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Abstract

Sheep are an important component of livestock in terms of the various direct and indirect benefits human
beings derive from them. However, various species of gastrointestinal nematodes (GIN) parasitize sheep
and affect their productivity worldwide. The principal mode of control of GIN is based on chemical
anthelmintics (CA) because it is simple, cheap and offers both therapeutic and prophylactic cover against
GIN. But, due to the emergence of anthelmintic resistant nematodes (ARN) against CA, the problem has
become complicated. ARN have been recognised as an important threat to the productivity and welfare of
sheep and numerous studies have been conducted worldwide in this direction. However, anthelmintic
resistance (AR) has not been systematically investigated in Indian region and barring a few reports, there
seems to be no authentic work on the prevalence of AR in sheep and/or other livestock sector. Plant
anthelmintics (PA) are a promising alternative for GIN control and are a viable option for timely
minimising and delaying the onset and development of AR in sheep. Therefore, an integration of various
aspects of AR, search for alternative control like PA and emergence of new GIN diseases due to climate
change poses a new question to formulate a comprehensive policy for integrated nematode management
for efficient rearing and welfare of sheep. This paper is a critical overview in this direction to understand
the problem and will serve as a template for consideration of AR at the academic, research, husbandry,
industrial and at policy making level.
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Introduction
Sheep are an important component of livestock in terms of the various direct and indirect
economic benefits human beings derive from them worldwide. However, various species of
gastrointestinal nematodes (GIN) parasitize sheep due to the continuous availability of their
infective stages on the pastures and result in considerable pathogenesis and economic losses in
sheep farming particularly in the developing countries -2, The problem is further complicated
due to the emergence of anthelmintic resistant nematodes (ARN) against the chemical
anthelmintics (CA) Bl The option of plant anthelmintics (PA) which has provided an
important and viable alternative to control and treat GIN infection is still in infancy and
unrepresented. The environmental change in terms of global climate warming has further
aggravated the situation due to the emergence and re-emergence of old and new GIN diseases
in sheep [ because of its potential to impact upon their free-living stages Bl As a
consequence the effective management of GIN diseases has become an alarming problem in
sheep industry 671,
Anthelmintic resistance (AR) is defined as a decrease in the efficacy of an anthelmintic against
a population of parasites that is generally susceptible to that drug 1. According to Sangster [,
the development of AR in general is a very simple phenomenon and whatever the better way is
used to control worms with drugs the more likely resistance develops. This is because drug
treatment leads to the survival of resistant worms, which, if allowed to reproduce, contribute
resistance genes to the next generation. If the resistance genes have become fixed in the
parasite genome (lack of genetic reversion) then AR becomes a prolonged phenomenon and
the susceptibility of parasites to the drugs to resume takes a long time B,
Less progress and lack of awareness to farmers to understand GIN infections and development
of AR has been witnessed particularly in the developing countries.
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The problem of AR in GIN of sheep is worldwide and well
documented reports of AR have been made from South
Africa, Australia, New Zealand, Malaysia, Spain, France,
Denmark, UK, Brazil, and the United States [€l. According to
these studies, the level and type of AR in the parasites on the
different farms appeared to be associated with the type and
frequency of CA used and the rate at which resistance to
additional anthelmintics is being reported in India is alarming.
AR has not been systematically investigated in this part of the
world (Indian region) and there seems to be no authentic
survey work to estimate the prevalence of AR in sheep and/or
other livestock sector barring a few studies [10-131,

The sheep suffer from a huge disease burden and economic
loss due to GIN infections and are an important constraint to
their productivity due to considerable mortality and morbidity
14151 The epidemiology of these infections in sheep
populations vary according to aspects of host-parasite
biology, geographic location, agro-climatic conditions and
husbandry practices [*61. Most infections are mixed infections
and usually involve Haemonchus, Teladorsagia and
Trichostrongylus species of these nematodes 71, The climate
warming has been suggested to augment the risk of these
infectious disease outbreaks by extending the seasonal
window for parasite growth and by increasing the rate of
transmission 7181 Therefore, an integration of various
aspects like epidemiology and climate change, AR,
modifications of CA, selection and breeding of naturally
resistant breeds, search for alternative controls and PA to
formulate a comprehensive policy for INM for efficient
rearing and welfare of sheep in presence of GIN infections.
There are so many issues of debate surrounding the AR which
has assumed much of importance both at the farmer and
industrial level. However, as far as the control of GIN is
concerned, the principal approaches that are being researched
are genetic selection, optimised nutrition and the development
of vaccines . This paper is a general overview to provide
some breakthrough to the problem and will serve as a
platform for consideration of AR at the academic, research,
husbandry, industrial and at policy making level at least in
this part of the world. The review paper is completed under
the following subtitles:

1. Historical aspects and prevalence of anthelmintic
resistance in sheep

2. Alternative option of plant anthelmintics: are they
reliable

3. Ways to minimise the development of AR and concept of
integrated nematode management

4. Conclusions

We have tried to address the various issues of CA and a
search for viable/sustainable alternative and synergism of CA-
PA so as to find the solution for an effective utilisation of
integrated nematode management (INM) programme while
struggling with the issue of AR and control of GIN in sheep.
Historical aspects of anthelmintic
resistance in sheep

Historically, the existence of AR came to light in the mid of
1950’s as a result of failure of phenothiazine to control
haemonchosis in sheep ¥ and the evolution of AR in sheep

and prevalence
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worms has been very dramatic as compared to other livestock
[ 201 and this phenomenon has now changed to a state of
industry crisis (pharmaceutical sector) and has not merely
remained a parasitological curiosity. AR has been reviewed
frequently in recent past and there have been some excellent
research and review papers on AR in sheep from different
parts of the world [ 8% 2023 Reduced susceptibility and
development of AR towards CA has been reported in all
classes of helminthes to varying degrees (Table 1).
Furthermore, resistance is observed in some species of GIN
particularly Haemonchus spp. against all currently available
groups of anthelmintics in sheep [?31. This has been reported in
South Africa pa-25). It is generally postulated that AR is more
alarming in the humid tropics / subtropics, where conditions
are more-or-less continuously wet throughout the entire year
(20, Most recently total chemotherapeutic failure to all the
three broad-spectrum anthelmintic groups (also to the narrow
spectrum, salicylanilide drugs) has been reported in Malaysia
[261, Nevertheless it seems questionable if the scientific and the
pastoralist community is well prepared to competently
address this situation or it may force the farmers to stop or
abandon the sheep farming on their premises, the latter has
already started happening in certain regions of the world [,

So we may certainly ask few questions to ourselves:

If AR is currently a problem, has been it a problem in the
past?

Will it be counterbalanced or it will be a problem in the
future?

Will it or it have shown a shifting pattern from one
region/country to other?

Will we be able to discover new/alternative anthelmintics
effective against resistant populations of nematodes?

Will we be able to breed genetically resistant host
varieties to GIN infection?

Or is genetic reversion going to change the scenario of its
own under the ambit of natural selection?

But in the due course of time, even if new drugs and
chemicals are developed against ARN, these will inevitably
also be counterbalanced by the problem of AR. Considerable
research activities toward the identification of new
anthelmintic classes has meanwhile led to a few new
promising candidates, including the cyclo-octadepsipeptides
[27-28]  However, the fact remains that AR is one of the
measure causes of chemotherapeutic failure in nematode
infections whatsoever the chemotherapeutic approach is.
Many reasons that have been declared as the risk factors for
the development of AR in sheep are frequent and untimely
drug usage, under dosage, improper administration of the drug
and flow of animals from region/country to country which
results in dissemination and introduction of resistant parasites
in new areas. However, the rate of emergence of AR varies
geographically in accordance with the prevailing climate,
parasite species, their epidemiology, husbandry practices and
treatment strategies 22, Therefore, it is of utmost importance
to find suitable ways to use the available anthelmintics in an
integrated and balanced way-the concept of CA-PA and INM
which is discussed in the next sections of the paper.



International Journal of Veterinary Sciences and Animal Husbandry

Table 1: Gastrointestinal nematodes with their current status of resistance to anthelmintics in sheep (adopted from Sangster, 1999 and Afaq,

2003)

Species/genus of nematode

Resistance to anthelmintic

Haemonchus contortus

Benzimidazole (Mebendazole, Oxibendazole, Oxfendazole, Thiobendazole, Fenendazole);
Organophosphate (Napthalos); Levamisole, Morantel (rare), Avermectins (Ivermectin, Moxidectin);

Salicylanilide (Closantel)

Teladorsagia (Ostertagia) spp.

Thiobendazole, Levamisole, Morantel

Trichostrongylus spp.

Benzimidazole (Mebendazole, Oxibendazole, Oxfendazole, Thiobendazole, Fenendazole);
Levamisole, Morantel ; Avermectins (Ivermectin, Moxidectin)

Oesophagostomum spp.

Benzimidazole ( Albendazole); Levamisole; Febantel

Cooperia spp.

Benzimidazole (Albendazole, Oxfendazole); Levamisole

Strongyles spp.

Benzimidazole group

Alternative option of plant anthelmintics: are they reliable
The different methods that are presently used to control
nematodoses in sheep are chemical, immunological,
managemental and biological %30, However, the principal
mode for control of GIN is based on the commercial CA.
Various categories of anthelmintics decrease the level of
infection and reduce the egg output of these parasites,
however, they do not lower the level of larval exposure to
host in the pastures and feeding areas, whereas grazing and
pasture management effectively minimises or lowers the risk
of exposure to various infective stages in the soil and grass [?*

3, The broad  spectrum  anthelmintics  (the
benzimidazole/probenzimidazoles group, the
tetrahydropyrimidines/ imidazothiazoles group

(levamisole/pyrantel-morantel), the macrocyclic lactones (i.e.
pour-on formulations of eprinomectin and in some countries
also moxidectin) or avermectins/milbemycins  group
(ivermectin) which remove parasites in different stages of
development within the host species are the cornerstone of
their control. The narrow spectrum compounds have activity
against fewer species of parasites and/or lack high levels of
efficacy against all stages of the parasites. Examples of these
anthelmintics include naphthalophos, salicylanilides and
substituted phenols (closantel, oxyclozanide and nitroxynil),
and triclabendazol B2, There is a great concern over the
perceivable drug residues in animal products, the increasing
prevalence of ARN and high cost of CA 3334, This has led to
the realisation that, unless the pharmaceutical industry can
provide an endless supply of new molecules, intensive
chemoprophylaxis, in the way that it is currently practiced, is
not a sustainable option for the control of nematodoses and
there is a need for the evaluation of other alternative control
methods and strategies in sheep 1. All these factors have
spurred the quest to develop sustainable, effective and safe
alternatives to conventional anthelmintics - the concept of PA.
Natural compounds and products — the cornerstone of PA are
a promising alternative in this direction. Plant extracts and
products have in several cases shown good anthelmintic

effects against GIN of sheep. This could be either due to
direct toxic effects (paralysis and ultimately death of worms)
on the worms or it can be indirect due to changes in the gut
environment (gastrointestinal irritation) that favour low
fecundity and worm expulsion 1,

The scientific validation of anthelmintic activity of plant
based extracts and products has mainly been confirmed
through in vitro studies using adult motility assay (AMA),
larval migration inhibition (LMI), larval development assay
(LDA) larval mortality test (LMT), egg hatch assay (EHA) to
determine the effect of plant extracts against adults, larvae
and eggs of GIN B~ The main advantages of using in vitro
assays to test the PA are the low costs and rapid turnover
which allows large scale screening of plants. In vivo studies
(faecal egg count reduction test-FECRT) are more relevant
and reliable than in vitro studies, although costs of large scale
screening of plant extracts / plant products is probably more.
The investigation of natural products and chemical
compounds from plants is fundamentally important for the
development of new PA drugs. In a number of studies, the
active molecules showing anthelmintic properties against a
wide variety of nematode parasites of sheep have been
purified and characterized from plant extracts (Table 2).
These compounds can work as anthelmintics, directly
(affecting larval establishment, larval motility, mortality,
decreasing faecal egg output, impairing worm development,
and decreasing egg hatchability from faeces) or indirectly
(balancing antioxidant blood levels, improving the nutritional
status, and boosting the immune system of parasitized animals
fed these plant materials). Although plants are being
investigated and referred to as alternative therapies for failing
synthetic anthelmintics, it unlikely that these plants will ever
replace pharmaceutical drugs currently in use. However, they
have the potential to decrease the use of these drugs or make
them more effective, if used in combination. The ideal
approach will be to use these plants and plant products in
combined therapy with synthetic drugs to treat multi-drug
resistant nematodes-the idea of synergism (CAPA approach).

Table 2: Evaluation of plants/plant preparations against mixed or individual nematode infections in sheep (adopted from Githiori et al., 2006
with additional inputs)

Plant species Part/s used Active principle/s
Acacia nilotica Leaves Condensed tannins
Adhatoda vesica Roots Alkaloids, glycosoides
Albizia anthelmintica Root bark Kesotoxin sesquiterpene
Allium sativum Bulbs Allicin
Ananas comosus Leaves Bromelain
Annona glabra Bark Kaurenoic acid
Annona senegalensis Bark Diterpenoids
Annona squamosa Leaves Anthraquinone terpenoides
Artemisia absinthium Shoots Absinthin
Artemisia annua Shoots Artemisinin and deoxyartemisinin
Artemisia herba-alba Shoots Santonin
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Azadirachta indica Seeds Azadirachtin
Boswellia dalzelli Bark | e
Caesalpinia crista Seeds | e
Calotropis procera Leaves Triterpenoides,anthocyanins, alkaloids

Carica papaya Seeds Banzyl isothiocyanate
Carrisa edulis Roots | e
Cassia spectalis Roots | e
Chenopodium ambrosioides Leaf, seeds Ascaridole
Chrysanthemum cinetraiaefolium Flower Pyrethrins
Embelia ribes Fruits | e
Erythrina senegalensis Bark | e

Evodia rutaecarpa Dried fruits quinolone (alkaloid)

Fumaria parviflora Wholeplant | e

Hagenia abyssinica Fruits Kosotoxin

Hildebrandita sepalosa Rootbark | e
Maerua edulis Tuber | e
Myrsine Africana Fruits Benzoquinone
Nauclea latifolia Bark Resins, tannins, alkaloids
Piliostigma thonningii Bark D-3-O-methylchiroinositol
Terminalia glaucescens Bark Anthraquinone
Trichilia emetica Bark | e
Uvaria hookeri Root bark Acetogenins
Vernonia senegalensis Seeds |  —ee

Ways to minimise the development of AR and concept of
integrated nematode management

The problem of AR has been recognised globally as one of
the greatest threats to grazing livestock production after the
successful research findings at the regional and international
level. The eradication and/or control of GIN infections can be
achieved by a combination of methods like alternate
anthelmintics, avoiding unnecessary anthelmintic treatments,
avoiding under dosage treatments, overnight housing,
supplementary  feeding, dry season supplementation,
biological control (mainly with fungi), pasture and grazing
management (slashing and burning of pasture), pasture
replacement, alternate grazing with cattle, vaccination,
breeding of naturally resistant hosts, etc (Fig. 1), and last but
not least the awareness and involvement of farmers in these
activities.

There is an evidence of genetic variation to resistance and
susceptibility to GIN infection both between and within sheep
breeds and selection for GIN resistance has been effective in
certain regions of the world 9. Therefore, selecting sheep
breeds with enhanced resistance to GIN infections will prove
as an efficient control strategy and will also reduce the
dependence on CA thereby reducing the natural selection for
AR and achieving sustainable GIN control management. As it
is beyond the scope of this review to provide or lay down a
concrete and/or to discuss on a single alternative to AR, a list
of important methods and measures as mentioned above with
potential to contribute to solve the problem of AR should be
acknowledged.

Current worm-control strategies are usually based on
treatment regimes in which all animals of a herd are dosed at
repeated times during the year Bl Although in the past this
has provided the basis for dramatic productivity increases, at
the same time it has lead to serious AR problems in many
areas of the world 2%, Therefore, novel approaches for GIN
control recommend the targeted selective treatment of only
the most heavily infected individuals thereby reducing both
the treatment cost and the AR selection pressure 3,

For example, an effective anthelmintic treatment strategy for
haemonchosis that has now been developed is the
FAMACHA® procedure but has been used in a few countries
only till date >, This system is based on assessment of

anemic status of parasitized animals and treating only anemic
animals that are succumbing to the effects of haemonchosis.
Untreated animals deposit eggs of anthelmintic-susceptible
worms on pasture resulting in maintenance of a reservoir of
susceptible larvae in refugia. Refugia is the proportion of
parasites that are not exposed to a specified parasite control
measure, thus escaping selection for resistance 16, The
worms in refugia provide a pool of genes that are sensitive to
anthelmintics, which dilute the frequency of resistant alleles
in the population and reduce the chances carrying resistant
alleles from mating with other resistant worms 12, Similarly
in an another approach, an international research project
commonly designated as “PARASOL (Parasite Solutions)”
was launched to investigate the potential for the sustainable
control of GIN in ruminants based upon the use of targeted
selective treatments in which only those animals at greatest
risk of disease and/or implicated in its transmission are treated
so as to minimise the rate of development of AR by
maintaining an untreated parasite population (refugia) eI,
Therefore, a selection approach for treatment should be such
S0 as to target that selective portion of flock and then there are
chances of successful control of parasites in the entire group
with minimal chances of development of AR.

The natural compounds derived from plants are more stable as
these are mostly plant secondary metabolites synthesized over
a long period of time. Furthermore, the natural compounds
also provide greater structural diversity than synthetic ones
and, therefore, are a source of low molecular weight
structures active against a wide range of target agents and this
diversity can preclude the occurrence of resistance 7. The
novel PA with new mechanism of action is more efficacious
because the resistant populations of GIN against CA are not
able to manifest the resistance potential towards the newly
introduced drugs 9. However, simultaneously PA will
generate new selection pressure/s for the parasitic organisms
to develop AR within a parasite population, because
resistance develops in the target parasites against any
chemical group/s whether of synthetic or organic nature-
NATURAL SELECTION. Therefore, we cannot break the
selection process of resistance but we can delay the selection
process by providing new, alternate and novel anthelmintic
products/drugs with reliable and standardized doses in
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replacement to conventional drugs 8, and an emphasis
should surely be on the management 1,

Although it will take time and much of the patience and
expertise to standardize the PA and address the recent
emergent trends in CA, the use of plant based products as
anthelmintics at least offers a cheap, reliable and a readily

available alternative to highly expensive resistant
anthelmintics. Strategies are to be developed to slow down the
evolution of AR and the aim should be to sustain the livestock
in its presence. Adoption of INM in the same as way as IPM
(integrated pest management) will be quite useful for the
successful control of many GIN parasites.
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Fig 1: Potential control of GIN infections and management of anthelmintic resistance in sheep (Adopted from Roeber et al., 2013 with
modifications)

Conclusions

The issues of anthelmintic resistance and alternative strategies
should form the priority areas of parasitological research.
Awareness campaigns to farming community should be
conducted regarding correct and timely usage of proper and
novel anthelmintics, to which the gastrointestinal nematodes
are susceptible. The integrated nematode management options
like use of CA, PA, FAMACHA, PARASOL, selection of
genetically resistant host genotypes/breeds, worm vaccines,
biological control, pasture/grazing management should be
evaluated further possibly in every agro-climatic region of the
world. Education of farmers and the support from scientific
community, pharmaceutical industry and policy makers
regarding the INM are all important for the welfare of sheep
industry.
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