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FOREWORD

As incomes rise and population grows, people in the developing world are diversifying
their diets to include a variety of meats, eggs and dairy products. In developing countries the
demand for meat has grown rapidly over the past 20 years at a rate of 5.6 percent a year. The
trend towards the consumption of livestock products is likely to continue and currently it is
estimated that some 360 million cattle, 560 million sheep and goats and 190 million more pigs
will be necessary to satisfy the nutritional world demand. This growing demand for livestock
products offers an opportunity to the 675 million rural poor who depend on livestock to improve
their livelihoods. It is likely that the greatest beneficiaries will be the small and medium scale
market oriented farmers, but only if a suitable environment is created, including access to
credit, development of infrastructures including animal production and health services. Farmers
need access to information on disease control and livestock management to help decide where
to invest their resources in order to increase production.

Globally, parasitic and other endemic diseases continue to be a major constraint on
profitable livestock production. They are rarely associated with high mortality and easily
identifiable clinical signs, usually characterised by lower outputs of animal products, by-products,
manure and traction, which all contribute to production and productivity losses. Ready access
to anthelmintics and the ease by which they could be applied, combined with improved diagnostic
tests and the immense progress made in the knowledge of the epidemiology of parasites of
ruminants led to a period of relative success in the control of gastrointestinal nematodes,
particularly in more commercial livestock production systems. However, the false assumption
that parasite control is easily accomplished by the use of chemical means alone have led to
the development of anthelmintic resistance which complicates the efficiency of current and
future parasite control programmes.

In view of the importance of effective helminth control in ruminant production systems
throughout the world, FAO promoted partnerships with research institutions that systematically
investigated and tested other alternatives of control. Now it is clear that Biological Control, as
a component of Integrated Parasite Control, will help to move away from reliance on anthelmintic
treatment to more sustainable forms of gastrointestinal nematode control.

These proceedings are a compilation of working papers edited by Dr Peter Waller,
Swedish Agricultural University, Sweden and Dr Michael Larsen, Royal Veterinary and
Agricultural University, Denmark for the FAO Regional Workshop on “Biological Control of
Nematodes Parasites of Small Ruminants in Asia” which was held 16-20 September 2002 at
the Veterinary Research Institute, Ipoh, Malaysia. The document also includes a summary of
the results of the FAO-TCP Project 0065(T) carried out by the Veterinary Research Institute at
Ipoh, Malaysia.

Dr. Carlos Eddi, DVM, MSc, PhD Armando Nari, DVM, BSc, MSc
Senior Officer, Parasitology Animal Health Officer (IPC)
Animal Health Service
Animal Production and Health Division.

FAO-Rome
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INTRODUCTION

Globally parasitic diseases continue to be a major constraint for poor developing countries.
They are rarely associated with high mortality and their effects are usually characterised by
lower outputs of animal products, by-products, manure and traction all contributing to assure
food security. The development of increasingly effective drugs capable of controlling a large
number of parasite species has, apparently, been one of the most impressive technological
achievements of the twentieth century. The systematic use of relatively inexpensive parasiticide
agents that are effective and easy to apply has made it possible to control pests which affect
wide range of production systems The continuous development of compounds by the
pharmaceutical industry has been as exciting as it has been disturbing. Stimulating, because
of the whole range of possibilities for preventive and/or curative application to control
economically important pests, but at the same time worrying, because of the possibilities of
developing parasite resistance, creating ecological imbalances and leaving residues in meat,
and milk (food safety). Indeed, the development of resistance is intricately linked to increased
treatment frequency. This enhances the possibility of residues, which could turn into a non-
tariff barrier to trade between countries. Another situation preventing trade, both within and
between countries, is the possibility of introducing resistant parasites through the transfer or
import of live animals. This is a widely recognised fact in the case of arthropods and is becoming
more frequent in helminths.

The projections of the International Food Policy Research Institute (IFPRI) using the IMPACT
(International Model for Policy Analysis of Agricultural Consumption) are that the consumption
of meat and milk in developing countries will grow by about 3% per year between now and
2020 (Delgado et al. 1999). ltis likely that this will improve the livelihood of small and medium
scale market oriented farmers but only if an enabling environment is created including access
to credit, development of infrastructure and animal production and health services. Farmers
need access to information regarding disease control and livestock management supporting
their ability to decide where to invest their resources to increase production and productivity.
In this decade, almost one century after the first reports of arthropod resistance to pesticides
for agricultural use, we are seeing an almost exponential increase in new cases of resistance



in the parasite species affecting agriculture and public health in various geo-climatic areas of
the world (OIE/FAO, 1998). This transformation in the genetics of parasite populations has
developed within a world context of far-reaching political, social and economic changes, which
must be taken into consideration when attempting to implement sustainable systems of livestock
production (Nari and Hansen 1994). The scenario for the twenty-first century will be
characterised by meat, wool and milk markets that are ever more globalised, competitive and
demanding, especially with regard to residues and environmental contamination. Governments
and industry will not have the same operational freedom as in the past and it is unlikely that
there will even exist a drug to which parasites cannot develop resistance. In 2001 the global
market for Animal Health products was of 11,050 million dollars. During the same period the
demand for parasiticides represented 28.1 percent of the total sales even though it differs from
one geo-economic area to the other depending on production systems and the composition of
parasite populations. Cattle and sheep with a 33.3 percent of participation still represent an
important portion of the market of animal health products (IFAH 2002).

Within this frame of reference, FAO consideration is given to possible approaches to be taken
at national, regional and international level in order to control the problem of parasite resistance
and prevent it from escalating, as well as to secure the sustainability of animal production
systems. The economic importance of the resistance phenomenon is intricately linked with
the causal agent’s distribution, prevalence, incidence and impact on local production.
Unfortunately, much of the available information concerning production and economic losses
does not yet cover all parts of poorest countries / systems of the world, and accordingly with
the last data available from the last study carried out by OIE/FAO (1998) more than 65 percent
of the countries surveyed have not carried out any such studies (Nari and Hansen 1994).

GENERAL STRATEGY

Sustainable disease control will not be possible unless there is sustainable national production
systems. It therefore appears imperative to require that developing countries have a
mutidiciplinary approach to manage the parasite problem within the context of their own
productive system. The need to involve all of the parties, Governments, the pharmaceutical
industry and private and international organizations - in developing a sustainable and
economically viable programme to combat parasitic diseases in general, and resistance in
particular, has become ever more crucial. Total dependence on a single method of control has
proven to be non-sustainable and non-cost effective in the long term. In terms of control of
parasite resistance, Integrated Parasite Control (IPC) effectively combines several means of
control as a way to destabilise those parasite populations with the largest proportion of individuals
that are genetically resistant to parasiticides. For this reason, IPC is generally associated with
a reduction in the frequency of treatments since, in a number of studies, a strong association



has been observed between treatment frequency and the development of resistance.
Nevertheless, the reverse is not necessarily true, since, at least for gastrointestinal nematodes,
the selection pressure exercised by the treatment will depend on the potential for dilution of the
refugia populations (van Wyk 2002). So, when implementing an IPC programme, it is not
sufficient merely to use fewer treatments; instead, the treatments must be carried out in
accordance with seasons/times/animals, which allow greater dilution of parasite populations
combined with other means of control. The implementation of an IPC programme involves
important elements that are sometimes difficult to achieve in developing countries. These
include the availability of results from applied research; a change of policy to foster the application
of methods that are less dependent on parasiticides; and the participation of the producer and
his veterinary advisor in training programmes.

CURRENT FAO APPROACH

Aworking group was established in 1997, called the «Working Group on Parasite Resistance»
(WGPR). This is a panel of experts, which advises FAO on strategies for IPC and resistance
management. The WGPR gathers, organizes and analyses information on the epidemiology,
diagnosis and control of parasites and management of resistance to parasites, assisting FAO
in creating a “logistical framework” for the application of the available knowledge and by the
preparation of guidelines for its diagnosis and control. The WGPR works in constant
collaboration with the pharmaceutical industry by means of a FAO/Industry Contact Group.
Industry is represented by the Veterinary Parasite Resistance Group (VPRG). The VPRG is a
specialised consultative group whose mandate is to advise industry and non-industrial
organizations on the implications and consequences of resistance to parasites, and on
monitoring and control strategies. The VPRG currently includes ten of the world’s leading
companies, which conduct research and development on parasiticide agents. As a follow-up
to the WGRP’s recommendations, FAO has promoted and financed the creation of two Regional
Reference Laboratories (RRL) on resistance in ecto- and endoparasites diagnosis and control
that will be operational by around end-2002. During the first phase, the RRL located in Mexico
and Uruguay have the task of developing the region’s technical capability for diagnosing and
monitoring parasite resistance to drugs. The activities of the Centres is disseminated through
the corresponding Regional Networks coordinated by INTA (Argentina), CORPOICA (Colombia)
and University of Pretoria (South Africa) which will also provide timely information on training
courses, seminars and working meetings and the availability of duly harmonised and
standardised protocols. In short, the aim of all of these measures is to provide the required
conditions and information for the development of sustainable IPC and the appropriate
management of resistance to parasites by using the current knowledge and the available data
originated by FAO Technical Cooperation Projects in Member Countries. (TCP/ BRA/6713;
TCP/ PAR/8821; TCP/ URU/ 8921: TCP/ KEN/ 8822; TCP/SAF/8821,TCP/IRA/8923; TCP/



MAL/0065) and/or Agreements with partner research institutions ((i.e. ILRI, DCEP, CSIRO)
and / or experts.
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QUESTION AND ANSWER SESSION

Q: Dr P.K.Sanyal
i) How much feedback was received from Governments of different countries about their
helminth problems?
i) Overall, how do you perceive integrated worm control to be viewed from a global
viewpoint - now and in the future?

A: Dr A.Nari
A significant number of countries still have no idea that they have problems of anthelmintic
resistance. For example, it is usual that countries export sheep with resistant parasites
without realizing the consequences. Globalization and transport to more distant markets
has introduced greater risk for the spread of anthelmintic resistant parasites. From the
many thousand requests for assistance (TCP) that FAO receives each year, not many are
related specifically to anthelmintic resistance.

Integrated Parasite Control (IPC) as a concept is applicable globally but it needs to be
validated under field conditions at the country /regional level. IPC cannot be extrapolated
to areas /regions with different animal husbandry and parasite epidemiology. More regional
coordination is needed between international organizations to avoid overlapping activities
(not only in research) in countries, at the field level. Amore synergistic and complementary
effort is needed in priority continents like Africa and Asia.
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INTRODUCTION

Despite the remarkable achievements in the discovery and development of anthelmintic drugs,
with ever - increasing levels of potency and ever - increasing spectra of activity, nematode
parasitic disease remains one of the greatest limiting factors to successful, sustainable ruminant
livestock production, worldwide (Perry and Randolph, 1999). It is beyond the scope of this
short review to give a comprehensive account as to the multiplicity of reasons behind this, but
the short answer is that parasites exhibit remarkable biological plasticity — essentially meaning
that they can evolve to counter any constraint (chemical or otherwise) that is used against
them.

In a balanced ecological system both host and parasite populations are firmly controlled by a
complex array of interacting factors. However domestication of livestock has tipped the balance
in favour of the parasites. This is because it is almost always associated with:

» Restriction of livestock movement

* Increasing stocking rate

* Increasing the proportion of susceptibles in the herd / flock

» Increasing productivity demands on the animals
Domestication of livestock has been with us since pre-biblical times. However the global
threats imposed by nematode parasites on ruminant livestock production never have been so
great as at the present point in time.



IMPERATIVES FOR CHANGE IN NEMATODE PARASITE CONTROL

1. Evolution of Anthelmintic Resistance

Since the first reports of resqgstance to the broad spectrum anthelmintics were made some four
decades ago, this phenomenon has changed from being considered merely as a parasitological
curiosity to a state of industry crisis in certain livestock sectors. This extreme situation exists
with the small ruminant industries of certain countries in the tropical/sub-tropical regions of the
world where resistance to the entire broad spectrum anthelmintic arsenal now occurs.

It appears that because of the very high costs and risks associated with taking a new active
drug down the development track to marketing, that the pharmaceutical industry has, in general,
turned away from this activity. By implication, the international small ruminant industry is too
small for these companies to make the necessary investment. This begs the question: What is
the fate of the sheep (and goat) industries in those parts of the world where resistance is
rampant and immediate ameliorative parasite control options are required?

Resistance in cattle nematode appears to be spreading, but the reports are localised isolations.
Most concern surrounds ivermectin resistance that has been reported in Cooperia spp. The
macrocyclic lactone anthelmintics are so widely used for parasite control in cattle that the
treatment failure because of resistance would be serious indeed.

2. Consumer Demands and the Organic Farming Movement

In recent years there has been an increasing demand by consumers that agricultural products
should be “clean and green”. Impetus for this has been the contamination of human food
products with substances that had tragic adverse embryogenic effects, and the development
of super-resistant human microbial pathogens. The threat of adverse effects on the environment
on the use of any chemicals in agricultural production has also driven this agenda.

Countries in Europe lead the world in the move towards organically produced livestock products.
For example in Sweden, there is an active government policy to foster organic farming and the
country is aiming to have 20% of is agricultural commodities organically produced by 2005.
Legislation now proclaims that for organic farming, the prophylactic use of drugs (including of
course, anthelmintics) is prohibited. As a consequence, new and serious animal welfare issues
are starting to emerge throughout Europe, that are caused by distress suffered by animals due
to uncontrolled parasite infections.



Therefore these two quite disparate issues, namely anthelmintic resistance and organic farming,
have brought the matter of maintaining effective parasite control to the forefront of grazing
livestock management enterprises throughout the world.

THE RUMINANT LIVESTOCK INDUSTRIES

To put anthelmintic resistance and organic farming into perspective, one must consider these
matters in relation to the need, or the applicability, of adopting alternative nematode parasite
control in ruminant livestock, not only for individual countries where ruminant livestock are
raised, but also globally. As a very broad generalisation, livestock are maintained under the
following categories:

A. EXTENSIVE, NOMADIC LIVESTOCK INDUSTRIES

The vast tracts of marginal agricultural land ranging from rugged mountainous country and
deserts to natural grasslands which encompass Asia, the former USSR and the Sahel region
of Africa account for more than 700 million small ruminants. Production systems are largely
based on traditional transhumance activities and shepherding small flocks, which graze on
different pastures with each season. Nematode parasitism is regarded as causing important
losses in production in these regions (Anon. 1992), but this is exacerbated by severe and often
lengthy seasonal shortages in nutrition. Anthelmintic treatment tends to be ad hoc and
haphazard, but generally infrequent, so the selection for anthelmintic resistance may be
considered to be low. There is likely to be very few instances where any opportunities for
alternative parasite practices would be applicable, and even less likelihood of their adoption.

B. BROAD ACRE, PERMANENT GRAZING LIVESTOCK INDUSTRIES

Typical of this form of husbandry are the ruminant livestock industries of Australasia, southern
Latin America and Southern Africa. Here livestock are grazed all year round on permanent
pasture. Improvements in pasture production by the introduction of superior plant cultivars
and the application of fertiliser, led to and expansion, particularly in sheep numbers. This was
accompanied by an increasing risk of nematode parasitic disease, but coincided with the
revolution in control by the use of chemotherapy. This is turn meant that livestock producers,
relied almost exclusively on the use of anthelmintics to control parasites in their flocks. As a
result some of the greatest problems of anthelmintic resistance are found in these regions of
the world (Waller 1997a; Sangster, 1999). Much work has been done to investigate alternative,
non-chemotherapeutic parasite control options (Barger, 1997) including in Australia, the use of
Duddingtonia flagrans, as a biological control agent against sheep parasites (Faedo et al,
1998; Knox and Faedo, 2001; Waller et al. 2001a; 2001b).



In broad acre, permanent grazing regions of the world, there are seasonal peaks in the availability
of infective nematode larvae on pasture. The bulk of these peaks are invariably derived from
relatively short periods of time, rather than from a progressive accumulation, of prior
contamination by animals grazing on the pastures. In the regions that receive predominately
winter rainfall, the seasonal peak in infective larval availability is generally in spring, derived
largely from contamination the previous late summer / autumn. For those regions that receive
summer rainfall, the larval peak occurs in late summer / autumn, derived from spring / early
summer contamination. For those regions that receive rainfall more-or-less evenly distributed
throughout the year, then larval numbers on pasture tend not to oscillate from very high to very
low levels, but are of more even amplitude throughout the year, with the magnitude of the
overall infectivity determined by the amount of rainfall.

B.1  Opportunities For The Use Of Biological Control (Bc) — Broad Acre Permanent
Regions

Because of the numerical and economic importance of the sheep industries in these regions of
the world, the following broad recommendations apply to this industry — but are equally applicable
to goats run under similar conditions. The obvious time to deploy BC is at the time when
contamination produces the seasonal peaks in larval numbers.

B.1.1 Sheep Flocks — Ewes

* late summer /early autumn - in the winter rainfall regions.
* spring / early summer - in the summer rainfall regions.

These times generally coincide with lambing and thus the peri-parturient ewe would invariably
be excreting a relatively large number of nematode eggs.
* lambing to weaning - in the uniform rainfall regions.

As the timing this event varies in these regions, it would be a good policy to make this a blanket
recommendation.

As the objective in all three instances is to reduce the number of infective larvae on pasture at
a time when pasture growth is at its maximum and when weaning generally occurs, it would
provide the opportunity to keep the young weaned lambs on the lambing pasture. However,
although this advice is theoretically sound, there is justifiable concern that it simply is not good
management practice to leave weaners on the lambing pastures. Extensive work in Australia
has shown that irrespective of the level of parasite control that is practiced (anthelmintic treatment
implied) in lambing flocks under conditions of permanent grazing, the most important strategy



is to move lambs off the pastures that they were raised with their dams at weaning when they
are approximately 3 months of age (Waller et al. 1987a; 1987b). Under these circumstances
the following strategy of using BC could be implemented:

B.1.2 Sheep Flocks — Weaner Lambs

Young, recently weaned sheep are highly susceptible to parasite infection. The objective is
therefore to graze these animals on pastures of low infectivity. Unless weaning is accompanied
by treatment with a highly effective anthelmintic and then moved to helminthologically clean
pastures, weaner sheep are highly likely to contaminate their pastures. Providing BC for a
relatively short period of time (2-3 months) immediately after weaning, will help ensure that
pastures will remain lightly infected. Provided that nutrition is not limiting, these animals will
grow well and gradually acquire a natural immunity to parasite infection on the same pastures
during the following months.

B.1.3 Cattle

As a generalisation, it can be said that very little, if not zero, parasite control is practiced for
adult beef cattle in these regions. The only class of animals that receive attention in this
respect are weaned animals up to approximately 18 months of age. For these animals, there
can be considerable anthelmintic medication given — either in the form of sustained release
boluses (blanket anthelmintic cover for up to 4 months), or frequent anthelmintic treatment
(usually injections). This is particularly so in the humid regions of southern Latin America and
to a lesser extent in Australasia. It is in cattle managed under these latter circumstances, that
reports of anthelmintic resistance in cattle nematodes have emerged (Vermunt et al. 1995 ,Fiel
et al. 2002; Echevarria et al. 2002).

For the dairy industry, there still remains a debate as to whether anthelmintic treatment improves
productivity in adult cows. However to achieve this implies that the animals need to be
maintained essentially worm-free. Irrespective of the whether the productivity benefit is
achievable, it is unrealistic and arguably counter-productive in the long-term. Essentially this
type of management will prevent the animals mounting and maintaining an immune response
to parasites, through the acquisition of modest numbers of infective larvae. BC would not claim
to emulate such conditions, so the only justification for using BC in dairy cows would be to
render pastures that they graze (and contaminate) of very low (zero) infectivity. However the
fact that adult dairy cows are large, and they produce voluminous quantities of faeces with
invariably negligible nematode egg counts, would mean that the benefit/costs of using BC in
dairy cows is highly questionable. Additionally, it has been shown that pastures previously
grazed by adult cows, which had received no previous worm treatment, are of very low infectivity,



thus suitable for grazing young stock (Dimander et al. 2002). The matter of using BC in young
dairy cattle, is equally applicable as that described above for beef cattle.

B.2 Possible Means Of Deployment Of Bc — Broad Acre, Permanent Regions

B.2.1 Sheep and Goats

The suggested target groups of animals are lactating ewes and/or weaned lambs. The
recommendation is for the deployment of the BC agent for a limited time, with a maximum of 3
months in any circumstance. Also, the suggested times of BC coincide with those of short-
term targeted supplementary feeding, which are established management practices in these
classes of sheep on many farms found in these regions. The recommendation would be to co-
administer the fungal spores of D. flagrans with the feed supplement. However, because of the
extensive nature of sheep production in these regions, a strict adherence to daily supplementary
feeding, is often not possible or practical. It must be recognised that feeding less often than
each day, will result in an uneven shedding of fungal spores in the dung of animals, thus
allowing the opportunity for some nematode eggs to develop to infective larvae, in a faecal
environment with sub-optimal concentrations of D. flagrans.

Clearly much greater opportunities for BC would exist in these regions if effective methods of
D. flagrans depot delivery were available, such as the use of supplementary feed blocks, or
controlled release devises. Although work has been conducted for such systems of sheep
management in the broad acre permanent grazing, no fungal block (Waller et al, 2001a), or
fungal controlled release device (Waller et al 2001b) has been developed which provides the
effective parasite control for the minimum required time of at least 2 months.

In accordance with general recommendations for BC, it should be used in conjunction with
other forms of parasite control, with the aim to maintain effective parasite control for the
foreseeable future. Other such adjuncts that are applicable to sheep production in the broad
acre, permanent pasture regions of the world include:

» Alternate grazing strategies with other species, or classes of stock.

« Exploiting aftermath grazing where applicable.

» Use of specific aids, such as the Famacha system (Malan and van Wyk 1992).

» Long-term selection, both within and between breeds, for innate resistance to parasites.

B.2.2 Cattle

Substituting BC for blanket anthelmintic treatment is an obvious possibility although this, to my
knowledge, has not been trailed. One obvious proviso is that in situations where managers
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have found it necessary to treat intensively with anthelmintics to prevent parasite induced
losses, and where anthelmintic resistance has emerged, BC alone will almost certainly not
work. Substantial changes in management, including other adjuncts to control parasites, will
need to be made.

The use of a fungal controlled release device for use in young cattle is certain to have
considerable appeal in cattle raising enterprises in these regions.

C. INTENSIVE LIVESTOCK INDUSTRIES

These relate to essentially two quite distinct regions. Firstly the livestock industries of the
humid tropics /sub tropics, which are typified by small-holder farmers. Secondly are the grazing
ruminant industries of Western Europe; although certain sectors of the sheep industries in
France and the United Kingdom would be more akin to the broad acre production systems
outlined above. Both share similar characteristics insofar as there are many fewer animals per
owner than in the broad acre permanent grazing regions, much greater contact occurs between
the owner and his stock, and housing of stock is a feature.

C.1  Possible Means of Deployment of BC — Intensive Regions

The contrast in intensive livestock management systems, is not between the animal species
(sheep and cattle) but between geographic regions, that the possible means of deployment of
BC should be examined.

C.1.1 Tropics /SubTropical Regions

From the outset, it is important to recognise that in extreme situations of subsistence farming,
which are an unfortunate feature in these regions of the world, technological developments are
either unaffordable or inappropriate. For example reputable brand anthelmintics are either too
expensive, or locally manufactured products are of such inferior quality that they are not used
by the stock-owner. As a consequence, massive mortalities of young stock caused by internal
parasites are still, tragically, a commonplace phenomenon, particularly in countries of Africa
and Asia. At the other extreme where anthelmintics have been used intensively, high levels of
multiple resistance have developed to such an extent that total chemotherapeutic failure to
control worm parasites of small ruminants is now a reality (Waller, 1997a). Between these two
extremes, farmers face the continual battle with attempts to prevent mortalities, to contain
clinical disease and reduce production loss due to worms as much as possible. This almost
always requires the frequent use of anthelmintics and, as a consequence, they are also moving
inexorably down the path to total anthelmintic failure.
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The major environmental variable that controls the severity of nematode parasites in the tropics
/ sub tropics is rainfall, as it almost always warm enough to facilitate the rapid development of
the free-living stages on pasture. In addition, the most pathogenic nematode parasite of small
ruminants, Haemonchus contortus, is endemic throughout the whole region. Thus in situations
where it is virtually wet the entire year, clinical outbreaks and mortalities due to Haemonchosis
in sheep and goats of all ages, can occur at anytime. In areas with distinct rainy (wet) and dry
seasons, discontinuities in the larval availability pattern on pasture can occur.

Because of the invariable development of high levels of multiple anthelmintic resistance in
those countries where farmers can afford to drench in the tropics / sub-tropics, it is critical to
understand that no alternative parasite control method on its own can be an effective, practical
alternative — even for the short term. The message that must be heeded by owners of small
stock, is that a combination of control methods must be adopted — of which one is the possibility
of BC.

The almost universal occurrence of night housing of small ruminants in the tropics / sub-tropics
means that the opportunity of using BC, incorporated in a feed supplement, is a practical
possibility. Additionally, the incorporation of D. flagrans spores into feed blocks used for
immediate and rapid consumption is an additional option. Both these methods of deployment
have been tested in the control of nematodes of sheep and goats in Malaysia with success
(Chandrawathani et al. 2002). But the potential of creating unnecessary problems in making
fungal blocks (eg. short “shelf-life” spore viability, palatability), suggests to me that the additional
complication of formulating blocks — rather than simply offering the fungal material as a daily
feed supplement — is unwarranted. As mentioned above, such deployment of BC must be
accompanied by other parasite control measures. By far the most effective, sustainable,
consumer and user “friendly”, is short-term rotational grazing. This has been shown to be
spectacularly successful in the humid tropics (Barger et al 1994, Sani and Chandrawathani,
1996). The combination of BC + rotational grazing is currently being trailed in Malaysia and
results to hand have proved to be very encouraging (Chandrawathani P. pers. comm.). Other
strategies that need to be incorporated include:

» Selection (purchase) of breeds with high levels of natural resistance to parasites.

* Improving nutrition eg. adopting the low-cost, farm manufactured urea-molasses
technology (Knox and Zahari 1997).

» Utilising medicated urea-molasses blocks on a selective, strategic basis.

» Use of anthelmintics in this way (commonly the benzimidazoles) generally shows that
drug efficacy is restored (Knox 1996).

* Use of Famacha (Malan and Van Wyk 1992).
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Another possibility of BC which has very limited (but locally very important) applicability is in
the control of Strongyloides papillosus, a parasite responsible for the “sudden death syndrome”
reported in intensively reared young calves on the southern sub-tropical islands of Japan (Taira
and Ura 1991). This parasite is ubiquitous in young ruminants, but of particular importance in
the tropics / sub-tropics. Itis unique in having the ability to reproduce in the free- living enviroment
as well as in the parasitic stage within the host. With the ability of S. papillosus to replicate in
bedding, infective larval numbers increase exponentially and young animals that are kept in
pens can be exposed to massive larval challenge by percutaneous infection within 5-7 days.
The outcome of which maybe the “sudden death syndrome”, referred to above. A study in
Malaysia (Chandrawathani et al. 1998) showed that the nematophagous fungus Arthrobotrys
oligspora, was capable of greatly diminishing the numbers of S. papillosus in ideal culture
conditions. Because the size of pens used in these intensive raising units are small, this
suggests that fungal material could simply be applied directly to the bedding. This opens up
the possibility of using A. oligospora, or any other readily available easily cultivated voracious
nematohagous fungus, to control of this important parasite, as the need to feed to animals
does not apply.

C.1.2 Temperate Regions

Except for the United Kingdom and France, the small ruminant industries of Europe are
numerically insignificant by world standards. However they provide products for the protected
local, or niche, markets and consequently the value of individual animals is high. In addition,
lucrative premiums for organically produced livestock products are also largely responsible for
the surge in popularity of organic farming in Western Europe.

Typically, European ruminant livestock are raised on farms that have a variety of agricultural
enterprises. This high degree of diversification potentially allows for efficient worm control
practices whereby maximum benefit can be achieved by movement of animals to “low-worm”
pastures produced by a variety of means. In addition, animal housing which is seasonal (winter)
in Europe, but a daily occurrence in the tropics, allows for great opportunity to manage parasite
populations in grazing livestock.

Clearly if animals are genuinely worm free at the time of pasture turn-out in spring (this is still
possible to be achieved in Europe with the prior use of macrocyclic lactone anthelmintics) and
that pastures are new leys — then there is a genuine “clean animals onto clean pasture” situation.
In these circumstances, no other worm control measure is necessary. However in practice,
this ideal state of affairs occurs very infrequently. Thus there is a great opportunity for BC for
livestock in the intensive livestock industries of the temperate region. The simplest, and easiest
to achieve at the present point in time, is daily supplementary feeding. The obvious time to
employ this is at pasture turn-out in spring. The assumption being that either the pasture has
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some level of infectivity of larvae that were derived from livestock grazing (and thus
contamination) the previous year and have survived overwinter, or that the animals have residual
infections (predominately arrested populations) that have remained in situ during the housing
period.

In sheep enterprises in western Europe, lambing most commonly occurs within 1-2 weeks
prior to turn-out. Ewes with young lambs at foot are allowed access to high quality pasture, but
if they are not treated anthelmintic, or if they graze on pastures used by sheep the following
year, then they will become infected with parasites. Inevitably they will excrete high numbers
of nematode eggs during the lambing to weaning period (the post-partum rise). It is this
contamination that gives rise to the peak of infective larval numbers later in the season. This
can be catastrophic to the growth of young lambs if they remain, or are reintroduced, to this
pasture after mid-summer. In a farmer trial where BC was applied as a daily fungal supplement
for just 6 weeks following turnout, showed superior weight gains, earlier turn-off (marketing)
and fewer lambs that had to be carried over the following winter due to parasite-induced loss of
productivity, when compared with a flock that was traditionally managed (Waller et al 2002).

Similar studies with young, first-year grazing cattle in northern Europe have also met with
success. Feeding of BC as a daily supplement for 2 - 3 months following turnout, showed the
this reduced herbage larval counts towards the end of the season, thereby limited the risk of
parasitic gastro-enteritis and showed improved weight gain over calves not receiving the fungal
supplement (Denmark - Larsen et al. 1995; Nansen et al. 1995: Lithuania - Sarkunas et al.
2000: Sweden - Dimander et al. 2002). The arguments as | see them, on the use of BC in adult
cattle have been covered under the section on broad acre, permanent livestock industries.
Basically | believe that there would be little merit, economically, or from the parasite control
standpoint, of using BC in adult cattle — whether beef or dairy.

CONCLUSION

Results are now steadily accumulating to show parasitological, but more important from the
standpoint of farmers, animal performance benefits by the strategic use of BC against nematode
parasites of livestock. Work has moved from the concept phase and there are now companies
actively involved in this technology. It appears that the hurdle of producing commercial quantities
of D. flagrans spores has been conquered. It is now critical that for BC product registration and
generating farmer interest in using this technology, further practical field trials, which yield
positive results, are immediately forthcoming.

All trials so far conducted in widely dispersed localities aimed at assessing the possible adverse
impact (basically on beneficial soil nematodes) of using BC, show that this technology is

14



environmentally benign. Further work has shown that dose rates of fungal spores can be
substantially reduced from those selected in the initial trials, in both sheep and cattle. This is
a very important economic issue, because it will reduce the cost of production, which will
ultimately be passed on to the consumer (livestock owners who use the technology). This
review has focussed on ruminant livestock, but there is ample evidence to show that the same
BC technology has a place in grazing pig production, and most particularly for the control of
nematode parasites of horses.

Itis my view that is in Western Europe, where the greatest initial opportunities for a commercial
BC product will occur. This is because of the high value of individual animals, the impetus
towards organic farming, the low number of animals / operator, and the relatively easy
management of ruminants in this region. However the threats of unmanageable anthelmintic
resistance provides a goad towards seeking viable alternatives to parasite control of small
ruminants in the intensive livestock systems of the tropics and sub/tropics. Likely consumer
resistance to paying for this new technology may be overcome, as there are examples (eg
Malaysia) of government financially underwriting the costs establishing and supporting local
livestock industries. The threats posed by the problem of anthelmintic resistance of course
apply to the sheep industries in the broad acre, permanent grazing regions. Therefore maybe
it is the sheer weight of numbers (sheep) in this region that will drive the commercial agenda as
to where the first “glittering prize” of a marketable BC product will occur.
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QUESTION AND ANSWER SESSION

Q: Dr Chandrasekaran
i) Do you foresee biological control as being able to control helminths on its own? Is there
a possibility of developing resistance due to prolonged use of MUMB?

Q: Dr Sanyal
i) Apart from fungus, are there any other organisms that can affect the infective stages of
worms in the dung pat?

A: Dr P. Waller
Biological control needs to be integrated with other methods of worm control to maintain its
long-term effectiveness. Reliance on one specific control option alone imposes selection
pressure in favor of individual parasites that can evade the controlling agent — whether
chemical, or non-chemical. In relation to the specific question of MUMB, it has been shown
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that incorporation of an anthelmintic into a feed block (commonly a benzimidazole) generally
restores drug effectiveness, even when resistance to single-dose oral formulations of the
same anthelmintic group occurs. However with time, the parasites will develop resistance
to the drug and thus prolonged MUMB use alone will become ineffective.

The dung pat is the haven for a huge number of organisms and therefore a complex dynamic
situation exists between them all. Nematode-destroying fungi are just one group of organisms
that can prey on nematodes, but it is important to remember that the predator for one
organism can be prey for another. This certainly applies to the nematode- destroying f