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Management techniques that can assist in treating only parasite infested animals can reduce
anthelmintic resistance arousing from frequent dosing of all animals. This study aimed to investigate
the application of FAMACHA® with no formal training of resource-poor farmers to identify anaemic or
helminthes infested animals. Two sites (KwaMthethwa (KM) village and Owen Sitole College of
Agriculture (OSCA) farm) with 40 animals each of mixed sex were used in this study. The animals
grazed on natural pasture during the day and housed in Kraal at night. FAMACHA® chart scored
animals on eye colour; 1 (Red, non-anaemic and acceptable), 2 (red-pink, non-anaemic and border line),
3 (pink, mildly anaemic and dangerous), 4 (pink-white, anaemic and fatal) or 5 (porcelain white,
severely)). Eye scoring was over four seasons (autumn, winter, spring and summer) alongside faecal
egg count (FEC) as a positive control to FAMACHA® diagnosis method. Anaemic animals varied
(P<0.05) between the sites, 76.72, 40.34 and 49.37% for KM, OSCA and KM+OSCA, respectively.
Comparison of FAMACHA® with FEC showed that only 61.53, 33.5 and 40.12% of the animals were
anaemic at KM, OSCA and KM+OSCA, respectively, due to false positive results. Spring, autumn and
summer were identified as seasons for frequent monitoring due to higher (P<0.05) gastrointestinal
parasite especially Trichostrongylus axei and Moniezia expansa. Approximatelg 80% of all anaemic
animals were identified by no skilled resource-poor farmers using FAMACHA". This reinforces the
economic (cheap) importance and reliability of FAMACHA® chart in parasite resistance management but
emphasized on formal training as 20% false negative anemic animals is a lot for a resource-poor
farmers.
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INTRODUCTION

The world’s goat population is estimated to be 876 million and Agriculture Organization of the United Nations
with 276 million coming from Africa where about 6.2 Statistical database (FAOSTAT, 2011). However, the
million is produced by South Africa according to the Food goat population in South Africa has been declining (from
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2008 (6.5 million), 2009 (6.4 million), 2010 (6.3 million) to
2011 (6.2 million)) which is a major concern especially to
the rural communities where it serves as a major source
of income or protein supply in diets (FAOSTAT, 2011).
Therefore, it is possible to postulate that by 2025 the goat
population will be less than 5 million in South Africa.
These are significant and alarming statistics especially
with the growing demand for animal protein (Mmbengwa
et al.,, 2008) by the ever increasing human population
(48.6 (2008) to 51.8 (2011) million people) in South Africa
(STATSA, 2011). No specific reason has been
associated to the decrease in goat production though
different researchers have advanced the following
reasons; low research on goats as their contribution
towards formal national economy is assumed to be less,
lack of etiology of diseases (internal and external)
prevalence, inaccessibility of conventional knowledge
and information among small-scale farmers, minimal
resources (land and capital), poor food security and
informal labour. Goat production is bound to decline
without any intervention especially among the small scale
farmers in South Africa who owns about 50% of the total
goats population (Shabalala and Mosima, 2002).
KwaZulu-Natal has the second largest human population
(10.3 million) and the third largest goat population in
South Africa, with the indigenous Nguni breed as majority
(Slippers et al., 2006). This breed is preferred by most
resource-poor farmers because of its resistance to some
diseases and parasites, high conception rates, lower
mortality rate, hardiness, adaptability and good mothering
ability (Barry and Godke, 2001). Though the Nguni breed
is superior over the other goat species, health issues
such as worms, diarrhea, poor condition, external
parasites, fertility, abortion, eyes problems are still a
major task to eradicate.

Infection of the gastrointestinal tract by helminthes
(nematodes) has been coined as a major limiting factor in
goat production particularly among resource-poor farms
(Hoste et al., 2002). Anthelmintic resistance on both
commercial and some resource-poor small ruminant
farmers has been reported in South Africa (Spickett et al.,
2012; Van Wyk and Bath, 2002; Vatta et al., 2002).
However, anthelmintic resistance prevalence has been
reported to be higher in goats than in sheep (Hoste et al.,
2002). Therefore alternative methods for worm
management in other to reduce worm resistance are vital
as goat production is no longer cost effective (millions of
Rands are spent on drugs that parasite population has
already developed resistance). The treatment of only sick
animals has been suggested as it favours unselected
worms coming from untreated animals (Wyk and Bath,
2002). FAMACHA® system (grading animal according to
their anaemic level) and body condition scores has been
used by trained participants to identify sick (infested with
Haemonchus contortus) animals (Spickett et al., 2012;
Van Wyk and Bath, 2002). The results demonstrated
benefits such as reduction in treatments, lower selection

pressure on helminthes for anthelmintic resistance and
discriminate animals with variable ability to cope with
infection but demanded more work on the application of
FAMACHA® chart on goats (Leask et al., 2012). Though
some of the resource-poor farmers are gradually getting
access to anthelmintic drugs (subsidized) due to
government intervention, wastage is still a major problem
as all animals are often treated at once instead of
selecting for sick animals. Management methods for sick
animal identification such as FAMACHA® has shown 93%
success after training (Reynecke et al., 2011) but can it
work for resource-poor farmers without any formal
training? This study aimed to use the FAMACHA® chart
as a tool to control parasite infestation and to manage
anthelmintic resistance in goats of resource-poor farmers
at KwaMthethwa (KM) village and Owen Sitole College of
Agriculture (OSCA) of the province of KwaZulu-Natal in
South Africa. Fecal egg loads were counted as a positive
control for the FAMACHA® diagnostic method (Quijada et
al., 2012). It was hypothesized that no skill resource-poor
farmers will not be able to manage sick animals on their
farm with the FAMACHA® chart.

MATERIALS AND METHODS
Experimental sites, animals, nutrition and sampling

The study sites were KwaMthethwa (KM) village and Owen Sitole
College of Agriculture (OSCA), located at the north coast of
KwaZulu-Natal Province, South Africa. KM is located at 28°31'S
Latitude and 31°51'E Longitude while OSCA bearings are 28°45’'S
Latitude and 31°53’E Longitude both of which have an annual
rainfall of 900 mm and an average temperature of 26°C. Forty
Nguni goats in each area KM (belonging to four resource-poor
farmers) and OSCA (owned by government for student research)
were monitored (Mitchell, 1982). In both areas the animals were
allowed to graze during the day on communal or natural pastures
(under the supervision of a shepherd) and housed in kraal at night.
Animal sampling was carried out monthly in four seasons; summer
(October-January), autumn (February-April), winter (may-July), and
spring (August-September) from 2012-2013. Sex (male and
female), ages (between 1-4 years calculated from number of
incisors (Mitchell, 1982) and Alba-Hurtado et al. (2010) ) and weight
of goats were some of the independent variables considered. All
animals were ethically treated as per the University of Zululand
Ethical Committee research guide manual (S590904).

Depicting anaemia level by FAMACHA® chart

FAMACHA® chart is an eye colour based stratification method, with
five colour categories of the conjunctival mucous membrane from
bright red to pale as an indicator of anaemia (Malan and Van Wyk,
1992; Van Wyk and Bath, 2002). The lower eyelid mucous
membrane of each goat were examined and compared to a
laminated colour chart picture of eye with five different levels of
anaemia and assigned a score of either 1 (Red, non-anaemic and
acceptable), 2 (red-pink, non-anaemic and border line), 3 (pink,
mildly anaemic and dangerous), 4 (pink-white, anaemic and fatal)
or 5 (porcelain white, severely). Animals with scores of 3-5 were
advised for treatment. FAMACHA® chart level rating at KM was
done by the farmers while at OSCA it was done by the Shepard. All
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Table 1. FAMACHA® diagnosis of anaemic animals and reliability assessment.

FAMACHA® Diagnosis (%)

Comparing FAMACHA® against egg count diagnosis (%)

Sites Anaemic Non anaemic Positive Negative False positive False negative

KM 76.92 23.01 61.53 7.69 12.82 17.96

OSCA 40.34 59.67 335 24.58 8.47 33.48

KM+OSCA 49.37 50.63 40.12 20.38 9.55 29.94

SEM 2.61 1.98 2.03 4.01 3.12 2.25

P Va|Ue * * * * * *
*P<0.05.

the farmers received equal advised from researcher on anaemia
rating using FAMACHA® chart.

Determination of faecal egg counts per gram of faeces

Faecal egg count (FEC) was carried out to investigate any
correlations with FAMACHA rating of animal's health by resource-
poor farmers. One gram of faeces collected from the rectum was
dissolved in 40 ml of sugar solution and allowed to stand for five
minutes. Faecal egg count was counted using a modified McMaster
Technique because it estimates egg count per gram (EPG) of
faeces (Hansen and Perry, 1994). The number of nematode eggs in
both wells of the McMaster chamber was multiply by 133 ([40 ml +
(0.15 ml x 2) = 133]) to get EPG. Generally, 500 EPG has been
suggested for treatment by many authors in order to decrease
pasture contamination and prevent the development of subclinical
diseases (Stephen et al., 2003). However, subclinical symptoms
development would depends on a lot of factors such as animal’s
genetic resistance, age, state of nutrition and specific worm species
(Stephen et al., 2003). Although FAMACHA?® chart is often linked to
the wireworm (Haemonchus contortus) infection, these study
considered total egg counts including wireworm when relating
faecal egg counts to FAMACHA scores. Because pathogenicity
count is greatly influenced by species type and number, total egg
counts greater than 2000 were considered as potential anaemic
counts.

Trichostrongylus axei and Moniezia expansa were monitored
throughout the season by observing the diagnostic features of their
eggs under the microscope as described by Thienpont et al. (1979).
M. expansa identification was much easier due to its diagnostic
features peculiarity whereas T. axei was a bit difficult due to its
similarities with Strongyles spp under the microscope. Means of
FEC and number of anaemic animals estimates were subjected to
analysis of variance (ANOVA) using the general linear model of
SAS (2002). Student Newman-Keuls' test was used to compare
means.

RESULTS

FAMACHA® scores showed that the number of anaemic
animals were higher (P<0.05) in KM than at OSCA or
KM+OSCA (Table 1). Non anaemic animals were lower
(P<0.05) in KM than at OSCA and KM +OSCA. The
results obtained from comparing clinical FAMACHA®
scores to faecal egg counts showed that the percentage
of anaemic animals were still higher in KM than at OSCA
or combined sites. False negative results were prevalent
(P<0.05) at OSCA than KM while false positive results
were prevalent at KM when compared to OSCA.

Faecal egg count varied (P<0.05) between seasons with
the highest counts recorded in spring and autumn,
followed by summer and least in winter (Table 2). Animal
sex had an effect on FEC as a higher number of eggs
(P<0.05) were observed in males than in females (Table
2). The number of FEC was also influenced by age as
the number of eggs increased (P<0.001) with animal age.
The least number of FEC were observed in Nguni goats
of 1 year and below while the highest were observed in
goats of 5 years and beyond. Generally, FEC increased
with increased in FAMACHA® scores but for the
FAMACHA® score of 5 that was the same with 4.

The highest (P<0.05) number of T. axei and M.
expansa eggs in Nguni goats were recorded in spring
and summer for both KM and OSCA (Table 3). T. axei
and M. expansa egg counts in Nguni goats were lower in
winter than autumn for both KM and OSCA.

DISCUSSION

Most studies in the literature utilize people with formal or
partial training on FAMACHA® chart (Leask et al., 2012;
Papadopoulos et al., 2012) while this study used
resource-poor farmers with no form of training, which is
equivalent to buying off the counter. The reason behind
this trial was based on the fact that formal training by
Non-Governmental Organizations or local government
programmes rarely reaches these farmers in the remote
areas. Application of FAMACHA® chart by resource-poor
farmers with no formal training was able to identify
anaemic (sick) animals in this study which is similar to the
results obtained by Ribeiro et al. (2012). The animals at
KM were heavily infested with helminthes as shown by
the higher number of anaemic animals compared to
OSCA. The lower percentage of anaemic animals at
OSCA was associated to frequent dosing when
compared to KM. Animal identification results by
FAMACHA® chart were similar to those obtained by other
researchers but with either partial or formal trained staff
(Van Wyk and Bath, 2002; Vatta et al.,, 2011). The
correlation between FAMACHA® and FEC diagnosis was
quite high with an R? value of 0.91. When FEC was used
as a positive control to FAMACHA® chart, it was found
that 17.96, 33.48 and 29.94% of anaemic animals at KM,
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Table 2. Prevalence of gastrointestinal parasites in Nguni goats at KAM and OSCA.

Source of variation level Mean FEC (+SD) Coefficient of variation
Season Autumn 3817+178 0.031

Winter 3538+140 0.026

Spring 3817+160 0.028

Summer 36841138 0.025
Sex Male 3777114 0.020

female 33781192 0.038
Age 1 2474190 0.051

2 37771246 0.043

3 4376+206 0.031

4 45621276 0.040
FAMACHA® 1 1500420 0.112

2 2001+200 0.043

3 3244+164 0.028

4 3777206 0.036

5 43761280 0.043
Effects Sex *

Age *kk

FAMACHA® **

Season * Sex ns

Season * Age ns

Season * FAMACHA® *

Sex * Age *kk

Sex * FAMACHA® ok

Age * FAMACHA® ns

Season * Sex * FAMACHA® ns

Season * Age * FAMACHA® ns

Sex * Age * FAMACHA® *

FEC = faecal egg count, EPG = egg count per gram, *P<0.05, **P<0.01, ***P<0.001.

Table 3. Effect of season on T. axei and M. expansa egg counts in Nguni goats raised at KAM and OSCA.

Site Season Mean weight (kg) T. axei (mean counts) M. expansa (mean counts)
OSCA Autumn 33.2 1120 1680
Winter 27.4 1500 1020
Spring 24.8 1940 2640
Summer 28.1 1860 2840
KM Autumn 29.9 1920 1820
Winter 30.7 1180 1620
Spring 235 3300 2300
Summer 24.1 2240 2614
SEM 6.74 1110 1092
P-value * * *
*P <0.05.
OSCA and KM+OSCA, respectively, were false negative. compared to false negative, false negative is still worth

Though the numbers of false positive animals were lower improving as one dead animal is a lot to resource-poor



farmers. The false negative and positive results were
associated to no formal or very little training of the
resource-poor farmers rather than reliability of the
FAMACHA® chart. Even when formal training on
FAMACHA® system has been used in trials, only 93% of
anaemic animal identification has been achieved (Vatta
et al., 2011). Therefore the result obtained in this study is
important but can be improved by formal training of rural
farmers. If only two people are properly trained in each
community, they can pass on the technology easily rather
than sending a few professionals who will not be able to
reach the needy (Vatta et al., 2011). A high false positive
result implies that animals that were not sick will be
treated which comes at a price. Firstly, anthelmintic drug
wastage on treating animals that are not sick and
secondly anthelmintic resistance will be prevalent
because of frequent dosing (Hoste et al. 2002). Under-
dosing which promotes anthelmintic resistance may also
be problematic in false negative animals because of
incomplete treatment of parasite especially when a
general deworming programme is being followed.
Incomplete treatment implies exposure of parasites to low
doses of anthelmintic drugs hence the development of
parasite resistance (Degen et al., 1995; Jabbar et al.,
2013).

The results from FEC shows that autumn, spring and
summer are the periods to constantly observe the
animals for parasite infestation than winter. Similar
studies emphasizing on frequent observation and
treatment of sick animals during spring and autumn has
also been reported as breeding conditions are suitable
(Githigia et al.,, 2001; Reynecke et al., 2011). The
incidence of helminthes in male and female goats were
similar to those obtained by Asanji and Williams (1984).
An explanation of male prevalence to anthelmintic over
female goats where not clear but has been associated to
the following factors; sex of the host, genetic
composition, environmental factors, feeding food habits
of the host or the host parasite interaction. It has also
been observed that females are more susceptible to
infection during pregnancy and peri-parturient period
because of weaker immune system and stress
(Dagnachew et al., 2011; Khan et al., 2010). FAMACHA®
chart seasonal egg counts and T. axei and M. expansa
egg counts per gram of sample also demonstrated that
gastrointestinal parasitic infestation was prevalent in
spring and summer than winter. Therefore animals
should be frequently checked and treated for any
helminthes infection during those periods. It is also worth
mentioning that parasite infestation varied with age of
animal with the least egg counts observed in the
youngest animals. This was contrary to the results
obtained in most literature where younger animals are
more infested with helminthes due to weaker immune
response (Dagnachew et al., 2011; Khan et al., 2010).
The hypothesis was therefore rejected as anaemic
animals were identified by farmers with no formal training.
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Conclusion

It was concluded that FAMACHA® chart is a good and an
economical tool to manage anthelmintic resistance by
resource-poor farmers but can be a better management
tool if strategies on formal training are properly outlined.
Spring, autumn and summer were confirmed as the
seasons for frequent checks on the conjunctival mucous
membrane  (helminthes infestation) to  reduce
pathogenicity of egg counts. Future studies on expanded
projects with formal training of field workers that can
educate more resource-poor farmers in the remote areas
can assist in decreasing the number of false negative
anaemic animals identified in this study.
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