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Managing anthelmintic resistance in small ruminant livestock of
resource-poor farmers in South Africa

A F Vattaa,b* and A L E Lindbergc

INTRODUCTION
It is difficult to quantify the number of

resource-poor livestock owners in South
Africa. In the first instance, what is meant
by resource-poor? A landless peasant
who does not own animals would probably
not consider a person that owns livestock
to be resource-poor. On the other hand,
comparing farmers within the South
African community, one finds that there
are very distinct differences in wealth
between rural farming communities.
These are most often distinguished along
racial lines, but even within a particular
community there are the resourced and

less-resourced farmers.
It is sobering to note that there is a rural

population in South Africa of about 17.5
million people that are living below the
rural poverty threshold (Table 6b in ref.
51). It cannot be accurately ascertained
what proportion of these people are re-
source-poor farmers. However, Thornton
et al.51 estimated that there were 10.6
million poor livestock keepers in South
Africa. Of these, 3.5 million were living in
mixed, rainfed, temperate production
systems or tropical highlands; 3.1 million
within mixed, rainfed, arid or semi-arid
systems; 1.8 million within livestock only,
rangeland-based arid or semi-arid sys-
tems (Table 7 in ref. 51); and a further 1.2
million were to be found in mixed, rain-
fed, humid or subhumid systems. The
remaining 1.1 million were estimated to
be found in livestock-only, rangeland-
based, temperate or tropical highlands;
mixed, irrigated, arid or semi-arid sys-
tems; mixed, irrigated, temperate or trop-

ical highlands; livestock-only, range-
land-based, humid or subhumid systems,
or other production systems.

A large number of resource-poor farmers
in South Africa live in the previous ‘home-
land’ areas17,24. An official survey of large
and small-scale agriculture indicated
that in the year 2000 there were 614 000
farming operations in the former home-
lands of South Africa in contrast to 84 000
farming operations in the former Republic
of South Africa (i.e. South Africa excluding
the former homelands)47. The farming
operations of the homelands, designated
for black Africans, were characterised by
small-scale and subsistence farming
while the farming operations of the
former South Africa, designated for white
ownership, were mostly large-scale com-
mercial operations.

If one assumes that each farming opera-
tion supported at least one household,
and given that the average size of a house-
hold for South Africa is 3.8 persons2, one
may estimate that there are 2.3 million
people dependent on small-scale and
subsistence farming. This is a somewhat
lower figure than that estimated by
Thornton et al.51, but the figure neverthe-
less represents a sizeable number of people
probably dependent on resource-poor
farming.

In general terms, resource-poor live-
stock farmers will own only approxi-
mately 10 animals. They have no security
of land tenure and the animals are grazed
communally. The communities are char-
acterised by skewed demographics (high
proportions of women, the aged and
children) – a legacy of a history of migrant
labour systems in South Africa. The people
have poor access to facilities, information,
infrastructure and finance, and in the case
of resource-poor farmers within these
communities, poor access to agricultural
support services. As can be expected from
all these negative factors, production and
reproduction of livestock in these situa-
tions are low.

Resource-poor people often rely on a
variety of sources of income, food and
support12. This spreads the risk in the case
of a particular income-generating activity
failing. Of these various activities, animal
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ABSTRACT
Gastrointestinal parasitism is one of the most important disease complexes of sheep and
goats impacting on the resource-poor livestock farmer. Of the responsible nematodes,
Haemonchus contortus, a blood-sucking worm of the abomasum, poses possibly the greatest
threat. Over the past several decades, the worm has been controlled through the use of
anthelmintics, but the emergence of anthelmintic resistance has threatened this chemo-
therapeutic approach. In Africa, the overall prevalence of anthelmintic resistance has not
been extensively investigated, particularly within the resource-poor farming sector, but
resistance has been reported from at least 14 countries with most of the reports emanating
from Kenya and South Africa and the majority concerning H. contortus. While levels of
resistance under commercial sheep farming systems in South Africa is considered to be
amongst the worst in the world, resistance has also been reported from the resource-poor
farming sector. Increases in productivity and reproduction of livestock and the develop-
ment of markets for sale of animals are seen by international funding bodies as a way out of
poverty for communities that keep livestock. This must lead to the greater need for parasite
control. At such times, the risk of levels of anthelmintic resistance escalating is much greater
and there is therefore a need to look at alternatives to their use. Proposed strategies include
the appropriate, but judicious use of anthelmintics by application of the FAMACHA©

system and the use of alternatives to anthelmintics such as strategic nutrient supple-
mentation. It is also very clear that there is a strong demand for knowledge about animal
diseases, including helminthosis, and their effective management in the resource-poor live-
stock farming communities. This is an important challenge to meet.
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production may be one of the most im-
portant, especially where lands for crop
or vegetable production are marginal.
Protein is an important component of the
human diet and protein derived from
animal sources fills a niche in the diet
that is difficult to replace with vegetable
products. In this regard, ruminants are
especially important, being able to convert
plant material that cannot be digested by
humans into edible animal protein.

The most important helminth parasite
of sheep and goats in the summer rainfall
area of South Africa is Haemonchus contor-
tus, both for the commercial and resource-
poor farmer10,52,71,72. Haemonchosis was
recently ranked amongst the top ten
diseases or pathogens affecting the ani-
mals of poor livestock farmers in eastern,
central and southern Africa, while gastro-
intestinal parasitism was given the high-
est global index as an animal health
constraint impacting on the poor45.
H. contortus is a blood-sucking nematode
found in the abomasum of small rumi-
nants, posing a threat from about Novem-
ber to April when ambient tempera-
ture and rainfall are suitable for it to
complete its life cycle on pasture. How-
ever, H. contortus may also be a threat in
the cooler months of the year and periodi-
cally causes problems in the semi-arid
regions of the country in atypically wet
years, as well as in the winter and non-
seasonal rainfall areas.

AWARENESS OF GASTROINTESTINAL
PARASITISM

Amongst resource-poor farmers, there
appears to be a lack of understanding of
the aetiology of disease, e.g. anaplasmosis
is thought to be caused by ‘excessive
grazing of lush green grass, which is
thought to bring about an accumulation
of bile in the body’34. In this example this
may lead to treatment being ill directed at
attempting to remove excessive bile from
the animal’s body rather than correctly
aimed at destroying the microorganisms
concerned. Resource-poor farmers may
use numerous ethnoveterinary medi-
cines to prevent mortality and improve
the health of their livestock. In many
cases, these medications do have apparent
rational and beneficial effects18,34,54. Re-
source-poor farmers also purchase com-
mercial remedies when they are able to do
so18,34,35. However, the extent of their use of
stock remedies is poorly documented in
South Africa. Sales of anthelmintics for
sheep and cattle and endectocides (all
animal species) amounted to more than
117 million rand in 2003/2004 (South Afri-
can Animal Health Association market
statistics, A du Plessis, pers. comm., 2004),
but most of these sales were probably to

the commercial farming sector.
It was the experience of Van Wyk et al.68

that resource-poor farmers in the former
Lebowa (in Mpumalanga and Limpopo
Provinces) did not consider internal para-
sites important possibly because of their
location inside the hosts and their gener-
ally small size. Many farmers also ap-
peared not to be aware of the existence of
internal parasites and their treatment was
therefore given a low priority. This is con-
trasted with certain farmers in the Bulwer
area of KwaZulu-Natal who purchase
commercial deworm- ing remedies (B A
Letty, KwaZulu-Natal Department of
Agriculture and Environmental Affairs,
pers. comm., 2002).

There appears to be a greater awareness
of tapeworms than of the more dangerous
roundworms18. This is probably because
the tapeworm proglottids are visible with
the naked eye on the dung of the animal.
The women, who are traditionally tasked
with the preparation of food, may be
more likely to notice nematodes in the
gastrointestinal contents but may not
appreciate their importance (A F Vatta,
pers. obs., 2002). Even then many of the
nematodes may be missed because of
their small size – several species are only
visible under a microscope. The perceived
lack of understanding of the importance
of gastrointestinal roundworms is also
demonstrated by an apparent lack of
common names for the various nema-
todes in the indigenous languages of
South Africa. Contrast this, for example,
with common names for Haemonchus
contortus and Trichostrongylus spp. which
are respectively called wireworm and
bankruptworm in English and haarwurm
and bankrotwurm in Afrikaans.

PREVALENCE OF ANTHELMINTIC
RESISTANCE

In farming systems where helminth
control relies exclusively on the use of
anthelmintics, the emergence of resistance
to such compounds poses a severe threat
to livestock production. This is of particular
concern where a strain is resistant to
drugs in more than one or all anthel-
mintic groups available on the market. In
Africa, anthelmintic resistance has been
reported in sheep and/or goats from at
least 14 countries (Fig. 1). By far the most
reports have emanated from Kenya and
South Africa and the majority of these
concern Haemonchus spp. There is a lack of
detailed background information for
some of the reports listed in Fig. 1, but it
appears that the vast majority of the pa-
pers (52 out of the 63 cited) are from
large-scale commercial or institutional
farms. Six of the reports concern small-
scale or resource-poor farms while five

deal with both large and small farming
enterprises. In South Africa, anthelmintic
resistance in the commercial sheep farm-
ing sector has been described as being the
worst in the world68. In resource-poor
systems in South Africa, resistance has
been reported in sheep in one study68 and
in goats in another two studies5,72.

The overall prevalence of resistance in
Africa has, however, not been extensively
investigated and this is particularly so in
the resource-poor context. Survey work
for anthelmintic resistance is hampered,
among other things, by the lack of readily
available assays. The faecal egg count
reduction test, which is the most com-
monly used test, requires the use of a
relatively large number of animals, some-
thing which is rarely available in small-
holder systems. It is also time-consuming
and hence costly. The in vitro larval devel-
opment assay has been adapted to the
smallholder setting1, but it requires spe-
cific training, kits and equipment that are
not in place in South Africa at present.

DEVELOPMENT AND SPREAD OF
ANTHELMINTIC RESISTANCE

The highly effective chemotherapeutic
control of pest organisms (in this case
nematodes) and preservation of drug
efficacy are unfortunately mutually
exclusive objectives. The gene or genes
conferring anthelmintic resistance are
thought to be present in a small portion of
individuals in the population even before
the worms are exposed to a drug for the
first time21. Treatment with anthelmintics
then selects for those individuals within
a population that are resistant to the
drug.mm

Van Wyk59 has drawn attention to the
importance of the role refugia plays in the
development of anthelmintic resistance.
Refugia refers to the proportion of a
parasite population that is not exposed to
anthelmintics during any one treatment
e.g. nematode larval stages on pasture,
thus escaping selection for resistance37

and potentially able to propagate its
genes to the next generation. Treatments
carried out when there are few worms
in refugia are likely to select strongly for
resistance.

As stated above, most of the reports of
anthelmintic resistance are from large-
scale commercial or institutional farms.
Under these conditions, the selection
pressure for anthelmintic resistance is
often intense with, for example, frequent
anthelmintic treatment of the whole
herd. This in itself exposes a greater
proportion of the nematode population
to anthelmintics and leaves fewer worms
in refugia than would be the case, for
example, if only those individual animals
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showing signs of helminthosis were
drenched. The frequent use of anthel-
mintics increases the frequency with
which individual nematodes and their
offspring are exposed to anthelmintics as
well as the probability that a nematode
will be exposed to an anthelmintic within
a certain period of time. Large herd size
has been reported as a risk factor for the
presence of resistance75. Farmers with
large flocks are more likely to be able to
buy anthelmintics.

Conversely, farmers with smaller flocks
often cannot afford to buy anthelmintics
and this may serve to slow down the
onset of resistance75. In South Africa,
access to anthelmintics may also be diffi-
cult even for those who want to treat
because of sparsely distributed agricul-
tural cooperatives*17 and size of packag-
ing (McCrindle, 1996, cited by Gehring
et al.17) which is generally too large for the
number of animals that need to be
treated17. This should also be seen in the
context of other more important priorities
such as access to water, hospital care and
schools18.

Nevertheless, anthelmintic resistance
has been reported from the small-scale
and resource-poor sector. Although
anthelmintics may be used more sparingly
by smallholder and resource-poor farmers
than large-scale commercial farmers, the
emergence of resistance in this sector has
also been attributed to the prolonged use
of drugs from the same class of anthel-
mintic3,5,27,31 and frequent treatment of
flocks5,27,75.

Various authors speculate that the
occurrence of anthelmintic resistance in a
flock/herd resulted from the introduction
of resistant worms from other flocks/
herds. This may have been through the
sale or distribution of stock (together
with their resistant worms) from larger
commercial or government-owned farms
to smaller farms5,68,72,75; through the intro-
duction of stock from other farms (where
no mention of size of farm is made)3,31;
through the appropriation of farms from
commercial farmers and addition to exist-
ing communal pastures68; and through
communal grazing26,49. Sissay et al.50, on
the other hand, exploited the apparent
lack of anthelmintic resistance in commu-
nally grazed smallholder flocks to reverse
to susceptibility the resistant status of a
university goat flock.

Whether resistance develops on
resource-poor smallholdings would de-
pend on the numbers of imported worms
in relation to the existing worm popula-
tion and on the resulting frequency of

worms with resistant genes. The further
development will also depend on the way
anthelmintics are used by the smallholder
farmers. If, for example, the introduction
of animals with resistant worms to a flock
occurs and the whole flock is drenched
with the same active to which there is
resistance in the flock from which the
animals were introduced and the drench-
ing is carried out at frequent intervals
and/or at times when there are few
worms in refugia, the chances of resistance
developing are higher than in cases
where drenching of the herd occurs very
infrequently (as was reportedly the case
in the investigation by Sissay et al.50).

Other reasons given for the development
of resistance under these farming condi-
tions include underdosing by incorrect
estimation of weights26,31; ‘underdosing as
a result of limited financial resources’5;
and the use of sheep dosages in goats26,75.
Van Wyk59 argues that it is not under-
dosing per se that is necessarily responsi-
ble for the development of the resistance
but that development of resistance is
probably related to the elimination
through drenching of ‘all but the most
resistant individuals combined with low
numbers of worms in refugia’59.

The use of expired products3 and the
use of substandard products26,27 make it
difficult to determine whether anthel-
mintic failure is as a result of resistance or
inactivity of the product75.

ALTERNATIVES TO ANTHELMINTICS
IN THE CONTROL OF GASTRO-
INTESTINAL PARASITISM

If management and productivity of
small ruminants are improved in line
with the global visions of internationally
funded research bodies45, helminths will
need to be managed. Unless other meth-
ods of parasite control are available, this
will call for an increased use of anthel-
mintics, which, in turn, is the driving
force for the development of anthelmintic
resistance. If resistance is already present,
this potential pathway out of poverty will
be severely hampered. The farmer there-
fore needs to be making the best use of the
drugs now so that their efficacy is main-
tained for as long as possible, and also to
find alternative and complementary
ways of controlling gastrointestinal para-
sites.

Other options that have been considered
as alternatives to the sole reliance on
anthelmintics for parasite control include
the better use of existing drugs, for example
by combining the use of drugs with
grazing strategies, vaccines, copper oxide
wire particles, biological control through,
for example, nematophagous fungi,
nutrient supplementation74, breeding of

host animals for worm resistance19,
ethnoveterinary medicine20 and tanni-
ferous plants and extracts44. Many of these
approaches are still being researched and
evaluated and most of them are at present
not suitable for the communal grazing
systems of many resource-poor farmers.
For example, the adoption of a common
grazing strategy would require a commu-
nity effort, which would currently be
difficult to achieve in a communal grazing
system. There are two possible interac-
tions that would be of assistance to the
resource-poor farmer and go some way
towards achieving sustainable para-
site control. These are the use of the
FAMACHA© system and nutritional sup-
plementation.

The FAMACHA© system
This is a method of targeted treatment

and is a strategy for conserving the
efficacy of existing drugs33. The system is
based on the fact that sheep and goats suf-
fering from haemonchosis show varying
degrees of anaemia, which can be evalu-
ated clinically by examination of the ocu-
lar mucous membranes. With the help of a
colour chart, animals are scored in one of
five colour categories (from red, non-
anaemic, to very pale, severely anaemic).
Only those animals in need of treatment
are treated.

The advantages of such a system are
that savings can be made in terms of
anthelmintic use, the development of
drug resistance should be slowed down
and animals that repeatedly require
treatment can be identified and culled
from the flock or herd. The system should
also complement the fact that resource-
poor people often already have animals
that have been naturally selected for
hardiness over many years because of a
lack of drug intervention. A great advan-
tage of the system is that it can be easily
understood and learnt by poorly literate
people. This has been demonstrated on
commercial farms6, where the system has
found great acceptance, and in resource-
poor farming systems71,72.

Nutritional supplementation
Nutritional or micronutrient deficiencies

in livestock have also been ranked highly
in terms of their importance to the re-
source-poor farmer45. In resource-poor
areas of South Africa, dry-season hunger,
as elsewhere in southern Africa, is a very
important constraint to animal produc-
tion. Relatively cheap supplements such
as non-protein nitrogen, in liquid form for
mixing with poor quality roughages or
formulated into blocks or granules, are
alternatives, but accessibility may simi-
larly be hampered as for anthelmintics. To
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overcome this limitation, local forages are
being examined as dry-season supple-
ments. In Zimbabwe, supplementation of
does with seed pods of local browse trees
produced an increase in milk yield and
kid survival48, but it was not investigated
whether there was an effect on worm
burdens.

EDUCATION
Perhaps education is the principal re-

quirement for assisting resource-poor
farmers to improve the health, productiv-
ity and welfare of their animals. Without
knowledge, the resource-poor farmer
cannot improve herd management and
prophylaxis of disease by means of vacci-
nation. Knowledge is required to be able
to recognise the importance of specific
disease conditions and circumstances
favouring their development, for instance
a greater awareness of the presence and
pathogenic effects of nematodes, the
epidemiological conditions that are opti-
mal for their survival, and how to manage
the infections for the long term.

CONCLUSION
Anthelmintics will remain an important

part of the management of worm infec-
tions, but they need to be used in a
sustainable manner. Particularly in the
resource-poor sector of South Africa,
where the level of anthelmintic resistance
appears to be at a lower level than that on
large-scale farms68, the opportunity exists
to slow the development of resistance.
The best way forward must be education,
and the opportunity now exists to build
the control of gastrointestinal parasites on
measures other than only anthelmintic
treatment.
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Book review — Boekresensie

Bluetongue: Proceedings of the Third International Symposium, 26–29 October 2003

N J MacLachlan and J E Pearson (Eds)

2004. Veterinaria Italiana Vol. 40. ISSN 0505-401-X, ISBN 88-901725-0-9

This attractively presented 2-volume, 730 page special edition
of an Italian veterinary journal, has made a timely arrival on the
bluetongue scientific scene. Veterinaria Italiana Vol. 40 presents
123 papers compiled from the oral presentations of invited
speakers and an impressive collection of poster presentations.
These form the Proceedings of the Third International Bluetongue
Symposium which took place at Taormina on 26–29 October 2003.
The Symposium was jointly hosted by the OIE and the Italian
authorities in a year in which Italy held the EU Presidency. It was
ironic but appropriate that the venue was an island in the Medi-
terranean Sea given the fact that bluetongue had spread across
large areas of North Africa and the Mediterranean countries of
France, Spain, Italy, the Balkan states and Greece since 1998.

The Proceedings are divided into a number of topics which
address the Global Situation; Epidemiology and Vectors; Blue-
tongue virus and Disease; Diagnostics, Vaccines; Control and
Trade, and in summary, Conclusions of the working groups.
This meeting was overdue following on the First and Second
Symposia held in 1984 and 1991 in California and Paris, respec-
tively, where bluetongue and related Orbiviruses (like horse-
sickness and EHD) were discussed. The Third Symposium was
devoted to bluetongue and showcased the latest scientific views
on the subject.

The European outbreak of bluetongue prompted much re-
search when it was realized that the disease unlike past incur-
sions, was now becoming unwelcome and endemic in certain
areas. Furthermore, global warming and climate change had
caused the northern limit of the vector, which was always set at
latitude 40 °N, to now move to 50 °N. Also, while a large body of
work on certain aspects of bluetongue had been published, con-
trol was still dependent on the use of an attenuated live virus
vaccine which, in the eyes of the EU, was associated with certain
risks like reversion to virulence.

This collection of papers addresses a major livestock disease
from different perspectives and focuses on aspects of disease,
epidemiology control, vectors and trade issues. The South Afri-
can contribution was a summary of molecular, vector and sheep
work done over a 3-year collaborative EU project period. We
were represented in 4 of the 6 working groups where there was
justifiably a large Italian presence. This was a measure of much
work done in that country after BTV 4, 9 and 16 arrived from the
east and BTV 2 from the southwest to spread across Italy from
Sicily to north of Rome.

Predictably the section on epidemiology and vectors contained

the majority of papers and presentations. It was recognised that
the establishment of BT in Europe was dependent on competent
vectors. Culicoides vector population movements had to be un-
derstood and monitored. Vector simulation models are a final
goal as models based solely on climate variables are not always
sufficiently accurate. Vector control methods to suppress adult
or immature populations need to be developed as do methods to
interrupt transmission cycles. Basics like breeding site identifica-
tion and local or long-distance dispersal of adults are all factors
of lesser importance in South Africa which is endemically
infected but of crucial importance to the many contiguous EU
countries.

Whereas indigenous sheep breeds in South Africa and the
‘acclimatized Africanized merino’ are not adversely affected by
currently used vaccine strains, this is not the case in Europe.
Using single vaccine strains as a monovalent or bivalent product
out of their bottle formulation evoke reactions in naive Euro-
pean breeds like their Dorset Poll sheep, a subject discussed in a
recent publication. There is therefore much effort to produce
inactivated and alternative vaccines not least because blanket
vaccination of all ruminants in the source population is being
advocated in Italy to allow ruminant movement to take place.
The focus, however, is shifting from the importance of cattle as
maintenance and possible overwintering hosts to interest in
investigating trans-ovarial BT virus transmission or persistence
of down-regulated virus in vector larvae.

The Monitoring and Surveillance working group identified re-
search needs which South Africa could take on board and apply
to envisaged horsesickness work. These included the need for
DIVA tests a perennial issue on the ‘wish lists’ of everyone in-
volved in control and trade. Also mentioned were a better un-
derstanding of vector inter-relationships and improved type
specific serology and genetic and antigenic analysis of viruses.

Future research work could have spin-offs for South Africa,
particularly in the field of vector control with possible chemical
pour-on’s for ruminants (useful in horsesickness control) and
DIVA tests to differentiate infected and vaccinated animals (use-
ful in BT and other trade issues).

Finally the Symposium not only highlighted what has already
been achieved, it also underlined future research opportunities
for our scientists to collaborate with Europe but also to independ-
ently advance the South African cause.

G H Gerdes
Virology Division

Onderstepoort Veterinary Institute
E-mail: oneillm@arc.agric.za
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