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SUMMARY

Title:
SERO-PREVALENCE AND ZOONOTIC IMPLICATION OF TOXOPLASMOSIS IN
SHEEP IN SOUTH AFRICA

Researcher Name : Dr N Abu Samra
Study Supervisor : Prof. C M E McCrindle

Co-Supervisor : Porf B L Penzhorn

Department : Paraclinical Sciences

Degree : Magister Scientiae (Veterinary Science)
Institution : University of Pretoria

Key words: Toxoplasmosis in sheep in South Africa, source of infection to humans,

medical opinion on the importance of toxoplasmosis

Abstract:

Toxoplasmosis is a zoonotic disease with severe manifestations in HIV-positive
human patients. In 1978 the overall sero-prevalence of toxoplasmosis in human
patients in South Africa was found to be 20%. Toxoplasmosis in
immunocompromised patients is known to be a cause of sometimes fatal
complications, such as encephalomyelitis and ocular lesions. According to the
literature, mutton infected with the cysts of Toxoplasma gondii is an important route
of transmission to humans who ingest under-cooked meat, or eat with unwashed
hands after working with meat. There is no data on the sero-prevalence in sheep in

South Africa, although this is available for most other countries, including Zimbabwe.

X1V



(@

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

The aim of this study was to estimate the sero-prevalence of T.gondii in sheep in
South Africa and to discuss the zoonotic aspects related to the prevalence of

toxoplasmosis in humans.

Three-stage cluster sampling was done where five different provinces randomly
chosen from all the provinces in South Africa were the primary units: Gauteng,
KwaZulu-Natal, Free State, Eastern Cape and Western Cape. Two sheep abattoirs
and one rural location per province, selected randomly from a list supplied by the
provincial Departments of Agriculture, were the secondary units. A total of 677 serum
samples from these sheep were tested for IgG using the Indirect Fluorescent
Antibody (IFA) test (Diagnostic & Technical Services CC, Randburg, South Africa)

and the commercial Enzyme-linked Immunosorbent-Assay (ELISA) kit.

Informal interviews were conducted with doctors (n=5), doctors regarded as experts
(n=17) were selected for an expert opinion survey and National Laboratories (n=3)

supplied data on human serum tested for toxoplasmosis in different provinces.

The sero-prevalence in sheep, per province, was found to be: Gauteng 6%, Eastern
Cape 7.8%, Western Cape 6%, KwaZulu-Natal 6.3% and Free State 2.7% when
tested with the IFA test. The results obtained with the ELISA test were: Gauteng 6%,
Eastern Cape 5.4%, Western Cape 4%, KwaZulu-Natal 3.6% and Free State 2.7%.
Overall prevalences of 5.6% (IFA) and 4.3% (ELISA) were obtained. From the
results it appears that toxoplasmosis in sheep has a lower sero-prevalence in South
Africa than in other countries. Zimbabwe has an average sero-prevalence in sheep
of 67.9%, there is a 80% sero-prevalence in sheep in France and 20-30% in different
states in the USA. There was no significant difference between the levels in rural and
commercial sheep at the 95% confidence level in South Africa, although there was a
significantly higher prevalence in intensively farmed sheep in contrast to those

farmed extensively.
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The informal interviews with the medical doctors indicated that they do not consider
toxoplasmosis as an important disease. In contrast to these findings, the experts
regard toxoplasmosis as a significant disease and the data obtained from the

National Laboratories substantiated this opinion.

The seroprevalence in humans was found to be between 14 and 32 % in the three

provinces from which data were obtained.

It can be concluded that the lower sero-prevalence of toxoplasmosis in sheep in
South Africa, as compared with international levels, was probably due to more
extensive methods of sheep farming and the relatively low rainfall in southern Africa.
It must be noted, however, that comparison of sero-prevalence in different countries
is made difficult by the many different tests and end-titres used in both humans and

animals. Standardisation is recommended.

The presence of toxoplasmosis in sheep in South Africa should be considered as
significant because in this country we have a high consumption of mutton. Medical
practitioners underestimate the importance of toxoplasmosis in humans. It was
recommended that a pamphlet for education of veterinarians, doctors, health
workers and patients be produced to increase the knowledge and understanding of

this disease and its prevention in South Africa.
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CHAPTER 1

INTRODUCTION

1.1. Background and Justification

1.1.1. Background

Toxoplasma gondii is an intracellular protozoan organism with a large number of
intermediate hosts, including all warm-blooded animals and humans. Felids,
particularly the domestic cat, are its definitive hosts and the only animal species in
which oocysts develop (Dubey, 1986; 2004). Because of its broad host range, its
high infection rates and its benign co-existence with the host, T. gondii is regarded
as one of the most successful parasites on earth. Toxoplasma gondii is a global
parasite with no known geographical boundaries (Carruthers, 2002). Serological
surveys done in various parts of the world show that in some countries more than a
third of the human population have antibodies against T. gondii. This high
prevalence of infection in man proves the importance of toxoplasmosis as a zoonotic
disease, particularly in pregnant women and immuno-compromised patients (Bhigjee
et al., 1999; Tenter et al., 2000). In most adults it does not cause serious iliness, but
it can cause blindness and mental retardation in congenitally infected children and in
immunocompromised individuals. Toxoplama gondii is a highly adapted parasite that
establishes a life-long chronic infection and only rarely causes acute disease in
healthy individuals. In South Africa, toxoplasmosis has been described in human
patients but there are few references to the seroprevalence of this disease in
livestock. South Africa, the study area for this investigation, has a high level of
immunocompromised people in its population, due to disease caused by the human

immuno-deficiency virus (HIV).
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1.1.2 Justification

Consumption of mutton is regarded as an important source of infection for
toxoplasmosis in humans (Skjerve et al., 1998). In South Africa, mutton also
comprises an important part of the diet (NDA, 2003). Although there is some
literature on toxoplasmosis in dogs, lions, cheetah, chinchillas and ferrets in South
Africa (Bigalke et al., 1966; Du Plessis et al., 1967; Penzhorn et al., 2002; Van
Heerden & van Rensburg, 1979; Van Rensburg & Silkstone, 1984), there are no data
on the sero-prevalence in sheep, although this is available for most other countries
(Dubey et al., 1986; Skjerve et al., 1998).

In South Africa, three factors contribute to the risk of toxoplasmosis for immune-

compromised individuals and pregnant women. These are:

e Informal slaughter and home consumption of sheep is common, so many people
are in contact with meat — not just abattoir workers and butchers.

e Due to lack of water, hand washing is not always rigorously practised after
preparation of meat or working with soil.

e People often eat with their hands, not utensils.

The prevalence of toxoplasmosis in sheep should be known, in order to properly
assess the risk of toxoplasmosis in humans and produce educational and extension
material for risk communication.

1.2. Research Problem

There are no data on the prevalence of toxoplasmosis in sheep in South Africa

although toxoplasmosis is linked to the consumption of mutton in humans.

The actual distribution of toxoplasmosis in sheep in South Africa is not known but it

is important to study the situation, because of the high consumption of mutton in this
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country. Mutton infected with the cysts of T. gondii probably presents a major source
of transmission to humans (Dubey, 1996; Turner, 1976). Therefore, the prevalence
of T. gondii in humans in South Africa is most likely to be related to the prevalence of

sero-positive cases in sheep.

1.3. Hypothesis

Data will be obtained on the seroprevalence of toxoplasmosis in sheep in South

Africa that can be used to estimate zoonotic significance.

1.4. Objectives

The objectives are to:

e Study the literature on the epidemiology of toxoplasmosis and its symptoms in
animals and humans worldwide and in South Africa.

e Design a sampling frame for collection of samples of sera from sheep at abattoirs
and rural areas in South Africa.

e Obtain data on mutton consumption in different geographical areas in South
Africa.

e Collect a representative sample (n=600) of sera from five different provinces in
South Africa and test these samples for antibodies against T. gondii using the
commercial ELISA kits and the Immuno-Fluorecsence Agglutination (IFA) test.

e Record opinions through informal interviews and questionnaires submitted to
medical practitioners working with HIV/AIDS-positive patients in different
geographical areas of South Africa to gain their opinions on the prevalence and
significance of T. gondii infections in AIDS patients in South Africa.

e Develop extension materials based on risk mitigation and risk communication of

toxoplasmosis as a possible zoonosis.
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1.5. Work Plan

The work plan for the study is as follows;

e Identify and list the sheep abattoirs in each of the five provinces.

e Randomly selection of two abattoirs and one rural area per region.

e |dentify key role-players in the state veterinary services and abattoirs to get
permission to bleed sheep at abattoirs and in rural areas.

e Travel to selected abattoirs and use systematic random sampling to select a
minimum of 25 sheep per abattoir and 50 sheep per rural area.

e Contact medical practitioners to evaluate the importance of toxoplasmosis in
humans.

¢ Estimate the sero-prevalence of toxoplasmosis in sheep.

e Design educational materials for use in human patients, in consultation with

medical practitioners.
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CHAPTER 2

LITERATURE REVIEW

2.1. Introduction

Toxoplasmosis, caused by Toxoplasma gondii, has been known as a zoonotic
disease for more than 100 years. It has a wide host range and causes cysts in the
tissues of the intermediate host. The only definitive host, in which the sexual
reproduction takes place, is the felid. This will be discussed further under the
following subheadings: Historical aspects; the parasite; its life cycle and

transmission; prevalence of toxoplasmosis in animals in South Africa and worldwide.

2.2. Historical aspects

In 1908 Nicolle and Manceaux described T. gondii merozoites for the first time in the
spleen, liver and blood of the rodent Ctenodactylus gundi. It was later discovered,
however, that C. gundi had acquired the infection in captivity. At about the same
time, Splendore independently described T. gondii in a laboratory rabbit in Sao
Paulo, Brazil, and Darling described it in a human patient in Panama (cited by Dubey
& Beattie, 1988). In 1923 Dr Jeanku had reported a congenital infection. He
discovered parasitic cysts in the retina of an eleven-month-old child (cited by Turner,
1976), but the role of the parasite as a human pathogen was not widely known until
Wolf & Cowen (1937) reported congenital T. gondii infection. Weinman and Chandler
(1956) suggested that trasmission might occur through the ingestion of undercooked
meat. Jacobs et al. (1960, cited by Dubey & Beattie, 1988) provided evidence to
support this idea by demonstrating the resistance of tissue cysts of T. gondii to
proteolytic enzymes. In 1970, more than 60 years after the first description of the
asexual stage of T. gondii in intermediate hosts, the sexual stage was discovered in
the small intestine of cats and the life cycle of T. gondii was fully understood (Tenter

et al., 2000). Toxoplasma gondii oocysts, the product of schizogony and
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gametogony, were found in cat faeces and characterized morphologically and

biologically by Dubey & Frenkel in1976.

2.3. The parasite, its life cycle and transmission

Understanding of the intracellular nature of this parasite and its life cycle is important

to the epidemiology and risk assessment of its zoonotic potential.

Toxoplasma gondii is part of the Phylum Apicomplexa, class Sporozoasida and
subclass Coccidiasina. The life cycle of T. gondii can be divided into an oocyst-oral
cycle in the intermediate host and a tissue cyst-oral cycle in felines (Tenter et al,,
2000). Toxoplasma gondii has three infectious stages, namely tachyzoites in the
proliferative forms, bradyzoites in the tissue-cyst stage and sporozoites in sporulated
oocysts. Bradyzoites released in the intestine from tissue cysts, or sporozoites from
oocysts, transform to tachyzoites, which multiply inside gut epithelial cells. After
being released from the epithelial cells, they invade the body via blood and lymph,
possibly in circulating cells such as monocytes and macrophages. The acute phase
of infection occurs in the first 8 - 10 days when tachyzoites replicate asexually in a
variety of tissues. In the host cell they transform into bradyzoites and become
surrounded by cyst walls (Dubey & Beattie, 1988; Tenter et al., 2000).

In the tachyzoite stage, T. gondii is particularly proficient at crossing tissue
boundaries such as the blood-brain barrier and the placenta, to be transmitted to the
foetus (Carruthers, 2002). The tissue cysts have a preference for the central nervous
system (CNS), skeletal muscles, liver and myocardium but are also found in other
organs. The appearance of bradyzoites marks the beginning of the chronic phase of
infection, when parasite replication slows down. Toxoplasma gondii cysts are usually
hemispherical and contain hundreds of bradyzoites. There is little or no evidence of
inflammation or immune cell infiltrates surrounding the cysts (Carruthers, 2002), and
they may persist indefinitely (Dubey & Towle, 1986). In this way, the parasite

remains a life-long infection and individuals remain seropositive indefinitely. This
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immunity can be defined as latent infection and may last for life, even in the absence
of reinfection. The presence of latent infection is known as premunity and was
thought to be a prerequisite for protective immunity but it is now known that

persistence of infection is not necessary to ensure immunity (Carruthers, 2002).

Cats ingest the tissue cysts that are present in birds, rodents or other animals, after
which the cyst wall is digested, the bradyzoites are released and they penetrate the
epithelial cells of the small intestine. After a series of genetically determined asexual
generations the sexual cycle begins with the formation of the gametocytes, and the
micro- and macrogametes. Once a macrogemete is fertilized the oocyst develops
(Dubey, 1986).

Enterocytes rupture, releasing the oocysts which are excreted in the faeces.
Sporulation takes place only outside the host. Although T. gondii is found in many
animals, felids are the only animal species in which oocysts develop (Dubey et al.,
1986). Cats (both wild and domestic) become infected by ingesting any of the three
infectious stages of T. gondii. Cats shed oocysts after the ingestion of any of three
infectious stages (tachyzoites, bradyzoites, or sporozoites) but the main form of
infection is through ingestion of tissue cysts (sporozoites). Dubey & Frenkel (1976)
observed the prepatent periods before oocyst shedding, after the ingestion of
chronically infected mice, to be 3-5 days. After the ingestion of acutely infected mice,
it was 5-10 days and after the ingestion of oocysts, 20 days or longer. This suggests
that different developmental cycles might follow the ingestion of each of the three

infectious stages.

As a rule, the duration of excretion is from 1 - 3 weeks and is rarely reported. The
proportion of infected cats excreting oocysts at any one time is not high and usually
not more than 2% in most countries. A cat may shed millions of oocysts, which are
very hardy, capable of surviving in the soil for a year or more, increasing the risk of

transmission (Dubey & Beattie, 1988).
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2.3.1. Epidemiology and transmission of toxoplasmosis

Although omnivores and carnivores can be infected by various means, the ingestion
of oocysts is the only way herbivores can be infected. The prevalence of
toxoplasmosis in sheep is higher in areas where cats (and therefore oocysts) are
present than where they are absent (Dubey, 1980; Dubey & Beattie, 1988). The
frequency with which humans acquire postnatal toxoplasmosis is due mainly to their
habit of eating raw or uncooked meat such as mutton and pork, (Dubey & Towle,
1986). Toxoplasma gondii is highly prevalent in sheep, goats and pigs used for
human consumption (Dubey, 1990; Dubey & Beattie, 1988). The United States
Department of Agriculture (USDA) estimates that one-half of T. gondii infections in
the United States are caused by ingestion of raw or undercooked infected meat. A
community-based study in Maryland, comparing persons who did not eat meat with
those who did, supports the USDA estimate (Jones et al., 2003). A large European
case-control study showed that undercooked meat accounted for the largest risk of
infection with T. gondii. According to this study, between 30% and 63% of infections
could be attributed to consumption of undercooked or cured meat products and 6%
to 17% to soil contact (Cook et al., 2000). In a study of toxoplasmosis in the United
States and elsewhere, (Dubey, 1986; Dubey et al., 2003; 2004), poultry was found to
be infected but did not play an important role in transmission, as the meat is usually
frozen or well cooked. Toxoplasma gondii cysts have also been found in horses, but
horse meat is rarely eaten. Venison may also be a source of T. gondii, as cysts have
been found in the muscles of wild moose, pronghorn, elk, deer and probably in other
cervids (Dubey, 1986). Pork remains the main source of T. gondii infection in the
United States. In another study, Dubey (1980) isolated tachyzoites from milk of
infected goats but according to him the risk of human transmission is low because
tachyzoites would be easily destroyed by gastric juices. In contrast to his statement,
Figueiredo et al. (2001) considered that there was a significant correlation between
positive serology for T. gondii in humans and drinking of goats’ milk. In fact, the
consumption of goat’s milk is considered a public health issue, since more goats’

milk is drunk by children with cows’ milk allergies (Figueiredo et al., 2001) and goats
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are regarded as the most important source of milk for Islamic people (Jittapalapong
et al., 2005).

Compared to the consumption of meat, contact with cats or kittens was considered a
low risk factor because cats excrete oocysts for only two weeks of their life, when
they first acquire the infection (Dubey, 1986). Oocysts become infective 1-5 days
after excretion and can survive for more than a year. Contact with soil and water,
rather than direct contact with cats, is a risk factor for infection (Cook et al., 2000).
Outbreaks of acute toxoplasmosis have been associated with contamination of the
environment with oocysts, as they survive short periods of cold and dehydration, but
are killed easily within 1-2 minutes by heating to 55-60° C. Wind, rain, surface water
and even coprophagous invertebrates contribute to the distribution of this parasite in
the environment (Tenter, 2000). A large outbreak of toxoplasmosis in humans was
reported in Canada in 1994 after widespread contamination of drinking water
(Dubey, 2004). In Atlanta, an outbreak was associated with aerosolized oocysts in a
riding stable where infected cats were present (Dubey, 2004). Cysts were aspirated

with the dust, leading to disease in humans.

2.4. Prevalence of toxoplasmosis in different species

A serological survey of antibodies to T. gondii in Iran showed a prevalence of 9% for
cattle, 30% for sheep and 15% for goats (Ghazaei, 2005). According to Blewett
(1983), the median values of seroprevalence are 12.5% for cattle, 30% for sheep,
6.5% for horses, 23.5% for pigs, and 40% for cats. These results show that the
prevalence of T. gondii antibodies in sheep is generally higher when compared to

other domesticated animals.

Viable T. gondii is rarely found in beef (Dubey, 1996). Although cattle may be sero-
positive, it is rare to find tissue cysts in beef and T. gondii has rarely been isolated
from bovine tissues (Dubey, 1986). Adult cows that were experimentally fed T. gondii

oocysts became infected, as was evident by detection of antibodies, but the number



(@

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

of T. gondii tissue cysts was below the detection threshold of a bioassay using mice
(Dubey, 1996). The parasite could also not be detected in a study to investigate
whether milk from cows infected with T. gondii is of epidemiological importance
(Dubey, 1986).

A serological survey in the USA and other countries indicated a high prevalence of T.
gondii in pigs, as 23% of 11 229 pigs slaughtered in the USA from 1983 to 1984
were found to be seropositive (Dubey, 1996). The seroprevalence in domestic swine
on large commercial farms in developed countries has declined over the years,
probably due to improvement in managemental practices. Domestic pigs in
Zimbabwe were tested for antibodies to T. gondii and the results showed that the
infection is widespread. The seroprevalence was directly related to the hygienic
conditions under which these animals were kept. The seroprevalence was lowest in
fattening pigs from large commercial farms (19.75%, n = 238) and highest in

backyard scavenging pigs (35.71%, n = 70) (Hove et al., 2005).

Little is known of the prevalence of T. gondii in chickens. Recent studies have been
done on 96 free-range chickens from a commercial farm in Israel. Toxoplasma
gondii was isolated from 42.2% of the tested chickens by a bioassay using mice
(Dubey et al., 2004). In Egypt, the prevalence of T. gondii antibodies in house-bred
chickens was 30% and in farm-bred chickens 11.1% (overall prevalence of 18.7%)
(Deyab & Hassanein, 2005). Dubey et al. (2003, 2005) considered the
seroprevalence of toxoplasmosis in free-ranging chickens to be a good indicator of
the general prevalence of T. gondii oocysts in the soil because chickens feed from
the ground. The seroprevalence was 16.9% and 44.4%, respectively, in 118
chickens from Ohio, USA and 77 free-range chickens from Colombia, South

America.
Cats are pivotal to the transmission of toxoplasmosis. Epidemiological data indicated

that most cats became infected with T. gondii in nature soon after they were weaned,

either by eating raw pet food or by sharing infected food brought by the mother.

10



(@

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

Toxoplasma gondii infection is therefore higher in feral cats than in domestic cats
(Dubey, 1986). Besides the domestic cat, other members of the Felidae family such
as mountain lion (Felis concolor), ocelot (Felis paradalis), margay (Felis weidii),
jaguarundi (Felis yagouaroundi), bobcat (Lynx rufus) and Bengal tiger (Felis
bengalensis) can also shed T. gondii oocysts. In free-ranging large felids, such as
lions and leopards, the seroprevalence of T. gondii was found to be high. Serum
antibodies were detected in lions from Botswana, Zimbawe and the Kruger National
Park (Penzhorn et al., 2002).

Van Rensburg & Silkstone (1984), described the concomitant presence of feline
infectious peritonitis and toxoplasmosis in captive cheetah at the Johannesburg
Zoological Gardens. In chinchillas, the first major outbreak of toxoplasmosis in South
Africa occurred in 1966 in the Cape Province (Du Plessis et al., 1967) and in the
same year T. gondii was isolated from two ferrets that presented with cysts in the
brain (Bigalke et al., 1966).

A large percentage of dogs show acquired or congenital forms of toxoplasmosis.
Although most dogs develop asymptomatic infections, immaturity and concurrent
distemper infection leads to clinical symptoms such as disturbance of the central
nervous system (Van Heerden & van Rensburg, 1979). In the Pretoria area seven
cases of toxoplasmosis in dogs have been reported but the occurrence in other
areas of South Africa is uncertain (Smit, 1961). Nesbit et al. (1981) reported two
cases of toxoplasmosis in pups which manifested spastic paresis of the pelvic limbs.
This may have been a misdiagnosis, and confusion with another morphologically
similar protozoan parasite, Neospora canis. The differences between the two

organisms were well described by Dubey et al., in 2003.

Recently, T. gondii was recognized as the cause of encephalitis in marine mammals.
Antibodies were found in 19 of 45 (42%) sea lions studied (Zalophus californianus),
in 51 of 311 (16%) Pacific harbor seals (Phoca vitulina), in 5 of 32 (16%) ringed
seals (Phoca hispida) and in 4 of 8 (50%) of bearded seals (Erignathus barbatus).

11
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oxoplasma gondii has also been identified in Atlantic bottlenose dolphins (Tursiops
truncatus) and in 89 of 115 (77%) dead, and 18 of 30 (60%) apparently healthy sea
otters (Enhydra lutris) (Dubey et al., 2003). Further studies have been done on
toxoplasmosis of southern sea otters along the California coast. Miller et al. (2002)
investigated the extent of exposure to T. gondii in southern sea otters and compiled
environmental, demographic and serological data from 223 live and dead sea otters
examined between 1997 and 2001. The seroprevalence was 42% for live otters and
62% for dead otters and T. gondii encephalitis appeared to be an important cause of
sea otter mortality. The marine source of T. gondii exposure for sea otters is not
known. One possible route is through direct ingestion of infective oocysts present in

contaminated water (Frenkel & Dubey, 1972).

The lesions caused by toxoplasmosis have been described by Canfield et al. (1990)
in Australian marsupials. Clinical signs, necropsy findings and histopathological
changes of 43 macropods, two common wombats, two koalas, six possums, 15
dasyurids, two numbats, eight bandicoots and one bilby were described. The first
studies of T. gondii in wombats (Vombatus ursinus) were done by collecting serum
from 23 wild common wombats in the Southern Tablelands of New South Wales,
Australia, between August 2001 and March 2002. Six animals (26.1%) were shown
to have antibodies to T. gondii (Hartley & English, 2005). An epidemic of
toxoplasmosis among captive black-faced kangaroos (Macropus fuliginosus
melanops) has been described and eight out of 25 adult kangaroos were shown to
have antibodies to T. gondii (Dubey et al., 1988).

2.5. Toxoplasmosis in sheep

2.5.1. Worldwide prevalence

Sheep are reliable indicators of the prevailing rates of T. gondii infection as they are

fully susceptible to infection and once infected, antibodies are detectable for a long

time (Blewett, 1983). As a result, the prevalence of antibody in ewes is more than
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twice that in lambs. The prevalence increases with age, reaching 80% in six-year old
ewes in some flocks and in general most sheep acquire infection before the age of
four. In the 0-5, 6-24 and >24 months age groups, seroprevalences of 7.6%, 30.1%

and 46% were found, respectively (Van der Puije et al., 2000).

Sheep have a higher overall seroprevalence for T. gondii than goats. Recently, a
serological survey in sheep and goats in Ethiopia detected a seroprevalence of
52,6% in sheep and 24% in goats (Negash et al., 2004). In Iran, antibodies to T.
gondii were found in 24,5% of sheep and 19,3% of goats (Hashemi-Fesharki, 1996).
In Ghana, the seroprevalence was 33.2% for sheep and 26.8% for goats (Van der
Puije, et al., 2000); in Tanzania, the prevalence in sheep was 31,9% and for Sudan
63% (Negash et al., 2004). In Uganda, the combined seroprevalence of T. gondii in
domesticated goats was 31% but there was a significantly higher prevalence of
antibodies in goats sampled from an urban environment compared with those reared
in rural locations within the same geographical region (Bisson et al., 2000). Similar
observations have been made in a study done in Zimbabwe on the prevalence of T.
gondii infection in goats and sheep (Hove et al, 2005). In this study, a high
prevalence of 67,2% in adult sheep and goats was determined, but the sero-
prevalence in sheep from a large commercial farm (10%) was significantly lower than
that of sheep reared under the communal grazing system (80%). This variation is
probably due to the fact that in rural areas animals graze around the households
where the highest concentration of domestic cat faeces is most likely to be (Hove et
al., 2005). Both cat and rodent populations are increasing in rural areas, which
results in an increased availability of both definitive and intermediate hosts for the

parasite (Bisson et al., 2000).

Other factors that influence the seroprevalence of T. gondii are the climatic
conditions and geographic locations. Climatic conditions, especially rainfall, have
caused differences in the prevalence of T. gondii infection, since oocysts are known
to survive longer in cool, moist conditions. In Ghana, studies have been done to

obtain data on the prevalence of toxoplasmosis in three main ecological zones, the
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Coastal Savannah, the Forest zone and the Guinea Savannah zone (Van der Puije
et al., 2000). The overall prevalence in sheep was 33,2%. Sheep from the Coastal
Savannah had the highest prevalence and those from the Guinea Savannah the
lowest, but no differences were found in the prevalence between sheep from the
Coastal Savannah and the Forest zones (Van der Puije et al., 2000). Hove et al.
(2005) suggested that the relatively high prevalence in sheep and goats in
Zimbabwe compared to the lower national prevalence in Botswana (10%) was due to
climatic conditions. Botswana has a semi-desert climate with extensive grazing

systems and in this environment oocysts can only survive for a limited period.

It has been suggested that female animals are more susceptible than males to
infections of protozoan parasites (Alexander & Stimson, 1988). The sero-prevalence
of T. gondii in Ghanaian female sheep (= ewes) and goats (= nannies) was
significantly higher than those of males. Male sheep (= rams/wethers in sheep, billy
goat) had an overall sero-prevalence of 23,1% compared to 40,9% for female sheep
(Van der Puije et al., 2000). Further studies done in Satun Province, Thailand, also
showed that female meat goats were more likely to be sero-positive than males

(Jittapalapong et al., 2005).

2.5.2. Symptoms of T. gondii in small ruminants

There is a high incidence worldwide of abortion and neonatal mortality in sheep and
goats infected with toxoplasmosis (Dubey et al., 1986) and it is considered to be
second only to Chlamydophila as the most common cause of abortion in most

countries (Negash et al., 2004).

The prevalence of flocks showing clinical toxoplasmosis was 18% and 20% in
England and 16% in Scotland, while it has been reported that 33% of sheep in the
UK have experienced infection with T. gondii (Blewett & Watson, 1983). There is an
enormous discrepancy between the prevalence of antibodies to T. gondii and

prevalence of diagnosed clinical toxoplasmosis (Blewett & Watson, 1983). Clinical
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ovine toxoplasmosis (evident as abortions) results from primary infection with T.
gondii during pregnancy. The period of risk is therefore short and well defined,
possibly no more than two or three months in mid to late pregnancy (Blewett &
Watson, 1983). The ewes themselves are generally clinically normal at the time of
abortion. Lambs may be mummified, macerated, aborted, stillborn or may be born
weak or die within a week of birth (Dubey & Towle, 1986). Unlike in sheep, T. gondii
can also cause encephalitis, nephritis, hepatitis, enteritis and cystitis in adult goats.

Among domestic food animals, T. gondii is most pathogenic for goats (Dubey, 1990).

In 1980, Dubey demonstrated that T. gondii cysts frequently develop in the liver and
kidneys of goats and he also showed that cysts persist longer in skeletal muscles

than in the brain.

2.6. The sheep farming industry in South Africa

2.6.1. Sheep farming in South Africa

In South Africa there is a dual agricultural economy, with both commercial and
subsistence-based farming. Approximately 68.6% of the land mass can sustain
livestock, particularly cattle, sheep and goats. Sheep and goat farming occupies
approximately 590 000 km? of land in South Africa, which represents 53% of all
agricultural land in the country. It includes the vast Karoo areas of the Northern and
Western Cape Provinces and the mixed veld types of the Eastern Cape Province
and southern Free State. Commercial sheep farms are also found in other areas
such as the Kalahari, the winter rainfall area, and the grassland of Mpumalanga,
eastern Free State and KwaZulu-Natal. Although sheep farms are found in all
provinces, they are concentrated in the more arid parts of the country. The largest
number of sheep is found in Eastern Cape (30,1%), Northern Cape (25,3%), Free
State (20,4%) and Western Cape provinces (10,8%). At the end of August 2005, the
total number of sheep in South Africa was estimated at 25,3 million. Sheep farming
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is mainly extensive, both commercially and in the case of small-scale and communal
farmers (NDA, 2003).

2.6.2. Climate of South Africa

South Africa is characterized by a semi-arid to arid climate. The average mean of
annual rainfall in South Africa is only around 500 mm compared to a world mean of
860 mm. There is a monthly variation of rainfall; summer rainfalls occurs between
October and March in most parts of the country excluding the south-western Cape
coast where winter rainfall occurs. Devastating droughts regularly occur in South
Africa and the worst-hit drought areas are the semi-arid and arid plains of the central
and western interior, while areas that are less susceptible to droughts are the
highveld and the coastal plain. Temperatures in South Africa depend to a great
extent on the altitude and configuration of the land. From sea level to the plateau the
altitude varies about 1250 m and the temperature range is considerable (Tyson,
1986).

2.6.3. Transport and slaughter of sheep for mutton in South Africa

In South Africa livestock are mainly transported to the abattoirs by road. Over the
past five years, animals have mainly been transported over short distances (less
than 200 km), due to the high price of petrol and to the closure of several large
abattoirs. Consequently, there has been an increase of local abattoirs, which have
the facilities to slaughter only a small number of animals per day. Prior to the
deregulation process, the abattoir industry comprised mainly of large abattoirs with
high throughput. The deregulation process accomplished an increase in the number
of abattoirs to over 470. Vast numbers of smaller E-grade abattoirs with a low
throughput are included in this number. Not only A grade abattoirs, but also B and C
grade abattoirs now contribute significantly to slaughtering in South Africa
(McCrindle et al., 2006).
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The red meat industry is one of the most important industries in the agricultural
sector and contributes approximately 13% to the gross value of agricultural
production in South Africa. The Red Meat Abattoir Association (RMAA) is an
independent membership-based organization, formed in February 1991. The abattoir
industry ensures a safe product to the consumers and the Meat Safety Act (act no.
40 of 2000) describes measures to promote safety of meat and animal products and

to establish and maintain essential national standards in respect of abattoirs.

2.7. Human cases of toxoplasmosis

2.7.1. Symptoms

Human toxoplasmosis can result from a congenital or an acquired infection. The
congenital infection is mainly characterized by neurological abnormalities, such as
hydrocephaly, microcephaly, convulsion, chorioretinitis, cerebral calcification,
blindness, mental retardation, epilepsy and deafness. Toxoplasmosis is important for
sero-negative women who become primarily infected during pregnancy, because of
the risk to the foetus. Toxoplasmosis may be clinically apparent in the neonate either
in the first months of life or later during infancy, childhood, or adolescence. People
may remain subclinically infected for life (Jones et al., 2003). Approximately 30% of
women of childbearing age in the United States have antibodies to T. gondii and are
therefore immune to congenital toxoplasmosis, which leaves 70% of the female
population at risk of acquiring T. gondii infection during pregnancy (Dubey, 1986). An
estimated 400 to 4 000 cases of congenital toxoplasmosis occur each year in the
United States (Jones et al., 2003).

The acquired form is frequently characterized by lymphadenitis (Jacobs, 1981) but
myocarditis, encephalomyelitis, ocular lesions and/or acute fulminating pneumonia
may also occur (Bhigjee et al., 1999). The incidence of toxoplasmosis has increased
dramatically since the high frequency of patients with acquired immunodeficiency

syndrome (AIDS) has become a serious problem. Infection with HIV (Human
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Immunodeficiency Virus, the cause of AIDS) has increased considerably in the last
ten years. It is estimated that more than 33 million adults and 1.3 million children are
infected worldwide (Del Valle & Pina-Oviedo, 2006). South Africa has one of the
fastest growing HIV epidemics in the world with an estimated 5.3 million adults and

children currently living with HIV in South Africa (Motloung et al., 2004).

Neuropathological conditions are present in approximately 70 to 90% of AIDS
patients and can be the result of opportunistic infections such as toxoplasmosis,
cryptococcal meningitis, primary central nervous system (CNS) Iymphoma,
tuberculosis or progressive multifocal leukoencephalopathy (PML) (Del Valle & Pina-
Oviedo, 2006). There are at least two ways to classify the neurological complications
of HIV infection, i.e. i) according to their pathogenesis and ii) according to their

neuroanatomical localization as follows:

e Toxoplasma gondii tends to infect the grey matter of the brain by haematogenous
spread, leading to abscesses in the diencephalon and cortex.
e Cryptococcus neoformans causes meningitis because the subarachnoid space
provides a favorable milieu for growth of this fungus.
e Polyomavirus (JC virus) (the cause of PML) infects oligodendrocytes and so
afflicts the white matter with demyelinating lesions.
Cerebral toxoplasmosis, primary CNS lymphoma and PML cause predominantly
focal cerebral diseases, which often present with focal hemispheric dysfunction such
as hemiparesis, aphasia and apraxia. Clinical signs of cerebral toxoplasmosis
develop rapidly, while with primary CNS lymphoma and PML the signs develop over
several weeks. On neuro-imaging, the focal lesion of toxoplasmosis and primary
lymphoma show a mass effect and surrounding oedema, which is usually more
distinct and ring-like in toxoplasmosis and more diffuse in lymphoma (Price, 1996). In
an analysis of data from a large HIV-infected study group, toxoplasmosis was found
to be the most frequent severe neurologic infection among persons with AIDS in the
United States (Jones et al., 2003).
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2.7.2. Worldwide studies on human cases of toxoplasmosis

An epidemiological study on the seroprevalence of acquired toxoplasmosis in HIV-
infected patients in Nigeria showed that there was a higher seroprevalence of T.
gondii antibodies among individuals aged 31 - 40 years (36.5%). Patients with
concomitant toxoplasmosis and HIV infection manifested fever (63.5%), headache
(44.7%), rashes (41.2%) and anorexia (34.1%) (Uneke et al, 2005). In the
Neurological Department of a hospital in Mexico City, neurological manifestations in
149 patients with AIDS were recorded between 1990 and 1998. The most common
infections were brain toxoplasmosis (32.2%), meningeal cryptococcosis (21.5%) and
tuberculosis (8.7%). Further studies done by the Yucatan University in Mexico
showed that neurological manifestations in AIDS patients in the state of Yucatan are
due to toxoplasmosis in 47% of the cases (Castro-Sansores et al., 2004). Luft &
Remington (1992) also consider toxoplasmatic encephalitis as one of the most
common and most treatable causes of AIDS-associated Central Nervous System
(CNS) pathologies. Among patients with AIDS, more than 95% of toxoplasmatic
encephalitis is due to the reactivation of a chronic/latent infection caused by the loss
of cellular immune surveillance. Toxoplasmatic encephalitis develops in most cases
when the CD4 cell count falls below 100/mm®. A study done in Thailand at the
Mahidol University of Bangkok showed that among HIV positive and T. gondii
antibody positive groups, 43.2% had symptoms and signs of acute toxoplasmosis
involving eye and/or the central nervous system (Sukthana et al., 2000).
Furthermore, toxoplasmosis remains a major cause of mortality in AIDS patients in
underdeveloped countries with limited financial resources and infrastructure for
purchasing and distributing anti-HIV drugs (Carruthers, 2002). According to Walls
(1988), 70% - 80% of patients with AIDS showed toxoplasmatic encephalitis.

As elsewhere in the world toxoplasmosis was found to be the most frequent cause of
an Intracranial Mass Lesion (IML) reported by Bhigjee et al. (2005) from the
Wentworth Hospital in Durban (South Africa). In a previous study over a period of 17

months, Bhigjee et al. (1999) tested HIV-seropositive patients to determine the type
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and frequency of IML. The most frequent cause of the IML was toxoplasmosis
followed by encephalitis of obscure origin, brain abscesses and microbacterial
infections. The clinical presentation of toxoplasmosis in HIV-seropositive patients is
non-specific. The diagnosis of toxoplasmosis, using techniques such as computed
tomography (CT) and magnetic resonance imaging (MRI), is also non-specific. Even
though MRI is more sensitive than CT in picking up multiplicity of lesions, MRI is not
widely available in South African hospitals. Since specific therapy is available,
patients suspected of acute cerebral toxoplasmosis who reacted positively to
treatment were considered as T. gondii positive. Bhigjee et. al. (1999) did not test the
sera of their HIV-positive patients for T. gondii antibody. A negative result does not
exclude the diagnosis of toxoplasmosis because the detection of antibodies
becomes more difficult in HIV-infected people. In addition, of the patients who are

seropositive, only 25-50% will go on to develop toxoplasmatic encephalitis.

Consequences of postnatal infection of immunocompetent people usually receive
little consideration, because most of these cases are thought to be subclinical (Hill &
Dubey, 2002; MacAllister, 2005). Recent studies showed that nervous involvement
of toxoplasmosis in the healthy population may have greater consequences than
previously realized. Animals infected with T. gondii can show altered behaviour and
neurotransmitter function. The organisms have been shown to weaken learning and
memory in mice and to produce behavioural changes in both mice and rats. These
changes increase the chances of predation and provide an example of evolution-
driven manipulation of host behaviour by the parasite. In humans, acute infection
with T. gondii can produce psychotic symptoms similar to those displayed by
persons with schizophrenia (Torrey & Yolken, 2003; Yolken et al., 2001). Studies
done in three different countries found that schizophrenic patients had higher
antibody levels to T. gondii compared to control subjects. The proportion of
schizophrenia that may be attributable to infection with T. gondii has not been
determined, but recent studies showed that 42% of schizophrenic patients were T.
gondii positive compared with 11% of the matched control subjects (MacAllister,

2005). Toxoplasmosis may also cause more subtle neurological results than overt
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psychosis, by affecting personality traits and intelligence. In a recent study of military
applicants, 628 men that were seronegative for T. gondii had higher scores on
intelligence test and had achieved a higher level of education compared to 229
seropositive men. Additional studies in which personality questionnaires were
administered to healthy adults have indicated that serum antibodies to T. gondii are
associated with alterations in behaviour and psychomotor skills. In schoolchildren,
tiredness and inattentiveness have been linked to seropositivity to T. gondii. France,
which has a high T. gondii-infected population, was reported to have approximately

50% higher rates of schizophrenia than those in England (Torrey & Yolken, 2003).

Ocular toxoplasmosis used to be attributed to congenital infection, but Gilbert and
Stanford (2000) recently compared prenatal and postnatal toxoplasmosis. They
concluded that at least two thirds of ocular toxoplasmosis is caused by postnatal
infection, which has major public health implications. An outbreak of acquired T.
gondii infection occurred in the greater area of British Columbia in 1994-1995. In
total, 100 patients with acquired and 12 patients with congenital toxoplasmosis were
identified. Lesions were consistent with acute toxoplasmosis retinitis, and serologic

testing confirmed the acute acquired nature of the infection (Burnett et al., 1998).

2.7.3. Epidemiology of toxoplasmosis in people

Toxoplasma gondii infection is widespread in humans and its prevalence varies
widely between different ecological regions. In the United States of America, a
seropositivity of 20-30% has been reported in the human population along the sea
coast and 1% in the population in the Rocky Mountains and the South Western
desert areas. These results show a direct correlation between climate and
prevalence, where cold and dry conditions are less suitable for transmission.
Seroprevalence is also low in Scandinavian countries (11-28%), where the climate is
cold (Walls, 1988). A great variation in prevalence has also been reported in Africa,
where the ethnic and geographic populations are very different from each other. In

some areas of Egypt and South Afric