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STUDY SUMMARY 

Molecular and parasitological survey of trypanosomosis in 
KwaZulu-Natal and the development of cathepsin L-like real-time 

PCR assays for parasite discrimination 

by 

Samantha Mnkandla (18392262) 

Supervisor : Prof. Luis Neves 

Co-supervisor : Dr. Raksha Bhoora 

Degree : MSc Veterinary Science Tropical Diseases 

Department : Veterinary Tropical Diseases, Faculty of Veterinary Science 

African animal trypanosomosis (AAT), is an infectious parasitic disease of wildlife and livestock 

caused by multiple species and strains of Trypanosoma. In South Africa, it is restricted to 

northern KwaZulu-Natal (NKZN) and caused by Trypanosoma congolense and Trypanosoma 

vivax. A cross sectional study was conducted to determine AAT prevalence in 384 goat 

samples and identify trypanosome species circulating in 60 cattle at diptanks that are on the 

interface with Hluhluwe-uMfolozi game reserve in NKZN. Both cattle and goat samples were 

analysed using the buffy coat technique (BCT) and a polymerase chain reaction (PCR) assay 

targeting the internal transcribed spacer 1 (ITS) region.  Cattle samples were further analysed 

using an ITS quantitative real-time PCR (qPCR) assay designed for the detection of T. 

congolense, T. vivax and Trypanosoma brucei. None of the goat samples tested positive for 

Trypanosoma infections. The ITS qPCR assay detected Trypanosoma DNA in 30% of the 

cattle samples, while only 8.3% were positive with the ITS PCR and 11.7% were positive using 

BCT. Quantitative real-time PCR assays were designed to amplify a 98 base pairs (bp), 137 

bp and 116 bp fragment of the cathepsin L-like (CATL) gene from T. brucei, Trypanosoma 

theileri and T. congolense, respectively. Each assay was shown to be efficient (>94%) and 

specific (109 to 102/101 copies/reaction) in the detection of Trypanosoma species. The 

diagnostic efficiency of the CATL qPCR assays was further tested using 60 cattle and 39 

goats’ blood samples collected at three diptanks in NKZN. The CATL qPCR assays detected 

T. congolense and T. theileri infections in 33.3% of the cattle samples. The CATL qPCR 
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assays also detected T. congolense infections in goats (23.1%) that were neither detected by 

BCT nor the ITS PCR. The CATL qPCR assays provide an additional, sensitive and specific 

tool for Trypanosoma diagnostics. The presence of trypanosomes in goats suggests they 

might be potential reservoirs of infections to other livestock. 

Keywords: African animal trypanosomosis, cathepsin L, real-time PCR, ITS PCR, 

Trypanosoma, buffy coat technique. 
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CHAPTER 1 

GENERAL INTRODUCTION 

1.1 Introduction 

Livestock are a major contributor to the economy of developing countries but despite this, 

diseases such as trypanosomosis continue to be a constraint to the productivity of the 

livestock-sector in these regions (Uilenberg, 1998; Alsan, 2015). African animal 

trypanosomosis (AAT) is a debilitating disease of livestock caused by extracellular flagellate 

protozoan parasites belonging to the family Trypanosomatidae (Desquesnes, 2004). Three 

species of Trypanosoma endemic to Africa are Trypanosoma vivax, Trypanosoma congolense 

and Trypanosoma brucei senso lato (s.l) (Courtin et al., 2008).  

Trypanosomosis has been reported globally as one of the top ten cattle diseases that affect 

poor communities (Perry et al., 2002). It affects livestock that are involved in farming and 

transportation (Tchamdja et al., 2017), restricting rural agricultural production, crop-livestock 

agricultural practices, as well as livestock health (Walshe et al., 2009). The major impacts of 

the disease on livestock (cattle, goats and sheep) is mortality and reduced productivity, in 

terms of, poor growth and calving rates, decreased milk production, and general reduction in 

work productivity of draft animals (Shaw et al., 2014). African animal trypanosomosis is 

endemic to 37 of the 54 African countries, including South Africa (Courtin et al., 2008). Over 

50 million cattle in Africa are at risk of getting trypanosome infections and approximately 3 

million cattle are killed by AAT each year (Eyford et al., 2011). In a study done in East Africa 

by Shaw et al. (2014), annual losses due to trypanosomiasis are estimated to reach 

approximately US$4.5 billion while intervention against AAT could potentially benefit the 

economy by US$2.5 billion.  

1.2 Trypanosomes 

Although David Bruce (1855-1931) was the first to identify trypanosomes, the impact of the 

disease on animals in Zululand and across Africa was recognized long before by locals and 

missionaries such as David Livingstone (1813-1875) (Connor, 1994; Cook, 1994). David 

Bruce identified the cause of the disease to be a “Hematozoa” (later renamed to Trypanosoma 

brucei), transmitted by tsetse flies (Glossina spp) (Cook, 1994). 
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Trypanosomes are haemoflagellated, parasitic protozoans that belong to the genus 

Trypanosoma (Kinetoplastida: Trypanosomatidae) (Desquesnes, 2004). These parasites 

cause infections in both animals and humans. Trypanosoma infections in animals can either 

be chronic or acute. Trypanosoma vivax infections are often acute compared to T. congolense 

infections that are often chronic (Firesbhat and Desalegn, 2015). Trypanosomes cause single 

infections, however, mixed infections by different trypanosome species and subspecies are 

very common in livestock (Murray and Trail, 1987; Mamabolo et al., 2009; Silbermayr et al., 

2013). The distribution of the major trypanosomes affecting mammals, except T. vivax, across 

Africa is dependent on the distribution of tsetse flies in the tsetse belt (Connor and Van den 

Bossche, 2004). Trypanosoma vivax, Trypanosoma evansi, Trypanosoma (Megatrypanum), 

Trypanosoma cruzi and Trypanosoma equiperdum occur outside the tsetse belt of Africa 

(Rodrigues et al., 2003; Moncayo and Silveira, 2007; Rassi et al., 2012; Eberhardt et al., 2014; 

Xavier et al., 2014; Bono Battistoni et al., 2016), due to their adaptation to non-tsetse fly 

method of transmission (Rodrigues et al., 2005; Gibson et al., 2017).  

1.3 Clinical signs and pathogenesis of African animal trypanosomosis 

Clinical signs of infected cattle are determined by the pathogenicity of the Trypanosoma 

species, cattle breed type, exposure duration and the health status of the cattle (Chamond et 

al., 2010; Firesbhat and Desalegn, 2015). Anaemia has been determined as the major 

symptom and can become chronic if left untreated (Van den Bossche and Rowland, 2001; 

Eyford et al., 2011). Other signs of AAT include loss of body condition (Figure 1), abortion and 

still births in pregnant hosts, infertility, paralysis and neuroendocrine dysfunctions, edema, 

enlarged lymph nodes and loss of appetite (Darji et al., 1992; Firesbhat and Desalegn, 2015; 

Steverding, 2008; Moti et al., 2014; Yaro et al., 2016) and death if not treated. 

When trypanosomes are released into the blood circulation system and the lymphatic system 

of the host they result in hyperthermia and some of the abovementioned clinical signs (Yaro 

et al., 2016). Hyperthermia comes as a result of the host body defence system in response to 

the expressed Trypanosoma surface proteins. The mammalian host makes antibodies specific 

to proteins being expressed by the trypanosomes and some trypanosomes replace their 

surface proteins with new proteins. The trypanosomes that did not replace their surface 

proteins are destroyed by the antibodies. The surviving trypanosomes replicate, induce 

parasitaemia and subsequently, induce hyperthermia (Uilenberg, 1998; Matthews et al., 

2015). The host responds by making specific antibodies to the new surface proteins being 

expressed, and some trypanosomes replace their surface coat proteins before the antibodies 

destroy them, and the cycle repeats. Trypanosomes are capable of making infinite antigenic 
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variants and this cycle goes on for a very long time until the host dies, self-cures, or is treated 

(Uilenberg, 1998; Matthews et al., 2015). 

 

 

  

 

Figure 1: Deteriorating body condition of a cow affected by AAT. 
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1.4 Classification of trypanosomes 

Based on their mode of transmission trypanosomes are classified as either salivarian or 

stercorarian (Hoare, 1966) (Figure 2). Most stercorarian trypanosomes are non-pathogenic 

and most salivarian trypanosomes are pathogenic (Hoare, 1972; Firesbhat and Desalegn, 

2015). Salivarian trypanosomes develop in the alimentary canal of the insect, develop into 

infectious forms in the salivary glands and proboscis, and are transmitted by mouthparts of 

the insect vectors (Holmes, 2013; Firesbhat and Desalegn, 2015). The subgenus groups of 

salivarian trypanosomes are Trypanozoon, Duttonella, Pycnomonas and Nannomonas. 

Vectors that transmit salivarian trypanosomes include tsetse flies (Glossina spp) and biting 

flies (Tabanus, Stomoxys and Lyperosia spp) (Mihok et al., 1995; Walshe et al., 2009; 

Desquesnes et al., 2013). Trypanosoma congolense is the most economically significant of 

the Nannomonas salivarian trypanosome species (Walshe et al., 2009). Trypanosomes of the 

stercorarian group develop in the intestinal tract of the insect vector and are transmitted 

through the insect faecal matter. Subgenus groups of stercorarian trypanosomes are 

Herpetosoma, Schizotrypanum and Megatrypanum (Firesbhat and Desalegn, 2015). Vectors 

that transmit these trypanosomes include reduvids, tabanids, ticks and leeches (Lent and 

Wygodzinsky, 1979; Walshe et al., 2009). 

 

  

 

Figure 2: Classification of Trypanosoma genus and subgenus level (Stevens and 
Brisse, 2004). 
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1.4.1 Trypanosome species 

1.4.1.1 Trypanosoma brucei 

Trypanosoma brucei s.l are found across sub-Saharan Africa and infect humans, livestock 

and wildlife. This species represented by three sub-species; Trypanosoma brucei brucei, 

which only infects livestock, Trypanosoma brucei rhodesiense, a livestock and human parasite 

and Trypanosoma brucei gambiense, which primarily infects humans, but can infect other 

mammals (Baker, 1995; Walshe et al., 2009). Trypanosoma brucei is the most extensively 

studied trypanosome species, with the most understood life cycle due to its procyclic life cycle 

stage that can easily be cultured on liquid media, in vitro (Matthews, 2015; Gibson et al., 2017). 

Trypanosoma brucei can also multiply in great numbers inside rodents and this has enabled 

many breakthroughs in the study of trypanosomes such as the life cycle, antigenic variation 

mechanism and the mitochondrial structure of trypanosomes (Gibson et al., 2017). 

1.4.1.2  Trypanosoma congolense  

Three genetically distinct types of T. congolense have been identified, namely, T. congolense-

Forest-type (low-pathogenic), T. congolense Savannah-type (virulent) and T. congolense 

Kilifi-type (non-pathogenic) (Majiwa et al., 1985; Majiwa et al., 1993; Bengaly et al., 2002). 

Trypanosoma congolense Savannah-type is found across Sub-Saharan Africa and infects a 

broad range of animal hosts (Bengaly et al., 2002; Auty et al., 2015). Trypanosoma 

congolense Kilifi-type has been reported in East and Southern Africa to infect cattle, sheep 

and goats (Majiwa et al., 1985; Masiga et al., 1996; Njiru et al., 2004b; Mamabolo et al., 2009; 

Simo et al., 2012; Simo et al., 2013). Although cases of Trypanosoma congolense Forest-type 

have been reported in East Africa and Zambia, it is mainly found in West and Central Africa, 

and has been isolated in cattle, dogs, pigs and goats (Auty et al., 2015). 

Mixed infection by the T. congolense subgroups is common. Co-infections of all subgroups 

have been reported in Kenya, Zambia and Tanzania (Masiga et al., 1996; Njiru et al., 2004b; 

Seck et al., 2010; Simo et al., 2012; Simo et al., 2013). Mixed trypanosome infections caused 

by T. congolense Kilifi-type and Savannah-type, have also been reported in northern KwaZulu-

Natal (NKZN), in areas around the Hluhluwe-uMfolozi game reserve (Mamabolo et al., 2009; 

Gillingwater et al., 2010). 

  

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



 

6 
 

1.4.1.3  Trypanosoma vivax 

Trypanosoma vivax is mainly found across sub-Saharan Africa with cases reported in South 

America (Auty et al., 2015). It is transmitted either cyclically by tsetse flies or mechanically by 

biting flies (Stomoxys and Tabanids) in tsetse free regions (Raymond and Rousseau, 1987; 

Jones and Davila, 2001; Desquesnes and Dia, 2003; Auty et al., 2015). The spread of T. vivax 

to tsetse free areas, such as South America, is believed to be through importation of West 

African cattle (Gardiner and Mahmoud, 1992). Trypanosoma vivax can be further classified as 

West African group or East African group based on their molecular and morphological features 

(Hoare, 1972; Cortez et al., 2006). The West African strain has been reported to be more 

virulent than the East African strain (Gardiner and Mahmoud, 1992).  

1.4.1.4 Trypanosoma theileri 

Trypanosoma theileri (Megatrypanum) is not pathogenic, compared to T. congolense, T. 

brucei and T. vivax (Desquesnes, 2004). However, T. theileri allows simultaneous infections 

with other parasites such as Anaplasma, Babesia and Theileria, combined with other factors 

such as poor nutrition and stress, can cause chronic infections (Doherty et al., 1993; Seifi, 

1995; Rodrigues et al., 2010). Therefore, T. theileri is of concern because it can confuse 

parasitological diagnosis (Uilenberg, 1998). Trypanosoma theileri can be transmitted cyclically 

by tsetse flies or mechanically by tabanids or ticks. The mature bloodstream forms taken up 

by tabanids replicate and differentiate into epimastigotes, and then differentiate 

trypomastigotes, and finally into the infective metacyclic forms inside the insects’ midgut 

(Hoare, 1972; Desquesnes, 2004). The metacyclic trypanosomes are passed out of the 

insect’s body through faecal matter and are transmitted to hosts through wounds or ingestion 

by the mammal (Desquesnes, 2004). 

1.5 Trypanosoma life cycle 

Life cycle of trypanosomes occurs in both the host and the vector (Dyer et al., 2013), and the 

life cycle in the vector takes up to 3 weeks (Uilenberg, 1998). Trypanosomes, before being 

transmitted by tsetse flies to host, undergo a developmental cycle that varies among species 

(Abdi et al., 2017). When tsetse flies, of both sexes, feed on blood of infected animals, they 

take up trypanosomes with their meal. In the tsetse fly, trypanosomes undergo a 

developmental cycle and are then transmitted via saliva when the tsetse fly feeds on another 

host (Gibson et al., 2017).  
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During a bloodmeal, the tsetse fly pierces the mammalian host skin with its proboscis. Blood 

from the punctured blood vessel collects in the tissues and the tsetse fly stop coagulation by 

injecting its saliva. Metacyclics undergo development and proliferation at the site of infection. 

Inflammation or chancre may be detected in the skin of the mammal (Urquhart et al., 1996; 

Holmes, 2013). Mature bloodstream forms are released, via lymph nodes and lymph vessels, 

into circulation (Holmes, 2013). Within the host, trypanosomes feed and digest protein, 

carbohydrates and fats taken across the outer membrane from the host (Uilenberg, 1998). 

When a tsetse fly ingests a blood meal carrying trypanosomes, the parasite replaces the 

existing variable surface glycoprotein (VSG) molecules with procyclins and the blood stream 

form differentiate to a procyclic form (Gibson and Bailey, 2003). As described by Gibson and 

Bailey, (2003), many tsetse flies can destroy trypanosomes during a process called self-cure 

and, for the first 3 days, the trypanosomes that survive are kept in the ingested blood meal.  

After 3 days the trypanosomes can either replicate to establish an infection or they die. The T. 

brucei and T. congolense procyclics that manage to initiate an infection move to the midgut 

where replication occurs, while T. vivax procyclics skip the midgut and migrate to replicate in 

the proboscis (Walshe et al., 2009; Dyer et al., 2013; Holmes, 2013). The T. brucei and T. 

congolense procyclics migrate to the proventriculus where the trypanosomes gather and 

differentiate to mesocyclic form and consequently, trypomastigotes (Walshe et al., 2009; 

Gibson et al., 2017) (Figure 3). However, the T. brucei trypomastigotes migrate through the 

foregut to the salivary glands where they transform into the metacyclic forms, while the T. 

congolense trypomastigotes migrate from the midgut to the proboscis (Dyer et al., 2013). In 

the proboscis, the T. vivax procyclics differentiate into trypomastigotes, and these T. vivax 

trypomastigotes and the T. congolense trypomastigotes differentiate into epimastigotes and 

subsequently, the metacyclic forms (Vickerman et al., 1988; Holmes, 2013). All the metacyclic 

forms have VSG molecules found on the surface are expressed differently from bloodstream 

form VSGs (Walshe et al., 2009; Gibson et al., 2017). Each metacyclic parasite undergoes 

necessary changes that enables them to be transmitted and survive within the mammalian 

host. An infected fly will produce mature metacyclics for the rest of its life. Thus, infected tsetse 

flies are capable of infecting new hosts whenever they feed, and the flies are also vulnerable 

to infections by different trypanosome species causing mixed infections (Walshe et al., 2009). 
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1.6 Transmission 

Transmission of trypanosomes can either be cyclical or mechanical. Trypanosomes such as 

T. vivax and T. theileri can be transmitted both cyclically and mechanically. During mechanical 

transmission biting insects transmit trypanosomes from an infected mammalian host to 

another host without going through any developmental stages within the insect (Uilenberg, 

1998). For transmission to be effective, trypanosomes must be transmitted before the blood 

taken up dries. Mechanical transmission is dependent on the availability of the biting insect, 

the trypanosome species being transmitted and the number of hosts. Large biting insects such 

as tabanids are good mechanical vectors because they can carry more blood which 

consequently takes time to dry up (Uilenberg, 1998). Mechanical transmission has maintained 

trypanosomes outside the tsetse belt. 

Male and female tsetse flies are of veterinary and medical importance because they cyclically 

transmit trypanosomes during a blood meal to both animals and humans (Krinsky, 2002; 

Walshe et al., 2009; Abdi et al., 2017). Trypanosoma brucei, T. congolense, T. vivax and T. 

theileri are cyclically transmitted. Tsetse flies infected with trypanosomes remain infective for 

a long period of time and can infect several mammalian hosts during feeding (Murray and 

Trail, 1987). Cyclical transmission of trypanosomes by tsetse flies is determined by the 

prevalence of trypanosomosis in the tsetse population (Abdi et al., 2017). In South Africa, 

 
 

Figure 3: The life cycle of T. brucei (Dyer et al., 2013). 
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prevalence of trypanosomosis is higher during autumn months, when tsetse flies are in great 

numbers, and lower in the drier months (Gillingwater et al., 2010). 

1.7 Tsetse flies 

Tsetse flies belong to the genus Glossina and are the major cyclical vectors that transmit 

trypanosomes (Abdi et al., 2017). There are 23 species of tsetse flies that occur in 38 sub-

Saharan African countries (Kristjanson et al., 1999; Connor, 1994; Walshe et al., 2009). From 

these, 8 - 10 species are of economic importance (Vreysen et al., 2013). Tsetse fly species 

can further be divided into three subgenera, namely, palpalis, fusca and morsitans (Krinsky, 

2002; Walshe et al., 2009). The morsitans group are good vectors of all T. congolense 

subtypes, but poor vectors of T. b. gambiense. These tsetse flies feed on wildlife and livestock. 

Morsitans occur in open land such as savanna woodlands and thickets. Species include 

Glossina pallidipes and Glossina austeni (Krinsky, 2002). The palpalis group are good vectors 

of T. b. gambiense (Walshe et al., 2009). Palpalis are often found in vegetation around water 

bodies such as rivers, lakes and streams, and species found in the group include Glossina 

fuscipes (Walshe et al., 2009; Krinsky, 2002). The fusca group are usually found in forested 

habitats including swamps and rain forests and include Glossina brevipalpis and Glossina 

fusca. With the exception of G. brevipalpis, tsetse flies in the fusca group are not of veterinary 

or medical importance (Walshe et al., 2009; Krinsky, 2002). 

Initially, four tsetse fly species (Glossina morsitans morsitans, G. pallidipes, G. austeni and G. 

brevipalpis) were recorded in South Africa (Du Toit, 1954; de Beer et al., 2016). Glossina 

morsitans morsitans disappeared by 1897 during the rinderpest epidemic of 1896-1897 due 

to the reduction of hosts such as cattle and wildlife (de Beer et al., 2016). Consequently, three 

Glossina species remained in NKZN. Glossina pallidipes remained the most abundant with 

cases of 8 million tsetse flies being caught by Harris traps in 1932 (Harris, 1932; de Beer et 

al., 2016). This led to trypanosomosis outbreaks between 1942 and 1946 (Du Toit, 1954). To 

eradicate G. pallidipes, several methods were carried out between 1945 and 1952, including, 

aerial spraying of hexachlorobenzene and 1,1,1-trichloro-2,2-di (4-chlorophenyl) ethane 

(DDT), clearing vegetation, destruction of game animals and tsetse fly trapping by Harris traps. 

By 1953, G. pallidipes was completely eradicated from KZN (Du Toit, 1954).  

Consequently, G. brevipalpis and G. austeni became the only two tsetse fly species left in 

South Africa. Although G. brevipalpis is mainly found in dense vegetation, Esterhuizen et al. 

(2005) also found it present in exotic plantations and open grasslands. Glossina brevipalpis 

has been reported to be the more abundant species than G. austeni (Bagnall, 1993; 

Kappmeier, 2000; Van den Bossche et al., 2006). However, Motloang et al. (2012) showed 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



 

10 
 

that despite the low abundance of G. austeni, it has higher vector competence for T. 

congolense compared to G. brevipalpis. 

1.8 Trypanosomosis in Africa 

A meta-analysis study of trypanosomosis prevalence data, carried out by Ebhodaghe et al. 

(2018), from 19 sub-Saharan African countries gave an average prevalence of 15.10%. This 

study showed that AAT is highly prevalent in most of the endemic sub-Saharan African 

countries regardless of the control strategies adopted. 

1.8.1 Trypanosomosis in cattle in South Africa 

In South Africa, AAT is restricted to NKZN covering an area of 18 000km2 that makes up part 

of the tsetse belt (Esterhuizen et al., 2005). The area stretches from north of uMfolozi River to 

the southern Mozambique border (Sigauque et al., 2000) and has over 300 000 head of cattle 

(Kappmeier et al., 1998; Ntantiso et al., 2014). African animal trypanosomosis is most 

prevalent in two municipalities, Big 5 Hlabisa and Mtubatuba that fall within the uMkhanyakude 

District (DC27). These two municipalities are of interest as they not only fall within the 18 

000km2 tsetse fly belt but are also on the interface with the Hluhluwe-uMfolozi game reserve 

where the dominant tsetse fly species in South Africa, G. austeni and G. brevipalpis, are most 

prevalent (Kappmeier Green, 2002; Ntantiso, 2012; de Beer et al., 2016). Hlabisa Municipality 

covers an area of 3466km² and it is widely used for game activities, agriculture and local 

settlements, which are mostly rural settlements, while, Mtubatuba Municipality covers an area 

of 1970km² and is widely known for its wetlands and game reserves.  

In 1990, an outbreak of AAT that occurred concurrently during a drought, killed around 10 000 

cattle and was due to infection with both T. congolense and T. vivax (Bagnall, 1993; 

Kappmeier et al., 1998; Emslie, 2004). Infected cattle were identified in 61 of the 132 diptanks 

surveyed and 116 000 cattle were treated with ethidium bromide (Kappmeier et al., 1998). 

Additional control measures implemented, included changing the cattle-dipping regime from 

Amitraz (used for tick control) to pyrethroid cyhalothrin, which is effective against flies. The 

widespread occurrence of the disease, as noted by subsequent disease epidemiology and 

tsetse distribution surveys indicated that the role of G. brevipalpis and G. austeni in disease 

transmission had been severely underestimated (Bagnall, 1993; Kappmeier et al., 1998; 

Emslie, 2004) and 16 years later, this was confirmed by the observed increased incidence of 

T. congolense infections at a single diptank at the edge of the Hluhluwe-uMfolozi game 

reserve (Van den Bossche et al., 2006). A subsequent survey (2005-2008) targeting 10 
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communal diptanks, confirmed that the incidence of Trypanosoma congolense had indeed 

increased over the years (Ntantiso et al., 2014). 

In a study done by Gillingwater et al. (2010), which used a T. congolense specific PCR, T. 

congolense Savannah-type was found to be the most dominant species (35.1% prevalence) 

circulating at four diptanks and a commercial farm in NKZN. Taioe, (2013) found an AAT 

prevalence of 23.4% in cattle around the uMkhanyakude district of KwaZulu-Natal, and none 

in goats and sheep. Only single infections of T. congolense and T. theileri were reported 

(Taioe, 2013). African animal trypanosomosis is currently an overlooked disease in South 

Africa with no control strategies put in place for the past 20 years (Ntantiso et al., 2014; de 

Beer et al., 2016; Latif et al., 2019). 

1.8.2 Trypanosomosis in goats 

Small ruminants, such as goats, are very important in Sub-Saharan Africa as they provide a 

bulk of food resources for humans. Over 173 million goats in Africa, are found along the tsetse-

belt and are at risk of contracting Trypanosoma infections (Gutierrez et al., 2006). In the rural 

households of NKZN, goats not only provide meat and skins but also play an important role at 

cultural and social gatherings, and serve as an indication of wealth. Symptomatic infections 

with Trypanosoma rarely occur in goats and the disease is therefore considered to be of less 

significance. Studies have reported that small ruminants do not develop chronic Trypanosoma 

infections, even in tsetse infested areas (MacLennan, 1970; Stephen, 1970; Mahmoud and 

Elmalik, 1977). This may be related to the shorter generation time of small ruminants and 

greater natural selection for trypanotolerance in these species compared to cattle (Griffin, 

1978; Oladele and Adenegan, 1998). However, AAT does affect small ruminant health and 

productivity (Griffin and Allonby, 1979; Hendy, 1988; Irungu et al., 2002). African animal 

trypanosomosis research on goats could help improve productivity and food security 

especially in the tsetse infested areas. 

A study was conducted by Bealby et al. (1996) to determine the effects of natural 

Trypanosoma infection on goats’ health and productivity. The experiment ran over a period of 

four years in a high tsetse challenge area. The trypanosomosis prevalence for each year was 

dependent on the tsetse fly densities of that year, that is, the years that had high tsetse 

densities correlated with high mean trypanosomosis prevalence. Bealby et al. (1996) 

determined T. congolense, T. brucei and T. vivax to be causative species of AAT in the goats. 

Trypanosoma vivax and T. congolense were more prevalent than T. brucei, and T. brucei 

frequently appeared in mixed infections. These trypanosomes were transmitted to goats by G. 

brevipalpis, G. pallidipes and G. m. morsitans. 
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The study highlighted the importance of trypanocidal treatment in small ruminants. 

Chemoprophylaxis protected goats had good health status compared to goats that did not 

receive any trypanocidal drug treatment. A high mortality rate of 42% was recorded in 

untreated goats during the first year of the experiment. Untreated infected goats compared to 

the treated goats, had lower packed cell volume (PCV) values. Untreated goats showed AAT 

clinical signs such as reduced body weight, anaemia, fever and death. Treated goats were 

more fertile, had higher body weights and better conception rates than untreated goats. Kids 

from untreated dams had lower birth weight than kids of treated dams.  

The abovementioned research and other studies on goats experimentally infected with 

trypanosomes (Azab and Abdel-Maksoud, 1999; Tambuwal et al., 2002), have shown that 

AAT infections in goats should not be overlooked as the diseases is associated with still births, 

abortions, low conception rates and reduced fertility, which ultimately reduces herd growth, 

milk production as well as the quality and quantity of skins and meat. 

1.9 Control 

Control of trypanosomosis can be achieved by either controlling the vector or controlling the 

trypanosomes. 

1.9.1 Vector control 

Vector control is carried out using traps, targets, netting, use of insecticides and the sterile 

insect technique (SIT) (Leak, 1999; Esterhuizen and Van den Bossche, 2006). Bush clearing 

was an ecological control method that stripped habitats for the savannah tsetse flies. However, 

bush clearing and killing of game animals previously used as vector control strategies were 

deemed inappropriate and have since been banned (Schofield and Maudlin, 2001; Torr and 

Vale, 2015). Aerial spraying with insecticides such as Dichlorodiphenyltrichloroethane (DDT) 

was largely criticized because of its potential damage to non-targeted organisms (Schofield 

and Maudlin, 2001). Traps, introduced around 1910, continue to be used as an effective 

control strategy for tsetse flies. Baited traps treated with insecticides attract female tsetse flies 

and suppress their population (Vale, 1993). Cattle dipping regime initially used to control ticks 

changed from using amitraz (insecticide used for tick control) to cyhalothrin, a pyrethroid 

capable of controlling both ticks and tsetse flies, has been widely used in NKZN (Bagnall, 

1993; Brown, 2008).  

Sterile insect technique is another method of tsetse fly control, used as part of an integrated 

vector control strategy. It is an environmentally friendly strategy that is used after tsetse 
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population has been suppressed by insecticides, traps and/or targets (Dyck et al., 2005; Abd-

Alla et al., 2013). It involves treating artificially reared male tsetse flies with mutagenic agents 

that induce sterility. The sterile males are then released and compete with wild males to mate 

with wild female tsetse flies. When these sterile male tsetse flies mate with wild female tsetse 

flies, they do not reproduce. Successful SIT control entails continuous release of male tsetse 

flies and in turn the tsetse population significantly decreases (Uilenberg, 1998). This strategy 

was implemented in Unguja, Zanzibar and resulted in the successful eradication of G. austeni 

(Vreysen et al., 2000). Despite being a good vector control method, SIT, is very expensive 

and laborious (Uilenberg, 1998). 

1.9.2 Chemotherapy 

Chemotherapy and chemoprophylaxis are the major means of combatting the disease 

ensuring animal health and production in developing countries. There are currently six 

licensed compounds available for the treatment of trypanosomiasis (Giordani et al., 2016), of 

these, diminazene aceturate (DA, Berenil®), which has curative properties (Chitanga et al., 

2011), is commonly used in South Africa. Extensive and incorrect utilization of these drugs 

has led to the emergence of resistant parasites in the field and there are increasing reports of 

multiple drug resistance (Delespaux et al., 2008, Mamoudou et al., 2008, Tekle et al., 2018). 

However, DA-resistance mutation has also been observed in trypanosomes that have no 

history of exposure to drugs (Chitanga et al., 2011). In South Africa, Berenil®, the trade name 

for diminazene aceturate, is widely used for the treatment of babesiosis and in clinical 

instances for African trypanosomiasis in livestock. Berenil® (DA) is easily assessable and the 

livestock owners can carry out treatment, themselves. The indiscriminate use of drugs has 

been implicated in the emergence of drug resistance, which becomes a serious problem in 

the control of trypanosomiasis, particularly for resource-poor farmers (Assefa and Shibeshi, 

2018). 

1.9.3 Vaccines 

There are currently no vaccines to prevent trypanosomosis. Development of vaccines is 

difficult as most trypanosomes show antigenic variation (Gibson et al., 2017). Trypanosomes 

have a wide array of variant surface glycoprotein (VSG) encoding sequences and 

recombination events ensures that these parasites generate an endless assemblage of VSGs 

(Walshe et al., 2009; Firesbhat and Desalegn, 2015). This antigenic variation subsequently 

results in the evasion of the host immune response system by the parasite until the host 

succumbs to either reinfection by other trypanosome species with a different antigenic type or 

secondary infections or infections associated with complications (Firesbhat and Desalegn, 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



 

14 
 

2015). In the recent years, however, there has been interests in anti-disease strategies that 

reduce pathological factors, such as anaemia, instead of complete elimination of the parasite 

from the host (Baral, 2010).  

1.10 Diagnosis of Trypanosomes 

The application of appropriate control strategies requires proper understanding of the 

epidemiology of the disease and accurate diagnosis of trypanosomes. Field diagnosis of AAT 

usually involves identifying a herd with poor health status or an individual anaemic animal with 

poor body condition (Van den Bossche et al., 2006). However, diagnosis of trypanosomosis 

should not solely be based on clinical signs as several other diseases show similar symptoms 

(Moti et al., 2014). Some of the diagnostic methods include parasitological techniques and 

molecular assays. 

1.10.1 Parasitological Techniques 

Morphological identification of blood stream trypanosomes can be done by microscopy 

(Gibson et al., 1999). Parasitological techniques, that include, stained blood smears and buffy 

coat technique (BCT), have good specificity but lack sensitivity under field conditions and are 

usually ineffective in cases with low parasitaemia (Moti et al., 2014). These methods also 

require a considerable amount of time and effort (Cox et al., 2005). Identification of 

trypanosomes within the vector is also difficult to do by microscopy as some of the 

trypanosome species are indistinguishable within the vectors (Gibson et al., 1999). Despite 

these limitations, parasitological techniques are still preferred in sub-Saharan Africa as they 

are cost effective (Odongo et al., 2016). 

1.10.2 Molecular assays  

Low levels of parasitaemia often pose a challenge in AAT prevalence studies and 

differentiating the trypanosome species is important in epidemiological studies and is usually 

achieved by use of molecular assays (Silbermayr et al., 2013). Molecular diagnostic tools have 

been improved over the years making them more accurate, efficient, sensitive and faster 

(Moser et al., 1989). Molecular diagnosis tools include, conventional polymerase chain 

reaction (PCR), PCR-restriction fragment length polymorphism (PCR-RFLP) and real-time 

PCR.  
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1.10.2.1 Conventional polymerase chain reaction 

One of the most specific and sensitive molecular diagnostic tools in both the vector and the 

host, is the PCR. Polymerase chain reaction is an efficient tool for use in prevalence studies 

of AAT as it detects trypanosome infections with more specificity (Gibson et al., 1999). Despite 

PCRs being costly and time consuming and requiring technical expertise, they have 

significantly enhanced sensitivity and improved accuracy in diagnosis of trypanosome 

infection in contrast to parasitological techniques such as BCT and blood smears (Picozzi et 

al., 2008). 

1.10.2.2 18S PCR and PCR-RFLP 

The small subunit (SSU) 18S rRNA gene is a multi-copy locus gene [~2251 base pairs (bp)] 

that is highly conserved, and frequently used as a marker in epidemiological studies (Stevens 

and Gibson, 1999). Numerous sequences of the gene can be obtained on databases such as 

GenBank. Despite these advantages, 18S PCR has been reported to be less sensitive. In a 

study by Gillingwater et al. (2010) in NKZN, a nested 18S PCR was reported to be less 

sensitive in detecting trypanosomes compared to a species-specific PCR targeting random 

amplified polymorphic DNA (RAPD) markers.  

Polymerase chain reaction-restriction fragment length polymorphism assays have been 

developed to target the 18S ribosomal small subunit of trypanosomes (Geysen et al., 2003; 

Delespaux et al., 2003; Moti et al., 2014). The 18S PCR-RFLP assays firstly amplify the 

Trypanosoma 18S rRNA gene fragment followed by treating the PCR product with restriction 

enzymes. The restriction enzymes cleave DNA at specific points and the fragments that are 

separated by electrophoresis according to sizes (Geysen et al., 2003). Multiplex 18S PCR-

RFLP has been used to detect T. congolense, T. brucei, T. vivax and T. theileri and mixed 

infections of these trypanosomes (Geysen et al., 2003; Delespaux et al., 2003; Osanyo and 

Majiwa, 2006; Odongo et al., 2016). The PCR-RFLP assays are, however, time consuming. 

1.10.2.3 Internal transcribed spacer PCR 

Differentiation of trypanosome species has been made possible by the development of internal 

transcribed spacer (ITS) PCR which identifies the ITS1 region of the ribosomal ribonucleic 

acid (rRNA) (Picozzi et al., 2008). This region is located between the 18S and 5.8S rRNA 

regions (Figure 4). The ITS1 region has trypanosome species length variation ranging 

between 300 bp to 800 bp and a high copy number, ranging between 100 and 200 copies per 

trypanosome genome (Desquesnes et al., 2001; Njiru et al., 2004a; Njiru et al., 2004b). This 
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is a useful marker as it allows trypanosome species to be differentiated from each other 

(Desquesnes et al., 2001; Cox et al., 2005).  

 

 

Nested ITS PCR assays have been developed for the detection of Trypanosoma species from 

field samples where the parasitaemia is low (Cox et al., 2005). Previously used singleplex ITS 

PCR, which required primers to be designed for each specific species, has been replaced by 

an advantageous multiplex PCR that saves time and costs. Multiplex ITS PCR allows for the 

differentiation of Trypanosoma species simultaneously, in a single PCR, using only one set of 

primers (Table 1) that binds to a conserved region of the ITS1 gene (Njiru et al., 2004a; Picozzi 

et al., 2008). Primers targeting the ITS1 region of rRNA (Table 1), have been used to detect 

Trypanosoma simiae, T. vivax, T. theileri, T. congolense sub-species and Trypanozoon 

(Desquesnes et al., 2001; Njiru et al., 2004a; Njiru et al., 2004b). 

  

 

Figure 4: Ribosomal RNA gene structure (Cox et al., 2005). 
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Table 1: Oligonucleotide primers based on the ITS1 gene for detecting and distinguishing 
between Trypanosoma species (McLaughlin et al., 1996; Njiru et al., 2004a). 

Primers Trypanosome species Amplicon 
size (bp) 

Reference 

ITS CF (5´-CCG 
GAA GTT CAC 
CGA TAT TG-3´) 

ITS BR (5´-TTG 
CTG CGT TCT 
TCA ACG AA-3´) 

T. congolense Forest-type 710 (Njiru et al., 
2004a) 

T. congolense Savannah-type 700 

T. congolense Kilifi-type 620 

Trypanozoon: T. brucei brucei, 
T. b. gambiense, T. b. 
rhodesiense and T. evansi 

480 

T. simiae 400 

Trypanosoma godfreyi 300 

T. vivax  250 

Kin1(reverse) 5´-
GCG TTC AAA 
GAT TGG GCA 
AT-3´ 

Kin2(forward) 5´-
CGC CCG AAA 
GTT CAC C-3´  

T. congolense Forest-type 780 (McLaughlin et 
al., 1996) 

T. congolense Savannah-type 750 

T. congolense Kilifi-type 680 

Trypanozoon 540 

T. theileri 455 

T. simiae  435 

T. vivax 305 

 

1.10.4 Real-time PCR  

Quantitative real-time PCR (qPCR) assays offer several advantages over conventional PCR 

assays in that the analytical sensitivities of qPCR assays are much higher; quantification of 

parasite load is possible, and the assays can be multiplexed to allow for the simultaneous 

detection of multiple parasite species (Kaltenboeck and Wang, 2005).  

Two qPCR assays were developed by Ahmed et al. (2015) to determine T. congolense 

Savannah-type and T. b. brucei populations in tsetse midgut. The qPCR assay for T. b. brucei 
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targeted the single copy glycosyl-phosphatidylinositol-specific phospholipase C (GPI-PLC) 

gene and the qPCR assay for T. congolense targeted a mini-chromosome. These two qPCR 

assays detected both trypanosome species and quantified the level of infection within tsetse 

fly’s midgut. The qPCR assays also indicated that T. congolense Savannah-type and T. b. 

brucei occurred as both single and mixed infections, with mixed infections indicative of 

competition between the two species. 

Several quantitative real-time PCRs developed to detect other Trypanosoma species include; 

detection of T. brucei in human blood by targeting the 177 bp repeat satellite DNA (Becker et 

al., 2004); detection of T. cruzi in tissues of infected mice targeting a kinetoplast minicircle 

DNA, in human tissue targeting the D7 region of the 24Sa rRNA gene, and in infected human 

blood targeting a 166 bp of the satellite DNA (Cummings and Tarleton, 2003, Freitas et al., 

2005; Piron et al., 2007); and T. evansi in blood of infected rats targeting the ITS1 region of 

rRNA and in water buffalo blood targeting the Rode Trypanozoon antigen type (RoTat) 1.2 

VSG gene, (Taylor et al., 2008; Konnai et al., 2009). Quantitative real-time PCR assays, 

targeting the ITS1 rRNA gene, were subsequently developed for the detection of T. brucei, T. 

vivax and T. congolense infections in cattle (Silbermayr et al., 2013).  

1.10.5 Cathepsin L 

Cathepsin L (CATL) like genes are a multigene family that is arranged in tandem repeats 

copies and these genes encode for CATL-like cysteine proteases (Rodrigues et al., 2010). 

Cathepsin L-like cysteine proteases are in the papain, C1 family (Rodrigues et al., 2014). 

Phylogenetic analysis conducted by Cortez et al. (2009) on CATL-like genes of several 

trypanosomes revealed that trypanosomes had multiple CATL-like sequences which vary 

among species. The multiple copies and species-specific polymorphism have been useful in 

exploiting CATL-like sequences as potential genetic markers for sensitive and specific 

diagnostic tests, and the development of drugs and vaccines (Cortez et al., 2009; Ortiz et al., 

2009; Rodrigues et al., 2010). 

An indirect ELISA for T. vivax based on the recombinant CATL antigen was able to distinguish 

between infected and non-infected animals (Eyssen et al., 2018). Cathepsin L-like genes have 

also been successfully targeted by PCR for the specific and sensitive diagnosis of the following 

trypanosomes: T. theileri in buffaloes, cattle, cervids and tabanids samples (Rodrigues et al., 

2010, Pacheco et al., 2018); Trypanosoma trinaperronei in white-tailed deer (Garcia et al., 

2020); Trypanosoma rangeli in human and wild animal samples (Ortiz et al., 2009); and T. 

vivax in cattle samples (Cortez et al., 2009). However, the low sensitivity of conventional PCRs 

which ranges between 0.001–0.02 parasites/µl (Desquesnes and Davila, 2002), creates a 
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need for a more sensitive CATL diagnostic tool, and currently, there is no real-time PCR 

developed to target the CATL genes in trypanosomes. Hence, in this study, we describe the 

development of TaqMan MGB™ CATL qPCR assays for the specific and sensitive diagnosis 

of T. brucei, T. theileri and T. congolense. 

1.11 Motivation 

Over 50 million cattle and 173 million goats are at risk of Trypanosoma infections in sub-

Saharan Africa and this economically hinders rural farmers who greatly rely on livestock. In 

NKZN, Trypanosoma infections are very common, and the disease has been reported to 

impact the productivity of cattle, milk and meat production, cattle growth and calving rates. 

Most of trypanosomosis research in South Africa has been on bovine and wildlife, and not 

much research has been done on small ruminants which sometimes serve as infection 

reservoirs. A better understanding of the prevalence of AAT in goats in NKZN will aid in 

improving control strategies for trypanosomosis in, cattle, small ruminant animals and the 

wildlife within the Hluhluwe-uMfolozi game reserve. It is also important to investigate the 

possible reservoir status of trypanosomes in goats to add to existing literature on AAT in small 

ruminants. 

 Although conventional PCR assays have been used for Trypanosoma diagnosis, they are 

time consuming, laborious and lack sensitivity. Real-time PCR assays are faster, they remove 

the need of end point measurement of PCR product and can quantify the DNA during 

amplification. The ITS qPCR assay has been shown to have a high sensitivity and specificity 

for T. congolense, T. vivax and T. brucei, however, cross-reactivity to other less characterized 

and highly prevalent non-pathogenic trypanosomes may compromise its use for molecular 

distinction and differentiation. Hence, there is a need to develop a qPCR assay based on an 

alternative gene for the distinction between Trypanosoma species. 

The cathepsin L-like genes has been previously targeted in diagnostic, genotyping and 

phylogenetic studies of trypanosomes (Ortiz et al., 2009; Rodrigues et al., 2010; Eyssen et al., 

2018). Advancing the molecular diagnostic tools from conventional CATL PCRs to real-time 

PCRs, would improve detection of trypanosomes due to the high sensitivity and specificity of 

qPCRs in general and the high polymorphism of the CATL gene among trypanosomes. 

Therefore, three sensitive real-time PCR assays targeting the CATL-like gene of 

trypanosomes, were developed for the specific and sensitive detection of T. congolense, T. 

brucei and T. theileri. 
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1.12 Aim and Objectives 

Aim 

The primary aim of the study was to survey AAT in cattle and goats in NKZN, and to develop 

CATL qPCR assays for the specific and sensitive diagnosis of T. congolense, T. theileri and 

T. brucei.  

Study Objectives 

i. To determine the Trypanosoma species in cattle and goats in NKZN using real-time 

PCR assays. 

ii. To determine possible role that goats might have in maintaining and spreading 

Trypanosoma infections. 

iii. To design primers and probes specific for the amplification of T. congolense, T. brucei 

and T. theileri infections in cattle blood samples.  

iv. To compare performance of BCT, conventional ITS PCR, ITS qPCR assay and CATL 

qPCR assays in amplifying parasite DNA in cattle field samples. 
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CHAPTER 2 

MATERIALS AND METHODS 

2.1 Study area 

The present study was conducted on three diptanks in northern KwaZulu-Natal (NKZN) 

namely Ocilwane, Mvutshini and Ekuphindisweni. Mvutshini and Ekuphindisweni diptanks 

are under the Big 5 Hlabisa Municipality and Ocilwane diptank is under Mtubatuba 

Municipality (Table 2). Both municipalities fall within the Umkhanyakude District (Figure 5). 

Selection of the three diptanks was based on previous trypanosomosis prevalence data and 

the distribution of the diptanks in relation to their distance from the Hluhluwe-uMfolozi game 

reserve. The cattle that were sampled at these diptanks were selected based on the 

willingness of the owners to partake in the study. 

2.2 Sampling 

All cattle at each specific diptank were considered as one herd as they graze together and 

are handled using the same animal husbandry practice (Ntantiso et al., 2014). Goats 

belonging to farmers or households that surround Mvutshini, Ocilwane, and Ekuphindisweni 

diptanks (Table 2) were sampled to determine possible Trypanosoma prevalence. A total 

of 384 goats and 60 cattle were sampled in this study from these tsetse infested areas, 

between March and April 2019. 

 Table 2: Sampling Sites in NKZN, (Ntantiso, 2012). 

Site 
Identification 

Site name Coordinates 

Diptank 1 Ekuphindisweni 26.57 S 32.46 E 

Diptank 2 Mvutshini 28.07 S 32.09 E  

Diptank 3 Ocilwane 28.26 S 32.00 E 
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Figure 5: Map of the northern KwaZulu-Natal districts in South Africa. 
1. Ekuphindisweni diptank   2. Mvutshini diptank  3. Ocilwane diptank. 
Source: https://municipalities.co.za/map/1239/big-5-hlabisa-local-municipality  
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2.2.1 Sample size determination 

The study was conducted using 60 cattle from the three diptanks mentioned (Table 2). The 

sample size was determined as described in Thrusfield, (2007). Briefly, it was assumed that 

in an infinite population with a prevalence rate of 15%, a desired precision of 0.95 and 

confidence level of 95%, the estimated sample size at each diptank is 19. The sample size 

was increased to 20 cattle per diptank to provide an allowance for sample loss, bringing the 

total sample size to 60. Twenty (20) adult cattle per diptank were selected for sampling. The 

gender, body condition and treatment history of the cattle were recorded. 

Goat samples were collected from communal farmers that bring their cattle to the selected 

diptanks. Samples (n=384) were only collected from goats belonging to owners willing to 

partake in the study. The sample size was estimated using formula 𝑛 =
𝑍2𝑃(1−𝑃)

𝑑2  (Thrusfield, 

2007) with an assumed prevalence of 50%. Depending on the availability, between 8 and 

15 animals were randomly sampled from each household/farmer. The gender, age, body 

condition and treatment history were recorded. 

2.2.2 Sample collection and diagnostic test  

Blood was collected from tail veins of adult cattle and the jugular veins of adult goats, into 

10 mL vacutainer tubes containing EDTA (BD Vacutainer®; BD, Plymouth, UK). The blood 

samples were investigated for the presence of Trypanosoma parasites using the buffy coat 

technique (BCT). A small aliquot of the collected blood from each sample was transferred 

to microhaematocrit centrifuge capillary tubes that were sealed with Cristaseal (Marienfeld, 

Germany) and centrifuged in a haematocrit centrifuge. Centrifugation was done at 11 000 

x g for 5 minutes to separate the plasma and blood cells. Packed cell volume (PCV) for all 

the samples was determined using a haematocrit tube reader, and cattle with PCV of 24% 

or less were considered anaemic (Van den Bossche, 2000).  

After determining the PCV, the buffy coat layer was extruded onto a microscope slide and 

slides were examined for motile trypanosomes using a compound microscope at 40-times 

magnification. Trypanosoma species identification was based on the parasite motility and 

morphology. 

The prevalence of Trypanosoma infection was calculated at each diptank as the percentage 

of the animals with trypanosome infections (herd average prevalence) (Van den Bossche 

and Rowland, 2001). The average anaemia for both cattle and goats at each diptank was 

calculated as the average of all anaemic animals (PCV ≤ 24%) at the particular diptank. 
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(Ntantiso et al., 2014). The herd average PCV (HA-PCV) was calculated for both cattle and 

goats as the average PCV at each sampling site (Van den Bossche and Rowland, 2001). 

The above values are important in the study as they are herd health status indicators (Trail 

et al.,1991; Ntantiso et al., 2014). 

2.3 Molecular analysis  

2.3.1 Extraction of DNA from blood samples 

The DNA was extracted using the DNeasy® Blood and Tissue Kit (Qiagen, Hilden, 

Germany) following the manufacturer’s instructions. Briefly, 20 μl of the Qiagen Protease 

was added to a 1.5 mL microcentrifuge tube followed by addition of 200 μl of the blood 

sample. The lysis buffer, Buffer AL (200 μl) was added to the mixture, which was then pulse-

vortexed and incubated at 56 oC for 10 minutes. This was followed by the addition of 200 μl 

of absolute alcohol and mixing by pulse-vortexing. The mixture was transferred to the 

Qiagen Mini spin column and centrifuged at 6000 x g for 1 minute. The filtrate was 

discarded, and the wash buffer, Buffer AW1 was added to the Qiagen Mini spin column and 

centrifuged at 6000 x g for 1 minute. This was followed by a second wash using Buffer AW2 

and centrifugation at 20 000 x g for 3 minutes. The DNA was eluted in 100 μl of elution 

buffer, Buffer AE and stored at -20 oC until further required. 

2.3.2 Molecular identification of trypanosomes using ITS PCR 

All samples (Goat: n = 384 and Cattle: n = 60) were tested for the presence of Trypanosoma 

parasite DNA using the conventional polymerase chain reaction (PCR) targeting the internal 

transcribed spacer-1 (ITS) region of the rRNA gene. Briefly, published ITS1 CF forward 

(5´CCGGAAGTTCACCGATATTG3´) and ITS1 BR reverse (5´TGCTGC 

GTTCTTCAACGAA3´) primers were used to produce amplicons of sizes between 250 base 

pairs (bp) – 710 bp, depending on the trypanosome species (Njiru et al., 2004a). The PCR 

was carried out in a reaction volume of 25 μl containing 12.5 μl One Taq® Quick -Load® 2X 

Master Mix with Standard Buffer (New England, Biolabs® Inc, USA), 10 µM of ITS1 CF 

primer, 10 µM of ITS1 BR primer, 9 μl of nuclease-free water and 2.5 μl extracted DNA. 

Reactions were performed using GeneAmp® PCR System 9700 (Applied Biosystems, 

South Africa). The thermocycling conditions included an initial denaturation of 3 minutes at 

94 oC, followed by 30 cycles of 30 seconds at 94 oC, 30 seconds at 55 oC and 30 seconds 

at 72 oC, with a final extension of 10 minutes at 72 oC. DNA from Trypanosoma congolense, 

Trypanosoma brucei and Trypanosoma vivax, obtained from the University of Pretoria (UP), 
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Department of Veterinary Tropical Diseases (DVTD), were used as positive controls and 

the negative control was a no template control. 

2.3.3 Agarose Gel Electrophoresis 

The amplicons were visualised by 2% agarose gel electrophoresis. The 2% agarose gel 

was prepared by heating a mixture of 2 grams agarose (Bioline, Canada) and 100 ml 1x 

Tris-acetate EDTA (TAE) electrophoresis buffer (40 pmol/μL Tris-acetate, 1 pmol/μL EDTA) 

and stained using 5 μl of ethidium bromide (Bio-rad, USA). The PCR products (5 μl) were 

loaded into wells and separated by electrophoresis at 120V for 30 minutes. A 100 bp DNA 

ladder was added to every gel for fragment size determination. The gel was visualized under 

UV light. 

2.3.4 ITS real-time PCR assay 

Extracted DNA from cattle blood samples were screened for the presence of Trypanosoma 

DNA using published genus-specific PCR primers targeting the ITS1 gene (Silbermayr et 

al., 2013). One set of universal primers and three probes, each specific for T. congolense, 

T. vivax and T. brucei were designed to amplify a 120 bp region within the ITS1 gene (Table 

3). The assay was modified for use on the LightCylcer® 480 PCR platform at the ARC-OVR 

Epidemiology, Parasites and Vectors Department. For the simultaneous detection of all 

three parasites in a multiplex assay, each of the species-specific probes were labelled with 

different fluorescent dyes (Table 3). 

Briefly, quantitative real-time PCR assays (qPCR) were performed using the LightCycler® 

480 PCR System (Roche Molecular Diagnostics, Germany). Reactions were performed in 

a 20 μl volume containing 10 μl KAPA Probe Fast Universal Master Mix (Kapa Biosystems, 

South Africa), 0.9 μM Tryps_KS-forward primer, 0.9 μM Tryps_KS-reverse primer, 0.25 μM 

of each of the species-specific probes, 2.5 μl of target DNA and 3.5 μl of nuclease-free 

water. Cycling conditions were as follows: enzyme activation at 95 °C for 30 seconds 

followed by 45 cycles of 5 seconds at 95 °C and 40 seconds at 68 °C. Data were analysed 

with the LightCycler® 480 software using the Second Derivative Maximum Method. 
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Table 3: Universal primers and genus-specific ITS1 real-time probes for detecting African 
animal trypanosomosis (AAT) (Silbermayr et al., 2013). 

Name Primer/Probe Product 
size 

Tryps_KS-for 5´- CGT GTC GCG ATG GAT GAC TT -3´ 120 bp 

Tryps_KS-rev 5´- CAA ACG GCG CAT GGG AG -3´ 120 bp 

Tryps_KS-T.cong-p CY5 5´- TTG CAG AAT CAT CAC ATT GCC CAA 
TCT TTG -3´ BHQ1 

 

Tryps_KS-T.brucei-p FAM 5´- TGC GAT AAG TGG TAT CAA TTG CAG 
AAT CAT TTC A -3´ BHQ1 

 

Tryps_KS-T.vivax-p HEX 5´- ATG ACC TGC AGA ACC ACT CGA TTA 
CCC AGT -3´ BHQ1 

 

 

2.4 Development of cathepsin L-like (CATL) real-time PCR assay 

2.4.1 Primer and Probes design 

A multiple sequence alignment of 36 Trypanosoma spp cathepsin L (CATL) reference 

sequences retrieved from GenBank (T. brucei AC: EU753820, EU753821, EU753822; 

Trypanosoma theileri AC: GU299366, HQ543075, HQ543074, GU299414, GU299407; T. 

congolense AC: KF413956, KF413961, KF414041, KF414001, KF414025, KF413898, 

KF413923, KF413934, KF413941, KF413987, KF413977, KF413949, KF414048, 

KF414051, KF414043, KF413965, KF414042, KF413995, KF413984, KF413964, 

KF413960, KF413952, KF413957; T. vivax AC: EU753814; Trypanosoma simiae AC: 

KF414037; Trypanosoma cruzi AC: M84342; Trypanosoma rangeli AC: L38512, L38514) 

(https://www.ncbi.nlm.nih.gov/), was created using the MUSCLE algorithm (Edgar, 2004). 

A TaqMan minor groove binder (MGB™) real-time PCR assay was designed for T. 

congolense, T. brucei and T. theileri using the Primer express software v3.0 (Applied 

Biosystems) and evaluated using BLAST (Altschul et al., 1990). Three species-specific 

forward primers; one genus-specific reverse primer and three TaqMan MGB™ probes were 

designed (Table 4) to amplify fragments of the CATL-like gene from T. congolense (116 

bp), T. brucei (98 bp) and T. theileri (137 bp). Primers were synthesized by Inqaba 
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Biotechnologies (South Africa) and TaqMan MGB™ probes were synthesized by Integrated 

DNA Technologies, Inc. (IDT), (USA). Quantitative PCR assays were performed in 

MicroAmp™ optical 96-well plates using the StepOnePlus™ real-time instrument (Applied 

Biosystems™, USA).  

Reactions were prepared in a final volume of 20 µl containing 10 µl KAPA Probe Fast 

Universal Master Mix (Kapa Biosystems, South Africa), 0.9 µM of each CATL species-

specific forward primer and genus-specific reverse primer, 0.25 µM TaqMan MGB™ 

species-specific probe, and 2.5 µl target DNA. The qPCR cycling conditions were as follows: 

activation at 95 ºC for 20 seconds followed by 40 cycles of 1 second at 95 ºC and 30 

seconds at 60 ºC. Results were analysed using the StepOnePlus™ software (v2.3).  

 Table 4: Primers and probes designed to amplify Trypanosoma CATL-like gene. 

Name Primer/Probe Size Product 
size 

TcongCATL_fwd 5´- CTA CAC GGG CGG AGT GTT G -3´ 19 116 bp 

TtheilCATL_fwd 5´- CGA CGC CAA CAG CTT CCT -3´ 18 137 bp 

TbrucCATL_fwd 5´- GACTTCATGCACCTCCGAGC -3´ 20 98 bp 

TrypsCATL_reverse 5´- CCC GAG AGT TCT TGA TGA TCC A 
-3´ 

22  

TcongCATL_probe FAM 5´- TGG GGT ATG ACG ACA CAA -
3´ MGB 

18  

TtheilCATL_probe VIC 5´- GGC TAC GAC GAC AGC A - 3´ 
MGB 

16  

TbrucCATL_probe NED 5´- GAT AAT AGC AAT CCA CCC -
3´ MGB 

18  

 

2.4.2 Analytical sensitivity of the CATL qPCR assays. 

Plasmid standards were generated for each parasite species to determine sensitivity of 

each CATL qPCR assay.  
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2.4.2.1 Amplification of the CATL-like gene  

The CATL gene was amplified from each species-specific positive control DNA of T. theileri, 

T. brucei, and T. congolense obtained from UP DVTD, molecular diagnostics laboratory 

using the species-specific forward and genus-specific reverse primers described previously 

(Table 4). 

Reactions were set up in a final reaction volume of 25 μl containing 12.5 μl One Taq® Quick 

-Load® 2X Master Mix (New England, Biolabs® Inc, USA), 10 µM of CATL species-specific 

forward primer, 10 µM of CATL genus-specific reverse primer, 9 μl of nuclease-free water 

and 2.5 μl of the DNA control. GeneAmp® PCR System 9700 (Applied Biosystems, South 

Africa) was used for PCR cycling conditions included: initial denaturation at 94 °C for 3 

minutes, followed by 30 cycles of 94 °C for 30 seconds, 56 °C for 30 seconds, 72 °C for 30 

seconds, with a final extension step at 72°C for 10 minutes. 

2.4.2.2 PCR product purification 

The PCR products purification was carried out the PureLink® Quick Gel Extraction and PCR 

Purification Combo Kit (Thermo Scientific, USA) according to the manufacturer’s 

instructions. Briefly, binding buffer containing isopropanol was added to the PCR product. 

The sample was loaded into a spin column in a wash tube and centrifuged at 10 000 × g for 

1 minute. A wash buffer was added to the spin column and the sample was centrifuged at 

10 000 × g for 1 minute. Residual ethanol was removed by performing an additional 

centrifugation step at maximum speed for 3 minutes. The purified PCR product was eluted 

in 50 µl Elution buffer and stored at 4 oC.  

2.4.2.3 Cloning of the Trypanosoma CATL-gene 

The CATL PCR fragments amplified from T. congolense, T. theileri and T. brucei were 

cloned into the pJET1.2/blunt cloning vectors (Figure 6) using a CloneJET PCR Cloning Kit 

(Thermo Scientific, USA), according to the manufacturer’s instructions. Ligation was 

performed in a 3:1 insert-to-vector ratio. A 10 µl ligation reaction was prepared containing 

50 ng pJET1.2/blunt Cloning Vector (Figure 6), 2X reaction buffer, 3 volumes of the purified 

PCR product and 1 volume of T4 DNA ligase. The ligation reaction mixture was gently mixed 

and incubated for 5 minutes on ice.  

The ligated plasmids were transformed into competent Escherichia coli JM109 cells (Zymo 

Research, USA). A volume of 50 µl of E. coli competent cells was added to 2 µl of each 
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ligation reaction and the mixture was incubated on ice for 30 minutes. This was followed by 

heat-shock treatment at 42 oC for 45 seconds and immediate incubation on ice for 2 

minutes. A volume of 250µl Super Optimal broth with Catabolite repression (SOC) medium 

was added to each reaction and incubated at 37 oC for 1 hour in a shaking incubator with a 

speed of 250 rpm. Transformants were screened on Luria Bertani (LB) plates containing 

100 µg/mL ampicillin. The plates were incubated overnight at 37 oC. Recombinant colonies 

were selected and individually inoculated into 5 ml LB medium supplemented with 50 µg/mL 

ampicillin. Following an overnight incubation at 37 oC the bacterial cells were subjected to 

plasmid DNA isolation. 

 

 

Plasmids were isolated using the High Pure Plasmid Isolation Kit (Roche, Switzerland) as 

per the manufacturer’s protocol. The bacterial culture was centrifuged at 6000 x g for 30 

seconds. The resulting pellet was resuspended in 250 µl of suspension buffer containing 

 

Figure 6: The pJET1.2/blunt vector map. 
Source:http://reports.ias.ac.in/report/13592/cloning-3-untranslated-region-of-dengue-
virus-in-pjet12blunt-cloning-vector 
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RNase. The cells were then lysed by the addition of 250 µl lysis buffer. The mixture was 

incubated for 5 minutes at room temperature before adding 350 µl of cold binding buffer. 

After mixing, by gently inverting the tube, the sample was incubated for 5 minutes on ice 

and then centrifuged for 10 minutes at maximum speed. The clear supernatant was 

transferred into a High Pure filter tube placed into a collection tube and centrifuged at 

maximum speed for 1 minute. The flow-through was discarded; 500 µl of wash buffer I was 

added to the column and the sample was centrifuged at 13 000 x g for 1 minute. This was 

followed by a second wash using 700 µl of wash buffer II. After discarding flow-through the 

tube was centrifuged for an additional minute at 13 000 x g in order to remove all residual 

ethanol. The filter tube was placed into a clean Eppendorf tube and 50 µl of Elution Buffer 

was added. The tube was centrifuged at 13 000 x g for 1 minute. Isolated plasmid DNA 

controls were stored at 4 oC. Plasmid DNA was sent to Inqaba Biotechnologies (South 

Africa) for capillary DNA sequencing. The plasmid inserts were sequenced using pJET1.2 

forward sequencing primer (5`- CGACTCACTATAGGGAGAGCGGC3`) and pJET1.2 

reverse sequencing primer (5`- AAGAACATCGATTTTCCATGGCAG3`). Sequences were 

assembled and edited using the CLC Genomics Workbench (CLC Bio version 8.0.1). 

Multiple sequence alignments were performed using the MUSCLE algorithm (Edgar, 2004) 

and sequences were queried against previously published CATL gene sequences using 

BLAST (Altschul et al., 1990).   

2.4.2.4 Preparing the standard dilution series 

A single recombinant clone for each parasite (T. theileri, T. congolense and T. brucei) was 

selected and the DNA concentration determined using the Xpose DNA/RNA Analysis 

(Trinean, Belgium). The copy number of each parasite-specific CATL-plasmid construct was 

calculated using the following formula: 

Where:  

X = amount of amplicon (ng) 

N = length of dsDNA amplicon (bp) 

660 = average mass of 1 bp dsDNA (g/mole) 

6.0221 x 1023 = Avogadro’s constant 

1 x 109 = conversion factor 

number of copies (molecules) =  
X (ng) ∗ 6.0221 x 1023

N (bp) ∗ 1 x 109 x 660
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The concentration of each plasmid construct was adjusted to 109 copies/µl. A ten-fold serial 

dilution (109-100 copies/ul) was prepared and qPCR amplifications (stated in section 2.4) of 

each standard dilution series was repeated in triplicate. Linear regression curves were 

generated by plotting the mean cycle threshold (Ct) values against the mean log copy 

number. The amplification efficiency (E) of each assay could be determined from the curve 

using the equation E=101/-s – 1. Acceptable E values were between 90%-110%. 

2.4.2.5 CATL qPCR Amplification conditions 

Amplification was done in a final volume of 20 µl containing 10 µl KAPA Probe Fast 

Universal Master Mix (Kapa Biosystems, South Africa), 0.9 µM of each CATL species-

specific forward primer and genus-specific reverse primer, 0.25 µM TaqMan MGB™ 

species-specific probe, 2.5 µl DNA and 3.65 μl of nuclease-free water. The qPCR cycling 

conditions were as follows: activation at 95 ºC for 20 seconds followed by 40 cycles of 1 

second at 95 ºC and 30 seconds at 60 ºC. Cycling was performed in a StepOnePlus™ 

(Applied Biosystems™, USA) and the results were analysed using the StepOnePlus™ 

software (v2.3).  

2.4.3 Analytical specificity of the CATL qPCR assays 

The intraspecies analytical specificity of each assay was determined by testing DNA 

samples from other Trypanosoma species expected to occur in livestock. For T. congolense 

CATL qPCR assay, the analytical specificity was determined by using positive control DNA 

from T. brucei, T. theileri and T. vivax; for T. brucei CATL qPCR assay analytical specificity 

T. congolense, T. theileri and T. vivax positive control DNA were used; and for T. theileri 

CATL qPCR assay analytical specificity T. brucei, T. vivax and T. congolense positive 

control DNA were used. The interspecies analytical sensitivity of the CATL qPCR assays 

was also determined by testing DNA samples from other parasites known to infect cattle, 

such as Babesia bovis, Babesia bigemina and Theileria parva obtained from UP DVTD 

molecular diagnostics laboratory. 

2.4.4 Evaluation of cattle and goats’ samples using the CATL qPCR assays 

Field samples collected from cattle (n =60) and 10% of the goats (n=39) were used to 

evaluate the diagnostic ability of each of the developed Trypanosoma CATL qPCR assays 

in detecting parasite DNA.  
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2.5 Statistical analyses 

Microsoft® Excel spread sheet was used for data entry and the data was transferred to the 

Statistical Package for Social Sciences (SPSS) version 26.0 software for statistical analysis. 

One-way analysis of variance (ANOVA) was used to analyse differences in the HA-PCV of 

goats and cattle between the three diptanks. Tukey post hoc test was used to test for the 

difference in means among diptanks. The independent t-test was used to test association 

between: a) the average PCV of infected and non-infected animals b) the average PCV of 

anaemic and non-anaemic animals. The Fisher’s exact test was performed to determine 

differences between BCT, ITS PCR, ITS qPCR and CATL qPCR. Confidence intervals of 

95% and p-value of 0.05 were used. Trypanosoma infection rate was calculated as follows: 

infection rate = (
number of cattle infected

number of cattle sampled
)  × 100 . 
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CHAPTER 3 

RESULTS 

3.1 Parasitological detection of trypanosomes 

One-way analysis of variance (ANOVA) showed a statistically significant difference between 

the herd average packed cell volume (HA-PCV) of the three diptanks (F(2,57)=4.57; 

p=0.017). Tukey post hoc test revealed that there was no significant difference between 

HA-PCV of cattle at Ocilwane (28.9±4.50%, p=1.00) and Ekuphindisweni (28.9±4.50%, 

p=1.00). However, the HA-PCV of Mvutshini (32.4±3.98%, p=0.035) was significantly higher 

than that observed at both Ocilwane and Ekuphindisweni (Table 5).  

The difference in HAA among the three diptanks was not statistically significant, p>0.05. 

Nine of the 60 cattle (15%) were anaemic. Four anaemic cattle [herd average anaemia 

(HAA)=20%] were detected at Ekuphindisweni (n=20), 3 anaemic cattle (HAA=15%) and 2 

anaemic cattle (HAA=10%) were detected at Ocilwane (n=20) and Mvutshini (n=20), 

respectively (Table 6). The average PCV in anaemic cattle was significantly lower 

(22.7±2.80%) than in the non-anaemic cattle (31.4±3.40%) (t(58)=-7.182, p<0.0005). 

Using the buffy coat technique (BCT), 7 (11.7%) of the 60 cattle were positive for 

trypanosomes and only Trypanosoma congolense was detected. The highest number of 

infections were recorded at Mvutshini and Ekuphindisweni, where 3 (15%) Trypanosoma 

positive animals were detected at both diptanks. Although only one (5%) Trypanosoma 

positive animal could be detected at Ocilwane (Table 6), there was no statistically significant 

difference between the infection rate of Trypanosoma at all three diptanks. There was also 

no statistically significant difference between the average PCV of the Trypanosoma infected 

cattle as detected by BCT (27.1±7.10%) and the average PCV of the uninfected cattle 

(30.5±4.10%) (t(58)=1.837, p=0.071). Four (57.1%) of the BCT positive cattle were anaemic 

and 9.4% (5 of 53) of the uninfected cattle were anaemic (Table 6).  

None of the goats’ samples tested positive for of trypanosomes by BCT. However, the one-

way ANOVA showed a significant difference of HA-PCV (F(2, 381)= 4.057; p<0.05) between 

the three diptanks. Goats screened at Mvutshini (n=128) had a statistically significant higher 

HA-PCV (28.9±5.80%, p=0.025), than goats screened at Ekuphindisweni (n=128). There 

was no statistically significant difference of HA-PCV between Ocilwane (28.7±4.90%) and 
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Mvutshini (p=0.935), as well as, no statistically significant difference between 

Ekuphindisweni HA-PCV (27.3±3.70%) and Ocilwane HA-PCV (p=0.061). Eighty-nine 

(23.2%) of the 384 goats sampled were anaemic. There were 37 anaemic goats 

(HAA=28.9%) at Mvutshini, 31 (HAA=24.2%) at Ekuphindisweni and 21 (HAA=16.4%) at 

Ocilwane (Figure 7). The independent t-test showed that the average PCV was significantly 

lower in the anaemic group (22.16±2.50%) than in the non-anaemic group (30.17±3.80%) 

(t(382)=-18.867, p<0.0005).  

Table 5: Trypanosome infection rates, HA-PCV and HAA in cattle at the three diptanks. 

Site name Number 
of cattle 

Infection 
rate 

(%) 

HA-PCV 

(%±S.D) 

HAA 

(%) 

Ocilwane 20 5 28.9±4.50 a,b 15 

Mvutshini 20 15 32.4±3.98 b 10 

Ekuphindisweni 20 15 28.9±4.50 a,b 20 

Significance  p>0.05 p<0.05 p>0.05 

aThe significant difference between Ocilwane and Ekuphindisweni HA-PCV, p=1.00. 
bThe significant difference between Ocilwane/Ekuphindisweni and Mvutshini HA-PCV, p=0.035. 
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Table 6: Average PCV and anaemia observed at the three diptanks in infected and non-
infected groups of cattle. 

 

 

 

  

Site name 
Number 
of cattle 

Number 
of 

infected PCV (%±S.D) HAA (%) 

 Infected 
Uninf-
ected 

Infected 
Uninf-
ected 

Mvutshini 20 3 26.7±4.60 33.4±2.98 66.7 0 

Ekuphindi-
sweni 

20 3 31.3±6.40 28.5±4.20 33.3 17.6 

Ocilwane 20 1 16 29.6±3.40 100 10.5 

Total 60 7 27.1±7.10 30.5±4.1 57.1 9.4 

 

Figure 7: Bar chart showing the percentage of anaemic and non-anaemic goats’ 
samples at each diptank (n=128). 
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3.2 Molecular analysis 

3.2.1 Molecular identification of trypanosomes using conventional ITS PCR 

The ITS PCR assay was used to detect Trypanosoma parasites in cattle and goat samples. 

The expected amplicons are between 250 base pairs (bp) -710 bp. All the DNA samples 

that produced 620 bp-710 bp amplicon sizes on agarose gel were considered T. congolense 

positive, while those that produced amplicon sizes of ~480 bp and ~250 bp were considered 

positive for T. brucei and T. vivax, respectively. The DNA samples that produced no 

amplicons visible on agarose gel were considered to be trypanosome negative. While none 

of the goat samples tested positive for Trypanosoma parasites, 5 (8.3%) of the cattle 

samples (samples: 17, 32, 39, 40 and 47) produced amplicons between 620 bp - 710 bp, 

which indicated T. congolense infections (Figure 8). The ITS PCR assay did not detect any 

T. brucei or T. vivax infections in the cattle. 

 

 

  

 

Figure 8: Agarose gel showing bands obtained from ITS PCR amplification using 
primers ITS1 CF and ITS1 BR. 
Lane M represents a 100bp marker. Lanes: 1=Negative, 2=T. brucei positive control, 
3=T. congolense positive control, 4=T. vivax positive control. Lanes 5, 6, 7, 8 & 9 
represents cattle blood samples 17, 32, 39, 40 & 47, respectively, which all tested 
positive for T. congolense. 
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3.2.2 Detection of trypanosomes using the ITS real-time PCR assay 

According to Silbermayr et al. (2013) the cut off quantification cycle (Ct) value of this assay 

was 38 and any DNA samples with Ct value of >38 was regarded as negative. Eighteen of 

the 60 cattle (30%) were positive for trypanosome parasites. Only T. congolense and T. 

brucei were detected by ITS qPCR and no mixed infections were observed in the cattle. Six 

of the 60 cattle (10%) were positive for T. congolense and 20% (12/60) of the cattle were 

positive for T. brucei. 

3.3 Development of the CATL qPCR assays 

3.3.1 In silico analysis of the designed CATL qPCR primers and probes 

The specificity of the primers and probes designed for each Trypanosoma species, were 

each tested in silico using BLAST analysis. Alignment of the genus-specific Trypanosoma 

CATL reverse primer (TrypsCATL_reverse) with other Trypanosoma CATL sequences, 

showed that the primer was conserved from position 463 of the Trypanosoma CATL 

sequences from GenBank (Figure 9, 10, 11). Seven extra nucleotide bases, based on the 

Trypanosoma sequences, were added to the reverse primer sequence to increase 

specificity. BLAST analysis further confirmed that the designed primer showed 100% 

sequence identity to CATL-like sequences from T. congolense, T. brucei and T. theileri.  

The forward primer and probe sequences were species-specific and were developed for 

each Trypanosoma species. A Clustal W alignment of T. congolense CATL reference 

sequences retrieved from GenBank showed that the T. congolense forward primer 

(TcongCATL_fwd) binds at positions 369-387 and the T. congolense probe 

(TcongCATL_probe) binds at positions 431-448 (Figure 9). BLAST analysis showed the 

TcongCATL_fwd primer and TcongCATL_probe had 100% sequence coverage and identity 

to T. congolense CATL protein gene sequences available on GenBank. 

Alignment of the T. theileri forward primer and probe sequences (TtheilCATL_fwd and 

TtheilCATL_probe) to the T. theileri CATL sequences available on GenBank showed that 

the sequences were conserved from positions 348-365 and 433-448, respectively (Figure 

10). The TtheilCATL_probe and TtheilCATL_fwd showed sequence coverage and identity 

to T. theileri CATL sequences available on GenBank. Similarly, the T. brucei forward primer 

and probe sequences (TbrucCATL_fwd and TbrucCATL_probe) were 100% conserved at 

positions 387-406 and 442-459 (Figure 11), and showed 100% sequence identity to CATL 

sequences of T. brucei available on GenBank.   
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                                   360       370       380       390       400       410       420   

                           ....|....|....|....|....|....|....|....|....|....|....|....|....|....| 

    

       T. congolense forward primer 

                           ------------------CTACACGGGCGGAGTGTTG---------------------------------  

KF413956.1 T. congolense   CGCCACCAGTTTCCAGAG...................ACATCATGCTTGTCAAAGATACTGAACCACGCT  

KF413961.1 T. congolense   CTCCACCAGTTTCCAGAG...................ACATCATGCGTATCAAAGCGACTGGACCACGCT  

KF414041.1 T. congolense   CTCCACCAGTTTCCAGAG...................ACATCATGCGTATCAAAGCGACTGGACCACGCT  

KF414001.1 T. congolense   TGCCACCAGTTTCCTGAG...................ACATCGTGCAGCTCTGAGAGACTGAACCATGGT  

KF414025.1 T. congolense   TGCCACCAGTTTCCTGAG...................ACATCGTGCAGCTCTGAGAGACTCAACCATGGT  

KF413898.1 T. congolense   CGCCACCAGTTTCCAGAG...................ACATCATGCATCTCTCAGCAACTGAACCATGGT  

KF413923.1 T. congolense   CGCCACCAGTTTCCAGAG...................ACATCATGCATCTCTCAGCAACTGAACCATGGT  

KF413934.1 T. congolense   CGCCACCAGTTTCCAGGA................C..ACATCATGCATCTCTAAGCAACTGGACCATGGT  

KF413941.1 T. congolense   CTCCACCAGTTTCCAGAG...................ACATCATGCATCTCTAAGCAACTGGACCATGGT  

KF413987.1 T. congolense   CGCCACCAGTTTTCTGGA................C..ACATCATGCATCTCTAAGCAACTGGACCATGGT  

KF413977.1 T. congolense   CGCCACCAGTTTTCTGGA................C..ACATCATGCATCTCTAAGCAACTGGACCATGGT  

KF413949.1 T. congolense   CTCCACCAGTTTCCCGAGG....A.............ACATCATGCATCTTTAAGCATCTGGACCATGGT  

KF413965.1 T. congolense   CGCCACCAGTTTCCAGAG...................ACATCATGCATCTCCGAGCATCTGGACCATGGT  

KF414042.1 T. congolense   CGCCACCAGTTTCCAGAG...................ACATCATGCATCTCCGAGCATCTGGACCATGGT  

KF413995.1 T. congolense   CGCCACCAGTTTCCAGAG...................ACATCATGCATCTCCGAGCATCTGGACCATGGT  

KF413984.1 T. congolense   CGCCACCAGTTTCCAGAG...................ACATCATGCATCTCCGAGCATCTGGACCATGGT  

KF413964.1 T. congolense   CGCCACCAGTTTCCAGAG...................ACATCATGCATCTCCGAGCATCTGGACCATGGT  

KF413960.1 T. congolense   CGCCACCAGTTTCCAGAG...................ACATCATGCATCTCCGAGCATCTGGACCATGGT  

KF413952.1 T. congolense   CGCCACCAGTTTCCAGAG...................ACATCATGCATCTCCGAGCATCTGGACCATGGT  

KF413957.1 T. congolense   CGCCACCAGTTTCCAGAG...................ACATCATGCATCTCCGAGCATCTGGACCATGGT  

 

                                   430       440       450       460       470       480      

                           ....|....|....|....|....|....|....|....|....|....|....|....|.... 

         T. congolense probe             Reverse primer 

                           ----------TGGGGTATGACGACACAA--------------TGGATCATCAAGAACTCTCGGG  

KF413956.1 T. congolense   GTGCTCCTCG.T..............G.GCAAGCCACCATAC...............-------  

KF413961.1 T. congolense   GTGCTCCTCG..................GCAAGCCACCATAC...............-------  

KF414041.1 T. congolense   GTGCTCCTCG..................GCAAGCCACCATAC...............-------  

KF414001.1 T. congolense   GTGCTCCTCG..................ACAAGCCACCATAC...............-------  

KF414025.1 T. congolense   GTGCTCCTCG..................GCAAGCCACCATAC...............-------  

KF413898.1 T. congolense   GTGCTCCTCG..................GCAGGCCACCGTAC...............-------  

KF413923.1 T. congolense   GTGCTCCTCG..................GCAGGCCACCGTAC...............-------  

KF413934.1 T. congolense   GTGCTCCTCG..................GCAAGCCACCATAC...............-------  

KF413941.1 T. congolense   GTGCTCCTCG.T..............G.GCAAGCCACCATAC...............-------  

KF413987.1 T. congolense   GTGCTCCTCG.T......A.T.....G.GCAAGCCACCATAC...............-------  

KF413977.1 T. congolense   GTGCTCCTCG.T..............G.GCAAGCCACCATAC...............-------  

KF413949.1 T. congolense   GTGCTCCTCG.T..............G.GCAAGCCACCATAC...............-------  

KF413965.1 T. congolense   GTGCTCCTCG..................GCAAGCCACCGTAC...............-------  

KF414042.1 T. congolense   GTGCTCCTCG..................GCAAGCCACCATAC...............-------  

KF413995.1 T. congolense   GTGCTCCTCG..................GCAAGCCACCATAC...............-------  

KF413984.1 T. congolense   GTGCTCCTCG..................GCAAGCCACCATAC...............-------  

KF413964.1 T. congolense   GTGCTCCTCG..................GCAAGCCACCATAC...............-------  

KF413960.1 T. congolense   GTGCTGGTCG................G.GCAAGCCACCATAC...............-------  

KF413952.1 T. congolense   GTGCTCCTCG............C...G.GCAAGCCACCATAC...............-------  

KF413957.1 T. congolense   GTGCTCCTCG................G.GCAAGCCACCATAC...............-------  

Figure 9: Nucleotide sequence alignment of the target region of the T. congolense 
CATL-specific qPCR assay in the CATL gene of published T. congolense sequences. 
The sequence of the species-specific forward primer is highlighted in pink, while the 
genus-specific reverse primer is highlighted in green. The species-specific T. 
congolense probe sequence is indicated in yellow and sequence differences 
between sequences in the forward primer and probe regions are also highlighted in 
the same colours used to indicate the oligonucleotides. 
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                                 290       300       310       320       330       340       350  

                         ....|....|....|....|....|....|....|....|....|....|....|....|....|....| 

              T. theileri forward primer… 

                         -------------------------------------------------------------------CGA  

GU299366.1 T. theileri   ACTTGCCACAAGATGAGGACAAGATGGCGGCATGGGTTGCTGCAAATGGCCCCCTTGCTGTCGCTGT...  

GU299407.1 T. theileri   ACTTGCCACAAGATGAGGACAAGATGGCGGCATGGGTTGCTGCAAATGGCCCCCTTGCTGTCGCTGT...  

HQ543075.1 T. theileri   ACTTGCCAAAAGATGAGGACAAGATGGCGGCATGGCTTGCTACCAATGGCCCCATTGCTATCGCTGT...  

HQ543074.1 T. theileri   ACTTGCCAAAAGATGAGGACAAGATGGCGGCATGGCTTGCTACCAATGGCCCCATTGCTATCGCTGT...  

GU299414.1 T. theileri   ACTTGCCAAAAGATGAGGACAAGATGGCGGCATGGCTTGCTACCAATGGCCCCATTGCTATCGCTGT...  

 

                                 360       370       380       390       400       410       420  

                         ....|....|....|....|....|....|....|....|....|....|....|....|....|....| 

   

                         …T. theileri forward primer 

                         CGCCAACAGCTTCCT-------------------------------------------------------  

GU299366.1 T. theileri   ...............GTCGTACGTGAGTGGTGTTCTGACGAACTGTCAATCGTACCAGTTGAACCATGGC  

GU299407.1 T. theileri   ...............GTCGTACGTGAGTGGTGTTCTGACGAACTGTCAATCGTACCAGTTGAACCATGGC  

HQ543075.1 T. theileri   ............T..GTCGTACGTAAGTGGTGTTTTGACGAACTGTGAATCGGACCAGTTGAACCACGGT  

HQ543074.1 T. theileri   ............T..GTCGTACGTAAGTGGTGTTTTGACGAACTGTGAATCGGACCAGTTGAACCACGGT  

GU299414.1 T. theileri   ............T..GTCGTACGTAAGTGGTGTTTTGACGAACTGTGAATCGGACCAGTTGAACCACGGC  

 

                                 430       440       450       460       470       480      

                         ....|....|....|....|....|....|....|....|....|....|....|....|.... 

   

                                     T. theileri probe                 Reverse Primer     

                         ------------GGCTACGACGACAGCA--------------TGGATCATCAAGAACTCTCGGG  

GU299366.1 T. theileri   GTGCTTCTTGTC................GCAATCCACCGTAC...............-------  

GU299407.1 T. theileri   GTGCTTCTTGTC................GCAATCCACCGTAC...............-------  

HQ543075.1 T. theileri   GTGCTTCTTGTC................GCAATCCACCGTAC...............-------  

HQ543074.1 T. theileri   GTGCTTCTTGTC................GCAATCCACCGTAC...............-------  

GU299414.1 T. theileri   GTACTTCTTGTC................GCAATCCACCGTAC...............-------  

Figure 10: Nucleotide sequence alignment of the target region of the T. theileri 
CATL-specific qPCR assay in the CATL gene of published T. theileri sequences. 
The sequence of the species-specific forward primer is highlighted in pink and 
sequence differences between sequences in the forward primer region is also 
highlighted in pink. The species-specific T. theileri probe sequence is indicated in 
yellow and the genus-specific reverse primer is highlighted in green. 
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3.3.2 Efficiency, specificity and sensitivity of the developed species-specific 

Trypanosoma CATL qPCR assays 

The developed CATL qPCR assays were able to detect and differentiate between the three 

Trypanosoma species investigated in this study. Primers TbrucCATL_fwd , 

TtheilCATL_fwd, TcongCATL_fwd and TrypsCATL_reverse were used to amplify regions 

of the CATL gene from T. brucei (98 bp), T. theileri (137 bp) and T. congolense (116 bp) 

DNA controls prior to cloning into the pJET1.2/blunt cloning vectors (Figure 12). 

  

 

                               360       370       380       390       400       410       420   

                       ....|....|....|....|....|....|....|....|....|....|....|....|....|....| 

             T. brucei forward primer 

                       ------------------------------------GACTTCATGCACCTCCGAGC--------------  

EU753822.1 T. brucei   CGCCACAAGTTTTATGGACTATAACGGTGGGATTCT....................AACTGGATCATGGT  

EU753820.1 T. brucei   CGCCACAAGTTTTATGGACTATAACGGTGGGATTCT....................AATTGGATCATGGT  

EU753821.1 T. brucei   CGCCACAAGTTTTATGGACTATAACGGTGGGATTCT....................AATTGGATCATGGT  

 

                               430       440       450       460       470       480      

                       ....|....|....|....|....|....|....|....|....|....|....|....|.... 

   

     T. brucei probe        Reverse primer 

                       ---------------------GATAATAGCAATCCACCC---TGGATCATCAAGAACTCTCGGG  

EU753822.1 T. brucei   GTGCTCCTCGTTGGTTACAAT..................TAC...............-------  

EU753820.1 T. brucei   GTGCTCCTCGTTGGTTACAAT..................TAC...............-------  

EU753821.1 T. brucei   GTGCTCCTCGTTGGTTACAAT..................TAC...............------ 

Figure 11: Nucleotide sequence alignment of the target region of the T. brucei 
CATL-specific qPCR assay in the CATL gene of published T. brucei sequences. 
The sequence of the species-specific forward primer is highlighted in pink and 
sequence differences between sequences in the forward primer region is also 
highlighted in pink. The species-specific T. theileri probe sequence is indicated in 
yellow and the genus-specific reverse primer is highlighted in green. 
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3.3.3 Sensitivity and efficiency of the CATL qPCR assays 

Regression analysis of each of the developed CATL qPCR assays indicated a linear 

correlation of log copy number against Ct values. The amplification efficiency in detecting 

parasite DNA was 99.2%, 97.2% and 94.3%, with a correlation coefficient (R2) value of 

0.988, 0.996 and 0.991 for T. congolense, T. brucei and T. theileri, respectively (Figure 13). 

The T. congolense CATL qPCR assay could detect template DNA in the range of 109 

copies/reaction to 102 copies/reaction, which corresponded to Ct values from 11.3 to 35.9. 

The amplification range for T. brucei extended from 109 copies/reaction to 101 

copies/reaction with average Ct values ranging from 12.8 to 38.45. The detection limit of 

the T. theileri CATL qPCR assay was 102 copies/reaction which corresponded with Ct value 

of 37.97. 

  

 

 

Figure 12: PCR analysis of the recombinant clones using the Trypanosoma species-
specific CATL-forward and genus-specific CATL-reverse primers designed for the 
qPCR assays. 
Lanes: M= Quick-Load® 100 bp DNA Ladder (New England Biolabs); 1= negative 
control, lanes 2-5= T. brucei CATL plasmid DNA for clone Tb_PC1, Tb_PC2, Tb_PC3 
and Tb_PC4, respectively; lanes 6-9= T. congolense CATL plasmid DNA for clone Tc-
_PC1, Tc_PC2, Tc_PC3 and Tc_PC4; lanes 10-13= T. theileri CATL plasmid DNA for 
clone Tt_PC1, Tt_PC2, Tt_PC3 and Tt_PC4. 
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Figure 13: Linear regression for the quantification of A) T. congolense B) T. brucei C) 
T. theileri parasite DNA. 
Cycle threshold (Ct) values were plotted against log copies/µl of the initial 10-fold 
dilution series of the parasite plasmid construct. 
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3.3.4 Analytical specificity of the CATL qPCR assays 

All three CATL qPCR assays were shown to be specific in the amplification of parasite DNA 

from either T. congolense, T. brucei or T. theileri. No amplification signals were observed 

from DNA isolated from other protozoal parasites known to infect cattle such as, Babesia 

bovis, Babesia bigemina and Theileria parva, other protozoal parasites known to infect 

cattle (Table 7). Cross-reactions between the assays were also not observed when each 

assay was tested against Trypanosoma DNA samples that included, T. vivax, T. 

congolense. T. theileri and T. brucei (Table 7). 

Table 7: Trypanosoma CATL qPCR assays specificity. 

Species name T. brucei-specific 

qPCR assay Ct 

T. congolense-

specific qPCR 

assay Ct 

T. theileri-specific 

qPCR assay Ct 

B. bovis negative negative negative 

B. bigemina negative negative negative 

T. parva negative negative negative 

T. vivax negative negative negative 

T. brucei 26.21 negative negative 

T. congolense negative 23.74 negative 

T. theileri negative negative 25.71 

 

3.3.5 Evaluation of cattle and goats’ samples using the CATL qPCR assays 

The developed CATL qPCR assays were tested for their ability to detect parasite DNA in 

field samples collected from both cattle and goats. Eight of the cattle samples (13.3%) 

tested positive for T. congolense with Ct values between 16.65 and 28.30 (mean 22.20, SD 

3.84). Thirteen cattle field samples (21.7%) tested positive for T. theileri with Ct values 

between 30.71 and 37.78 (mean 35.43, SD 2.20). One cattle sample had mixed infections 
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with T. theileri and T. congolense. Trypanosoma brucei infections were not detected in the 

cattle samples. 

Only 10% (39 of 384) randomly selected goats’ samples were screened for trypanosomes 

using the CATL qPCR assays. None of the samples tested positive for either T. brucei or 

T. theileri, but T. congolense parasite DNA could be detected in 9 (23.1%) samples using 

the T. congolense CATL qPCR assay. The Ct values for the T. congolense positive samples 

ranged between 30.41 and 35.99 (mean 34.18, SD 1.8). 

3.4 Comparing diagnostics techniques for the detection of trypanosomes 

Detection of trypanosomes in the 39 goats by the CATL qPCR assays was higher (9/39) 

that detected using either BCT or the ITS PCR assay. The CATL qPCR assays detected 

mixed infections in cattle, that were not detected by the other diagnostic techniques. 

Although CATL qPCR assays detected more infections in cattle than ITS qPCR assay 

(Table 8), Fisher’s exact test showed the difference was not statistically significant (p=1.00). 

There was also no statistically significant difference between cattle infection rates detected 

by BCT or by ITS PCR assay (p=0.762). The qPCR assays detected significantly more 

cattle Trypanosoma infections than BCT and conventional PCR. Significantly higher cattle 

infection rates were detected by the CATL qPCR assays than by the ITS PCR assay 

(p=0.002) and BCT (p=0.014). Similarly, significantly higher cattle infection rates were 

detected by the ITS qPCR assay than by the ITS PCR (p=0.005) and BCT (p=0.023). 

Twelve of cattle samples were detected as T. brucei positive by the ITS qPCR. However, 

some of these T. brucei parasite DNA (66.7%), were subsequently identified as T. theileri 

by the T. theileri CATL qPCR assay. None of the T. brucei ITS qPCR positive samples were 

detected using the T. brucei CATL qPCR assay. The T. congolense CATL qPCR assay 

detected more T. congolense parasite DNA than BCT, ITS PCR assay and the ITS qPCR 

assay (Table 8).  

  

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



 

45 
 

Table 8: Comparison of diagnostic techniques used in detecting trypanosomes. 

 

Cattle samples (n=60) Goats’ samples (n=39) 

BCT 
ITS 

PCR 

ITS 

qPCR 

CATL 

qPCR 
BCT 

ITS 

PCR 

CATL 

qPC

R 

T. congolense 7 5 6 8  0 9 

T. brucei  0 12 0  0 0 

T. vivax  0 0 ND  0 0 

T. theileri  ND ND 13  ND 0 

Total positive 7 5 18 21* 0 0 9 

Negative 53 55 42 40 39 39 30 

Significance p=0.001 p=0.000 

*One sample had mixed infections of T. congolense and T. theileri. 

*ND: Test was not done. 
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CHAPTER 4 

DISCUSSION 

African animal trypanosomosis (AAT) is an incapacitating disease that impacts the health 

of cattle, and the livelihood of small-scale farmers in northern KwaZulu-Natal (NKZN). This 

is the only region in South Africa where AAT outbreaks have been recorded previously (Du 

Toit, 1954; Kappmeier et al., 1998). African animal trypanosomosis remains an important 

disease that needs continuous monitoring to help improve control strategies and reduce 

economic damages (de Beer et al., 2016). This study aimed at determining the occurrence 

of trypanosome infections in cattle and identifying the different Trypanosoma species 

circulating in cattle within the NKZN region. The study also aimed at determining the 

occurrence of Trypanosoma infections in goats, and therefore the possible role that goats 

might have in maintaining and spreading infections. The present study details the AAT 

results obtained from surveying 60 cattle and 384 goat samples collected at three diptanks 

within the NKZN region using both parasitological and molecular methods. The study further 

describes the development and application of a TaqMan minor groove binder (MGB™) real-

time polymerase chain reaction (PCR) assay targeting the cathepsin-L (CATL) gene, for the 

quantitative detection and distinction between Trypanosoma congolense, Trypanosoma 

brucei and Trypanosoma theileri infections from cattle and goat blood samples.   

4.1 Trypanosomes in cattle 

4.1.1 Parasitological detection of trypanosomes in cattle  

The buffy coat technique (BCT) was used as the parasitological diagnostic tool in this study 

due to its improved sensitivity and simplicity in detecting trypanosomes compared to other 

parasitological techniques (Paris et al., 1982). The herd average packed cell volume (HA-

PCV) and herd average anaemia (HAA) were used as AAT indicators, as well as, to indicate 

the health status and productivity of animals (Murray and Dexter, 1988; Van den Bossche 

and Rowlands, 2001). Animals with PCV of less than 24% were characterized anaemic. 

Buffy coat smears of samples collected from cattle in NKZN were used to determine the 

presence of trypanosomes at communal diptanks (Gillingwater et al., 2010; Ntantiso et al., 

2014). Gillingwater et al. (2010) reported infection rates of 0.9%, 9.4% and 0% at the 

communal diptanks Ekuphindisweni, Mvutshini and Ocilwane, respectively. Subsequent 
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studies done by Ntantiso et al. (2014) showed increased infection rates of 8.9%, 12.3% and 

2.9%, respectively within these diptank areas due to the lack of control strategies. The 

current study shows that the infection rate is even higher using BCT at Ekuphindisweni 

(15%), Mvutshini (15%) and Ocilwane (5%) than reported by both Gillingwater et al. (2010) 

and Ntantiso et al. (2014). It was further observed that the HA-PCV of both infected and 

non-infected cattle were above the 24% cut-off, thus indicating that the cattle herds were in 

good health. In contrast, the HAA of infected cattle (57.1%) was significantly higher than the 

HAA (9.4%) observed for non-infected cattle, indicating that anaemia in infected cattle was 

a result of Trypanosoma infections. Some of the infected cattle had high PCV values, and 

were consequently non-anaemic, suggesting low parasitaemia in these positive cattle. 

Anaemia in the uninfected cattle suggests the presence of confounding factors such as poor 

nutrition or parasitic infestations (Van den Bossche and Rowlands, 2001). The observed 

HAA and HA-PCV results indicate that AAT detected in this study has an impact on the 

productivity of infected cattle. 

Establishment of human settlements near game reserves and the herding of cattle in the 

proximity of these reserves, has increased game-livestock interactions (Simwango et al., 

2017). This proximity increases exposure of livestock to tsetse flies that transmit 

trypanosomes from wildlife reservoirs thus increasing the probability of Trypanosoma 

infections in livestock. The last extensive integrated control approach, which used treatment 

by ethidium bromide and dipping in a pyrethroid chemical, was done to control AAT after 

the 1990 outbreak in KwaZulu-Natal (KZN) (Bagnall, 1993; Kappmeier et al., 1998). The 

lack of regulated control measures in these high tsetse challenged areas since the 1990 

outbreak, continue to contribute to the increase of AAT in South Africa (Ntantiso et al., 2014; 

de Beer et al., 2016). In a study to monitor the productivity and health of cattle before and 

after AAT treatment, Latif et al. (2019), observed that cattle could get protection of up to 6 

months after treatment against Trypanosoma infections. It was recommended that regular 

treatment (2-3 per year) of cattle together with integrated pest management of tsetse flies 

should be adopted for satisfactory results against AAT in NKZN (Latif et al., 2019), since it 

is difficult to keep the livestock away from wildlife reservoirs and the tsetse challenge. 

Adoption of these control measures could substantially decrease AAT in South Africa. 

4.1.2 Molecular detection of trypanosomes in cattle using conventional ITS PCR 

Using conventional PCR assays targeting the 18S ribosomal ribonucleic acid (rRNA) gene 

and random deoxyribonucleic acid (DNA) fragments, high levels of trypanosome infections 

have been reported in cattle from NKZN, with T. congolense as the most abundant 
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pathogenic trypanosome detected (Ledoka, 2008; Mamabolo et al., 2009; Gillingwater et 

al., 2010). The multiplex internal transcribed spacer 1 (ITS) polymerase chain reaction 

(PCR) described by Njiru et al. (2004a), was used in this study to identify the different 

Trypanosoma species circulating in cattle and goats in the NKZN region. This multiplex 

PCR was chosen as the preferred molecular assay as it reduces time and costs compared 

to 18S PCR- restriction fragment length polymorphism (RFLP) or species-specific PCRs, 

and it can also detect unexpected trypanosome species. Trypanosoma parasites, all of 

which were T. congolense, were detected in 8.3% of all cattle screened using the ITS PCR 

assay. Similar to previous studies, this study showed that the infection rate of T. congolense 

in cattle was higher at Mvutshini than at either Ekuphindisweni or Ocilwane diptanks 

(Ledoka, 2008; Gillingwater et al., 2010). This result was expected as Glossina austeni, the 

main vector for T. congolense transmission in KwaZulu-Natal, has higher densities at 

Mvutshini than at Ekuphindisweni and Ocilwane (Motloang et al., 2012; de Beer et al., 

2016).  

All the ITS PCR positive cattle samples were also detected by the BCT. However, two of 

the seven cattle samples that tested positive for trypanosomes by BCT, did not test positive 

with PCR. A similar discrepancy was noted in a recent study by Matovu et al. (2020), which 

aimed at identifying haemoparasites circulating in a tsetse-challenged region in Uganda. In 

their study, several BCT positive samples were not detected by ITS PCR. They concluded 

that the discrepancy between the two assays might be due to the sensitivity of the ITS PCR 

assay which has been proven to be low when detecting infections of more than two 

Trypanosoma species (Njiru et al., 2004a). Although the ITS PCR could detect T. 

congolense in this study, differentiation between the three subgroups of T. congolense 

(Savannah-type, Kilifi-type and Riverine/Forest-type) could not be determined. 

Trypanosoma congolense Savannah-type and Kilifi-type are the only subgroups that have 

been detected in NKZN and mixed infections by the two subgroups has been reported using 

type-specific PCR assays (Van den Bossche et al. 2006; Mamabolo et al., 2009). The 

majority of trypanosome infections in cattle in NKZN are caused by virulent T. congolense 

Savannah-type, while the prevalence of the non-pathogenic T. congolense Kilifi-type is 

proportionally lower (Ledoka, 2008; Gillingwater et al., 2010; Motloang, 2012). The possible 

presence of both T. congolense Savannah-type and Kilifi-type and/ or other trypanosomes 

in NKZN cattle samples could, therefore, limit detection by the ITS PCR. 
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4.1.3 Trypanosome detection using ITS real-time PCR assay 

The current study detected and differentiated trypanosome species circulating in cattle, in 

NKZN, using an ITS quantitative real-time PCR (qPCR) assay designed by Silbermayr et 

al. (2013) for the detection of T. brucei, T. congolense and Trypanosoma vivax. However, 

in this study each of the probes were labelled differently so that they could be used in a 

multiplex format.  

Real-time PCR assays have better detection of trypanosomes in low levels of infection due 

to their high sensitivity, compared to parasitological techniques and conventional PCR 

assays (Taylor et al., 2008; Sharma et al., 2012; Silbermayr et al., 2013). In a study 

conducted in India to determine the prevalence of T. evansi in cattle and buffaloes, both 

conventional parasitological and molecular methods of detection were compared (Sharma 

et al., 2012). Their study showed that qPCR assay targeting the ITS1 rRNA gene was far 

more sensitive in detecting parasite DNA. Another study compared detection of T. evansi 

in experimentally infected mice using real-time PCR assay and the haematocrit 

centrifugation assay (Taylor et al., 2008). The study showed the qPCR assay had better 

sensitivity and was faster in detecting trypanosomes (Taylor et al., 2008). In the current 

study, the ITS qPCR assay detected Trypanosoma parasite DNA in 30% of the sixty cattle 

sampled.  The ITS qPCR assay detected 61.1% and 72.2% Trypanosoma infections that 

were not detected by BCT and ITS PCR, respectively. These results are comparable to the 

findings by Silbermayr et al. (2013), who also observed that the ITS qPCR assay had better 

sensitivity and specificity than the ITS PCR. 

Trypanosomes detected by the ITS qPCR assay, in the current study, were T. congolense 

and T. brucei. The identification of T. brucei as the most abundant trypanosome (20%) is 

very strange because it is a rare parasite in South Africa. Trypanosoma brucei had not been 

recorded in NKZN for several years (Van den Bossche et al., 2006; Ledoka, 2008; 

Mamabolo et al., 2009; Motloang et al., 2012). However, Taioe, (2013), subsequently 

detected T. brucei in tsetse flies (Glossina brevipalpis) in the same region. The study used 

a nested PCR targeting the glycosomal glyceraldehyde-3-phosphate dehydrogenase 

(gGAPDH) gene which identified 4 sequences with high homology to T. brucei. The author 

suggested that the detection of T. brucei indicates that there is a possibility that these 

parasites have remained undetected due to the lack of sensitivity of available diagnostic 

assays (Taioe, 2013). However, molecular analysis in prior studies only detected T. 

congolense in tsetse flies (Ledoka, 2008; Gillingwater et al., 2010). It has been reported 

that the non-pathogenic parasite, T. theileri occurs globally and can sometimes confuse 
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diagnostic techniques (Uilenberg, 1998; Desquesnes, 2004; Ngomtcho et al., 2017). For 

these reasons, it was speculated that the T. brucei probe region in the ITS qPCR assay was 

cross-reacting with T. theileri DNA, resulting in the observed false-positive results. 

Consequently, the CATL TaqMan MGB™ qPCR assays were designed (section 4.2) to 

differentiate between T. brucei, T. theileri and T. congolense infections and to confirm 

whether the T. brucei positive samples detected were indeed false-positives. 

Trypanosoma congolense parasite DNA could be detected in 10% of cattle sampled across 

all three diptanks. There was a strong correlation between the ITS PCR and ITS qPCR in 

the detection of T. congolense, as the qPCR assay detected all the T. congolense infections 

that were detected by the ITS PCR, with an additional T. congolense positive sample 

detected at Ekuphindisweni.  

Trypanosoma vivax, together with T. congolense, were responsible for the 1990 AAT 

outbreak in NKZN which killed over 10 000 cattle (Kappmeier et al., 1998). Subsequent 

prevalence studies reported these two trypanosomes as the major AAT causative parasites, 

with T. vivax accounting to very few infections (Van den Bossche et al., 2006; Ledoka, 2008; 

Mamabolo et al., 2009). Studies that followed were, therefore, not inclusive of T. vivax and 

only reported prevalence of T. congolense (Gillingwater et al., 2010; Ntantiso et al., 2014; 

Latif et al., 2019). The current study did not detect any T. vivax infection by both the 

conventional ITS PCR and the qPCR assays. A study that was conducted in NKZN to 

determine the Trypanosoma prevalence in the area, also did not detect T. vivax infections 

in cattle using a PCR targeting the ITS regions (Taioe, 2013). However, a much larger 

sampling size, that is inclusive of game animals, bovines and small ruminants, is needed to 

understand this parasite’s potentially new distribution pattern or the possibility of its absence 

in the region. 

4.2 Development of the CATL qPCR assays 

To improve the detection and differentiation of Trypanosoma species infecting livestock 

(AAT), a molecular assay targeting the CATL gene, which has been reported as a suitable 

marker for species discrimination, was developed (Cortez et al., 2009; Rodrigues et al., 

2010). The CATL-like gene has been previously targeted, in PCR assays, to detect T. vivax 

(Cortez et al., 2009), Trypanosoma rangeli (Ortiz et al., 2009) and T. theileri (Rodrigues et 

al., 2010). 

The developed qPCR assays based on CATL for each species showed excellent linearity 

and high specificity, and that there was no cross-reactivity between Trypanosoma species 
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tested. The detection limits ranged from 109 to 102/101 copies/µl and the efficiencies ranged 

from 94-100%. In silico BLAST analysis of each of species-specific probe sequences 

indicated 100% sequence homology to Trypanosoma. The T. congolense probe sequence 

showed 100% sequence identity to published T. congolense sequences on GenBank. The 

T. brucei CATL probe sequence, however, showed 100% sequence identity to 

Trypanosoma evansi and Trypanosoma equiperdum CATL sequences. This is not 

surprising as T. evansi, T. brucei and T. equiperdum belong to the Trypanozoon subgenus. 

The T. brucei CATL qPCR assay could potentially be used in the detection of parasites 

belonging to the Trypanozoon subgenus. The T. theileri CATL probe sequence also showed 

100% sequence identity to Trypanosoma (Megatrypanum) trinaperronei, a parasite 

characterized in white-tailed deer, which was shown to be phylogenetically related to T. 

theileri (Garcia et al., 2020). 

Trypanosome research in South Africa has not focused much on T. theileri as it is a non-

pathogenic parasite. However, T. theileri poses as a risk when the health status of the herd 

is compromised by other confounding factors such as malnutrition and co-infections with 

other parasites (Doherty et al., 1993; Seifi, 1995). Accurate diagnosis of the trypanosomes 

is crucial for epidemiological studies. 

4.2.1 Detection of trypanosomes in cattle using CATL qPCR assays 

An evaluation of 60 cattle samples showed that the animals were infected with T. 

congolense, and T. theileri parasites. In addition, the CATL qPCR assays could detect 

parasite DNA in 24.5% of samples that were BCT negative. Confirming that qPCR is far 

more sensitive than BCT. The developed CATL qPCR assays detected 3 more 

Trypanosoma infections in the 60 cattle samples than the ITS qPCR. All the ITS PCR and 

ITS qPCR T. congolense positive samples were confirmed by the T. congolense CATL 

qPCR assay. Thirteen (21.7%) of the cattle field samples tested positive for T. theileri with 

Ct values between ranging between 30.7 and 38.32 (Ct≥39 regarded as negative). Two of 

these samples were detected at Ct values above 37.97 (102 copies/µl) indicating very low 

parasitaemias and possibly false positives.  

In contrast to the ITS qPCR assay which detected T. brucei infections, the T. brucei CATL 

qPCR assay did not detect any T. brucei infections in the cattle samples. Most of the 

samples (66.7%) that were identified as T. brucei positive by ITS qPCR assay, were 

identified as T. theileri positive by the CATL qPCR assays. These findings provide evidence 

to the earlier hypothesis that there is a cross-reaction, potentially between the ITS qPCR T. 

brucei probe and T. theileri DNA sequences, which should be further investigated. The 
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remaining 33.3% of the T. brucei positive samples (by ITS qPCR) were not identified by the 

CATL qPCR assays. A study on AAT prevalence in KZN, reported the occurrence of both 

T. brucei and T. theileri (Taioe, 2013). In the current study, however, the T. brucei positive 

samples need to be further cloned, sequenced and confirmed with more definitive 

diagnostics tools. 

The study by Taioe, (2013) also reported the occurrence of T. congolense and T. theileri as 

single infections in cattle. In this study, the developed CATL qPCR assays confirmed the 

presence of T. theileri in NKZN. However, in contrast to the findings reported by Taioe, 

(2013), the CATL qPCR assays detected mixed infections with two parasites. Although the 

current study documented T. congolense as the most abundant pathogenic trypanosome, 

the non-pathogenic T. theileri was the overall most abundant parasite. Application of highly 

sensitive and specific tools, such as the CATL qPCR assays, in AAT epidemiological 

studies might reveal much higher T. theileri and T. congolense prevalence rates in NKZN. 

It is possible that the prevalence of AAT in South Africa might have been under-reported in 

previous years, as the diagnostics tools that have been used (such as BCT and 

conventional PCR) are of less sensitivity than the real-time PCR tool. 

All the diagnostic techniques used in the current study observed that there were less 

Trypanosoma positive cattle at Ocilwane diptank than at Ekuphindisweni and at Mvutshini. 

The results from this study are similar to the findings from Ntantiso et al. (2014), which show 

a lower Trypanosoma prevalence at Ocilwane than other diptanks. Ocilwane has a low 

prevalence due to its geographic location, which is at the southern part of NKZN, where 

there is a lower population of tsetse flies (Ntantiso et al., 2014; de Beer et al., 2016). One 

Trypanosoma positive reading by BCT was not detected by all the molecular assays used 

in this study. It is very well established that molecular assays have higher sensitivity than 

parasitological techniques, including the BCT (Van Den Bossche et al., 2006; Marcotty et 

al., 2008; Gillingwater et al., 2010; N'Djetchi et al., 2017). However, some studies have 

reported better detection by microscopy, compared to molecular assays (Mattioli and Faye, 

1996; Junqueira et al., 1996; Njiru et al., 2004b; Moti et al., 2014; Matovu et al., 2020). This 

could be associated with poor DNA quality, the presence of inhibitors or the inadequate 

optimization of the molecular assay (Wolk et al., 2001). The results from this study shows 

that Trypanosoma infection rates within the NKZN have increased since the last 

epidemiological surveys (Van den Bossche et al., 2006; Ledoka, 2008; Mamabolo et al., 

2009, Taioe, 2013; de Beer et al., 2016), thus suggesting that more regulated intervention 

against the disease is required. 
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4.3 Detection of trypanosomes in goats 

The detection of Trypanosoma species in goats using parasitological techniques have been 

reported in Zambia, Nigeria and Cote d’Ivore (Bealby et al., 1996; Chinyere and Juliet, 2013; 

N'Djetchi et al., 2017). Buffy coat technique was used to determine natural infection in goats 

by T. vivax, T. congolense and T. brucei in Zambia, and T. vivax and T. brucei in Nigeria 

(Bealby et al., 1996; Chinyere and Juliet, 2013). Bealby and Connor, (1996) showed that 

Trypanosoma infections significantly affected body weight, fertility, lactation, growth and 

mortality in goats. However, they also showed goats born in high tsetse challenge areas 

acquired some degree of trypanotolerance and had better survival rates than goats taken 

from tsetse-free areas and exposed to high tsetse challenge. Trypanosoma congolense, T. 

vivax, T. simiae and T. brucei parasite DNA have been reported using PCR assays in goats 

across Africa. In Zambia, Nyimba et al. (2015) reported 23.7% overall prevalence by T. 

congolense, T. brucei and T. vivax. In a study in Côte d’Ivoire, 6.6% of goats were positive 

for T. congolense, T. vivax and T. brucei infections by PCR (N'Djetchi et al., 2017). Studies 

in The Gambia have detected T. vivax, T. brucei and T. congolense using PCR assays 

(Pereira de Almeida et al., 1998; Osaer et al., 1999). In Kenya, T. vivax, T. simiae, T. 

congolense and Trypanosoma brucei rhodesiense were detected in goats by PCR (Ng'ayo 

et al., 2005). However, in the present study, there were no trypanosome infections detected 

by both BCT and ITS PCR, in all the 384 goats. Although the study by Taioe, (2013) reported 

the detection of trypanosomes in both cattle and tsetse flies, the detection of any 

Trypanosoma infections in goats using a PCR assay targeting the ITS gene was 

consistently negative. In a study done by Simukoko et al. (2007), to determine the 

significance of goats, cattle and pigs in AAT epidemiology on the eastern plateau of eastern 

Zambia, no AAT infection was found in goats by parasitological analysis. However, 3.3% 

AAT prevalence was determined in goats using the molecular analysis, with T. congolense 

being the predominant species. They concluded that molecular analysis was a better 

diagnostic tool in detecting trypanosomes. Simukoko et al. (2007), also observed that when 

the majority of livestock present in an area is cattle, then tsetse flies will be more attracted 

to feed on cattle than other small ruminants. Thus, infections rates are likely to be higher in 

cattle than small ruminants such as goats.  

4.3.1 Detection of trypanosomes in goats using CATL qPCR assays 

Research on AAT occurrence and prevalence in goats in NKZN is limited, however, a study 

by Ng’ayo et al. (2005) on natural Trypanosoma infections in small ruminants have shown 

that goats can be potential reservoirs of infections to other domesticated animals. In the 
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present study, the BCT and the ITS PCR assay failed to identify trypanosome infections in 

goats. However, screening using the CATL qPCR assays detected T. congolense infections 

in 9 of 39 goat samples. None of the goats tested positive for T. theileri and/or T. brucei. 

The current study reports the first time on the molecular diagnosis of Trypanosoma 

infections in goats in NKZN. The identification of 23.1% of T. congolense infections could 

suggest that goats have a potential role to play in the maintenance and spread of 

Trypanosoma infections. Highly sensitive tools such as the CATL qPCR assays should, 

therefore, be applied to further assess trypanosome infections in goats using a much larger 

sample size.  

The detection of Trypanosoma infections in goats using qPCR assays indicates the superior 

sensitivity of qPCR over conventional parasitological techniques and conventional PCR 

assays. The observed high Ct values are indicative of low parasitaemia, which explains why 

these parasites could not be detected using BCT and ITS PCR. Low parasitaemia of 

trypanosomes in goats was observed in a molecular diagnostics study in Zambia (Musinguzi 

et al., 2016). The study used PCR assays that targeted the ITS1 gene and the CATL gene 

of T. vivax isolates, and recorded no significant differences in the PCV values of the 

Trypanosoma infected and non-infected goats. It was concluded that AAT in goats does not 

usually show clinical signs (Musinguzi et al., 2016).  

Goats from the three areas sampled, freely graze closer to Hluhluwe-uMfolozi game reserve 

which increases interactions with tsetse flies. In spite of this exposure, Trypanosoma 

infections in goats have been shown to be less virulent than in cattle (Mahmoud and Elmalik, 

1977). The study by Mahmoud and Elmalik, (1977) showed goats, experimentally infected 

with T. congolense, recovered from chronic infections, yet calves experimentally infected 

with the same T. congolense, died from trypanosomosis infections. However, the presence 

of trypanosomes should not be overlooked since trypanosomes coupled together with other 

constraining factors such as poor nutrition, helminth infections, can cause serious chronic 

infections in goats.  

The probability of more Trypanosoma species circulating in goats in NKZN cannot be ruled 

out as only a few goats’ samples were screened by the qPCR. Several studies have shown 

goats can be naturally infected with T. brucei (Osaer et al., 1999; Nyimba et al., 2015; 

N'Djetchi et al., 2017), Trypanosoma cruzi (Herrera et al., 2005), T. vivax (Pereira de 

Almeida et al., 1998; N'Djetchi et al., 2017), T. evansi (Boid et al., 1981; Pereira de Almeida 

et al., 1998), Trypanosoma theodori and Trypanosoma uniforme (Hoare, 1972; Smith and 
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Sherman, 1994). In NKZN, goats are likely to be naturally infected with T. congolense, T. 

vivax and possibly T. brucei as these are the major trypanosomes reported in the area. 

  

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



 

56 
 

CHAPTER 5 

CONCLUSIONS 

Findings from the molecular and parasitological survey of African animal trypanosomosis 

(AAT) in goats and cattle showed the pathogenic Trypanosoma congolense is prevalent at 

the three diptanks sampled in northern KwaZulu-Natal (NKZN). This finding confirms the 

results of previous studies that observed T. congolense as the major pathogenic 

trypanosome in the region. Although Trypanosoma brucei was reported in the survey, these 

samples were considered suspect positive samples due to their low parasitaemia and 

scarcity of the parasite in NKZN. Trypanosoma vivax was not detected in this study, which 

confirms its low occurrence in the region.  

Comparison of the three diagnostic tools used in the survey revealed that there was no 

significant difference in infection rates detected by both the internal transcribed spacer (ITS) 

polymerase chain reaction (PCR) and by the buffy coat technique (BCT). However, the ITS 

quantitative real-time PCR (qPCR) assay proved to be a better diagnostic tool in detecting 

trypanosomes than the ITS PCR and BCT, showing higher sensitivity of real-time PCR 

assays. 

The three TaqMan minor groove binder (MGB™) qPCR assays that were designed to target 

the cathepsin L-like (CATL) gene of T. congolense, Trypanosoma theileri and T. brucei, 

successfully amplified DNA of their respective target trypanosomes. The assays also 

reported the first molecular diagnosis of T. congolense in goats, in South Africa. This finding 

suggests that goats contribute in maintaining and spreading Trypanosoma infections to 

other livestock. The assays further illustrated the presence of the non-pathogenic T. theileri 

in most of the cattle samples that were previously described as T. brucei positive by the ITS 

qPCR. However, the CATL qPCR assays were unable to detect a few T. brucei ITS qPCR 

positive field samples. Further work should, therefore, be done for a definitive diagnosis of 

these suspect positive samples.  

The CATL qPCR assays showed better detection of trypanosomes in the cattle and goats’ 

field samples, than the ITS qPCR assay, ITS PCR and BCT. However, further work is 

required in order to validate the assays for diagnostic purposes, and it would also be 

interesting to evaluate the CATL qPCR assays in duplex or multiplex format. Highly 
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sensitive diagnostics tools, such as real-time PCR assays, should be used in AAT studies 

for better understanding of the disease status, and should be used to gather deeper 

knowledge on Trypanosoma diversity in South Africa. Integrated control strategies that also 

target trypanosomes in small ruminants should be implemented to control AAT in NKZN. 
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