department of Animal Health controlsthe distribution of vaccines
and over the past decade, several thermostabl e strains have been
tried—including the La Sotastrain in the north and the I, vaccine from
Australia—and devel oped commercially by Navetco in the south. There
are approximately 120 million chickensin Vietnam of which about 75 per
cent could be classified astraditional village chickens.

Navetco produces about 30 million doses of vaccineayear. The
vaccination program involves giving two primary vaccinationsat intervals
of three weeks, starting when chicks are oneweek old. Thisisfollowed by
abooster at 46 months of age. Thus, around 15 million chickensare
vaccinated annually. Thel,vaccineisthelatest to be devel oped at Navetco
and hasreceived approval from the Ministry of Agriculture and Rura
Development. Field trialsfor |, were completed in 1996 and in 1997 three
million doses of |, were produced and distributed to provincesin southern
Vietnam. The aim of the company isto sell the vaccine throughout
Vietnam. Indications arethat the |, vaccine will be adopted asthe main
vaccine of choice.

5.6 African Countries

The number of village chickensin Africahas been estimated at about

1.5 hillion, accounting for 70 per cent of the combined national poultry
flocks (Awan 1993). At present very few chickens are vaccinated and the
potential for adoption of the technology based onthel, or HRV 4 strains of
vaccineisvery large. Africahas some of the poorest countriesintheworld
and the scope for most villagers paying for vaccinesis small. Thismeans
that the potential for adoption of the technology based onthel, strain,
which can be madein villages under local conditions, is probably much
greater than adoption of the commercialised HRV 4 vaccine.

FAO, World Bank and other international funding agencies have now
taken up the challenge and are funding many projectsin Africain an effort
to have the HRV 4 vaccinetested officially, adopted and widely usedin
recipient countries. In 1997 FAO published adocument recommending
the HRV 4 vaccinefor the control of NCD invillage chickensin

devel oping countriesin tropical regions asameans of improving the food
security of rural communities. In several African countriesHRV4 vaccine
isbeing imported with the help of aid agencies.
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Trialsare being conducted in several countriesusing thel, strain. In some
casesthere have been difficulties or delaysin getting official approval to
import the vaccines or seed stock. Developmentsin several African
countries are highlighted below.

m InTanzania, thework hasonly reached the laboratory and small
villagetrial stage using the HRV4 vaccines. Thel, vaccinework has
not yet reached thevillagetrial stage but thisis planned. The funding
isasmall part of alarge US$28 million World Bank loan to upgrade
agricultural research and training programs. There are about
21 million chickensin Tanzania, of which 97 per cent arevillage
chickens. Inregional NCD epidemics, mortality rates vary between
50-90 per cent in the absence of vaccination (A. Foster, pers. comm.).

m InGhana, laboratory and field trials have been carried out with HRV 4
using World Bank funding. The |, master seed from Queensland has
been supplied and trials have begun with aview to local production of
the vaccine. Ghana currently has avillage chicken population of
around 6.8 million, but annual deaths dueto NCD are frequently
around 50 per cent.

Zimbabwe recently imported 15 million doses of HRV 4 vaccinefrom
New Fort Dodgein Sydney, with FAO funding.

Field trialsusing HRV 4 have been completed in Malawi, Mozambique,
Ethiopia, Gambia, Ugandaand Botswana.

Several other countries have imported |, seed and are commencing trials
with the vaccine. These include M ozambique, South Africa, Zimbabwe
and Ethiopia. Many more have indicated expressions of interest to import
thel, seed.

6. A benefit—cost Assessment

6.1 Evaluation Methodology

Our economic evaluation of the ACIAR-funded research involves atwo
stage process.
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First, we evaluate the net benefitswhich have accrued to date from the
adoption of thistechnology. Thisinvolvesacomparison of what has
actually happened with a* base scenario’ of what could reasonably be
expected to have occurred in the absence of the new technology. The
focushereison ng whether the costs of the research have been
recouped.

Second, wetake athirty year time span commencing in 1983 and
compare two scenarios. Oneisthe base scenario which assumesthe
technology isnot adopted and NCD is not controlled in the countries of
interest. The other scenario is based on assumptions about the extent to
which the technol ogy is adopted in each country and assumptions about
increasesin productivity which can reasonably be expected.

In each case, standard economic eval uation techniques are used. Annual
benefitsfrom the research are evaluated using conventional economic
surplus concepts similar to the procedure used by Johnston and Cumming
(1991). The benefitsfor each year are then discounted to present value
(1996) using adiscount rate of 5 per cent and summed. From thiswe
subtract the present value of total research costs and any other relevant
coststo give anet present value (NPV) estimate of the worth of the
research. A NPV greater than zero impliesthat the benefitsarising from
theresearch are greater than the costs.

Estimating the benefits

Controlling NCD through adoption of the technology meansthat more
chickens can be harvested from agiven flock. As noted by Cumming
(1992, ascited in Spradbrow 1994) village chicken populationsin
developing countries have avery low level of productivity and, inthe
absence of control of NCD, flocks are periodically devastated.
Subsequently, eggs and chickens must be kept for flock replacement
which severely limitsthe harvest of eggsand chickensfrom aflock. In
fact, itisseldom that any eggs are consumed and on average, alittleless
than one chicken isharvested annually for each chicken in the flock
(Johnston and Cumming 1991). Control of NCD enables asubstantial
increasein chickensturned off from agiven flock size—chickenswhich
would have died can be harvested and eggs and chickens previously used
for replacement can also be diverted to consumption. Johnston and
Cumming (1991) undertook an extensive assessment of theincreasein
productivity that could be expected from vaccination of chickens against
NCD. Thiswasbased onfield trialsin the Philippineswherevillage
flocks, which had never been vaccinated, werereadily available. The
effects of vaccination with HRV 4 could then be assessed against control
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groups of chickensthat had never been vaccinated. They suggested that, as
ageneralisation, the HRV 4 vaccination technol ogy could be expected to
increase the turn-off of chickensfrom agiven flock by between 47 and

38 per cent without any increaseinflock size.

No similar productivity evaluations have been done since then
(Spradbrow, pers. comm.). We have assumed an increasein productivity
of 40 per cent whenthe HRV4 or |, technology isfully adopted.

Therewould be amarket response to wide spread adoption. Villagersare
both producers and consumers but their actions are influenced by the
market price of village chickenswhichisusually well abovethe price of
commercial chickens (Spradbrow 1994). Benefits can therefore be
evaluated in terms of local market prices.

Benefitsfrom adoption of the technology are estimated with referenceto
the changein consumer and producer surplus. The two key assumptions
areasfollows:

m theeladticity of demand for village chickensistakenas1.5. Thatis, a
1 per cent decreasein the price of chickenswouldresultina
1.5 per cent increase in consumer demand (Johnston and Cumming
1991); and

m aperfectly inelastic supply function is assumed (production of
chickensunresponsiveto price). Village chickens are run with
minimal inputs and mostly survive on food scraps, which limitsflock
numbers. However, with control of NCD some supplementary
feeding of the extra surviving chickens may be necessary and some
alowancefor thisismadeintheanalysis.

Total annual research benefits are estimated by summing the estimated
changein annual consumer and producer surplusesto give agross annual
research benefit (GARB). Thisisthen adjusted to take account of other
factors such as vaccination costs and some extrafeed requirements.

A significant problem in analyses of thiskind isto properly attribute the
appropriate benefits and costs to the new technology derived from the
research.

In some countries such as Malaysia, aproportion of the national
village chicken flock was vaccinated with conventional vaccines before
this new technology was devel oped. Johnston and Cumming (1991)
suggest that up to 40 per cent of village chickensin Malaysiareceived

IMPACT ASSESSMENT SERIES



22 m CONTROL OF NEWCASTLE DISEASE IN VILLAGE CHICKENS

vaccination prior to the development of HRV 4 vaccine. They assumed
that none of these would benefit from the new technology. But the new
vaccine may replace the use of older vaccines.

>> > In Malaysiaafurther development has been the production of a
freeze-dried form of the HRV 4 vaccine which can be applied to drinking
water or, less effectively, mixed with local feeds. The technology
devel oped during project 8717 whereby the vaccine HRV 4 is coated onto
feed carriersisnolonger used. It isdifficult to assign all the benefitsto the
original ACIAR researchinthiscase.

22 d4 In African countriesin particular, several international aid agencies
arefunding the purchase of HRV 4 vaccinetrials, and extension programs.
Some recipient governments are al so providing assistance, mainly of an
‘inkind’ nature. Some, but not all, of this expenditure can be accounted
for in estimates of the cost of vaccine from commercial sources, but the
total funding from all sourcesislargely unknown.

6.2 Cost of the Research

ACIAR has provided details of the costs of the research on the three
projectsinvolved (8334, 8757 and 93/222). These are presented in Table 2
and have aNPV (1996 dollar values) of A$ 3.1 million.

Table2.  Research costs of ACIAR projects 8334, 8717 and 93/222 on control of Newcastle disease in village
chickens

Year Research costs in Factor Research costs in constant
nominal terms (A$ ‘000) 1996 dollar terms (A$ ‘000)
1983 14 1.8684 26 157
1984 159 1.7498 278.218
1985 118 1.6518 194,912
1986 198 1.5377 304.465
1987 581 14322 832.108
1988 534 1.3366 713.74
1989 285 1.2297 350.465
1990 192 1.1561 221971
1995 167 1.0556 176.286
3098.325

Source: ACIAR, pers. comm., June 1998
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7.1

Estimated Benefits to Date

Have the costs of the research already been recouped? From our earlier
discussion Maaysiahaswidely adopted thetechnology inamodified form
(freeze-dried) and Vietnam is starting to adopt the technology based on |,
Most other Asian countries have not progressed since the end of thetrials
mainly because of alack of supply of the vaccine or higher prioritiesfor
responsible bureaucracies. In Africa, the FAO purchased 15 million doses
of theHRV 4 vaccinefor usein Zimbabwe. |n most other African countries
progress has been confined to the laboratory or field trialling stagesfor
HRV4 or |, vaccines, asnoted earlier. The analysisbelow istherefore
limited to Malaysia, Vietnam, the Philippines and Tanzania.

Malaysia

Thereislittleinformation on the temporal pattern of adoption since 1992.
Some assumptions are necessary. These are given in Box 1, together with
the basis of our calculations. In general we believe we have made
conservative assumptions on the parameters but the extent of
supplementing feeding islargely unknown. Some reports indicate that
NCD isnow largely controlled at thevillagelevel, but anissueisthe extent
to which this can be attributed to the ACIAR projects. InBox 1
conservative judgments have been made to account for vaccination
programsin place prior to the research adoption phase, the fact that
vaccinesinfood pellet form—the basis of project 8717—are no longer
used, and the recent trend towards semi-intensive rearing of village
chickens.
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Box 1.

Estimation of annual research benefits for Malaysia; 1993-1998.

Key assumptions and parameters

Consumer and producer surplus assuming full

adoption

6.5 million village chickens with total turnoff of 6 million annually
average initial price of village chicken = Ringgits (Rn)12
elasticity of demand for village chickens = 1.5

increase in productivity due to technology adoption = 40%

assumed effective coverage of village chickens with conventional
vaccination programs 45%*?

exchange rate Rn per A$1 = 1.9468 Rn

full adoption of technology—this would increase annual turn-off of
village chickens to 8.4 million and lower price by 24.6 per cent to 8.9

Rn

B cost of vaccine per 100 doses = A$3.20 f.0.b. (New Fort Dodge

B change in consumer surplus = Rn 23 million

change in gross revenue = Rn 2.2 million

estimated cost of vaccination = Rn 1.6 million

]
B number of birds vaccinated = 12 million
]
]

gross annual research benefits (GARB) = Rn 23.6m

=A$12.1m

B GARB per village chicken (stock) = 3.6 Rn= A$1.86
B allowance for additional feed costs per bird = $0.36

B net annual research benefits per bird = A$1.50

Sydney)
Year Assumed rate Proportion of benefits Proportion of village Estimated annual
of adoption (%) attributed to ACIAR chickens kept under research benefits (A$m)
research (%) traditional conditions (%)

1993 0 - 100

1994 100 100 0.107

1995 70 100 0.188

1996 10 60 80 0.257

1997 40 60 70 0.901

1998 60 60 60 1.158

Undiscounted research benefits A$2.611 million
Discounted research benefits A$2.481 million

4ohnston and Cumming 1991

7.2 Vietnam

In 1997 an estimated three million doses of the |, vaccinewere soldin
Vietnam by Navetco, with theaim of distributing it widely throughout
Vietnam. Previous vaccination programs have used other virus strains
suchas‘F Asplin’, Lasotastrain and Hel strain. But the distribution of
theseto villages has been very limited and concentrated mainly in the
north. Box 2 providesthe underlying assumptions and analysis of research
benefits which can be expected assuming full adoption. Severa
adjustments are then made to estimate the benefits from the progress
aready made. The assumption is made that each chicken must be
vaccinated at least twicein ayear. Theapproachistoinitially estimatethe
benefits assuming thereisfull adoption of the technology for all village
chickenswith none being previously vaccinated. Thisprovidesan estimate
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of benefits per bird kept. Fromthis, actual benefits derived fromthel,
vaccination program can be estimated. In this case, the costs of vaccineare
trivial being no more than one cent per bird.

Allowing for some additional supplementary feeding for the extrabirds
turned off, the research benefits attributabl e to the |, research would be of
the order of A$1.5 million. Thisassumesthat the 1.5 million birds
vaccinated with |, had not previously been vaccinated.

Other Countries

Assuming full adoption, Boxes 3 and 4 present the underlying
assumptions and analysis of research benefits which can reasonably be
expected for the Philippinesand Tanzania, respectively.

Although neither of these countries has progressed beyond thetrial stage
to date, we haveincluded them nonethel ess, making assumptions on what
can reasonably be expected in the future.

Box 2. Estimation of research benefits for Vietnam: 1997

Key assumptions and parameters

Research benefits assuming I, vaccination of all village
chickens

=85 million

demand elasticity = 1.5

estimated number of village chickens = 90 million

estimated annual turn-off of chickens without vaccinations

elasticity of demand for village chickens = 1.5

price of village chickens (from Navetco) =35 000 Dong (A$4.04)
exchange rate (1996)=8649.6 Dong per A$1
price per dose of |, vaccine (Navetco) =50 Dong

actual number of chickens vaccinated (1997) =1.5 million

change in consumer surplus =A$ 109 million
change in producer surplus =A$ 10 million

gross annual research benefits =A$119 million

[ ]

|

|

B gross annual research benefits per bird =A$1.32

B allowance for additional feed costs per bird =A$0.35
|

net annual research benefits per bird =A$0.97

Estimated annual research benefits from 1997 vaccination program=A$1.5 million
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Box 3. Estimation of annual research benefits for the Philippines

Key assumptions and parameters Research benefits assuming vaccination of all village
chickens

B estimated number of village chickens =76.6 million B change in consumer surplu s=A%78 million

B estimated chicken turn-off per annum =70 million B change in producer surplus =A$5 million

B elasticity of demand =1.5 B gross annual research benefits =A$83 million

W price of village chickens =69.4 pesos (A$3.50) B gross annual research benefits per bird =A$1

B exchange rate =19.856 pesos per A$1 B allowance for additional feed costs per bird =A$0.35¢
B netannual research benefits per bird =A$0.65¢

Box 4. Estimation of annual research benefits for Tanzania

Key assumptions and parameters Research benefits assuming vaccination of all village
chickens

B estimated number of village chickens=20.1 million B change in consumer surplus=A$14.1 million

B estimated annual chicken turn-off=19 million B change in producer surplus=A$1.2 million

B elasticity of demand=1.5 W gross annual research benefits=A$15.3 million

W price of village chickens=1500 Tanz. shillings B gross annual research benefits per bird=A$0.76

B exchange rate=646.8 Tanz. per A$l B allowance for additional feed costs per bird=A$0.35
B netannual research benefits per bird=A$0.41

7.4 Overall benefits to Date

Considering just Vietnam and Malaysia, we conclude that the cost of the
ACIAR projects has already been recouped. If onefurther considersthat
15 million doses of the HRV 4 vaccine were sold to Zimbabwe, a
conservative estimate isthat the benefits from the research would be at
least A$10 million. Other sales of the HRV 4 vaccine have been madein
recent yearsto several countriesincluding three million dosesto
Kirkmanistan (John Reeves, New Fort Dodge, pers. comm.).

7.5 Long Term Benefits

Detailed below isan evaluation of thelikely flow of benefitsresulting
from the programs, with various assumptions about technol ogy adoption
and productivity increasesin the participating countries.

Theanalysisisdone over athirty-year period, commencing in 1983, when
thefirst research costswereincurred (see Table 2). Our focusin on
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Malaysia, Vietnam, the Philippinesand Africa. Indonesiaand Thailand
appear to have progressed using local avirulent NCD strains.

Table 3 profilesthe participating countries, outlining our assumptions
regarding rates of adoption, the proportion of benefits attributable to
ACIAR, and the proportion of village chickens considered to be kept
under traditional conditions.

27

Table 3. Participant country profiles (M = Malaysia, V = Vietnam, P = the Philippines and A = Africa).
Year Rate of adoption Benefits attributable to ACIAR | Proportion of village chickens kept
under traditional conditions
% % % % % % % % % % % %
M \ P A M \Y P A M \Y P A
1993 0 0 0 1 0 0 0 100 100 100 100
1994 0 0 0 100 0 0 0 100 100 100 100
1995 5 0 0 0 70 0 0 0 100 100 100 100
1996 10 0 0 0 70 0 0 0 80 100 100 100
1997 20 2 0 0 65 65 0 0 70 100 100 100
1998 30 3 0 0 65 65 0 0 60 100 100 100
1999 40 5 0 0 60 60 0 0 50 90 90 100
2000 50 7 0 0 60 60 0 0 40 90 90 100
2001 60 10 2 0 55 55 65 0 30 90 90 100
2002 70 15 3 0 55 55 60 0 20 80 80 100
2003 70 20 5 0.5 50 50 55 100 20 80 80 100
2004 70 25 7 1 50 50 50 100 20 70 70 100
2005 70 30 10 2 45 45 45 100 20 70 70 100
2006 70 35 15 3 45 45 45 90 20 70 70 100
2007 70 35 20 4 40 40 40 85 20 60 60 100
2008 70 40 25 6 40 40 40 80 20 60 60 100
2009 70 40 30 8 35 35 35 75 20 60 50 100
2010 70 45 30 10 35 35 35 70 20 50 50 100
2011 70 45 30 10 30 30 30 65 20 50 40 100
2012 70 50 30 10 30 30 30 60 20 50 40 100
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Source: Centre for International Economics estimates.

For all participating countrieswe have assumed that rates of adoption

begin slowly given the need for usersto familiarise themselveswith the

technology, aswell astheinfrastructure requirementsto be devel oped.
Malaysiaisrecognised asaclear leader in adoption following the decision
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to carry out large-scal e vaccinations while the Philippines and Africaare
not expected to begin implementation until after the year 2000.

The proportion of benefits attributableto ACIAR vary owing to the
availability of alternative vaccination programs. Farmersin Malaysiaare
now ableto choose from more than 40 types of imported Newcastle
disease vaccinesbeside V4 (Dr Aini Ideris, pers. comm.). Thisincreased
competition isreflected in the gradual declinein benefits attributableto
ACIAR downtotheyear 2012.

For Malaysia, Vietham and the Philippines, we recognise that thereisan
increasing trend towards semi-intensive rearing of village chickens. This
suggeststhat the number of traditional village chickens contributing to
overall production isdeclining and will continue to decline, as shown by
the proportion of village chickens kept under traditional conditions.

Table 4 presentsthe estimated annual research benefitsfromthe ACIAR
programs. The benefits stream beginsin 1994 with Malaysia sdecision to
commence oral vaccination.

Theannual benefitsare afunction of total village chickens, net annual
research benefits (Boxes 1-4), the assumed rate of adoption, the benefits
attributableto ACIAR, and the proportion of village chickens kept under
traditional conditions. We have used the Tanzanian return per bird asa
proxy for all of Africaand afigureof 1.5 billion birdsfor the estimated
number of village chickens.

All research benefits, discounted at 5 per cent to 2012, haveavauein
1996 terms of approximately A$211 million. With total project research
costsamounting to A$3.1 million, the benefits are therefore greater than
the costs by afactor of 68. Even considering Malaysiaon itsown, the
benefitsare still A$5.2 million.

Sensitivity Analysis

Sensitivity analysisisan important tool which involves adjusting the
parameters of aproject to see how they effect the outcome. We reducethe
annual increasein productivity from 40 per cent to 20 per cent to ascertain
the effect on total net benefits.
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Table 4.  Estimated annual research benefits: assuming 40 per cent productivity increase
Year Malaysia Vietnam Philippines Africa Total

ASmillion ASmillion AS$million AS$million A3million
1993 0.000 0.000 0.000 0.000 0.000
1994 0.107 0.000 0.000 0.000 0.195
1995 0.188 0.000 0.000 0.000 0.341
1996 0.300 0.000 0.000 0.000 0.546
1997 0.488 1.135 0.000 0.000 2.022
1998 0.627 1.702 0.000 0.000 2.843
1999 0.644 2.357 0.000 0.000 3.527
2000 0.644 3.300 0.000 0.000 4.470
2001 0.531 4.321 0.583 0.000 5.869
2002 0.413 5.762 0.717 0.000 7.230
2003 0.375 6.984 1.095 3.075 11.837
2004 0.375 7.639 1.220 6.150 15.691
2005 0.338 8.250 1.568 12.300 22,732
2006 0.338 9.625 2.353 16.605 29.197
2007 0.300 7.333 2.390 20.910 31.179
2008 0.300 8.381 2.987 29.520 41.434
2009 0.263 7.333 2614 36.900 47.235
2010 0.263 6.875 2.614 43.050 53.017
2011 0.225 5.893 1.792 39.975 48.070
2012 0.225 6.548 1.792 36.900 45.649
Total undiscounted 6.944 93.437 21.726 245.385 367.492
Discounted 5.231 58.571 12,501 130.579 211.162
Internal rate of return = 31 per cent
Source: Centre for International Economics calculations
Table5.  Revised net annual research benefits per bird

Country A$

Malaysia 0.46
Vietnam 0.36
Philippines 0.25
Tanzania 0.06

Source: Centre for International Economics calculations

Table 5 presentstherevised net annual research benefits per bird with the
adjusted productivity figure.
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Thuswhen the revised figuresfrom Table 6 are used to calcul ate the
annual research benefits, we obtain avaluein 1996 termsof approximately
A$47 million. With total project research costs amounting to $3.1 million,
the benefits exceed the costs by afactor of 15.

Table6.  Annual research benefits—sensitivity analysis: assuming 20 per cent productivity increase

Year Malaysia Vietnam Philippines Africa Total
ASmillion | A$million | ASmillion | A$million | A3million
1993 0.000 0.000 0.000 0.000 0.000
1994 0.033 0.000 0.000 0.000 0.060
1995 0.058 0.000 0.000 0.000 0.105
1996 0.092 0.000 0.000 0.000 0.167
1997 0.150 0421 0.000 0.000 0.693
1998 0.192 0.632 0.000 0.000 0.982
1999 0.197 0.875 0.000 0.000 1.234
2000 0.197 1.225 0.000 0.000 1.584
2001 0.163 1.604 0.224 0.000 2.124
2002 0.127 2.138 0.276 0.000 2.644
2003 0.115 2.592 0.421 0.450 3.673
2004 0.115 2.835 0.469 0.900 4413
2005 0.104 3.062 0.603 1.800 5.653
2006 0.104 3572 0.905 2.430 7.095
2007 0.092 2.722 0.919 3.060 6.868
2008 0.092 3.110 1.149 4.320 8.747
2009 0.081 2.722 1.005 5.400 9.273
2010 0.081 2.552 1.005 6.300 10.003
2011 0.069 2.187 0.689 5.850 8.852
2012 0.069 2.430 0.689 5.400 8.645
Total undiscounted 2.130 34.678 8.356 35.910 81.074
Discounted 1.604 21.738 4.808 19.109 47.259

Internal rate of return = 21 per cent

Source: Centre for International Economics calculations

8. Conclusions

Newcastle diseasein village chickensis aserious problem that affectsthe
welfare of millions of peoplein developing countries. The ACIAR
projects reviewed in this report have made amajor contribution towards
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combating this disease, providing the potential for significant
improvement in thewelfare of poor people in African and Asian countries.

The projects successfully devel oped two heat resistant vaccines based on
theavirulent Australian V4 virus. Also, the technology was developed to
apply thevaccines under field conditions by coating it onto chicken feed,
applyingitindrinking water or through eye drops. On the basis of what we
regard as conservative assumptions, total investmentsin these projects
have already been recouped.

We can only giveindicative estimates of the value of thisresearch. Taking
along term future time horizon and on the basis of conservative
assumptionswe can say that the potential benefitsfrom thisresearch are at
least $220 million in present value (1996) terms. This gives a benefit—cost
ratio of 70.

Many benefitsare not quantifiable. Australia’ sreputationin the
international scientific community has been enhanced and there has been
considerableinternational cooperation asaresult of thiswork. Supply of
thel, virus seed stock to devel oping countriesfree of chargeis
undoubtedly appreciated by recipient countries. Through thiswork there
are also opportunitiesto strengthen the role of women in poor village
communities.

From observations on devel opments since the completion of the main
projects 8334 and 8717 in 1992, there are lessons that can be learned.

Any scientific discovery, no matter how great, haslittle value unlessit
isadopted. In this case, the adoption process has been alot slower than
initially anticipated. In some countries, there waslittle progress beyond
thefield trial stage. Thelessonisthat careful thought needsto be givento
the adoption phase to ensure that the potential benefits of the technology
are not dissipated.

The commercialisation process can present some difficulties. Inthis
case thetechnology istargeted mostly at poor peoplewho havelittle
capacity to pay. Thishas presented severe limitationsto therate of
adoption of the HRV 4 vaccinein severa countries. Development of thel,
vaccine appears to have overcome this problem.

Adoption of technologies on alarge scale can present difficultiesthat
areunforseen in theresearch and trial stages. The concept of coating
vaccine upon feed was highly appealing and proved to be successful
during trials. However the vaccine, once coated onto feed hasalimited
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potency period. This presents particular difficultiesintermsof large scale
production, storage and transport of the vaccine-coated feeds, that perhaps
were not fully appreciated during the research phase. Thisled to the
development of thefreeze-dried form of thevaccinein Malaysiaasamore
practical solution. Thel, vaccine which can be produced locally will also

overcomethis problem.

>> > Thereisaneed for follow-up work and monitoring of projectslong
after their completion. In the Philippinesand Thailand for example, itis
not clear why work on the vaccine technology essentially stopped soon
after completion of the projects. The reason given wasthe HRV 4 vaccine
had been commercialised and was no longer available. Either the problem
was no longer considered to have priority or the authorities were unaware
of the development and free availability of thel, vaccine.

> > Audtraliafaces some dilemmasif one of theaimsof ACIAR research
isto provide commercial spinoffsto Australia. In this case the technology
islikely to be of benefit primarily to the very poorest countrieswhich have
little capacity to pay. Commercialisation of the HRV 4 vaccine has had
limited success and has been of limited commercia benefit for Australia.

Finally theingenuity of the science of developingtheHRV4 and |,
vaccines and approaches which have been taken areto be commended. To
guote Professor Spradbrow (ACIAR 1992, pp. 6)

‘I believe we have done something useful’ .
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