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THESIS SUMMARY 

Epidemiology and tick-borne haemoparasite diversity amongst transhumant 

Zebu cattle in Karamoja region, Uganda 

 

 

Candidate: Dr Charles Byaruhanga 

Supervisor: Prof Marinda Oosthuizen 

Co-supervisors: Prof Darryn Knobel and Dr Nicola Collins 

Department: Veterinary Tropical Diseases 

Degree: PhD 

 

 

This study was conducted to understand the occurrence, diversity and epidemiology of tick-

borne diseases (TBDs) in a transhumant pastoral area of Karamoja Region, Uganda. We used 

participatory epidemiology (PE), involving focus group discussions (n = 24) with livestock 

keepers, 30 key informant interviews, review of previous surveillance data, clinical 

examinations, and laboratory confirmation of cases of TBDs, to define and prioritise cattle 

diseases, evaluate current control activities, and identify constraints to the control of TBDs. 

The livestock keepers regarded TBDs, particularly East Coast fever (ECF) and anaplasmosis, as 

the most important health problems in their cattle, based on morbidity and mortality rates, 

rates of transmission, treatment costs, difficulty in accessing the correct treatment, difficulty 

to control, and inadequate knowledge to manage the diseases. The main constraints to the 

control of TBDs were inadequate knowledge, inadequate veterinary services and limited 

availability of drugs. Hand picking of ticks was done by all pastoralists while hand spraying 

was done with under-strength acaricides, often at irregular intervals and with little acaricide 

wash. We determined the endemic status of TBDs in 20 randomly-selected cattle herds by 

estimating the proportion of annual ECF and anaplasmosis cases in different age groups of 

cattle using participatory approaches and clinical examinations, determining the diversity and 

abundance of ticks (161 cattle in 20 herds), and establishing the seroprevalence of antibodies 
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to Theileria parva and Anaplasma marginale among cattle (n = 397 in 20 herds). Clinical 

examinations and informant interviews showed that TBDs affected all age groups of cattle. 

Two-thirds of the cattle were infested with moderate (37.3%, 11-50 ticks) to abundant (28.6%, 

> 50 ticks) numbers of ticks. Out of the 10,923 ticks collected, Rhipicephalus appendiculatus 

(54.4%) was the most abundant species followed by R. decoloratus (17.7%), Amblyomma 

variegatum (12%) and A. lepidum (11.6%). We collected tick species that are either rare in 

Uganda (A. lepidum, Hyalomma truncatum, A. gemma) or were not known to be present in 

the country (R. pulchellus). The true seroprevalence of antibodies to A. marginale was high 

(95.1%, 95% confidence interval [CI] 91.3% - 98.5%), while that of T. parva was low (16.5%, 

95% CI 12.9% - 19.6%). We determined the presence of tick-borne haemoparasites among 

cattle and the prevalence of infections using reverse line blot (RLB) hybridisation and 

quantitative real-time polymerase chain reaction (qPCR), and characterised Theileria and 

Babesia species by sequence and phylogenetic analyses of the full-length 18S rRNA gene. The 

RLB hybridisation assay demonstrated the presence of tick-borne haemoparasites in most 

cattle (99.6%), mostly as mixed infections (97.5%). The most frequently-detected species 

were Theileria mutans (88.3%, 95% CI: 84.6-92.1%), A. marginale (73.8%: 68.3-79.2%), T. 

velifera (71.3%: 65.8-76.7%) and Anaplasma sp. Omatjenne (63.3%: 57.5-68.8%). Other 

virulent pathogens, namely Babesia bigemina (5.0%) and T. parva (2.9%), were also detected 

with RLB, but Ehrlichia ruminantium was not detected. The proportions of qPCR positive 

samples were 82.9% (A. marginale), 12.1% (A. centrale), 3.3% (T. parva), and 1.7% (E. 

ruminantium). Variations (5 to 9 nucleotides) in the 18S rRNA gene sequences of B. bigemina 

were identified as compared with previously published sequences. We assessed the 16S rRNA 

gene phylogeny of Anaplasma species from cattle and analysed the msp1α gene sequences 

of A. marginale to identify genotypes. There was genetic heterogeneity within A. marginale 

in cattle in the study area. Most A. marginale sequences (16/19) were closely related (99-

100% identities) and clustered with A. marginale strain Veld from cattle in South Africa, with 

strong bootstrap support, while three sequences clustered (100% identity) with A. marginale 

strain from Virginia, USA. The A. centrale sequences were closely related (100% identity) and 

clustered with the Israel vaccine strain. We found four different kinds of MSP1a tandem 

repeat sequences (UP39-F-M2-3) that correspond to one A. marginale strain unique to 

Uganda. One tandem repeat (UP39) was unique to Karamoja cattle. The findings from this 
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study provide knowledge on the diversity and epidemiology of TBDs, which can be used to 

support diagnosis and strategic control of TBDs, and consequently improve cattle productivity 

and the livelihoods of pastoralists. More effective control and prevention measures against 

ticks and TBDs should urgently be implemented in the region. There is need to facilitate and 

promote immunisation of cattle against ECF. Given the scarcity of veterinarians in the region, 

the activities of community-based animal health workers [CAHWs] should be strengthened. 

The local governments in Karamoja Region should facilitate a more favourable business 

environment to attract private companies, who could scale-up veterinary drug supplies to the 

region. Pastoralists should be sensitised to improve their ecological knowledge of the 

seasonal activity of ticks for strategic tick control.  
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 CHAPTER 1 

1. General Introduction 

1.1 Background 

Livestock are the main source of wealth for pastoralists in eastern Africa, in addition to their 

social and cultural functions (Onono et al., 2015). However, tick-borne diseases (TBDs) inflict 

substantial economic losses on livestock production and resource use, thereby impacting the 

livelihoods of pastoralists (Kivaria, 2006; Ocaido et al., 2009a; Marcellino et al., 2011; Kasozi 

et al., 2014; Laisser et al., 2015). Losses directly attributed to TBDs include mortality, 

production losses, and costs of diagnosis, treatment and tick control (Kivaria, 2006; Jonsson 

et al., 2008; Ocaido et al., 2009a). In Tanzania, for example, the total annual national loss due 

to TBDs was estimated to be US $364 million, including an estimated mortality of 1.3 million 

cattle (Kivaria, 2006). In Uganda, 75.4% of losses in cattle were attributable to ticks and TBDs 

(Ocaido et al., 2009b), and the costs for controlling ticks and TBDs in cattle constituted 86% 

of the total disease control costs (Ocaido et al., 2009a). Tick-borne diseases also constrain the 

improvement of the local breeds of cattle in Africa because of the high levels of mortality in 

exotic (Bos taurus) and crossbred cattle (Uilenberg, 1995; Minjauw and McLeod, 2003; 

Muhanguzi et al., 2010b). The most important TBDs that affect cattle in eastern Africa are 

theileriosis, anaplasmosis, babesiosis and ehrlichiosis (Kivaria, 2006; Gachohi et al., 2010; 

Kasozi et al., 2014; Laisser et al., 2015).  

 

Theileriosis is caused by parasites of the genus Theileria, which are obligate intracellular 

protozoa that belong to the phylum Apicomplexa, order Piroplasmida and family Theileriidae 

(Levine et al., 1980; Norval et al., 1992). The most pathogenic and economically important 

Theileria species in cattle are T. parva and T. annulata (Norval et al., 1992). Benign forms of 

theileriosis are caused by T. mutans, T. taurotragi and T. velifera, which occur mainly in Africa, 

while T. sergenti, T. buffeli and T. orientalis occur worldwide (Uilenberg, 1981). Theileria parva 

causes East Coast fever (ECF), Corridor disease and January disease in eastern, central and 

southern Africa, and is transmitted by the ticks Rhipicephalus appendiculatus, R. zambeziensis 
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and R. duttoni (Lawrence et al., 2004a; Lawrence et al., 2004b). In eastern Africa, T. parva is 

transmitted between infected and susceptible cattle by R. appendiculatus. The infection 

causes an acute, usually fatal lymphoproliferative disease, ECF (Norval et al., 1992; Oura et 

al., 2011; Muhanguzi et al., 2014). The disease is more severe in exotic and crossbred cattle, 

but also in indigenous calves and adult cattle in endemically unstable areas (Perry and Young, 

1995). Cattle often become long-term asymptomatic carriers of T. parva following treatment 

or spontaneous recovery, thereby maintaining the parasite population (Dolan, 1986; Kariuki 

et al., 1995; Kabi et al., 2014).  

 

The genus Anaplasma (phylum Proteobacteria, order Rickettsiales, family Anaplasmataceae) 

contains obligate intracellular organisms that include pathogens of ruminants: Anaplasma 

marginale (the type species), A. marginale subsp. centrale, A. bovis and A. ovis (Dumler et al., 

2001; Aubry and Geale, 2011). Anaplasma marginale subsp. centrale is usually considered a 

separate species and referred to as A. centrale. Also included in the genus Anaplasma are A. 

phagocytophilum, which infects a wide range of hosts including humans, rodents, birds, dogs 

and ruminants (Dumler et al., 2001; Hoar et al., 2008; Yang et al., 2013), and A. platys, which 

infects dogs (Dumler et al., 2001). Anaplasma marginale, a gram-negative intra-erythrocytic 

rickettsia, is the main cause of anaplasmosis in cattle (Theiler, 1910; Dumler et al., 2001), and 

is endemic across much of the globe in tropical and subtropical regions (Kocan et al., 2010). 

Bovine anaplasmosis is a haemolytic disease that results in considerable economic losses to 

both dairy and beef industries (Kocan et al., 2010). Anaplasma marginale can be transmitted 

biologically by ticks, mechanically by haematophagous arthropods or infected blood in 

fomites, and transplacentally from dams to calves (Aubry and Geale, 2011). Infected cattle 

often remain persistently infected (life-long carriers) regardless of the disease state (Richey 

and Palmer, 1990; Radostitis et al., 2007; Aubry and Geale, 2011). Although the carrier status 

provides immunity to clinical disease, it is a source of infection for naïve cattle (Kocan et al., 

2010). All cattle are susceptible to infection, but those over two years of age exhibit severe 

disease with mortality risks of 29% to 49% (Aubry and Geale, 2011). Anaplasma centrale 

(Theiler, 1911) is a less pathogenic organism, and is used as a live vaccine in Israel, South 

Africa, Australia and South America to provide a certain degree of protection against A. 

marginale (Aubry and Geale, 2011). In eastern Africa, A. marginale is transmitted mainly by 
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the tick Rhipicephalus decoloratus (Chenyambuga et al., 2010; Magona et al., 2011a; Magona 

et al., 2011b). Previous studies in Uganda show that A. marginale is distributed in various 

parts of the country (Oura et al., 2004; Kabi et al., 2008; Muhanguzi et al., 2010a; Magona et 

al., 2011a; Magona et al., 2011b). World strains of A. marginale which vary in genotype, 

antigenic composition, morphology and infectivity for ticks have been identified using the 

major surface protein 1a (msp1α) gene of the pathogen (de la Fuente et al., 2007; Cabezas-

Cruz et al., 2013; Pohl et al., 2013; Mutshembele et al., 2014; Silva et al., 2015). Anaplasma 

marginale surface protein 1a (MSP1a) is a model molecule for classification studies because 

it serves as a marker for strain identity. The molecule is both an adhesin necessary for 

infection of cells and an immune-reactive protein, and is also an indicator of the evolution of 

strain diversity (Cabezas-Cruz and de la Fuente, 2015).   

 

The genus Ehrlichia (phylum Proteobacteria, order Rickettsiales, family Anaplasmataceae) 

includes the obligate rickettsial intracellular pathogen E. ruminantium (formerly Cowdria 

ruminantium) that causes heartwater or cowdriosis in some wild, and all domestic, ruminants 

(Allsopp, 2010). The disease is also a potential emerging zoonosis (Allsopp et al., 2005). The 

genus also includes E. canis and E. chaffeensis, which mainly affect canids and humans, 

respectively, producing a monocytic ehrlichiosis or subclinical infections (Dumler et al., 2001). 

Other Ehrlichia species are E. ewingi, E. muris and E. ovina (Allsopp et al., 2004). Heartwater 

is severe in small ruminants, exotic breeds of cattle, and stressed or naïve local cattle 

(Minjauw and McLeod, 2003). The disease is endemic to all of sub-Saharan Africa and several 

islands in the Caribbean (Maillard and Maillard, 1998; Molia et al., 2008), where it poses a 

threat of spread to the American mainland (Burridge et al., 2002). Ten species of Amblyomma 

ticks are capable of transmitting E. ruminantium in Africa (Allsopp et al., 2004), the most 

important being A. variegatum and A. hebraeum (Bezuidenhout, 1987; Walker and Olwage, 

1987). Amblyomma variegatum is reportedly the tick vector for heartwater in Uganda 

(Magona et al., 2011b; Nakao et al., 2012).  

 

Babesiosis is caused by obligate intra-erythrocytic and generally host-specific protozoan 

parasites of the genus Babesia, which belongs to phylum Apicomplexa, order Piroplasmida 

and family Babesiidae (De Vos et al., 2004). The parasites infect a wide range of domestic and 
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wild animals, and occasionally humans (Bock et al., 2004). In cattle, babesiosis (also known as 

redwater) is an acute haemolytic and economically important disease, which is distributed 

across the globe (Suarez and Noh, 2011). The disease is more severe in exotic breeds of cattle, 

but also occurs in local cattle in endemically unstable situations. Breeds of cattle that are 

indigenous to Babesia-endemic regions often have a certain degree of natural resistance to 

babesiosis and the consequences of infection are not as serious as when exotic Bos taurus 

breeds are involved. In addition, in tropical areas with a higher vector population, natural 

exposure usually occurs at an early age and cattle are therefore immune to subsequent 

challenge as adults (Bock et al., 2004). Animals that recover from babesiosis often become 

persistent carriers of the infection (Suarez and Noh, 2011). The causes of babesiosis in cattle 

are B. bovis, B. bigemina, B. divergens, B. ovata and B. major (Suarez and Noh, 2011). In Africa, 

the two most important species in cattle are B. bigemina and B. bovis, transmitted mainly by 

Rhipicephalus (Boophilus) ticks (Bock et al., 2004). Rhipicephalus microplus is the most 

important and widespread vector, and in some parts, the tick displaces R. decoloratus, while 

R. annulatus occurs in northern Africa (Bock et al., 2004). Babesia bovis is more virulent than 

B. bigemina; however, B. bigemina is more widespread because of the ability of R. decoloratus 

and R. evertsi evertsi to act as vectors (Friedhoff, 1988). Bovine babesiosis is endemic in 

Uganda, and is reportedly caused by B. bigemina and transmitted by R. decoloratus and R. 

evertsi evertsi (Rubaire-Akiiki et al., 2004; Oura et al., 2004; Kabi et al., 2008; Magona et al., 

2011b).  

 

Transhumant pastoralism is an adaptive strategy to raise livestock in environments 

characterised by spatially and temporarily variable pasture and water conditions, and disease 

hazards (Lengoiboni et al., 2010; Ayantunde et al., 2014; Egeru et al., 2014). The practice is a 

key coping mechanism for pastoralists to avoid cattle loss and ensure livestock productivity. 

Because they live in climates that can hardly support cropping, mobile pastoralists depend on 

livestock as the main source of livelihood (Anderson and Robinson, 2009; Lengoiboni et al., 

2010; Mubiru, 2010; Kipronoh et al., 2011). The cattle population in the Karamoja Region of 

north-eastern Uganda makes up a relatively large percentage (19.76%) of the country’s total 

cattle population of 11,408,750 (MAAIF, 2011). Cattle in Karamoja Region are of the short-

horned East African zebu type (Bos indicus) (Anderson and Robinson, 2009). The region is a 
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potential source of beef for Uganda and neighbouring countries (Anderson and Robinson, 

2009). The Karamojong often migrate with their animals in search of forage and water, as a 

result of unpredictable rainfall and frequent droughts (Akabwai and Ateyo, 2007; Egeru et al., 

2014). 

 

1.2 Problem Statement and Justification 

Livestock diseases are major factors that affect animal production in the Karamoja Region 

(Jost et al., 1998; Anderson and Robinson, 2009; IICD, 2010). Cattle diseases have increased 

in the past decades resulting in high mortalities and reduced herd sizes (Anderson and 

Robinson, 2009; IICD, 2010; FAO, 2013). In Karamoja, cattle are grazed extensively on 

communal land (Anderson and Robinson, 2009), which regularly exposes the animals to ticks 

and the infections they transmit (Gachohi et al., 2012). Given the impact of TBDs in pastoral 

areas, there is need to understand the occurrence, diversity and epidemiology of TBDs, in 

order to predict disease outbreaks, develop effective control strategies, and increase livestock 

productivity. However, there is limited data from systematic studies on the situation of TBDs 

in Karamoja Region.  

 

Participatory epidemiology (PE) involves the use of participatory approaches and methods, 

with the involvement of communities, in defining and prioritising veterinary-related 

problems, and in the development of solutions to service delivery, disease control or 

surveillance (Catley et al., 2012). Pastoralist communities in Africa, including Karamoja 

Region, live in some of the most underdeveloped and drought-prone environments in the 

world. In these areas, basic information on the epidemiology of important livestock diseases 

is limited. Epidemiological research and disease surveillance in pastoralist areas is difficult 

because human populations are relatively small and highly mobile, and they move their 

livestock across large areas with few roads or means of modern communication (Catley, 

2006). In these situations, conventional approaches to research and disease surveillance 

require considerable flexibility, commitment and resources. However, government veterinary 

services are poorly funded and veterinarians tend not to work in remote, underdeveloped 

and insecure areas. Given the resource and logistical constraints in pastotalist areas, 
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pastoralists themselves are a valuable source of disease information (Catley, 2006; Catley et 

al., 2012). Research using participatory methods has led to a better understanding the 

indigenous technical knowledge developed over many years by rural communities, according 

to local environmental and socio-cultural conditions (Catley et al., 2012). This indigenous 

knowledge could make important intellectual contributions to development.  

 

In recent years, PE methods have been adapted by epidemiologists to improve understanding 

of livestock diseases and impact on pastoralists’ livelihoods, for example in Ethiopia and South 

Sudan (Malak et al., 2012; Catley et al., 2014). Participatory epidemiology provides a relatively 

cheap and rapid way to generate information by making best use of local knowledge and 

experience (Malak et al., 2012; Catley et al., 2014). A previous study showed that there is a 

good agreement between pastoralists’ and veterinarians’ disease names and diagnostic 

criteria, showing that pastoralists have a strong ability to diagnose important livestock 

diseases based on clinical and post-mortem information (Catley, 2006). In Karamoja, 

communities are clustered in manyattas where groups of cattle keepers have similar social, 

economic and political objectives, and manage and share resources (including animals, water 

and grazing) together. In such settings, any discussion on livestock is a concern for groups of 

cattle keepers, with consent of the manyatta leader, rather than individuals. When using 

conventional questionnaires in interviews, local people answer questions posed by outsiders, 

which may be of limited interest to them. In contrast, PE methods seem to offer lower risk of 

informants consciously offering incorrect or misleading information because the topic under 

discussion is often a local priority (Catley et al., 2012). 

  

A more valid approach to epidemiological research requires across-method triangulation 

where two or more different methods are used to study the same or similar research 

question. When PE is used, there is need to validate the knowledge and perceptions of the 

pastoralists by triangulating with the findings from conventional methods of disease 

investigation. Serological methods for the detection of antibodies and tick vector assessment 

can provide reliable evidence of exposure to parasites and the likelihood of animals 

developing immunity to tick-borne infections. Antibody prevalence and other parameters, 

including disease incidence, case-fatality proportion and age group affected in the herd, are 
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indicators of endemic stability (Norval et al., 1992). A state of endemic stability implies an 

ecological balance between cattle, tick, parasite, and the environment where animals are 

infected with tick-borne parasites with little or no morbidity and mortality in the herds (Norval 

et al., 1992; Bock et al., 2004). In pastoral areas of eastern Africa, the use of inappropriate 

practices to control ticks and TBDs is common (Mugisha et al., 2005; Kivaria, 2006; Wesonga 

et al., 2010). This may affect the patterns of exposure to tick-borne infections in cattle and 

the establishment of immunity at individual or herd levels. Consequently, endemic instability 

may occur in indigenous cattle breeds kept by pastoralists (Norval et al., 1992; Perry and 

Young, 1995). It is, therefore, valuable to assess the indicators of endemic stability in the 

pastoral areas so as to predict disease outbreaks and mortalities, and provide biological 

evidence to support decisions around control approaches e.g., dipping, immunisation, 

enhancement of innate resistance or no intervention (Perry and Young, 1995; Kivaria, 2010).  

 

The development of molecular biological techniques with higher degree of sensitivity has 

resulted in improved detection, identification and genetic characterisation of previously 

known and novel tick-borne haemoparasites (Nijhof et al., 2005; Oosthuizen et al., 2008). 

Whereas serological tests detect exposure to infection (and not necessarily current 

infections), molecular diagnostic techniques detect current/active infection as well as carrier 

animals with very low parasitaemias (Bekker et al., 2002; Oosthuizen et al., 2008; Sibeko et 

al., 2008). The comparison of the 18S rRNA gene and 16S rRNA gene sequences has been 

recognised as a powerful and precise method for the classification and determination of the 

phylogenetic relationships of the tick-borne haemoparasites at the family, genus and species 

levels (Dumler et al., 2001; Chaisi et al., 2013). Although MSP1a tandem repeats of A. 

marginale have been assessed from various parts of the world, no data involving cattle in 

Uganda is available. Knowledge about A. marginale strains, in relationship with geographic 

and ecological factors, contributes to the development of effective vaccines for the control of 

bovine anaplasmosis (Cabezas-Cruz and de la Fuente, 2015).  
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1.3 Objectives of the study 

In view of the above, the aim of this study was to determine the epidemiology and diversity 

of tick-borne haemoparasite infections amongst transhumant Zebu cattle in the Karamoja 

Region using PE, serological methods, tick vector assessment and molecular techniques. 

 

The specific objectives were to: 

1. Investigate the management options, relative importance of tick-borne diseases, and 

constraints to control of ticks and TBDs using participatory epidemiology. 

2. Establish the endemic status of T. parva and A. marginale, and tick-species diversity 

among cattle. 

3. Determine the occurrence and level of tick-borne haemoparasite infections, and 

sequence and phylogenetic analyses of the 18S rRNA gene for Theileria and Babesia 

spp.   

4. Characterise Anaplasma spp. using the 16S rRNA gene and sequence analysis of the 

msp1α gene for A. marginale.  

 

1.4 Thesis overview 

Chapter 1: This provides the general introduction and outlines the rationale and objectives of 

the study. 

 

Chapter 2: This provides a detailed review of the literature on livestock production in Uganda, 

transhumant pastoralism and tick-borne haemoparasites of cattle. 

 

Chapter 3: The aim of this chapter was to define and prioritise cattle diseases in the pastoral 

area of Karamoja, Uganda, evaluate current control activities for TBDs, and identify 

constraints to the control of TBDs. Participatory epidemiology was used to gather the herders’ 

perceptions of herd health problems. The informants were also facilitated to find solutions to 

service delivery, disease control and surveillance. Data collection involved focus group 

discussions in settlement areas (manyattas), key informant interviews, direct observation, a 
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review of surveillance data, clinical examination, and laboratory confirmation of cases of 

TBDs.  

 

Chapter 4: Information on the endemic status of tick-borne infections may assist in strategic 

control of TBDs. The indicators of endemic stability include antibody prevalence, disease 

incidence, case-fatality proportion and age groups affected in the herds. In this chapter, we 

evaluated the endemic status of TBDs by estimating the proportion of annual ECF and 

anaplasmosis cases in different age groups of cattle using participatory approaches and 

clinical examinations, determining the diversity and abundance of ticks, and assessing the 

seroprevalence of antibodies to T. parva and A. marginale. 

 

Chapter 5: Molecular biological techniques enable the improved detection, identification and 

genetic characterisation of many parasites. In this chapter, we used the PCR-based reverse 

line blot (RLB) hybridisation assay to determine the occurrence and prevalence of Theileria, 

Babesia, Anaplasma and Ehrlichia species. We used quantitative real-time polymerase chain 

reaction (qPCR) assays for specific detection of A. marginale, A. centrale, T. parva and E. 

ruminantium. The full-length 18S rRNA genes of samples that hybridised to Babesia genus-

specific probes and not Babesia species-specific probes were amplified, cloned and 

sequenced. The 18S rRNA sequences obtained in this study were analysed to determine the 

phylogenetic relationships with known Theileria and Babesia spp. 

 

Chapter 6: From the qPCR results (samples with threshold cycles 25-29), we characterised 

Anaplasma species by sequence analysis of the 16S rRNA gene and genotyped Anaplasma 

marginale using the msp1α gene. The comparison of 16S rRNA gene sequences has been 

recognised as a valuable method for classification and to determine the phylogenetic 

relationships of the organisms in the order Rickettsiales and family Anaplasmataceae. The 

full-length 16S rRNA gene for Anaplasma species was amplified, cloned and sequenced. The 

16S rRNA sequences obtained were analysed to determine the phylogenetic relationships 

with known Anaplasma spp. We also analysed msp1α gene sequences of A. marginale to 

identify tandem repeat structures.  
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Chapter 7: This provides a general discussion, conclusions and recommendations emanating 

from this study. 
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 CHAPTER 2 

2. Literature Review 

2.1 Geographic and climatic characteristics of Uganda 

Uganda is located in East Africa (Figure 2.1), lying astride the Equator, between latitudes 1° 

29'S and 4° 12'N and longitudes 29° 34'W and 35° 0'E (UBOS, 2014). The country has a total 

surface area of 241,550.7 km2 of which 200,523.2 km2 are land; the remainder being open 

water bodies and wetlands (UBOS, 2014). The country is bordered by Kenya to the east, 

Tanzania and Rwanda to the south, South Sudan to the north, and the Democratic Republic 

of Congo to the east (Figure 2.1). Uganda is administratively divided into four regions and 112 

districts. The temperature ranges from 14 to 32°C. Precipitation varies from 750 mm in 

Karamoja in the north-east to 1,500 mm in the high rainfall areas on the shores of Lake 

Victoria, in the highlands around Mountain Elgon in the east, the Rwenzori Mountains in the 

south-west, and some parts of Masindi and Gulu. The altitude above sea level ranges from 

620 metres (Albert Nile) to 5,111 m (Mt. Rwenzori peak) (UBOS, 2014). More than two-thirds 

of the country is a plateau, lying between 1,000 and 2,500 m above sea level (Mwebaze, 

2006). The total human population increased from 24.2 million in 2002 to an estimated 36.6 

million by mid-2014 (projection based on the Census 2002 final results) (UBOS, 2014). The 

vegetation is savannah grassland, woodland, bushland, and tropical rain forest (UBOS, 2014).  
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Figure 2.1: Map of Africa and parts of neighbouring continents showing the location of Uganda 
(indicated by the red marker). Source: www.primeugandasafaris.com 

 

Agriculture is the backbone of Uganda’s economy: 95% of the population farms (crops and/or 

livestock). The agriculture sector contributes about 20.9% of the total gross domestic product 

(GDP) (UBOS, 2014). The country can be conveniently divided into seven broad agro-

ecological zones, which have similar economic and social backgrounds and in which ecological 

conditions (soil types, topography, rainfall), farming systems, and practices are fairly 

homogenous. These are often further split into subzones usually identified by such factors as 

similar crop combinations, size of holdings, and average plot sizes and yields (Mwebaze, 

2006). The seven agro-ecological zones are: 

(i) Banana-coffee system - in this system, rainfall is evenly distributed (1,000 - 1,500 mm) on 

soils of medium to high productivity. Livestock are generally not integrated into the system, 

but dairy cattle are gaining prominence. 

(ii) Banana-millet-cotton system - rainfall for this system is less stable than for the banana-

coffee system, so there is greater reliance on annual food crops (millet, sorghum and maize). 

In the drier areas, livestock production is a main activity. 

(iii) Montane system - this is found at higher elevations of 1,500 - 1,750 m above sea level. 

The area receives high and effective rainfall and cloud cover. High population intensities and 

intensive agriculture are the norm, with small holdings of about 1.5 hectares. Feeding crop 

residues to livestock is a common practice. 
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(iv) Teso system - this area receives bimodal rainfall on sandy-loam soils of low to medium 

fertility. The dry season is longer, from December to March. The zone is characterised by short 

grassland that is ideal for grazing. Mixed agriculture (crops and livestock) is practiced, and 

cultivation by oxen is the main agricultural technology. Livestock are kept extensively in those 

areas that are free of tsetse flies. 

(v) Northern system - the rainfall in this system is less pronouncedly bimodal with about 800 

mm annually. The dry season is so severe that drought tolerant annuals are cultivated. The 

grassland is short and communal grazing abounds. This area is well-known for its pastoral 

system with semi-nomadic cattle herding. 

(vi) West Nile system - the rainfall pattern resembles that of the northern system, with more 

rain at higher altitudes. Mixed cropping is common with a wide variety of crops. The 

vegetation community is moist grassland, and livestock activities are limited by the presence 

of tsetse flies.  

(vii) Pastoral system - this system covers the districts of Karamoja Region in the north-east, 

and parts of western and central districts of Uganda. Annual rainfall is mostly uni-modal and 

low (under 1,000 mm). The system is characterised by short grassland and pastoralism 

prevails with extensive nomadic grazing. 

 

2.2 Livestock production and management practices in Uganda 

In Uganda, livestock production is important for economic development and poverty 

reduction. Livestock and livestock products are a source of income for households and 

provide a source of protein to many families (MAAIF, 2010). Seventy percent of Uganda’s 

households are engaged in some form of livestock rearing (MAAIF, 2011). Households that 

include livestock in their enterprise mix tend to be generally less poor (UBOS, 2007). The 

potential for the export market is high and opportunities exist for the expansion of dairy and 

meat, hides, skins and leather (MAAIF, 2010). However, current production levels in the 

livestock sub-sector can still only meet half the domestic and regional demands. The livestock 

sub-sector is constrained by factors that include: endemic diseases, insufficient research into 

livestock problems and opportunities, and inadequate advisory and veterinary services 

(MAAIF, 2010). The livestock production systems in Uganda are (i) crop-livestock farming, 
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where livestock activity is an integral component of crop production and draught cattle are 

still used; (ii) extensive pastoral system, mainly found in the arid and semi-arid areas of 

Uganda, where pastoralists utilise rangelands that would be unproductive for crop production 

to graze their indigenous breeds of cattle and small ruminants; (iii) and the market-oriented 

system, found mainly in urban and peri-urban areas, where farmers keep a few animals (1-5) 

of improved breeds, mainly for milk production (Nalubwama et al., 2011). In the market-

oriented system, livestock are kept in an intensive manner (e.g. ‘zero grazing’), feeding is 

normally ‘cut and carry’, and some concentrates are given to the cows to improve milk 

production (Nalubwama et al., 2011). The main livestock species in Uganda include cattle, 

sheep, goats, pigs, rabbits, and poultry. Uganda’s populations of cattle, goats, and poultry are 

among the highest in Africa - generally estimated to be in the top quintile (Benson and 

Mugarura, 2013). In 2013, the national livestock population was estimated at 13.02 million 

cattle, 14.6 million goats, 3.9 million sheep, 3.7 million pigs, and 43.2 million for poultry 

(UBOS, 2014). There were 12,187,100 indigenous cattle (93.6%) compared with 798,920 

(6.4%) exotic ones in 2013 (UBOS, 2014). There has been a significant increase in the national 

cattle population, which stood at 7.5 million in 2005 (UBOS, 2006). Beef and dairy cattle are 

identified as priority agricultural commodities for the country (Benson and Mugarura, 2013). 

Pastoralists and communal grazers hold about 95% of all the cattle. Therefore, most of the 

contribution of the livestock sector to GDP is accounted for by pastoralists (MAAIF, 2010). The 

Agriculture Sector Development Strategy and Investment Plan (ASDSIP) emphasises the need 

to increase intervention in pastoral areas of Uganda so as to increase production and 

productivity of pastoral activities, and to improve food security and household incomes in a 

sustainable and predictable way (MAAIF, 2010). 

 

2.3 Transhumant pastoralism  

Transhumance can be defined as a livestock production system characterised by varying 

degrees of seasonal and cyclical movement of pastoralists and livestock, between 

complementary ecological areas. The major drivers of transhumant pastoralism are drought 

conditions, which result from climatic variability, and consequent seasonal pasture and water 

scarcity, and animal diseases. The practice is therefore a key coping mechanism for 

pastoralists to avoid loss and ensure livestock productivity (Goldman and Riosmena, 2013; 
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Ayantunde et al., 2014; Egeru et al., 2014). Other factors can be socio-economic in nature: 

land use changes, demographic pressure, and consequent loss of pastureland, social relations 

and networks (Goldman and Riosmena, 2013; Ayantunde et al., 2014; Egeru et al., 2014). 

Mobile livestock herding is common among pastoral groups in eastern Africa including the 

Karamojong of Uganda (Egeru et al., 2014), the Turkana of Kenya (Mathew and Boyd, 2014), 

the Tigray of Ethiopia (Nyssen et al., 2009), and the Maasai of southern Kenya and northern 

Tanzania (Swai et al., 2005). Because they live in climatically marginal environments, mobile 

pastoralists depend on livestock as the only economic activity to sustain livelihoods 

(Ayantunde et al., 2014; Egeru et al., 2014).  

 

2.4 Karamoja Region and livestock production  

Karamoja Region is located in north-eastern Uganda (Figure 2.2), bordered by Kenya to the 

east and South Sudan to the north (Anderson and Robinson, 2009). Currently, the region 

comprises seven districts: Abim, Amudat, Kaabong, Kotido, Moroto, Nakapiripirit, and Napak. 

Each district is, in turn, divided into sub-counties containing a number of parishes and smaller 

settlement areas or manyattas (Mubiru, 2010). The semi-arid region of Karamoja is home to 

multiple ethnic and territorial groups: the Dodoth, Nyangia, Napore and Ik in the North, the 

Jie and Tobur, or Acholi Labwor, in the central region, and the Bokora, Matheniko, Pian and 

the Tepeth in the South (Akabwai and Ateyo, 2007). Due to insecurity from cattle raids, many 

communities are clustered in manyattas to ensure security of person and property (Mubiru, 

2010). However, the on-going disarmament exercise has brought relative stability to the 

region. Karamoja covers 27,511 Km2 (about 10% of Uganda) and has a human population of 

approximately 1,455,200 (UBOS, 2014). The region is the least socially and economically 

developed in Uganda, characterised by high poverty rates, drought, poor infrastructure, 

illiteracy, and poor health (Anderson and Robinson, 2009; Mubiru, 2010).  
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Figure 2.2: Map of Uganda showing the location of Karamoja Region.   
              Source: www.wts.edu/stayinformed/view.html?id=1287 
 

The vegetation of Karamoja is savannah covered with seasonal grasses, thorny plants and 

occasional small trees. Thickets and patches of gallery forest are found along seasonal rivers 

(Gradé et al., 2009). The region is characterised by wide plains (1,500 m above sea level). The 

climate is mostly semi-arid characterised by poor rainfall distribution and reliability (uni-

modal rainfall, average 500-600 mm per year), manifested through prolonged dry spells 

(Anderson and Robinson, 2009; FAO, 2013). The dry season typically lasts for seven months 

from September to March (Anderson and Robinson, 2009; Mubiru, 2010). Temperatures 

range from a minimum of 15°C to 18°C to a maximum of 28°C to 32.5°C (Mubiru, 2010). Cycles 

of drought occur in the region and may last 5-15 months, viewed as signs of climate change. 

The change in climate is manifested by less rainfall, changes in rainfall patterns and increases 

in temperature (Anderson and Robinson, 2009; Mubiru, 2010). Due to cycles of drought, 

transhumant pastoralism is the main livestock management system practiced. The mobile 

livestock system is characterised by well-organised mobile herding groups, which traditionally 

move together under the guidance of kraal leaders in search of better grazing and watering 
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areas (Anderson and Robinson, 2009). In the wet season, the livestock enclosures (“kraals”) 

are closer to the permanent settlement zone, taking advantage of temporary pools for 

watering. In the dry season, pastoralists move their animals to neighbouring districts and 

countries in search of pastures and water (Anderson and Robinson, 2009). The livestock 

species kept include cattle, sheep, goats and a few donkeys, camels and poultry. The animals 

are extensively grazed on communal land with no supplementary feeding. In addition to their 

economic importance, cattle are also valued for their social and cultural benefits (Anderson 

and Robinson, 2009). Cattle in Karamoja are of the short-horned East African Zebu breed.  

Zebu cattle (Bos indicus) are the majority of cattle types in Africa (Mwai et al., 2015). These 

cattle, with the characteristic thoracic hump on their shoulders and pendulous dewlap, are 

known to have descended from the secondary cattle domestication in the arid areas of the 

‘Fertile Crescent’ (DAGRIS, 2007). Zebu cattle are known to be better than the humpless cattle 

in regulating body temperature (hence lower body water requirements). They are adapted to 

dry environmental conditions and high temperatures and are known to be more resistant to 

tick infestation than Bos taurus cattle (Mattioli et al., 2000). Their hardened hooves and 

lighter bones enable them to endure long migrations (DAFRIS, 2007). Where appropriate, the 

Karamojong have incorporated crop production as an opportunistic strategy to complement 

livestock herding (Mubiru, 2010; Stites and Mitchard, 2011; FAO, 2013). However, the region 

is threatened by cattle losses mainly due to diseases. 

 

2.5 Important tick-borne diseases of livestock in sub-Saharan Africa 

2.5.1 Theileriosis 

2.5.1.1 Aetiology  

Theileriosis is caused by parasites of the genus Theileria which comprises tick-transmitted 

obligate intracellular protozoa of the phylum Apicomplexa, order Piroplasmida and family 

Theileriidae (Adl et al., 2012). Theileria are currently classified in the class Sporozoa, together 

with human pathogens including Plasmodium and Toxoplasma (Bishop et al., 2004). Analysis 

of 18S rRNA gene sequences demonstrates that the genus Theileria is phylogenetically most 

closely related to Babesia (Bishop et al., 2004). The parasites affect a wide range of mammals, 

including domestic and wild ruminants, in tropical and subtropical regions, causing diseases 
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with varying degrees of severity (Sivakumar et al., 2014). Theileria parasites can be broadly 

categorised into two groups, based on the parasites’ ability to transform host leukocytes in a 

way that enables the infected cells to proliferate indefinitely along with the parasites 

occupying them: transforming (Theileria parva, T. annulata, T. lestoquardi, and T. taurotragi) 

and non-transforming (T. orientalis, T. mutans, T. velifera, T. cervi) (Sivakumar et al., 2014). A 

recent study added Theileria sp. (buffalo), a benign Theileria parasite in African buffaloes, to 

the list of transforming parasite species (Chaisi et al., 2011). The taxonomy of the benign 

Theileria sergenti/buffeli/orientalis group of non-transforming Theileria parasites is 

controversial and has been debated for many years. Theileria sergenti is an invalid name 

taxonomically as it has been used to previously describe a parasite of sheep (Morel and 

Uilenberg, 1981). It was therefore concluded that T. sergenti is not an appropriate name for 

the T. sergenti/buffeli/orientalis group of parasites, and the name for this group should be 

either T. orientalis or T. buffeli (Morel and Uilenberg, 1981). However, in 1985 it was 

suggested that members of this group of Theileria parasites were the same species, based on 

serological and morphological identities, and it was proposed that the name T. orientalis 

should be used for the group (Uilenberg, 1985). Other studies suggested that T. sergenti 

should be separated from T. buffeli and T. orientalis on the basis of their serological 

differences and differences in transmissibility (Fujisaki, 1992; Kawazu et al., 1992). Recently, 

nucleotide sequencing of SSU rRNA and major piroplasm surface protein (MPSP) genes 

revealed the presence of four Theileria genotypes: T. orientalis (buffeli), T. orientalis (Ikeda), 

T. orientalis (Chitose) and T. orientalis type 4 (MPSP) or type c (SSU rRNA) (Kamau et al., 2011).  

 

Theileria parasites are transmitted transstadially by two-or three-host ixodid ticks, and the 

diseases they cause are among the most serious constraints to livestock production 

(Lawrence et al., 2004b). Cattle are particularly susceptible to Theileria, and the two most 

important species are T. parva and T. annulata (Norval et al., 1992b).  

 

Theileria parva, considered to have originated from African buffalo (Syncerus caffer), is the 

most pathogenic and economically significant Theileria spp.in eastern, central and southern 

Africa where it causes East Coast fever (ECF), Corridor disease and January disease in cattle 

(Norval et al., 1992b). Theileria parva was also found to infect waterbuck (Kobus defessa) 
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under natural conditions, and the Asiatic buffalo (Bubalus bubalis) under experimental 

conditions (Lawrence et al., 2004b). Theileria annulata, which originated from water buffaloes 

(Bubalus bubalis), occurs in northern Africa, southern Europe, and western, southern and 

eastern Asia, and causes tropical theileriosis (also called Mediterranean theileriosis). Other 

species, T. mutans, T. taurotragi and T. velifera, cause benign theileriosis in cattle in sub-

Saharan Africa, particularly as mixed infections with other tick-borne pathogens (Norval et al., 

1992b). Theileria sergenti (Japan and Korea), T. buffeli (Europe, Asia, Australia, and Africa), 

and T. orientalis (East Asia) also cause theileriosis in cattle. Theileria lestoquardi (Asia and 

northern Africa), T. ovis (Asia), T. separata (Asia) (Bishop et al., 2004), T. uilenbergi, T. 

luwenshuni, and T. capreoli (Ahmed et al., 2006) are infective to small ruminants. The 

distribution of ECF in eastern, central and southern Africa is directly related to the distribution 

of its main tick vector, Rhipicephalus appendiculatus (Norval et al., 1992b; Olwoch et al., 

2008). The disease was also reported in Comoros between 2003 and 2004 for the first time 

(De Deken et al., 2007). The latter incidence was suggested to result from importation of 

immunised cattle from Tanzania, which were fed upon by naïve ticks that subsequently 

transmitted the infection to a susceptible local cattle population (De Deken et al., 2007). 

Previous studies in Uganda showed that the seroprevalences for T. parva infection among 

cattle were 75.5% in Kiruhura District, western Uganda (Chenyambuga et al., 2010), about 

60% in Mbale District, eastern Uganda (Rubaire-Akiiki et al., 2004), 100% in Soroti District, 

eastern Uganda (Kabi et al., 2008), and 93.3% in Sembabule District, central Uganda (Otim et 

al., 2004). Molecular studies were also conducted, and showed prevalences of 24% in 

Mbarara District in western Uganda (Muhanguzi et al., 2010b), 63% around Lake Victoria in 

central Uganda (Oura et al., 2004a), 30% in 10 agro-ecological zones of Uganda (Kabi et al., 

2014), 5.3% in Tororo District in eastern Uganda (Muhanguzi et al., 2014), and 34% on a single 

farm in Kayunga District, central Uganda (Asiimwe et al., 2013). Microscopic examination of 

thin blood smears showed prevalences for T. parva of 47.4% in central and western Uganda 

(Kasozi et al., 2014) and 8.8-25.3% around Lake Mburo National Park in south-western 

Uganda (Ocaido et al., 2009a). Other Theileria species reported in Uganda are T. mutans, T. 

taurotragi and T. velifera (Oura et al., 2004a; Muhanguzi et al., 2010b; Oura et al., 2011b; 

Asiimwe et al., 2013). Muhanguzi et al. (2010b) also reported T. buffeli, Theileria sp. sable, 

Theileria sp. buffalo, and T. bicornis among cattle.  
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2.5.1.2 Transmission  

In the field, T. parva is transmitted cyclopropagatively and transstadially only through the 

medium of the tick vector. When the infected stage of the tick vector attaches to the new 

host, sporogony and maturation of the sporozoites in the salivary glands occur, and 

transmission takes place by the injection of infected saliva. The tick loses its theilerial infection 

after having transmitted it. The infection does not persist to the post-transmission stage, let 

alone the next generation (Uilenberg, 2006). East Coast fever and January disease are caused 

by cattle-derived T. parva, transmitted from sick and recovered carrier cattle to susceptible 

cattle by the three-host brown ear tick R. appendiculatus (Lawrence et al., 2004b; Lawrence 

et al., 2004c). Corridor disease is caused by buffalo-derived T. parva that is transmitted from 

the asymptomatic carrier, African buffalo (Syncerus caffer), to susceptible cattle by R. 

appendiculatus and R. zambeziensis, and possibly by R. duttoni (Lawrence et al., 2004a). 

Theileria annulata is transmitted by several Hyalomma tick species while T. taurotragi is 

transmitted by R. appendiculatus, R. zambesiensis and R. pulchellus ticks (Walker et al., 2013). 

Amblyomma tick species are responsible for the transmission of T. velifera and T. mutans 

(Bishop et al., 2004; Walker et al., 2013) while T. sergenti and T. buffeli are transmitted by 

Haemaphysalis tick species (Bishop et al., 2004). 

 

2.5.1.3 Pathogenesis and clinical signs  

East Coast fever is an acute and often fatal disease of cattle (Norval et al., 1992b). Sporozoites 

from ticks infect both T and B lymphocytes (Baldwin et al., 1988). Rapid multiplication of 

infected T cells is responsible for the pathogenicity of T. parva (Morrison et al., 1996). The 

appearance of parasitised cells in the lymph nodes coincides with the onset of fever, and 

stimulates active lymphoid proliferation and the release of large numbers of infected and 

non-infected lymphoblasts into the efferent lymph (Morrison et al., 1981). After a further 2-

3 days, parasitised and non-parasitised lymphoblasts enter the peripheral circulation. These 

establish in other lymph nodes and lymphoid tissues (thymus and spleen), as well as in many 

parenchymatous organs (Lawrence et al., 2004b). Four to five days after the initial appearance 

of schizonts, the process of lymphocyte proliferation is succeeded by a process of lymphocyte 

destruction, and lymphoid organs and lymphoid foci in parenchymatous organs may show 

evidence of necrosis and depletion of lymphocytes (Emery et al., 1981). Immunosuppression 
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may predispose such animals to secondary respiratory infections which may eventually prove 

fatal (Lawrence et al., 2004b). Lymphocyte disintegration in the lungs results in release of 

vasoactive components (Shitakha et al., 1983), which may be responsible for the pulmonary 

oedema (Lawrence et al., 2004b). In non-fatal cases, development of specific protective 

immune responses terminates schizont proliferation (Emery et al., 1981). A proportion of 

recovered animals remain unthrifty and unproductive, and foci of infected lymphoid cells may 

be found persisting on a variety of organs (Dolan, 1986). The invasion of erythrocytes by 

piroplasms is a striking feature of the disease, but the parasite in this form does not have any 

consistent pathogenic effect. Non-regenerative anaemia and icterus are sometimes described 

in ECF, but no evidence of a haemolytic process has been presented (Lawrence et al., 2004b).  

 

The incubation period of ECF is generally about 15 days from the time of attachment of the 

infected tick, but may range from 8 to 25 days (Jarrett et al., 1969). The clinical signs of the 

disease include fever, respiratory distress, coughing, nasal and lachrymal discharges, 

diarrhoea, petechiation of the visible mucous membranes (especially those beneath the 

tongue and in the vulva) and lymph node enlargement (Irvin and Mwamachi, 1983). The 

disease progresses for a period of 15-25 days. The fever remains high, although in a small 

proportion of cases there may be a temporary remission for one or two days. Appetite and 

rumination become increasingly depressed and there is a severe loss of body condition, 

increasing weakness and ataxia, and frequent recumbency (Lawrence et al., 2004b). 

Constipation is succeeded by diarrhoea and there may be blood and mucus in the faeces. 

Opacity of the cornea may be detected. Pregnant cows may abort (Lawrence et al., 2004b). 

In the terminal stages of the disease, dyspnoea develops with an increased respiratory rate, 

a watery cough and a discharge of frothy fluid from the nostrils. The enlarged superficial 

lymph nodes begin to regress, the rectal temperature falls to subnormal levels, and the animal 

becomes recumbent and dies in a coma (Lawrence et al., 2004b). Death is usually attributed 

to massive effusion of fluids into the respiratory tract resulting in pulmonary oedema (Irvin 

and Mwamachi, 1983). Cattle in endemic or epidemic ECF areas often become long-term 

asymptomatic carriers of T. parva schizonts and piroplasms following treatment or 

spontaneous recovery, thereby maintaining the parasite population (Dolan, 1986; Kariuki et 

al., 1995). Because piroplasms of T. parva undergo only limited replication (Conrad et al., 
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1986), the carrier state probably arises from persistence of small numbers of schizont-

infected lymphoblasts.  

 

Corridor disease is an acute, usually fatal disease of cattle. The pathogenesis and pathology 

of Corridor disease are very similar to those of ECF, although Corridor disease is characterised 

by low schizont parasitosis and piroplasm parasitaemia. The course of the disease is usually 

shorter than ECF, with death occurring only 3-4 days after the onset of first clinical signs 

(Lawrence et al., 2004a). In an outbreak, the mortality rate can exceed 90% (Neitz, 1955; 

Potgieter et al., 1988). The disease is considered self-limiting, because the parasite cannot 

adapt to cattle and usually fails to complete its development as most cattle die before the 

parasite develops to the tick-infective stage, the piroplasm (Neitz, 1955). The buffalo-derived 

T. parva carrier state in cattle is not always continuous, which limits transmission by ticks 

(Norval et al., 1992b; Latif and Hove, 2011). There is no evidence that Corridor disease occurs 

in Uganda. A previous study in and around Lake Mburo National park (LMNP) showed no 

evidence for transmission of buffalo-derived T. parva genotypes to the cattle population 

(Oura et al., 2011b).  

 

January disease is usually a milder form of theileriosis (Lawrence et al., 2004c). The disease 

emerged in Zimbabwe after the eradication of ECF. The name is attributed to the strict 

seasonality of the disease occurrence which is between December and March, coinciding with 

the seasonal activity of the adult tick vector (Matson, 1967). The pathogenesis, pathology and 

clinical signs of January disease are similar to those of ECF (Lawrence et al., 2004c). The 

disease occurs regularly in Zimbabwe, causing a significant number of deaths each year. There 

is no evidence that the disease occurs in Uganda.  

 

2.5.2 Anaplasmosis 

2.5.2.1 Aetiology 

Anaplasmosis is caused by parasites of the genus Anaplasma (phylum Proteobacteria, order 

Rickettsiales, family Anaplasmataceae), which contains obligate intracellular organisms found 

exclusively within membrane-bound vacuoles in the cytoplasm of both vertebrate and 

invertebrate host cells (Dumler et al., 2001). Proteobacteria are a major phylum of Gram-
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negative bacteria (Dumler et al., 2001). Other organisms placed in the family 

Anaplasmataceae, and found within membrane-bound vacuoles are Ehrlichia, Neorickettsia 

and Wolbachia (de la Fuente et al., 2004a). The genus Anaplasma includes pathogens of 

ruminants, namely A. marginale (the type species), A. marginale subsp. centrale (referred to 

as A. centrale), A. bovis (formerly Ehrlichia bovis), and A. ovis. Also included in this genus is A. 

phagocytophilum (previously recognised as E. equi, E. phagocytophila, and the human 

granulocytic ehrlichiosis [HGE] agent), which infects a wide range of hosts including humans, 

rodents, birds, dogs and cattle, and A. platys (formerly E. platys) which infects dogs (Dumler 

et al., 2001). Aegyptianella, which is infective for birds, was tentatively retained as a generic 

name but was designated a genus incertae sedis due to lack of sequence information. Because 

of the similarities (based on 16S rRNA and groEL gene sequences) to the species comprising 

Anaplasma, Aegyptianella pullorum was posited also to belong to the genus (Rikihisa et al., 

2003); however, A. pullorum has yet to be formally re-assigned as a member of the Anaplasma 

genus (Kocan et al., 2010). 

 

Anaplasma marginale is an obligate intra-erythrocytic pathogen that causes bovine 

anaplasmosis, formerly known as gall sickness (Theiler, 1910; Dumler et al., 2001; Kocan et 

al., 2010), and is globally the most prevalent tick-borne pathogen of cattle. The pathogen 

infects erythrocytes and inclusion bodies are found in a marginal position in red blood cells. 

Anaplasma marginale is distributed in tropical and subtropical regions on six continents (de 

la Fuente et al., 2007b; Kocan et al., 2010; Aubry and Geale, 2011). The wide and increasing 

distribution of A. marginale may be due to increased transportation of cattle with subsequent 

mechanical or biological transmission from asymptomatic persistently infected animals to 

susceptible ones (Kocan et al., 2010). Anaplasmosis causes considerable economic losses 

globally to both dairy and beef industries (Kocan et al., 2010). Although clinical disease is most 

notable in cattle, other ruminants including water buffalo, bison, African antelopes, and some 

species of deer can be infected (Aubry and Geale, 2011). The losses due to anaplasmosis in 

cattle include: control and treatment costs, reduced weight gain and milk production, 

abortions, and the disease frequently leads to death (Aubry and Geale, 2011). Anaplasma 

centrale is less pathogenic for cattle than A. marginale, and is only occasionally associated 

with clinical disease (Kocan et al., 2010). The bacterium is found in the erythrocytes of 
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ruminants, mainly cattle, and is distributed worldwide. As opposed to A. marginale, A. 

centrale inclusion bodies occur in the central part of the cell (Theiler, 1911; Dumler et al., 

2001). Anaplasma centrale is presently used as a live vaccine in Israel, Australia, South Africa, 

and South America in order to provide a certain degree of protection against A. marginale 

(Callow and Dalgliesh, 1980; Kocan et al., 2010). Anaplasma ovis, the agent of ovine 

anaplasmosis, may cause mild to severe disease in sheep, deer and goats but is not infectious 

for cattle (Aubry and Geale, 2011). Anaplasma phagocytophilum has been detected in Europe, 

America (North and South), Asia and Africa, but seems to cause tick-borne fever (animals) and 

human granulocytic anaplasmosis in Europe and USA only (Atif, 2015). Evidence suggests that 

subclinical persistent infections of A. phagocytophilum occur in domestic and wild ruminants, 

including white-tailed deer, red deer, and roe deer (Dumler et al., 2001; Polin et al., 2004; de 

la Fuente et al., 2004b). The amino acid sequences of the major surface proteins (MSPs) of A. 

phagocytophilum are similar to those of A. marginale (Aubry and Geale, 2011). Anaplasma 

bovis causes bovine monocytic anaplasmosis, and has been identified in cattle, wildlife and 

ticks, in Asia (Kim et al., 2003; Kawahara et al., 2006; Ooshiro et al., 2008) and Africa 

(Muhanguzi et al., 2010a; Fyumagwa et al., 2013). The species A. phagocytophilum, A. bovis, 

and A. platys invade blood cells other than erythrocytes of their respective mammalian hosts 

(Aubry and Geale, 2011). 

 

In Uganda, the seroprevalences of anaplasmosis among cattle were about 60% in Mbale 

District (Rubaire-Akiiki et al., 2004), 58% in Soroti District (Kabi et al., 2008), and 6.6-14% in 

Tororo and Busia Districts (Magona et al., 2011b) in eastern Uganda. In molecular studies, the 

prevalence of A. marginale was 18% on farms around Lake Victoria, central Uganda (Oura et 

al., 2004a), 8.7% on a single farm in Kayunga District, central Uganda (Asiimwe et al., 2013), 

and 3.7% in Mbarara District, western Uganda (Muhanguzi et al., 2010a). Studies in Uganda 

have also shown other Anaplasma species in cattle as follows: A. centrale, A. bovis, 

Anaplasma sp. Omatjenne, and A. phagocytophilum (Muhanguzi et al., 2010a); A. bovis (Oura 

et al., 2004a; Oura et al., 2011b); and A. centrale and A. bovis (Asiimwe et al., 2013).   
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2.5.2.2 Transmission   

Biological transmission of A. marginale is effected by ticks, and at least 20 species of ticks 

have been reported as vectors worldwide (Kocan et al., 2010). The tick vectors of A. marginale 

include Rhipicephalus (Boophilus) spp., Rhipicephalus spp., Dermacentor spp. and Ixodes 

ricinus (Kocan et al., 2004a). Within the tick, A. marginale replicates both within the gut 

epithelium and the salivary gland acini (Scoles et al., 2005a). Tick transmission can occur from 

one life stage of the tick to another (interstadial or transstadial) or within a stage 

(intrastadial), while transovarial transmission from one tick generation to the next does not 

appear to occur (Stich et al., 1989; Samish et al., 1993). The one-host ticks Rhipicephalus 

(Boophilus) spp. are the most common vectors of Anaplasma spp. in many parts of the world 

(Tay et al., 2014; Castañeda-Ortiz et al., 2015; Pesquera et al., 2015). In Uganda, the tick 

vectors for A. marginale are reportedly R. decoloratus and R. evertsi evertsi (Magona et al., 

2008; Magona et al., 2011a; Magona et al., 2011b). Vector competence for A. marginale may 

vary among or within tick species (Scoles et al., 2005b; Shkap et al., 2009), and among A. 

marginale strains (Ueti et al., 2007; Shkap et al., 2009). Intrastadial transmission of A. 

marginale has been shown to be effected by male ticks. Intrastadial transmissions occur when 

male ticks acquire infection, then detach to search for mates on another animal, during which 

process the pathogen is transmitted from one host to another by the same tick in the same 

stage (Kocan et al., 1992). Once male ticks become infected, they remain carriers for life and 

serve as reservoirs for repetitive transmission of A. marginale when they transfer between 

cattle (Kocan et al., 1992; Palmer et al., 2001). Therefore, infected male ticks may be an 

important mechanism of transmission of A. marginale by one-host ticks including 

Rhipicephalus (Boophilus) spp. and Dermacentor spp. (Kocan et al., 1992). Transmission of A. 

marginale directly from infected to uninfected ticks when they feed together at the same site 

(co-feeding) does not occur (Kocan and de la Fuente, 2003). Mechanical transmission of A. 

marginale occurs when infected blood is transferred to susceptible cattle by bloodsucking 

diptera of the genera Tabanus, Stomoxys, and various mosquito species (Scoles et al., 2005a) 

or blood-contaminated fomites (e.g. needles, dehorning saws, nose tongs, ear tagging 

devices, castration instruments, tattooing equipment) (Reeves and Swift, 1977). In addition 

to biological and mechanical transmission, A. marginale can be transmitted transplacentally 

from cow to calf (Potgieter and van Rensburg, 1987a). Vertical transmission is an important 
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factor in early calf mortality and the occurrence of outbreaks of the disease in growing calves, 

and contributes considerably to the infection of vector ticks and the perpetuation of the 

disease (Kocan et al., 2003). Anaplasma centrale is transmitted by Rhipicephalus simus, a 

strictly African tick species (Potgieter and van Rensburg, 1987b), but also by Ixodes spp. and 

Haemaphysalis spp. (Rymaszewska and Grenda, 2008). A. phagocytophilum is transmitted by 

ticks of the genus Ixodes (Atif, 2015). Other Anaplasma spp. are transmitted by 

Haemaphysalis spp., Rhipicephalus spp., and Ambylomma spp. (A. bovis), Dermacentor spp. 

(A. ovis), and R. sanguineus (A. platys) (Rymaszewska and Grenda, 2008). 

 

2.5.2.3 Pathogenesis and clinical signs  

The reticulated form of Anaplasma in the tick changes into the dense form. Cattle become 

infected with A. marginale when the dense form is transmitted via the salivary glands during 

feeding (Kocan et al., 1992; Ge et al., 1996). A. marginale parasites invade mature 

erythrocytes and replicate intracellularly by binary fission (Palmer et al., 2000). Major surface 

proteins (MSPs) play a crucial role in the interaction of A. marginale with host cells, and 

include adhesion proteins and MSPs from multigene families (Kocan et al., 2010). The 

incubation period of infection (prepatent period) varies with the infective dose and ranges 

from 7 to 60 days, with an average of 28 days (Kocan et al., 2003). During that time, the 

number of infected blood cells increases geometrically (Richey and Palmer, 1990). Depending 

upon the strain of Anaplasma and the susceptibility of the host, from 10% to 90% of the 

erythrocytes may be parasitised in the acute stage of the infection. At least 15% of the 

erythrocytes have to be parasitised before there is clinical disease (Aubry and Geale, 2011). 

During this acute stage of infection, the number of infected erythrocytes may be as high as 

109 cells per millilitre of blood (Palmer et al., 1999). Infected erythrocytes are removed by the 

reticulo-endothelial system by phagocytosis, which leads to anaemia and icterus without 

haemoglobinaemia and haemoglobinuria. The clinical picture of the disease also includes 

fever, anorexia, lethargy, and often death, from severe anaemia, in animals over 2-years old 

(Potgieter and Stoltsz, 2004; Aubry and Geale, 2011). There are increased heart and 

respiratory rates. Erythrocyte count, haemoglobin values, and packed cell volume 

significantly decrease, coincidental with increasing parasitaemia (Potgieter and Stoltsz, 2004). 

Milk production drops in lactating cows and pregnant cows may abort (Aubry and Geale, 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 

 
 
 



CHAPTER 2 

38 

 

2011). Bulls may develop temporary infertility (Potgieter and Stoltsz, 2004). With advanced 

disease, cattle develop gastrointestinal atony, rumen stasis and constipation, which are 

associated with dehydration and weight loss. Some animals may experience neurological 

deficits, which have been attributed to episodes of cerebral anoxia (Potgieter and Stoltsz, 

2004). Regardless of the age of an animal at the time of infection, once cattle become infected 

with A. marginale, they remain persistent carriers for life, whether or not they develop clinical 

disease (Aubry and Geale, 2011). Persistently-infected cattle have cyclic low-level 

rickettsaemia and are reservoirs for mechanical and biological transmission (Aubry and Geale, 

2011). The immune response allows cattle to recover from acute anaplasmosis and to 

maintain persistent infection (Palmer et al., 1989). Due to the removal of infected 

erythrocytes from circulation, and given that the mean lifespan of a bovine red blood cell is 

160 days, new erythrocytes need to be re-infected so as to maintain persistent infection. This 

is accomplished by evasion of the persistently infected carrier’s immune response, followed 

by emergence and replication of antigenic variants of A. marginale (Palmer and Brayton, 

2013). Each cycle reflects the emergence of one or, more commonly, multiple clones that 

express a unique, central hypervariable region (HVR) of major surface protein (MSP) 2 (French 

et al., 1999) and MSP3 (Brayton et al., 2003). The HVR encodes variant B-cell epitopes (French 

et al., 1999). This results in ‘escape variants’ which are not recognised by antibody present at 

the time of emergence (Palmer et al., 2000).  

 

Necropsy findings are predictable from the clinical signs and include severe anaemia, icterus, 

splenomegaly, and hepatomegaly. Petechial haemorrhages are frequently observed on 

serosal surfaces especially over the heart and pericardium; the heart is often pale and flabby 

(Potgieter and Stoltsz, 2004).  

 

Infection by A. bovis can be peracute, acute, sub-acute or chronic (Sreekumar et al., 1996; 

Kawahara et al., 2006). The clinical symptoms include fever of 39 to 41°C, anorexia, dyspnoea, 

sometimes a dry cough, tachycardia, diarrhoea, nervous disorders (hyper-excitability, 

transient paralysis of larynx, epileptic forms and paralysis), incoordination, and enlargement 

of the lymph nodes (Sreekumar et al., 1996; Kawahara et al., 2006). Anaplasmosis caused by 
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A. bovis is rarely reported because it affects the monocytes, which are often overlooked in 

routine field diagnosis (Fyumagwa et al., 2013). 

 

2.5.2.4  Genetic diversity of Anaplasma marginale   

Three out of six major surface proteins (MSPs) - MSP5, MSP4 and MSP1a - have been 

extensively used for the molecular characterisation of A. marginale (Aubry and Geale, 2011). 

The msp5 gene is highly conserved among Anaplasma spp. and therefore can only be used to 

establish that organisms are in the genus Anaplasma, but not for identification of the species. 

Furthermore, MSP5-based serologic tests result in cross-reactions between Anaplasma spp. 

(de la Fuente et al., 2005). However, previous analysis of the msp4 gene from A. marginale 

isolates demonstrated sufficient sequence variation to support its use in phylogeographic 

studies (de la Fuente et al., 2003). Analyses of msp1α (major surface protein 1 alpha) gene 

sequences have allowed the identification of A. marginale strains worldwide (Cabezas-Cruz 

et al., 2013). In the genome of A. marginale, the msp1α is a single copy gene that encodes a 

70-100 kDa protein (MSP1a) which is conserved during acute and persistent rickettsaemia in 

cattle and also during multiplication in ticks (Kocan et al., 2003). MSP1a contains variable 

numbers of 23-31 amino acid serine-rich tandem repeats located in the N-terminal region of 

the protein, which is continuous with a highly conserved C-terminal region and the 5’-UTR 

microsatellite (Allred et al., 1990; Palmer et al., 2001; de la Fuente et al., 2005). Due to its 

diversity, and the fact that the number and sequence of tandem repeats remains the same in 

a given strain, the msp1α gene has been recognised as a stable marker to identify geographic 

strains of A. marginale that differ in biology, protein sequence and antigenicity (de la Fuente 

et al., 2007b; Cabezas-Cruz et al., 2013; Mutshembele et al., 2014; Cabezas-Cruz and de la 

Fuente, 2015; Silva et al., 2015). 

 

Furthermore, MSP1a is an adhesin for bovine erythrocytes and tick cells. The MSP1a tandem 

repeats contain functional domains that bind to bovine erythrocytes and tick cells, and MSP1a 

is therefore a determinant of infection for cattle and transmission of A. marginale by ticks 

(McGarey et al., 1994; de la Fuente et al., 2001; Cabezas-Cruz and de la Fuente, 2015). MSP1a 

is also a good candidate for inclusion in vaccines for the control of anaplasmosis because the 

protein induces strong T cell responses (Brown et al., 2001; Brown et al., 2002). The B-cell 
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epitope within the MSP1a tandem repeat ((Q/E) ASTSS) was recognised by a monoclonal 

antibody that neutralised A. marginale in vitro (Allred et al., 1990). The neutralisation epitope 

was found to be conserved among heterologous A. marginale strains (Palmer et al., 1987). An 

additional linear B-cell epitope (SSAGGQQQESS) is recognised by immunised and protected 

cattle, and is therefore immunodominant (Brown et al., 2002; Garcia-Garcia et al., 2004). 

Recombinant MSP1a has been used in immunisation trials in cattle against A. marginale 

(Almazán et al., 2012; Torina et al., 2014) and laboratory models (Santos et al., 2013; Silvestre 

et al., 2014) and has demonstrated promising results. These results provide fundamental 

information for the design of MSP1a structure-based vaccines, which would be cross-

protective against multiple A. marginale strains, and for the development of serodiagnostic 

methods based on differential B-cell epitopes, for epidemiological characterisation of field 

strains (Cabezas-Cruz et al., 2013).  

 

2.5.3 Heartwater 

2.5.3.1 Aetiology 

Heartwater (cowdriosis) is a rickettsial disease of some wild, and all domestic, ruminants 

caused by Ehrlichia (formerly Cowdria) ruminantium (Dumler et al., 2001). Ehrlichia 

ruminantium is an obligate intracellular bacterium that belongs to the phylum Proteobacteria, 

order Rickettsiales, and family Anaplasmataceae (Dumler et al., 2001). Other species in the 

genus Ehrlichia include E. canis and E. chaffeensis, which mainly affect canids and humans 

respectively producing a monocytic ehrlichiosis or subclinical infections (Dumler et al., 2001), 

and E. ewingi, E. muris and E. ovina (Allsopp et al., 2004). Heartwater is of serious economic 

importance across an area which includes almost all of sub-Saharan Africa as well as 

Madagascar, Mauritius, Reunion, Grande Comore and São Tomé, and several islands in the 

Caribbean (Provost and Bezuidenhout, 1987; Allsopp, 2010). The disease poses a threat of 

spread to the American mainland due to animal movements, and the presence of a 

competent tick vector (Mahan et al., 2000; Burridge et al., 2002). The economic impact of 

heartwater in endemic areas in Africa is difficult to quantify because the definitive diagnosis 

for the disease is not often performed (Allsopp, 2010). However, estimates that have been 

made indicate that losses are enormous, and these include death, decreased meat and milk 

production, unthriftness, decreased draught power and manure, in addition to high cost of 
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control measures (Mukhebi et al., 1999). Approximately 150 million animals are at risk of 

heartwater in sub-Saharan Africa (Allsopp, 2010). Small ruminants are particularly at risk from 

the disease. In susceptible animals in the tropics and subtropics, mortality rates range from 

20% to 90% (Uilenberg, 1983; Allsopp et al., 2004). Heartwater is also a major obstacle to the 

introduction of more productive exotic breeds of ruminants into sub-Saharan Africa to 

upgrade local stock (Kanyari and Kagira, 2000; Allsopp, 2010), and has been suggested to be 

a potential emerging zoonosis (Allsopp et al., 2005). Previous molecular studies in Uganda 

showed low prevalences of E. ruminantium among cattle: 0% on farms around Lake Victoria, 

central Uganda (Oura et al., 2004a), and 4.5% in Mbarara District, western Uganda 

(Muhanguzi et al., 2010a). 

 

2.5.3.2 Transmission 

Ehrlichia ruminantium is transmitted transstadially by three-host ixodid ticks of the genus 

Amblyomma (Allsopp et al., 2004). The distribution of heartwater, therefore, coincides with 

that of the Amblyomma ticks (Walker and Olwage, 1987). Ten Amblyomma spp. that are 

capable of transmitting the organism occur in Africa. The most important vectors are A. 

variegatum and A. hebraeum (Bezuidenhout, 1987; Walker and Olwage, 1987) but A. 

pomposum, A. lepidum, A. astrion, A. cohaerens, A. gemma (Walker and Olwage, 1987) and 

A. marmoreum (Peter et al., 2000) can also be significant vectors. A. variegatum is the most 

significant in Africa because of its wide distribution, close adaptation to domestic ruminants, 

and efficacy as a vector (Walker and Olwage, 1987; Camus and Barré, 1992; Walker et al., 

2013). The tick has been found in the field in various studies in Uganda (Otim et al., 2004; 

Rubaire-Akiiki et al., 2004; Rubaire-Akiiki et al., 2006; Magona et al., 2011a). Ehrlichia 

ruminantium was also demonstrated in A. variegatum ticks from eastern Uganda by PCR 

(Nakao et al., 2012). Adults and nymphs of ticks become infected with E. ruminantium within 

2-4 days of feeding on domestic ruminants (Bezuidenhout, 1988; Camus and Barré, 1992). 

Intrastadial transmission by male A. hebraeum ticks moving from infected to susceptible 

animals also occurs, and this is important in the epidemiology of the disease (Andrew and 

Norval, 1989b). Vertical transmission of heartwater from dams to their calves was 

demonstrated in cattle (Deem et al., 1996b) and in lambs and kids one week old in The Gambia 

(Faburay et al., 2007b). Infected cells in the colostrum are thought to be responsible for 
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vertical transmission (Allsopp et al., 2004). Vertical transmission has an important effect on 

the maintenance of heartwater (Allsopp, 2010). 

 

2.5.3.3 Pathogenesis and clinical signs 

Infection of the vertebrate hosts takes place after two days if nymphs are involved and four 

days in the case of adult ticks (Bezuidenhout, 1987; Kocan et al., 1987). The lifecycle of E. 

ruminantium is characterised by two distinct developmental forms that are found within 

mammalian host cells (Jongejan et al., 1991). Initially, the infectious forms of the bacterium 

(elementary bodies) adhere to host target cells and are internalised. Then, inside 

intracytoplasmic vacuoles, the elementary bodies differentiate into non-infectious reticulate 

bodies, which replicate by binary fission (Prozesky and Du Plessis, 1985; Prozesky et al., 1986). 

After 5 to 6 days of intracellular multiplication, disruption of host cells leads to the release of 

numerous elementary bodies, initiating a new infectious cycle (Allsopp, 2010). Initial 

replication of the organisms takes place in reticulo-endothelial cells and macrophages in the 

regional lymphnodes, after which they are disseminated via the bloodstream and invade 

endothelial cells of blood vessels in various organs and tissues, where further multiplication 

occurs (Allsopp et al., 2004). In domestic ruminants, E. ruminantium most readily infects 

endothelial cells of the brain, and this coincides with the onset of the febrile reaction (Allsopp 

et al., 2004). Increased vascular permeability is responsible for effusion into body cavities and 

tissue oedema, and this is particularly noticeable in the lungs, pericardial sac and pleural 

cavity. Oedema of the brain is responsible for the nervous signs, while hydropericardium 

contributes to cardiac dysfunction during the terminal stages of the disease (Allsopp et al., 

2004). Progressive pulmonary oedema and hydrothorax result in eventual asphyxiation 

(Allsopp et al., 2004). The effusion of fluid into tissues and body cavities also results in a drastic 

reduction in blood volume (Allsopp et al., 2004). 

 

The incubation period of heartwater in susceptible animals is on average less than two weeks 

(Van de Pypekamp and Prozesky, 1987). In a herd or flock, the morbidity and mortality rates 

are influenced by the species, breed and age of the animals affected, the virulence of the E. 

ruminantium stock, the effectiveness of immunisation, tick control and specific chemotherapy 

programmes applied on the farm, and, in some instances, the season (Allsopp et al., 2004). 
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The peracute form of the disease is seen in exotic animals and in 6-to-18 month-old animals 

of different breeds (Allsopp et al., 2004). Peracutely affected animals die within a few hours 

after the initial development of fever, either without any clinical signs having been 

manifested, or having shown terminal, paroxysmal convulsions and marked respiratory 

distress (Allsopp et al., 2004). Acute heartwater is most common and affects cattle between 

the ages of three and 18 months. It is characterised by a fever of 40⁰C or higher, which usually 

persists for 3-6 days, showing only small fluctuations before the body temperature falls to 

subnormal shortly before death (Allsopp et al., 2004). During the later stages of acute 

heartwater, nervous signs occur which range from mild incoordination to pronounced 

convulsions. The animals are hypersensitive to stimuli. They display abnormal gait, show 

constant chewing movements, push against objects, and may wander around aimlessly. In the 

later stages, the animals fall down suddenly and assume a position of lateral recumbency. In 

most cases, the animals weaken rapidly and death usually follows soon after the 

commencement of a convulsive attack (Allsopp et al., 2004). Case fatality rate in adult cattle 

goes up to 82% (Du Plessis and Malan, 1987c). The subacute form of heartwater is 

characterised by a fever which may remain high for 10 days or longer. The clinical signs are 

similar to those described for the acute form of heartwater, but less pronounced (Allsopp et 

al., 2004). 

 

2.5.3.4 Carrier state 

Apparently healthy ruminant hosts carrying E. ruminantium organisms, at very low levels, can 

be infective to ticks for long periods, at least 361 days for cattle (Andrew and Norval, 1989a) 

and 11 months for goats (Allsopp, 2010). This demonstrates the danger that is posed by the 

movement of heartwater carrier animals to areas free of the disease.  

 

2.5.4 Babesiosis  

2.5.4.1 Aetiology 

Babesiosis is caused by obligate intra-erythrocytic and generally host-specific protozoan 

parasites of the genus Babesia, which belongs to the phylum Apicomplexa, order 

Piroplasmida and family Babesiidae (Bock et al., 2004; Adl et al., 2012). Babesia parasites 

infect a wide range of domestic and wild animals and occasionally humans, and are 
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distributed worldwide (Allsopp et al., 1994; Bock et al., 2004; Schnittger et al., 2012). Babesias 

are considered to be the second most commonly-found parasites in the blood of mammals 

after trypanosomes (Schnittger et al., 2012). Bovine babesiosis, or redwater fever, is an 

important disease with an estimated 400 million cattle at risk worldwide (Zintl et al., 2005). 

The costs of bovine babesiosis are connected with mortalities, decreased milk and meat 

production, loss of drought power, abortions, control measures (acaricides, vaccines, and 

therapeutics), as well as losses of production and cattle trade restrictions (Bock et al., 2004; 

Suarez and Noh, 2011; Schnittger et al., 2012).  

 

The most important Babesia species in cattle are B. bovis, B. bigemina and B. divergens, while 

others include B. major, B. ovata, B. occultans, and Babesia sp. Kashi. Babesia ovis and B. 

motasi infect sheep and goats (Bock et al., 2004; Uilenberg, 2006; Schnittger et al., 2012). The 

distribution of Babesia species of cattle includes Africa, Asia, Australia, Central and South 

America, and southern Europe (B. bigemina and B. bovis); north-west Europe, Spain, Great 

Britain, and Ireland (B. divergens); Europe, north-west Africa, and Asia (B. major); and eastern 

Asia (B. ovata). Babesia occultans is distributed in Africa while Babesia sp. Kashi is found in 

China (Bock et al., 2004; Schnittger et al., 2012). Babesia divergens is also important as a 

human pathogen (Uilenberg, 2006; Schnittger et al., 2012). In Africa, the two most important 

species that cause babesiosis in cattle are B. bovis and B. bigemina (De Vos et al., 2004). 

Babesia bovis is classically known as a ‘small’ Babesia measuring up to 2 μm in diameter, while 

B. bigemina is larger and can extend to the full diameter of an erythrocyte (Potgieter, 1977); 

however, large forms of B. bovis are quite common (Potgieter, 1977). In Uganda, cattle are 

reportedly exposed only to B. bigemina (Rubaire-Akiiki et al., 2004; Kabi et al., 2008; Magona 

et al., 2011b). Epidemiological studies on Babesia spp. in Uganda showed that the 

seroconversion rates to B. bigemina were 4.9-16% in Busia and Tororo Districts (Magona et 

al., 2011b), 60% in Mbale District (Rubaire-Akiiki et al., 2004), and 100% in Soroti District (Kabi 

et al., 2008) in eastern Uganda. A molecular study showed a low prevalence (2%) of B. 

bigemina around Lake Victoria, central Uganda (Oura et al., 2004a). The other species of 

Babesia reported in Uganda is B. vogelli (0.6%) in Mbarara District in the western part of the 

country (Muhanguzi et al., 2010b).   
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2.5.4.2 Transmission 

The geographical distribution of Babesia parasites corresponds with that of their tick vectors 

(Suarez and Noh, 2011). In Africa, transmission of B. bigemina and B. bovis is by the ticks 

Rhipicephalus microplus, R. annulatus and R. geigyi. In addition, B. bigemina is transmitted by 

R. decoloratus and R. evertsi evertsi (Büscher, 1988; Bock et al., 2004; Walker et al., 2013). 

Babesia bovis is the more virulent of the two parasites; however, B. bigemina is more 

widespread than B. bovis in Africa because of the ability of both R. decoloratus and R. evertsi 

evertsi to act as vectors (Friedhoff, 1988). In Uganda, B. bigemina is known to be transmitted 

by R. decoloratus and R. evertsi evertsi (Rubaire-Akiiki et al., 2004; Ocaido et al., 2005; 

Rubaire-Akiiki et al., 2006; Magona et al., 2011a). Babesia bovis and B. bigemina exhibit a 

typical apicomplexan life cycle characterised by merogony, gametogony, and sporogony, have 

erythrocytes as the only single cell target in the bovine host, and are transovarially 

transmitted (Mehlhorn and Schein, 1985; Hunfeld et al., 2008; Chauvin et al., 2009). Cattle 

are infected by the injection of sporozoites with saliva of the vector tick. The sporozoites 

invade and replicate inside erythrocytes (Uilenberg, 2006; Hutchings et al., 2007; Chauvin et 

al., 2009). In the tick, motile club-shaped kinetes escape into the haemolymph to infect a 

variety of cell types and tissues, including the ovaries (Uilenberg, 2006). In all species, 

sporozoite development usually only begins when the infected tick attaches to the vertebrate 

host (Bock et al., 2004). In B. bigemina, some development takes place in the feeding larvae, 

but infective sporozoites take about nine days to appear and therefore only occur in the 

nymphal and adult stages of the tick (Bock et al., 2004). Transmission of B. bigemina can then 

occur throughout the rest of the nymphal stage and by adult females and males (Bock et al., 

2004).  In the case of B. bovis, the formation of infective sporozoites usually occurs within two 

or three days of larval tick attachment (Bock et al., 2004). Therefore, B. bovis is transmitted 

during the larval stage, and infection does not persist beyond the larval stage (Mahoney and 

Mirre, 1979). Transovarial transmission increases transmission efficiency in the field, when 

only the adult tick feeds on cattle. This transmission is also considered as a major adaptation 

for long-lasting persistence, because some ticks remain infected and infective for several 

generations without needing to again feed on infected animals (Uilenberg, 2006; Chauvin et 

al., 2009). Therefore, Babesia spp. can be considered to be vertically-transmitted parasites 

(Chauvin et al., 2009). In addition, larvae and adult males of Rhipicephalus (Boophilus) spp. 
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are known to migrate from infested to uninfested cattle, and may play a part in the 

transmission of Babesia (Mason and Norval, 1981). The transmission of B. bigemina by R. 

evertsi evertsi is transovarial, and only the nymphal stage infects the bovine host (Büscher, 

1988).  

 

2.5.4.3 Pathogenesis, clinical signs and pathology  

Babesia bovis kills more than half of the susceptible cattle that it infects (Zintl et al., 2005). 

The prepatent period following inoculation of B. bovis by tick larva is generally between six 

and 12 days, with peak parasitaemia and the manifestation of other clinical signs three to five 

days thereafter (Bock et al., 2004). The overproduction of cytokines and other 

pharmacologically active agents during the immune response to B. bovis contributes to 

disease progress (Ahmed, 2002; Bock et al., 2004). However, B. bovis parasitaemia remains 

low (0.2-0.04%) in acutely infected cattle, as infected erythrocytes undergo sequestration by 

attachment to capillary endothelium, resulting in allergic reactions and organ damage, which 

may result in neurological signs and respiratory distress syndrome (Bock et al., 2004; Zintl et 

al., 2005; Suarez and Noh, 2011; Schnittger et al., 2012). An initial fall in haematocrit is largely 

due to haemodilution associated with circulatory stasis rather than erythrocyte destruction, 

and acute cases rapidly emerge showing severe hypotensive shock (Zintl et al., 2005). Fever 

(> 40°C) is usually present for several days before signs become obvious. This is followed by 

inappetence, depression, increased respiratory rate, weakness and a reluctance to move. 

Anaemia and jaundice develop especially in more protracted cases. Muscle wasting, tremors, 

and recumbency develop in advanced cases followed by coma (De Vos et al., 2004). Diarrhoea 

is common. The fever may cause pregnant cattle to abort (Callow, 1984) and surviving bulls 

to show reduced fertility lasting six to eight weeks (Bock et al., 2004). Acute cases will show 

haemoglobinuria, but this may be absent in subacute or chronic cases (Bock et al., 2004; De 

Vos et al., 2004). Clinical pathology centres on a haemolytic anaemia, which is 

characteristically macrocytic and hypochromic (Bock et al., 2004; De Vos et al., 2004). Failure 

to provide early diagnosis and treatment may lead to deaths among affected animals (Bock 

et al., 2004). In sub-acute infections, clinical signs are less pronounced and sometimes difficult 

to detect (De Vos et al., 2004). Lesions include an enlarged soft and pulpy spleen, a swollen 

liver, a distended gall bladder with thick granular bile, congested dark-coloured kidneys and 
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generalised anaemia and jaundice. Other organs may show congestion or petechial 

haemorrhages, and occasionally there will be pulmonary oedema. The grey matter of the 

brain can appear pink (Bock et al., 2004; De Vos et al., 2004). Infections by B. bigemina, on 

the other hand, result in high parasitaemias, and in these cases pathogenicity is mainly 

associated with massive erythrocyte destruction, leading to severe anaemia, icterus and 

death (Callow, 1984; Bock et al., 2004; Schnittger et al., 2012). The clinical signs occur on a 

continuum ranging from subclinical to acute disease, the severity of the disease being 

determined by the degree of parasitaemia. In acutely-infected animals, more than 40% of 

erythrocytes may be infected, causing anaemic anoxia. However, only a relatively small 

proportion of cases are fatal, although the disease can develop very rapidly (Bock et al., 2004; 

De Vos et al., 2004; Zintl et al., 2005). Haemoglobinuria is present earlier and more 

consistently than in B. bovis infections and fever is less of a feature. Common causes leading 

to death in acutely infected cattle are shock and respiratory distress (Suarez and Noh, 2011). 

 

The signs of bovine babesiosis occur in mature naïve animals. In contrast, calves of less than 

about nine months of age possess an innate resistance to disease (Callow, 1984; Zintl et al., 

2005). The protection in neonates is partially due to antibodies acquired from colostrum of 

cows in endemic areas, if sufficiently exposed to infection; however, young animals remain 

resistant longer than passively transferred antibodies persist (Zintl et al., 2005). Recovering 

animals develop resistance to reinfection (concomitant immunity) due to the persistence of 

the original infection (Chauvin et al., 2009). The immunity lasts for a number of years with B. 

bovis and for a few months in B. bigemina (Zintl et al., 2003). However, the protection after 

infection can be broken down by stress factors such as starvation or concurrent disease, and 

clinical signs may reappear, while repeated infections result in permanent immunity. It was 

reported that infection with B. bigemina can lead to a degree of cross-protection against 

subsequent B. bovis infection (Wright et al., 1987).  

 

2.5.4.4 Carrier state  

Often, especially in cattle younger than a year old, acute babesiosis resolves into low-level 

parasitaemias without apparent ill-effects (Trueman and Blight, 1978; Smith et al., 2000), and 

the animals become carriers of the parasites for several months or several years, thus 
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ensuring transmission by competent ticks (Allred and Al-Khedery, 2006; Chauvin et al., 2009; 

Suarez and Noh, 2011). For B. bigemina infection, recovering animals remain infective for ticks 

for 4-7 weeks and carriers for only a few months (Bock et al., 2004). Parasite survival in B. 

bovis infection is aided by evasion of host adaptive immune responses by the sequential 

expansion of antigenically variant populations during an infection, a phenomenon referred to 

as ‘antigenic variation’ (Allred, 2001; Allred and Al-Khedery, 2006). Antigenic variation in B. 

bovis is intimately linked to cytoadhesion, where mature parasite-containing erythrocytes 

bind to the capillary endothelium (Allred and Al-Khedery, 2006). Babesia bovis-infected 

erythrocytes that remain sequestered do not circulate in the blood and avoid phagocytosis by 

spleen macrophages, favouring the establishment of persistent infections (Allred, 2001; 

Allred and Al-Khedery, 2006; Hutchings et al., 2007). The mechanism of sequestration in B. 

bovis infection involves remodeling of the surface of the erythrocyte resulting in a change of 

its mechanical and adhesive properties to the advantage of the parasite (Hutchings et al., 

2007; Gohil et al., 2010). For B. bigemina, the mechanisms involved in the persistence of the 

parasites in cattle have been less explored (Suarez and Noh, 2011). In general, carrier animals 

are protected from babesiosis but not from infection (B. bovis and B. bigemina) as they bear 

extremely low numbers of parasites in the blood (Chauvin et al., 2009). 

 

2.6 Epidemiology of tick-borne diseases 

Knowledge of the epidemiology of tick-borne diseases (TBDs) is important because it greatly 

influences the choice of approaches for control in an area or production system (Gachohi et 

al., 2013). The epidemiology of TBDs is complex and the disease distribution, prevalence, and 

impact are determined by factors that include environment (e.g. co-grazing with other animal 

species, temperature, rainfall, humidity, vegetation cover, and management practices), host 

characteristics (e.g. population dynamics, susceptibility to ticks and pathogens, acquired 

immunity, level of parasitaemia and carrier state), the tick vector (e.g. vector competence, 

abundance, and seasonality), and the pathogen (virulence, antigenic variation and infection 

rate in the tick). Global changes in climate and resistance to chemotherapeutics and acaricides 

are also important factors (Norval et al., 1992b; Kivaria, 2010; Kocan et al., 2010; Marufu et 

al., 2010).  
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2.6.1 Livestock-wildlife interface and tick-borne diseases  

In most pastoral areas of sub-Saharan Africa, free-ranging wildlife and cattle share common 

grazing grounds. This wildlife-livestock interface can facilitate transmission of tick-borne 

parasites between wild animals and cattle (Oura et al., 2011a; Oura et al., 2011b; Kabuusu et 

al., 2013; Walker et al., 2014). Moreover, various tick vectors feed on wild animals, increasing 

the risk for occurrence, abundance and distribution of ticks among cattle at the interface 

(Smith and Parker, 2010; Fyumagwa et al., 2013; Walker et al., 2013). African buffalo 

(Syncerus caffer), in particular, are considered to be an important reservoir for various tick-

borne haemoparasites (Oura et al., 2011a; Oura et al., 2011b; Gachohi et al., 2012; Fyumagwa 

et al., 2013; Walker et al., 2014). Anaplasma marginale can persistently infect wild animals 

including the African buffalo (Oura et al., 2011a; Oura et al., 2011b), bison (Bison bison) (Zaugg 

and Kuttler, 1985; de la Fuente et al., 2003; Kocan et al., 2004b), water buffalo (Bubalus 

bubalis), various species of deer, and Rocky Mountain elk (Kuttler, 1984); these species may 

then be potentially important in the epidemiology and spread of anaplasmosis through 

mechanical and biological transmission (Kuttler, 1984; Zaugg and Kuttler, 1985; Kocan et al., 

2010; Oura et al., 2011a; Oura et al., 2011b). However, there are limited substantial field 

studies that demonstrate the transmission of A. marginale between cattle and wild ruminants 

(Aubry and Geale, 2011). Nevertheless, in Uganda, it was demonstrated that the prevalence 

of A. marginale and T. parva in cattle significantly increased with closer proximity to a wildlife-

livestock interface, but not for B. bigemina (Kabuusu et al., 2013). Molecular studies in four 

national parks in Uganda showed that a high proportion of buffaloes were carriers of A. 

marginale (40-74%) and A. centrale (56-84%) (Oura et al., 2011a; Oura et al., 2011b). Buffaloes 

in the national parks in Uganda were also carriers of T. parva (0-95%), T. mutans, T. velifera 

and Theileria sp. buffalo (Oura et al., 2011a; Oura et al., 2011b). Impala (A. centrale, 

unidentified Babesia/Theileria), eland (T. taurotragi, T. buffeli), and bushbuck (T. taurotragi, 

T. buffeli, A. bovis) were also carriers of tick-borne parasites (Oura et al., 2011b). However, 

the wild animals were negative for E. ruminantium, B. bigemina and B. bovis (Oura et al., 

2011a; Oura et al., 2011b). The T. parva carrier status of buffalo indicates a risk of spread of 

Corridor disease from buffalo to cattle grazing at the wildlife-livestock interface. The interface 

is also likely to have implications for the control of TBDs; for example, a study in Kenya showed 

that elimination of T. parva infection from cattle was unlikely to be accomplished solely by 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 

 
 
 



CHAPTER 2 

50 

 

frequent acaricide use on cattle when grazing land is shared with buffalo (Walker et al., 2014). 

In Tanzania, the African buffalo was reported to be an important reservoir for A. bovis, and 

the animals are favourite hosts of the vector Rhipicephalus evertsi evertsi (Fyumagwa et al., 

2013). Twenty-five species of wild ruminants, of which 15 are found in Africa (including the 

African buffalo), have been shown to be susceptible to E. ruminantium, either naturally or 

experimentally (Allsopp, 2010). However, the existence of a wild ruminant reservoir is not 

essential for maintenance of heartwater, which can be maintained entirely in a domestic 

stock population (Allsopp, 2010). Babesia bovis and B. bigemina were identified in white-

tailed deer in northern Mexico (Cantu et al., 2007), and in brown brocket deer and marsh deer 

in Brazil (da Silveira et al., 2011). White-tailed deer (Odocoileus virginianus) were also 

identified as suitable hosts for Rhipicephalus (Boophilus) ticks, the vectors of Babesia spp. 

(Cantu et al., 2007). In other studies, water buffaloes were reported to bear subclinical 

infections of B. bovis and B. bigemina (Uilenberg, 2006; Ferreri et al., 2008), while B. orientalis 

was associated with clinical disease in this host in China (Liu et al., 1997).  

 

2.6.2 Climatic factors, seasonal changes, vegetation and ecology  

Ticks are very vulnerable to environmental conditions during the free-living phase of their life 

cycle, often requiring very specific conditions of humidity and temperatures (Léger et al., 

2013). Therefore, climatic variability influences the suitability of vector habitats, thereby 

impacting the distribution and abundance of ticks and the prevalence and incidence of TBDs 

(Rubaire-Akiiki et al., 2006; Gachohi et al., 2012; Gachohi et al., 2013; Leta et al., 2013). Highly 

suitable areas for R. appendiculatus occur in areas that have moderate temperature and high 

precipitation (Leta et al., 2013). Therefore, R. appendiculatus is distributed in eastern, central 

and southern Africa, where the climate is warmer and more humid, but is not found in the 

horn of Africa (Norval et al., 1992b; Leta et al., 2013). One of the reasons for higher risk of ECF 

in eastern Africa, compared to southern Africa, is the bimodal rainfall in the region, which 

allows up to three generations of R. appendiculatus to occur each year in some areas, with all 

instars occurring simultaneously on cattle (Perry and Young, 1995). A unimodal rainfall 

pattern results in restricted activity of R. appendiculatus instars and year-to-year variation in 

rainfall causes fluctuations in tick phenology and T. parva transmission (Norval et al., 1992b).  

 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 

 
 
 



CHAPTER 2 

51 

 

Climate change affects the biology of the pathogen itself, as well as vectors, farming practice 

and use, zoological and environmental factors, and thus influences the occurrence, 

distribution and prevalence of livestock diseases (Speranza, 2010). Climate change may also 

influence the movement of tick hosts, which may result in changes in host population and/or 

diversity, leading to disruption in the life cycles of ticks and the distribution of TBDs (Olwoch 

et al., 2008; Kocan et al., 2010; Hassan and Salih, 2013). It has been predicted that the 

distribution of ECF is likely to extend to other parts of Africa, where climatic factors favour 

the survival of R. appendiculatus (Leta et al., 2013). Climate change is likely to increase 

atmospheric concentrations of carbondioxide which leads to increased biomass in plants, 

which will provide more shelter for free-living stages of parasites including ticks (Sutherst, 

2001). On the other hand, desertification and habitat deterioration may lead to local 

extinctions of some wildlife species, which act as important means of dispersion of ticks 

(Hassan and Salih, 2013). The distribution of ticks and TBDs may also vary within a defined 

climatic zone. Rainfall leads to peak number of ticks and increased incidence of TBDs (Billiouw 

and Berkvens, 1999; Olwoch et al., 2008; Allsopp, 2010). Clinical outbreaks of anaplasmosis 

occur most frequent during warm-wet seasons when vector-borne transmission is more 

prevalent (Kocan et al., 2010), and higher risks of T. parva infection were reported in rainy 

seasons as compared to drought conditions (Billiouw and Berkvens, 1999). Seasonal variation 

in the abundance of R. appendiculatus and R. decoloratus ticks was reported in eastern 

Uganda (Magona et al., 2011b). In another study, R. appendiculatus counts increased with 

rainfall in western Uganda (Kivaria et al., 2004), and the tick thrives best with annual rainfall 

of over 500 mm (Norval et al., 1992b; Ochanda, 2006). A general increase in minimum 

temperature shortens the generation time of ticks, and may allow populations to pass 

through additional generations, leading to higher tick populations (Olwoch et al., 2008; Léger 

et al., 2013). However, arid and semi-arid areas are clearly unsuitable for R. appendiculatus 

tick survival and development (Olwoch et al., 2008; Marufu et al., 2010; Gachohi et al., 2012; 

Leta et al., 2013), and are mainly characterised by low levels of ticks, very low infection 

challenge and/or low tick infection rates, which affects the endemic status of TBDs (Fandamu 

et al., 2005).  
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The vegetation cover, which influences the microclimate of the habitat of the vector, also 

determines the epidemiology of tick-borne infections. The vegetation requirements for R. 

appendiculatus include grass-covered savannah and savannah woodland habitats, and the 

tick is usually absent from regions where overgrazing, deforestation and environmental 

degradation have occurred, and in extensive and heavily forested zones (Norval et al., 1991; 

Madder et al., 2002; Gachohi et al., 2012; Hassan and Salih, 2013). High densities of plants 

like Lantana camara and Ocimum suave, which have anti-tick properties, also create a 

microclimate which is not favourable for tick survival (Magona et al., 2011b).  

 

The occurrence and abundance of ticks can be influenced by ecological factors. The ecological 

suitability of some tick species is at high altitude (Léger et al., 2013) and others, for example 

R. appendiculatus, in lowlands (Matthysse and Colbo, 1987; Rubaire-Akiiki et al., 2006). 

Rhipicephalus appendiculatus is rare at elevations higher than 1200 m above sea level 

(Matthysse and Colbo, 1987). Therefore, the risk of infection with T. parva was reported to 

be higher in lower elevation zones compared to the upland zones in Kenya and Uganda 

(Rubaire-Akiiki et al., 2004; Rubaire-Akiiki et al., 2006; Gachohi et al., 2012). The highest 

number of R. decoloratus and a subsequent higher B. bigemina seroprevalence was observed 

in the upland agro-ecological zone compared with lower zones in Mbale and Sironko Districts 

in Uganda (Rubaire-Akiiki et al., 2004; Rubaire-Akiiki et al., 2006). 

 

2.6.3 Production system, management practices and control strategies 

The livestock production system, grazing and management practices, and control strategies 

have an important influence on the exposure of cattle to ticks and incidence of TBDs. Open 

grazing systems are characterised by unrestricted tick exposure, and consequently higher 

incidence of infection, while animals under confinement, as in zero-grazing units, are less 

exposed to ticks (Rubaire-Akiiki et al., 2006; Swai et al., 2009; Muhanguzi et al., 2010b; 

Gachohi et al., 2012). In eastern Africa, extensive movement of livestock among the Maasai 

in northern Tanzania, and across the international border with Kenya, was thought to 

contribute to high tick diversity (Fyumagwa et al., 2007). However, continuous exposure of 

cattle, especially in indigenous breeds, to infected ticks under open grazing in endemic areas 

may facilitate the development of immunity, decreasing susceptibility to disease in cattle 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 

 
 
 



CHAPTER 2 

53 

 

(Gachohi et al., 2012). Intensive acaricide application in commercial farms disrupts the 

transmission of tick-borne pathogens, which leaves cattle naïve and susceptible to infection 

(Simuunza et al., 2011; Gachohi et al., 2012). On the other hand, production systems with 

appropriate acaricide application and good management practices lead to the disruption in 

the transmission of TBDs by ticks; and even where transmission occurs, clinical cases are 

recognised early, and the animals are treated accordingly (Perry and Young, 1995). 

Management factors like differences in acaricide application may differently control tick 

species depending on the tick life cycle (Gachohi et al., 2010). Therefore, one-host ticks such 

as R. decoloratus are easily killed because they require less frequent application of acaricides 

(Muhanguzi et al., 2010b), unlike the three-host ticks like R. appendiculatus which requires 

management systems that involve more frequent application of acaricides.  

 

2.6.4 Breed of cattle 

Purebred taurine cattle show higher susceptibility to TBDs than Bos indicus cattle (Perry and 

Young, 1995; Bock et al., 1999; Gachohi et al., 2012). The relative resistance to TBDs between 

breeds of cattle was attributed to differences in levels of immune responses mounted by the 

cattle (Mattioli et al., 2000). Indigenous breeds of cattle acquire immunity to TBDs through 

natural exposure as calves at an early age (Norval, 1994). However, the resistance in local 

breeds does not prevent the establishment of infection but reduces the severity of clinical 

disease (Allsopp et al., 2004). Indigenous breeds of cattle in Africa include the Zebu, Sanga 

and Nguni. Zebu cattle are found mainly in eastern Africa while Nguni and Sanga cattle are 

found in southern Africa (Zwane et al., 2016). Sanga cattle originated from eastern and 

northern Africa, and are possibly crossbreeds between the indigenous humpless cattle (Bos 

taurus) and the Zebu. The Zebu, Sanga and Nguni (Bos indicus) breeds are recognised for their 

ability to survive when exposed to high temperatures and low-quality grass (Mapholi et al., 

2014; Zwane et al., 2016). The three indigenous African breeds have also evolved a relatively 

stable relationship with ticks and, except in unusual circumstances, are less affected by 

continued exposure to ticks than the imported and local crossbred cattle (De Vos et al., 2004; 

Lamy et al., 2012; Mapholi et al., 2014). To the best of our knowledge, there is no data from 

a systematic study on the difference between Sanga, Nguni and Zebu cattle in relation to ticks 

and TBDs. Other indigenous Bos indicus cattle breeds such as the N’Dama (Mattioli et al., 
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2000) and Brahman (Mapholi et al., 2014) are also relatively more adapted and resistant to 

ticks as compared with European breeds (Mattioli et al., 2000). The Ankole Longhorn breed is 

an ancient breed belonging to the Sanga group and has similar resistance to ticks and TBDs as 

the Zebu, Sanga and Nguni (Peterson et al., 2004). The breed is indigenous to the central and 

eastern regions of Africa and is found in the western and south-western parts of Uganda 

(Peterson et al., 2004). It is classified as an intermediate Bos indicus (lateral horned Zebu) and 

Bos taurus (Hamitic longhorn) breed type (Peterson et al., 2004). The resistance to tick 

infestation involves a local skin reaction that is mediated by histamine, which is elicited by 

the tick bite and tick saliva components (Mattioli et al., 2000). However, TBDs can be a 

problem in indigenous cattle especially in situations where endemic instability exists, mainly 

due to intensive tick control or when cattle are moved from disease-free to endemic areas 

(Norval et al., 1992b; Okello-Onen et al., 1994). The relative susceptibility to tick-borne 

infections of Bos taurus cattle and their crosses with indigenous cattle, as compared with Bos 

indicus breeds, has been demonstrated in various studies in Uganda (Oura et al., 2004a; 

Muhanguzi et al., 2010b; Kasozi et al., 2014). Due to the relative resistance of the indigenous 

African breed types to ticks and TBDs, these cattle require minimal tick control, ranging from 

total absence of control in dry areas to strategic control during the wet season when reared 

in humid areas (Norval, 1994). Natural immunity, developed by cattle in environments where 

ticks are endemic, shows promise for genetic tick control strategies which will reduce 

expenditure on acaricides and other control methods (Mapholi et al., 2014). In beef cattle 

production, problems with low resistance in exotic breeds can be avoided by crossing them 

with high-resistance indigenous breeds. However, there is concern that productivity traits are 

not increased to the same level as resistance in such crossbred cattle. The major challenge in 

dairy systems is that semen is obtained from donor bulls in temperate countries. These bulls 

have not been subject to either artificial or natural selection for resistance to tick infestation. 

This results in crossbred progeny with only moderate resistance to ticks. It is likely to be a 

serious challenge in crossbreeding with Holstein to achieve resistance to ticks without 

sacrificing milk production.  
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2.6.5 Age of cattle  

In indigenous breeds of cattle, bred in ECF-endemic areas, mortality in cattle due to ECF is 

higher in calves of 3-6 months as compared to older calves and adults (Muraguri et al., 2005; 

Oura et al., 2005; Bazarusanga et al., 2008; Swai et al., 2009). Calves less than three months 

of age, born of cows that are kept under open grazing system, are protected from ECF by 

antibodies passively transferred from colostrum (Norval et al., 1992b; Kivaria et al., 2004; 

Jonsson et al., 2012). Under open grazing system, cows are constantly exposed to T. parva-

infected ticks; therefore, the colostrum has sufficiently high antibody levels. The antibody 

levels wane by four months of age (Gitau et al., 2000; Kivaria et al., 2004) after which any 

antibodies in animals are in response to T. parva infection (Gitau et al., 2000; Kivaria et al., 

2004; Rubaire-Akiiki et al., 2006; Gachohi et al., 2012). Increasing age is associated with 

increased T. parva seroprevalence. This is because age is a proxy for exposure time, and 

antibodies for T. parva persist in the circulation for as long as six months (Gachohi et al., 2012). 

However, under certain instances, lower infection rates in calves as compared to adults may 

occur, attributed to restriction of calf movement by keeping them indoors, with less or no 

exposure to infection (Rubaire-Akiiki et al., 2006; Muhanguzi et al., 2010b). For babesiosis and 

anaplasmosis, inverse age immunity is a common feature (Chauvin et al., 2009; Jonsson et al., 

2012). Although cattle of all ages can become infected with A. marginale, calves are less 

susceptible to clinical disease. Under six months of age, the illness is rare. Animals between 

six and 12 months of age usually develop mild disease. Animals between one and two years 

of age suffer from acute but rarely fatal disease. On the other hand, in adult cattle over two 

years of age, the disease is acute and often fatal with mortality risks between 29% and 49% 

(Aubry and Geale, 2011). A study in Kwale District, Kenya, showed that the incidence of 

anaplasmosis increased with age from six to 15 months of age (Muraguri et al., 2005). 

Babesiosis is more severe in adult cattle when they become exposed for the first time, causing 

high mortality (Suarez and Noh, 2011). In neonates, passive protection is partially due to 

maternal antibodies acquired from colostrum, which lasts two months, but is followed by 

innate immunity from 3-9 months of age (Mahoney and Ross, 1972; Zintl et al., 2005; Jonsson 

et al., 2012). Therefore, clinical symptoms of babesiosis are rare in calves exposed during the 

first 6-9 months, and these animals develop a solid long-lasting immunity (Mahoney and Ross, 

1972; Zintl et al., 2005; Suarez and Noh, 2011; Jonsson et al., 2012). Studies in Uganda showed 
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that the number of cattle infected with Babesia species generally increased with age 

(Muhanguzi et al., 2010b) and seroconversion rates for babesiosis decreased from young to 

adult cattle (Magona et al., 2011b). On the other hand, there is less documentary support for 

inverse age immunity in heartwater caused by E. ruminantium, although the protective role 

of colostrum has been shown (Deem et al., 1996a), and vertical transmission has been 

proposed (Norval et al., 1995). Vertical transmission of heartwater from dams to their calves 

was demonstrated in cattle in Zimbabwe (Deem et al., 1996b), and in lambs and kids of one 

week old in The Gambia (Faburay et al., 2007b). Vertical transmission may play an important 

role in the maintenance of the disease and the initial establishment of endemic stability to 

heartwater in animals exposed to continuous field tick challenge (Faburay et al., 2007b).  

 

Young animals have a lower tick burden than older animals, due to continuous selective 

grooming behaviour in the young animals (Mapholi et al., 2014). 

 

2.6.6 Cattle movements and population dynamics 

Animal movement for trade, nomadism, or migration due to social and civil unrest is a means 

of introduction of ticks into new ecosystems, as happened in Ethiopia and Sudan (Norval et 

al., 1991; Hassan and Salih, 2013), and may contribute to high tick diversity, as demonstrated 

in Tanzania (Fyumagwa et al., 2007). The introduction of ECF in Comoros between 2003 and 

2004 was attributed to importation of immunised cattle from Tanzania, which were fed upon 

by naïve ticks that subsequently transmitted the infection to a susceptible local cattle 

population (De Deken et al., 2007). The transmission cycle of T. parva involves ticks that have 

dropped from infected cattle during the preceding stage of the life cycle, and this facilitates 

spatial spread of infection for migrating animals during grazing (Billiouw and Berkvens, 1999). 

Changes in vertebrate host populations may also have significant impacts on the ecology and 

evolution of ticks at different biological scales (individual, population and community). 

Therefore, an increase in the population size of a reservoir host species, or of an amplifying 

host species, can result in a significant increase in tick density and in the prevalence of the 

diseases they transmit (Léger et al., 2013). African cattle egrets (Bubulcus ibis) are commonly 

infested with A. variegatum larvae, and carry small numbers of nymphs, and are therefore 

likely to be important agents for disseminating the tick and E. ruminantium (Allsopp, 2010). 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 

 
 
 



CHAPTER 2 

57 

 

Free movement of cattle may also encourage the spread of ticks that are resistant to 

acaricides (George et al., 2004; SNV, 2013b).  

 

2.6.7 Physiological state  

Heifers and cows are thought to be more resistant to ticks than bulls, and this could be 

attributed to testosterone in bulls, which reduces both innate and acquired resistance to tick 

feeding (Hughes and Randolph, 2001). Pregnant cows are more susceptible to ticks than non-

pregnant cows due to the immunosuppressive effects of gestational hormones in the former 

(Mapholi et al., 2014). Carrier cows in advanced pregnancy and/or lactation may relapse and 

develop signs of acute anaplasmosis, most likely due to immunosuppression associated with 

the periparturient period (Kehrli et al., 1989; Kocan et al., 2010). High-producing exotic dairy 

breeds of cattle suffer a more severe form of anaplasmosis as compared to the low-producing 

indigenous breeds (Kocan et al., 2010). Cattle on a higher plane of nutrition tend to develop 

more severe anaplasmosis than animals kept on a lower energy plane (Kocan et al., 2010).  

 

2.6.8 Morphological and behavioural traits 

Tick infestation is affected by several innate morphological coat traits, most of which have 

high heritability (Regitano and Prayaga, 2010). Exhibition of coat characteristics that are 

unfavourable for tick attachment is an important mechanism of resistance to tick infestation 

in cattle. Cattle with short, smooth, and light-coloured coats tend to have lower tick counts 

compared to those with long, rough and dark-coloured coats (Mapholi et al., 2014). Short and 

smooth hairs make it difficult for ticks to attach and easier for animals to groom themselves 

while dark-coloured hairs act as camouflage thus protecting ticks against predators such as 

birds (Mapholi et al., 2014). Host body size affects tick abundance, with larger-bodied animals 

being more heavily infested with ticks than smaller-bodied ones, due to a greater surface area 

for tick infestation in the former (Mapholi et al., 2014). Preferential grazing in areas with 

shorter grass and less bush is a form of tick avoidance behaviour which may help to increase 

resistance to ticks in cattle (Meltzer, 1996). 
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2.6.9 Endemic stability  

The epidemiological state of tick-borne infections is described by the concept of endemic 

stability (Norval et al., 1992b; Perry and Young, 1995). A state of endemic stability implies an 

ecological balance between cattle, tick, parasite, and the environment where animals are 

infected with tick-borne parasites with little or no morbidity and mortality in the herds (Norval 

et al., 1992b; Perry and Young, 1995; Bock et al., 2004). Endemic stability is common in areas 

of suitable environment (rainfall, humidity, temperature and vegetation cover) capable of 

sustaining a sufficient population of vectors and hosts at a given threshold (Norval et al., 

1992b), with minimal tick control, and where seasonal fluctuations in vector abundance are 

minimal (Norval et al., 1992b; Jonsson et al., 2012; Gachohi et al., 2013). Endemic stability 

occurs due to the low innate susceptibility of cattle, acquired colostral antibodies, the rapid 

and effective development of acquired immunity, and the low infection rates in ticks acquired 

from low parasitaemias in immune carrier cattle (Norval et al., 1992b; Perry and Young, 1995; 

Uilenberg, 2006; Magona et al., 2008). This situation is likely to occur in certain areas in 

eastern Africa where indigenous Zebu cattle are kept under extensive management 

conditions, which expose them to high and continuous challenge with infected ticks (Norval 

et al., 1992b; Perry and Young, 1995). The calves are challenged by infected ticks when they 

are still protected by innate and/or colostral immunity. There is, therefore, absence of clinical 

disease in calves despite infection, and a high level of immunity in adult cattle with 

consequent low incidence of clinical disease and low case-fatality of the few infections (Perry 

and Young, 1995; Suarez and Noh, 2011; Jonsson et al., 2012; Gachohi et al., 2013). On the 

other hand, endemic instability occurs in marginal (e.g. drought conditions) and uninfected 

areas where periodic unsuitability of the climate, and inconsistent tick control programs 

hamper the development and survival of ticks, which results in the reduction of the 

inoculation rates and low degrees of immunity in herds (Norval et al., 1992b; Perry and Young, 

1995; Lawrence et al., 2004b; Suarez and Noh, 2011; Gachohi et al., 2012). In this case, only 

a small proportion (< 30%) of cattle in the population become infected and immune by six 

months of age. This leads to a build-up of susceptible individuals and consequently clinical 

disease is expected across all age groups (Gachohi et al., 2013). The endemic status is a 

determinant in choosing approaches to control TBDs, for example, dipping, immunisation, the 

enhancement of innate resistance, or no intervention (Perry and Young, 1995; Kivaria, 2010). 
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Therefore, endemic stability is an important epidemiological consideration to control TBDs, 

especially in societies where intensive tick control is not sustainable due to climate and 

resource challenges among farmers (Perry and Young, 1995; Perry and Randolph, 1999; 

Kivaria, 2010). Endemic stability was reported as an important factor for the success of the 

vaccination strategy with attenuated vaccines, e.g., Babesia parasites in areas at risk 

(Uilenberg, 2006). 

 

Endemic stability is assessed based on a combination of indicators, namely (1) antibody 

prevalence, (2) disease incidence, (3) case-fatality proportion, and (4) age group affected in 

the herds (Norval et al., 1992b). Proportions of infected ticks are also considered helpful 

(Perry and Young, 1995). Antibody prevalence has been used as an indicator of the existence 

of endemic stability for babesiosis and anaplasmosis (Perry and Young, 1995; Jonsson et al., 

2008). In broad terms, there is a strong correlation between high antibody prevalence and 

endemic stability, and low antibody prevalence and endemic instability (Perry and Young, 

1995). This phenomenon also exists for T. parva, but may not be absolute, complicated by 

other factors (Perry and Young, 1995). For example, in production systems with intensive tick 

control, ECF incidence is low and this is generally accompanied by low antibody prevalence. 

However, the case-fatality rate of the few infections that occur is high, as all animals in this 

population are highly susceptible (Perry and Young, 1995). On the other hand, in the 

indigenous Zebu cattle kept in endemic areas under extensive management with little or no 

acaricide application, ECF incidence is also low and antibody prevalence is high. This results 

in a high population immunity, and the case-fatality rate of the few infections that become 

clinically apparent is low (Perry and Young, 1995). Endemic stability to ECF (74% 

seroprevalence, and low mortality of 0-5.4%) was reported in calves of up to 12 months of 

age in western Uganda (Kivaria et al., 2004).  

 

2.6.10 Co-infection with tick-borne haemoparasites 

The simultaneous infection of cattle with different tick-transmitted pathogens provides an 

opportunity for interaction that could generate a positive or negative outcome among 

pathogen populations (Simuunza et al., 2011). In Zambia, for example, a negative association 

was observed between the number of co-infecting pathogens and the erythrocyte packed cell 
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volume of carrier cattle (Simuunza et al., 2011). Concurrent infections of cattle with T. 

mutans, T. velifera and T. parva infections are common (Oura et al., 2004a; Oura et al., 2011b; 

Asiimwe et al., 2013). A protective effect of benign Theileria co-infections against T. parva 

infection may occur. Recently, a study in western Kenya showed that co-current infections 

with the less pathogenic theilerias at first infection with T. parva were associated with a 

reduction (89%) in mortality associated with T. parva in a population of East African short-

horn zebu cattle (Woolhouse et al., 2015). However, pathogenic effects of T. mutans and T. 

velifera may also occur, leading to ECF-like clinical signs in cattle. A study on a farm in Uganda 

showed that 14 out of the 17 cattle that showed high levels of piroplasm parasitaemias in 

Giemsa-stained blood smears and showed signs of ECF were positive for T. mutans and T. 

velifera but negative for T. parva on RLB; only two animals had A. marginale and no other 

tick-borne haemoparasites (Oura et al., 2004a). Another study among Maasai zebu cattle in 

Kenya demonstrated clinical episodes (febrile responses, enlarged lymph nodes, anaemia and 

weight losses) of T. mutans infections (Moll et al., 1986), and in Zambia, T. mutans caused 

anaemia in experimental calves (Musisi et al., 1984). Therefore, T. mutans and T. velifera play 

an important role in the pathology, diagnosis, and control of theileriosis (Oura et al., 2011b). 

Misdiagnosis of ECF is mostly likely because it is difficult to differentiate between T. mutans 

and T. parva piroplasms. This can be a problem in resource poor countries where blood 

smears are the most common means of diagnosis (Oura et al., 2004a). 

 

2.6.11 Vector and pathogen factors  

Important considerations relating to the vector are the population and infection rates in the 

ticks, seasonal changes influencing tick abundance and activity, dissemination of infected 

ticks and the intensity of tick control. The mechanisms operating during tick-host transmission 

are also important. Amblyomma variegatum ticks differ in their infection rates with different 

genotypes of E. ruminantium, and have been shown to be less susceptible to two southern 

African isolates than to a western African and a Caribbean isolate (Mahan et al., 1995). On 

the other hand, a similar level of susceptibility of A. hebraeum to infection has been 

demonstrated in all the isolates tested, which may explain why heartwater is generally a more 

serious problem in those areas where A. hebraeum is the principal vector (Allsopp et al., 

2004). Ticks in the field in heartwater endemic areas exhibit low E. ruminantium infection 
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levels (Allsopp, 2010). However, a relatively small numbers of infected ticks can maintain 

heartwater infection in a particular area. This is because, while, infected larvae or nymphs 

only become infective after moulting to the next instar, they then remain infective for life 

(Camus and Barré, 1992). Furthermore, E. ruminantium-infected ticks in the field present a 

highly virulent disease challenge as compared to infected blood needle challenge (Pretorius 

et al., 2008). Strains of E. ruminantium differ considerably in infectivity, pathogenicity and 

antigenicity, which is a major constraint to the control of heartwater (Allsopp, 2010). This 

affects the stimulation of immunological cross-protection in ruminants (Allsopp et al., 2004; 

Allsopp, 2010). Moreover, extensive recombination occurs naturally between different 

genotypes of E. ruminantium, suggesting that newly-generated strains are continuously 

arising in the field (Allsopp and Allsopp, 2007; Allsopp, 2010). Genetic and antigenic diversity 

occurs among T. parva isolates (Oura et al., 2005; Odongo et al., 2006; Katzer et al., 2010; 

Asiimwe et al., 2013; Mwega et al., 2015; Muwanika et al., 2016). The common strains of T. 

parva in eastern Africa differ from those in southern Africa in that they result in persistent 

infections of erythrocytes in cattle, which thus form a virtually continual source of infection 

to ticks (Perry and Young, 1995). Recombination in tick vectors during sexual reproduction 

generates genetic diversity in T. parva (Asiimwe et al., 2013; Sivakumar et al., 2014). Many 

strains of A. marginale have been identified from various geographical areas (de la Fuente et 

al., 2007b; Mutshembele et al., 2014; Cabezas-Cruz and de la Fuente, 2015; Silva et al., 2015). 

The strains differ in biology, morphology, protein sequences, antigenic characteristics, and 

infectivity for ticks (de la Fuente et al., 2007b). The genome of A. marginale is characterised 

by the diversity of alleles encoding the immunodominant outer membrane proteins, 

designated MSP2 and MSP3 (Brayton et al., 2005), which underlies the mechanism of 

persistent infection (Palmer and Brayton, 2013). The msp2/msp3 allelic content determines 

strain characteristics of A. marginale, and is responsible for the capacity of the pathogen to 

evade the existing strain-specific immunity. This principle of ‘strain superinfection’, the ability 

of a second strain to establish infection in a host that has already been infected and mounted 

an immune response to a primary strain of the same pathogen, clearly affects the 

epidemiology of A. marginale infection (Palmer and Brayton, 2013). Strain superinfection 

commonly occurs in tropical and subtropical regions where infection is highly endemic, with 

most animals becoming infected early in life (Palmer and Brayton, 2013; Castañeda-Ortiz et 
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al., 2015). This is due to consequent immunity against primary strains and thus greater 

selective pressure for superinfection with antigenically distinct strains (Ueti et al., 2012; 

Palmer and Brayton, 2013). Babesia species exhibit adaptive strategies for transmission by 

ticks, which lead to long-lasting interactions between the parasite and its hosts (Chauvin et 

al., 2009). Antigenic differences occur among isolates and selected strains of B. bovis and B. 

bigemina (Bock et al., 2004; Tattiyapong et al., 2014). Moreover, Babesia strains are 

polyclonal and often contain subpopulations that differ in virulence (Dalrymple et al., 1992; 

Nevils et al., 2000). Therefore, recovered cattle are more resistant to challenge with the 

homologous isolates than with heterologous ones (Bock et al., 2004). Due to antigenic 

variation in Babesia spp., cattle that recover from B. bovis and B. bigemina infections retain 

latent infections which vary from six months to several years, with detectable parasitaemia 

occurring at irregular intervals during the latent phase of the infection (Bock et al., 2004). 

Chronic low parasitaemia in the vertebrate host, and transovarial and transstadial 

transmission in the tick host, results in a dynamic equilibrium in Babesia-host interactions 

which enables each partner to survive at the lowest possible cost. This allows the long-term 

persistence of Babesia spp. in the ecosystem, since both its hosts serve as reservoirs (Chauvin 

et al., 2009). Tick infection rates with B. bigemina are usually higher than B. bovis (e.g. 0.23% 

Vs 0.04%) (Bock et al., 2004). Therefore, transmission rates in B. bigemina are higher than B. 

bovis and endemic stability is more likely to develop to B. bigemina than B. bovis in regions 

where both species are present (Bock et al., 2004). 

 

2.6.12 Life cycle of ticks 

Tick lifecycle have an influence on the epidemiology and control of TBDs. Most ixodid species 

have a three-host life cycle: each active stage (larva, nymph and adult) seeks and completes 

a blood meal on a particular host before dropping off and moulting (Prine et al., 2013), as 

shown in Figure 2.3. Rhipicephalus appendiculatus and most Amblyomma spp. have a three-

host life cycle. This lifecycle also predominates in the genus Hyalomma. The hosts for each 

stage may or may not be the same species (Prine et al., 2013). The females generally do not 

attach to the hosts until males have been present for at least three days (Barre and Garris, 

1990). The males secrete pheromones to attract females for sexual reproduction. The male 

may take several small feeds, mate and then die. Once mated, the females attach themselves 
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to the host where they remain for approximately two weeks (Barre and Garris, 1990). The 

females feed once and then detach from the host and lay eggs on the ground (Figure 2.3). The 

depleted female then dies. Larvae develop in the eggs until ready to hatch. Hatching time 

depends on temperature and ranges from 50 to 100 days, with fewer days required in warmer 

weather (Pegram and Banda, 1990). Ticks that have recently hatched from eggs or that have 

recently moulted have soft bodies and are inactive for one to two weeks until the external 

body wall hardens (Walker et al., 2013). After hatching, the larvae have been shown to survive 

in the environment for a couple of months during cooler periods (Pegram and Banda, 1990) 

and congregate on vegetation in search of hosts (Barre and Garris, 1990). Larvae feed once 

on a host, then detach from the host and hide in sites such as soil or vegetation (Walker et 

al., 2013) where they moult to nymphs. Nymphs feed once and moult in the same way as 

larvae. Larval and nymphal periods also vary with temperature and moulting usually occurs 

on an average of 45 days (Pegram and Banda, 1990). From the nymphal moult either a female 

or male emerges. For A. variegatum, after the final moult into the adult stage, the tick remains 

dormant for four weeks before any host seeking occurs (Pegram and Banda, 1990). Adult ticks 

of the genera Amblyomma and Hyalomma are active hunters and will run across the ground 

to seek hosts that are resting nearby. In R. appendiculatus, larvae, nymphs and adults crawl 

onto vegetation and wait for their hosts to pass by (questing). The ticks grab onto the hosts 

using their front legs and crawl over the skin to find a suitable place to attach and feed (Latif 

and Walker, 2004). The life cycle of three-host ticks is slow, from six months to several years 

(Walker et al., 2013). Feeding times vary based on seasons with the adults feeding during the 

rainy season and the immature stages feeding during the dry. Ambylomma variegatum 

spends very little time on the host feeding, a maximum of 15 days for each stage of 

development. Most of the life cycle occurs on the ground and in the vegetation which makes 

the tick sensitive to extremes in temperature (Prine et al., 2013). Due to the ability of three-

host ticks to survive in the environment for extended periods, it is recommended that 

livestock are not reintroduced into pasture that has been vacated in an attempt to eradicate 

for a period of not less than 46 months (Barre and Garris, 1990). Intensive treatment to 

achieve very high levels of control of three-host ticks aims to have constant availability of 

residual acaricide on the livestock sufficient to kill all ticks present or attempting to attach. 

Acaricide may be applied once per week or longer, depending on the residual effect of the 
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acaricide used. However, this treatment is likely to reduce tick infestations to such low levels 

that immunity to TBDs is lost in the livestock resulting in endemic instability (Latif and Walker, 

2004). 

 

Figure 2.3: An illustration of the life cycle of the three-host tick Rhipicephalus appendiculatus. From 
‘Ticks of Domestic Animals in Africa: a Guide to Identification of species’ (Walker et al., 
2013). 

 

In a few species, fed juveniles remain and develop on the host, shortening the life cycle (two-

host and one-host ticks). The one-host life cycle occurs in all ticks of the Boophilus sub-genus 

of the Rhipicephalus genus. Eggs are laid on soil. Larvae hatch after several weeks of 

development and crawl onto vegetation to quest for a host (Figure 2.4). When they have 

completed feeding, they remain attached to the host and moulting occurs there. The nymphs 

then feed on the same host and also remain attached (Walker et al., 2013). After another 

moult, the adults emerge and then feed on the same host (Figure 2.4). The adults will change 

position on the same host for moulting. Thus all the three feedings of any individual tick occur 

on the same individual host. The life cycle of one-host ticks is usually rapid, for Rhipicephalus 

(Boophilus) spp., it takes three weeks for the feedings on one host and two months for egg 

laying and larval development. The two-host life cycle is similar but only the larvae and 
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nymphs feed on the same individual host, and the adults will feed on another host. Hyalomma 

truncatum and R. evertsi evertsi have two-host life cycles (Walker et al., 2013). 

 

 

Figure 2.4: An illustration of the life cycle of one-host tick Rhipicephalus decoloratus. From ‘Ticks of 
Domestic Animals in Africa: a Guide to Identification of species’ (Walker et al., 2013). 

 

The survival of a population of ticks depends on the presence of hosts that are suitable for 

reproduction by the adults. These hosts are known as maintenance hosts. Maintenance hosts 

are more limited in variety for one-host and two-host ticks than the hosts on which larvae 

and nymphs of three-host ticks can survive. They are also more limited than those on which 

adults may attempt to feed but not necessarily survive. To use information of tick hosts for 

identification, it is important to realise that a species of tick has a characteristic range of host 

species but may be found much less commonly on many other kinds of host species (Latif and 

Walker, 2004). 

 

The activity of many species of tick is adapted to seasonal variations in climate. In the tropics, 

this is usually to overcome the adverse effects of a long dry season. The survival of many 

species is improved if they have a seasonal cycle which reduces these risks. For example, R. 

appendiculatus in southern Africa has a mechanism, known as diapause, which delays the 

questing of adults so that their feeding and reproduction start at the beginning of the single 
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rainy season. This is followed by peak numbers of larvae toward the end of the rainy season 

when humidity is highest. Knowledge of the time of year when adults of a species are likely 

to be found on their hosts is thus an aid to identification and control of ticks (Latif and Walker, 

2004). 

 

Treatment before the natural peak of adults will suppress their numbers, reduce greatly the 

number of eggs, and result in many fewer adults and nymphs for the rest of the year. This 

reduces acaricide use and other treatment expenses. The remaining ticks are likely to 

continue transmitting tick-borne pathogens at a low level. Endemic stability is thus more likely 

to develop resulting in lower mortality in the cattle population due to TBDs (Latif and Walker, 

2004). Use of acaricides should coincide with the on-host phases of the ticks and focus on 

areas of aggregation (Barre and Garris, 1990). One-host ticks like Rhipicephalus (Boophilus) 

spp. are easier to control by application of acaricides because they spend most of their life 

cycle on the host and therefore require less frequent application of acaricides. On the other 

hand, three-host ticks like A. variegatum and R. appendiculatus spend less time on the host; 

therefore, control requires more frequent application of acaricides. Footbaths containing 

acaricides have been used to control A. variegatum with some success, as the ticks often will 

attach between the hooves (Prine et al., 2013). 

 

2.7 Participatory epidemiology  

In most livestock dependent areas of sub-Saharan Africa, Karamoja included, ticks and TBDs 

are major health impediments to improved livestock production, causing considerable 

economic losses to livestock keepers as they negatively affect growth, milk production, draft 

power, fertility, quality of hides and survival of their animals (Ocaido et al., 2009; Laisser et 

al., 2015). However, pastoralist areas are underdeveloped, physically remote and drought-

prone. Therefore, epidemiological research and disease surveillance is difficult because 

human populations are relatively small and largely mobile, and they move their livestock 

across large areas with few roads or means of modern communication (Catley, 2006). When 

combined with the apparent reluctance of herders to provide accurate information on herd 

size to outsiders, disease estimates (e.g. mortality) determined by conventional research 
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methods may be questionable due to invalid denominators (Catley et al., 2014). In spite of 

the technical advances in veterinary diagnostic tests, such as the emergence of molecular 

techniques, severe limitations in laboratory services in many developing areas, especially in 

Africa, continue to limit the extent to which these tests are used. In many rural areas, district-

level veterinary services often lack basic laboratory and sampling equipment and reagents, 

and there are few resources to transport samples to more well-resourced central 

laboratories. In this context, much research and surveillance in these areas will continue to 

rely heavily on information provided by livestock keepers. The philosophy, approaches and 

methods of participatory approaches began to emerge in the late 1970s. Participatory 

approaches can be seen to have had three main origins. The first was dissatisfaction with the 

biases, especially the anti-poverty biases, of rural development tourism – the phenomenon 

of the brief rural visit by the urban-based professional. The second origin of participatory 

approaches was disillusionment with the normal processes of questionnaire surveys and their 

results. The experience had been that large-scale surveys with long questionnaires tended to 

be drawnout, tedious, a headache to administer, a nightmare to process and write up, 

inaccurate and unreliable in data obtained, leading to reports, if any, which are long, late, 

boring, misleading, difficult to use, and anyway ignored. The third origin was more positive. 

More cost-effective methods of learning were sought. Research using participatory 

techniques has led us to understand better that rural people have valuable technical 

knowledge on many subjects which touch their lives, and which they have developed over 

many years, according to local environmental and socio-cultural conditions (Chambers, 1994; 

Mariner and Paskin, 2000; Mariner et al., 2011; Catley et al., 2012). This indigenous technical 

knowledge is essential in understanding disease epidemiological scenarios (Barnard et al., 

1994) and in disease diagnosis (Plowright, 1998). Therefore, over the last few decades, 

collection of indigenous veterinary knowledge through surveys has become an important 

method for the identification and prioritisation of animal health problems within 

communities (McCorkle and Mathias-Mundy, 1992). This has contributed significantly to 

empowering pastoralist communities, enabling them to use their knowledge and skills to 

solve their own problems (Mariner and Paskin, 2000; Mariner et al., 2011). The participation 

of livestock owners and other stakeholders in animal health investigation systems ensures 

adequate representation of their views and perspectives (Pretty, 1995). Therefore, the 
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participatory system is responsive to stakeholders’ needs, increases efficiency, and leads to 

more appropriate and potentially more acceptable control activities. This increases the 

community sense of ownership of and support of the interventions to their problems or needs 

(Pretty, 1995; Mariner et al., 2011). Participatory methods are usually cheaper and more 

feasible than full-scale randomised surveys, and the results are usually available very rapidly. 

The methods also offer more flexibility and they are effective for the design of more 

conventional studies through better identification of breadth, depth and prioirity issues that 

may merit quantitative study. A participatory approach has been explained by reference to 

‘bottom-up’ development, which requires a participatory and joint analysis, planning and 

monitoring with local people (Catley et al., 2012). 

 

Participatory epidemiology (PE) is the systematic use of participatory approaches and 

methods to obtain epidemiological information contained within communities so as improve 

understanding of diseases and options for animal disease control (Mariner and Paskin, 2000; 

Catley et al., 2012). The term ‘participatory’ in PE is used to refer to the essential involvement 

of communities in defining and prioritising veterinary-related problems, and in the 

development of solutions to service delivery, disease control or surveillance (Catley et al., 

2012).  

 

Veterinarians began using participatory methods in the 1980s, particularly in community-

based livestock projects in Africa and Asia (Catley et al., 2012). Participatory epidemiology 

was first developed to enhance the effectiveness of rinderpest surveillance in pastoralist 

systems (Mariner et al., 2011). By the late 1990s, there was increasing use of participatory 

methods and the term ‘participatory epidemiology’ became more commonly used to describe 

veterinary applications of participatory rural appraisal (PRA)-type approaches and methods. 

Although much of the early development of PE occurred in remote and conflict-affected 

pastoralist areas of Horn of Africa, there has been considerable increase in the use of 

participatory methods in veterinary research in pastoral, mixed farming, peri-urban and urban 

systems (Mariner et al., 2011; Catley et al., 2014). An important concept behind the 

development of PRA was that professionals needed to change their attitudes and behaviour 

when working with poor people in developing countries. The need for attitudinal change 
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emerged from the realisation that despite limited formal education, communities in marginal 

rural areas were able to conduct their own investigations and analyses, and could design, plan 

and enact initiatives to solve local problems. Therefore, the role of the typical educator was 

changed to facilitate applied research and learning among co-learners rather than 

prescriptive instruction (Catley et al., 2012).  

 

The first main group of participatory methods involves the application of semi-structured 

interviews. In these methods, interviewers phrase and rephrase questions, and follow-up 

interesting and unexpected responses. The use of open rather than closed questions is central 

to this group of participatory methods (Catley et al., 2012). Responses are agreed upon, and 

suggested solutions will therefore represent an accommodation between different conflicting 

views (Pretty, 1995). Groups can be powerful when they are interviewed together, as 

responses and solutions are likely to be greater than the sum of its individual members 

(Pretty, 1995). The second group involves visualisation methods, which recognise that certain 

types of information cannot easily be expressed verbally or in writing. The construction of 

diagrams does not necessarily require informants to be literate because objects and signs can 

be used to depict important features on the diagram. Diagrams can be constructed on the 

ground with local materials, and usually involves groups of informants working together. 

Examples of visualisation methods in PE are: participatory mapping, seasonal calendars, 

proportional piling, and radar diagrams. Activities under visualisation methods can be 

standardised and repeated with individual informants or groups of informants, and data can 

be summarised and analysed using conventional statistical tests (Catley et al., 2014). In 

Ethiopia, for example, proportional piling was employed retrospectively to estimate the 

specific causes of excess livestock mortality during drought (Catley et al., 2014). Ranking and 

scoring methods are the third main group of participatory methods and usually require 

informants to compare different variables using either ranks or scores. Typically, piles of 

counters such as seeds or stones are used for ranking and scoring, and as with interviewing 

and visualisation methods, illiterate informants can participate. Scoring methods are more 

sensitive than ranking, allowing a weighting of responses. The numerical nature of ranking 

and scoring methods makes these methods easy to standardise and repeat, with the data 

being analysed using conventional statistical tests (Catley et al., 2012). In Kenya, Onono et al. 
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(2013) employed ranking and scoring methods to identify and rank cattle diseases and 

production constraints that impact livelihood. 

 

In general, PE is conducted in local languages using trained researchers and facilitators. Local 

disease names are used, and in some diagnostic or exploratory studies, specific attention is 

directed at the correct translation of these local names into scientific terms, being either 

specific diseases or disease syndromes. This is designed specifically to reduce on non-

sampling errors (Catley et al., 2012). 

 

Participatory epidemiology makes use of two important principles, namely triangulation and 

flexibility, to improve the quality, validity and reliability of the information gained (Mariner 

and Paskin, 2000). Triangulation involves obtaining information within the same study from 

various intentionally different perspectives [diverse sources through a variety of methods] 

(Mariner and Paskin, 2000; Mariner et al., 2011; Catley et al., 2012). The two types of 

methodological triangulation that have been of particular importance in PE are ‘within-

method’ and ‘across-method’ triangulation. Within-method triangulation takes place within 

the method; for example, the researcher cross-checks information provided by an informant 

during the interview itself. A response during the early stage of an interview might be checked 

later on using a re-phrased question. The within-method triangulation therefore depends on 

the skill and experience of the researcher. Across-method triangulation uses two or more 

different methods to study the same research question. Participatory epidemiology has used 

methodological triangulation by cross-checking information within specific participatory 

methods, by comparing the findings of different participatory methods, and by comparing 

findings of participatory and conventional veterinary diagnostic methods. In South Sudan 

(Catley et al., 2001) and Tanzania (Catley et al., 2004), triangulation was achieved by 

combining clinical and post-mortem examinations, laboratory detection of disease agents, 

and reference to textbook descriptions of diseases. In South Sudan, Malak et al. (2012) 

employed a combination of tick collection and identification, laboratory analyses for diseases, 

and participatory methods (proportional piling, impact matrix scoring, relative incidence 

scoring, seasonal calendars and participatory mapping) to assess the impact of livestock 

diseases on livelihoods. When PE is used, there is a need to improve the systematic use of 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 

 
 
 



CHAPTER 2 

71 

 

simple and inexpensive clinical and post-mortem examinations as a means to triangulate 

information derived from PE methods (Catley et al., 2012). Flexibility with regard to PE 

methods implies that rapid appraisals are not rigidly preplanned and executed without 

deviation, but the techniques used and questions asked can be changed at any point during 

the investigation (Mariner and Paskin, 2000). Flexible approaches that allow for the discovery 

of new, un-anticipated information or issues, and place partial control of the information 

collection process into the hands of the stakeholders, are an important component of 

successful epidemiological research and surveillance, and lead to more effective control and 

prevention of diseases (Mariner et al., 2011). In applying the principles of flexibility and 

triangulation, a number of data sources must be tapped. These may be classified either as 

primary or secondary, depending on their closeness to the actual subjects of study. Primary 

sources are those within the communities studied and these include direct observation, group 

and individual interviews of livestock keepers, interviews with key informants such as village 

elders, local religious leaders and government officials familiar with the area. The secondary 

sources include previous studies and reports, government statistics and records, maps of the 

area in question, research papers and even historical texts (Mariner and Paskin, 2000). 

 

Participatory epidemiological studies need to be designed so as to minimise bias. The six 

sources of bias which may affect PE studies (Chambers, 1994; Mariner et al., 2011) and which 

must be addressed are: 

(i) Spatial biases – the investigators understandably often travel on better roads and the 

livestock keepers they are able to reach are determined by their proximity to roads and 

villages, leaving the livestock keepers in more remote areas (who are often the poorest) out 

of the picture. 

(ii) Project bias – visitors and researchers are often channelled to areas where projects have 

been active, and most of the work will then concentrate in these places. 

(iii) Person bias – influential persons interviewed (particularly key informants) are often either 

biased against poor people, or ignorant of their needs. The ‘rural elite’, while not at all 

representative of the cross-section of farmers, is often the most outspoken at group 

interviews, and can give the wrong impression. Thus, it is essential to include rural poor as 

key informants and ensure that they are interviewed in settings where they feel comfortable 
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enough to express their views. In addition, there is a tendency for both interviewers and 

interviewees to be men; the needs of women, and their contribution to farming, are often 

missed. 

(iv) Dry season bias – malnutrition, morbidity and mortality all tend to be highest at the end 

of the dry season; surveys carried out at other times of the year will miss these phenomena. 

(v) Diplomatic biases – for many communities, poverty is the subject of shame, and the needs 

of the poorest are sometimes concealed, either by the poor themselves or by officials working 

with them. Therefore, the social context of a disease and the stakeholders involved should be 

taken into consideration. Participatory approaches offer specific tools, such as wealth ranking 

to help define the social strata within a community as well as each group’s needs, views and 

interactions. 

(vi)  Professional biases – professional training may itself be an obstacle, making it difficult for 

the researcher to understand the linkages in the system they are trying to observe, or leading 

them only to realise the richer segment of rural society. There is therefore need to seek 

training or assistance in the application of participatory methods at the onset of the activities. 

Even after acquiring the training and experience, technical experts cannot anticipate all the 

issues, opportunities and threats that are important in understanding field situations (Mariner 

et al., 2011). 

 

Given the previously published reports from participatory studies, it is clear that PE has helped 

government veterinarians and epidemiologists in some countries to re-engage livestock 

rearing communities with new attitudes and new methods, leading to better understanding 

of how and why livestock keepers prioritise diseases. However, a very important issue that 

needs to be directly addressed at the institutional level is the capacity of government 

veterinary services and international bodies to respond to PE-based research findings which 

challenge existing disease control or eradication policies. In order to make the findings of 

participatory research more useful to the communities, PE emphasises the importance of a 

genuine participatory, gender-sensitive approach, with professionals responding to local 

priorities, co-ownership of information and analysis with communities, and joint action to 

solve local problems (Catley et al., 2012).  
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A more valid approach to epidemiological research involves across-method triangulation 

where two or more different methods are used to study the same or similar research 

questions. Therefore, in this study we used a combination of PE methods, serological and 

molecular techniques, clinical examination, environmental assessment and tick vector 

analysis to understand the epidemiology and diversity of tick-borne infections amongst cattle 

in Karamoja Region, Uganda. 

 

2.8 Diagnosis of tick-borne diseases 

2.8.1 Clinical examination, the use of epidemiological information and xenodiagnosis 

Diagnostic methods are used alone or in combination to diagnose diseases. The diagnosis of 

TBDs may be made tentatively based on geographic features, environmental factors, and 

presenting clinical signs and/or necropsy findings observed in infected animals (Lawrence et 

al., 2004b). However, clinical signs and pathology may not be reliable since many of the 

symptoms associated with the diseases are not pathognomonic, with many other infectious 

and non-infectious conditions exhibiting signs similar to those of TBDs (Allsopp et al., 2004; 

Lawrence et al., 2004b). The distribution of tick vectors provides an indication of the potential 

distribution of the corresponding disease. However, tick infestation does not provide exact 

information on the level of risk, and some regions may be infested with a particular vector 

without actually experiencing the disease (Minjauw and McLeod, 2003). Furthermore, the 

ticks may have detached by the time the animal is examined (Lawrence et al., 2004b). 

Xenodiagnosis (tick pickup and transmission linked with clinical disease) as indicated in Koch’s 

postulate was used to confirm disease-causing species and tick vectors (Skilton et al., 2002; 

Mans et al., 2015). Direct injection of infected blood may also distinguish species amenable 

to proliferation in the piroplasm stage (Theiler, 1906). Xenodiagnosis remains an important 

approach in basic parasite research and epidemiological investigations and may be the only 

means to confirm tick vector designation and clinical pathology of specific tick-borne strains 

or as first step in parasite isolation (Mbizeni et al., 2013; Mans et al., 2015). It is, however, not 

suitable for high-throughput or routine analysis and remains in the domain of specialised 

research groups (Mans et al., 2015). 
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Laboratory diagnostic tools and methods are therefore desirable to confirm the diagnosis of 

TBDs from clinical symptoms, post-mortem findings and epidemiological information 

(Minjauw and McLeod, 2003). Depending on the quality of laboratory, direct (microscopic 

identification of parasites) or indirect (serology and molecular techniques) methods can be 

used for diagnosis. In developing countries, most veterinary laboratories are able to perform 

direct diagnosis, but few are equipped for the more sophisticated indirect methods (Minjauw 

and McLeod, 2003).  

 

2.8.2 Microscopic examination 

Microscopic examination involves identifying the parasite in Giemsa-stained blood smears or 

lymphnode biopsy smears. This method is relatively cheap, requiring only a light microscope, 

and is quick and easy to perform in simple field laboratories (Minjauw and McLeod, 2003). 

Microscopy allows the detection of all major tick-borne infections and is the method of choice 

for early treatment of their associated diseases (Minjauw and McLeod, 2003). The major 

problem associated with direct microscopy is its low sensitivity when parasitaemia is low (in 

pre-symptomatic or recovered carrier animals) (Minjauw and McLeod, 2003; Carelli et al., 

2007; Sibeko et al., 2008; Mans et al., 2015). Therefore, although microscopic examination is 

good for clinical diagnosis, the method is less useful for determining the prevalence of 

premunity and/or for epidemiological surveys (Minjauw and McLeod, 2003). Furthermore, 

differentiating species on the basis of morphology requires a level of expertise (Minjauw and 

McLeod, 2003), for example, the schizonts and piroplasms of Theileria parva are difficult to 

differentiate from those of T. taurotragi, T. mutans, T. buffeli, and T. velifera using light 

microscopy (Norval et al., 1992b). The diagnosis of classical ECF is based on the microscopic 

demonstration of schizonts in lymphocytes (early stages) in Giemsa-stained lymph node 

smears and piroplasms in erythrocytes (later stages) in stained blood smears (Norval et al., 

1992b). For Babesia spp., blood films should be prepared from capillary blood for best results. 

Blood from the general circulation should preferably not be used as these specimens may 

contain up to 20 times fewer B. bovis than capillary blood (Callow et al., 1993). For B. bigemina 

infections, parasitised cells are more evenly distributed throughout the blood circulation. 

Mixed infections of the two Babesia spp. are uncommon (De Vos et al., 2004). Species 

differentiation is good in thin films but poor in the more sensitive thick films. Thick blood films 
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are especially useful for the detection of low level B. bovis infections (De Vos et al., 2004). 

Diagnosis for babesiosis at necropsy is possible if decomposition is not too advanced. The 

specimens should include thin films of blood from the peripheral and general circulation, a 

squash preparation of a small piece of cerebral cortex and impression smears of, in order of 

preference, kidney, liver, lung and spleen (De Vos et al., 2004). Microscopic diagnosis of 

heartwater relies on the demonstration of Ehrlichia ruminantium in the cytoplasm of 

endothelial cells of brain capillaries (Allsopp, 2010), where colonies of the organism are 

generally more numerous than in other tissues. While the characteristic colonies of E. 

ruminantium are easy to detect, at times, it is not possible to distinguish them from other 

species of Ehrlichia, and they may also be confused with Chlamydia psittaci (Allsopp, 2010). 

Given the short comings of microscopic methods, a more suitable solution would be to 

improve existing methods of parasite detection (Minjauw and McLeod, 2003). 

 

2.8.3 Serological methods 

Serological methods have been widely used in epidemiological studies for tick-borne 

infections because they can detect exposure to infection (Chenyambuga et al., 2010; Gachohi 

et al., 2010; Magona et al., 2011a; Malak et al., 2012). The most common serological tests 

used to detect antibodies to tick-borne infections are: indirect fluorescent antibody test [IFAT] 

(Burridge and Kimber, 1972; Du Plessis and Malan, 1987b), enzyme-linked immunosorbent 

assay [ELISA] (Neitz et al., 1986; Katende et al., 1998; OIE, 2015a) and card agglutination test 

[CAT] (OIE, 2015a). Other tests include complement fixation test (CFT) and capillary 

agglutination assay. However, serological tests have limitations which vary from one test to 

another and from one type of infection to another. The tests, based on detection of 

antibodies, will not give a positive reaction on the day of the infection as the host immune 

system needs a few weeks to produce these antibodies (Sparagano, 2005). The detection of 

antibodies to tick-borne infections is also unsuitable for determining carrier status since 

serology is unable to differentiate between previous and current infections (Young et al., 

1986; Oura et al., 2004a; Salih et al., 2010).  
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2.8.3.1 Indirect fluorescent antibody test  

The IFAT remains the gold standard assay recommended by the OIE for diagnosis of most 

economically important parasites (OIE, 2015b). IFAT is used for the diagnosis of Theileria, 

Babesia and Ehrlichia spp. (Burridge and Kimber, 1972; De Vos et al., 1982; Du Plessis and 

Malan, 1987b). However, IFAT has drawbacks which include difficulty in standardisation, 

subjectivity in interpretation of the results, and the low sample throughput (Norval et al., 

1992b; Mans et al., 2015). The biggest problem with IFAT is the significant cross-reactivity 

observed between closely related species. Cross-reactions between T. parva and T. taurotragi 

antigen and anti-sera (Jongejan et al., 1986) and between T. parva and T. annulata (Burridge 

et al., 1974) have been observed. A similar observation has been made in regard to T. parva 

and Theileria sp. (buffalo) (Pienaar et al., 2014). An IFAT assay for T. lestoquardi showed 

significant cross-reactivity with T. annulata and T. parva antisera and vice versa (Leemans et 

al., 1997). Cross-reactions with antibodies to B. bovis in the B. bigemina IFAT are a particular 

problem in areas where the two parasites co-exist (Bessenger and Schoeman, 1983). Cross-

reactions with antibodies against related Ehrlichia and Anaplasma spp. also occur (Du Plessis 

and Malan, 1987a). The IFAT was originally developed to detect T. parva antibodies using 

piroplasm antigens but was later adapted for use with schizont antigens because of the longer 

duration of the serological response against the latter (Burridge and Kimber, 1972; Goddeeris 

et al., 1982). However, a drawback in using this test is that antibodies tend to disappear in 

long-term carriers, whereas Theileria piroplasms persist. Therefore, animals with a negative 

serological test can still infect ticks, and thus IFAT results cannot be independently used to 

determine the Theileria infection status of carrier animals. In this way, antibodies may not be 

detected if the animal is not subject to a continuous challenge (Burridge and Kimber, 1972). 

However, IFAT is still useful in epidemiological studies, or where certain species are absent in 

specific carrier hosts (Mans et al., 2015). The assay has been a main tool in many assessments 

of endemic stability of Theileria infections (Billiouw et al., 2005; Kalume et al., 2013). 

 

2.8.3.2 Enzyme-linked immunosorbent assay 

Enzyme-linked immunosorbent assay (ELISA) has the advantage over IFAT of being less 

laborious, and many samples can be tested in a short time (Salih et al., 2010). The T. parva 

ELISA uses the polymorphic immunodominant molecule (PIM) recombinant antigens to 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 

 
 
 



CHAPTER 2 

77 

 

detect T. parva antibodies (Katende et al., 1998). The assay does not cross-react with T. 

taurotragi, T. mutans, T. annulata or T. buffeli. However, ELISA may lack sufficient sensitivity 

to detect evidence of infection in samples from cattle harbouring low parasite burdens. This 

has important implications for disease control since outbreaks may occur when carrier cattle, 

which have been incorrectly diagnosed as being clear of infection, are transported to non-

endemic areas (Bilgiç et al., 2013). The ELISA assay for T. parva has a sensitivity of > 99% and 

a specificity of 94% to 98% (Katende et al., 1998). The competitive ELISA [cELISA] (Knowles et 

al., 1996) is the most accurate serological test currently available for identifying Anaplasma-

infected cattle. The assay uses a monoclonal antibody (MAb) ANAF16C1 (Anaplasma Antibody 

Test Kit; VMRD Inc., Pullman, WA, USA). This assay specifically detects the presence of serum 

antibodies that target a surface protein, MSP5, of Anaplasma spp. (Visser et al., 1992). It has 

proven very sensitive and specific for the detection of Anaplasma spp.-infected animals 

(Knowles et al., 1996; de Echaide et al., 1998; Strik et al., 2007). However, the test cannot 

differentiate the three Anaplasma spp., namely A. marginale, A. centrale and A. ovis, because 

they all express the MSP5 antigen (Visser et al., 1992), and induce antibodies recognised by 

the MSP5-specific monoclonal antibody. Other findings suggest that this MSP5 ELISA may also 

recognise A. phagocytophilum antibodies in infected cattle (Dreher et al., 2005). The MSP5 

sequence is highly conserved and thus similar among strains of A. marginale, as well as 

between A. marginale, A. centrale and A. phagocytophilum. According to the manufacturer’s 

information, the cELISA has a sensitivity of 95% and a specificity of 98% when used to identify 

persistently infected cattle at a cut-off point of 30% inhibition (VMRD, Inc., Pullman, WA). 

However, the cELISA for A. marginale may be limited by the low sensitivity for the detection 

of early infections (Knowles et al., 1996; Coetzee et al., 2007), and insufficient specificity for 

identifying true negative cattle at the time of chemosterilisation (Reinbold et al., 2010a). If 

the cELISA is to be used to determine the success of chemosterilisation, enough time has to 

be allowed between treatment and testing (Aubry and Geale, 2011). Internationally-validated 

ELISAs for the diagnosis of B. bovis infection have been developed (de Echaide et al., 1995; 

Molloy et al., 1998a) but, despite concerted efforts, there is still no similarly validated ELISA 

for B. bigemina (OIE, 2015b). Typically, ELISAs for antibodies to B. bigemina suffer from poor 

specificity (OIE, 2015b). Competitive ELISAs developed and validated in Australia (Molloy et 

al., 1998b) and USA (Goff et al., 2008) are apparently the only ELISAs in routine use for B. 
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bigemina (OIE, 2015b). Unlike B. bovis where animals are thought to remain carriers for life 

after infection, B. bigemina infection may be cleared and antibody levels may decline below 

the negative threshold within months after infection (Goff et al., 2008). Inconclusive results 

may occur around the negative threshold values, and this phenomenon can provide a 

diagnostic challenge in animals where titres are declining if the animals have cleared the 

infection (OIE, 2015b). An ELISA test for detection of E. ruminantium was developed (Neitz et 

al., 1986); however, the test suffered from cross-reactions with antibodies against related 

Ehrlichia and Anaplasma spp., resulting in the common occurrence of false positive results 

(Holland et al., 1987; Du Plessis and Malan, 1987a). Several other serological tests were 

developed over a period of years, detecting antibodies to the immunodominant E. 

ruminantium outer membrane microtubule-associated protein 1 (MAP1), but they all suffered 

from a high rate of false positives and false negatives. The reason for these problems is the 

existence of homologous families of immunodominant outer membrane proteins in several 

Ehrlichia and Anaplasma spp. (Palmer et al., 1994; Ohashi et al., 2001; Van Heerden et al., 

2004). In an attempt to overcome the problem, the cELISA test for E. ruminantium was 

modified by the use of a recombinant fragment of MAP1, designated MAP1B, in an indirect 

ELISA format (Van Vliet et al., 1995). This test shows higher specificity for E. ruminantium, but 

still detects antibodies to E. canis, E. chaffeensis, an unidentified Ehrlichia sp. (Katz et al., 

1996), and Anaplasma sp. Omatjenne (Allsopp et al., 1997). The MAP1B ELISA also gave false 

positive results when used in lambs and kids in Gambia (Faburay et al., 2007a). An additional 

problem affecting all serological tests for heartwater in cattle is that antibody levels against 

E. ruminantium are often too low to be detected, even in animals that have been vaccinated 

or are under continuous natural challenge by infected ticks (De Waal et al., 2000; Semu et al., 

2001). Therefore, care must be taken in interpreting results of cattle tested with serological 

tests since such animals may be tick-infective subclinical carriers of heartwater. 

 

2.8.3.3 Card agglutination test 

The card agglutination test (CAT) for A. marginale is sensitive, may be undertaken either in 

the laboratory or in the field and gives a result within 30 min (OIE, 2015a). However, non-

specific reactions may be a problem, and subjectivity in interpreting assay reactions can result 

in variability in test results. In addition, the CAT antigen can be difficult to prepare and can 
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vary from batch to batch and from laboratory to laboratory, and requires the infection of 

splenectomised calves by intravenous inoculation with blood containing Anaplasma-infected 

erythrocytes (OIE, 2015a). 

 

Other serological tests including capillary tube agglutination, conglutination and indirect 

haemagglutination assay have been described for T. parva antigens or antibodies (Lawrence 

et al., 2004b). A dot enzyme-linked immunosorbent assay (dot ELISA) has also been described. 

Compared with the indirect ELISA, the dot ELISA has the potential advantages of being rapid, 

inexpensive and simple to perform. The dot ELISA has been reported to have a sensitivity of 

93% and a specificity of 96%. Cross-reactivity was not observed with B. bovis or B. bigemina 

(Montenegro-James et al., 1990). 

 

2.8.4 DNA-based methods  

Molecular methods, with a high degree of sensitivity and specificity, have been developed to 

identify DNA in tick-borne infections (Bekker et al., 2002; Carelli et al., 2007; Liu et al., 2012). 

The critical factors which allow this are the specificity of DNA-DNA hybridisation probes, the 

sensitivity which follows on-target amplification by the polymerase chain reaction (PCR), and 

the availability of public databanks of genetic information (Allsopp et al., 2004). Whereas 

serological tests detect exposure to infection (and not necessarily current infection), 

molecular diagnostic techniques detect current/active infection as well as carrier animals with 

very low parasitaemias (Bekker et al., 2002; Sibeko et al., 2008; Salih et al., 2010; Liu et al., 

2012). The commonly used molecular methods in diagnosis of tick-borne haemoparasite 

infections are: (i) isothermal amplification, (ii) conventional PCR, (iii) reverse line blotting 

(RLB), and (iv) quantitative real-time PCR (qPCR). 

 

2.8.4.1 Isothermal amplification 

The loop-mediated isothermal amplification (LAMP) is expected to amplify 109 copies in less 

than 1h, and provides high specificity because four primers are used for the detection of six 

distinctive sequences (Notomi et al., 2000). Most importantly, LAMP assays do not require 

expensive or complicated equipment; an ordinary water bath or heating block is sufficient. 

Direct visual identification can also be performed using SYBR Green 1 under an ultraviolet 
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lamp (Liu et al., 2012). A LAMP method based on two species-specific primer sets was used 

for the rapid identification of B. bovis and B. bigemina (Liu et al., 2012). In another study, a 

LAMP assay was developed for specific detection of E. ruminantium (Nakao et al., 2010). 

However, the use of several enzymes and/or several primers in the amplification process 

makes LAMP assays costlier than PCR tests. As a consequence, isothermal amplification tests 

have not been widely used (Criado-Fornelio, 2007).  

 

2.8.4.2 Conventional polymerase chain reaction (PCR) 

A number of diagnostic tests employed in haemoparasite research are based on final-time 

PCR and related techniques. One of the genes most commonly employed in PCR assays has 

been the gene encoding the small ribosomal subunit (made up of several proteins as well as 

the small subunit ribosomal RNA [SSU rRNA]), although alternative genes (membrane 

proteins, cytochrome b, etc.) have also been used (Criado-Fornelio, 2007). Ribosomal 

ribonucleic acid (rRNA) genes are widely used, since amplification primers can be designed in 

conserved regions of the gene to amplify the gene from all related organisms, while the 

variable regions can be used to differentiate between different species. The number of copies 

of the genes employed in amplification methods has special impact on the sensitivity of 

molecular diagnostics (Criado-Fornelio, 2007). PCR methods can detect low levels of parasite 

infection in cattle (carrier and early stage of infection), and are therefore more sensitive than 

microscopy for diagnosis (Radwan et al., 2013). The levels of parasitaemia detected by PCR-

related methods usually range from 0.001 to 0.0000001% (the latter figure could only be 

attained by PCR combined with blotting) (Criado-Fornelio, 2007). PCR assays may also be 

useful as confirmatory tests, in some cases for regulatory testing, and as markers for vaccine 

strains (Bock et al., 2000). However, unlike serological tests, PCR assays generally may not be 

convenient to use for large-scale testing in epidemiological studies (Bock et al., 2000). PCR 

performance may also be limited by the number of gene sequences available in the databases 

for some haemoparasites like Babesia and Theileria (Criado-Fornelio, 2007). Furthermore, 

conventional PCR-based methods do not provide quantitative information on parasitaemia 

levels (Bekker et al., 2002; Molad et al., 2006). PCR techniques that use T. parva-specific 

primers based on single copy genes (p104 and PIM antigen genes) (Iams et al., 1990; Toye et 

al., 1991) or a repetitive gene sequence (TpR) (Bishop et al., 1992) were developed for the 
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detection of T. parva carrier animals. The PCR assay based on the sporozoite 104 kDa rhoptry 

antigen (p104) gene is sensitive and specific and has been successfully exploited in the 

detection of T. parva infection particularly in carrier animals (Sibeko et al., 2011; Muleya et 

al., 2012; Kabi et al., 2014; Muhanguzi et al., 2014).  

 

2.8.4.3 Reverse line blot hybridisation 

This method of molecular diagnosis combines PCR amplification with hybridisation of 

amplified products to oligonucleotide probes. Unlike the standard Southern blot, the probe 

is not in solution but linked to a membrane, hence this method was named reverse line 

blotting [RLB] (Oura et al., 2004a). A mini blotter apparatus is used to apply the genus-and 

species-specific oligonucleotide probes to a membrane for the simultaneous detection and 

differentiation of Anaplasma, Ehrlichia, Babesia and Theileria species, making specific PCR 

reactions for each individual species unnecessary (Gubbels et al., 1999; Georges et al., 2001; 

Oura et al., 2004a; Nijhof et al., 2005). The first step is PCR amplification of a variable region 

in the 16S rRNA gene (Ehrlichia and Anaplasma) and/or 18S rRNA gene (Theileria and Babesia) 

using two sets of primers located within conserved parts of the rRNA gene (Schouls et al., 

1999). The primers are specific to the rRNA gene of the target organisms and are not 

complementary to the rRNA genes of either the hosts or the ticks, resulting in a high specificity 

of the PCR reaction. Both PCR primer sets have matching melting temperatures; therefore, 

the same PCR program is used for both reactions. In the second step, the PCR products are 

hybridised on a blot with non-radioactive species-specific oligonucleotide probes (Gubbels et 

al., 1999; Bekker et al., 2002). The assay can identify carrier animals, in which low numbers of 

erythrocytes remain infected. This is important for the assessment of infection risk, given that 

carrier animals serve as reservoirs for infection of ticks and, ultimately wider infection of the 

herd (Calder et al., 1996). The sensitivity of the assay is 1,000 fold higher than that of single 

conventional PCR. Moreover, detection is based on chemiluminescence instead of 

radioactivity, making the kit more user-friendly. The membrane that contains the 

oligonucleotide probes can be re-used 10 to 20 times. Furthermore, only a limited number of 

PCR amplifications are required, which enables economic use of resources. The RLB kit 

incorporates cloned plasmid controls that can be used as standardised positive controls 

(Gubbels et al., 1999; Nijhof et al., 2005; Oosthuizen et al., 2009). Reverse line blot 
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hybridisation has been used to study tick-borne protozoa and bacteria in some parts of 

Uganda (Oura et al., 2004a; Muhanguzi et al., 2010a; Muhanguzi et al., 2010b; Oura et al., 

2011b; Asiimwe et al., 2013).  

 

2.8.4.4 Real-time polymerase chain reaction  

The quantitative real-time PCR (qPCR) assay is based on the detection of the fluorescence 

produced by a reporter molecule that increases in concentration as the reaction proceeds, 

due to accumulation of the fluorescently-labelled PCR product (Criado-Fornelio, 2007). The 

qPCR technology has the advantages of being able to detect and quantify specific DNA in 

multiple samples against multiple probes at the same time (Sibeko et al., 2008; Steyn et al., 

2008). Therefore, qPCR gives a precise estimation of the parasitaemia levels, which makes it 

suitable for diagnosis and epidemiological studies (Steyn et al., 2008). The assay requires less 

time to perform, and enables early detection and treatment of infection in animals (Steyn et 

al., 2008; Aubry and Geale, 2011). Real-time PCR also allows differentiation of species or 

strains of important pathogenic organisms (Criado-Fornelio, 2007). Amplification and 

detection can be accomplished in a closed capillary tube, thereby minimising contamination 

problems (Criado-Fornelio, 2007). A hybridisation probe qPCR assay was designed for the 

specific detection of T. parva by amplifying a 167 bp fragment of the V4 hyper-variable region 

of the 18S SSU rRNA gene, using a T. parva-‘specific’ forward and a Theileria genus-specific 

reverse primer set (Sibeko et al., 2008). This T. parva-specific qPCR assay has been successfully 

used to amplify and detect T. parva, Theileria sp. (buffalo) and Theileria sp. (bougasvlei) in 

Cape buffalo (Syncerus caffer) in southern Africa (Chaisi et al., 2011; Mans et al., 2011; Pienaar 

et al., 2011). The assay is highly reproducible and can reliably detect the parasite in carrier 

animals with a piroplasm parasitaemia as low as 8.79 x 10-4 %, and is therefore more sensitive 

than conventional PCR and RLB assays (Sibeko et al., 2008). Another qPCR assay based on 

TaqMan probe chemistry was developed for the detection of T. parva in buffalo and cattle 

(Papli et al., 2011). The assay used a Theileria genus-specific PCR primer set and a T. parva-

specific probe to amplify and hybridise with a species-specific part of the 18S rRNA gene for 

the parasite (Papli et al., 2011). The assay was shown to detect parasitaemia as low as 2 x 10-

6%, and was equally sensitive to the qPCR hybridisation probe assay. The assay offers certain 
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advantages in terms of cost, simplicity and interpretation of results as no melting curve 

analysis is required (Papli et al., 2011).  

 

Real-time PCR assays were developed for detection and quantification of A. marginale msp5 

gene copies and msp2 RNA transcripts from amplified DNA in infected ticks, using SYBR Green 

intercalating dye (Löhr et al., 2002; Futse et al., 2003). However, the methods though 

sensitive, lacked determination of diagnostic specificity with particular regard to the related 

species, A. centrale. Recently, qPCR was successfully applied for the rapid detection and 

accurate quantification of A. marginale DNA (msp1b gene) in the blood of naturally infected 

cattle (Carelli et al., 2007). The test proved to be highly specific. There were no cross-reactions 

with other Anaplasma species of ruminants, including the closely related A. centrale, or other 

haemoparasites of ruminants (A. bovis, A. ovis, A. phagocytophilum, B. bovis, B. bigemina, T. 

annulata and T. buffeli), which were present in 70% of bovine samples tested, as determined 

by RLB hybridisation. The qPCR assay for A. marginale overcomes the limitations of existing 

diagnostic methods and could be employed for: (i) detection and quantification of 

rickettsemia in carrier, pre-symptomatic and symptomatic cattle, (ii) assessment of the 

precise correlation between levels of rickettsemia and occurrence of clinical signs, (iii) 

evaluation of the efficacy of vaccines, and (iv) evaluation of the follow-up after treatment 

with anti-rickettsial drugs (Carelli et al., 2007). Later, a duplex TaqMan qPCR assay with 

hybridisation probes labeled with different fluorophores was developed for simultaneous 

detection and quantification of A. marginale and A. centrale DNA in bovine blood samples 

(Decaro et al., 2008). The assay was able to detect as few as 101 DNA copies of A. marginale 

and 102 copies for A. centrale, with optimal specificity and reproducibility (Decaro et al., 

2008). The duplex assay can detect and quantify the two Anaplasma spp., even if present 

simultaneously in the same blood sample, and could be used in pathogenesis studies on acute 

bovine anaplasmosis (Decaro et al., 2008). In another study, a duplex real-time quantitative 

reverse transcriptase PCR (qRT-PCR) assay for the detection of A. marginale and A. 

phagocytophilum 16S rRNA in bovine blood samples was developed (Reinbold et al., 2010b). 

The assay was found to be a highly sensitive and specific diagnostic tool, and was able to 

detect as few as 100 copies of 16S rRNA of both A. marginale and A. phagocytophilum in the 
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same reaction (Reinbold et al., 2010b). The duplex qRT-PCR assay was found to be more 

sensitive than cELISA in detecting Anaplasma infection in cattle (Reinbold et al., 2010a).  

 

A pCS20 qPCR was developed for specific detection of E. ruminantium DNA in cell culture, 

blood and ticks (Peixoto et al., 2005; Steyn et al., 2008). The assay is more sensitive than the 

standard pCS20 PCR and pCS20 PCR/32P-probe. The pCS20 qPCR TaqMan probe provides the 

best sensitivity with a detection limit of one gene copy per reaction, which is 100 times higher 

than that of conventional pCS20 PCR. However, the qPCR cross-reacts with both E. chaffeensis 

and E. canis.  

 

2.9 Control of tick-borne diseases 

Control of TBDs can be achieved by tick management, immunisation, and the use of 

chemotherapeutic and chemoprophylactic drugs (Norval et al., 1992b; Bock et al., 2004; 

Mugisha et al., 2005), or by a combination of these approaches. The control of ticks and TBDs 

constitutes a significant proportion of total disease control in cattle production systems, for 

example, 86% in south-western Uganda (Ocaido et al., 2009). 

 

2.9.1 Tick control 

Tick control is a widespread method of controlling TBDs, by using acaricides to limit 

infestation with the tick vectors. Tick control methods include direct application of acaricides 

to cattle through dipping, spray races, hand spray, pour-ons and hand dressing (Gachohi et 

al., 2012). The advantage of acaricides is that they control all tick species, thereby controlling 

all TBDs, as well as reducing hide damage (GALVmed, 2015a). Tick control can be either 

intensive or strategic (Bezuidenhout and Bigalke, 1987). The objective of the intensive 

method is to control all stages of ticks throughout the year. However, intensive acaricide 

application disrupts endemic stability due to lack of natural challenge, thereby creating a 

susceptible cattle population, even in endemic areas with indigenous breeds (Norval et al., 

1992b; Perry and Young, 1995; Perry et al., 1998; Minjauw and McLeod, 2003). Therefore, any 

breakdown of the intensive control regimen then results in heavy losses from TBDs (Allsopp 

et al., 2004). Strategic tick control implies regulating the number of ticks present so that 
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natural infection of livestock occurs, but also preventing the debilitating effects of severe tick 

infestations (Allsopp et al., 2004). The aim is to achieve an epidemiologically stable situation 

with respect to TBDs (Allsopp et al., 2004). Economic studies have demonstrated that 

strategic tick control is both a more economical and a more practical option for limiting losses 

from TBDs (Meltzer et al., 1995). Strategic use of acaricides also prevents rapid selection for 

acaricide resistance, and increases the acaricide use threshold (George et al., 2004). Although 

the establishment of endemic stability using limited acaricide application can be successful, if 

herd immunity breaks down then serious disease outbreaks can occur. This can happen if new 

immunotypes enter an area where immunity to the previously prevalent strains offers no or 

limited protection. Such a situation is likely to occur if widespread genetic exchange occurs in 

the field between different strains, as is the case for E. ruminantium (Allsopp and Allsopp, 

2007) and T. parva (Oura et al., 2007). 

 

The use of acaricides to control ticks has drawbacks: acaricides are expensive for the average 

livestock keeper (Okello-Onen et al., 1998; Mugisha et al., 2005), there is need for regular 

application, and there is a possibility of contaminating food supplies and the environment 

(Norval et al., 1992a; George et al., 2004). Furthermore, the inappropriate use of acaricides 

by some livestock keepers (Chenyambuga et al., 2010; Mugabi et al., 2010; Kasozi et al., 2014) 

can result in development of resistant tick and fly populations (George et al., 2004; SNV, 

2013b). In the event that resistant tick populations become established, the incidence of TBDs 

is likely to increase (Kocan et al., 2010). The cost of managing resistant tick populations makes 

acaricide treatments more expensive and raises the costs of a control programme (George et 

al., 2004). In addition, the use of acaricides requires large volumes of water, and the presence 

of alternative hosts, mainly wild ungulates, may compromise effectiveness (Mukhebi, 1992). 

The use of acaricides is also compromised by stock movement during drought and insufficient 

knowledge of tick ecology (Cox, 1991). A successful control programme depends on detailed 

knowledge of the biology and ecology of the targeted tick. Without this information, weak 

points in the life cycle cannot be determined and exploited (Barre and Garris, 1990). 

Pastoralists need to have local ecological knowledge of the seasonal activity of ticks if strategic 

treatment with acaricides is to be successful (Latif and Walker, 2004). For example, adults of 

A. variegatum feed during the rainy season and the immature stages feed during the dry 
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(Prine et al., 2013). The adults are easiest to estimate and are probably the best stage for 

strategic control because of the impact on reproduction (Latif and Walker, 2004). Acaricide 

treatment intervals must coincide with the length of the feeding period of the female tick. 

Each subsequent treatment must be applied before the female mates, completes the 

engorgement process, and detaches from the host (Barre and Garris, 1990). Therefore 

treatment of cattle is started when adults are becoming active but before their numbers 

become high (natural peak). Treatment continues at sufficient frequency to maintain constant 

tick control during most of the season of adult feeding (Latif and Walker, 2004). One-host 

ticks in the Boophilus sub-genus of the genus Rhipicephalus can be easily controlled on cattle 

and cleared from pastures by a combination of acaricide treatment on animals and 

management methods that reduce tick numbers on vegetation [e.g. heavy grazing to keep 

pasture short] (Latif and Walker, 2004).  

 

The other problem concerning acaricide use in the control of ticks is that partial removal of 

one parasite by chemical control results in invasion of others. For instance, the eradication of 

R. decoloratus in south-eastern African countries resulted in the invasion of its competitor, R. 

microplus (Sutherst, 2001). Furthermore, in situations where both biological (ticks) and 

mechanical transmission (haematophagous arthropods and blood-contaminated fomites) are 

involved, as is the case for A. marginale, tick control can only partially prevent transmission 

(Kocan et al., 2003). In these situations, products that are effective against both ticks and flies 

are necessary (or a combination of products). After nearly a century of acaricides utilisation, 

it is widely believed that acaricides alone do not provide a sustainable solution to tick and 

TBD control (Norval et al., 1992a).  

 

In most production systems in eastern Africa, the use of acaricides is the most common 

method for control of ticks in livestock, mostly through spraying with hand sprayers and spray 

pumps (Minjauw and McLeod, 2003; Mugisha et al., 2005; Mugisha et al., 2008; Chenyambuga 

et al., 2010; Mugabi et al., 2010). Some livestock keepers do not apply acaricides at all 

(Chenyambuga et al., 2010). Hand spraying is less effective: the procedure is time-consuming 

and its efficacy depends on the degree of care taken to ensure that all body parts are treated. 

It is therefore only suitable for small numbers of animals (Minjauw and McLeod, 2003). Dip 
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tanks are an efficient, practical and convenient means of applying acaricide to a herd of 

livestock. However, government veterinary services in eastern Africa are often constrained 

by poor or inadequate infrastructure (Perry and Young, 1995), including cattle dip tanks and 

diagnostic facilities, which constrains the diagnosis and control of TBDs (Musoke et al., 2004; 

Kasozi et al., 2014). The decentralisation and privatisation of veterinary services in eastern 

Africa emphasises a private sector demand-driven control of TBDs (Minjauw and McLeod, 

2003; SNV, 2013b; Kasozi et al., 2014; Muhanguzi et al., 2015). However, most rural pastoralist 

communities have very limited financial resources to maintain the cattle dips (George et al., 

2004; Mugisha et al., 2005; Mbassa et al., 2009). The main factor that drives the choice of 

acaricides by cattle keepers is price; for example, in Sembabule and Mbarara Districts in 

southern-western Uganda (Mugisha et al., 2005; Mugisha et al., 2008) and Nakasongola 

District of central Uganda (Mugabi et al., 2010), the commonly used acaricides for tick control 

were amitraz formulations. Although about 10 litres of acaricide wash (at about 0.2% 

concentration) is recommended for use per animal (irrespective of the breed and size) 

(Minjauw and McLeod, 2003; Mugisha et al., 2005; Mugabi et al., 2010), cattle keepers often 

use acaricides of lower strength and less quantity than recommended by manufacturers 

(Mugisha et al., 2005; Mugisha et al., 2008; Mugabi et al., 2010). Moreover, herders use 

uncalibrated materials for measuring acaricides (Mugisha et al., 2005). Economic reasons 

force livestock keepers to use understrength acaricides (Mugisha et al., 2005; Mugisha et al., 

2008; Mugabi et al., 2010). Due to the costs associated with the use of conventional methods 

of control, the use of ethnoveterinary knowledge is also a common practice in the control of 

ticks and TBDs in rural livestock keeping communities (Gradé et al., 2009; Chenyambuga et 

al., 2010; Nabukenya et al., 2014). Ethnoveterinary plants have been evaluated and found to 

have acaricidal activities. A study in South Africa showed that ethanol extracts of the plant 

species Calpurnia aurea (leaves, flowers) and Cissus quadrangularis (stems) had a good 

acaricidal activity (>80% mortality) against larvae of R. decoloratus in an in vitro experiment 

(Fouche et al., 2016). In another in vitro study in the Democratic Republic of Congo, Kalume 

et al. (2012) demonstrated a 100% acaricidal effect of ethanol extracts of Tephrosia vogelii 

against adults of R. appendiculatus.  
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2.9.2 Chemotherapy and chemoprophylaxis 

Treatment is a secondary strategy in the control of TBDs. Theileriosis in cattle is effectively 

treated by derivatives of hydroxynaphthoquinone compounds (parvaquone and 

buparvaquone) and a quinazolinone compound (halofuginone). The drugs are very effective, 

if administered early, and safe with a wide therapeutic index, and they specifically target the 

causative parasite (Lawrence et al., 2004b). In field conditions, parvaquone and 

buparvaquone are active against both schizont and piroplasm stages of T. parva, while 

halofuginone appears to be active against only the schizont stage, which makes the drug most 

effective against the early stages of ECF (Lawrence et al., 2004b). However, these drugs are 

expensive and this limits their use in the field (Lawrence et al., 2004b). Moreover, accurate 

differential diagnosis in the field is difficult and may lead to inappropriate or delayed 

treatment (GALVmed, 2015a). Cattle may still die if treatment is done in advanced stages with 

pulmonary oedema (Muraguri et al., 1999). However, treatment of ECF cases with the 

pulmonary oedema syndrome can be improved by incorporating furosemide, which has a 

diuretic effect (Musoke et al., 2004). Treatment of ECF also faces the challenges of limited 

access to anti-theilerial drugs, unreliable quality of available products and the possibility of 

under-dosing by cattle keepers (Homewood et al., 2006; Lynen et al., 2006). The other 

problem is the carrier state which follows treatment of naturally infected animals with the 

curative drugs, thus maintaining the infection in cattle populations (Dolan, 1986; Kabi et al., 

2014). In animals affected by environmental stress factors, such as poor nutrition, the ECF 

drugs can be sufficiently toxic to lead to death of the treated animals (GALVmed, 2015a). 

Antimicrobial therapy for bovine anaplasmosis employs mainly tetracyclines and imidocarb 

drugs (Potgieter and Stoltsz, 2004). Antimicrobial therapy is directed towards control of active 

infection (on apparently healthy animals during the vector season to limit the clinical effects 

of infection), and treatment of clinical anaplasmosis. Imidocarb reportedly eliminates 

Anaplasma marginale from carrier animals (Roby and Mazzola, 1972; Potgieter and Stoltsz, 

2004). Tetracyclines are widely used; however, there are concerns about their capacity to 

eliminate persistent A. marginale infections in cattle, also termed chemosterilisation (Aubry 

and Geale, 2011). There have been conflicting reports between studies conducted prior to 

and after the year 2000 regarding the efficacy of tetracyclines for chemosterilisation against 

A. marginale, suggesting the existence of differences in susceptibility between A. marginale 
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isolates (Aubry and Geale, 2011). Two multidrug resistance pumps in the genome of A. 

marginale were identified, although the clinical significance of these pumps has yet to be 

examined (Brayton et al., 2005). If differences in susceptibility between strains exist, it would 

be necessary to know which A. marginale strain (s) is present in the herd and the efficacy of 

tetracycline for chemosterilisation of those strains. It is also important to note that animals 

successfully chemosterilised are still fully susceptible to re-infection with A. marginale 

(Reinbold et al., 2010a). Therefore, in addition to the antimicrobial treatment at the required 

dose and duration, the exposure needs to be prevented in order for the animal to remain free 

of Anaplasma (Aubry and Geale, 2011). Although a number of drugs have been used in the 

treatment of babesiosis, only a few are available commercially and none is ideal for the 

purpose. Currently, diminazene aceturate and imidocarb dipropionate (imidocarb) are the 

most widely used babesiacides (Bock et al., 2004). Imidocarb and diminazene are also the only 

drugs with useful prophylactic properties for the short-term control or prevention of 

babesiosis (De Vos et al., 2004). However, problems of residues in the food chain and limited 

supply by manufacturers have affected the use of babesiacides in many countries (Zintl et al., 

2003; De Vos et al., 2004). Furthermore, since Babesia bovis and Babesia bigemina vaccine 

strains might be more sensitive to babesiacides, drug residues remaining in treated animals 

may interfere with vaccination efforts (Combrink et al., 2002). At high doses, imidocarb also 

eliminates B. bovis and B. bigemina from carrier animals (Bock et al., 2004). However, 

imidocarb-resistant B. bovis parasites have been expressed experimentally (Rodriguez and 

Trees, 1996), and inappropriate use of the babesicides may lead to emergence of drug-

resistant Babesia strains in the field (Zintl et al., 2003). Tetracyclines, especially 

oxytetracycline, are the most widely used drugs in the treatment of heartwater (Allsopp et 

al., 2004). In prophylactic treatment of heartwater, oxytetracycline injections may be used to 

protect susceptible animals against heartwater when they are introduced into an endemic 

area (Allsopp et al., 2004).  

 

In general, chemotherapy is expensive, effective only for a short period, and often may be 

difficult to apply effectively in range cattle. In Uganda, many livestock owners particularly 

those in rural remote areas face challenges including a lack of knowledge of livestock diseases, 

and accessibility and affordability of the drugs they require (SNV, 2013a). Due to 
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government’s liberalisation policy, the human resources that are already limited at the district 

level are under-utilised (Kasozi et al., 2014). There is, therefore, lack of appropriate guidance 

on proper drug usage. Livestock keepers treat sick animals themselves or do nothing at all, 

rather than consulting veterinary personnel (Mugisha et al., 2005; SNV, 2013b; Kasozi et al., 

2014). Therefore, the use of understrength concentrations of drugs or inappropriate 

application methods is common, which leads to development of carriers and the proliferation 

of tick-borne infections within the livestock populations, and consequently increased animal 

losses (SNV, 2013b; Kasozi et al., 2014). The inadequate supervision of the drug industry has 

also led to development of drug resistance (SNV, 2013a; SNV, 2013b). Oxytetracycline is the 

drug most commonly used in the treatment of TBDs in cattle among livestock keeping 

communities in Uganda, because it is cheaper (Mugisha et al., 2005; Chenyambuga et al., 

2010). Tetracycline administration is accompanied by the disadvantages of continuous costs 

incurred, and meat and milk withholding periods (Kocan et al., 2010).  

 

2.9.3 Vaccination 

Cattle develop durable, long-lasting immunity after a single infection with tick-borne 

pathogens and this feature has been exploited to immunise cattle against TBDs. Vaccination 

can significantly contribute to the reduction in the use of different veterinary drugs, therefore 

preventing the emergence of resistance among parasites (Marcelino et al., 2012). 

Immunisation of cattle by the infection and treatment method (ITM) offers a valuable option 

for control of ECF (Lynen et al., 2006; Oura et al., 2007; Lynen et al., 2012). The method 

involves inoculation of a known strain (s) of T. parva live sporozoites with the concurrent 

administration of long-acting formulations of oxytetracycline antibiotic. This procedure 

results in a mild and controlled reaction to the parasite infection and leads to development 

of immunity to subsequent infections (Radley et al., 1975a; Radley et al., 1975b; Di Giulio et 

al., 2009; McKeever, 2009). The immunity lasts up to three years in the absence of further tick 

infestations, but it is life-long if infected ticks continue to challenge the immunised animal 

regularly (Di Giulio et al., 2009). There is strong evidence that protection is mediated by 

parasite-specific major histocompatibility complex (MHC) class I-restricted CD8+ cytotoxic T 

lymphocytes (CTLs) that target the schizont-infected lymphoblasts, although CD4+ T cells may 

be involved (Morrison et al., 1987; McKeever et al., 1994; Jenkins, 2001; McKeever, 2007). 
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However, the CTL response does not prevent infection because it does not take effect until 

the schizont parasitosis is established (Morrison et al., 1987). Moreover, immunisation 

generally results in a persistent ‘carrier’ state which is potentially tick-transmissible (Young et 

al., 1986; Bishop et al., 1992; Kariuki et al., 1995; Oura et al., 2004b). The transmission of 

vaccine components from vaccinated ECF carriers to non-immunised co-grazing animals (De 

Deken et al., 2007; Oura et al., 2007; Geysen, 2008) may also result in a heavier ECF challenge 

in non-immunised calves (Babo Martins et al., 2010). The vaccine parasite strains or specific 

alleles that are introduced into the field could also undergo recombination in the vector and 

thereby create opportunities for immune evasion by the pathogen (McKeever, 2007; Oura et 

al., 2007). The other problem is that high diversity of T. parva parasite populations in the field, 

both antigenic (Irvin et al., 1983; Minami et al., 1983) and molecular (Bishop et al., 1993; 

Bishop et al., 1996; Oura et al., 2004b; McKeever, 2009), results in a lack of cross-protection 

between isolates of the parasite (Cunningham et al., 1974; Irvin et al., 1983; McKeever, 2009). 

However, broad protection against most field isolates can be accomplished by combining 

different strains, suggesting that antigenic variation might be limited (Radley et al., 1975b; 

Uilenberg, 1999; McKeever, 2009). The most widely used vaccine is the original trivalent 

Muguga cocktail (Radley et al., 1975b) which comprises three stocks of the parasite - Muguga, 

Kiambu 5 and Serengeti-transformed isolate from a Mara buffalo, and protects against a 

range of geographically disparate isolates (McKeever, 2007). However, the control of ECF by 

vaccination also faces complexities because of variations in challenge intensity associated 

with vector dynamics (McKeever, 2007). There is also the risk of live parasites in the vaccine 

causing morbidity and mortality in vaccinates. Furthermore, vaccine production requires 

extensive infectivity testing and titration in cattle, to determine the safety and efficacy of the 

immunising dose (Di Giulio et al., 2009). Production of the ECF vaccine is complicated, time-

consuming and expensive. To produce one million doses of vaccine requires 130 cattle that 

have not previously been exposed to the disease, 500 rabbits and at least 600,000 ticks. The 

entire process of making the batch takes up to 18 months (Macmillan, 2014). Nevertheless, 

the vaccine has been used in eastern, central and southern Africa to protect cattle against ECF 

(Perry et al., 1998; Minjauw and McLeod, 2003; Homewood et al., 2006; Lynen et al., 2006; 

Di Giulio et al., 2009). The main targets of immunisation are the taurine and taurine-cross 

cattle, due to high susceptibility. However, indigenous Zebu cattle may also be targets for 
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immunisation where endemic instability to T. parva exists (Perry et al., 1998). In Uganda, ITM 

has been used in 43 districts, but mostly on exotic breeds and their crosses, achieving 

immunity in about 85% of vaccinated cattle (SNV, 2013b). Widespread use in Africa has been 

restricted due to high costs of the vaccine and liquid nitrogen, and limited shelf-life of the 

vaccine (Di Giulio et al., 2009; SNV, 2013b). Furthermore, inadequate expertise to monitor 

the use of chemotherapy to moderate any severe effects of immunisation is a challenge in 

rural livestock-based communities (Di Giulio et al., 2009; Oura et al., 2011b). However, a study 

in northern Tanzania showed that ITM was adapted by cross-border pastoral communities, 

which led to reduced ECF incidence, decreased annual calf mortality (by 80-95%), and 

improved rate of weight gain and quality of animals  (Homewood et al., 2006; Lynen et al., 

2006). There was also a reduction in the use of acaricides to control ticks and increased herd 

size (Homewood et al., 2006; Lynen et al., 2006). Farmers reported higher market price for 

vaccinated animals (GALVmed, 2015b). Other studies in Tanzania showed that the vaccine is 

a cost-effective control option against ECF with a vaccine efficacy of 97% (Babo Martins et al., 

2010), and ITM prevented ECF cases in crossbred dairy cattle which resulted in reduced 

acaricide use, without compromising survival in the face of other TBDs (Lynen et al., 2006). 

The ECF-ITM approach, which typically provides life-long immunity, comprises a single dose 

vaccine ideally given to calves, by injection close to the parotid lymph node, behind the ear, 

which is the natural attachment site for the tick R. appendiculatus. Controlled spraying or 

dipping against ticks is necessary to maintain immunity and control other TBDs (GALVmed, 

2015a). Currently, the Centre for Ticks and Tick Borne Diseases (CTTBD) in Malawi is producing 

the ECF vaccine, and the Global Alliance for Livestock Veterinary Medicines (GALVmed) is 

providing support to ensure vaccine availability fron CTTBD, process improvements to ECF-

ITM vaccine (e.g. reduce the time it takes to manufacture the vaccine), finding an approach 

to conserve sporozoite viability without the need for liquid nitrogen storage, and promote 

collaboration between governments, scientific think-tanks and private business innovators. 

GALVmed is also building delivery capabilities (vaccinator training) and market awareness, 

and facilitating official product registration in different countries (GALVmed, 2015a; 

GALVmed, 2015b). Research in Tanzania has been undertaken with the objectives of making 

the ECF vaccine safer, more effective, more easily managed, and more acceptable to farmers. 

This research has shown that replacement of the traditional 20% oxytetracycline formulation 
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with a longer-acting 30% formulation (Alamycin LA 300®) reduced the percentage of ECF 

reactors from an average of 5-6% to less than 0.2%. It also allowed those conducting the 

treatment to abandon the intensive monitoring after ECF immunisation, and made the 

technology much more acceptable to both private veterinarians and livestock owners 

(Minjauw and McLeod, 2003). Research has also moved towards developing subunit vaccines 

from native antigens of T. parva parasites or as recombinant proteins from cloned DNA. 

Subunit vaccines offer an attractive alternative to virulent or attenuated parasites because of 

the use of bacteria or lower eukaryotes to produce recombinant proteins in batch culture, 

they are less costly to produce, are relatively stable, and do not require a cold chain, making 

the logistics of access and delivery easier. Moreover, there is flexibility to incorporate only 

those antigens that elicit ‘protective’ immune responses (Jenkins, 2001). Milestones have 

included field evaluation of the p67 sporozoite recombinant vaccine, which has shown a 

degree of efficacy (Musoke et al., 2005). There has also been identification of vaccine 

candidate antigens from the T. parva schizont stage (Graham et al., 2006) that represent 

targets of CD8+ T-cell responses induced by live immunisation. 

 

Despite the far-reaching economic impacts of anaplasmosis, there is no vaccine universally 

accepted as safe and efficacious (Aubry and Geale, 2011; Ducken et al., 2015). Both killed and 

live vaccines, which rely on erythrocyte-derived antigen sources, have been used worldwide 

to induce protective immunity that mutes or prevents clinical disease; however, the vaccines 

neither prevent cattle from becoming persistently infected with A. marginale nor from 

becoming reservoirs of infections (Kocan et al., 2003). Moreover, the development of an 

effective bovine anaplasmosis vaccine is complicated by the increasing numbers of A. 

marginale field strains that occur in a given geographical area (de la Fuente et al., 2005; Aubry 

and Geale, 2011). Therefore, premunising isolates of A. marginale may not be cross-

protective within and across geographical areas. Live vaccines involve inoculating cattle with 

erythrocytes infected with attenuated strains of A. marginale or the less pathogenic A. 

centrale (Kocan et al., 2003). During production of live vaccines, splenectomised calves that 

are maintained under quarantine conditions are experimentally inoculated with stabilates of 

defined strains of A. marginale or A. centrale and serve as a source of infective blood (Kocan 

et al., 2003; OIE, 2015a). Vaccinated cattle develop persistent infections, which induce lifelong 
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protective immunity in cattle (Kocan et al., 2003). Advantages offered by a live vaccine include 

a full complement of surface antigens in their native conformations, and presentation of new 

surface protein variants over time (Hammac et al., 2013). However, live blood vaccines have 

disadvantages that include the risk of co-transmission of other pathogens, risk of haemolytic 

disease in calves born to vaccinated dams, and a requirement for a stringent cold chain (Bell-

Sakyi et al., 2015). Moreover, attenuated A. marginale vaccines could become virulent after 

successive passage through cattle or by ticks (Aubry and Geale, 2011), and the vaccine is not 

recommended in cattle older than 12 months (Kocan et al., 2003). Anaplasma centrale 

(Theiler, 1911) is the most widely used live vaccine for control of bovine anaplasmosis, being 

used in Africa, Australia, Israel and Latin American (Aubry and Geale, 2011). Cross-protection 

by the A. centrale live vaccine is attributed to similar antigenic variation of major surface 

protein (MSP) 2 that occurs during persistent infections of A. centrale and A. marginale (Shkap 

et al., 2002), and conserved CD4+ T-cell epitopes between the two species (Shkap et al., 2002; 

Molad et al., 2004; Agnes et al., 2011). However, A. centrale vaccine success also varies with 

A. marginale strains to which vaccinated cattle are exposed (Hammac et al., 2013). There is a 

much lower degree of conservation between the deduced amino acid sequences of surface 

proteins of A. centrale and sequenced A. marginale strains than between any two A. 

marginale strains examined to date (Herndon et al., 2010; Agnes et al., 2011). Killed 

(inactivated) vaccines have some advantages over live vaccines: the risk of contamination 

with undesirable infectious agents is low, storage is inexpensive, and post-inoculation 

reactions are of minimal clinical relevance. However, the disadvantage of killed A. marginale 

vaccines is the high cost of producing and using the vaccines due to the need for annual 

boosters, extensive purification of A. marginale from erythrocytes, dependence upon live 

animals as antigen source, and difficulty of standardisation (Kocan et al., 2003). There is also 

lack of cross-protection among isolates from different geographical areas, and the protective 

immunity afforded by killed vaccines is usually lower than that of live vaccines (Kocan et al., 

2003). Therefore, killed vaccines are not used worldwide as frequently as live vaccines (Kocan 

et al., 2003). As a prospect for Anaplasma vaccines, a cell culture system has been developed 

for propagation of A. marginale in a continuous tick cell line derived from embryonic Ixodes 

scapularis (Kocan et al., 2003). Anaplasma marginale derived from the cultured tick cells 

provides a potential source of antigen for the development of improved killed and live 
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vaccines, and this would eliminate the use of cattle in vaccine production (Kocan et al., 2003). 

Recently, a transformed and cell-culture derived A. marginale St. Maries strain showed better 

clinical protection than A. centrale vaccine following challenge with A. marginale (Hammac et 

al., 2013). In another study, A. centrale Israel vaccine strain was successively propagated in 

tick cell lines, which opens up the possibility of generating a safer and ethical vaccine for 

bovine anaplasmosis (Bell-Sakyi et al., 2015). The ideal vaccine for bovine anaplasmosis would 

be one that is able to mimic or redirect the host response during natural infections and blocks 

infection of cattle and ticks that are potential vectors. Additionally, the possibility of blocking 

the biological transmission of A. marginale is an important goal of vaccines for bovine 

anaplasmosis (Kocan et al., 2003). Recent proteomic and genomic research approaches have 

identified 21 new proteins within the outer membrane immunogen in addition to the well-

characterised major surface proteins (MSP1-MSP5). The identification of these novel 

antigenic proteins expands current knowledge of the composition of the protective 

immunogens and provides hope for the development of new vaccines (Lopez et al., 2005; 

Brayton et al., 2006). A recent study evaluated the protective capacity of sub-dominant outer 

membrane protein antigens but with less success (Ducken et al., 2015). Therefore, 

progressing from the protective capacity of outer membrane formulations to recombinant 

vaccines requires testing of additional antigens, optimisation of the vaccine formulation and 

a better understanding of the protective immune response (Aubry and Geale, 2011; Ducken 

et al., 2015).  

 

Attenuated Babesia parasites are used in vaccination against babesiosis (Suarez and Noh, 

2011). The attenuated B. bovis used in vaccines was derived by serial and rapid blood passages 

of a virulent strain among 20-30 splenectomised steers (Callow et al., 1979). Since the spleen 

is important in the trapping and destruction of infected erythrocytes, the use of 

splenectomised bovines yields adequately high parasitaemias (Bock et al., 2004). In contrast, 

B. bigemina attenuation is usually performed by slow successive passages of virulent strains 

among spleen-intact steers (Shkap and Pipano, 2000). Live Babesia vaccines are 

recommended for use in 4 - to 10 - month-old calves that generally show good tolerance, 

though a transient clinical response to vaccination can sometimes take place (Fish et al., 

2008). Adult animals, on the other hand, can develop acute babesiosis upon vaccination, for 
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which daily monitoring for up to 21 days is suggested and babesiacide treatment is often 

needed (Shkap et al., 2005; de Waal and Combrink, 2006; Suarez and Noh, 2011). Live vaccines 

against B. bovis and B. bigemina are currently commercialised around the world (Florin-

Christensen et al., 2014), and have a desirable level of efficacy (over 95% from a single 

vaccination) (Bock et al., 2004). Several vaccines are based on the Australian vaccinal strains, 

while some countries, such as Argentina, South Africa, Mexico and Uzbekistan, use their own 

locally-generated attenuated strains (Florin-Christensen et al., 2014). Protective immunity 

develops 3-4 weeks after vaccination and normally lasts at least four years (Bock and de Vos, 

2001; OIE, 2015b). It was observed in South Africa that, after chemosterilisation of infections, 

sterile immunity to B. bigemina lasted for only 16 months, without further boosting of 

immunity from tick-acquired infections, while immunity to B. bovis lasted for over three years 

(Florin-Christensen et al., 2014). Thus, complete tick control after vaccination is discouraged, 

so that natural infections through tick bites can aid the acquisition of a long-term protective 

status (Bock et al., 2004; de Waal and Combrink, 2006; Florin-Christensen et al., 2014). In 

contrast with the live vaccine of B. divergens, which produces sterile immunity, B. bovis and 

B. bigemina live vaccines do not eliminate the parasites but rather produce disease-resistant 

carrier animals that may act as reservoirs for tick-transmission (Zintl et al., 2003; Bock et al., 

2004). Additionally, live vaccine production can be cumbersome, expensive and unattractive 

for private industry undertakings; therefore, current vaccines around the world are mostly 

produced with government support (Florin-Christensen et al., 2014). Donor bovines should 

be kept free of other pathogens, such as bovine leukaemia virus, and vaccines need to 

undergo strict quality controls to avoid pathogen dissemination at vaccination (Bock et al., 

2004; Shkap et al., 2007; Florin-Christensen et al., 2014). Donors of blood for vaccines should 

also be free of Babesia spp., which can be particularly challenging when vaccines are 

produced in tick-endemic regions (Florin-Christensen et al., 2014). In order to ensure parasite 

viability, a strict cold chain needs to be sustained during preparation, maintenance and 

transportation to the end users (Florin-Christensen et al., 2014). Refrigerated vaccines have a 

short shelf life (4 to 7 days at 4°C), and in the case of frozen vaccines, the timing of application 

is critical, since parasites rapidly die after thawing (Shkap et al., 2007). Adverse reactions to 

vaccination with live parasites, including abortions in pregnant cattle have been reported in 

highly susceptible cattle, such as high-yielding cows (Florin-Christensen et al., 2014). 
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Additionally, vaccine failures can take place due to incorrect handling or storage, 

administration of chemotherapeutics immediately before or during vaccination, stress or 

concomitant infections, pathogenicity reversion of the attenuated vaccine strains, and/or 

changes in the parasite population that can lead to lack of protection (Bock and de Vos, 2001; 

de Waal and Combrink, 2006). Live vaccines also require sensitisation against blood groups 

and tick transmissibility (Shkap and Pipano, 2000; Bock et al., 2004; Fish et al., 2008). Thus, in 

spite of the general efficiency of current vaccines in preventing clinical cases of bovine 

babesiosis, there is need to develop improved subunit vaccines that are safer, provide 

protection against disease, and are easier to handle and produce (Florin-Christensen et al., 

2014). It is possible to develop alternative subunit vaccines (Suarez and Noh, 2011) based on 

the following facts: (i) cattle persistently infected with Babesia are generally resistant to re-

infection with related strains, termed concomitant immunity (Brown et al., 2006), (ii) 

immunity following immunisation with live, attenuated B. bovis vaccine is known to last after 

parasites have been eliminated by drug treatment (Brown et al., 2006), and (iii) immunisation 

with killed parasites or parasite extracts can confer some level of protective immunity 

following homologous or heterologous strain challenge (Bock et al., 1992; Patarroyo et al., 

1995). Therefore, development of subunit vaccines requires a more refined understanding of 

the nature of the protective immune responses against Babesia parasites. Since relatively few 

blood stage antigens have been tested as vaccines, new vaccine candidate antigens need to 

be identified, and many other new avenues of subunit vaccine development using the already 

available vaccine candidates remain yet to be explored (Suarez and Noh, 2011). Recent 

research development in: (a) the complete genome sequence of Babesia parasites, and (b) 

the availability of novel functional genomics tools, including a transfection system for B. bovis, 

in conjunction with the availability of Babesia culture systems and novel genomic, 

transcriptomic and proteomic techniques, has great potential to impact vaccine 

development. In addition, other important recent advances are the characterisation of the 

mechanisms of antigenic variation, the adhesion properties of infected erythrocytes and the 

mechanisms of cell invasion (Allred and Al-Khedery, 2006; Hutchings et al., 2007; Barbet et 

al., 2009; Gohil et al., 2010). In vitro cultivation of bovine Babesia spp. allows vaccine 

preparations, cheap maintenance of field strains for antigen characterisation, drug testing, 
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sero-neutralisation assays, production of transgenic variants, morphological studies, and 

invasion assays (Müller and Hemphill, 2013).  

 

At the moment, the only commercially available vaccine against heartwater is a cryopreserved 

preparation of blood from sheep infected with virulent E. ruminantium organisms of the Ball 

3 isolate (which is less virulent than other strains), used in an infection and treatment strategy 

(Bezuidenhout and Wright, 1989; Nakao et al., 2012). The blood is injected intravenously in 

animals to be immunised, the rectal temperature is monitored daily, and antibiotic treatment 

is applied to prevent a more serious course of the disease or animal death (Allsopp, 2009; 

Marcelino et al., 2012). However, there are several practical disadvantages to this infection 

and treatment procedure: (i) the duration and effectiveness of the immunity is uncertain, (ii) 

because live organisms are involved, the procedure cannot be used in non-endemic areas 

(Allsopp, 2009), (iii) E. ruminantium organisms rapidly lose infectivity even at 4°C, so the 

infective blood must be preserved on dry ice and thawed immediately before inoculation 

which makes the procedure inappropriate for use in rural areas (Allsopp, 2009), and (iv) the 

procedure must be supervised by trained staff because of the need for intravenous injection 

and subsequent careful monitoring of the animals’ condition (Allsopp, 2009). The procedure 

is, however, successfully used to protect susceptible animals against the disease, especially 

when they are first introduced into endemic areas, or if they are particularly valuable (Allsopp 

et al., 2004). The Ball 3 stock was chosen as the ‘vaccine’ stock because it produces an early 

temperature rise several days before any other serious clinical signs appear. This makes it 

relatively easy to decide when to treat (Marcelino et al., 2012). However, antigenic strain 

differences and high diversity limits the protection offered by Ball 3 genotype against some 

common virulent genotypes, because cross protection between immunotypes of E. 

ruminantium may be minimal (Collins et al., 2003; Allsopp and Allsopp, 2007; Barbet et al., 

2009). Some stocks, such as the highly virulent Welgevonden isolate, can cause death very 

shortly after a rapid temperature rise, and are therefore not suitable for the infection and 

treatment method of immunisation (Allsopp, 2009). The Senegal isolate of E. ruminantium 

was the first isolate to be attenuated; however, it reduced mortality by a small percentage 

(from 70% to 43%) (Allsopp, 2010). The Welgevonden stock was attenuated in a canine 

macrophage-monocyte cell line culture, and then re-adapted to grow in bovine endothelial 
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cells (Zweygarth et al., 2005). The Welgevonden isolate offers a wider spectrum of cross-

protection than other stocks (Zweygarth et al., 2005), so the attenuated form may provide 

better protection than the attenuated Senegal isolate. Other forms of heartwater vaccines 

are in an inactivated form, consisting of organisms derived from culture which have been 

rendered non-viable by chemical treatment (Allsopp, 2010). Under field conditions, the 

inactivated vaccine reduces mortality levels, but protection levels have been disappointing 

(Mahan et al., 2001; Faburay et al., 2007a). Furthermore, the high cost of batch culture 

systems for E. ruminantium is a factor which has long been an obstacle to its development for 

large scale use in the field (Esteves et al., 2004). However, a recent study on inactivated E. 

ruminantium vaccine with ISA70M and ISA70 adjuvants demonstrated the ability to rapidly 

produce several hundred vaccine doses with minimal effort and ensure consistency in vaccine 

batches (Marcelino et al., 2015). Inactivation also enables the preparation of the vaccines long 

before vaccination due to the increased stability at 4°C and minimise the adverse effects of 

cold chain rupture up to 4 days at 37°C, as could happen under field conditions (Marcelino et 

al., 2015). A recombinant vaccine could in principle be cheap and effective, and unlike the 

attenuated vaccine it could be used to stop an outbreak in a non-endemic area. DNA 

vaccination with different E. ruminantium genes has also been attempted. Experiments 

showed that the naked DNA-induced immunity was boosted with microtubule-associated 

protein (MAP) 1, and as a result protection levels were increased from a range of 13–27%, 

without boosting, to a range of 53–67% (Nyika et al., 2002). The genome sequence of E. 

ruminantium shows that there are 888 genes from which to choose vaccine candidates 

(Collins et al., 2005), but the problem is that there are no reliable strategies for identifying the 

genes which code for antigens which stimulate the protective T-cell response (Esteves et al., 

2004). In order to develop E. ruminantium vaccines, it is important to find genotypes which 

can confer cross-immunity to as wide a range of E. ruminantium field strains as possible 

(Allsopp, 2010).  

 

With regard to vaccination against TBDs, the development of new-generation vaccines will 

require improved knowledge of the complex host-vector-pathogen interactions involved in 

the pathology, immunopathology and protective immune mechanisms of TBDs, in order to 

block critical host-pathogen or vector-pathogen interactions (Marcelino et al., 2012). Perhaps 
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the ultimate vaccine against TBDs will incorporate a cocktail of several antigens derived from 

different parasite developmental stages, so contributing to lifelong protective and robust 

immunity against a spectrum of economically devastating diseases (Kivaria, 2010). It is also 

critically important that the new generation of recombinant antigen vaccines permit the 

artificial establishment and maintenance of endemic stability (Kivaria, 2010). 

 

Approaches for the control of TBDs also involve long-term research into the development of 

anti-tick vaccines (de la Fuente et al., 2007a; SNV, 2013b). Control of ticks by vaccination has 

the advantages of being cost-effective, reducing environmental contamination, and 

preventing the selection of drug-resistant ticks that result from repeated acaricide application 

(Marcelino et al., 2012). The saliva of ticks has been shown to contain an array of biologically 

active proteins with functions essential to feeding success. Repeated host exposure to tick 

feeding has been shown to result in the development of resistance against future infestations, 

most likely through development of an adaptive immune response targeting the saliva 

proteins (Bowman and Sauer, 2004; Valenzuela, 2004). This natural ability of animals to 

develop resistance to ticks forms the conceptual basis for development of vaccines targeting 

tick feeding. Vaccinating with tick saliva antigens can induce production of antibodies that 

bind to and interfere with the function of the proteins in tick saliva (Olds et al., 2016). Tick 

vaccines reduce the number of engorging female ticks, their weight and reproductive 

capacity, meaning that the greatest vaccination effect is seen as a reduced larval infestation 

in the subsequent generation (Willadsen, 2006). The Bm86 antigen, as originally identified in 

R. microplus, is the basis of commercial tick vaccines against this tick species (de Vos et al., 

2001). De Vos et al. (2001) demonstrated a reduction in the number of engorged female adult 

ticks, their weight and egg-laying capacity, leading to a reduction in reproductive capacity of 

74% for R. microplus and 70% for R. decoloratus. There was also an overall 50% reduction in 

the total weight of nymphs of Hyalomma anatolicum anatolicum engorging on vaccinated 

calves, and a suggestion of a subsequent effect on feeding adults (de Vos et al., 2001). In other 

studies, the feasibility of controlling tick infestations through immunisation of hosts using 

recombinant antigens such as Bm86 (Tick-GARD) (Pipano et al., 2003), ferritin 2 (FER2) 

(Hajdusek et al., 2010), and recombinant fractions containing the chimeric proteins BM95-

MSP1a and subolesin (SUB-MSP1a) (Almazán et al., 2012) has been demonstrated. It was also 
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shown that using the tick protective antigen, subolesin (SUB), reduced A. marginale and A. 

phagocytophilum infection levels in ticks (de la Fuente et al., 2006). Furthermore, Merino et 

al. (2011) demonstrated a reduction in R. microplus infestation in cattle and a reduction in A. 

marginale and B. bigemina infection levels in ticks by vaccination with subolesin. However, a 

recent anti-tick vaccination study showed that a multivalent cocktail containing three R. 

appendiculatus histamine binding proteins, two different R. appendiculatus cement cone 

protein antigens TRP64 and TRP truncate variants, the R. appendiculatus subolesin 

homologue, and T. parva sporozoite antigen p67C showed that the vaccine did not appear to 

affect tick feeding success or reduce transmission of T. parva (Olds et al., 2016). A major 

disadvantage of some of the tick vaccines in current use is that they may not offer protection 

against multiple tick species. However, controlled immunisation trials conducted by de Vos et 

al. (2001) indicated that the R. microplus BM86-containing vaccines protect also against other 

tick species. Since tick infestation is rarely a one-species issue, tick vaccines should aim at a 

broader protection against the main species of economical and epidemiological interest. 

Another limitation in the use of anti-tick vaccines is the delay in the ‘knock down’ effect of 

the vaccines. Therefore vaccine use is often coupled with limited acaricide application for 

short-term control of unacceptable tick burdens (Mapholi et al., 2014). At the moment, two 

vaccines based on the Bm86 antigen are commercially available, namely Tick-GARD (in 

Australia) and GAVAC (in Cuba and parts of South America), but they are not fully efficacious 

(Marcelino et al., 2012). 

 

2.9.4 Animal genetics   

Purebred Bos indicus cattle are more resistant to ticks, and can withstand higher levels of 

challenge by TBDs than Bos taurus and crossbred cattle (Bock et al., 1999; Minjauw and 

McLeod, 2003). Therefore, Bos indicus breeds (e.g., N’Dama, Sanga and Zebu) can be 

exploited in areas where ticks and TBDs are big constraints to animal production (Bock et al., 

1999a; Mattioli et al., 2000; De Vos et al., 2004). This is of benefit especially for the low-input 

traditional farming systems where the use of chemicals to counter the negative effects of 

pathogens is limited by their relatively high cost (Mattioli et al., 2000). The genotype of cattle 

also plays a role in the development of protective immunity following immunisation, with Bos 

taurus breeds more likely to show a deficient immunity than Bos indicus (Bock et al., 2004).  

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 

 
 
 



CHAPTER 2 

102 

 

2.9.5 Integrated control 

Given the shortcomings of individual control methods against TBDs, integrated control 

approaches that take into consideration the epidemiology of TBDs in an area are required for 

control. An effective control of ticks and TBDs can be achieved by integrating the strategic use 

of acaricides, exploitation of endemic stability, the application of vaccines, and the use of tick-

resistant breeds of cattle (Norval et al., 1992a; Perry et al., 1998; Minjauw and McLeod, 2003; 

George et al., 2004). The use of immunisation and tick-resistant breeds of cattle considerably 

reduces the dependence on acaricides (Minjauw and McLeod, 2003). Integrated control 

approaches also include reducing the host-finding rate of ticks by changing the host density 

and controlling cattle movements (George et al., 2004). Increased exploitation of livestock 

genetic resistance is likely to remain the most cost-effective strategy in livestock-dependent 

and certain forms of traditional crop-livestock production systems that are characterised by 

low levels of acaricide use and therapeutic resources, leading to ‘natural’ disease control 

(Gachohi et al., 2012). However, because of the high mortality in young non-immune calves 

(Homewood et al., 2006; Gachohi et al., 2012), integration of the relative genetic resistance 

of livestock with immunisation and seasonal tick control could be more beneficial (Gachohi et 

al., 2012). In a population where a large proportion of cattle are susceptible, and vector ticks 

are absent or of low density, and therefore not a reliable indicator of occurrence of infection, 

it is logically and financially difficult to sustain immunisation; moreover, there would be little 

or no challenge from natural infected ticks which are required to sustain the immunity 

(Gachohi et al., 2012; Gachohi et al., 2013). In such areas, the most cost-effective control 

methods seem to be strategic tick control during periods when the vector is found and early 

and effective treatment in clinical cases of successful transmission (Gachohi et al., 2012). In 

endemically unstable areas, which are characterised by cattle populations with different 

levels of antibodies at the herd level, control measures, for instance immunisation, depend 

on the proportion of the susceptible population (Deem et al., 1993; Gachohi et al., 2012). The 

goal of the immunisation approach is to increase the proportion of immune animals to 

endemic stability status and minimise tick control to allow the infected ticks to sustain 

endemic stability naturally through continuous challenge (Gachohi et al., 2012). Bos taurus 

cattle breeds which are more susceptible than Bos indicus to TBDs warrant the use of 

preventive measures such as vaccination in areas with a high incidence of ticks and TBDs 
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(Perry et al., 1998; Minjauw and McLeod, 2003; Bock et al., 2004). However, indigenous zebu 

cattle may also be targets for immunisation where endemic instability to tick-borne 

pathogens exists (Perry et al., 1998).  

 

Veterinary services and appropriate information dissemination methods should be used to 

advise on the choice of control (Minjauw and McLeod, 2003). Therefore, a more creative and 

‘farmer-friendly’ use of information networks is needed (Minjauw and McLeod, 2003). There 

is need to increase farmer awareness about the biology and ecology of tick species on their 

land and the clinical picture of TBDs, so as to optimise both the use of acaricides, by applying 

the most appropriate frequency, and early management of infection (Minjauw and McLeod, 

2003; Gachohi et al., 2013; SNV, 2013b). A rational strategy for the control of ticks must also 

feature appropriate policies on acaricide usage and management (George et al., 2004). 

Government promotion of immunisation technology and assistance in remote areas is 

necessary to allow for fast adoption once vaccine delivery becomes available (Lynen et al., 

2006). Due to constrained resources, there is need to consider production systems with their 

unique needs in terms of TBD control. Therefore, attention should focus on identifying the 

significance of tick-borne infections in the specific production systems and then integrate 

strategic control measures based on the epidemiology and economics of TBDs. Given the 

impact of TBDs in cattle, control would be a major step to increase productivity of livestock 

production systems and contribute to food security. 
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 CHAPTER 3 

3. Using participatory epidemiology to investigate management options and 

relative importance of tick-borne diseases among transhumant Zebu cattle in 

Karamoja Region, Uganda 

3.1 Abstract 

A participatory epidemiological (PE) study was conducted with livestock keepers in Moroto 

and Kotido Districts, Karamoja Region, Uganda, between October and December 2013 to 

determine the management options and relative importance of tick-borne diseases (TBDs) 

among transhumant zebu cattle. Data collection involved 24 focus group discussions (each 

comprising 8 to 12 people) in 24 settlement areas (manyattas), key informant interviews (30), 

direct observations, a review of surveillance data, clinical examinations, and laboratory 

confirmation of cases of TBDs. Methods used in group discussions included semi-structured 

interviews, simple ranking, pairwise ranking, matrix scoring, proportional piling and 

participatory mapping. The results of pairwise comparison showed the Ngakarimojong-

named diseases, lokit (East Coast fever, ECF), lopid (anaplasmosis), loukoi (contagious bovine 

pleuropneumonia, CBPP), lokou (heartwater) and lokulam (babesiosis), were considered the 

most important cattle diseases in Moroto in that order, while ECF, anaplasmosis, 

trypanosomosis (ediit), CBPP and nonspecific diarrhoea (loleo) were most important in 

Kotido. Strong agreement between informant groups (Kendall’s coefficient of concordance W 

= 0.568 and 0.682; p < 0.001) in pairwise ranking indicated that the diseases were a common 

problem in selected districts. East Coast fever had the highest median score for incidence 

(18% [range: 2, 33]) in Moroto, followed by anaplasmosis (17.5% [8, 32]) and CBPP (9% [1, 

21]). Most animals that suffered from ECF, anaplasmosis, heartwater and babesiosis died, as 

the respective median scores for case fatality rates (CFR) were 89.5% (42, 100), 82.8% (63, 

100), 66.7% (20, 100) and 85.7% (0, 100). In Kotido, diseases with high incidence scores were 

ECF (21% [6, 32]), anaplasmosis (17% [10, 33]) and trypanosomosis (8% [2, 18]). The CFRs for 

ECF and anaplasmosis were 81.7% (44, 100) and 70.7% (48, 100), respectively. Matrix scoring 

revealed that disease indicators showed strong agreement (W = 0.382 - 0.659, p < 0.05 - p <
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0.001) between informant groups. Inadequate knowledge, poor veterinary services and 

limited availability of drugs were the main constraints that hindered the control of TBDs. Hand 

picking of ticks was done by all pastoralists while hand spraying with acaricides was irregular, 

often determined by availability of drug supplies and money. It was concluded that TBDs, 

particularly ECF and anaplasmosis were important diseases in this pastoral region. Results 

from this study may assist in the design of feasible control strategies. 

 

3.2 Introduction 

Tick-borne diseases (TBDs) are reported to be the major limitation to cattle production 

systems in Africa (Malak et al., 2012; Onono et al., 2013). They cause economic losses to 

farmers through cattle mortality, loss of body weight, milk loss, and control costs through 

chemotherapy, vaccination, and control of ticks by use of acaricides (Kivaria, 2006; Ocaido et 

al., 2009a). In Tanzania, the total annual national loss due to TBDs was estimated to be US 

$364 million (Kivaria, 2006). In Uganda, ticks and TBDs accounted for 75.4% of losses in cattle 

(Ocaido et al., 2009b), and the costs for control constituted 86% of the total disease control 

costs in cattle (Ocaido et al., 2009a). Although the effects of TBDs are more pronounced in 

exotic cattle, they are also a problem in indigenous cattle, especially in situations of endemic 

instability (Norval et al., 1992).   

 

Pastoralist communities in Africa live in some of the least developed and harshest 

environments in the world. In these communities, livestock contribute significantly to the 

social and economic well-being of people (Ocaido et al., 2009a; Onono et al., 2013). In 

Karamoja Region, the livelihoods of the communities are highly dependent on livestock (IICD, 

2010). Cattle in the region are of the short-horned East African zebu type (Bos indicus) and 

make up a relatively large percentage (19.8%) of Uganda’s cattle population (MAAIF, 2011). 

Grazing is extensive on communal land and there is no supplementary feeding. Due to cycles 

of drought, transhumance is the livestock management system practiced. In the wet season, 

cattle enclosures (“kraals”) are closer to the permanent settlement zone, taking advantage of 

temporary pools for watering. In the dry season, pastoralists move their animals to 

neighbouring districts and countries in search of pastures and water (Anderson and Robinson, 

2009). Despite the importance of livestock in the region, there is little information from 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 

 
 
 



CHAPTER 3 

163 

systematic studies regarding cattle diseases. Local knowledge of pastoralists about the 

relative importance of cattle diseases, husbandry, and control practices is not fully exploited.  

 

The use of conventional veterinary research and surveillance in pastoral areas is constrained 

because pastoralists often live in trans-boundary ecosystems and routinely cross national 

borders to access grazing areas. Furthermore, government veterinary services are poorly 

funded and the areas are not attractive to veterinarians (Shiferaw et al., 2010). In these areas, 

insecurity due to cattle raids is common (Chenyambuga et al., 2010), as exemplified by 

conflicts in South Sudan, Somalia, northern Kenya, eastern Ethiopia and the Karamoja Region 

of Uganda. As a result, veterinarians have to make best use of local knowledge and experience 

from the pastoralists, who are valuable sources of disease information (Catley et al., 2002; 

Catley et al., 2012). Participatory epidemiology (PE) is the systematic use of participatory 

approaches and methods, with the involvement of communities in defining and prioritising 

veterinary-related problems, and in the development of solutions to service delivery, disease 

control or surveillance (Catley et al., 2012). In recent years, PE methods have been adapted 

by epidemiologists to improve understanding of livestock diseases and impact on pastoralists’ 

livelihoods, for example in Ethiopia and South Sudan (Malak et al., 2012; Catley et al., 2014). 

This approach is a relatively cheap and rapid way to generate information in marginalised 

resource-poor areas (Malak et al., 2012; Catley et al., 2014). Compared with conventional 

questionnaires, PE methods create an open and dynamic interaction between the pastoralists 

and the researchers, who act as facilitators. Within groups, different people offer ideas that 

are discussed and refined until the group reaches a collective decision (Catley et al., 2002). 

Moreover, PE methods such as informal interviewing, visualisation and ranking or scoring 

reduce non-sampling errors (e.g. badly-phrased or insensitive questions), because there is no 

need for the pastoralists to state the number of animals owned (Catley et al., 2014). 

Standardisation and repetition of the method allows for some quantification and statistical 

analysis (Catley et al., 2014). Furthermore, PE uses triangulation to improve the validity of 

findings by cross-checking information collected through different methods and sources 

(Catley et al., 2012).   
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This study was undertaken to determine the relative importance of TBDs as constraints to 

cattle production among livestock keepers in the transhumant system of Karamoja Region, 

Uganda, using PE methods. Further objectives were to establish current control measures 

used by livestock owners for ticks and TBDs, and to determine the constraints to the control 

of ticks and TBDs in the region. This information may assist the design of appropriate animal 

health programmes, to enhance livestock productivity and improve livelihoods of pastoral 

communities. 

 

3.3 Materials and Methods 

3.3.1 Study area 

This study was conducted in Moroto and Kotido Districts of Karamoja Region, north-eastern 

Uganda. The region covers 27,511 km2 (about 10% of Uganda) and lies between longitudes 

33° 30’ E to 35°E and latitudes 1° 30’N to 4°N. It is bordered by South Sudan to the north and 

Kenya to the east. Karamoja Region is divided into seven administrative districts that are, in 

turn, divided into sub-counties containing a number of parishes and smaller settlement areas 

(manyattas). The region has a human population of approximately 1,455,200 (UBOS, 2014). 

The climate is mostly semi-arid with cycles of drought. Rainfall is low (average 500-600 mm 

per year) with peak rainfall in April-May and July-September (Anderson and Robinson, 2009). 

Temperatures range from an average minimum of between 15°C and 18°C to an average 

maximum of between 28°C and 33°C (Anderson and Robinson, 2009). The geographical 

features include wide savannah plains (1,500 m above sea level) covered with seasonal 

grasses, thorny plants, and occasional small trees (IICD, 2010).  

 

3.3.2 Selection of study locations 

Two districts, Moroto and Kotido, were purposively selected to represent pastoral and agro-

pastoral livelihood zones respectively as previously described (Anderson and Robinson, 2009). 

In each district, two sub-counties were randomly selected, using tabulated random numbers, 

from a sampling frame drawn up with the help of local leaders. The sampling units were 

manyattas, which are settlement areas occupied by clusters of families. Six manyattas were 

selected from each sub-county. From each manyatta, one informant group was mobilised for 

the interviews. Therefore, a total of 24 manyattas, comprising 24 informant groups (12 from 
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each district) were selected. The manyattas and informants were purposively identified in a 

participatory manner together with community leaders and community-based animal health 

workers (CAHWs). The informant groups comprised herd owners and cattle herders.  

 

The grid location of each manyatta was geo-referenced using a GARMIN global positioning 

system (GPSMAP® 78s, Garmin International, Inc., USA). The GPS records were mapped using 

ArcGIS Version 10.2 (Environmental Systems Research Institute, 380 New York Street, 

Redlands, US). The mapped locations were overlaid onto the administrative map of Karamoja 

Region (Figure 3.1).  

 

 

Figure 3.1: Map of Karamoja Region showing the study sites (red circles) in the districts of Moroto 
and Kotido. The region is sub-divided into seven districts. The study was conducted in four 
sub-counties, two in each district. Inset is the map of Uganda and neighbouring countries, 
highlighting the location of the study area.  
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3.3.3 Data collection 

3.3.3.1 Clearance, training and administration for the study 

Ethical clearance for the study was obtained from the Research Ethics Committees (REC) of 

the National Agricultural Research Organisation (NARO), Uganda (no. 1416), and the Faculty 

of Humanities, University of Pretoria (no. GW20150211). The REC of NARO is accredited by 

the Accreditation Committee of Uganda National Council for Science and Technology 

(UNCST). The RECs review and approve research projects with the aim of protecting rights 

and welfare of human research participants. The Agricultural Technology and Agribusiness 

Advisory Services (ATAAS) project, under which this study falls, was approved by UNCST. Data 

collection progressed only after consent was given by the participants. To avoid bias during 

mobilisation, we introduced the general topic of the study as cattle health and management, 

rather than specifically TBDs. Methodological training that consisted of PE techniques, 

interviewing skills, and in-class practice of selected PE techniques (Catley, 2005) was 

conducted for the team members. 

 

Data were collected between October and December 2013 using PE techniques as described 

by Catley et al. (2012). Data collection tools consisted of focus group discussions, key 

informant interviews, review of surveillance data and researcher observations. Discussions 

with the participants were conducted in the local language (Ngakarimojong), by two teams of 

four members: a team leader who asked most of the questions and facilitated the discussion, 

a community mobiliser, a recorder and a translator. In each team, there was one veterinarian 

and two assistant veterinarians. The checklist of topics and PE techniques were pre-tested 

and adjusted in one location in Moroto District, which was not included in the final study. 

Each team conducted one or two discussions per day, normally in the mid-morning, with 

discussions taking an average of 90 minutes. Within each method, cross-checking and probing 

were done to verify internal consistency of information, make sure that the informants 

understood the different items to be scored or ranked, and to gather more detailed 

information on a particular subject. Efforts were made to ensure all members of the 

discussion group expressed their opinions, and that discussion was open and not dominated 

by one or a few individuals. The informants were given time to discuss and reach consensus. 

Ranking, scoring and other visualisation activities were done on flip charts that were laid on 

the ground. The PE activities were repeated with all 24 informant groups (12 in Moroto, 12 in 
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Kotido) representing 24 manyattas. In the afternoon, interview teams met and reviewed the 

records of the discussions to ensure these were accurate.  

 

3.3.3.2 Participatory epidemiology tools 

Semi-structured interviews and participatory mapping for groups  

Semi-structured interviews were used to gather qualitative data by guided conversation on 

pre-determined topics, using open-ended questions. The topics included husbandry and 

grazing systems, description of major diseases affecting cattle, control options for ticks and 

TBDs, and timing and frequency of tick control. Other topics were veterinary services, use and 

source of veterinary drugs, and constraints to the control of ticks and TBDs. The informants 

listed the diseases that affected cattle by their own description and local names. The 

researchers and district veterinarians knew the local disease names, and the description by 

the informants was collated with confirmation from previous clinical and post-mortem 

findings, and laboratory diagnosis (field veterinarians, personal communication), and then 

available literature.  

 

Participants drew a map of their area using coloured pens. The map showed the location of 

roads, wet and dry season grazing areas, watering points (including rivers, ponds and dams), 

veterinary services and drug sources, and physical features like hills and settlements. 

Participants highlighted areas associated with high intensity of ticks, wildlife habitats, and 

distribution of haematophagous insects. Following the map, semi-structured questions were 

asked to obtain specific information about the epidemiology of TBDs.   

 

Simple ranking for tick control options and drugs used 

Cards were used to represent tick control options and drugs. A symbol that depicted the item 

to be ranked, as suggested by the participants, was drawn on a card. Informants then 

arranged items vertically in an order based on defined criteria: effectiveness, cost, frequency 

and simplicity of use. The cards were arranged on the ground against one criterion at a time. 

The first and last cards in the sequence were given the highest and lowest scores, respectively. 

The item with the highest score was then ranked number one.   
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Pairwise ranking and comparison for cattle diseases and constraints to the control of TBDs 

Pairwise ranking was done by comparing each item individually with all the other items one-

by-one. The informants were asked to list and discuss the five most important cattle diseases 

with respect to cattle productivity and impact on their livelihoods. The recorder sketched a 5 

x 5 grid. Two cards that represented two diseases were then randomly picked, and the 

informants were asked to compare the two diseases and mention the reasons why one 

disease was more important than the other. The recorder documented the disease that was 

indicated as more important in the corresponding box. The total score (0-5) for each disease 

in a group was noted. The median scores for each disease in the 24 groups were then used to 

establish an overall ranking. The exercise was repeated for constraints to the control of ticks 

and TBDs, and the participants discussed ways of improving TBD control. The process of 

pairwise ranking for diseases was used to generate indicators for disease matrix scoring (see 

next section).  

 

Matrix scoring for cattle diseases 

The matrix scoring for the diseases was conducted as described by Catley and Mohammed 

(1996). In each district, the five top-ranked cattle diseases, based on the pairwise ranking, 

were scored against clinical and production-related indicators mentioned during the pairwise 

comparisons. The diseases were represented using cards, which were placed along the top x-

axis of the matrix and the indicators were illustrated on cards placed along the y-axis. Other 

diseases outside the top five were categorised as ‘others’. An indicator (e.g. mortality rate) 

was picked at random to score. The informant group was given 30 stones to divide among the 

disease cards, the stones indicating that the disease was associated with the indicator being 

scored. The number of stones was chosen because five stones per disease should be sufficient 

to show differences between diseases but not so large as to be difficult to handle or divide 

(Catley and Mohammed, 1996). The number of stones allocated to each disease was then 

counted and recorded. The scoring procedure was repeated until all the indicators had been 

scored against each disease.   
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Proportional piling for disease incidence 

Proportional piling was used to estimate the incidence, mortality and case fatality rate of the 

five most important cattle diseases, using the method described by Catley et al. (2014). Each 

informant group was provided with a pile of 100 stones that represented the number of cattle 

in a herd. First, the informant group was asked to divide the stones into two, a pile 

representing the proportion of the herd that got sick and those that remained healthy during 

the past one year. The pile representing the proportion of animals that became ill was further 

sub-divided into six piles corresponding to the proportion of animals that got each of the five 

diseases and a sixth group representing ‘other diseases’ during the past one year. This activity 

provided estimates of the annual incidences of the diseases. Subsequently, each group was 

asked to remove some of the already-allocated stones representing the sick, to indicate the 

proportion of dead animals for each of the five prioritised diseases and the group of ‘other 

diseases’ during the past one year. We cross-checked the pattern of surviving in relation to 

dead, and asked about the proportion of survivors treated, the type of treatment used, and 

proportion of survivors still in the herd. We also asked for the durations of illness within the 

pile that represented the dead animals. This provided estimates of the mortalities and case 

fatality rates due to the diseases. The group of ‘other diseases’ was not included in the 

estimation of case fatality rates.  

 

Key informant interviews, review of surveillance data, direct observations, and clinical 

examinations 

Key informant interviews (n = 30) were held independently before or after the group sessions, 

with district veterinary officers (DVOs) and CAHWs. The interviews followed a checklist of 

important topics to guide the discussion, including husbandry and grazing systems, major 

cattle diseases, control options for ticks and TBDs, acaricides and chemotherapeutic drugs 

sources and use, and constraints to the control of ticks and TBDs. Information from the 

veterinarians on diseases was based on previous clinical examinations and post-mortem 

findings, and surveillance data provided to the DVOs from the Institute for International 

Cooperation and Development (IICD). The IICD is an Italian non-profit organisation with 

objectives that include improving livestock production and productivity in Karamoja Region, 

and has a Veterinary Diagnostic Laboratory. The DVOs regularly (between three months and 
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one year) request the IICD to provide or conduct disease surveillance. The informants also 

estimated distances between key features, which had been mentioned in group discussions. 

 

To seek confirmation of information gathered during the PE study, we assessed a published 

surveillance report (IICD, 2010) and other literature (Jost et al., 1998). We also analysed 

unpublished data from disease surveillance that had been carried out by IICD in four districts 

of Karamoja Region, including Moroto and Kotido, two months before this study. We 

observed pastoralists’ activities regarding tick and TBD control in some herds, and analysed 

the surrounding environment as we walked through the villages. In 18 of the 24 manyattas 

visited, we found sick animals (including calves) that had not been driven out for grazing (n = 

82). We took case histories, conducted clinical examinations of the animals, and provided 

treatment and/or gave advice. To avoid bias, treatment of cases was only done after group 

discussions in a sub-location were complete. We examined blood samples from eight clinical 

cases of TBDs at University of Pretoria (Onderstepoort, South Africa) by reverse line blot 

hybridisation assay.  

 

3.3.4 Statistical analyses 

Non-parametric tests and descriptive statistical procedures (frequencies, median and range) 

were used to analyse the PE data, using Statistical Package for the Social Sciences (SPSS) 

version 20.0 (IBM SPSS, 2011). The level of agreement between informant groups was 

assessed using Kendall’s coefficient of concordance (W). A p-value was assigned to W. 

Evidence of agreement between informant groups was categorised as ‘weak’ (W < 0.26, p > 

0.05), ‘moderate’ (W = 0.26 - 0.38, p < 0.05) and ‘strong’ (W > 0.38, p < 0.01) as previously 

described by Catley (2006). 

 

3.4 Results 

3.4.1 Composition of the groups 

The number of informants in the focus groups ranged from 8 to 12, and they were all male. 

The social setting of the communities in Karamoja Region makes it difficult to interview 

women, reportedly due to high domestic workload for women, but also due to cultural norms. 

By our observation, women were preoccupied with activities including construction and 
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repair of houses and fences around the manyattas. It was also the role of women to avail food 

in the homes. Nearly all the informants were illiterate. No group declined to participate in the 

study, and all informants readily participated in the interviews.  

 

3.4.2 Grazing systems and water sources 

Participatory mapping revealed that animals graze close to the settlement areas (within about 

5 km) during the wet season (Figures 3.2 and 3.3). During the dry season, animals migrate and 

share grazing and watering points with communities from neighbouring districts and 

countries (mainly with Turkana from Kenya). The participants indicated that it would take 

them up to two days to reach the dry season grazing areas. When animals graze far away from 

manyattas, animal health care services become more difficult. The informants mentioned 

that tick infestations and the risk of TBDs were higher in the wet season and communal 

grazing areas. Haematophagous arthropods, which may transmit some TBDs, were prevalent 

in the grazing areas. Wild animals (e.g. buffaloes and small antelopes) shared grazing with 

livestock, mostly in dry season grazing areas. In Kotido, dry grazing areas were in proximity to 

Kidepo Valley National Park.  
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Figure 3.2: Map showing physical features, seasonal grazing areas, watering points, and distribution 
of ticks, wildlife and haematophagous arthropods in grazing areas around Lokorok parish, 
Kotido District, Uganda. This map was constructed by livestock keepers during a 
participatory epidemiology study regarding tick-borne diseases in November, 2013. Dry 
season grazing areas were located far (up to 1.5 days walk) from the settlement areas. Tick 
intensities were higher in the communal and wet season grazing areas. 
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Figure 3.3: Map showing physical features, seasonal grazing areas, watering points, and distribution 
of ticks, wildlife and haematophagous arthropods in grazing areas around Rupa parish, 
Moroto District, Uganda. This map was constructed by livestock keepers during a 
participatory epidemiology study regarding tick-borne diseases in December, 2013. Wet 
season grazing areas were located near settlement areas (on average 7 km). Tick intensities 
were higher in the communal and wet season grazing areas. 

 

3.4.3 Cattle diseases 

3.4.3.1 Description of cattle diseases 

The semi-structured interviews showed that the informants understood and demonstrated 

good knowledge of clinical signs, post-mortem findings and epidemiological features of cattle 

diseases which conform to the literature (Blood and Radostits, 1989). This knowledge is orally 

passed on from one generation to the next. The common cattle diseases were given literal 

meanings in the local language which correspond to specific disease entities. Anaplasmosis 

and babesiosis were recognised by all Karamojong livestock keepers as lopid (bile disease) 

and lokulam (urinary bladder disease), respectively. The participants mentioned that 

anaplasmosis was characterised by ‘enlarged gall bladder’, ‘hard dry dung’, ‘yellowish 

discolouration of the outer membranes and internal organs’, and the disease mostly affected 

adult cattle. Through the years, the livestock keepers have learnt to associate particular 
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lesions in internal organs or tissues of dead animals with specific diseases. Cattle affected by 

babesiosis ‘pass out reddish urine’, ‘urination is difficult’ and ‘blood is watery’. East Coast 

fever was known by the cattle keepers as lokit (ear disease), an association with the 

enlargement of the parotid lymphnodes, which are found behind the ears, in the early stages 

of the disease. East Coast fever was also characterised by lachrymation, blindness, 

inappetence and swelling of the prescapular lymphnodes, and the disease affected mostly the 

calves. Heartwater is recognised as lokou (head disease), characterised mainly by animals 

moving in circles. The cattle become ‘aggressive to humans’ and ‘fluids accumulate in the 

chest cavity and around the heart’. The participants emphasised that ECF was associated with 

grazing animals on pasture where they pick up the ticks that transmit the disease; however, 

the informants were uncertain about the causes of anaplasmosis, heartwater and babesiosis. 

Nonspecific diarrhoea was known locally as loleo which literally means ‘severe diarrhoea’. It 

refers to a condition where sick animals have profuse diarrhoea, lose weight and have dry 

skin. The problem of overgrown hooves (emara) led to lameness in animals, wounds and foot 

rot. Blackquarter is called ekicumet in Moroto and lokicumet in Kotido. Both names mean 

‘speared/pierced from one side’, and the disease led to sudden death of apparently health 

animals, swelling, stiffness, paralysis, hotness, and lameness of the affected limbs. The 

disease emitina (mange), meaning ‘itching spots’, was reportedly more common in calves, 

characterised by hairless areas around body parts. Ediit (trypanosomosis), literally ‘tsetse fly’, 

was associated with bites from tsetse flies, the principal vectors of the disease. 

Trypanosomosis led to extreme emaciation in animals. Contagious bovine pleuropneumonia 

(CBPP) was recognised as loukoi (lung disease), characterised by ‘laboured, fast breathing and 

cough’, and at slaughter, ‘lungs are attached to the thoracic cavity’ and ‘fluids and pus 

accumulate in the lungs’. The livestock keepers mentioned that overcrowding of animals in 

the enclosures (“kraals”) and at watering points contributed to the spread of CBPP. Cattle 

affected by CBPP had mucous discharge from the nostrils and froth in the mouth, and moved 

slower in a group of animals. A disease referred to by the cattle keepers as lotidae, which 

reportedly affected humans, and led to skin lesions after contact with blood from affected 

animals, often leading to death, was later defined by the DVOs as anthrax. Clinical 

manifestations of mixed infections were described by the observation of concurrent clinical 

signs and/or post-mortem features of the respective diseases. We did not encounter 
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conflicting information among informant groups and individuals regarding the perception and 

knowledge of livestock diseases in the two districts.  

 

3.4.3.2 Most important cattle diseases as determined from pairwise ranking 

As shown in Table 3.1, informants in Moroto ranked the five most important cattle diseases 

as ECF, anaplasmosis, CBPP, heartwater and babesiosis in that order. The most important 

diseases in Kotido were ECF and anaplasmosis (tied), trypanosomosis, CBPP and nonspecific 

diarrhoea in that order. Prioritisation and ranking of disease pairs by the cattle keepers were 

based on morbidity and mortality rates, rates of transmission, treatment costs, difficulty in 

accessing the correct treatment, difficulty of control, rapid fatality, and lack of knowledge to 

manage the disease. East Coast fever, anaplasmosis, and CBPP were listed in the pairwise 

ranking activity in every informant group in both districts. Kendall’s coefficient of concordance 

(W) for informant groups for the diseases indicated strong agreement in Moroto (W = 0.682, 

p < 0.001, n = 12) and Kotido (W = 0.568, p < 0.001, n = 12).  
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Table 3.1: Pairwise ranking: overall ranking of cattle diseases among groups of livestock 

                   keepers in Karamoja Region, Uganda, October to December 2013 

Disease                          Moroto Kotido 

 n Median score Rank n Median score Rank 

East Coast fever   12 4.0     1      12 3.0 2 

Anaplasmosis   12 3.0     2      12 3.0 2 

Trypanosomosis    0 -      -      12 1.5 3 

CBPP   12 2.0     3      12 1.0 4 

Nonspecific diarrhoea     2   0     8        7 0.5 5 

Heartwater     9   0     4        1   0 7 

Blackquarter     4   0     6        3   0 6 

Mange     3   0     7          1   0 8 

Babesiosis     5   0     5          0   - - 

Overgrown hooves/foot rot     2   0     9          0   - - 

Anthrax     1   0   10        1   0 9 

n = number of informant groups.  

 

3.4.3.3 Matrix scoring for cattle diseases 

The results of matrix scoring for the five most important diseases and a group of ‘other’ 

diseases by informants’ criteria in Moroto and Kotido are summarised in Tables 3.2 and 3.3, 

respectively. Disease indicators were identical between districts. In both districts, there was 

strong agreement between informant groups for the eight disease indicators (W = 0.38 - 0.66, 

p < 0.05 to p < 0.001). ECF and anaplasmosis had the highest scores for all the indicators.  
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Table 3.2: Summarised matrix scoring of cattle diseases by pastoralists’ criteria in Moroto                   
District, Uganda, October to December 2013 

 Disease 

Indicator ECF 
Lokit 

Anaplasmosis 
Lopid 

CBPP 
Loukoi 

Heartwater 
Lokou 

Babesiosis 
Lokulam 

Others 

High morbidity 
(W = 0.61***) 

 
10.5 (3, 15) 

 
8 (7, 15) 

 
3.5 (1, 11) 

 
2 (0, 4) 

 
0 (0, 4) 

 
2 (0, 13) 

High mortality 
(W = 0.52***) 

 
10 (0, 30) 

 
8 (0, 14) 

 
3 (0, 6) 

 
2 (0, 8) 

 
0 (0, 5) 

 
2.5 (0, 16) 

Rapid fatality 
(W = 0.50***) 

 
8 (1, 17) 

 
8 (1, 13) 

 
4 (1, 8) 

 
2 (0, 6) 

 
0 (0, 4) 

 
3 (0, 20) 

High treatment 
cost 
(W = 0.62***) 

 
11 (1, 16) 

 
9 (5, 18) 

 
3 (1, 11) 

 
2 (0, 4) 

 
0 (0, 3) 

 
3 (0, 11) 

Difficult to 
treat 
(W = 0.66**) 

 
12 (1, 14) 

 
9.5 (7, 19) 

 
2 (0, 8) 

 
2.5 (1, 5) 

 
0 (0, 5) 

 
1.5 (0, 7) 

Difficult to 
access correct 
drug 
(W = 0.47**) 

 
8 (0, 13) 

 
9.5 (0, 16) 

 
3.5 (2, 30) 

 
3 (0, 9) 

 
0 (0, 1) 

 
1.5 (0, 13) 

Inadequate 
knowledge for 
effective 
treatment 
(W=0.54***) 

 
9 (2, 11) 

 
9 (2, 14) 

 
3 (1, 6) 

 
2 (0, 9) 

 
0 (0, 6) 

 
4 (2, 12) 

Rate of 
transmissiona 
(W = 0.46*) 

 
8.5 (0, 14) 

 
8 (1, 13) 

 
8 (2, 18) 

 
0.5 (0, 3) 

 
0 (0, 5) 

 
2 (0, 6) 

Number of informant groups = 12. W = Kendall’s coefficient of concordance (*p < 0.05; **p < 0.01; 

***p < 0.001). W values vary from 0 to 1; the higher the value, the higher the level of agreement 

between the informant groups. 

Median scores (number of stones that were assigned) are shown in each cell. Minimum and maximum 

values are shown in parentheses. More counters represent a stronger positive association.  
aRate of transmission was the rate at which other animals in the herd acquired a particular disease 

from the time the first case(s) was detected.  
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Table 3.3: Summarised matrix scoring of cattle diseases by pastoralists’ criteria in Kotido 

                   District, Uganda 

 Disease 

Indicator ECF 
Lokit 

Anaplasmosis 
Lopid 

Trypanosomosis 
Ediit 

CBPP 
Loukoi 

Non-
specific 
diarrhoea 
Loleo 

Others 

High morbidity 
(W = 0.55***) 

 
8 (6, 13) 

 
7 (4, 14) 

 
3 (2, 11) 

 
4 (2, 6) 

 
2 (0, 8) 

 
3 (0, 8) 

High mortality 
(W = 0.46***) 

 
8 (4, 15) 

 
11 (5, 17) 

 
2.5 (1, 7) 

 
2.5 (1, 6) 

 
1.5 (0, 9) 

 
3 (0, 7) 

Rapid fatality 
(W = 0.55***) 

 
8 (5, 13) 

 
8 (5, 12) 

 
2 (1, 8) 

 
3 (1, 5) 

 
2 (0, 7) 

 
3 (1, 14) 

High treatment 
cost 
(W = 0.65***) 

 
8 (6, 18) 

 
7.5 (4, 12) 

 
2.5 (1, 5) 

 
3.5 (1, 7) 

 
2.5 (0, 5) 

 
4 (0, 6) 

Difficult to 
treat 
(W = 0.61***) 

 
8 (5, 14) 

 
10 (7, 13) 

 
2 (1, 4) 

 
2 (1, 5) 

 
1 (0, 8) 

 
4 (0, 9) 

Difficult to 
access correct 
drug 
(W = 0.61**) 

 
8 (5, 12) 

 
10 (5, 14) 

 
3 (1, 5) 

 
4 (1, 5) 

 
1 (0, 5) 

 
5 (1, 9) 

Inadequate 
knowledge for 
effective 
treatment 
(W = 0.42*) 

 
7 (6, 15) 

 
8.5 (1, 14) 

 
3.5 (1, 7) 

 
4 (1, 8) 

 
2.5 (0, 4) 

 
2.5 (0, 6) 

Rate of 
transmissiona 
(W = 0.38**) 

 
7.5 (3, 11) 

 
6.5 (2, 11) 

 
3 (2, 5) 

 
5 (3, 7) 

 
4 (0, 8) 

 
3 (1, 11) 

Number of informant groups = 12. W = Kendall’s Coefficient of Concordance (*p < 0.05; **p < 0.01; 

***p < 0.001). W values vary from 0 to 1; the higher the value, the higher the level of agreement 

between the informant groups. 

Median scores (number of stones that were assigned) are shown in each cell. The minimum and 

maximum values are shown in parentheses. More counters represent a stronger positive association.  
aRate of transmission was the rate at which other animals in the herd acquired a particular disease 

from the time the first case(s) was detected.  
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3.4.3.4 Incidence of cattle diseases 

The overall median proportion of cattle that became ill during the past one year, with the 

range, was 65.5% (range: 39, 93). Overall median deaths from all diseases was 44% (39, 93) 

in Moroto and 53% (45, 84) in Kotido. The overall median scores for annual incidence, 

mortality and case fatality rates of cattle estimated by Karamojong cattle keepers and 

attributed to the five top ranked and ‘other diseases’, during proportional piling, are 

illustrated in Tables 3.4 (Moroto) and 3.5 (Kotido). East Coast fever had the highest estimated 

incidence score in Moroto (18% [2, 33]) and Kotido [21% [6, 32]), followed by anaplasmosis 

(17.5% [8, 32], Moroto; 17% [10, 33], Kotido). Tick-borne diseases (ECF, anaplasmosis, 

heartwater and babesiosis) were responsible for 69.7% of the overall illness and 79.3% of 

deaths in Moroto. Fifty-six point one percent (56.1%) of the total illnesses and 60.7% of the 

total deaths reported in Kotido were due to ECF and anaplasmosis. Most animals that suffered 

from TBDs in the study area died, as the median scores for case fatality rates were at least 

66% for each disease.    

 

Table 3.4: Median standardised scores of annual incidence, mortality and case fatality                   
estimates for the five top ranked and other cattle diseases in Moroto District of                   
Karamoja pastoral Region, Uganda 

 Median scores for diseases (%) 

 ECF Anaplasmosis CBPP Heartwater Babesiosis Others 

Sick 18 (2, 33) 17.5 (8, 32) 9 (1, 21) 5 (1, 10) 4 (1, 13) 7 (1, 23) 

Dead 14 (1, 30) 17.5 (6, 32) 3.5 (1, 17) 2 (1, 19) 4 (0, 6) 2.5 (0, 23) 

CFR 89.5 (42, 100) 82.8 (63, 100) 41 (19, 100) 66.7 (20, 100) 85.7 (0, 100)  

Results obtained by incidence scoring technique (number of informant groups = 12) 

Other diseases: mange, blackquarter, anthrax, foot rot/overgrown hooves, nonspecific diarrhoea and 

lumpy skin disease; CFR, case fatality rate; Numbers in brackets are minimum and maximum values.  
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Table 3.5: Median standardised scores of annual incidence, mortality and case fatality                  
estimates for the five top ranked and other cattle diseases in Kotido District of                   
Karamoja pastoral Region, Uganda 

 Median scores for diseases (%) 
 ECF Anaplasmosis Trypano- 

somosis 

CBPP Nonspecific 
diarrhoea 

Others 

Sick 21 (6, 32) 17 (10, 33) 8 (2, 18) 6.5 (4, 18) 12 (4, 17) 5.5 (3, 10) 

Dead 16.5 (4, 28) 10 (7, 30) 2 (0, 17) 2.5 (1, 13) 11 (2, 17) 2.5 (0, 7) 

CFR 81.7  
(44, 100) 

70.7 
(48, 100) 

41.7  
(14, 100) 

38.9  
(22, 100) 

86.7  
(40, 100) 

 

Results obtained by incidence scoring technique (number of informant groups = 12) 

Other diseases: heartwater, mange, blackquarter, anthrax and lumpy skin disease. 

CFR, case fatality rate; Numbers in brackets are minimum and maximum values.  

 

3.4.4 Control of ticks and tick-borne diseases 

3.4.4.1 Tick control practices  

The conventional methods for controlling ticks were hand spraying and pour-on acaricides. 

Other methods included picking off ticks by hand, bush burning and the use of plants. For all 

24 informant groups, daily picking of ticks by hand and irregular hand spraying with acaricides 

were the most common tick control practices. Hand picking was a common practice because 

there is no monetary cost, it does not require special skills or knowledge, and can be done at 

any time. However, the pastoralists indicated that the practice was cumbersome, it was 

difficult to restrain the animals, and it was risky for animal handlers. Furthermore, hand 

picking caused bleeding and created wounds on the body of the animal. Ticks were killed by 

throwing them into a fire or crushing them between stones.  

 

The purchase of acaricides was determined by availability of supplies and money. Quantities 

of acaricides bought were often insufficient, leading to spraying at irregular and infrequent 

intervals. Spraying was done with hand sprays. Only two groups (19 participants) used spray 

pumps. Some cattle keepers indicated that they applied acaricides by swabbing the body of 

the animals with fibres of shrubs soaked in acaricides. About two-thirds of herders did the 

dilution using uncalibrated materials. They described the quantities of acaricide used in terms 

of bottle lids. From our observation and information from the key informants, cattle keepers 

used insufficient acaricide wash (about one litre per animal). However, apart from one group 

in Kotido, the informants noted that the efficacy of the acaricides was good to control ticks.  
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The most common acaricides were amitraz group formulations (mainly Amitix®), indicated by 

215 informants in 23 groups. Ivermectin, flumethrin, pye-grease and Supona Extra® 

(chlorfenvinphos pour-on) were used by few participants (31, 65, 31 and 37 individuals in 3, 

7, 3 and 4 manyattas, respectively). Livestock keepers preferred amitraz acaricides to other 

groups, as amitraz drugs were cheaper. One group (9 informants) in Moroto used 

deltamethrin (Decatix®). 

 

The frequency of spraying ranged from twice a week to once a year. Half (12) of the informant 

groups (n = 117 participants) applied acaricide weekly in wet and dry seasons (if acaricides 

were available). Acaricides were applied to only those animals with high tick infestations. 

Spraying was generally more frequent in the wet than dry season, with some informants 

indicating that they sprayed twice a week in the wet season. The pastoralists noted that ticks 

survived and multiplied better in the wet season, leading to higher intensity which required 

higher frequency of spraying. Furthermore, there was a perception that acaricides were 

washed off in the rain and this prompted them to spray their animals again. Tick control in 

calves commenced when ticks were seen on the animals, about two weeks after birth. 

 

Bush burning in the dry season as a method to control ticks was mentioned by 17 (n = 162 

participants) of the 24 groups, with the aim to destroy ticks and their habitats (grass). 

However, the informants believed the method was less effective since the ticks burrowed 

underground or climbed trees to escape the fire. Traditional medicine including the use of 

plants is practiced (68 pastoralists in 7 groups) to control ticks; however, the informants said 

the method was less effective, and that plants were used in desperation to control ticks when 

conventional acaricides were not available. Two informant groups indicated that they used a 

mixture of ash and urine to wash the animal against ticks. 

 

3.4.4.2 Drugs and drug use practices in treating TBDs 

All group participants admitted that they were treating cases of TBDs. Oxytetracycline was 

the drug most commonly used and it was used indiscriminately for various diseases. All the 

participants in the 24 manyattas indicated they used a 10% concentration of oxytetracycline 

and five groups (n = 51 participants) also used a 20% concentration. From our observation, 
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oxytetracyclines are more available and cheaper than alternatives, and are perceived by cattle 

keepers to have a broad spectrum of activity against a number of diseases.  

 

Some participants occasionally used other drugs including parvaquone (e.g. Parvexon®) and 

buparvaquone (e.g. Butalex®) for ECF (9 groups, n = 89 participants), Imizol® for anaplasmosis 

(3 groups, n = 33 participants), diminazene aceturate (4 groups, n = 42 participants) and 

penicillin-streptomycin formulations (7 groups, n = 67 participants). The participants could 

distinguish the different brands and concentrations of commonly-used drugs only by their 

prices and packaging. Identity of the drugs was obtained through probing, combined with the 

experiences of CAHWs and community mobilisers. At times, the informants showed the drugs 

that were kept for use or empty bottles which previously contained the drugs. The cattle 

keepers did not necessarily take into account the weights of the animals and dose regimens 

were not properly followed. 

 

Traditional herbs were also reported as a treatment for TBDs. These included Aloe vera, 

tobacco and red pepper for ECF. Burning of lymphnodes with hot iron was mentioned by three 

informant groups (n = 29 participants) as a treatment for ECF. All informants indicated that 

treatment against TBDs was not very effective leading to low recovery rates, probably due to 

under dosing and the use of incorrect drugs.  

 

3.4.4.3 Constraints to the control of ticks and TBDs 

The informants ranked the major constraints that hindered the control of ticks and TBDs as 

inadequate knowledge, inadequate veterinary services, limited availability of drugs, and 

shortage of money in that order. Other constraints in order of importance were high costs of 

drugs, lack of equipment, lack of cattle crushes, and insecurity from cattle raids.  

 

Inadequate veterinary services were blamed on the small number of local veterinarians (one 

or two per district) who could seldom reach the communities. Non-government organisations 

(NGOs) and CAHWs complemented the local veterinary services; however, they had limited 

inputs for animal health care, and in some cases CAHWs were not residents of the respective 

communities. In the absence of CAHWs, the cattle keepers bought drugs and treated their 
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animals. The informants indicated that due to inadequate veterinary services, they lacked 

enough information to determine proper dosage and correct treatment for diseases. 

 

Drug outlets were often lacking among communities; therefore, livestock keepers walked up 

to 45 km (distance estimated by key informants) in search of drugs. As a result, the cattle 

keepers could not control diseases in time, resulting in high morbidity and case fatality rates. 

Shortage of money, as expressed by two-thirds of the informant groups, meant that the cattle 

keepers had difficulty to buy drugs and equipment, and pay for the services of CAHWs. From 

our observation, the practice of selling animals for profit does not seem to apply in this region. 

Livestock keepers only sell animals when they need cash for basic needs such as food and 

medicines. One group in Moroto (11 participants) said that inaccessibility to diagnostic 

facilities hampered the effective treatment of diseases. There was strong agreement from 

pairwise ranking between informant groups for constraints to the control of TBDs [(Moroto, 

W = 0.47, p < 0.001), (Kotido W = 0.35, p < 0.001)]. 

 

3.4.5 Key informant interviews, review of surveillance data, direct observations, and 

clinical examinations of animals 

Data collected showed agreement between key informants and cattle herders, regarding the 

control of ticks and TBDs in the area. There was also agreement from the key informants 

about the most important cattle diseases. A review of surveillance data for cattle in Moroto 

and Kotido Districts from 2009, revealed prevalences of 17-28% (anaplasmosis), 13-18% 

(babesiosis), 38-41% (ECF) by microscopic examination of blood and lymph node smears 

(DVOs, personal communication; IICD, 2010). On clinical examination of the sick animals that 

we found in 18 of the 24 manyattas, we observed cases of TBDs: on average two cases of 

anaplasmosis and one of ECF per manyatta, and one case of heartwater in each of two 

manyattas in Moroto District. The signs of ECF that were observed during the clinical 

examinations included enlarged parotid and prescapular lymph nodes, lachrymation, 

difficulty in breathing (dyspnoea), anaemia (white discolouration of conjunctiva, oral mucosa 

and vulvar mucosa), fever (>40°C rectal temperature), lung oedema (through thoracic 

auscultation) and anorexia. For anaplasmosis, the clinical signs were constipation, jaundice 

(visible as yellowish colouration of the oral and vulvar mucous membranes) and anorexia. 

Heartwater was observed mainly by nervous signs including ataxia, chewing movements, 
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circling and aggression. Animals suffering from babesiosis had haemoglobinuria and anaemia. 

We analysed unpublished data from disease surveillance that had been carried out by IICD in 

four districts of Karamoja Region, including Moroto and Kotido, two months before this study. 

The laboratory and field staff at IICD carried out disease surveillance to ascertain the health 

status of cattle populations in 61 herds in Nakapiripirit, Napak, Kotido and Moroto Districts of 

Karamoja Region. The surveillance team collected blood samples and lymph node biopsies 

and conducted clinical examinations on sick cattle in the 61 herds. Out of the 61 herds, 16 

were from the 24 manyattas included in this study. The samples were analysed in the 

laboratory for Brucella spp., Babesia spp., Anaplasma spp. and Theileria spp. Tick-borne 

parasites were observed in Giemsa-stained smears (thin and thick) under microscope. The 

surveillance team recorded data from clinical examination for each animal alongside results 

from microscopic examination of Giemsa-stained blood and lymph node smears. Ninety-one 

percent (of 44 cases in 61 herds) of the suspected ECF cases from clinical examinations were 

confirmed positive by analysis of blood and lymph node biopsy smears for piroplasms and 

schizont-infected lymphocytes, while 67% (of 52 cases in 61 herds) of the suspected clinical 

cases of anaplasmosis were confirmed positive by laboratory analysis. Three out of five cases 

of babesiosis that were diagnosed during clinical examination were confirmed by laboratory 

analysis. Anaplasma parasites were observed as dense, homogeneously staining blue-purple 

inclusions in infected red blood cells. In this study, we did not repeat the confirmation of 

clinical cases by microscopic examination since this activity had been carried out in most of 

the study herds, in the same study area, just two months before this study, by field and 

laboratory staff from IICD. We think we would not get different data in this study from those 

recorded from the surveillance activities. Four field and laboratory staff at IICD that had 

participated in the previous surveillance exercise constituted the research team for the 

present study. We used the logistics and facilities at the IICD laboratory in Moroto to collect 

and process field samples. Nevertheless, the reverse line blot hybridisation assay confirmed 

the presence of tick-borne infections in blood samples we collected from clinical cases found 

in the present study: Anaplasma marginale (five anaplasmosis cases), Theileria parva and A. 

marginale (one ECF case), and T. parva (two ECF cases).  

 

Although Moroto and Kotido districts were previously categorised as pastoral and agro-

pastoral zones respectively (Anderson and Robinson, 2009), from our observation, and 
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information from key informants and livestock keepers, livestock herding was the main 

livelihood activity in both districts. The degree of dependence on livestock (social, cultural 

and economic), and livestock migration was similar in the two districts.  

 

3.5 Discussion 

We used PE methods to define and prioritise cattle diseases, evaluate current control 

activities for TBDs, and identify constraints to the control of TBDs. Participants also proposed 

solutions to service delivery, disease control and surveillance. Most pastoral areas of Africa, 

including Karamoja, are physically remote and characterised by mobility of herds. When 

combined with apparent reluctance of herders to provide accurate information on herd size 

to outsiders, disease estimates (e.g. mortality) determined by conventional research methods 

may be questionable due to invalid denominators (Catley et al., 2014). For individual 

interviews with conventional questionnaires, local people answer questions posed by 

outsiders, which may be of limited interest to them. In contrast, PE methods seem to offer 

lower risk of informants consciously offering incorrect or misleading information because the 

topic under discussion is often a local priority (Catley et al., 2012). Karamoja communities are 

clustered in manyattas where groups of cattle keepers have similar social, economic and 

political objectives, and manage and share resources (including animals, water and grazing) 

together. In such settings, any discussion on livestock is a concern for groups of cattle keepers, 

with consent of the manyatta leader, rather than individuals. For these reasons, we believe 

that PE methods have significant advantages over conventional household surveys in this 

setting.  

  

Our PE results indicated that Karamoja cattle keepers regard TBDs, especially ECF and 

anaplasmosis, as a major constraint to cattle keeping in the area. This perception relates to 

the high incidence rate, high case fatality rates, and treatment costs associated with the 

diseases. The estimated incidence scores for TBDs were similar in the two districts, indicating 

that the diseases are widespread among cattle in Karamoja Region. Our findings are 

consistent with previous studies in Tanga Region, Tanzania (Swai et al., 2009) and Machakos 

District, Kenya (Wesonga et al., 2010) where ECF and anaplasmosis were among the most 

important diseases of cattle in terms of economic losses resulting from mortality and costs of 
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treatment. Our findings are also consistent with those of Kasozi et al. (2014) who reported 

widespread occurrence of T. parva (47.4%) and Anaplasma spp. (14.4%) among cattle in 15 

districts of western and central Uganda. In another study, Jost et al. (1998) demonstrated that 

anaplasmosis was the second most important disease, while ECF was fourth, in Karamoja 

Region. In this study, the overall mortality estimates (44-53%) in cattle from all diseases are 

similar to that reported among livestock keepers in South Sudan (39%; Malak et al., 2012), 

but differ from those in Ethiopia (8% in Shiferaw et al., 2010; 6%-18% in Catley et al., 2014). 

The variations in the mortality may be due to differences in local epidemiologic conditions as 

well as control strategies and veterinary services. Our values for mortality are consistent with 

the Global Alliance for Livestock Veterinary Medicines (GALVmed) estimates that indicated 

that 60% of Karamojong pastoralists’ calves die of ECF (GALVmed, 2014). In other reports from 

Karamoja, it was estimated that on average 100 cattle (out of about 3,000) die per month in 

communal camps, mostly due to disease (equating to 40% annual mortality; Anderson and 

Robinson, 2009), and the average herd sizes have markedly reduced in the last decade (field 

veterinarians, personal communication; IICD, 2010) from around 100 to around 40 (field 

veterinarians, personal communication). However, although there has been reduction in herd 

sizes, the number of herds has increased, corresponding to the increase in the human 

population. This has maintained and/or increased the overall cattle population in the region 

(Anderson and Robinson, 2009; UBOS, 2014), despite the high rate of losses to disease.  

 

A low carrier state of T. parva (18%) in cattle was reported in some parts of Karamoja Region 

using nested PCR (Kabi et al., 2014), which may reduce the likelihood of the development of 

acquired immunity, and therefore result in outbreaks of ECF. In other parts of Uganda, T. 

parva prevalence was up to 21% in a crop-livestock system of Tororo District (Muhanguzi et 

al., 2014a; Muhanguzi et al., 2014b). Although indigenous zebu cattle usually show endemic 

stability to anaplasmosis in areas with little tick control (Perry and Young, 1995), clinical cases 

were observed and a high incidence reported by the informants. In endemic areas where 

many different A. marginale strains are present, persistent infections occur in cattle due to 

superinfection with A. marginale antigenic variants. The variants evade the immune response 

to the primary strain or infect the truly naïve animals which results in acute bacteraemia 

(Palmer and Brayton, 2013). The other TBDs, babesiosis and heartwater, are also responsible 

for economic losses in eastern Africa (Kivaria, 2006; Ocaido et al., 2009b). 
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Within-method and across-method triangulation were used, demonstrating consistency in 

the findings. The information from cattle keepers was supported by researchers’ 

observations, review of published surveillance reports (Jost et al., 1998; IICD, 2010), 

information from key informants, laboratory diagnosis and tick infestation.  

  

This study showed that wildlife share common grazing land with cattle. Wildlife especially 

Cape buffalo (Syncerus caffer) act as a reservoir for many of the important tick borne 

pathogens of cattle (Oura et al., 2011), indicating a potential to spread and increase parasite 

burdens in cattle.  

 

The pastoralists applied under-strength acaricide, often at irregular intervals, and used very 

little or no acaricide wash, which is consistent with other studies among pastoralists in East 

Africa (Mugisha et al., 2005; Mbassa et al., 2009; Swai et al., 2009; Wesonga et al., 2010). The 

correct frequency for acaricide application depends on the acaricidal agent, tick species 

involved, breed of cattle, season, and level of tick infestation, but is on average twice per 

week (Mugisha et al., 2005; Mbassa et al., 2009). In the present study, tick control on calves 

commenced about two weeks after birth, when ticks were seen on the animals, a practice 

that reduces exposure to infection when animals are still protected by maternal antibodies, 

and may therefore leave animals susceptible to infection at a later stage. There was 

widespread use of oxytetracyclines to treat TBDs in Karamoja Region, which is consistent with 

previous reports among pastoralists in East Africa (Chenyambuga et al., 2010; Kairu-Wanyoike 

et al., 2014; Kasozi et al., 2014). These inappropriate practices lead to increased 

haemoparasite burdens and animal losses, due to endemic instability (Mbassa et al., 2009), 

drug resistance and maintenance of chronic carriers (APUA, 2010; Kasozi et al., 2014).  

 

Like other pastoral areas in East Africa (Wesonga et al., 2010; Onono et al., 2013; Kasozi et 

al., 2014), the constraints to the control of TBDs were inadequate extension services, 

inadequate knowledge to give the right treatment and limited availability of drugs. Due to 

insufficient/poor amenities, the region is not attractive to veterinarians, consistent with other 

rural pastoral areas in Africa (Shiferaw et al., 2010). The local government veterinary offices 

lacked basic diagnostic and sampling facilities, and power supply for a cold chain was 
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unreliable or lacking. Resources for transport were lacking or inappropriate with regard to 

expected workload. The diagnostic facility at IICD was inadequate for the entire region. These 

constraints limited the effective and timely diagnosis and control of diseases, and may have 

led to the high disease-related mortality. 

 

From our findings, together with those of previous studies, we are able to gain insight into 

future strategies for controlling TBDs and improving livestock productivity in marginal 

pastoral areas. The Karamojong livestock keepers identified locally appropriate veterinary 

service delivery systems, disease surveillance, and control options as being essential to 

achieving relevant and sustained benefits. The informants suggested that veterinary service 

delivery can be improved if government provides incentives to attract more veterinarians. 

Veterinary services are necessary to assist livestock keepers on the right choice of acaricides, 

correct dilution, effective spraying techniques, and frequency of application. Furthermore, 

the capacity and effectiveness of CAHWs, whose services have become a common component 

of tropical veterinary programmes in pastoral communities (Jost et al., 1998; Swai et al., 

2014), can be enhanced by continuous training, and subsidising and improving on the supply 

of drugs, vaccines and equipment. CAHWs can play a significant role, but appropriate policies 

must be in place to strengthen their activities (Swai et al., 2014). Government-community 

partnership is essential for establishment and maintenance of dip tanks. The pastoralists also 

emphasised the need to rationalise and improve water supply to match preferred animal 

movements. Immunisation can be a viable option for control of common TBDs in cattle. 

Currently in eastern Africa, immunisation is done only against ECF, using the Muguga cocktail 

infection and treatment method (ITM), coordinated by the Global Alliance for Livestock 

Veterinary Medicines [GALVmed] (Di Giulio et al., 2009). 

 

In pastoral systems of East Africa, including Karamoja, dipping facilities are frequently not 

operational because of lack of finances for refurbishment of dip tanks and provision of 

acaricides. In the past, the dip tanks in Karamoja Region have been destroyed or vandalised. 

Water supply is also a challenge. Dipping in the East African region is not compulsory, and is 

consequently inconsistent (Mugisha et al., 2005; Kivaria, 2006; Mbassa et al., 2009). However, 

a study in eastern Tanzania demonstrated an improvement in the organisational skills of 

farmers, through cooperative societies, which addressed the problem of funding; thus 
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providing a sustainable community-based model using cattle dips to reduce losses due to ticks 

and TBDs and increase cattle productivity (Mbassa et al., 2009).  

 

We did not carry out laboratory confirmation of most cases of TBDs that were observed by 

physical examination of sick animals, and this was a short coming in this study. However, 

confirmation of clinical cases by microscopic examination had been carried out in a previous 

surveillance exercise, in most of the study herds, and in the same study area, just two months 

before this study. 

 

In this study we could not interview women regarding the study objectives. Although women 

do not own livestock in Karamoja (Anderson and Robinson, 2009), they do participate in some 

livestock-related activities including construction and cleaning of sheds for small ruminants 

and calves, hand picking and burning of ticks, milking cows, and processing traditional 

medicines. This may indicate that women can contribute to the improvement of livestock 

health and production in pastoral areas. It is therefore important that future livestock 

development programmes should consider both genders, so as to ensure equity and 

empower women, thus reducing their vulnerability and improving their livelihoods. 

 

Although animal milk is an important component in children’s diets in Karamoja (Stites and 

Mitchard, 2011), the effect of TBDs on milk production was not mentioned as an indicator in 

the matrix scoring exercises. A possible explanation is that men may place less emphasis on 

this aspect of production because milking of cows is predominantly women’s business (field 

veterinarians, personal communication) and the participants were all men. Alternative 

explanations for the omission of effects of milk production (other than gender bias) may be: 

households rely more on purchased milk as a source for children (Stites and Mitchard, 2011), 

and livestock keepers may have difficulty in quantifying relative decreases in milk production 

due to different diseases (given the small quantity of milk already produced). Therefore, in 

developing PE methods, researchers may include additional indicators of disease impacts 

(such as milk production in this case), which are not mentioned by informants. However, this 

may reduce the primary advantage of participatory approaches over more structured surveys; 

namely, that the impacts of disease and the problems associated with their control are 

identified by livestock keepers themselves.  
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The approaches used in this study are limited by the possibility of mixed parasite infections in 

cattle in endemic areas that result in the combined or simultaneous effects of different 

parasites, and which may present difficulties during scoring. In all groups visited, the 

informants described the possibility of mixed infections, due to concurrent clinical signs of 

TBDs, especially of anaplasmosis and ECF. In cases of mixed diseases, cases were allocated to 

the disease whose manifestation was more pronounced. This may result in underestimation 

of the burden of those diseases which, when present as a mixed infection, tend to be masked 

by a more severe concurrent infection. Teasing apart the relative contribution of co-infections 

would however require extensive confirmatory laboratory testing, a costly exercise that 

would negate many of the advantages of the participatory approach employed in our study. 

 

Our findings, together with previous studies, suggest that TBDs impact on the livelihoods of 

pastoralists in East Africa. There is urgent need for an integrated approach for control of ticks 

and TBDs, including further work on vaccines for cattle and improved policy. There is also 

need to improve drug usage and extension services. Research should also target the 

contribution of multiple host species, including wildlife, multiple strains of tick-borne 

pathogens, and acaricide resistance. Research in anti-tick vaccines offers the advantage of 

controlling both tick numbers and disrupting the tick vector-pathogen interface.  

 

3.6 Conclusions  

We investigated the management practices and relative importance of TBDs among 

transhumant zebu cattle in Karamoja Region, Uganda. Tick-borne diseases, in particular ECF 

and anaplasmosis, were regarded by participants as the most important due to high 

morbidity, mortality and treatment costs. Control of ticks was done mostly by daily hand 

picking of ticks and irregular hand spraying with acaricides. The main constraints to the 

control activities were inadequate knowledge to manage the diseases, inadequate veterinary 

services and limited availability of drugs.   
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  CHAPTER 4 

4. Endemic status of tick-borne infections and tick species diversity among 

transhumant Zebu cattle in Karamoja Region, Uganda 

4.1 Abstract 

We conducted a study to investigate tick species diversity, seroprevalence of antibodies to 

Anaplasma marginale and Theileria parva, and the risk factors for these infections among 

cattle under a transhumant production system in Karamoja Region, Uganda, from November 

2013 through January 2014. Twenty herds were randomly selected from 20 purposively-

selected superherds. Semi-structured interviews and piling for annual proportion of tick-

borne disease (TBD) cases in different age groups, with pastoralist groups, clinical 

examinations and field observations were employed to obtain information related to the 

epidemiology of TBDs. Ticks were collected and identified from whole body inspections of at 

least seven systematically selected cattle in each herd. Concurrently, serum was collected 

from 397 cattle. Antibodies to A. marginale were detected by MSP-5 competitive inhibition 

enzyme-linked immunosorbent assay, and to T. parva by indirect fluorescent antibody test. 

Clinical examinations and informant interviews showed that TBDs affected all age groups of 

cattle. Tick species that have not been reported in recent studies from other parts of Uganda 

were collected, namely Amblyomma lepidum, Hyalomma truncatum, Amblyomma gemma, 

and Rhipicephalus pulchellus. Out of the 10,923 ticks collected, Rhipicephalus appendiculatus 

(54.4%) was the most abundant species followed by Rhipicephalus decoloratus (17.7%), 

Amblyomma variegatum (12%) and A. lepidum (11.6%). Two-thirds of the sampled cattle were 

infested with moderate (37.3%, 11-50 ticks) to abundant (28.6%, > 50 ticks) numbers of ticks. 

The true seroprevalence of A. marginale was high (95.1%, 95% confidence interval [CI] 91.3% 

- 98.5%), while that of T. parva was low (16.5%, 95% CI 12.9% - 19.6%). Univariate analysis
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showed that cattle of 5-12 months (18.3%, odds ratio [OR] = 4.1) and 13-24 months (30.3%, 

OR = 8.0) were more likely to be seropositive for T. parva than those > 24 months. For A. 

marginale, cattle of 13-24 months (92.4%, OR = 2.7) and > 24 months (89.7%, OR = 2.0) were 

more likely to be seropositive than those 5-12 months. There was a significant difference (p < 

0.001, OR = 6.5) in the proportion of T. parva seropositive animals between Moroto (24.5%) 

and Kotido Districts (4.8%), but not for A. marginale. However, the mixed effect logistic 

regression analysis showed that no variable was associated with T. parva or A. marginale 

seropositivity (p > 0.05). In conclusion, the low seroprevalence of antibodies to T. parva, 

possibly due to limited exposure of calves to the pathogen from infected ticks, may suggest a 

high likelihood of ECF in cattle. High seroprevalence for A. marginale suggests that a high 

proportion of cattle were exposed to infection. The findings provide knowledge of 

epidemiology of TBDs in Karamoja cattle and support for strategic control and improvement 

of cattle productivity. 

 

4.2 Introduction 

Ticks are among the most important vectors of pathogenic micro-organisms affecting 

livestock (Jongejan and Uilenberg, 2004). Moreover, ticks can cause severe toxic conditions 

such as paralysis and toxicosis, irritation and allergy, damage to hides and skins, loss of teats, 

lameness, and tick-bite wounds that can become secondarily infected with bacteria (Jongejan 

and Uilenberg, 2004). Tick-borne diseases (TBDs) are responsible for significant losses among 

cattle and impact the livelihoods of resource-poor communities in sub-Saharan Africa (Kivaria, 

2006; Ocaido et al., 2009a; Thumbi et al., 2013).  

 

Previous studies show that East Coast fever (ECF) and anaplasmosis are among the most 

economically important diseases of cattle in East Africa (Ocaido et al., 2009b; Chenyambuga 

et al., 2010; Onono et al., 2013; Chapter 3 of this thesis). East Coast fever, caused by the 

protozoan Theileria parva and transmitted by the ixodid tick Rhipicephalus appendiculatus, is 

endemic in eastern, central and southern Africa including Uganda (Norval et al., 1992; Thumbi 

et al., 2013; Kabi et al., 2014; Muhanguzi et al., 2014). The disease is responsible for 40-80% 

of annual mortality in calves (Kivaria, 2006; Lynen et al., 2006; Thumbi et al., 2013). Cattle can 
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become long-term asymptomatic carriers of T. parva following treatment or spontaneous 

recovery, thereby maintaining the parasite population (Dolan, 1986; Kabi et al., 2014). Bovine 

anaplasmosis is caused by Anaplasma marginale, which is the most prevalent tick-borne 

pathogen of cattle in many parts of the world (Aubry and Geale, 2011). The disease is 

responsible for high morbidity and mortality in susceptible animals in subtropical and tropical 

regions (Aubry and Geale, 2011) and is endemic in Uganda (Magona et al., 2011a). 

Anaplasmosis is typically more severe in animals older than two years of age. Anaplasma 

marginale is transmitted biologically by several tick species, and mechanically through 

haematophagous arthropods such as Tabanus, Stomoxys and mosquitoes, and blood-

contaminated fomites (Aubry and Geale, 2011). In East Africa, A. marginale is transmitted 

mainly by the tick Rhipicephalus decoloratus (Chenyambuga et al., 2010; Magona et al., 

2011a). Cattle surviving infection become lifetime carriers and reservoirs of the infection 

(Aubry and Geale, 2011). 

 

Transhumant pastoralism is a livestock production system characterised by seasonal and 

cyclical movement of herds from areas of pasture and water scarcity to areas where forage 

and water are found (Egeru et al., 2014). Because they live in climatically marginalised 

environments, mobile pastoralists depend on livestock to sustain livelihoods (Onono et al., 

2013). Cattle in Karamoja Region are of the short-horned East African zebu type (Bos indicus), 

and are grazed extensively on communal land (Anderson and Robinson, 2009). Cattle diseases 

have increased in the past decade resulting in high mortalities and reduced herd sizes 

(Anderson and Robinson, 2009; IICD, 2010).  

 

In eastern Africa, several factors encourage persistent infections and carrier states of TBDs in 

cattle herds, including production systems and management practices, inadequate veterinary 

infrastructure and resources, and bimodal annual rainfall (Perry and Young, 1995). Control 

practices against ticks and TBDs affect the patterns of exposure to tick-borne infections in 

cattle and establishment of immunity at individual or herd levels (Mugisha et al., 2005; 

Kivaria, 2006; Wesonga et al., 2010). A state of endemic stability implies an ecological balance 

between cattle, tick, parasite and the environment where calves are challenged by infected 

ticks when they are still protected by innate and/or colostral immunity. This results in a high 
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level of immunity in adult cattle with a consequent low incidence of clinical diseases and low 

case-fatality of the few infections (Perry and Young, 1995; Jonsson et al., 2012; Gachohi et al., 

2013). Endemic instability occurs in indigenous breeds of cattle kept by pastoralists (Norval 

et al., 1992; Perry and Young, 1995) in situations where cases of TBDs are not treated 

effectively, which results in high case fatality. This is because the proportion of cattle that are 

carriers declines with increased mortality rates of infected cattle, which leads to low 

seropositivity or low population immunity amongst cattle (Dolan, 1986; Perry and Young, 

1995). On the other hand, open grazing systems are characterised by unrestricted tick 

exposure. Continuous exposure of cattle, especially in indigenous breeds, to infected ticks 

under open grazing in endemic areas may facilitate the development of immunity, decreasing 

susceptibility to disease in cattle. However, even in high tick-infested areas, low infection 

rates in ticks may not allow sufficient exposure of calves to tick-borne pathogens, and 

therefore acquired immunity may not develop. In semi-arid and arid areas, population 

immunity to tick-borne pathogens is low or variable, characterised by periodic unsuitability 

of climate for the survival and development of ticks, for example R. appendiculatus (Perry and 

Young, 1995). Given the impact of TBDs, there is need to understand the prevalence and 

dynamics of ticks and TBDs, in order to predict disease outbreaks, develop effective control 

strategies, and increase livestock productivity in pastoral areas. Various studies have been 

conducted in eastern Africa regarding exposure patterns for TBDs and associated risk factors, 

but mostly under mixed crop-livestock production systems (Rubaire-Akiiki et al., 2006; Kabi 

et al., 2008; Swai et al., 2009; Magona et al., 2011a; Malak et al., 2012; Gachohi et al., 2013; 

Wesonga et al., 2015). There is a lack of data from a systematic study on the tick species 

diversity, seroprevalence of antibodies to TBDs, and associated risk factors for cattle under 

the pastoral system in Karamoja Region.  

 

The objectives of this study were to: (i) investigate the proportion of TBD cases in different 

age groups in the cattle population using a participatory approach, (ii) determine the diversity 

and abundance of ticks infesting cattle, (iii) determine the seroprevalance of antibodies to A. 

marginale and T. parva, and (iv) determine risk factors for seropositivity in cattle. The 

proportion of TBD cases in different age groups, and the diversity and abundance of ticks are 

important indicators of the likelihood of endemic stability, and thus provide the biological 
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evidence to choose an appropriate approach for control of TBDs, for example dipping, 

immunisation or the enhancement of innate resistance, or no intervention (Norval et al., 

1992; Perry and Young, 1995; Jonsson et al., 2012). Antibody prevalence has been used as an 

indicator of the existence of endemic stability for babesiosis and anaplasmosis (Perry and 

Young, 1995; Jonsson et al., 2012). For T. parva, the association between antibody prevalence 

and endemic stability is not absolute, as it is complicated by other factors (Perry and Young, 

1995). For example, in production systems with intensive tick control, ECF incidence is low 

and this is generally accompanied by low antibody prevalence. However, the case-fatality rate 

of the few infections that occur is high, as all animals in this population are highly susceptible 

(Perry and Young, 1995). On the other hand, in the indigenous Zebu cattle kept in endemic 

areas under extensive management with little or no acaricide application, ECF incidence is 

also low and antibody prevalence is high. This results in a high population immunity, and the 

case-fatality rate of the few infections that become clinically apparent is low (Perry and 

Young, 1995). 

 

4.3 Materials and Methods 

4.3.1 Ethics approval 

The study was approved by the relevant Ethics Committees at the University of Pretoria 

(Animal [protocol no. V026-14] and Humanities [no. GW20150211]), and by the National 

Agricultural Research Organisation of Uganda (no. 1416). Permission was obtained to do 

research in terms of Section 20 of the Animal Diseases Act, 1984 (Department of Agriculture, 

Forestry and Fisheries, Pretoria, South Africa; reference number 12/11/1/1). A veterinary 

import permit (permit number 13/1/1/30/2/0-201408003716, Department of Agriculture, 

Forestry and Fisheries, Republic of South Africa) was obtained to transport the serum samples 

from Uganda to South Africa. The samples were heat inactivated against foot and mouth 

disease virus on arrival in South Africa. Standard techniques were followed during the 

collection of blood samples and ticks. All participating pastoralists gave informed verbal 

consent before the study commenced.  
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4.3.2 Study design and sample size methodology 

The study was a cross-sectional design conducted in two purposively-selected districts, 

Moroto and Kotido, from November 2013 through January 2014 (Map shown in Chapter 3). 

During this period, the settlement areas and livestock herds are more accessible as compared 

to the wet season when roads are muddy and often blocked by seasonal rivers. One herd was 

randomly selected from each of 20 purposively-selected superherds. A superherd is a group 

of herds identified as sharing grazing and watering areas during the wet season and belonging 

to the same cattle camp during the dry season. Management practices of herds within 

superherds are homogenous. The average herd size in the Karamoja Region is around 40 head 

of cattle (field veterinarians, personal communication). It was difficult to ascertain the exact 

number of herds and superherds, to construct a complete sampling frame, due to lack of 

comprehensive information on the number and distribution of cattle populations. There is 

also unpredictable inflow and outflow of cattle from raids, seasonal migration of animals and 

erratic reductions in numbers due to diseases. Furthermore, the cultural belief that does not 

allow one to count and reveal the exact number of herds or animals in herds makes estimates 

difficult (field veterinarians, personal communication). Therefore, we estimated the number 

of herds and superherds using records from a previous vaccination exercise. Ten out of about 

63 superherds in Kotido and 10 out of about 72 superherds in Moroto were purposively 

selected for the study. The effective sample size of cattle to estimate seroprevalence of 

antibodies to T. parva and A. marginale was calculated by taking into account the design 

effect, which is the loss of effectiveness by the use of cluster sampling, instead of simple 

random sampling. The design effect is basically the ratio of the actual variance, under the 

sampling method actually used, to the variance computed under the assumption of simple 

random sampling. The design effect was estimated using the formula below (Killip et al., 

2004): 

 

DE = 1 + δ (n-1) 

 

where DE is the design effect, δ is the intracluster correlation coefficient for the being 

seropositive for antibodies for T. parva and A. marginale, and, n is the average herd size. No 

pilot study was conducted to calculate the intracluster correlation coefficient, therefore a δ 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 

 
 
 



CHAPTER 4 

   202 

 

value of 0.03 was assumed. A value of 0.03 is interpreted to mean that the cattle in a herd 

(cluster) are about only 3% more likely to have the same chance of exposure than if the two 

animals were chosen at random in the serosurvey. A relatively large within-cluster variance is 

expected within a herd in the study area because groups of herds (10 to 20) graze together 

over a large area, which is expected to greatly reduce the chance that animals from the same 

herd are equally exposed to infected ticks. The average herd size was 40 cattle and a DE value 

of 2.17 was calculated. Therefore, the sample variance is 2.17 times bigger than it would be 

if the survey were based on the same sample size but selected randomly. An effective sample 

size of 369 cattle, taking into consideration the design effect, was calculated using the formula 

below (Killip et al., 2004): 

 

ESS = MK/DE 

 

where ESS = effective sample size, m = average number of cattle in a herd, k = number of 

herds, and DE = design effect. The number was increased by 7% to take care of any loss of 

samples during transportation and processing. We therefore decided to collect serum 

samples from 397 cattle for this study. The number of cattle selected per herd was 

determined by proportional allocation depending on the size of the herd. In a herd, animals 

were grouped by age category, and then sub-grouped by sex. At first, one animal was selected 

at random in a sub-group, and then other animals were picked using pre-determined sampling 

intervals. Proportional allocation was used to determine the number of cattle sampled in each 

sub-group. Between 17 and 24 cattle, representing each sex and age group (5-12 months, 13-

24 months and > 24 months) were chosen in each herd. 

 

4.3.3 Semi-structured interviews for management practices and proportional piling 

exercises 

In each participating superherd, a group of 8-12 herdsmen and herd owners was interviewed 

to obtain information regarding the transmission and maintenance of TBDs. The informant 

data was gathered to determine the extent to which the herders’ assessments of herd health 

are consistent with the findings from clinical examination and sero-survey. As in other 

pastoral areas in eastern Africa, the herds in Karamoja are not regularly tested because the 
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use of conventional approaches to research and disease surveillance is constrained by the 

mobility of herds, and lack of resources (Anderson and Robinson, 2009; Shiferaw et al., 2010; 

Wesonga et al., 2010; Catley et al., 2014). The cattle herds are also less accessible during the 

wet season. Therefore, researchers have to make best use of local knowledge and experience 

of the pastoralists, who are valuable sources of disease information (Catley et al., 2014). The 

interviews were conducted in the local language (Ngakarimojong) and followed a pre-tested 

checklist of topics. The topics included: prevalent cattle diseases, tick and TBD control 

practices, acaricide usage, timing and frequency of tick control, and grazing systems. Using a 

series of proportional piling exercises, each informant group also estimated the proportion of 

ECF and anaplasmosis cases in different age groups among cattle during the past one year. 

Proportional piling is a method whereby informants listed the cattle diseases that affected 

production and impacted their livelihoods, by their own description and names. If ECF and/or 

anaplasmosis occurred during the past one year, the diseases were illustrated on separate 

cards using symbols suggested by the informants. Informants were asked to classify cattle 

into different age groups according to their production system. The cards representing the 

TBDs were placed along the y-axis of a matrix on the ground, and the age groups illustrated 

along the x-axis. Each TBD was picked at random to score. An informant group was given 15 

stones to divide among the age groups, the stones indicating that the age group was 

associated with the TBD being scored. The amount of stones was chosen because five stones 

per age group should be sufficient to show differences between age groups but not so large 

as to be difficult to handle or divide by the informants (Catley and Mohammed, 1996). Probing 

and cross-checking were done to make sure that the informants understood the topics of 

discussion during the interviews and agreed on the scoring. The number of stones allocated 

to each age group was then counted and recorded as a proportion of the total number of 

stones (15) for each TBD.  

 

4.3.4 Clinical examinations, field observations, and collection and identification of ticks 

Clinical examinations of sick cattle were conducted among herds. We also observed the 

surrounding environment with regard to TBDs and assessed tick and TBD control activities. 

Tick species diversity and abundance were determined by collecting all attached ticks from 

the whole body of at least seven systematically-sampled cattle in each herd. A total of 161 
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cattle from the 20 herds were sampled for ticks to assess the potential risk of transmission of 

TBDs. The ticks were preserved separately for each animal in labelled vials containing 70% 

ethanol, and thereafter identified and categorised (up to genus level for larvae and nymphs 

and species level for adults) using a standard stereoscopic microscope as previously described 

(Walker et al., 2013). The tick burden (adult, nymph and larva) on each animal was categorised 

as: none, few (1-10 ticks), moderate (11-50 ticks), and abundant (> 50 ticks) (Magona et al., 

2011b). 

 

4.3.5 Serological analysis 

Serum samples 

Blood was collected into 5 ml plain vacuum tubes (Becton Dickinson Vacutainer Systems 

Europe, UK) from the jugular vein of selected animals. Blood samples were stored in ice boxes 

while in the field, and later refrigerated overnight to allow the blood to clot. Sera were then 

aspirated using a Pasteur pipette and kept in 2 ml aliquots in cryotubes (Greiner Bio One, 

Germany) at -20°C. Frozen sera were transported to Onderstepoort Veterinary Institute - 

Agricultural Research Council (ARC-OVI), Pretoria, South Africa for serological analysis.  

 

Indirect fluorescent antibody test for Theileria parva 

A standard indirect fluorescent antibody test (IFAT) [sensitivity 96%, specificity 95%] was used 

to test serum for T. parva antibodies at ARC-OVI [Laboratory Manual Serology Volume II. OVI, 

Protozoology Division] as described previously by Goddeeris et al. (1982), with slight 

modifications. A standard Dulbecco phosphate-buffered saline solution (PBS) was used to 

make dilutions of test sera, and positive and negative controls at 1:80 and 1:160 in 96 well 

micro-titre plates. The 1:80 dilution is the standard cut-off titre at the ARC-OVI for positive 

reactions. The sera were then incubated at 37⁰C for one hour with an antigen in tissue culture 

monolayer fixed on glass slides. Each slide contained known positive (from infected cattle as 

determined by quantitative real-time PCR and IFAT) and negative controls. The antigen was 

prepared at ARC-OVI, and contained live lymphoblastoid cells infected with T. parva macro-

schizonts propagated in cell culture medium. Unbound antibodies were removed by washing 

them off. Bound antibodies were revealed by incubating the antigen-antibody complexes with 

rabbit anti-bovine IgG antibodies conjugated to a fluorescence compound - fluorescein 
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isothiocyanate (FITC) (Sigma-Aldrich, Life Sciences, South Africa). The conjugated anti-bovine 

IgG was first mixed with Evan’s blue (0.02%) to give a dark background. Unbound FITC-

conjugate was washed away leaving only the FITC-conjugate bound to test serum antibody-

antigen complex. In the presence of specific antibodies, fluorescing antibody-antigen 

complexes were observed as bright fluorescence with a fluorescent microscope at 50 x and 

100 x objective. No fluorescence was observed in a negative reaction.  

 

Competitive inhibition enzyme-linked immunosorbent assay for Anaplasma  

Antibodies for A. marginale were detected using the Anaplasma-specific competitive 

inhibition enzyme-linked immunosorbent assay (cELISA) (sensitivity 96%, specificity 95%) at 

the ARC-OVI, as described by Knowles et al. (1996). The test uses a monoclonal antibody 

against the A. marginale major surface protein (MSP) 5 that is highly conserved and reactive 

to A. marginale, A. marginale subp. centrale (A. centrale) and A. ovis (infective for sheep and 

goats). A recombinant MSP5 was coated on 96-well plates and incubated with the sample 

sera for 30 minutes at 37⁰C. Then, monoclonal antibody ANAF16C1 conjugated to horseradish 

peroxidase was added to each well and incubated for one hour at 37⁰C. After washing with 

phosphate buffer saline and Tween 20 solution, a goat anti-mouse IgG antibody conjugated 

to horseradish peroxidase was added to the wells followed by incubation for 30 minutes at 

37⁰C. Subsequently, a substrate TMB-CORE+ (BIO-RAD®) was added to produce a colour 

change for the negative samples. The plates were then incubated for an additional 5 minutes 

at 37⁰C. An ELISA microplate reader Multiskan EX and a computer software program Ascent 

Software Version 2.6 (Thermo Scientific™) were used to measure and record optical density 

(OD) at 620 nm filter. Each plate included four known negative and positive sera (determined 

by cELISA). Percent inhibition (%I) was calculated as 100 - [(OD of test sera/Mean OD of 

negative reference sera) x 100]. A cutoff of 20% inhibition was used to classify samples. 

Samples with <20% inhibition were considered negative, and samples with greater than or 

equal to 20% inhibition were considered positive. 

 

4.3.6 Statistical analyses 

The mean for the proportions of TBD cases (from proportional piling) in each age group were 

calculated, along with 95% confidence intervals. The means were compared between ECF and 
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anaplasmosis and among age groups, for each disease, using the independent samples t-test, 

analysis of variance (ANOVA) for overall differences, and Tukey’s test for pairwise 

comparisons. The level of agreement among informant groups for the proportions of cases, 

for each TBD, in the three age groups was assessed using Kendall’s coefficient of concordance 

(W), and a p-value was assigned. Evidence of agreement among informant groups was 

categorised as weak for W < 0.26, p > 0.05; moderate for W = 0.26-0.38, p < 0.05 and strong 

for W > 0.38, p < 0.01 (Catley, 2006). The Chi-squared test was employed to determine 

significant differences in proportion of animals infested with various tick species between the 

districts.  

 

Apparent seroprevalence estimates at individual level, defined as the number of seropositive 

animals over the number of animals tested, were derived for each age category, sex and 

district. A herd was considered positive if at least one animal was found positive by serological 

testing. The confidence intervals for seroprevalence of antibodies were estimated by 

performing descriptive statistics with 1000 bootstrap replications and sampling by clustering 

in the Statistical Package for the Social Sciences (SPSS) and using quantiles formation of the 

normal distribution (qnorm) with ‘library (MASS)’ package using R Console and RStudio. 

Bootstrapping was used to estimate the sampling distribution of the prevalence by assigning 

a measure of accuracy, in this case confidence interval. Inference about the cattle population 

from the sample data was modelled by resampling from original sample data by using 

sampling with replacement. The true prevalence was estimated from the apparent 

prevalence by taking into consideration the sensitivity and specificity of the laboratory tests 

used, to account for variability and uncertainty in the performance of the diagnostic tests at 

individual-animal level, using the formula below (Greiner and Gardner, 2000): 

 

True prevalence = AP + Sp -1/Se + Sp -1 

 

where Ap is the apparent prevalence, Sp the specificity of the diagnostic procedure and Se 

the sensitivity of the diagnostic procedure. 
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A conceptual framework was developed to select candidate variables identified as exposure 

factors for tick-borne infections for the production system of Karamoja Region. Univariate 

analysis of associations using the Chi-squared test was carried out for each exposure variable, 

with the serological test status of the animal considered as a binary outcome (positive or 

negative). The level of significance was set at p ≤ 0.05. The exposure variables considered 

were age (5-12 months, 13-24 months, > 24 months), sex (male or female), district (Moroto 

or Kotido) and presence of tick vectors for T. parva (R. appendiculatus) and A. marginale (R. 

decoloratus). Tick control practices were not included in the analysis because spraying was 

mostly at irregular intervals in the herds and was done on a few animals in each herd. 

Prevalence ratios, odds ratios (OR) and p-values for the exposure variables were obtained. 

Intra-cluster correlations within the herds were also tested for the serological status for T. 

parva and A. marginale, by performing log ratio tests between a model ‘herd’ as random 

effect and a null model. This was followed by a mixed effect logistic regression in which the 

herd was included as a random effect and other variables were fixed effects. The analytical 

procedures were performed using SPSS version 23.0 (IBM SPSS, 2014), and R Console version 

3.2.1 (R Console, 2015) and RStudio version 3.2.1 at 5% level of significance. 

 

4.4 Results 

4.4.1 Management practices and age distribution of TBD cases 

In all sampled herds (n = 20), spraying (using hand sprayers) was done on a few cattle with 

little acaricide wash, incorrect dilutions, and at irregular intervals. All informants in the 20 

groups indicated that tick spraying and hand picking of ticks in calves started about two weeks 

after birth, when ticks were seen. The Karamojong pastoralists categorised their cattle into 

three exclusive age groups as: ‘Ngimanang’ (calves < 6 months), ‘Ngamayoi’ (young 6-12 

months), and ‘Ngitobain’ (adult > 12 months). Figure 4.1 shows the proportion of annual ECF 

and anaplasmosis cases in the three age groups of cattle as estimated by the pastoralists. The 

mean proportion of ECF (19%) from all informant groups was significantly higher (t = 4.0, p < 

0.001) in calves of < 6 months of age compared to the same age group for anaplasmosis (2%). 

There was strong agreement among informant groups regarding the proportions of annual 

cases in the three age groups of cattle for anaplasmosis (W = 1.0, p < 0.001) and moderate 
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agreement for ECF (W = 0.33, p = 0.001). Disease scoring indicated a significant difference (p 

< 0.05) in the means for proportion of ECF cases among the three age groups. However, when 

pairwise comparisons were done, there was a significant difference (p < 0.05) in the mean 

proportion of ECF cases between calves < 6 months (18.9%) and adults (> 12 months) (50.9%), 

but similar (p > 0.05) between calves < 6 months and young cattle of 6-12 months (29.9%). 

The mean proportion of anaplasmosis was significant (p < 0.05) with multiple and pairwise 

comparisons among the age groups.  

 

 

Figure 4.1: Bar chart with 95% confidence intervals illustrating the proportion of annual cases of East 
Coast fever and anaplasmosis distributed across three age groups, as estimated by 20 groups 
of Karamojong pastoralists, using a series of proportional piling exercises, from November 
2013 through January 2014. 

 

4.4.2 Clinical findings and tick infestation  

Clinical examinations demonstrated seven cases of ECF (three in calves < 6 months and four 

in cattle > 12 months) in 6 of the 20 herds sampled, while anaplasmosis (21 cases) was 

diagnosed from various age groups of cattle in nearly all herds. Heartwater (two cases) was 

diagnosed in two herds and babesiosis (one case) in one herd. The signs of ECF that were 

observed during clinical examinations include enlarged parotid and prescapular lymph nodes, 
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lachrymation, difficulty in breathing (dyspnoea), anaemia (white discolouration of 

conjunctiva, oral and vulvar mucosa), fever (>40°C rectal temperature), lung oedema (through 

thoracic auscultation) and anorexia. For anaplasmosis, the clinical signs were constipation, 

jaundice (visible as yellowish colouration of the oral and vulvar mucous membranes) and 

anorexia. Heartwater was observed mainly by nervous signs including ataxia, chewing 

movements, circling and aggression. Animals with babesiosis had haemoglobinuria and 

anaemia. The species and numbers of ticks (adult) collected from 161 cattle in 20 herds, and 

the proportion of animals infested, are summarised in Table 4.1. A total of 10,923 ticks 

belonging to eight species were collected. Rhipicephalus appendiculatus was the most 

abundant species on cattle (54.4%), followed by Rhipicephalus decoloratus (17.7%), 

Amblyomma variegatum (12%), and Amblyomma lepidum (11.6%). We collected tick species 

that are either rare in Uganda (A. lepidum, Hyalomma truncatum and Amblyomma gemma) 

or were not known to be present in the country (Rhipicephalus pulchellus). Most cattle were 

infested with A. lepidum (78.9%) and R. appendiculatus (77%). Overall, the tick burden on 

cattle from the study area was high. Two-thirds of the animals sampled were infested with 

moderate (37.3%, 11-50 ticks) to abundant (28.6%, > 50 ticks) numbers of ticks, while 32.3% 

were infested with few ticks (1-10), and only 1.9% of cattle had no visible ticks on the body. 

The proportion of cattle with abundant tick infestation was significantly higher (p < 0.05) in 

Moroto (53.7%) than in Kotido (2.5%) (Figure 4.2).  

 

Table 4.1: Identification and distribution of adult ticks collected from cattle in 20 herds in                   
Moroto and Kotido Districts of Karamoja Region, Uganda, during a cross-sectional 
study, November 2013 through January 2014 

Tick species No. of ticks collected (%) No. of cattle infested (%) 

  Moroto Kotido Total 

Total  10,923 (100) 82 (100) 79 (100) 161 (100) 
A. variegatum** 1,313 (12) 51 (62.2) 28 (35.4) 79 (49.1) 
A. lepidum 1,272 (11.6) 65 (79.3) 62 (78.5) 127 (78.9) 
R. appendiculatus** 5,947 (54.4) 72 (87.8) 52 (65.8) 124 (77) 
H. truncatum** 402 (3.7) 43 (52.4) 15 (19.0) 58 (36) 
R. decoloratus 1,929 (17.7) 48 (58.5) 38 (48.1) 86 (53.4) 
A. gemma 9 (0.08) 1 (1.2) 2 (2.5) 3 (1.86) 
R. pulchellus 2 (0.02) 2 (2.4) 0 (0.0) 2 (1.24) 
R. evertsi evertsi* 49 (0.4) 3 (3.7) 11 (13.9) 14 (8.7) 

*p < 0.05, **p < 0.01, the proportion of cattle infested with tick species was significantly different (Chi-

squared test) between districts.  
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Figure 4.2: Bar chart showing the distribution of different levels of tick burden among 161 cattle in 
             20 herds in two districts of Karamoja Region, Uganda during a cross-sectional study, from 

November 2013 through January 2014. 
 

4.4.3 Theileria parva and Anaplasma marginale seroprevalences and risk factors for 

seropositivity  

Serum samples were collected from 20 herds and 397 individual cattle (17-24 per herd). Most 

cattle were female (74.3%). The numbers of cattle sampled were 208 for Moroto and 189 for 

Kotido. By age group, cattle sampled were: 175 (44.1%) for 5-12 months, 66 (16.6%) for 13-

24 months, and 156 (39.3%) for > 24 months.  

 

Overall, T. parva apparent seroprevalence was low (15.1%, 95% CI 11.8 – 17.9%) while that of 

A. marginale was high (86.6%, 95% CI 83.1 – 89.7%). The true prevalences were 16.5% (95% 

CI 12.9 – 19.6%) for T. parva and 95.1% (95% CI 91.3 – 98.5%) for A. marginale. All herds 

sampled had at least one animal seropositive for A. marginale, while 75% (15/20) of herds 

were seropositive for T. parva. Univariate analysis showed that the age of cattle was 

significantly associated with seropositivity for both T. parva and A. marginale (p < 0.05). Cattle 

of 5-12 months (18.3%, odds ratio [OR] = 4.1) and 13-24 months (30.3%, OR = 8.0) were more 
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likely to be seropositive for T. parva than those > 24 months (Table 4.2). For A. marginale, 

cattle of 13-24 months (92.4%, OR = 2.7) and > 24 months (89.7%, OR = 2.0) were more likely 

to be seropositive than those 5-12 months (Table 4.3). There was a statistically significant 

difference (Chi-squared test, p < 0.001, OR = 6.5) in the proportion of T. parva positive animals 

between Moroto (24.5%) and Kotido Districts (4.8%) (Table 4.2). Out of the 60 T. parva 

positive cattle in this study, 44 were from five herds from an area in Moroto, which was 

located closest to Kenya, but which also had more than half of the cattle in the 13-24 months 

age group. Although the difference in proportion of A. marginale positive cattle between 

Moroto and Kotido was not significantly different (Chi-squared test, p > 0.05) (Table 4.3), the 

five herds in Moroto had higher proportions (each ≥ 95%) compared to other herds. The sex 

of animal and presence of the tick vectors for T. parva and A. marginale were not associated 

with seropositivity (p > 0.05). The log ratio test for herd effect showed that T. parva and A. 

marginale serological status was clustered within herds (p < 0.05). When mixed effect logistic 

regression was conducted, no variable was associated with T. parva or A. marginale 

seropositivity (p > 0.05). 

 

Table 4.2: Descriptive statistics and univariable associations between potential individual-                   
level risk factors and Theileria parva serological test status in cattle in Karamoja                   
Region, Uganda 

Variable Categories No. +ve/total (%) p-value 

Age 5-12 months 32/175 (18.3) < 0.001 
 13-24 months 20/66 (30.3)  
 > 24 months 8/156 (5.1)  

District Moroto 51/208 (24.5) < 0.001 
 Kotido 9/189 (4.8)  
Gender Female 45/295 (15.3) 0.89 
 Male 15/102 (14.7)  
R. appendiculatus presence Yes 12/120 (10.0) 0.52 
 No 2/37 (5.4)  

Results from 397 cattle in a cross-sectional study carried out from November 2013 through January 

2014 
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Table 4.3: Descriptive statistics and univariable associations between potential individual-                   
level risk factors and Anaplasma marginale serological test status in cattle in 
Karamoja Region, Uganda 

Variable Categories No. +ve/total (%) p-value 

Age  5-12 months 143/175 (81.7) 0.03 
 13-24 months 61/66 (92.4)  
 > 24 months 140/156 (89.7)  
District Moroto 184/208 (88.5) 0.27 
 Kotido 160/189 (84.7)  
Gender Female 256/295 (86.8) 0.89 
 Male 88/102 (86.3)  
R. (B.) decoloratus presence Yes 73/83 (88.0) 0.44 
 No 68/74 (91.9)  

Results from 397 cattle in a cross-sectional study carried out from November 2013 through January 

2014 

 

4.5 Discussion 

To our knowledge, this study is the first to provide a systematic assessment of serum antibody 

prevalence to T. parva and A. marginale infections and tick species diversity among cattle 

under a pastoral transhumant production system in Karamoja Region, Uganda. Previous 

studies were conducted in other parts of Uganda under mixed farming systems (Rubaire-Akiiki 

et al., 2006; Kabi et al., 2008; Magona et al., 2011a).  

 

Eight different species of ticks were found on cattle in the study area. The dominance of R. 

appendiculatus, A. variegatum and R. decoloratus on cattle is consistent with previous reports 

for other parts of Uganda (Rubaire-Akiiki et al., 2006; Chenyambuga et al., 2010; Magona et 

al., 2011a) and elsewhere in eastern Africa (Kivaria et al., 2012). Before this study, R. 

pulchellus (zebra tick) had not been reported from vegetation or animals in Uganda. The only 

record of R. pulchellus from Uganda was of one unattached female tick, which was collected 

from a tourist in Queen Elizabeth National Park who may have carried the tick from a Kenyan 

or Tanzanian game park, which lie within the normal distribution of R. pulchellus (Matthysse 

and Colbo, 1987). Rhipicephalus pulchellus may be spreading into Karamoja Region from 

neighbouring countries (especially Kenya), possibly due to uncontrolled animal movements 

and sharing of grazing areas with cross-border communities. Although the distribution of the 

tick species A. lepidum, A. gemma, and H. truncatum includes Uganda (Walker et al., 2013), 
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these ticks have not been reported in recent studies from other parts of the country (Rubaire-

Akiiki et al., 2006; Chenyambuga et al., 2010; Magona et al., 2011a). Amblyomma gemma, A. 

lepidum, R. pulchellus, and H. truncatum were previously identified on cattle in Ethiopia 

(Kumsa et al., 2015) and Kenya (Kariuki et al., 2012). The high tick species diversity in the study 

area may affect the transmission dynamics of A. marginale whose biological transmission is 

effected by over 20 tick species (Aubry and Geale, 2011). The presence of A. lepidum may 

increase the risk of heartwater (Walker and Olwage, 1987), Theileria mutans, and Theileria 

velifera infections (Walker et al., 2013).  

 

In this study, the tick burden was high, with about two-thirds of the cattle sampled 

moderately to highly infested. The tick numbers for R. appendiculatus, R. decoloratus and A. 

variegatum were twice, four times and five times, respectively, higher than those observed 

among cattle in Soroti District (Magona et al., 2011a), and Mbale and Sironko Districts in 

Uganda (Rubaire-Akiiki et al., 2006). Zebu cattle, which is the breed type reared in Karamoja 

Region, are known to be relatively resistant to tick infestation (Latif, 1993) due to their ability 

to mount an immune response to tick infestation (Mattioli et al., 2000). High tick-burden on 

the Zebu cattle in Karamoja may be attributed to: (i) communal grazing and extensive 

movement of cattle which increase the risk of exposure to tick-infested areas (Fyumagwa et 

al., 2007; Madder et al., 2011), (ii) the presence of wild animals including buffalo, which share 

grazing areas with cattle, and reportedly permit the persistence of tick populations (Walker 

et al., 2014), and (iii) inappropriate tick control practices including the use of little acaricide 

wash, wrong dilutions and irregular spraying observed in the area. Furthermore, host and 

environmental stress factors such as concurrent infections, poor nutrition and fatigue due to 

movements can reduce the resistance to ticks in the animals (Latif, 1993). A significantly 

higher proportion of cattle was abundantly infested with ticks in Moroto than Kotido. This 

may be explained by the observation that difficulty to access acaricide supplies as a constraint 

to tick control was more pronounced in Moroto than Kotido.  

 

In this study, most of the ticks collected were adults (79-82%), followed by nymphs (13-18%) 

and a few were larvae (0-5%). There was a positive correlation between the proportions of 

adult and immature stages among the different tick species. Tick species with a higher number 
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of adults also had more immature stages. Our findings are consistent with the significant 

positive correlations of counts between species for each instar observed by Kaiser et al. (1982) 

in southern Uganda, indicating that population sizes are to some extent synchronised. In 

tropical regions of eastern Africa, several overlapping generations of ticks can be completed 

annually and no clear pattern of seasonal abundance may be evident, with all instars occurring 

simultaneously on cattle (Kaiser et al., 1982; Walker et al., 2013). Therefore, the period of 

sampling for this study may have no implications in terms of which tick stages might be 

favoured or missed. Given the relatively high diversity of tick species encountered in this 

study, their potential as vectors of diseases of livestock, wildlife and humans should be further 

investigated, by testing the ticks for pathogens and conducting transmissibility studies. Future 

studies should also evaluate the efficacy of potential control methods on the tick species 

present, including the use of acaricides (various compositions, spraying intervals and 

application methods) and vaccines, which may contribute to the development of cost-

effective methods for control of ticks and TBDs.  

 

There was a low true seroprevalence for T. parva (16.5%), which may suggest a high likelihood 

of ECF in animals at the time of peak exposure to T. parva and increased likelihood of disease 

following a single exposure (Jonsson et al., 2012). The T. parva seroprevalence was lower than 

reported previously in similar age groups of cattle, but under mixed farming systems, in 

eastern Africa: 100% for Soroti, Uganda (Kabi et al., 2008), 19% for Mbeere District, Kenya 

(Gachohi et al., 2010), 40.9% in Machakos County, Kenya (Wesonga et al., 2015), 70% for 

central Equatoria State, South Sudan (Malak et al., 2012), and 44.3% for Tanga Region, 

Tanzania (Swai et al., 2009). The low seroprevalence for T. parva in this study may be due to 

low infection challenge from ticks, supported by the fact that there was no association 

between presence of R. appendiculatus on cattle and seropositivity, and yet most cattle (77%) 

were infested. However, we did not establish the infection rate in ticks. Cycles of drought 

occur in Karamoja Region, and these may interrupt the survival and development of R. 

appendiculatus, a three-host tick which spends at least 90% of its lifecycle on the ground and 

in the vegetation, making the tick sensitive to extremes of temperature. This in turn may 

affect the propagation of T. parva (Perry and Young, 1995). Furthermore, since T. parva is 
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transstadially transmitted, the tick loses infection after transmission and across generations 

(Uilenberg, 2006).  

 

Furthermore, cases of ECF were not treated effectively, which resulted in high case fatality. 

The proportion of cattle that are carriers declines with increased mortality rates of infected 

cattle. This leads to low seropositivity/population immunity among cattle (Dolan, 1986; Perry 

and Young, 1995). There was higher T. parva seroprevalence in cattle of 13-24 months 

compared to those 5-12 months; however, the difference was not statistically significant 

when the mixed effect logistic regression analysis was done. Most T. parva positive cattle 

were from five herds from an area in Moroto, which also had more than half of the cattle in 

the 13-24 months age group. This probably is the explanation why we did not find any 

significance of age in the mixed effect logistic regression analysis. The effect of age in the 

univariate approach was therefore due to the unbalanced proportion of age between the 

herds. A previous study in Kenya showed that increase in age, up to 24 months, is associated 

with increased T. parva seroprevalence (Gachohi et al., 2012). This is because age is a proxy 

for exposure time, and antibodies for T. parva persist in the circulation for as long as six 

months (Gachohi et al., 2012). The mean proportion of ECF cases in calves < 6 months (from 

proportional piling) was higher than that in the same age group for anaplasmosis. East Coast 

fever is more severe in young calves (Jonsson et al., 2012; Thumbi et al., 2013), and the 

disease does not feature inverse age immunity like babesiosis and anaplasmosis (Jonsson et 

al., 2012). The pastoralists reported a higher proportion of ECF cases in adult cattle (> 12 

months) compared to calves of up to 12 months. In this study area, the calves are grazed 

around settlement areas, and this may reduce the exposure rate of the calves to ticks infected 

with T. parva. 

 

High true seroprevalence for anaplasmosis (95.1%) may suggest that a high proportion of 

cattle were exposed to infection. Our findings are in contrast with those from previous studies 

in eastern Africa, in similar age groups of cattle but under mixed farming systems, that 

showed lower seroprevalence for A. marginale: 57% for Soroti District, Uganda (Kabi et al., 

2008), 58% for Mbeere District, Kenya (Gachohi et al., 2010), 50% in central Equatoria State, 

South Sudan (Malak et al., 2012), and 41.1% for Tanga Region, Tanzania (Swai et al., 2009). 
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The most likely explanation for the high seroprevalence in this study is high persistent 

infections from the tick vectors. A high proportion of cattle (53.4%) were infested with R. 

decoloratus, the main vector of A. marginale in eastern Africa; however, the level of infection 

in the ticks was not established. Once infected, animals remain carriers for life. The persistent 

infections then result in host antibody responses which can be detected by the MSP5 cELISA 

(Knowles et al., 1996; Castañeda-Ortiz et al., 2015). However, there was no significant 

association between A. marginale seropositivity and presence of R. decoloratus. This may 

suggest either that the actual ticks that infected the animals, and caused them to mount an 

immune response, were no longer present on the cattle at the time of collection, or that the 

pathogen was also transmitted by other mechanisms. Anaplasma marginale can be 

transmitted mechanically by haematophagous arthropods and contaminated fomites, and 

through the placenta (Aubry and Geale, 2011). Haematophagous arthropods such as the 

Culicoides midges were abundant in the grazing areas, and the livestock keepers often used 

disposable needles on more than one animal. The seropositivity for anaplasmosis increased 

with age, which is consistent with the concept of reverse age immunity for anaplasmosis 

(Aubry and Geale, 2011). However, the difference in seropositivity to A. marginale was not 

statistically significant from the mixed effect logistic regression analysis. 

 

False positivity for A. marginale may occur due to cross reactivity of A. marginale with A. 

centrale, A. phagocytophilum and A. ovis (Knowles et al., 1996), and with Ehrlichia spp. (Al-

Adhami et al., 2011). However, cattle are not susceptible to infection with A. ovis, and low 

levels (< 5%) of other Anaplasma and Ehrlichia spp. have been reported in cattle populations 

in Uganda (Muhanguzi et al., 2010; Oura et al., 2011). In this study, as described in Chapter 

Five of this thesis, the prevalence of A. centrale (12.1% by quantitative PCR [qPCR]) was much 

lower than that of A. marginale (82.9% by qPCR). 

 

Endemic stability for ECF is defined as the state in which the majority (> 70%) of the cattle 

population becomes infected and immune by six months of age, and little or no clinical 

disease occurs. Endemic instability, on the other hand, describes a state in which only a small 

proportion (< 30%) of cattle in the population become infected and immune by six months of 

age (Gachohi et al., 2013). Norval et al. (1983) classified endemic status for TBDs as: stable 
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endemic situation (81-100% positive sera), a situation approaching stability (61-80%), and an 

unstable situation (≤ 60%). Recently, Jonsson et al. (2012) suggested that if 75% of calves were 

exposed to infection (indicated by 75% seroprevalence) before nine months of age, then 

clinical tick-borne disease should be rare. The low seroprevalence for T. parva combined with 

clinical cases of ECF reported by informant groups and diagnosed in this study, suggest 

endemic instability of ECF in Karamoja Region. However, high seroprevalence may not always 

indicate endemic stability of TBDs. There should be a high level of challenge of calves by 

infected ticks with a consequent acquired immunity in adult animals and low incidence of 

clinical disease (Norval et al., 1992; Jonsson et al., 2012). Endemic stability may therefore be 

difficult to achieve due to variation in climate and management practices which affect 

exposure of animals to infection (Jonsson et al., 2012). Moreover, seropositive animals may 

not all be solidly protected against immunologically diverse heterologous strains. Different 

genotypes might differ in pathogenicity, and the immunological and genetic heterogeneity 

among hosts might influence susceptibility of infected animals to disease (Jonsson et al., 

2012). Therefore, despite high seropositivity, clinical examinations and focus group 

discussions from this study revealed clinical cases of anaplasmosis in various age groups of 

cattle. Genetic and antigenic diversity among T. parva isolates has been demonstrated in 

Uganda (Oura et al., 2011; Muwanika et al., 2016) and Tanzania (Mwega et al., 2015), and 

many strains of A. marginale have been identified from various geographical areas around 

the world (Cabezas-Cruz and de la Fuente, 2015). Although antibody responses against the 

schizont stage of T. parva are detectable in recovering animals, and provide the most reliable 

evidence of exposure to the parasite, these mechanisms are not considered to play a role in 

protection (McKeever and Morrison, 1990). Immunity to T. parva in cattle is mediated 

predominantly by cellular mechanisms directed at the schizont-infected cell. This is supported 

by evidence that there is lack of correlation between the anti-schizont antibody and 

protection (McKeever and Morrison, 1990). In endemic stable areas, persistent infections 

occur in cattle due to superinfection with A. marginale antigenic variants (Castañeda-Ortiz et 

al., 2015). The variants evade the immune response to the primary strain or infect the truly 

naïve animals which results in acute bacteraemia (Palmer and Brayton, 2013). Therefore, 

further studies need to assess the possibility of A. marginale superinfection among cattle in 

Karamoja and evaluate the incidence of anaplasmosis in animals infected with diverse 
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parasite genotypes. The pastoralists reported an increase in the proportion of anaplasmosis 

cases with age. Although cattle of all ages can become infected with A. marginale, the 

occurrence and severity of anaplasmosis increases with age of animals (Aubry and Geale, 

2011). 

 

Although a single cross-sectional study may be less powerful to determine the endemic status 

of TBDs, the epidemiological information from this study may provide a useful indicator of 

the endemic status of TBDs in Karamoja Region, and therefore a scientific basis for planning 

future strategies for control. It may not be feasible to conduct longitudinal studies in this area 

because of the difficulty to follow-up particular animals or herds. An effective control of ticks 

and TBDs can be achieved by integrating the strategic use of acaricides and application of 

vaccines (Norval et al., 1992; Minjauw and McLeod, 2003). Given the high proportion of cattle 

that are not exposed to T. parva in Karamoja Region, immunisation is essential to increase 

the proportion of immune animals (Gachohi et al., 2012). However, a high level of challenge 

from naturally infected R. appendiculatus ticks is required to sustain the immunity (Gachohi 

et al., 2012; Gachohi et al., 2013).  

 

4.6 Conclusions 

Tick species that have not been reported in recent studies in Uganda were found in Karamoja 

Region. This may suggest that the ticks are spreading into Karamoja Region from neighbouring 

countries (especially Kenya), possibly due to uncontrolled animal movements and sharing of 

grazing areas with cross-border communities. The low seroprevalence for T. parva in this 

study may be attributed to low T. parva infection challenge from ticks. High seroprevalence 

for A. marginale may be attributed to biological and mechanical transmission leading to high 

persistent infections, and subsequent seropositivity. The epidemiological data from this study 

may support future control programmes for ticks and TBDs.  
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 CHAPTER 5 

5. Molecular investigation of tick-borne haemoparasite infections among 

transhumant Zebu cattle in Karamoja Region, Uganda 

5.1 Abstract 

Tick-borne diseases (TBDs) are a major constraint to cattle production in pastoral areas in 

Africa. Although information on tick-borne infections is important to prioritise control 

approaches, it is limited for transhumant Zebu cattle in Karamoja, Uganda. We conducted a 

study to determine the occurrence and level of tick-borne infections among cattle in Karamoja 

Region. A total of 240 cattle were selected for blood collection using systematic sampling in 

20 randomly-selected herds in two districts. The hypervariable V4 region of the 18S rRNA 

gene for Theileria/Babesia and the V1 region of the 16S rRNA gene for Ehrlichia/Anaplasma 

were amplified and hybridised to genus- and species-specific oligonucleotide probes on a 

reverse line blot (RLB) membrane. A duplex quantitative real-time polymerase chain reaction 

(qPCR) assay based on msp1β and groEL genes was used for the detection of Anaplasma 

marginale and A. centrale, while monoplex qPCR assays were used for the detection of 

Ehrlichia ruminantium (226 bp fragment of the pCS20 region) and Theileria parva (18S rRNA 

gene). The RLB hybridisation assay demonstrated the presence of tick-borne haemoparasites 

in all but one sample (99.6%), mostly as mixed infections (97.5%). The most frequently 

detected species were Theileria mutans (88.3%, 95% confidence interval: 84.6-92.1%), A. 

marginale (73.8%: 68.3-79.2%), T. velifera (71.3%: 65.8-76.7%) and Anaplasma sp. Omatjenne 

(63.3%: 57.5-68.8%). Other virulent pathogens, namely Babesia bigemina (5.0%) and T. parva 

(2.9%), were also detected with RLB, but not E. ruminantium. The proportions of qPCR positive 

samples were 82.9% (A. marginale), 12.1% (A. centrale), 3.3% (T. parva), and 1.7% (E. 

ruminantium). The full-length 18S rRNA genes from 6 out of 47 samples that were positive on 

RLB for the Babesia genus-specific probe and not for any of the Babesia species-specific 

probes were amplified, cloned and sequenced. The sequences were used to construct
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phylogenetic trees. Variations (5 to 9 nucleotides) in the 18S rRNA gene sequences of B. 

bigemina were identified, when compared with B. bigemina sequences from other parts of 

the world. Three nucleotide differences in the B. bigemina probe region may explain the 

failure of the RLB hybridisation assay to detect B. bigemina in some samples. Theileria mutans 

and B. bigemina sequences grouped in separate clades from previously published sequences. 

In conclusion, this study demonstrated high and widespread occurrence, and sequence 

variation of tick-borne haemoparasites among cattle in the pastoral area of Karamoja, which 

is useful for diagnosis and control of TBDs.  

 

5.2 Introduction 

In pastoral areas of sub-Saharan Africa, cattle are regularly exposed to tick-borne 

haemoparasites of the genera Theileria, Anaplasma, Babesia and Ehrlichia (Gachohi et al., 

2010; Kasozi et al., 2014). Tick-borne diseases (TBDs) inflict significant economic losses on 

cattle production and resource use, thereby impacting the livelihoods of pastoralists (Kivaria, 

2006; Ocaido et al., 2009a). Losses directly attributed to TBDs include mortality, production 

losses, and the costs of veterinary diagnosis, treatment and tick control (Kivaria, 2006). 

Previous studies in Uganda showed that 75.4% of losses in cattle were attributable to ticks 

and TBDs (Ocaido et al., 2009b), and the costs for controlling ticks and TBDs constituted 85% 

of the total costs for disease control in cattle (Ocaido et al., 2009a). Tick-borne diseases also 

constrain the improvement of the local breeds of cattle due to the high morbidity and 

mortality in exotic (Bos taurus) and crossbred cattle (Muhanguzi et al., 2010b). 

 

The most pathogenic and economically significant tick-borne haemoparasites of cattle in East 

Africa are Theileria parva, Anaplasma marginale, Babesia bigemina and Ehrlichia 

ruminantium. T. parva, an apicomplexan protozoan parasite of cattle, is transmitted by 

Rhipicephalus appendiculatus and causes East Coast fever (ECF), an acute, usually fatal, 

lymphoproliferative disease (Norval et al., 1992). In Africa, bovine babesiosis is caused mainly 

by the intra-erythrocytic protozoan parasites, B. bigemina and B. bovis (Uilenberg, 2006). 
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Babesia bigemina is reported to be the main cause of bovine babesiosis in Uganda and is 

transmitted by R. decoloratus (Rubaire-Akiiki et al., 2004; Magona et al., 2011b). A. marginale, 

an intra-erythrocytic rickettsia, is the main cause of bovine anaplasmosis, a tick-borne, 

haemolytic disease that is endemic across much of the globe (Aubry and Geale, 2011). In 

Uganda, A. marginale is transmitted by R. decoloratus (Rubaire-Akiiki et al., 2006; Magona et 

al., 2011a; Magona et al., 2011b). Other forms of transmission for A. marginale include 

mechanical transfer of contaminated blood through haematophagous arthropods and 

fomites. Placental transmission during pregnancy can also occur (Costa et al., 2016). The 

obligate intracellular rickettsia, E. ruminantium, is transmitted by ticks of the genus 

Amblyomma and causes heartwater disease in ruminants (Allsopp, 2010). Amblyomma 

variegatum is the reported tick vector of heartwater in Uganda (Magona et al., 2011a). 

 

The development of molecular biological techniques has resulted in the improved detection, 

identification and genetic characterisation of many haemoparasites. Highly specific and 

sensitive species-specific quantitative real-time polymerase chain reaction (qPCR) and PCR-

based reverse line blot (RLB) hybridisation assays have been developed and used for the 

detection of tick-borne infections (Gubbels et al., 1999; Bekker et al., 2002; Decaro et al., 

2008; Sibeko et al., 2008; Steyn et al., 2008; Muhanguzi et al., 2010a; Muhanguzi et al., 2010b; 

Njiiri et al., 2015). The RLB assay enables the identification of mixed infections and has proven 

to be a valuable tool in the identification of novel parasites (Nijhof et al., 2005; Oosthuizen et 

al., 2008). The RLB assay has previously been used to detect tick-borne haemoparasites in 

cattle samples from Uganda; the most common haemoparasites detected were: T. parva, T. 

mutans, T. taurotragi, T. velifera, A. marginale, A. centrale, A. bovis and E. ruminantium 

(Muhanguzi et al., 2010a; Muhanguzi et al., 2010b; Oura et al., 2011; Asiimwe et al., 2013).  

 

Karamoja Region in north-eastern Uganda is characterised by a semi-arid climate, and 

communities rely on livestock as the main source of livelihood (Anderson and Robinson, 2009; 

IICD, 2010). Like other pastoral groups in eastern Africa, the Karamojong practice mobile 

livestock herding (Egeru et al., 2014). The major drivers of transhumant pastoralism are 
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drought conditions, which result from climatic variability, and consequent seasonal pasture 

and water scarcity, and animal diseases. The practice is therefore a key coping mechanism for 

pastoralists to avoid cattle losses and ensure livestock productivity (Anderson and Robinson, 

2009; Egeru et al., 2014). Cattle in Karamoja Region are of the short-horned East African zebu 

type (Bos indicus) (Anderson and Robinson, 2009). Despite the social and economic 

importance of cattle in Karamoja communities, little is known about tick-borne 

haemoparasite infections in the Karamoja Region. A recent study showed that the 

Karamojong pastoralists perceive TBDs to be the most important diseases impacting cattle 

production (Byaruhanga et al., 2015b) [Chapter 3 of this thesis]. It is important to have 

knowledge of tick-borne infections in cattle populations from particular production systems 

so as to prioritise and develop appropriate control measures against TBDs.  

 

The objectives of this study were to determine which tick-borne pathogens are present 

among cattle in the transhumant production system of Karamoja, Uganda, the prevalence of 

infections as indicated by RLB hybridisation and qPCR methods, and the molecular 

characteristics of these pathogens by sequencing and phylogenetic analyses. 

 

5.3 Materials and Methods 

5.3.1 Ethics statement 

The study was approved by the Animal Ethics Committee of the University of Pretoria, South 

Africa (V026-14) and the National Agricultural Research Organisation, Uganda (no. 1416). 

Permission was obtained to do research in terms of Section 20 of the Animal Diseases Act, 

1984 (Department of Agriculture, Forestry and Fisheries, Pretoria, South Africa; reference 

number 12/11/1/1). A veterinary import permit (permit number 13/1/1/30/2/0-

201408003716, Department of Agriculture, Forestry and Fisheries, Republic of South Africa) 

was obtained to transport the blood samples from Uganda to South Africa. Standard 

techniques were followed in collecting blood samples for laboratory examination.   
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5.3.2 Study area 

This study was conducted in Moroto and Kotido Districts of Karamoja Region, north-eastern 

Uganda (Map shown in Chapter 3 of this thesis), from November 2013 through January 2014.  

 

5.3.3 Study design and study animals  

Twenty herds, 10 from each district, were randomly selected from 20 purposively-selected 

superherds for the study (see Map in Chapter 3). The effective sample size of cattle was 

calculated by taking into account the design effect, which is the loss of effectiveness by the 

use of cluster sampling, instead of simple random sampling. The design effect is basically the 

ratio of the actual variance, under the sampling method actually used, to the variance 

computed under the assumption of simple random sampling. The design effect was estimated 

using the formula below (Killip et al., 2004): 

 

DE = 1 + δ (n-1) 

 

where DE is the design effect, δ is the intracluster correlation coefficient for being positive to 

tick-borne pathogens, and n is the average cluster size. No pilot study was conducted to 

calculate the intracluster correlation coefficient, therefore a δ value of 0.03 was assumed. A 

value of 0.03 is interpreted to mean that the cattle in a herd (cluster) are about only 3% more 

likely to have the same chance of exposure than if the two animals were chosen at random in 

the survey. A relatively large within-cluster variance is expected within a herd in the study 

area because groups of herds (10 to 20) graze together over a large area, which is expected 

to greatly reduce the chance that animals from the same herd are equally exposed to infected 

ticks. The average herd size was 40 cattle and a DE value of 2.17 was calculated. Therefore, 

the sample variance is 2.17 times bigger than it would be if the survey were based on the 

same sample size but selected randomly. An effective sample size of 369 cattle was calculated 

using the formula below (Killip et al., 2004): 

 

ESS = MK/DE 
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where m = average number of cattle in a herd, k = number of herds, ESS = effective sample 

size, and DE = design effect. However, given the available laboratory logistics, a total of 240 

cattle were sampled for blood collection. In each herd, 12 cattle of various age groups and 

both sexes were selected by systematic sampling to represent about 30% of a herd. In a herd, 

animals were grouped by age category, and then sub-grouped by sex. At first, one animal was 

selected at random in a sub-group, and then other animals were picked using pre-determined 

sampling intervals. Proportional allocation was used to determine the number of cattle 

sampled in each category.  

 

5.3.4 Blood sample collection and DNA extraction 

Blood was collected aseptically from the jugular vein of each animal into 5 ml vacuum tubes 

(Becton Dickinson Vacutainer systems Europe, UK) with ethylenediaminetetraacetic acid 

(EDTA) as anticoagulant. About 125 μl of each blood sample was spotted on FTA® Classic Card 

(Whatman®, Whatman International Ltd, Maidstone, England) and left to dry for one hour, 

and then transported to the Department of Veterinary Tropical Diseases, University of 

Pretoria, South Africa. Five discs of 0.75 mm each were excised from each FTA card blood 

spot, and DNA was extracted from the discs using the QIAamp® DNA Mini Kit (QIAGEN, 

Southern Cross Biotechnology Pty Ltd, Cape Town, South Africa). The DNA was stored at -20°C 

until further analyses. 

 

5.3.5 Reverse line blot (RLB) hybridisation assay  

The RLB hybridisation assay was performed as previously described (Gubbels et al., 1999; 

Bekker et al., 2002; Nijhof et al., 2003; Nijhof et al., 2005), to simultaneously detect and 

differentiate various pathogenic and non-pathogenic tick-borne parasite species that could 

possibly be present in the blood of carrier and sick cattle. Furthermore, co-infections with 

tick-borne haemoparasites can be determined by RLB. Separate PCR master mixes were 

prepared for the amplification of Theileria/Babesia species (Nijhof et al., 2003; Nijhof et al., 

2005) and Ehrlichia/Anaplasma species (Bekker et al., 2002) using Platinum® Quantitative PCR 
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SuperMix-UDG (Invitrogen, The Scientific Group, South Africa). The primers RLB-F2 (5’-GAC 

ACA GGG AGG TAG TGA CAA G-3’) and RLB-R2 (biotin-5’-CTA AGA ATT TCA CCT CTG ACA GT-

3’) were used to amplify a 460 to 540 bp fragment of the 18S rRNA gene spanning the V4 

hypervariable region conserved for Theileria and Babesia species. For Ehrlichia and 

Anaplasma species, a 492 to 498 bp fragment of the hypervariable V1 region of the 16S rRNA 

gene was amplified using primers Ehr-F (5’-GGA ATT CAG AGT TGG ATC MTG GYT CAG-3’) and 

Ehr-R (biotin-5’-CGG GAT CCC GAG TTT GCC GGG ACT TYT TCT-3’). Each reaction (25 μl) 

contained 2.5 µl genomic DNA, 0.1 µM of each primer, 3 mM MgCl2, 200 µM each of dGTP, 

dATP and dCTP, 400 µM dUTP, 0.75 U Platinum® Taq DNA polymerase, 0.5 U Uracil-DNA 

glycosylase (UDG) and 9.5 µl nuclease-free water. A touchdown thermal cycling program was 

used as previously described (Nijhof et al., 2005). DNA extracted from B. bovis and A. centrale 

blood vaccines (Onderstepoort Biological Products, Pretoria, South Africa) were used as 

positive controls for the 18S rRNA PCR and 16S rRNA PCR, respectively. The negative control 

contained PCR reagents but no template DNA. Table 5.1 shows the Anaplasma, Ehrlichia, 

Theileria and Babesia genus- and species-specific probes that were covalently linked to a 

Biodyne C blotting membrane (Pall Biosupport, Ann Arbor, USA) used in the RLB hybridisation 

assay. PCR products were applied to the membrane and hybridised to the probes using an 

MN45 mini blotter apparatus (Immunetics, Cambridge, UK) as previously described (Nijhof et 

al., 2005). Hybridised PCR products were detected as a probe-PCR-streptavidin complex by 

enhanced chemiluminescence (ECL).   
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Table 5.1: Genus- and species-specific reverse line blot hybridisation oligonucleotide probes 
that were used for the detection of tick-borne haemoparasites in blood samples of 
cattle from Karamoja Region, Uganda, November 2013 through January 2014 

Oligonucleotide probe name Sequence (5’ to 3’) 

Ehrlichia/Anaplasma group-specific (“E/A catch-all”) GGG GGA A AG ATT TAT CGC TA 
Anaplasma centrale TCG AAC GGA CCA TAC GC 
Anaplasma marginale GAC CGT ATA CGC AGC TTG 
Anaplasma phagocytophilum TTG CTA TAA AGA ATA ATT AGT GG 
Ehrlichia ruminantium AGT ATC TGT TAG TGG CAG 
Anaplasma bovis  GTA GCT TGC TAT GAG AAC A 
Ehrlichia chaffeensis  ACC TTT TGG TTA TAA ATA ATT GTT 
Anaplasma sp. (Omatjenne) CGG ATT TTT ATC ATA GCT TGC 
Ehrlichia canis TCT GGC TAT AGG AAA TTG TTA 
Theileria/Babesia group-specific (“T/B catch-all”) TAA TGG TTA ATA GGA RCR GTT G 

Theileria genus-specific (“T catch-all”) ATT AGA GTG TTT CAA GCA GAC 
Babesia genus-specific 1 (“B catch-all 1”) ATT AGA GTG TTT CAA GCA GAC 
Babesia genus-specific 2 (“B catch-all 2”) ACT AGA GTG TTT CAA ACA GGC 
Babesia felis TTA TGC TTT TCC GAC TGG C 
Babesia divergens ACT RAT GTC GAG ATT GCA C 
Babesia microti GRC TTG GCA TCW TCT GGA 
Babesia bigemina CGT TTT TTC CCT TTT GTT GG 
Babesia bovis CAG GTT TCG CCT GTA TAA TTG AG 
Babesia rossi CGG TTT GTT GCC TTT GTG 
Babesia canis  TGC GTT GAC GGT TTG AC 
Babesia vogeli AGC GTG TTC GAG TTT GCC 
Babesia bicornis TTG GTA AAT CGC CTT GGT C 
Babesia caballi GTG TTT ATC GCA GAC TTT TGT 
Babesia leo ATC TTG TTG CTT GCA GCT T 
Babesia gibsoni CAT CCC TCT GGT TAA TTT G 
Babesia sp. (sable) GCG TTG ACT TTG TGT CTT TAG C 
Theileria sp. (kudu) CTG CAT TGT TTC TTT CCT TTG 
Theileria sp. (sable) GCT GCA TTG CCT TTT CTC C 
Theileria bicornis GCG TTG TGG CTT TTT TCT G 
Theileria annulata CCT CTG GGG TCT GTG CA 
Theileria buffeli GGC TTA TTT CGG WTT GAT TTT 
Theileria sp. (buffalo) CAG ACG GAG TTT ACT TTG T 
Theileria mutans CTT GCG TCT CCG AAT GTT 
Theileria parva GGA CGG AGT TCG CTT TG 
Theileria taurotragi TCT TGG CAC GTG GCT TTT 
Theileria velifera CCT ATT CTC CTT TAC GAG T 
Theileria equi TTC GTT GAC TGC GYT TGG 
Theileria lestoquardi CTT GTG TCC CTC CGG G 
Theileria ovis TTG CTT TTG CTC CTT TAC GAG 
Theileria annae CCG AAC GTA ATT TTA TTG ATT TG 
Theileria separata GGT CGT GGT TTT CCT CGT 

The degenerate position R denotes either A or G, W denotes either A or T and Y denotes C or T.  
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5.3.6 Quantitative real-time PCR (qPCR) assays 

Samples that had been analysed by RLB were also analysed with qPCR assays for specific 

detection of the more pathogenic tick-borne pathogens (n = 240 samples each for A. 

marginale, A. centrale and T. parva; n = 120 samples for E. ruminantium). The qPCR assay is 

expected to be more sensitive than RLB hybridisation assay, and may therefore detect DNA 

of pathogens from samples previously diagnosed as negative by the RLB assay. A duplex qPCR 

assay was used for simultaneous detection and quantification of A. marginale and A. centrale 

DNA (Carelli et al., 2007; Decaro et al., 2008). The PCR was performed on a LightCycler® 2.0 

(Roche Diagnostics, Mannheim, Germany) using a LightCycler® FastStart TaqMan® Kit (Roche 

Diagnostics). The primers AM-For (5’-TTG GCA AGG CAG CAG CTT-3’) and AM-Rev (5’-TTC CGC 

GAG CAT GTG CAT-3’) were used to amplify a 95 bp fragment of the msp1β gene for A. 

marginale, while the AC-For (5’-CTA TAC ACG CTT GCA TCT C-3’) and AC-Rev (5’-CGC TTT ATG 

ATG TTG ATG C-3’) primers were used to amplify a 77 bp fragment of the groEL gene for A. 

centrale. A TaqMan probe labelled with the fluorescent reporter dye 6-carboxy-fluoroscein 

and with blackhole quencher 1 (5’ 6-FAM-TCG GTC TAA CAT CTC CAG GCT TTC AT-BHQ1-3’) 

was used for the detection of A. marginale, while a TaqMan probe labelled with the 

fluorescent reporter dye LightCycler® Red 610 and with blackhole quencher 2 (5’-LC610-ATC 

ATC ATT CTT CCC CTT TAC CTC GT-BHQ2-3’) was used for A. centrale. Mastermix pure grade 

water was used as a negative control while known A. marginale and A. centrale positive 

samples (confirmed by qPCR and species-specific gene sequence analysis) were included to 

serve as positive controls. Each PCR reaction (20 µl) contained 0.4x of FastStart mix, 0.6 µM 

of each A. marginale primer, 0.9 µM of AC-For primer, 0.6 µM of AC-Rev primer, 0.2 μM of 

each probe, 1 U (final concentration 0.025x) of UDG, 8 µl of water, and 2.5 µl test sample DNA 

or positive/negative control. Thermal cycling started with UDG activation at 40°C for 10 min, 

followed by activation of iTaq DNA polymerase at 95°C for 10 min and 40 cycles of denaturing 

at 95°C for 1 min and annealing-extension at 60°C for 1 min. The cooling step was at 40°C for 

30 sec. Fluorescence data for all cycles was analysed using LightCycler® Software Version 4.1 

(Roche Diagnostics).   
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The pCS20 qPCR for E. ruminantium was performed as previously described (Steyn et al., 

2008), using amplification primers CowF (5’-CAA AAC TAG TAG AAA TTG CAC A-3’) and CowR 

(5’-TGC ATC TTG TGG TGG TAC-3’) to amplify a 226 bp fragment of the conserved pCS20 

region, and a TaqMan probe Cow™ (5’-6FAM-TCC TCC ATC AAG ATA TAT AGC ACC TAT TA XT-

PH-3’) for the detection of the amplicons. The PCR was performed in a Rotor-Gene Q system 

(QIAGEN) using a LightCycler FastStart DNA Master Hybridisation Probe Kit (Roche 

Diagnostics). Mastermix pure grade water was used as a negative control and DNA extracted 

from an in vitro culture of the Welgevonden stock of E. ruminantium was included as the 

positive control. Fluorescence data for the amplification cycles was analysed using Rotor-

Gene Q Series Software (QIAGEN). The T. parva qPCR was performed as previously described 

(Sibeko et al., 2008), using LightCycler FastStart DNA MasterPlus Hybridisation Probes mix on 

a LightCycler® 2.0 (Roche Diagnostics). A 167 bp fragment from the V4 variable region of the 

T. parva 18S rRNA gene was amplified using primers Parva-F (5’- CTG CAT CGC TGT GTC CCT 

T-3’) and Theileria-R (5’-ACC AAC AAA ATA GAA CCA AAG TC-3’), and hybridisation probes 

were used to detect the amplicons: T. parva LC640 (5’-LCRed640-TCG GAC GGA GTT CGCT-

PH-3’) and T. parva Anchor (5’-GGG TCT CTG CAT GTG GCT TAT-FL-3’). Positive controls 

consisted of DNA from a known infected buffalo [KNP102, Onderstepoort Veterinary 

Institute] (Sibeko et al., 2008) while the negative controls contained nuclease free water. The 

florescent data was analysed using LightCycler® Software Version 4.1. 

 

5.3.7 Amplification, cloning and sequencing of the 18S rRNA gene of Theileria and Babesia 

species 

The near full-length (~1,600 bp) 18S rRNA gene was amplified from six selected DNA samples 

that displayed positive RLB Babesia genus-specific signals without species-specific signals; the 

amplicons were characterised by cloning and sequencing. The primers used for amplification 

were as previously described (Oosthuizen et al., 2008). Expand High-Fidelity PCR Master mix 

(Roche Diagnostics) was used, and amplification was performed in an automated 

thermocycler (Perkin-Elmer, Foster City, CA). The amplicons were purified using the QIAquick 

PCR Purification Kit (QIAGEN) and then ligated into the pGEM®-T vector (Promega, Madison, 
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USA) and transformed into JM 109 High Efficiency Competent cells (Promega, Madison, USA), 

according to the manufacturers’ instructions. At least five colonies per sample were selected 

and screened by colony PCR using primers RLB-F2 and RLB-R2 (Nijhof et al., 2003) and PCR 

mixture conditions as described for the RLB hybridisation assay, except that individual 

colonies were used as template. The primers used for sequencing were: RLB-F2, RLB-R2, 

Nbab_1F, Nbab_1R, BT18S_2F, BT18S_3F, BT18S_4F and BT18S_4R as previously described 

(Oosthuizen et al., 2008). Sequencing was performed at Inqaba Biotechnical Industries (Pty) 

Ltd (Pretoria, South Africa).  

 

5.3.8 Sequence and phylogenetic analyses 

Sequence reads were processed and assembled using the CLC Genomics Workbench version 

7.5.1 (CLC Bio, Boston, MA, USA). Near full-length 18S rRNA gene consensus sequences were 

obtained from 30 clones. The Basic Local Alignment Search Tool [BLAST] 

(http://blast.ncbi.nlm.nih.gov/Blast.cgi) was used to search for homologous sequences from 

GenBank using the blastn program. The assembled sequences were aligned with published 

sequences of related Theileria and Babesia species using the Multiple Alignment using Fast 

Fourier Transform (MAFFT) [version 7] program (Katoh and Standley, 2013). The alignment 

was then manually truncated to the length of the shortest sequence using BioEdit version 

7.2.5 (Hall, 1999). The evolutionary history was inferred using the maximum likelihood based 

on the General Time Reversible model (Nei and Kumar, 2000). Phylogenetic trees were 

constructed by the neighbour-joining, maximum likelihood and maximum parsimony 

methods as implemented by the Molecular Evolutionary Genetics Analysis version 6.0 

(MEGA6) software package (Tamura et al., 2013). In each method, bootstrap analysis was 

done for the percentage of replicate trees in which the associated taxa clustered together in 

1000 replicates (Felsenstein, 1985). Bootstrap test of phylogeny is one of the most commonly 

used methods to test the reliability of an inferred tree and its branching patterns (groupings). 

The method creates pseudoreplicates of trees by random sampling, with replacement, at sites 

(columns) in a multiple sequence alignment, such that each pseudoreplicate is the same size 

as the original dataset. The frequency with which a group or taxa is found among all 
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pseudoreplicates is a measure of the bootstrap support. If a group or taxa is found in all 

pseudoreplicate trees it is said to have a 100% bootstrap support. The genetic distances 

between the sequences were estimated by determining the number of base differences 

between sequences using MEGA6 (Tamura et al., 2013).  

 

5.3.9 Nucleotide sequence accession numbers and statistical analysis 

Representative nucleotide sequences reported in this chapter are available in the GenBank™ 

database under the accession numbers: KU206291 and KU206292 (B. bigemina); KU206301 

(T. velifera); KU206308 (Theileria sp. strain MSD); KU206309, KU206311 and KU206317 (T. 

mutans). 

 

The RLB data were used to estimate the population prevalences. The 95% confidence intervals 

for prevalence of tick-borne infections were estimated by performing descriptive statistics 

with 1000 bootstrap replications and sampling by clustering using the Statistical Package for 

the Social Sciences (SPSS) and using quantiles formation of the normal distribution (qnorm) 

with ‘library (MASS)’ package using R Console and RStudio. Bootstrapping was used to 

estimate the sampling distribution of the prevalence by assigning a measure of accuracy, in 

this case confidence interval. Inference about the cattle population from the sample data was 

modelled by resampling from original sample data by using sampling with replacement. A 

conceptual framework was developed to select candidate variables identified as exposure 

factors for tick-borne infections for the production system of Karamoja Region. Univariate 

analysis of associations, using the Chi-squared test, was carried out to determine the 

association between tick-borne pathogen infection and district (Moroto and Kotido) and age 

group of cattle (5-12 months, 13-24 months, and > 24 months), with the RLB test status of the 

animal considered as a binary outcome (positive or negative). Prevalence ratios, odds ratios 

(OR) and p-values for the exposure variables were obtained. Intra-cluster correlations within 

the herds were tested for the RLB test status for each of the tick-borne pathogens, by 

performing log ratio tests between a model ‘herd’ as random effect and a null model. This 

was followed by a mixed effect logistic regression in which the herd was included as a random 
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effect and other variables were fixed effects. The Generalised Linear Mixed Model based on 

the -2 log pseudo likelihood was used to compare models. The Chi-squared and Cramer’s V 

tests were used to assess the significance and strength of association, as indicators of 

protective effects, between benign Theileria co-infections (T. mutans and T. velifera) and T. 

parva. To determine whether positive or negative outcomes for co-infections occur, the 

observed and expected frequencies of joint occurrence were compared. If the observed 

frequency was greater than the expected, then the association is positive, if it is less than 

expected, then the association is negative. Cohen’s kappa (k) test was used to determine the 

level of agreement (Landis and Koch, 1977) between qPCR and RLB results for A. marginale, 

A. centrale, T. parva and E. ruminantium. The data were analysed using SPSS version 23.0 (IBM 

SPSS, 2014), and R Console version 3.2.1 (R Console, 2015) and RStudio version 3.2.1 (RStudio 

Team, 2015). 

 

5.4 Results 

5.4.1 Distribution of sampled cattle by location, sex and age group 

A total of 20 herds and 240 individual cattle (12 per herd) were sampled for whole blood. An 

equal number of animals (120) was sampled in Moroto and Kotido Districts. Most (77.5%) 

cattle were female. By age group, the sampled cattle were: 82 (34.2%) for 5-12 months, 37 

(15.4%) for 13-24 months, and 121 (50.4%) for > 24 months.  

 

5.4.2 Tick-borne haemoparasite prevalence by RLB hybridisation assay 

The RLB results demonstrated the presence of tick-borne infections in all but one sample 

(99.6%). Most cattle sampled had mixed infections with two or more species (97.5%), while 

single infections were found in only 2.1% of the samples. Figure 5.1 shows a representative 

reverse line blot demonstrating hybridisation of PCR products generated from samples 

collected in this study with RLB probes (Table 5.1). 

  

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 

 
 
 



CHAPTER 5 

241 

 

 

 

 

Figure 5.1: Representative reverse line blot showing tick-borne haemoparasite infection status of 40 
cattle sampled in Karamoja Region, Uganda from November 2013 through January 2014. 
Genus/species-specific oligonucleotides were applied in horizontal rows, and PCR products 
from the test samples and controls in vertical lanes. Lane 1, positive controls (Anaplasma 
centrale and Babesia bovis); lane 2, negative control (no DNA template); lanes 3 to 42, PCR 
products from 40 cattle. The black spots on the X-ray film indicate a positive signal caused by 
hybridisation of the PCR product to the probe immobilised on the membrane; the absence 
of black spots indicates negative signals. Dots across the Theileria sp. (sable) lane were most 
likely due to cross-reactions with T. velifera (Mans et al., 2011). 

 

The distribution of the tick-borne parasite species in the study area is summarised in Table 

5.2. The RLB data were used to estimate the population prevalences. The 95% confidence 

intervals for prevalence of tick-borne infections were estimated by performing descriptive 

statistics with 1000 bootstrap replications and sampling by clustering. Chi-squared tests 

showed that the only significant associations between haemoparasite prevalence and district 

were for A. centrale and A. bovis. Animals in Moroto were more likely to be positive for A. 

centrale (odds ratio = 2.2 [95% CI: 1.1-4.2], p < 0.05) and A. bovis (OR = 3.5 [0.9-13.2], p < 0.05) 

infections than those in Kotido. The influence of age group of cattle on infection was 

significant (p < 0.05) only for A. centrale, A. bovis and B. bigemina. The prevalence of A. 

centrale decreased with age: 35.4% (n = 29) for 5-12 months, 16.2% (n = 6) for 13-24 months, 
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and 11.6% (n = 14) for > 24 months. Prevalence of infection with A. bovis increased from 5-12 

months (6.1%, n = 5) to 13-24 months (13.5%, n = 5), and then decreased for animals > 24 

months of age (2.5%, n = 3). Most of the B. bigemina positive cattle were 5-12 months of age 

(9.8%, n = 8), followed by > 24 months (3.3%, n = 4); no animals 13-24 months of age were 

positive. To test whether tick-borne infections were clustered within herds, we performed a 

Log Ratio test between a model with ‘herd’ as random effect and a null model. The test 

showed that all the tick-borne infections were clustered within herds (p < 0.05). Therefore, a 

mixed effect logistic regression model was tested with ‘herd’ included as a ‘random effect’ 

and ‘age group’ and ‘district’ as fixed effects. The Generalised Linear Mixed Model based on 

the -2 log pseudo likelihood was used to compare models. The model fit was good (80.4 to 

90%). The mixed effect logistic regression showed that the influence of age group of cattle on 

infection was significant (p < 0.05) only for A. centrale and B. bigemina. There was no 

significant influence (p > 0.05) of district on any of the tick-borne pathogens detected by the 

RLB assay. The presence of different tick-transmitted pathogens within the same host 

concurrently, provides an opportunity for interaction that could generate positive or negative 

outcomes for a parasite population. Benign Theileria co-infections may result in protective 

effects against T. parva. We tested for the significance and strength of association between 

benign Theileria infections (T. mutans and T. velifera) and T. parva. There was a negative 

association between co-infection with T. mutans and T. parva (observed frequency = 6.0, 

expected frequency = 6.2), which however was not statistically significant (Fisher’s Exact test, 

p > 0.05; Cramer’s V = 0.014, p > 0.05). Co-infection between T. velifera and T. parva was 

neither positive nor negative (equal values of observed and expected frequencies, 5.0), and 

the association was not statistically significant (Fisher’s Exact test, p > 0.05; Cramer’s V = 0.01, 

p > 0.05).  
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Table 5.2: The prevalence of tick-borne haemoparasites in blood samples of cattle from two 
districts in Karamoja Region, Uganda, as determined by reverse line blot (RLB) 
hybridisation assay, from November 2013 through January 2014 

 Number of RLB positive cattle (%)  

Type of infection Moroto 
(n=120) 

Kotido 
(n=120) 

Total 
(n=240)   

95% CI 

Anaplasma centrale* 32 (26.7) 17 (14.2) 49 (20.4) 15.8-25.4 
Anaplasma marginale 93 (77.5) 84 (70.0) 177 (73.8) 68.3-79.2 
Anaplasma phagocytophilum 1 (0.8) 0 (0.0) 1 (0.4) 0.0-1.3 
Anaplasma bovis* 10 (8.3) 3 (2.5) 13 (5.4) 2.9-8.3 
Anaplasma sp. Omatjenne 77 (64.2) 75 (62.5) 152 (63.3) 57.5-68.8 
Babesia bigemina 9 (7.5) 3 (2.5) 12 (5.0) 2.5-7.5 
Theileria mutans 107 (89.2) 105 (87.5) 212 (88.3) 84.6-92.1 
Theileria parva 6 (5.0) 1 (0.8) 7 (2.9) 1.3-5.0 
Theileria taurotragi 2 (1.7) 0 (0.0) 2 (0.8) 0.0-2.1 
Theileria velifera 89 (74.2) 82 (68.3) 171 (71.3) 65.8-76.7 
Ehrlichia/Anaplasma genus-
specific only 

6 (5.0) 6 (5.0) 12 (5.0) 2.5-7.5 

Theileria/Babesia genus-
specific only 

2 (1.7) 2 (1.7) 4 (1.7) 0.4-3.3 

Theileria genus-specific only 1 (0.8) 2 (1.7) 3 (1.3) 0.0-2.9 
Babesia genus-specific 1 only 25 (20.8) 15 (12.5) 40 (16.7) 12.1-21.3 
Babesia genus-specific 2 only* 7 (5.8) 0 (0.0) 7 (2.9) 1.3-5.0 

CI, confidence intervals based on 1,000 bootstrap samples. 

*There was a significant difference, by Pearson’s chi-squared test, in the prevalence of parasite 

between districts (p < 0.05). 

 

5.4.3 Comparison between RLB and qPCR results 

Table 5.3 shows the comparison between the results from RLB hybridisation and qPCR assays, 

for A. marginale, A. centrale, T. parva and E. ruminantium. Despite the discordance between 

the two assays for T. parva, the qPCR assay confirmed the low prevalence of T. parva among 

cattle. The results from RLB and qPCR assays emphasise that A. centrale prevalence in this 

pastoral area is lower than that of A. marginale.  
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Table 5.3: Comparison of results from qPCR and RLB hybridisation assays for Anaplasma                   
marginale, Anaplasma centrale, Theileria parva and Ehrlichia ruminantium in blood                   
samples of cattle from Karamoja Region, Uganda, November 2013 through January                   
2014 

 Number and percentage of positive samples   

 RLB   qPCR  Both RLB and 
qPCR  

Cohen’s kappa (k) 
and 95% CI 

p-value 

A. marginale  
(n = 240) 

177 (73.7%) 199 (82.9%) 170 (70.8%) 0.56 (0.43-0.68)** < 0.001 

A. centrale 
(n = 240) 

49 (20.4%) 29 (12.1%) 28 (11.7%) 0.67 (0.53-0.79)*** < 0.001 

T. parva  
(n = 240) 

7 (2.9%) 8 (3.3%) 2 (0.8%) 0.24 (-0.03-0.52)* < 0.001 

E. ruminantium 
(n = 120) 

0 (0.0%) 2 (1.7%) 0 (0.0%) No statistic  

n, number of cattle samples tested; RLB, reverse line blot; qPCR, quantitative real-time polymerase 

chain reaction; CI, confidence interval based on 1,000 bootstrap samples; Cohen’s kappa, proportion 

of agreement over and above the agreement expected by chance (range -1 to +1); *, fair agreement, 

**moderate agreement, ***, substantial agreement; p < 0.001, kappa value was significant (not due 

to chance). 

 

5.4.4 18S rRNA gene sequence analysis 

Thirty near full-length 18S rRNA gene sequences were obtained from the six bovine samples 

selected in this study; BLAST analysis indicated that 23 were most closely related to other 

Theileria 18S rRNA gene sequences, while seven were Babesia sequences. Twelve sequences, 

from five samples, were closely related (99% identity) to a published sequence of T. mutans 

Intona from cattle in Kenya [AF078815] (Chae et al., 1999). The 12 T. mutans sequences from 

this study differed from the T. mutans Intona sequence by 4 to 5 bp (99 to 100% query cover), 

and differed from each other by up to 2 bp (Table 5.4). One sequence (MT9) was closely 

related (99% identity) to Theileria sp. strain MSD (AF078816) from South Africa (Chae et al., 

1999) with a difference of 11 nucleotides (99% query cover). Ten sequences were closely 

related (99% identity) to the sequences of T. velifera (AF097993) from cattle in Tanzania 

(Gubbels et al., 1999). Micro-heterogeneity of up to 3 bp was observed in T. velifera 

sequences from this study with related sequences from cattle and African buffalo (Table 5.4) 
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[100% query cover]. Seven sequences showed 99% identity to B. bigemina BRC02 (FJ426361, 

1647 bp) from Brazil (Criado-Fornelio et al., 2009), and the sequences differed from B. 

bigemina BRC02 by 5 bp and from B. bigemina 563 HQ840960 (from China, 1689 bp) by 9 bp 

(Table 5.5). 
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Table 5.4: Estimates of evolutionary divergence between Theileria mutans and Theileria sp. strain MSD sequence variants, and previously 
published sequences of T. mutans and Theileria sp. strain MSD. The sequences were identified in blood samples from cattle in Karamoja 
Region, Uganda from November 2013 through January 2014 

  1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

1 T. mutans_AF078815                  
2 T. mutans Syncerus caffer JN572693 17                 
3 T. mutans Syncerus caffer FJ213586 23 26                
4 MT19 5 18 26               
5 MT20 5 18 26 0              
6 KT3 4 17 25 1 1             
7 MT18 4 17 25 1 1 0            
8 MT16 4 17 25 1 1 0 0           
9 MT14 4 17 25 1 1 0 0 0          

10 MT11 4 17 25 1 1 0 0 0 0         
11 MT17 4 17 25 1 1 0 0 0 0 0        
12 MT12 5 18 26 2 2 1 1 1 1 1 1       
13 MT13 5 18 26 2 2 1 1 1 1 1 1 0      
14 MT10 4 17 25 1 1 0 0 0 0 0 0 1 1     
15 MT15 4 17 25 1 1 0 0 0 0 0 0 1 1 0    
16 Theileria sp. strain MSD AF078816 16 26 28 21 21 20 20 20 20 20 20 21 21 20 20   
17 MT9 18 23 26 15 15 14 14 14 14 14 14 15 15 14 14 11  

The number of base differences from pairwise analyses of 17 sequences is shown. There were a total of 1582 positions in the dataset. Evolutionary analyses 

were conducted in MEGA6 (Tamura et al., 2013). 
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Table 5.5: Estimates of evolutionary divergence between Babesia bigemina sequence 
variants and previously published sequences of B. bigemina. The sequences were 
identified in blood samples frm cattle in Karamoja Region, Uganda from November 
2013 through January 2014 

  1 2 3 4 5 6 7 8 9 10 

1 B. bigemina BRC02 FJ426361           
2 B. bigemina JQ437261 6          
3 B. bigemina 563 HQ840960 7 6         
4 MT21  5 7 9        
5 MT22  5 6 9 2       
6 MT23  5 6 9 2 0      
7 MT24 5 6 9 2 0 0     
8 KT4  5 6 9 2 0 0 0    
9 MT25  5 6 9 2 0 0 0 0   

10 MT26  5 6 9 2 0 0 0 0 0  
The number of base differences from pairwise analyses of 10 sequences is shown. There were a total 

of 1581 positions in the dataset. Evolutionary analyses were conducted in MEGA6 (Tamura et al., 

2013). 

 

Sequence alignment in the RLB probe region for B. bigemina showed three nucleotide 

differences between the B. bigemina sequences from this study and the probe sequence 

(Figure 5.2). The nucleotide differences most likely prevented hybridisation of the PCR 

amplicons to the RLB probe, resulting in failure of the RLB assay to identify B. bigemina in the 

samples.  
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                                      610       620       630       640    

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

B. bigemina RLB probe         -----CGTTTTTTCCCTTTTGTTGG---------------  

B. bigemina Spain1 DQ785311   CCTCGCGTTTTTTCCCTTTTGTTGGGTCTTTTCGCTGGCT  

B. bigemina Swiss KM046917    CCTCGCGTTTTTTCCCTTTTGTTGGGTCTTTTCGCTGGCT  

B. bigemina Trkoz10 KP745623  CCTCGCGTTTTTTCCCTTTTTTTGGGTCTTTTCGCTGGCT  

B. bigemina BRC02 FJ426361    CCTCGCGTTTTTTCCCTTTTTTTGGGTCTTTTCGCTGGCT  

B. bigemina 563 HQ840960      CCTCGCGTTTTTTCCCTCTTTTTGGGTCTTTTCGCTGGCT  

B. bigemina JQ437261          CCTCGCGTTTTTTCCCTTGTTTTGGGTCTTTTCGCTGGCT  

MT21 KU206291                 CCTCGCGTTTTTTCCCTGGTTTTGGGTCTTTTCGCTGGCT  

MT22 KU206292                 CCTCGCGTTTTTTCCCTGGTTTTGGGTCTTTTCGCTGGCT  

MT23 KU206293                 CCTCGCGTTTTTTCCCTGGTTTTGGGTCTTTTCGCTGGCT  

MT24 KU206294                 CCTCGCGTTTTTTCCCTGGTTTTGGGTCTTTTCGCTGGCT  

KT4 KU206295                  CCTCGCGTTTTTTCCCTGGTTTTGGGTCTTTTCGCTGGCT  

MT25 KU206296                 CCTCGCGTTTTTTCCCTGGTTTTGGGTCTTTTCGCTGGCT  

MT26 KU206297                 CCTCGCGTTTTTTCCCTGGTTTTGGGTCTTTTCGCTGGCT  

 
Figure 5.2: Nucleotide alignment of 18S rRNA gene sequences in the target region of the Babesia 

bigemina reverse line blot hybridisation probe. The alignment comprises the B. bigemina 
RLB probe sequence (on top), published sequences of B. bigemina and variants (highlighted 
in bold) identified from cattle samples from Karamoja Region, Uganda. The accession 
number of each sequence is indicated in the sequence name. Nucleotide differences are 
shown in black letters on a white background. 

 

5.4.5 Phylogenetic analyses 

Phylogenetic trees were used to demonstrate the relationships between the 18S rRNA gene 

variants identified in this study, and other related Theileria and Babesia species. The tree 

topologies were similar using different methods. Figures 5.3 and 5.4 show representative 

trees generated by maximum likelihood. Only representative sequences of the variants are 

shown. Three T. mutans sequences - KT3 (representing eight clones from three samples), 

MT12 and MT19 (each representing two clones from two samples) - grouped (clade 4) with T. 

mutans described from cattle in Kenya [AF078815] (Chae et al., 1999). It furthermore grouped 

separately from previously published T. mutans sequences from buffalo from South Africa 

[clades 1, 2, 3] (Chaisi et al., 2013a) [Figure 5.3]. Sequence MT9 grouped with Theileria sp. 

strain MSD (AF078816) from South Africa (Figure 5.3). The T. velifera sequence (MT1, 

representing 10 clones from two samples) formed a monophyletic group with previously 

published T. velifera sequences from African buffalo in South Africa [JN572702, JN572703, 

JN572705] (Chaisi et al., 2013a) and cattle [AF097993] in Tanzania (Gubbels et al., 1999), but 

more distantly within the same group from other sequences from African buffalo in South 

Africa [JN572701, JN572704] (Chaisi et al., 2013a) (shown in Figure 5.3). The two B. bigemina 
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sequences MT22 (representing six clones from two samples) and MT21 grouped with 

previously-published B. bigemina sequences, but they formed a separate group (clade 2) 

[Figure 5.4].  
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Figure 5.3: Maximum likelihood tree showing the phylogenetic relationship between the T. mutans, 
Theileria species (strain MSD) and T. velifera 18S rRNA sequence variants identified in blood 
samples from cattle in Karamoja Region, Uganda other Theileria species. Branch lengths are 
proportional to the estimated genetic distance (number of substitutions per site) between 
the species. The numbers at the internal nodes represent the percentage of 1,000 replicates 
(bootstrap) for which the same branching patterns were obtained. Some sequences 
obtained in this study were identical to each other; therefore, only representatives of 
variants are shown (in bold). Sequence KT3 represents eight clones (others are: MT10, 
MT11, MT14, MT15, MT16, MT17, MT18) from three samples, MT12 represents two clones 
(the other is MT13) from two samples, MT19 represents two clones (the other is MT20) from 
two samples. Sequence MT1 represents 10 clones from two samples. The tree was rooted 
using the 18S rRNA gene sequences of Prorocentrum micans, Sarcocystis muris and 
Toxoplasma gondii. The accession number of each sequence is indicated in the sequence 
name. 
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Figure 5.4: Maximum likelihood tree showing the phylogenetic relationship between the Babesia 

bigemina sequence variants identified in blood samples from cattle in Karamoja Region, 
Uganda and other Babesia species. Branch lengths are proportional to the estimated genetic 
distance (number of substitutions per site) between the taxa. The numbers represent the 
percentage of 1,000 replicates (bootstrap) for which the same branching patterns were 
obtained. The GenBank accession number of each sequence is indicated in the sequence 
name. Some sequences obtained in this study were identical to each other; therefore, only 
representatives of variants are shown (in bold). Sequence MT22 represents six clones 
(others are: MT23, MT24, MT25, MT26, KT4) from two samples. The tree was rooted using 
the 18S rRNA gene sequences of B. bovis.  

 

 

5.5 Discussion 

This study demonstrates a high diversity and prevalence of tick-borne haemoparasite 

infections among cattle in a transhumant pastoral system of Karamoja in north-eastern 

Uganda. 

 

The proportion of cattle infected with A. marginale (73.8% [RLB] and 82.9% [qPCR]) was much 

higher than those reported in previous studies, using RLB hybridisation assay, in other parts 

of Uganda, i.e., 8.7% (Asiimwe et al., 2013), 3.7% (Muhanguzi et al., 2010a) and 18% (Oura et 

al., 2004), and no A. marginale in western Kenya (Njiiri et al., 2015). The poor tick control 

practices (e.g. irregular application of acaricides of less quantity and poor dilution) by the 
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Karamojong (Byaruhanga et al., 2015b) [Chapter 3 of this thesis], as compared with other 

areas, may lead to higher tick infestations among cattle in Karamoja. A recent study in 

Karamoja showed that most cattle were infested with R. decoloratus (53.4%), the tick vector 

for A. marginale. Moreover, haematophagous arthropods such as Culicoides midges, tsetse 

flies, and sheep keds (Melophagus ovinus) were abundant in the grazing areas (Byaruhanga 

et al., 2015a) [Chapter 4 of this thesis]. The pastoralists also used disposable needles on 

multiple animals without decontamination, which may mechanically transmit Anaplasma 

infections. Under these conditions, a high prevalence of infection with A. marginale is 

expected.  

 

The prevalences of other pathogenic haemoparasites were low. The prevalence of T. parva 

(2.9% [RLB] and 3.3% [qPCR]) was similar to those observed on farms in central Uganda [7.0% 

by RLB] (Oura et al., 2004) and in Tororo District in eastern Uganda [5.3% by p104-based PCR] 

(Muhanguzi et al., 2014), but lower than those reported from western Uganda [24% by RLB] 

(Muhanguzi et al., 2010b), from a farm in central Uganda [34% by RLB] (Asiimwe et al., 2013), 

in some parts of Karamoja Region (18% by p104 nested PCR in < 30 cattle sampled) (Kabi et 

al., 2014), and in 15 districts of central and western Uganda [47.4% by Giemsa-stained blood 

smears, although this method may not truly differentiate between Theileria spp. (Kasozi et 

al., 2014)]. The low prevalence of T. parva may be attributed to low infection rates in ticks 

and consequently low challenge for the cattle, although we did not establish infection rates 

in ticks in this study; however, a high proportion of cattle infested with R. appendiculatus 

(77%) was observed in Karamoja Region (Byaruhanga et al., 2015a) [Chapter 4 of this thesis].  

Furthermore, the piroplasms of T. parva undergo only limited replication (Conrad et al., 1986), 

and fluctuations and loss of carrier state have been documented (Mans et al., 2015), which 

may lead to low detectable infection. A further consideration is that cases of ECF were not 

effectively treated (Byaruhanga et al., 2015b) [Chapter 3 of this thesis], which resulted in high 

case fatality. Since ECF is often an acute disease (Norval et al., 1992), the proportion of cattle 

that are carriers declines with increased mortality rates among infected cattle (Dolan, 1986).  
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Only 1.7% of cattle sampled were positive for the bacterium E. ruminantium by qPCR, and 

none by RLB, consistent with previous studies, using RLB hybridisation, from other parts of 

Uganda, where the pathogen was detected in low proportions of cattle (4.5%, Muhanguzi et 

al., 2010a; 2.2%, Asiimwe et al., 2013). However, a previous study in Karamoja (Byaruhanga 

et al., 2015a) [Chapter 4 of this thesis] showed that high proportions of cattle were infested 

with Amblyomma lepidum (78.9%) and Amblyomma variegatum (49.1%), the tick vectors for 

E. ruminantium in Uganda. Ticks in the field in endemic areas exhibit low E. ruminantium 

infection levels, but present a highly virulent heartwater challenge (Allsopp, 2010). This may 

lead to a high case fatality rate among infected animals, and subsequently a low E. 

ruminantium infection prevalence in the cattle population. Furthermore, the qPCR can detect 

E. ruminantium parasites in the blood of experimentally infected animals only once the febrile 

stage of infection is reached (Allsopp et al., 2004; Steyn et al., 2008). This could be associated 

with the lifecycle of the pathogen. After an infected tick bite, the initial replication of the 

organism takes place in reticulo-endothelial cells and macrophages in the regional lymph 

nodes, after which the organisms are disseminated via the blood stream to invade the 

endothelial cells of blood vessels in various organs and tissues, including the brain (Allsopp, 

2010). It has been postulated that the febrile stage coincides with the movement of organisms 

from the lymph to the blood stream, which probably explains why E. ruminantium cannot be 

detected in the circulating blood of experimentally infected sheep before the febrile stage 

[having fever] (Steyn et al., 2008). The organism has been detected using the qPCR assay in 

field samples obtained from healthy cattle, which were therefore considered to be in a 

putative carrier state (Steyn et al., 2008).  However, little is known about the location of E. 

ruminantium in carrier animals. If the organisms are not present in the circulating blood of 

carrier animals, this could lead to low detection of the pathogen in blood samples from carrier 

cattle. 

 

In this study, 5.0% of the sampled cattle were positive for B. bigemina, consistent with 

previous reports from elsewhere in Uganda, i.e., 4.0% (Asiimwe et al., 2013), 2.0% (Oura et 

al., 2004) and none (Muhanguzi et al., 2010b). Although B. bigemina infections result in high 
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parasitaemia, animals recovering from babesiosis remain infective for ticks for only 4 to 7 

weeks and carriers for only a few months (Suarez and Noh, 2011).  

 

About three quarters of the cattle sampled were positive for T. mutans and T. velifera, the 

causes of benign theileriosis. These findings are in agreement with those of Asiimwe et al. 

(2013) and Oura et al. (2004) from elsewhere in Uganda and Njiiri et al. (2015) in western 

Kenya, using RLB assay, but not consistent with other reports from Uganda: 28% [T. mutans] 

and 16% [T. velifera] (Oura et al., 2011), and 18.4% [T. mutans] and 13.7% [T. velifera] 

(Muhanguzi et al., 2010b) detected by RLB. One possibility for the high occurrence of T. 

mutans and T. velifera observed in the present study is the high and continuous challenge 

from the ticks A. lepidum and A. variegatum (Walker et al., 2013); however, an alternative 

explanation may be that these Theileria species are carried for a longer time at high levels 

after infection (Asiimwe et al., 2013). Unlike T. parva, T. mutans and T. velifera undergo 

limited lymphocytic merogony; their main mode of replication occurs in the erythrocytes, and 

this may cause high piroplasm parasitaemia (Sivakumar et al., 2014). Further studies on DNA 

from ticks in this study area may provide more information about these infections. A 

protective effect of benign Theileria co-infections against T. parva infection may occur. 

Recently, a study in western Kenya showed that concurrent infections with the less 

pathogenic theilerias at first infection with T. parva were associated with a reduction (89%) 

in mortality associated with T. parva in a population of East African short-horn zebu cattle 

(Woolhouse et al., 2015). However, pathogenic effects of T. mutans and T. velifera may also 

occur, leading to ECF-like clinical signs in cattle. A study on a farm in Uganda showed that 14 

out of the 17 cattle that showed high levels of piroplasm parasitaemias in Giemsa-stained 

blood smears and showed signs of ECF, were positive for T. mutans and T. velifera but 

negative for T. parva on RLB; only two animals had A. marginale and no other tick-borne 

haemoparasites (Oura et al., 2004). Another study among Maasai zebu cattle in Kenya 

demonstrated clinical episodes (febrile responses, enlarged lymph nodes, anaemia and 

weight losses) of T. mutans infections (Moll et al., 1986), and in Zambia, T. mutans caused 

anaemia in calves following experimental infection (Musisi et al., 1984). These reports 
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emphasise the role that T. mutans and T. velifera may play in the epidemiology and control 

of ECF. In most laboratories in resource-poor countries, where only blood smears are used for 

diagnosis, misdiagnosis of ECF is most likely, because it is difficult to differentiate 

microscopically between T. mutans and T. parva piroplasms (Oura et al., 2004). There was no 

significant association between co-infections with T. mutans, or T. velifera, and T. parva. 

Therefore, there is less likelihood that benign Theileria co-infections may result in protective 

effects against T. parva amongst cattle in the Karamoja Region.  

 

In this study, Theileria taurotragi was found in only 0.8% of cattle, in comparison with other 

studies in Uganda, using RLB hybridisation assay, that showed infection prevalence of 44% in 

crossbred cattle and 5% in indigenous cattle (Oura et al., 2004), 15% in Bos indicus calves 

(Asiimwe et al., 2013), and 14% in indigenous and crossbred cattle (Muhanguzi et al., 2010b). 

In another study in and around Lake Mburo National Park, 45-76% of indigenous Bos indicus 

calves were infected with T. taurotragi (Oura et al., 2011). Therefore, T. taurotragi circulates 

among cattle populations in Uganda. However, a lower prevalence of T. taurotragi in 

Karamoja may suggest low infection levels in the tick vectors (R. appendiculatus and R. 

pulchellus) and wildlife reservoirs (especially elands and bushbucks). In other reports from 

South Africa, T. taurotragi was associated with a case of bovine cerebral theileriosis (Tzaneen 

disease) and death in four cattle (De Vos et al., 1981), and infection that was characterised by 

a transient fever and small numbers of macroschizonts and piroplasms (De Vos and Roos, 

1981). 

 

Our study demonstrates a relatively high proportion of A. centrale positive cattle (20.4% [RLB] 

and 12.1% [qPCR]) in Karamoja as compared with previous studies, using RLB hybridisation, 

in central Uganda (0%, Oura et al., 2004; 4.3%, Asiimwe et al., 2013) and western Uganda 

(Muhanguzi et al., 2010a). Possibly, some of the tick species found in Karamoja Region and 

not reported in other parts of Uganda (Byaruhanga et al., 2015a) [Chapter 4 of this thesis], 

might transmit the field strains of A. centrale in the study area (no vaccination against 

anaplasmosis is done in Uganda). We observed a much higher proportion for Anaplasma sp. 
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(Omatjenne) (63.3%), an apparently non-pathogenic Anaplasma sp. (Allsopp et al., 1997), 

than was reported in western Uganda [1.9%] (Muhanguzi et al., 2010a).  

  

There were few associations between haemoparasite infections and age group of cattle and 

none for district (from the mixed effect logistic regression analysis), which indicates a 

relatively uniform distribution of the infections across the study area. The fluctuations in the 

infection levels for A. centrale and B. bigemina with regard to age can be explained by 

acquired immunity as the animals grow or reduction in immunity as a result of physiological 

states (e.g. pregnancy and lactation) and stress (e.g. animal movements). 

 

Although qPCR is reportedly more sensitive than RLB (Decaro et al., 2008), the assay detected 

fewer positive samples for A. centrale as compared with RLB. This may suggest nucleotide 

differences in the groEL gene region for A. centrale in Uganda, which may hinder detection 

by the TaqMan probe. The discordance between RLB and qPCR for T. parva may be explained 

by the possibility of sequence variations in the RLB probe, or qPCR anchor and sensor probe 

regions of the T. parva genotypes from Karamoja Region. Although previous studies have 

characterised the target sequences for the species-specific qPCR assays for A. centrale (groEL 

gene) from South Africa and Japan (Lew et al., 2003) and buffalo-derived T. parva (18S rRNA 

gene) from southern Africa (Chaisi et al., 2011; Mans et al., 2011; Chaisi et al., 2013b), there 

is no equivalent data for A. centrale and cattle-derived T. parva in Uganda. Further studies 

should investigate the groEL gene for A. centrale and the 18S rRNA gene for T. parva in 

Uganda. 

 

This study demonstrated variants in the 18S rRNA gene of T. mutans, Theileria sp. strain MSD 

and B. bigemina among cattle in Uganda. Previous studies in southern Africa also showed 

variants of T. mutans (Chae et al., 1999; Mans et al., 2011; Chaisi et al., 2013a; Chaisi et al., 

2013b), Theileria sp. strain MSD and T. velifera (Mans et al., 2011; Chaisi et al., 2013a; Chaisi 

et al., 2013b) in cattle and buffalo, indicating a wide genotypic diversity of these species. 

Theileria sp. strain MSD is most closely related to T. mutans and was first identified from a 
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naturally infected bovine in South Africa (Chae et al., 1999). The B. bigemina variant 

sequences identified in samples that tested negative by RLB hybridisation assay suggest that 

there is a higher occurrence of B. bigemina in cattle in the study area than demonstrated by 

the RLB assay. This is consistent with the observation of a high proportion of cattle infested 

with R. decoloratus (53.4%), the tick vector for B. bigemina, in the study area (Byaruhanga et 

al., 2015a). Future RLB probe designs should take into consideration the sequence variants 

identified in this study. A qPCR assay for B. bigemina, which might have detected the 

pathogen in the samples that were negative by RLB assay, was not used, and this was a 

limitation in this study. Alignment of the 18S rRNA gene sequences of variants from this study 

in the target region of the B. bigemina qPCR probe designed by Kim et al. (2007) showed no 

nucleotide differences.  

 

5.6 Conclusions  

This study demonstrated a high prevalence (nearly all cattle) and diversity of tick-borne 

haemoparasites among cattle in the pastoral region of Karamoja, Uganda. Taken together, 

the parasites are more prevalent in this region than previously reported in other parts of 

Uganda. The high prevalence of T. mutans and T. velifera infections among cattle may 

interfere with the diagnosis and control of theileriosis in cattle. There was variation over the 

full-length 18S rRNA gene for B. bigemina and T. mutans. These findings contribute to our 

understanding of the distribution and diversity of tick-borne parasites in Uganda, which is 

useful for control strategies. 
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 CHAPTER 6 

6. Phylogeny of Anaplasma species and sequence analysis of Anaplasma 

marginale among cattle from a pastoral area of Karamoja, Uganda 

6.1 Abstract 

Few data are available on the phylogeny of Anaplasma species and the genotypes of 

Anaplasma marginale in cattle in Uganda. In this study, we evaluated the prevalence of A. 

marginale and Anaplasma centrale and used 16S rRNA gene sequence analysis to characterise 

Anaplasma species from cattle in Karamoja Region, north-eastern Uganda. Sequences from 

the msp1α gene of A. marginale were also used to genotype the A. marginale strains found. 

A duplex quantitative real-time polymerase chain reaction (qPCR) assay was used for the 

detection of A. marginale (msp1β gene) and A. centrale (groEL gene) in blood samples 

collected from 240 cattle in 20 randomly-selected herds in two districts, from November 2013 

through January 2014. The qPCR assay showed that most cattle (82.9%; 95% confidence 

interval [CI] 78.2-87.7%) were positive for A. marginale, while fewer cattle (12.1%; 95% CI 7.9-

16.2%) were positive for A. centrale. The mixed effect logistic regression analysis showed that 

the prevalence of A. marginale infection varied significantly (p < 0.05) according to locality 

while that of A. centrale varied significantly according to age group (p < 0.05). The full-length 

16S rRNA gene for Anaplasma species from selected samples was amplified with the universal 

primers fD1 and rP2, while the mp1α gene for Anaplasma marginale was amplified with 1733F 

and 2957R primers. The amplicons were cloned and sequenced. The 16S rRNA sequences 

were used to reconstruct phylogenetic trees. Most A. marginale sequences (16/19) were 

closely related to (99-100% identities, up to 5 bp difference) and clustered with A. marginale 

strain Veld from cattle in South Africa, with strong bootstrap support, while three sequences 

were 100% identical and clustered with A. marginale strain from Virginia, USA. The sequence 

variants of A. marginale differed from each other by up to 6 bp. Two A. centrale sequences 

were closely related (100% identity) and clustered with the Israel vaccine strain. We found 
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four different kinds of MSP1a tandem repeat sequences (UP39-F-M2-3) from 14 sequences 

that correspond to one A. marginale strain unique to Uganda. One tandem repeat (UP39) is 

unique to Karamoja cattle. The study contributes to knowledge of the genetic variability of A. 

marginale and A. centrale, and provides a pivotal background for future epidemiological 

investigations and control strategies.  

 

6.2 Introduction 

The genus Anaplasma (phylum Proteobacteria, order Rickettsiales, family Anaplasmataceae) 

contains obligate intracellular tick-borne organisms that include pathogens of cattle, namely 

Anaplasma marginale, Anaplasma centrale, Anaplasma phagocytophilum and Anaplasma 

bovis (Dumler et al., 2001; Rar and Golovljova, 2011). The main cause of bovine anaplasmosis 

in cattle is A. marginale, which is an intra-erythrocytic bacterium, transmitted to cattle 

biologically by ticks, mechanically through biting flies and blood-contaminated fomites, and 

transplacentally from dams to their calves (Aubry and Geale, 2011). Anaplasmosis is 

characterised by severe anaemia and death in infected cattle, and is responsible for great 

economic losses due to high morbidity and mortality, reduced weight gains and milk 

production, abortions, and treatment costs among cattle worldwide (Kocan et al., 2010). Both 

male ticks and cattle become persistently infected with A. marginale and serve as reservoirs 

of infection (Kocan et al., 2010). Anaplasma centrale, an intra-erythrocytic species, is often 

considered as a sub-species of A. marginale and is distributed in many parts of the world 

(Dumler et al., 2001). Anaplasma centrale causes a milder form of anaplasmosis, and is used 

as a live vaccine against A. marginale in several African, South American and Middle Eastern 

countries including Israel (Bell-Sakyi et al., 2015). Anaplasma phagocytophilum infects a wide 

range of hosts including humans, rodents, birds, dogs, cats, donkeys, horses and ruminants, 

and has been detected in Europe, America (North and South), Asia and Africa (Atif, 2015). 

However, the pathogen seems to cause tick-borne fever (animals) and human granulocytic 

anaplasmosis in Europe and USA only (Atif, 2015). Anaplasma bovis causes bovine monocytic 

anaplasmosis and has been identified in Asia and Africa (Aubry and Geale, 2011). Previous 
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molecular studies have demonstrated the occurrence of Anaplasma spp. from cattle in 

various parts of Uganda, namely A. marginale and A. bovis (Oura et al., 2004; Muhanguzi et 

al., 2010; Oura et al., 2011; Asiimwe et al., 2013), A. centrale (Muhanguzi et al., 2010; Asiimwe 

et al., 2013) and A. phagocytophilum (Muhanguzi et al., 2010). 

 

The comparison of 16S rRNA gene sequences has been recognised as a powerful and precise 

method for classification and to determine the phylogenetic relationships of the organisms in 

the order Rickettsiales, at family, genus and species levels (Dumler et al., 2001; Yu et al., 

2001). However, there are few data (Ikwap et al., 2010) regarding the sequence and 

phylogenetic analysis of Anaplasma species in cattle in Uganda. Globally, strains of A. 

marginale which vary in genotype, antigenic composition, morphology and infectivity for ticks 

have been identified using the major surface protein 1a gene (msp1α) of the pathogen (de la 

Fuente et al., 2007; Cabezas-Cruz et al., 2013; Mutshembele et al., 2014; Silva et al., 2015). In 

the genome of A. marginale, the msp1α is a single copy gene that encodes a 70-100 kDa 

protein (MSP1a) containing variable numbers of tandem repeat sequences (Allred et al., 

1990). Due to the diversity of the msp1α gene of A. marginale, and the fact that the number 

and sequence of tandem repeats remains the same in a given strain, the gene has been 

recognised as a stable marker to identify geographic strains of the pathogen (Bowie et al., 

2002; Cabezas-Cruz and de la Fuente, 2015). Furthermore, MSP1a is an adhesin for bovine 

erythrocytes and tick cells, thus, tandem repeats provide information regarding tick 

transmissibility phenotypes of A. marginale strains (de la Fuente et al., 2003; Cabezas-Cruz 

and de la Fuente, 2015). In addition, this sequence contains T and B cell epitopes that are 

important in the protective immune response (Brown et al., 2001; Brown et al., 2002). 

Recombinant MSP1a has been used in immunisation trials in cattle against A. marginale and 

demonstrated promising results (Almazán et al., 2012; Torina et al., 2014). Although MSP1a 

tandem repeats have been assessed from various parts of the world, no data involving cattle 

in Uganda is available.  
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The objectives of this study were to determine the prevalence of A. marginale and A. centrale 

infections in cattle by quantitative real-time PCR (qPCR), to establish the 16S rRNA gene 

phylogeny of Anaplasma spp. from cattle in Karamoja Region, and to identify A. marginale 

genotypes in cattle based on the msp1α gene. This may contribute to the available molecular 

epidemiological data on Anaplasma spp., which is fundamental for the development of 

effective diagnosis and control strategies, including improved vaccines that are cross-

protective among the diverse strains.  

 

6.3 Materials and Methods 

6.3.1 Ethics approval 

The study was approved by the Animal Ethics Committee at the University of Pretoria (V026-

14), and the National Agricultural Research Organisation of Uganda (no. 1416). Permission 

was obtained to do the research in terms of Section 20 of the Animal Diseases Act, 1984 

(Department of Agriculture, Forestry and Fisheries [DAFF], Pretoria, South Africa; reference 

number 12/11/1/1). A veterinary import permit (permit number 13/1/1/30/2/0-

201408003716, DAFF, Republic of South Africa) was obtained to transport blood samples 

from Uganda to South Africa. Standard techniques were followed during the collection of 

blood samples.  

 

6.3.2 Study area 

This cross-sectional study was conducted in Moroto and Kotido Districts of Karamoja Region, 

north-eastern Uganda from November 2013 through January 2014.  

 

6.3.3 Blood samples and DNA extraction  

Twenty herds, 10 from each district, were randomly selected from 20 purposively-selected 

superherds for the study (see Map in Chapter 3). The effective sample size of cattle that were 

bled was calculated by taking into account the design effect, which is the loss of effectiveness 

by the use of cluster sampling, instead of simple random sampling. The design effect is 

basically the ratio of the actual variance, under the sampling method actually used, to the 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 

 
 
 



CHAPTER 6 

272 

 

 

 

variance computed under the assumption of simple random sampling. The design effect was 

estimated using the formula below (Killip et al., 2004): 

 

DE = 1 + δ (n-1) 

 

where DE is the design effect, δ is the intracluster correlation coefficient for being positive to 

tick-borne pathogens, and n is the average cluster (herd) size. No pilot study was conducted 

to calculate the intracluster correlation coefficient, therefore a δ value of 0.03 was assumed. 

A value of 0.03 is interpreted to mean that the cattle in a herd (cluster) are about only 3% 

more likely to have the same chance of exposure than if the two animals were chosen at 

random in the serosurvey. A relatively large within-cluster variance is expected within a herd 

in the study area because groups of herds (10 to 20) graze together over a large area, which 

is expected to greatly reduce the chance that animals from the same herd are equally exposed 

to infected ticks. The average herd size was 40 cattle and a DE value of 2.17 was calculated. 

Therefore, the sample variance is 2.17 times bigger than it would be if the survey were based 

on the same sample size but selected randomly. An effective sample size of 369 cattle, taking 

into consideration the design effect, was calculated using the formula below (Killip et al., 

2004): 

 

ESS = mk/DE 

 

where ESS = effective sample size, m = average number of cattle in a herd, k = number of 

herds, and DE = design effect. Given the available laboratory logistics, a total of 240 cattle 

were sampled for blood collection. In each herd, 12 cattle of various age groups and both 

sexes were selected by systematic sampling to represent about 30% of a herd. In a herd, 

animals were grouped by age category, and then sub-grouped by sex. At first, one animal was 

selected at random in a sub-group, and then other animals were picked using pre-determined 

sampling intervals. Proportional allocation was used to determine the number of cattle 

sampled in each category.   
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An equal number of animals (120) was sampled in the Moroto and Kotido Districts. Each blood 

sample was spotted on FTA® Classic Card (Whatman®-Whatman International Ltd, Maidstone, 

England) and genomic DNA was extracted from the blood using the QIAamp® DNA Mini Kit 

(QIAGEN, Southern Cross Biotechnology Pty Ltd, Cape Town, South Africa). The extracted DNA 

was stored at -20°C until further analyses. 

 

6.3.4 Duplex quantitative real-time polymerase chain reaction (qPCR) 

A duplex qPCR assay was used for simultaneous detection and quantification of A. marginale 

and A. centrale DNA (Carelli et al., 2007; Decaro et al., 2008). The PCR was performed on a 

LightCycler® 2.0 (Roche Diagnostics, Mannheim, Germany) using a LightCycler® FastStart 

TaqMan® kit (Roche Diagnostics). The primers AM-For (5’-TTG GCA AGG CAG CAG CTT-3’) and 

AM-Rev (5’-TTC CGC GAG CAT GTG CAT-3’) were used to amplify a 95 bp fragment of the 

msp1β gene for A. marginale, while the AC-For (5’-CTA TAC ACG CTT GCA TCT C-3’) and AC-

Rev (5’-CGC TTT ATG ATG TTG ATG C-3’) primers were used to amplify a 77 bp fragment of 

the groEL gene for A. centrale. A TaqMan probe labelled with the fluorescent reporter dye 6-

carboxy-fluoroscein and with blackhole quencher 1 (5’ 6-FAM-TCG GTC TAA CAT CTC CAG GCT 

TTC AT-BHQ1-3’) was used for the detection of A. marginale, while a TaqMan probe labelled 

with the fluorescent reporter dye LightCycler® Red 610 and with blackhole quencher 2 (5’-

LC610-ATC ATC ATT CTT CCC CTT TAC CTC GT-BHQ2-3’) was used for A. centrale. Mastermix 

pure grade water was used as a negative control while known A. marginale (from cattle in 

Mnisi community area, Mpumalanga, South Africa) and A. centrale (A. centrale vaccine strain 

from Onderstepoort Biological Products, Pretoria, South Africa) positive samples (confirmed 

by qPCR and species-specific gene sequence analysis) were included to serve as positive 

controls. Each PCR reaction contained 0.4x of FastStart mix, 0.6 µM of each A. marginale 

primer, 0.9 µM of AC-For primer, 0.6 µM of AC-Rev primer, 0.2 μM of each probe, 1 U (final 

concentration 0.025x) of UDG, 2.5 µl test sample DNA or positive/negative control, and 

nuclease free water to a total volume of 20 µl. Thermal cycling started with UDG activation at 

40°C for 10 min, followed by activation of iTaq DNA polymerase at 95°C for 10 min and 40 

cycles of denaturing at 95°C for 1 min and annealing-extension at 60°C for 1 min. The cooling 
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step was at 40°C for 30 sec. Fluorescence data for all cycles was analysed using LightCycler® 

Software Version 4.1 (Roche Diagnostics).   

 

6.3.5 PCR amplification of 16S rRNA and msp1α genes   

The full-length 16S rRNA gene was amplified from positive samples to characterise Anaplasma 

spp., and the msp1α gene was amplified to characterise A. marginale strains. Each PCR 

reaction was duplicated four times. The 16S rRNA PCR was carried out using the 

oligonucleotide primers fD1 (5’-AGA GTT TGA TCC TGG CTC AG-3’) and rP2 (5’-ACG GCT ACC 

TTG TTA CGA CTT-3’) as previously described (Weisburg et al., 1991). The reaction mixture 

contained 2 μl of DNA, 0.4 μM of each primer, 1x (final concentration) PhusionTM Flash High-

Fidelity PCR Master Mix (Thermo ScientificTM, LTC Tech South Africa [Pty] Ltd) and nuclease 

free water to a total volume of 25 µl. The amplification cycle had a denaturation stage at 98°C 

for 10 sec, followed by 30 cycles at 98°C for 1 sec, 55°C for 5 sec and 72°C for 15 sec, and a 

final extension of 72°C for 1 min. The msp1α PCR was performed using species-specific 

oligonucleotide primers 1733F (5’-TGT GCT TAT GGC AGA CAT TTC C-3’) and 2957R (5’-AAA 

CCT TGT AGC CCC AAC TTA TCC-3’) as previously described (Lew et al., 2002). PCR reactions 

were prepared using 1x (final concentration) PhusionTM Flash High-Fidelity PCR Master Mix 

(Thermo ScientificTM), 0.5 μM of each primer, 2.5 μl of DNA and nuclease free water to a total 

volume of 25 µl. The amplification cycles, following an initial denaturation of 98°C for 10 sec, 

consisted of 40 cycles of 98°C for 1 sec, 63°C for 5 sec and 72°C for 18 sec, followed by a final 

extension step at 72°C for 1 min. The PCR products were analysed by electrophoresis on a 

2.0% TAE agarose gel (stained with ethidium bromide) and visualised under UV light, using a 

1 kb ladder as a DNA size marker (Thermo ScientificTM). The positive control was a reaction 

with DNA prepared from blood of cattle known to be infected with A. marginale (confirmed 

by qPCR and species-specific gene sequence analysis) while the negative control was a 

reaction mixture without DNA.   
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6.3.6 Cloning and sequencing of PCR products 

The PCR products from the four duplicate reactions were pooled, to obtain a total volume of 

100 μl, in order to minimise the possibility of obtaining sequence errors originating early in 

any one of the reactions. The amplicons were purified using the QIAquick PCR Purification Kit 

(QIAGEN), then ligated into the pJET vector (CloneJET® PCR Cloning Kit, Thermo Scientific™) 

and transformed into JM 109 High Efficiency Competent cells (Promega, Madison, USA), 

according to the manufacturers’ instructions. At least 10 colonies per sample were picked and 

screened by colony PCR using primers pJET 1.2F (5’-CGA CTC ACT ATA GGG AGA GCG GC-3’) 

and pJET 1.2R (5’-GAA GAA CAT CGA TTT TCC ATG GCA G-3’). The colony PCR mixture 

contained 0.2 μM of each primer, 0.95x (final concentration) DreamTaq Green PCR Master 

Mix (Thermo Fisher Scientific™), one colony as template and nuclease free water to a total 

volume of 21 µl. The amplification cycles, following an initial denaturation of 95°C for 3 min, 

consisted of 25 cycles at 94°C for 30 sec, 60°C for 30 sec and 72°C for 1 min, followed by a 

final extension step cycle at 72°C for 7 min. The colony PCR products were analysed by gel 

electrophoresis to determine the plasmids with the desirable inserts. Colony PCR products 

were sequenced at Inqaba Biotechnical Industries (Pty) Ltd (Pretoria, South Africa).  

 

6.3.7 Sequence and phylogenetic analyses 

Sequence reads were processed and assembled using CLC Genomics Workbench version 7.5.1 

(CLC Bio, Boston, MA, USA). Consensus sequences were obtained from 21 clones for the 16S 

rRNA gene (six samples) and 14 clones for the msp1α gene (one sample). The Basic Local 

Alignment Search Tool [BLAST] (http://blast.ncbi.nlm.nih.gov/Blast.cgi) was used to search 

for homologous sequences from GenBank using blastn program. The assembled sequences 

were aligned with published sequences of related Anaplasma species (16S rRNA gene) using 

the Multiple Alignment using Fast Fourier Transform (MAFFT) [version 7] program (Katoh and 

Standley, 2013). The alignment was then manually truncated to include only the sequences 

of similar length using BioEdit (version 7.2.5) program (Hall, 1999). The jModelTest 2.1.3 

(Darriba et al., 2012) was used to select the best-fit nucleotide substitution model, TIM3 + I, 

for the 16S rRNA sequences under the Akaike Information Criterion (AIC). Phylogenetic trees 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 

 
 
 

http://blast.ncbi.nlm.nih.gov/Blast.cgi


CHAPTER 6 

276 

 

 

 

for the 16S rRNA gene were reconstructed using maximum likelihood as implemented in 

PhyML 3.1 (Guindon et al., 2010), parsimony in Phylogenetic Analysis Using Parsimony [PAUP] 

(Swofford, 2002) and neighbour-joining as implemented in MEGA version 6.0 (Tamura et al., 

2013). The reliability for the internal branches was assessed using the bootstrapping method 

[1000 bootstrap replicates] (Felsenstein, 1985). MrBayes version 3.2 was used for Bayesian 

phylogenetic inference using Markov chain Monte Carlo (MCMC) methods by four 

independent runs of one million generations, sampled every 1000 generations. Post-run 

analyses were carried out to get the posterior probabilities on trees (sumt) and parameters 

(sump), each at 5000 burn-in (Ronquist et al., 2012). The MrModeltest2.3 (Nylander, 2004) 

was used to perform hierarchical likelihood ratio tests and calculate the approximate AIC 

values for selecting the DNA substitution model for the Bayesian inference for the 16S rRNA 

nucleotide sequences, implemented in PAUP* version 4.0 (Swofford, 2002) and MrBayes 

(Ronquist et al., 2012). The genetic distances between the sequences were estimated by 

determining the number of base differences between sequences using MEGA6 (Tamura et al., 

2013). Graphical representation and editing for the phylogenetic tree from PhyML 3.1 were 

performed with MEGA6 and Paint Tool for Windows 10.0. 

 

The msp1α nucleotide sequences were translated to amino acid sequences using CLC 

Genomics Workbench version 7.5.1 (CLC Bio, Boston, MA, USA). The presence of tandem 

repeats was determined using Tandem Repeats Finder (Benson, 1999). Annotation of the 

tandem repeat sequences was performed using an in-house MSP1a tandem repeat 

identification script following a nomenclature given by Cabezas-Cruz et al. (2013). Strain 

identification was done based on the sequences of the msp1α tandem repeats (de la Fuente 

et al., 2007; Cabezas-Cruz et al., 2013).  

 

6.3.8 Nucleotide sequence accession numbers 

Representative 16S rRNA sequences from this study have been deposited in GenBank under 

accession numbers: KU686784 (A. centrale), KU686774, KU686789, KU686790, KU686792 

and KU686793 (A. marginale). 
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6.3.9 Statistical analyses 

The qPCR data for A. marginale and A. centrale were used to estimate the population 

prevalences, with 95% confidence intervals by performing descriptive statistics with 1000 

bootstrap replications and sampling by clustering using the Statistical Package for the Social 

Sciences (SPSS) and using R Console and RStudio. Bootstrapping was used to estimate the 

sampling distribution of the prevalence by assigning a measure of accuracy, in this case 

confidence interval. Inference about the cattle population from the sample data was 

modelled by resampling from original sample data by using sampling with replacement. A 

conceptual framework was developed to select candidate variables identified as exposure 

factors for tick-borne infections for the production system of Karamoja Region. The exposure 

variables considered were age (5-12 months, 13-24 months and > 24 months), sex (male or 

female) and district (Moroto and Kotido). Intra-cluster correlations within the herds were 

tested for the qPCR test status for A. marginale and A. centrale, by performing log ratio tests 

between a model ‘herd’ as random effect and a null model. This was followed by a mixed 

effect logistic regression in which the herd was included as a random effect and the variables 

of age category, sex and district were fixed effects. The Generalised Linear Mixed Model 

based on the -2 log pseudo likelihood was used to compare models. The data were analysed 

using SPSS version 23.0 (IBM SPSS, 2014), and R Console version 3.2.1 (R Console, 2015) and 

RStudio version 3.2.1 (RStudio Team, 2015) at 5% level of significance. 

 

6.4 Results 

6.4.1 Prevalence of A. marginale and A. centrale 

A total of 20 herds and 240 individual cattle (12 per herd) were sampled for blood collection 

in Moroto and Kotido Districts. The qPCR assay showed that most cattle were positive for A. 

marginale (82.9%; 95% confidence interval [CI] 78.2-87.7%), while fewer were positive for A. 

centrale (12.1%; 95% CI 7.9-16.2%). The log ratio test for herd effect showed that A. marginale 

and A. centrale qPCR test statuses were clustered within herds (p < 0.05). The mixed effect 

logistic regression analysis showed that age was significantly associated (p=0.006) with A. 
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centrale infection, but not for A. marginale among the three age groups. There was a 

significant difference in the proportions of cattle that were positive for A. marginale between 

Moroto (89.2%) and Kotido (76.7%) (p = 0.02), but not for A. centrale between the two 

districts (p > 0.05). Sex of cattle had no significant association (p>0.05) with A. marginale and 

A. centrale infections. The model fit was good (87.9% for A. centrale and 82.9% for A. 

marginale). 

 

6.4.2 PCR amplification and cloning of 16S rRNA and msp1α genes 

Eight DNA samples with strong positive reactions (threshold cycle 25-29) from the qPCR assay 

were amplified, targeting the full-length 16S rRNA gene to characterise Anaplasma spp., and 

targeting the msp1α gene to characterise A. marginale strains. PCR products were obtained 

from 16S rRNA gene amplification of six out of the eight samples. The PCR products of around 

1,250 bp, for each sample, were cloned. For each cloned PCR product, ten clones were picked 

and colony PCR was done to identify recombinant clones. Figure 6.1 shows a representative 

example of colony PCR products from ten clones generated from a 1,250 bp 16S rRNA gene 

fragment amplified from sample RB 069. Fragments of the expected size (1,250 bp) were 

amplified from seven of the clones.  
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Figure 6.1: Gel electrophoresis in a 2.0% TAE agarose gel (stained with ethidium bromide) of colony 
PCR products amplified from clones of the full-length 16S rRNA gene from sample RB 069 
that was positive for Anaplasma marginale. Colony PCR was done with the primers pJET 1.2F 
and pJET 1.2R. This representative DNA sample was obtained from blood collected from 
cattle in Karamoja Region, Uganda. Lanes a to j: amplification products from individual 
clones. Absence of bands in lanes may indicate colonies containing plasmids lacking inserts. 
Lane M: 1 kb bp DNA size marker (Thermo ScientificTM, LTC Tech South Africa [Pty] Ltd). 

 

The msp1α PCR for eight samples each yielded one or more amplicons of various sizes (300 

to 1,000 bp). The presence of more than one msp1α PCR product in some samples indicates 

the presence of multiple A. marginale strains infecting individual animals. PCR products from 

all the eight selected samples were cloned and sequenced. Figure 6.2 illustrates amplicons 

from the msp1α PCR from five out of the eight selected DNA samples. Figure 6.3 shows the 

colony PCR products obtained after the cloning of the amplicons from two of the samples.  
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Figure 6.2: PCR products amplified from DNA extracted from blood samples using the msp1α gene 
primer set 1733F/2957R for genotyping Anaplasma marginale strains. The blood was taken 
from cattle in Karamoja Region in Uganda from November 2013 through January 2014. The 
PCR products were analysed by electrophoresis on a 2.0% TAE agarose gel (stained with 
ethidium bromide) and visualised under UV light. Lane M: 1 kb DNA size marker (Thermo 
ScientificTM, LTC Tech South Africa [Pty] Ltd), lanes RE 025, RB 060, RB 086, RB 139 and RB 
145: PCR products from five samples, lane P: positive control (Anaplasma marginale DNA 
from a known positive sample), lane N: negative control (no DNA).  
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Figure 6.3: Gel electrophoresis in a 2.0% TAE agarose gel (stained with ethidium bromide) of colony 
PCR products of the msp1α gene (Anaplasma marginale) obtained using the primers pJET 
1.2F and pJET 1.2R. The DNA (RB 086 and RB 139) was extracted from blood samples 
collected from cattle in Karamoja Region, Uganda. Lanes M: 1 kb DNA size marker (Thermo 
ScientificTM, LTC Tech South Africa [Pty] Ltd), lanes a-j and through again a-j: amplification 
products from individual clones from two samples. 

 

6.4.3 16S rRNA gene sequence analysis 

Twenty-one near full-length 16S rRNA gene sequences were obtained from six cattle samples 

in this study. The BLASTn sequence homology search indicated that 16 sequences were closely 

related (99-100% identity, 99-100% query cover, up to 5 bp difference) to A. marginale from 

South Africa [Veld, AF414873] (Lew et al., 2003) and differed from each other by up to 6 bp. 

There was identity among 11 sequences (RE025b, RE028a, RB069a, RB069f, RB069g, RB083a, 

RB086a, RB123b, RB123c, RB123e, RB123f) from six samples, between two sequences 

(RE025c, RB069b) from two samples, and between two sequences (RB069c, RB069d) from 

one sample [Table 6.1]. One sequence, RB069e, from one sample differed from other A. 

marginale sequences by 2 to 3 bp. Three sequences (RE025a, RE025d, RE025e) from one 

sample showed 100% identity (100% query cover) with a sequence corresponding to A. 

marginale strain from Virginia, USA [AF311303] and were identical to each other (no 

nucleotide differences) [Table 6.1]. Two 16S rRNA sequences (RB123a, RB123d) of A. centrale 

were obtained from one sample, which was also positive for A. marginale. The A. centrale 

sequences were identical to each other and showed 100% identity (100% query cover) with a 

sequence corresponding to the A. centrale Israel vaccine strain from South Africa (accession 
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no. AF309869) [Rurangirwa, unpublished data). The two sequences were also 100% identical 

(95% cover query) to the Italian CC strain (EF520686) (Carelli et al., 2008). Sequence 

alignments of the 16S rRNA sequences of A. marginale and A. centrale with the respective 

RLB hybridisation probes showed that the V1 hypervariable region of the probe was identical 

in all sequences (data not shown).  
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Table 6.1: Estimates of evolutionary divergence between the 16S rRNA gene sequences of Anaplasma marginale and A. centrale identified in 
blood samples of cattle in Karamoja Region, Uganda, and previously published 16S rRNA sequences in GenBank. The number of base 
differences from pairwise analyses of 25 sequences is shown. There were a total of 1371 positions in the dataset. Evolutionary analyses 
were conducted in MEGA6 (Tamura et al., 2013) 

  1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 

1 A. marginale_Veld_South_Africa_AF414873                          

2 RB123b 0                         

3 RB069a 0 0                        

4 RE025c 1 1 1                       

5 RB069b 1 1 1 0                      

6 RB083a 0 0 0 1 1                     

7 RB069e 2 2 2 3 3 2                    

8 RB069c 5 5 5 6 6 5 3                   

9 RB069d 5 5 5 6 6 5 3 0                  

10 RB123c 0 0 0 1 1 0 2 5 5                 

11 RB069f 0 0 0 1 1 0 2 5 5 0                

12 RE025b 0 0 0 1 1 0 2 5 5 0 0               

13 RB086a 0 0 0 1 1 0 2 5 5 0 0 0              

14 RB069g 0 0 0 1 1 0 2 5 5 0 0 0 0             

15 RB123e 0 0 0 1 1 0 2 5 5 0 0 0 0 0            

16 RB123f 0 0 0 1 1 0 2 5 5 0 0 0 0 0 0           

17 RE028a 0 0 0 1 1 0 2 5 5 0 0 0 0 0 0 0          

18 A. marginale_Virginia_AF311303 1 1 1 2 2 1 3 6 6 1 1 1 1 1 1 1 1         

19 RE025e 1 1 1 2 2 1 3 6 6 1 1 1 1 1 1 1 1 0        

20 RE025d 1 1 1 2 2 1 3 6 6 1 1 1 1 1 1 1 1 0 0       

21 RE025a 1 1 1 2 2 1 3 6 6 1 1 1 1 1 1 1 1 0 0 0      

22 A. centrale CC Italy EF520686 9 9 9 10 10 9 11 14 14 9 9 9 9 9 9 9 9 10 10 10 10     

23 A. centrale Israel vaccine AF309869 9 9 9 10 10 9 11 14 14 9 9 9 9 9 9 9 9 10 10 10 10 0    

24 RB123d 9 9 9 10 10 9 11 14 14 9 9 9 9 9 9 9 9 10 10 10 10 0 0   

25 RB123a 9 9 9 10 10 9 11 14 14 9 9 9 9 9 9 9 9 10 10 10 10 0 0 0  
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6.4.4 16S rRNA phylogenetic analyses 

Neighbour-joining, maximum likelihood and maximum parsimony were used to demonstrate 

the relationships between the 16S rRNA gene variants of A. marginale and A. centrale 

identified in this study and other related Anaplasma spp. The trees yielded similar topology 

and high bootstrap values. Figures 6.4 shows a representative tree generated by maximum 

likelihood. Only representative sequences of the variants are shown. The 16S rRNA sequences 

of A. marginale were grouped into two clusters, and they were separate from the A. centrale 

clade. Four A. marginale sequences - RB083a (representing 11 clones from six samples), 

RB069b (representing two clones from two samples), RB069c (representing two clones from 

one sample), and RB069e clustered with the published 16S rRNA sequences of A. marginale 

from cattle in South Africa and Zimbabwe [Clade 1] (Lew et al., 2003). The other cluster for A. 

marginale comprised sequence RE025a (representing three clones from one sample), from 

this study, and the 16S rRNA sequences of A. marginale from Uruguay, Australia, USA, and 

black wildebeest from South Africa (Clade 2). The A. centrale sequence RB123a (representing 

two clones from one sample) grouped with 16S rRNA sequences of A. centrale from South 

Africa, Israel, Italy and Australia.  
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Figure 6.4: A maximum likelihood tree showing the phylogenetic relationship between the A. 
marginale and A. centrale 16S rRNA sequence variants, identified in blood samples from 
cattle in Karamoja Region, Uganda with other Anaplasma species. The numbers at the 
internal nodes represent the percentage of 1000 replicates (bootstrap) for which the same 
branching patterns were obtained. Some sequences obtained in this study are identical to 
each other; therefore, only representatives of variants are shown (in bold). Sequences: 
RB083a represents 11 clones (others are: RE025b, RE028a, RB069a, RB069f, RB069g, 
RB086a, RB123b, RB123c, RB123e, RB123f) from six samples, RB069c represents two clones 
(the other is RB069d) from one sample, RB069b represents two clones (the other is RE025c) 
from two samples, RE025a represents three clones (the others are RE025d, RE025e) from 
one sample. The A. centrale sequence RB123a represents two clones (the other is RB123d) 
from one sample. The tree was rooted using the 16S rRNA gene sequences of Candidatus 
Neoehrlichia mikurensis and Ehrlichia ruminantium. The accession number of each sequence 
is indicated in the sequence name. Branch lengths are proportional to the estimated genetic 
distance (number of substitutions per site over a length of 1378 bp of the 16S rRNA gene) 
between the taxa. 
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6.4.5 Anaplasma marginale msp1α tandem repeats 

MSP1a tandem repeats were identified from 14 clones from one sample as shown in Table 

6.2. The number and order of the tandem repeats were similar in the 14 sequences (828 to 

949 bp) examined. There were four different kinds of tandem repeats (UP39-F-M2-3), which 

correspond to one A. marginale strain in cattle in Karamoja Region, Uganda. One tandem 

repeat (UP39) was unique to this study.  

 

Table 6.2: Amino acid sequences of MSP1a tandem repeats of A. marginale detected in                   
infected cattle from Karamoja Region, Uganda (F, M, 3 and UP39) compared to the                 
prototype A. marginale Florida strain MSP1a tandem repeat M32871 (A) 

Repeat identity (ID) Encoded sequence* 

A** DDSSSASGQQQESSVSSQSE-ASTSSQLG 

F T..................GQ........ 

M A..................GQ........ 

M A..................GQ........ 

3 A..............L...GQ........ 

UP39 EYE............L...GQ........ 

*The one-letter amino acid code was used to depict MSP1a repeat sequences. Dots indicate identical 

amino acids and gaps indicate deletions/insertions. **The prototype A. marginale Florida strain 

Msp1a tandem repeat M32871 (A) was used as a model for amino acid comparison. The identity (ID) 

of each repeat form, except the newly reported, was assigned as previously described in Cabezas-Cruz 

et al. (2013). 

 

6.5 Discussion 

In this study, we investigated the molecular prevalence and the 16S rRNA gene phylogeny of 

Anaplasma spp. and analysed the msp1α sequences of A. marginale from cattle in Karamoja 

Region, Uganda. The prevalence of A. marginale (82.9%) was 5-22 times higher than 

previously reported from cattle in other parts of Uganda [using reverse line blot hybridisation, 

RLB] (Oura et al., 2004; Muhanguzi et al., 2010; Asiimwe et al., 2013) and Tunisia [25.4% using 

qPCR, about thrice lower] (Belkahia et al., 2015), but similar to that reported in seven out of 

the nine provinces of South Africa [≥ 65% using msp1α PCR] (Mutshembele et al., 2014). The 

high prevalence of A. marginale in this study may be due to high infection challenge from 
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ticks. A recent study in Karamoja showed that most cattle (53.4%) were infested with 

Rhipicephalus decoloratus ticks (Byaruhanga et al., 2015) [Chapter 4 of this thesis]. Possibly, 

the ticks are persistently infected with A. marginale, with a likelihood of transmission of 

infection to cattle. Cattle in Moroto District were significantly more likely to be infected with 

A. marginale than those in Kotido. The variation in infection may be due to the higher tick 

infestation on cattle in Moroto than Kotido District (Byaruhanga et al., 2015) [Chapter 4 of 

this thesis]. The prevalence of A. centrale (12.1%) was thrice higher than that observed in 

other parts of Uganda (Muhanguzi et al., 2010; Asiimwe et al., 2013), and similar to that 

reported in Tunisia [15.1%] (Belkahia et al., 2015). Possibly the tick species found in Karamoja 

Region and not reported in other parts of Uganda (Byaruhanga et al., 2015) [Chapter 4 of this 

thesis] may be responsible for transmission of A. centrale resulting in a higher prevalence of 

the infection. The results of our study are more linked with the difference in the geographical 

situation rather than the methods used for detection of Anaplasma spp. Some of the 

differences in prevalence can be explained by the techniques used in the different studies, for 

example the qPCR assays can detect DNA of pathogens in samples previously diagnosed as 

negative by RLB hybridisation assay. However, big differences are most likely to be due to 

geographical differences.  

 

The 16S rRNA gene sequence and phylogenetic analyses for A. marginale showed 

heterogeneity, suggesting phylo-geographical resolution, which is consistent with previous 

reports from Tunisia (Belkahia et al., 2015) and other parts of the world (Lew et al., 2003). 

The heterogeneity may be attributed to cattle movements, which increase the likelihood of 

infection with distinct A. marginale genotypes, and have been suggested as a main reason for 

increasing the number of genotypes identified in some geographic regions (de la Fuente et 

al., 2007; Kocan et al., 2010; Belkahia et al., 2015). The 16S rRNA sequences of A. centrale 

grouped in a single cluster that is separate from other Anaplasma spp. The A. centrale 

sequences showed a high genetic relatedness (100% identity) to the A. centrale Israel vaccine 

strain (Rurangirwa, unpublished data) and A. centrale strain CC which was recovered from an 

acute case of anaplasmosis, and which was associated an A. centrale infection in a dairy cow 
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in Italy (Carelli et al., 2008). Therefore, A. centrale infections among cattle in Karamoja may 

contribute to clinical cases of anaplasmosis. Since the attenuated A. centrale vaccine was 

never used in Uganda, and the neighbouring South Sudan and Kenya, it is unlikely that the 

strain of A. centrale in Karamoja that is identical to the Israel vaccine strain was introduced 

by immunisation. In a recent study, the Israel vaccine msp1aS genotype and one of the 

vaccine variant msp1aS genotypes were detected in unvaccinated cattle and buffalo in South 

Africa (Khumalo et al., 2016); therefore, it is possible that the vaccine strain could be 

circulating in wildlife in other parts of Africa, from which it could be introduced into cattle 

populations. It should be noted that the 16S rRNA gene, used for characterisation of A. 

centrale in this study, is often highly conserved within species and may not differentiate 

between strains of pathogens (Weisburg et al., 1991). The limited geographic specific 

differences among A. centrale strains from different geographical areas of the world (Lew et 

al., 2003) may have advantageous implications on the control of bovine anaplasmosis since 

A. centrale is widely used as a vaccine against A. marginale (Aubry and Geale, 2011).  

 

We found four different kinds of msp1α tandem repeat sequences, following the 

nomenclature previously proposed (de la Fuente et al., 2007; Cabezas-Cruz et al., 2013). The 

tandem repeats correspond to one strain of A. marginale that is unique to Karamoja cattle. 

One of the tandem repeats is unique to this study, and has been named UP39 (Table 6.2). 

Tandem repeat M has been found in A. marginale strains in five continents of the world 

[countries: USA, Brazil, Argentina, Israel, Italy, Mexico, South Africa] (de la Fuente et al., 2007; 

Cabezas-Cruz et al., 2013; Mutshembele et al., 2014) while tandem repeat F was found in four 

continents [countries: Mexico, Argentina, Brazil, Israel, and South Africa] (de la Fuente et al., 

2007). Tandem repeat 3 is widespread in A. marginale strains in South Africa (Mutshembele 

et al., 2014) and is also present in some strains in Israel (de la Fuente et al., 2007). However, 

a weak association between specific tandem repeat sequences and particular geographic 

regions was previously reported (de la Fuente et al., 2007) and may be attributed to 

worldwide cattle movement, among other factors (Cabezas-Cruz et al., 2013). The first 

glutamine (Q) and the last serine (S) in the neutralisation-sensitive epitope [Q/E (ASTSS)] 
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(Allred et al., 1990) were present in all four tandem repeats identified in this study, indicating 

a likelihood of the amino-acid oligopeptides of Ugandan A. marginale binding with 

neutralisation antibodies (Allred et al., 1990). However, the neutralisation sensitivity of A. 

marginale variants has not been defined (Cabezas-Cruz and de la Fuente, 2015). The sequence 

of amino acids in the immunodominant B-cell epitope [SSAGGQQQESS] (Garcia-Garcia et al., 

2004) was also the same in the repeat structures identified in this study. 

 

In this study, analysis of the msp1α gene PCR products from eight samples, by gel 

electrophoresis, revealed fragments of different lengths. However, attempts to clone and 

sequence the PCR products from most of the samples were not successful, possibly because 

there was inadequate DNA in the samples to generate sufficient amounts of PCR products to 

allow cloning. Multiple msp1α amplicons in individual cattle may represent different 

genotypes and may suggest that individual cattle harbour several genetically heterologous 

strains of A. marginale. Strain superinfection occurs when a second strain infects a host 

already infected with and having mounted an immune response to a primary strain (Palmer 

and Brayton, 2013). The prevalence of superinfection with A. marginale has been shown to 

be higher in areas with higher prevalence of infection (Castañeda-Ortiz et al., 2015). Further 

studies are needed to investigate A. marginale and A. centrale genotypes from cattle in 

Uganda, to provide more comprehensive data on their taxonomic position and diversity. 

Further studies are also needed to investigate the possibility of transmission and maintenance 

of A. marginale and A. centrale by various tick species in Ugandan cattle.  

 

6.6 Conclusions 

In this study, we evaluated the prevalence and 16S rRNA gene phylogeny of Anaplasma spp., 

and analysed the msp1α sequences for A. marginale from cattle in Karamoja Region, north-

eastern Uganda. We demonstrated a high prevalence of A. marginale among cattle. There 

was 16S rRNA genetic heterogeneity within A. marginale in cattle in the study area. Four 

different kinds of msp1α tandem repeat sequences, which correspond to one genotype of A. 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 

 
 
 



CHAPTER 6 

290 

 

 

 

marginale were found. Our study contributes to knowledge of the genetic variability of A. 

marginale and A. centrale from different geographic areas, which is important in the 

development and implementation of control programmes.   
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 CHAPTER 7 

7. General Discussion, Conclusions and Recommendations 

7.1 Discussion 

This study was conducted to understand the occurrence, diversity and epidemiology of tick-

borne diseases (TBDs) among transhumant Zebu cattle in Karamoja Region, Uganda. This 

information may be useful to predict disease outbreak, develop effective control strategies, 

and increase livestock productivity in pastoral areas.  

 

We used participatory epidemiology (PE) to define and prioritise cattle diseases, evaluate 

current control activities for ticks and TBDs, and identify constraints to the control of TBDs. 

Participants also proposed solutions to service delivery, disease control and surveillance. The 

informant data was gathered to determine the extent to which the herders’ assessments of 

herd health are consistent with the findings from clinical examinations, sero-survey for 

antibodies and molecular analyses for tick-borne infections. As in other pastoral areas in 

eastern Africa, the herds in Karamoja are not regularly tested because conventional 

approaches to research and disease surveillance are constrained by the mobility of herds and 

limited resources (Anderson and Robinson, 2009; Shiferaw et al., 2010; Wesonga et al., 2010; 

Catley et al., 2014). The overall annual mortality estimates (44-53%) in cattle from all diseases 

are similar to that reported among livestock keepers in South Sudan (39%; Malak et al., 2012), 

but differ from those in Ethiopia (8% in Shiferaw et al., 2010; 6%-18% in Catley et al., 2014). 

The variations in the mortality may be due to differences in local epidemiologic conditions as 

well as control strategies and veterinary services. Our PE results indicated that Karamoja 

cattle keepers regard TBDs, in particular East Coast fever (ECF) and anaplasmosis, as the most 

important diseases of cattle due to high morbidity, high case fatality rates and treatment costs 

associated with the diseases. Our findings are consistent with previous studies in Machakos 

District, Kenya (Wesonga et al., 2010) and Kiruhura, Kayunga and Soroti Districts of Uganda 
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(Ocaido et al., 2009) that showed that TBDs cause major losses in cattle, mainly in terms of 

mortality and control costs. The estimated values for ECF incidence (18-21%) and case fatality 

rate (81.7-89.5%) are similar to 19.2% (incidence) and 70% (case fatality rate) reported in 

South Sudan (Malak et al., 2012). In the present study, inappropriate control practices and 

constraints to the control of ticks and TBDs may have contributed to the high morbidity and 

mortality. The pastoralists applied under-strength acaricides, often at irregular intervals, and 

they used very little or no acaricide wash. Veterinary services were inadequate, and this was 

blamed on the small number of local veterinarians (one or two per district) who could seldom 

reach the communities. The informants indicated that due to inadequate veterinary services, 

they lacked enough information to determine proper dosage and the correct treatment for 

diseases. Drug outlets were often lacking among communities; therefore, livestock keepers 

walked long distances in search of drugs. As a result, the cattle keepers could not control 

diseases in time. Furthermore, cases of TBDs were not effectively treated (using 

oxytetracycline for all diseases), which reduced the recovery rate of sick animals. The 

Karamojong livestock keepers identified solutions to the constraints in control of ticks and 

TBDs. The solutions include improved veterinary service delivery through provision of 

incentives, by government, to attract more veterinarians, and enhancing the capacity of 

community-based animal health workers (CAHWs) by continuous training, and subsidising 

and improving on the supply of drugs, vaccines and equipment. The cattle keepers also 

indicated that strengthening government-community partnership would facilitate the 

establishment and maintenance of dip tanks. 

 

Ticks are among the most important vectors of pathogenic micro-organisms affecting 

livestock. In this study, we determined the diversity and abundance of ticks among cattle. The 

seroprevalences of antibodies to Anaplasma marginale and Theileria parva were also 

assessed using serological assays, and the risk factors for seropositivity in cattle were 

evaluated. Using participatory approaches, the livestock keepers estimated the proportion of 

annual ECF and anaplasmosis cases in different age groups of cattle. We also conducted 

clinical examinations of sick cattle. The parameters mentioned above are important indicators 
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of existence of endemic stability, and therefore scientific evidence to choose approaches for 

the control of TBDs (Norval et al., 1992; Perry and Young, 1995; Jonsson et al., 2012). Eight 

different species of ticks were found on cattle in the study area. Before this study, 

Rhipicephalus pulchellus (zebra tick) had not been reported from vegetation or animals in 

Uganda. Rhipicephalus pulchellus may be spreading into Karamoja Region from neighbouring 

countries (especially Kenya), possibly due to uncontrolled animal movements and sharing of 

grazing areas with cross-border communities. Although the distribution of the tick species 

Amblyomma lepidum, A. gemma, and Hyalomma truncatum includes Uganda (Walker et al., 

2013), these ticks have not been reported in recent studies from other parts of the country 

(Rubaire-Akiiki et al., 2006; Chenyambuga et al., 2010; Magona et al., 2011a). Overall, the tick 

burden on cattle from the study area was twice to five times higher than previously reported 

from other parts of Uganda (Rubaire-Akiiki et al., 2006; Magona et al., 2011a). A high 

proportion of sampled cattle were infested with ticks that include the vectors of ECF, 

anaplasmosis, babesiosis and heartwater, indicating a high potential for transmission of TBDs 

(Magona et al., 2011b). Indigenous Zebu cattle are known to be relatively resistant to tick 

infestation (Latif, 1993) due to their ability to respond immunologically to tick infestation 

(Mattioli et al., 2000). The high tick-burden demonstrated amongst the Zebu cattle in 

Karamoja Region may be due to the extensive production system, which involves 

transhumance, sharing grazing with wild animals, which are reservoirs for ticks, and 

inappropriate tick control practices. Furthermore, stress factors such as inadequate feeding, 

concurrent disease and movement of cattle for long distances can result in a drop in 

resistance to ticks in Zebu cattle (Latif, 1993). The high tick infestation amongst cattle is likely 

to increase the risk of exposure to tick-borne pathogens.  

 

There was a low true seroprevalence of antibodies to T. parva (16.5%), which may suggest a 

high likelihood of ECF in the animals at the time of peak exposure to T. parva and increased 

likelihood of disease following a single exposure (Jonsson et al., 2012). The high true 

seroprevalence for anaplasmosis (95.1%) may suggest that a high proportion of cattle were 

exposed, which led to high persistent infections.  
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Molecular biological techniques are more sensitive and specific in identifying DNA of tick-

borne pathogens. We used reverse line blot (RLB) hybridisation, quantitative real-time 

polymerase chain reaction (qPCR), 18S rRNA gene and 16S rRNA gene sequence and 

phylogenetic analyses, and msp1α gene sequence analysis for the detection, identification 

and genetic characterisation of tick-borne infections. The results from RLB hybridisation assay 

demonstrated a high prevalence (99.6% of the sampled cattle) and diversity (10 species) of 

tick-borne haemoparasite infections among cattle in Karamoja Region. In general, the 

infections were more prevalent in Karamoja Region than previously reported from other parts 

of Uganda. The high prevalence of tick-borne pathogens in this study may be attributed to 

communal grazing and cross-border movement of cattle within and out of the country. These 

factors may increase the probability of exposure of cattle to infected ticks from grazing areas 

(Angwech et al., 2011). Furthermore, wildlife including African buffalo (Syncerus caffer) often 

share grazing areas with cattle in the study area (Chapter 3 of this thesis). African buffalo are 

reservoirs for many important tick-borne pathogens of cattle (Oura et al., 2011a; Oura et al., 

2011b). Other factors that may contribute to the high prevalence of tick-borne infections in 

the study area are the limited availability of drugs and inadequate veterinary services, and 

poor tick control practices (e.g. irregular application of acaricides of less quantity and 

inappropriate dilution) by the Karamojong. Co-infections were high, and this may either lead 

to protective effects against infections or cause more harm to individual animals. A high 

proportion of cattle were infected with Theileria mutans (88.3%) and Theileria velifera 

(71.3%), which have occasionally been reported to cause pathogenic effects in cattle (Musisi 

et al., 1984; Moll et al., 1986; Oura et al., 2004a); however, these usually benign Theileria co-

infections may also result in protective effects against T. parva in animals (Woolhouse et al., 

2015). The benign infections may, therefore, be potential determinants both for the patterns 

of morbidity and mortality and of the impact of control measures against TBDs in cattle 

populations. However, in this study, there was no significant association found between co-

infections with T. mutans, or T. velifera, and T. parva. Therefore, there is less likelihood that 

benign Theileria co-infections may result in protective effects against T. parva amongst cattle 
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in Karamoja Region. However, given the low exposure (seroprevalence, 16.5%) to T. parva, it 

might be difficult to conclude about the protective effects of the benign Theileria infections 

against T. parva. 

 

Although the livestock keepers reported relatively high incidences, mortalities and case 

fatality rates due to TBDs during the PE activities, low prevalences of T. parva (2.9%, RLB; 

3.3%, qPCR), Babesia bigemina (5.0%, RLB) and Ehrlichia ruminantium (0%, RLB; 1.7%, qPCR), 

but a high prevalence of A. marginale (73.7%, RLB; 82.9%, qPCR), were detected by molecular 

methods. The piroplasms of T. parva undergo only limited replication (Conrad et al., 1986), 

and fluctuations and loss of carrier state have been documented (Mans et al., 2015), which 

may lead to low detectable infection. A further consideration is that cases of ECF were not 

effectively treated which resulted in high case fatality. Since ECF is often an acute disease 

(Norval et al., 1992), the proportion of cattle that are carriers declines with increased 

mortality rates of infected cattle (Dolan, 1986). The low prevalence of T. parva as determined 

by the molecular methods is consistent with the low seroprevalence of antibodies to the 

pathogen (16.5%), as determined by indirect fluorescent antibody test (IFAT). Antibody 

responses against the schizont stage of T. parva are associated with exposure to the parasite 

(McKeever and Morrison, 1990). Low T. parva infection is usually accompanied by low 

antibody prevalence, which may contribute to increased susceptibility and case fatality of the 

infections (Perry and Young, 1995). Ehrlichia ruminantium infections often present highly 

virulent heartwater challenge which may lead to high case fatality rate among infected 

animals (Allsopp, 2010), and subsequently low E. ruminantium infection circulating in the 

cattle population. Furthermore, the qPCR for E. ruminantium only detects the parasite in the 

blood of experimentally infected animals at the febrile stage (having fever) of infection 

(Allsopp et al., 2004; Steyn et al., 2008). For B. bigemina, although infections result in high 

parasitaemia, animals recovering from babesiosis remain infective for ticks for only 4 to 7 

weeks and carriers for only a few months (Suarez and Noh, 2011). The low proportions of 

cattle in which parasitaemia (T. parva, E. ruminantium, B. bigemina) was detected may 

indicate a likelihood of increased susceptibility in the cattle population to ECF, heartwater 
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and babesiosis. Sequence analyses of the 18S rRNA gene for Theileria and Babesia species 

demonstrated variants of T. mutans, Theileria sp. strain MSD and B. bigemina among cattle, 

indicating a wide genotypic diversity of these species. Babesia bigemina variant sequences 

were identified in samples which tested negative by RLB hybridisation assay, which may 

suggest a higher occurrence of B. bigemina in cattle from Karamoja Region than detected by 

the assay. A qPCR specific for B. bovis and B. bigemina could be used in future studies to better 

determine the occurrence of Babesia spp. amongst cattle, but unfortunately this test was not 

available when we did the study. 

 

The high occurrence of A. marginale infections (73.7%, RLB; 82.9%, qPCR) is consistent with 

results from serological analysis, which showed a high seroprevalence of antibodies to the 

pathogen (86.6%). However, high seroprevalence may not truly be an indicator of high 

population immunity (or endemic stability), a status which may be difficult to achieve due to 

variation in climate and management practices which affect exposure of animals to infection 

(Jonsson et al., 2012). Moreover, seropositive animals may not all be solidly protected against 

immunologically diverse heterologous strains. This may explain the occurrence of clinical 

cases of anaplasmosis as observed during clinical examinations and as indicated by the 

livestock keepers during the PE activities. The clinical cases may be attributed to the few naïve 

animals and/or new infections as a result of superinfection. Although carrier status provides 

immunity to clinical disease, infection can be transmitted from infected to naïve cattle which 

results in manifestation of anaplasmosis (Aubry and Geale, 2011). At the host population 

level, high infection rates with a primary strain and consequent strain-specific immune 

responses would be expected to result in greater selective pressure for superinfection with 

antigenically distinct strains as there would be few naïve hosts and new infections would 

require superinfection (Palmer and Brayton, 2013; Castañeda-Ortiz et al., 2015). 

Furthermore, introduction of new animals into cattle herds, as a result of cattle rustling, is 

common in the study area. The introduced cattle may either be a source of new A. marginale 

strains in the herd or the new animals may be naïve to the existing strains. Moreover, the 16S 

rRNA gene sequence and phylogenetic analyses for A. marginale showed heterogeneity, 
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which indicates a variation in A. marginale strains in Karamoja. In this study, except for one 

sample, cloning and sequencing of the msp1α gene for A. marginale was not successful. 

However, the gel electrophoresis of msp1α gene PCR products revealed multiple amplicons 

of different lengths from individual samples. This indicates infection with more than one A. 

marginale strain. Further studies are therefore necessary to investigate A. marginale 

genotypes from cattle in Uganda to provide more comprehensive data of diversity of A. 

marginale strains and investigate the possibility of superinfection in cattle. Nevertheless, we 

found four different kinds of msp1α tandem repeat sequences (UP39-F-M2-3) from amplicons 

of around 1,000 bp, which correspond to one strain of A. marginale that is unique to Karamoja 

cattle. One of the tandem repeats (UP39) was reported for the first time in this study. The 

prevalence of A. centrale in this study was relatively high (20.4% by RLB; 12.1% by qPCR) 

compared with previous studies elsewhere in Uganda, using RLB hybridisation (0%, Oura et 

al., 2004; 4.5%, Muhanguzi et al., 2010; 4.3%, Asiimwe et al., 2013). The 16S rRNA sequences 

of A. centrale from this study were identical (100%) to A. centrale strain CC, which was 

recovered from an acute case of anaplasmosis that was attributed to A. centrale infection (no 

A. marginale) in Italy (Carelli et al., 2008). It is possible that A. centrale infections, which were 

identified in the cattle from the study area, may lead to clinical cases of anaplasmosis. 

 

A state of endemic stability implies an ecological balance between cattle, tick, parasite, and 

the environment where there is a high level of challenge of calves by infected ticks, absence 

of clinical disease in calves despite infection, and a high level of immunity in adult cattle with 

consequent low incidence of clinical disease or no morbidity and mortality in the herds 

(Norval et al., 1992; Perry and Young, 1995; Bock et al., 2004). Endemic stability to TBDs is 

determined by factors that include breed of cattle, intensity of tick control, management of 

clinical cases, grazing management, tick infestation, infection rate of ticks with pathogens, 

antigenic/genetic diversity of the pathogens and climatic factors. Endemic stability is more 

likely to occur in production systems that involve keeping of indigenous breeds of cattle than 

in systems where exotic breeds of cattle and their crosses with indigenous breeds are kept. 

Indigenous cattle have innate resistance to ticks and TBDs compared to the exotic cattle and 
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their crosses, and this is due to the evolutionary relationship between Bos indicus cattle, the 

tick vectors, and the pathogens (Bock et al., 1997; Jonsson et al., 2006). Animals that are 

subjected to intensive tick control are less exposed to infected ticks when they are still young, 

and the adults will not acquire immunity to TBDs. Cattle under extensive management 

systems are continually exposed to ticks, which may be infected, and therefore more likely to 

acquire immunity to TBDs, as compared to animals kept under zero grazing. In a zero grazing 

system, calves do not acquire sufficient levels of antibodies from colostrum due to inadequate 

exposure of cows to infected ticks. A higher incidence of TBDs, due to low exposure from 

infected ticks and lack of acquired immunity, is expected in areas/farms/individual animals 

where ticks have low infection with tick-borne pathogens, than in areas where ticks are 

sufficiently infected. Areas/farms with a higher genetic/antigenic diversity of tick-borne 

pathogens are likely to experience a higher incidence of TBDs due to limited or lack of cross-

protection amongst pathogenic strains. Therefore, immunity to one strain is not protective 

against another strain in animals or populations with diverse strains. The concept of endemic 

stability for ECF is more complex than that for anaplasmosis, babesiosis and heartwater, and 

is influenced by variations in management practices and climate. For anaplasmosis and 

babesiosis, high seroprevalence of antibodies is associated with endemic stability. Inverse age 

immunity is clearly a feature of infection with B. bovis, B. bigemina and A. marginale. Innate 

immunity occurs in calves of up nine months of age for babesiosis, and up to one year of age 

for anaplasmosis. East Coast fever due to T. parva infection causes most mortality in young 

calves of 5-9 months, and therefore it would not appear to have inverse age immunity as per 

babesiosis and anaplasmosis (Jonsson et al., 2012). Passive immunity from colostrum might 

provide protection against infection with T. parva in calves of up to 4 months of age.  

 

In this study, we found a lower seroprevalence of antibodies to T. parva and relatively high 

ECF-related mortality in all age groups of cattle than in other parts of Uganda and other areas 

in eastern Africa. Although the cattle in Karamoja Region are of the short-horned East African 

Zebu type, and are known to be more resistant to TBDs than the Bos taurus breeds, there 

seems to be a higher level of endemic instability to ECF amongst cattle in Karamoja Region 
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compared to other areas in Uganda. However, high numbers of R. appendiculatus ticks were 

found on cattle in Karamoja compared with other areas. Therefore, we would expect a 

relatively high exposure of cattle to T. parva and consequently establishment of acquired 

immunity to ECF amongst cattle in Karamoja Region. The most likely explanation for low 

seroprevalence of antibodies to T. parva and high incidence of ECF in Karamoja Region, than 

other areas in Uganda and elsewhere in eastern Africa, is low infection challenge of ticks with 

T. parva. Therefore, the calves are not sufficiently exposed to T. parva from ticks and do not 

receive sufficient antibodies in colostrum from the cows during the critical early period. 

Therefore, there is both low passive immunity in calves and low acquired immunity amongst 

adult cattle. The perceived lower infection challenge in ticks in Karamoja, compared to other 

areas, can be attributed to differences in climatic conditions. In Karamoja Region, cycles of 

drought, which occur after every 3-5 years, disrupt the life cycle of R. appendiculatus, which 

is a three-host tick, and T. parva, which is transstadially transmitted. Three-host ticks spend 

most of the life cycle in the environment, which makes them sensitive to changes in 

environmental and climatic conditions, as compared to one-host and two-host ticks. It is 

possible that in situations of severe drought, the life stages of R. appendiculatus in the 

environment are destroyed or severely reduced, and the lifecycle of T. parva is disrupted 

before transstadial transmission to the next host takes place. A small proportion of ticks and 

eggs of ticks may undergo diapause (Walker et al., 2013), but overall the T. parva challenge 

circulating in the ecosystem is reduced. This scenario is exacerbated by the fact that the tick 

loses its theilerial infection after having transmitted it. The infection does not persist to the 

post-transmission stage, let alone the next generation (Uilenberg, 2006). There is need to 

assess the annual dynamics of tick infestations and infection rate of ticks with T. parva in the 

Karamoja Region so as to establish the effect of climate on infestations and infections. The 

annual incidence and mortality due to ECF reported in Karamoja Region is higher than those 

reported in Ethiopia, but similar to that in South Sudan. All these areas experience drought 

conditions and the predominant cattle breeds kept by the communities are of the indigenous 

type. Differences in management practices may explain the variation in mortality due to ECF 

in these areas. Anectodally, inadequate availability and limited access to drugs to control ticks 
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and treat ECF is a bigger challenge in Karamoja Region and South Sudan than in Ethiopia. 

Therefore, cases of ECF are not effectively treated in in Karamoja, leading to a reduction in 

carrier state in the cattle population, and a reduction in the rate of acquired immunity 

amongst cattle. This leads to higher mortality amongst cattle in Karamoja.  

 

Differences in antigenic/genetic diversities of T. parva may also explain the variation in 

incidence of ECF in different geographical areas. A higher incidence of ECF is expected in areas 

with high genetic diversity due to limited cross-protection amongst strains. Recently a higher 

genetic diversity of T. parva was reported for northern Uganda compared to eastern, central 

and western parts of the country (Muwanika et al., 2016), which may explain the generally 

lower mortality due to ECF in other regions of Uganda than in Karamoja. Furthermore, higher 

seroprevalences of antibodies to T. parva have been reported and lower mortality rates have 

been experienced in other parts of Uganda (field veterinarians, personal communication) 

than Karamoja Region. The climatic conditions in other parts of Uganda, especially in central 

Uganda, are mostly humid and wet, and may not therefore interrupt the life cycle of ticks and 

T. parva. Another factor that may explain higher mortality in Karamoja is that control of ticks 

in other parts of Uganda is more regular and the treatment of cases of ECF is more effective 

than in Karamoja. This is due to the ease of availability of drugs and better distribution of 

veterinarians in other parts of Uganda. Furthermore, communal grazing, which predisposes 

animals to high tick infestation, is not practiced in central and eastern Uganda, and is less 

common in western Uganda as compared to Karamoja Region. Due to the closed grazing 

system, which reduces exposure to ticks, and the relatively regular control of ticks in other 

parts of Uganda, cattle are exposed to fewer ticks throughout the year. The lower numbers 

of ticks in other parts of Uganda might have infection challenge that is just sufficient to expose 

cattle and establish antibodies in a high proportion of cattle. However, outbreaks or cases of 

ECF occur in some farms in other parts of Uganda, probably because management practices 

are not homogenous across farms. Moreover, a number of livestock keepers keep exotic 

breeds of cattle and their crosses with indigenous cattle, which are more susceptible to ECF 

than the indigenous breeds (e.g. Zebu cattle). A higher level of endemic instability (low 
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seroprevalence of antibodies to T. parva and high ECF mortality) is expected on farms with 

intensive tick control practices and where exotic breeds of cattle are kept under zerograzing. 

On the other hand, endemic stability is more likely to occur on farms where the cattle are 

continually exposed to infected ticks (extensive grazing and less tick control) and where 

indigenous breeds of cattle are kept. The relatively high incidence of TBDs in Karamoja 

compared to other areas in Uganda can also be explained by introduction of new animals into 

cattle herds, as a result of cattle rustling. The introduced cattle may either be a source of ticks 

infected with new pathogenic strains or the new animals are susceptible to the existing 

strains. 

 

Given the high seroprevalence and high infection prevalence of A. marginale that was 

demonstrated in this study, endemic stability for anaplasmosis is expected in Karamoja 

Region compared to other areas of Uganda and eastern Africa, where lower proportions of 

cattle were reported to be infected with A. marginale or previously exposed to infection. 

However, a high prevalence of infection with A. marginale in a cattle population can be a 

driver for superinfection, a situation where animals with immunity to a primary strain are 

infected with secondary strains. The animals are not protected against the secondary strains. 

This leads to anaplasmosis in a cattle population, as demonstrated by clinical examinations 

and laboratory confirmation of clinical cases and reports from the pastoralists in Karamoja 

Region.  

 

Although natural endemic stability is in principle an ideal condition where no control 

strategies are needed, this situation is rare and, when it does exist, it can be easily broken by 

varitaions in climate, host genotypes and management practices (Florin-Christensen et al., 

2014). Therefore, natural endemic stability is unrealiable as the sole control strategy. 

Importantly, it has been argued that the threshold of 75% exposed cattle as a means to predict 

the appearance of clinical cases should be taken with caution when extrapolated to different 

regions and host-tick-pathogen systems from those on which the model was based (Jonsson 

et al., 2012). A number of studies have evaluated and compared seroprevalence and infection 
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with tick-borne pathogens in farms/areas with different cattle breeds, different grazing 

systems, and different control practices against ticks and TBDs. However, there is scanty data 

from a comprehensive study that evaluates the interaction of predictive factors for endemic 

stability to TBDS, including cattle breed, pathogen diversity, control practices, grazing system, 

climatic changes, infection rates in ticks, as well as tick species diversity and burden. In sum, 

it may not be appropriate to comment on the probability of endemic stability on the basis of 

single cross-sectional serological studies. There should be empirical data from longitudinal 

studies of clinical disease occurrence, host genotype, tick species and pathogen, taking into 

account wide variation in pathogenicity of various pathogen isolates. 

 

However, the molecular and epidemiological information from this study provides useful 

information on TBDs amongst cattle in the transhumant pastoral area of Karamoja Region, 

Uganda. The information may be used as a basis for planning future strategies for the control 

of TBDs in the study area and other pastoral areas in eastern Africa. In Uganda, control of 

TBDs among livestock keepers is mainly in the form of spraying with acaricides and 

chemotherapy (Mugisha et al., 2005; Mugabi et al., 2010). Livestock keepers often use 

understrength acaricides and of less quantity than recommended by manufacturers (Mugisha 

et al., 2005; Mugisha et al., 2008). Efforts to improve livestock production and health in 

Karamoja Region have been spearheaded by the Food and Agriculture Organisation (FAO) of 

the United Nations by establishing a response mechanism comprising government agencies, 

non-governmental organisations (NGOs), and also training and equipping CAHWs, whose role 

is vital in mobilising and training pastoral communities and providing basic animal health 

support services (FAO, 2013). However, inadequate veterinary services and limited supply of 

drugs still constrain the control of TBDs in the region. An effective control of ticks and TBDs 

can be achieved by integrating strategic tick control using acaricides, treatment of clinical 

cases and immunisation (Norval et al., 1992; Minjauw and McLeod, 2003; Gachohi et al., 

2013).   
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Immunisation can be a viable option for control of the most common TBDs in cattle. Currently 

in eastern Africa, immunisation is done only against ECF, using the Muguga cocktail infection 

and treatment method (ITM), coordinated by the Global Alliance for Livestock Veterinary 

Medicines [GALVmed] (Di Giulio et al., 2009). Widespread use of ITM has been affected by 

the high costs and poor access to the vaccine and liquid nitrogen for its storage, poor 

infrastructure, and inadequate expertise for ITM in pastoral areas, and T. parva diversity 

(Oura et al., 2011b; Kasozi et al., 2014; GALVmed, 2015). However, there is prospect for ITM 

in pastoral areas. Livestock keepers are willing to adopt and commit themselves to a product 

that works, which demonstrates a future for ITM in livestock production (Lynen et al., 2006). 

The ITM against ECF was shown to be highly effective (95% success rate) and was successfully 

adopted by cross-border pastoral communities in northern Tanzania, and the approach 

reduced ECF incidence, improved live weight gains, increased market value, and reduced calf 

deaths (Lynen et al., 2006). The ITM also resulted in reduced acaricide use, without 

compromising survival in the face of other TBDs (Lynen et al., 2012). The vaccination 

comprises a single injection and protects the animal against ECF for life. However, controlled 

spraying or dipping against ticks is necessary to maintain immunity and control other TBDs 

(GALVmed, 2015). In Uganda, ITM has been used in 43 districts, but mostly on exotic breeds 

of cattle and their crosses, conferring immunity in about 85% of vaccinated animals (SNV, 

2013). Owing to the high distribution of tick vectors amongst cattle in Karamoja Region, 

immunisation may contribute to the attainment of endemic stability to ECF. This is because 

exposure to infected ticks is required to sustain immunity (Gachohi et al., 2013). Currently, 

the Centre for Ticks and Tick-Borne Diseases (CTTBD) in Malawi is producing the ECF vaccine, 

and GALVmed is providing support to reduce the time it takes to manufacture the vaccine, 

finding an approach to conserve sporozoite viability without the need for liquid nitrogen 

storage, and promote collaboration between governments, scientific think-tanks and private 

business innovators (GALVmed, 2015). Access to the ITM vaccine can be improved by 

encouraging cooperative associations of livestock keepers to facilitate the purchase of the 

vaccines, which individual herd owners cannot afford, as demonstrated in Simanjiro, Tanzania 

(Homewood et al., 2006). Government promotion of immunisation technology and assistance 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 

 
 
 



CHAPTER 7 

312 

 

 

 

in remote areas is also necessary to allow for fast adoption once the vaccine becomes 

available. The development of subunit vaccines from native antigens of T. parva parasites or 

as recombinant proteins from cloned DNA may offer an attractive alternative to virulent or 

attenuated parasites because they are less costly to produce, are relatively stable, and do not 

require a cold chain, making the logistics of access and delivery easier. Moreover, there is 

flexibility to incorporate only those antigens that elicit protective immune responses (Jenkins, 

2001). However, even though research in this field has been going on for a long time, sub-unit 

vaccines are far from production. Vaccination against anaplasmosis has been used in other 

parts of the world to avert severe clinical disease in cattle; however, there is no vaccine 

universally accepted as safe, efficacious and practical for large scale production (Aubry and 

Geale, 2011). Moreover, the vaccines do not prevent cattle from becoming persistently 

infected with A. marginale or becoming reservoirs of infections. Another challenge is the 

increasing numbers of A. marginale field strains in a given geographical area that complicates 

effective vaccination (Aubry and Geale, 2011). The findings from this study, and further 

investigations, may assist in establishing the potential for the use of A. centrale vaccines 

against bovine anaplasmosis in Uganda; the vaccine has been used in Israel, South Africa, 

Australia and South America to provide a certain degree of protection (Aubry and Geale, 

2011). Vaccines against heartwater (Marcelino et al., 2015) and babesiosis (Suarez and Noh, 

2011) are used elsewhere in the world. 

 

In this study, daily hand picking of ticks was done by all pastoralists to reduce tick numbers 

on the animals. However, this method is cumbersome and is not sustainable. Not all ticks can 

be picked from the animal, therefore the animals are still exposed to tick-borne pathogens. 

Given the high tick infestation amongst cattle in Karamoja Region, strategic tick control, 

during periods of high tick numbers, is required to allow the infected ticks to naturally sustain 

endemic stability through continuous challenge. However, a successful tick control 

programme depends on the knowledge of the biology and ecology of the targeted tick. 

Without this information, weak points in the life cycle cannot be determined and exploited 

(Barre and Garris, 1990). Pastoralists should be sensitised to improve their ecological 
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knowledge of the seasonal activity of ticks if strategic treatment with acaricides is to be 

successful. Treatment before the natural peak of adults will suppress their numbers, reduce 

greatly the number of eggs, and result in fewer adults and nymphs for the rest of the year. 

This will reduce acaricide use and other treatment expenses. The remaining ticks are likely to 

continue transmitting tick-borne pathogens at a low level. Endemic stability is more likely to 

develop and therefore less mortality in the cattle population due to TBDs. Given the fact that 

A. variegatum and R. appendiculatus, which are three-host ticks, were among the most 

abundant ticks in the study area, intensive treatment is required to have constant availability 

of residual acaricide on the livestock sufficient to kill all ticks present or attempting to attach. 

The three-host ticks spend less time on the host feeding, about 15 days for each stage of 

development.  Acaricides may be applied once per week or longer, depending on the residual 

effect of the acaricide used. However, this treatment is likely to reduce tick infestations to 

such low levels that immunity to TBDs is lost in the livestock, resulting in endemic instability 

(Latif and Walker, 2004). Footbaths containing acaricides have been used to control A. 

variegatum with some success, as the ticks will often attach between the hooves (Prine et al., 

2013).  

 

In Karamoja Region, there is abundant vegetation during the wet season, which harbours 

more ticks than in the dry season (pastoralists, personal communication). Pasture rotation 

should be promoted to reduce tick densities on a large scale. The livestock keepers mentioned 

bush burning as one of the methods used to control ticks in the dry season, although the 

method was less effective. Tick eggs that are hatching can miss the effect of the fire while 

hiding in the surface soil, suggesting that pasture burning alone may not be an effective 

control method (Mapholi et al., 2014). However, a study in Oklahoma in the United States of 

America (USA) showed that patch burning can reduce tick populations (Polito et al., 2013). 

There were significant reductions in tick burden on cattle in pastures that were treated by 

patch burning, indicating that patch burning can be used to help control ticks in pastures 

(Polito et al., 2013). Patch burning uses frequent, spatially discrete fires to create variation in 

the composition and structure of the plant community. The complex vegetation changes 
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incurred from this type of burning regimen, in addition to the focal grazing of cattle induced 

by patch burning, has a potential to reduce tick populations by creating less favourable 

microhabitats (Polito et al., 2013). In another study in southwestern Georgia and 

northwestern Florida, USA, long-term prescribed burning significantly reduced tick counts in 

the vegetation (Gleim et al., 2014). 

 

Approaches for the control of TBDs in livestock keeping areas should also involve adaptive 

trials and integration of appropriate anti-tick vaccines in control programmes. Control of ticks 

by vaccination has the advantages of being cost-effective, reducing environmental 

contamination and controlling both tick numbers and disrupting the tick vector-pathogen 

interface. The vacines prevent the selection of drug-resistant ticks that result from repeated 

acaricide application (Marcelino et al., 2012). The ultimate goal of tick vaccines is control of 

tick infestations while reducing pathogen infection and transmission, to protect against 

diseases caused by tick-borne pathogens. The feasibility of controlling tick infestations 

through immunisation of hosts with antigens has previously been demonstrated using 

recombinant antigens (Hajdusek et al., 2010; Almazán et al., 2012). Tick vaccines reduce the 

number of engorging female ticks, their weight and reproductive capacity, meaning that the 

greatest vaccination effect is seen as a reduced larval infestation in the subsequent 

generation (Willadsen, 2006). In one study, larval moulting to nymphs was significantly 

reduced by 14-48% in subolesin vaccinated mice when compared to controls (Mereno-Cid et 

al., 2013). In another study, Merino et al. (2011) demonstrated that infection levels for A. 

marginale and B. bigemina were over 87% lower in R. microplus fed on subolesin-vaccinated 

cattle and after gene knockdown by RNAi when compared to controls, suggesting that 

subolesin vaccines could be used for the dual control of tick infestations and pathogen 

infection. It was also shown that using the tick protective antigen, subolesin reduced A. 

marginale and A. phagocytophilum infection levels in ticks (de la Fuente et al., 2006). 

However, a recent anti-tick vaccination study showed that a multivalent cocktail vaccine 

containing three R. appendiculatus histamine binding proteins, two different R. 

appendiculatus cement cone protein antigens TRP64 and TRP truncate variants, the R. 
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appendiculatus subolesin homologue, and T. parva sporozoite antigen p67C did not appear 

to affect tick feeding success or reduce transmission of T. parva (Olds et al., 2016). At the 

moment, two vaccines based on the Bm86 antigen are commercially available, namely Tick-

GARD (in Australia) and GAVAC (in Cuba and parts of South America), but they are not fully 

efficacious (Marcelino et al., 2012). The major disadvantage of some of the tick vaccines in 

current use is that they may not offer protection against multiple tick species. However, 

controlled immunisation trials conducted indicated that the R. microplus Bm86 antigen 

vaccine had good efficacy against R. microplus, R. decoloratus, Hyalomma anatolicum 

anatolicum and Hyalomma dromedarii, reducing the numbers of engorged female adult ticks, 

their weight and egg-laying capacity, leading to a reduction in reproductive capacity (de Vos 

et al., 2001). Due to the delay in the ‘knock down’ effect of tick vaccines, vaccine use should 

be coupled with limited acaricide application for short-term control of unacceptable tick 

burdens (Mapholi et al., 2014). 

 

In the present study, the Karamojong pastoralists used hand sprayers to control ticks on 

cattle. The acaricides were applied in small quantities, at irregular intervals and at inaccurate 

dilutions. Acaricides were not applied on the whole body of the animals leaving tick 

infestation on a large portion of the animals’ bodies. Given the relatively large number of 

animals kept by the pastoralists, hand spraying is not an effective method of tick control. 

Furthermore, hand spraying enhances environmental contamination because the animals are 

sprayed either on pastures or within the homesteads. There is also body contact with and 

inhalation of acaricides by the person spraying, which is detrimental to human health. Dip 

tanks are an efficient, practical and convenient means of applying acaricide to livestock herds. 

However, in most rural pastoral systems of East Africa, government veterinary services are 

often constrained by poor or inadequate veterinary infrastructure (Perry and Young, 1995). 

Dipping facilities are frequently not operational because of limited finances for refurbishment 

of dip tanks and provision of acaricides (Mugisha et al., 2005; Mbassa et al., 2009). 

Furthermore, dipping in the East African region is not compulsory, and is consequently 

inconsistent (Mugisha et al., 2005; Kivaria, 2006; Mbassa et al., 2009). This constrains the 
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control of TBDs (Kasozi et al., 2014). In the past, the dip tanks in Karamoja Region have been 

destroyed or vandalised. Water supply is also a challenge. The decentralisation and 

privatisation of veterinary services in eastern Africa emphasises a private sector demand-

driven control of TBDs (Minjauw and McLeod, 2003; SNV, 2013; Kasozi et al., 2014), and yet 

livestock keepers have limited capacity to control TBDs. However, a study among pastoralists 

in Kambala, Tanzania, demonstrated an improvement in the organisational skills of livestock 

keepers, through cooperative societies, which addressed the problem of funding; thus 

providing a sustainable community-based model using cattle dips to reduce losses due to ticks 

and TBDs and increase cattle productivity (Mbassa et al., 2009). This approach can be 

beneficial if adopted elsewhere in eastern Africa.  

 

The use of acaricides has a significant impact on the environmental tick load and is effective 

at preventing most cattle from being exposed to tick-borne pathogens (Walker et al., 2014). 

However, while interventions are largely targeted at domesticated animals for logistical 

reasons, pathogen dynamics are also driven by their relationship with wild animals. Tick-

borne pathogens are multi-host pathogens as they can infect both domesticated and wild 

animals. Like most pastoral areas of sub-Saharan Africa, free-ranging wildlife and cattle share 

grazing grounds in Karamoja. The wildlife-livestock interface facilitates transmission of tick-

borne parasites between wild animals and cattle (Oura et al., 2011a; Oura et al., 2011b; 

Kabuusu et al., 2013; Walker et al., 2014). Furthermore, various tick vectors feed on wild 

animals, increasing the risk for occurrence, abundance and distribution of ticks amongst cattle 

at the interface (Fyumagwa et al., 2013; Walker et al., 2013). African buffalo (Syncerus caffer), 

in particular, are considered to be an important reservoir for various tick-borne 

haemoparasites (Oura et al., 2011a; Oura et al., 2011b; Gachohi et al., 2012; Fyumagwa et al., 

2013; Walker et al., 2014). Therefore a high prevalence of carrier buffalo means that buffalo 

are likely to be the dominant species in transmission of tick-borne pathogens to cattle at the 

wildlife-livestock interface. The elimination of tick-borne infections from cattle is unlikely to 

be accomplished solely by frequent acaricide use on cattle when grazing land is shared with 

buffalo. A recent study showed that acaricide use on domestic cattle did not prevent 
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transmission of T. parva to cattle at the wildlife-livestock interface in Kenya (Walker et al., 

2014). Under the current control strategies in pastoral areas of East Africa, which target ticks 

on cattle only, pathogenic species like T. parva are likely to remain a significant problem in 

the region, and control will require continuous use of acaricides, which has significant 

economic and ecological consequences.  

 

In this study, the pastoralists indicated lack of money as one of the constraints to the control 

of ticks and TBDs. Furthermore, there was limited access to acaricides and conventional 

therapeutic drugs. Various studies in East Africa have shown that the use of ethnoveterinary 

medicine by pastoralists to control livestock diseases and vectors is common (Gradé et al., 

2009; Nabukenya et al., 2014; Byaruhanga et al., 2015). The use of ethnoveterinary botanicals 

is sustainable and ecologically sound because the plants are locally available and the acaricidal 

compounds are potentially easy to produce. The plants are, therefore, a great potential for 

cheaper alternative to expensive conventional medicine. A further advantage from the use of 

the compounds from the plants is that resistance develops slowly because there is usually a 

mixture of different active agents with different mechanisms of action (Habeeb, 2010). 

Ethnoveterinary plants have been evaluated and found to have acaricidal activities. A study 

in South Africa showed that ethanol extracts of the plant species Calpurnia aurea (leaves, 

flowers) and Cissus quadrangularis (stems) had a good acaricidal activity (>80% mortality) 

against larvae of R. decoloratus in an in vitro experiment (Fouche et al., 2016). In another in 

vitro study in the Democratic Republic of Congo, Kalume et al. (2012) demonstrated a 100% 

acaricidal effect of ethanol extracts of Tephrosia vogelii against adults of R. appendiculatus. 

In the present study, the livestock keepers interviewed mentioned that ethnoveterinary 

plants were less effective to control ticks, and were used as a desperate measure when 

conventional drugs were not available. However, from our observation, the plant products 

were not processed appropriately, and possibly the active compounds, which have acaricidal 

activity, were not effectively extracted.   
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A strategy to mitigate the impact of TBDs in pastoral areas should also include early 

management of clinical cases. However, cattle often become long-term asymptomatic 

carriers of T. parva following treatment or spontaneous recovery, thereby maintaining the 

parasite population (Kariuki et al., 1995; Kabi et al., 2014). For anaplasmosis, imidocarb is 

effective in treating the disease and also eliminates A. marginale from carrier animals 

(Potgieter and Stoltsz, 2004). Chemosterilisation for A. marginale was also demonstrated in 

cattle following oral administration of chlortetracycline for up 80 days (Reinbold et al., 2010). 

However, the recommendation of this practice should be scrutinised because of the potential 

to inadvertently disrupt endemic stability by chemosterilising infected cattle; furthermore, 

chemosterilised cattle are susceptible to re-infection (Reinbold et al., 2010). 

Chemoprophylaxis with imidocarb can protect animals from clinical babesiosis while allowing 

the development of immunity. However, there are concerns about residues in milk and meat, 

and this drug is expensive for most livestock keepers (CFSPH, 2008). Veterinary services are 

also essential as a source of knowledge for appropriate use of drugs and proper husbandry 

practices, and monitoring immunisation. Given the scarcity of veterinarians in rural pastoral 

areas, the activities of CAHWs can be strengthened through training, improving access to 

supply of drugs and equipment, and putting in place appropriate policies (Swai et al., 2014).  

 

7.2 Conclusions 

We investigated the epidemiology and diversity of tick-borne haemoparasite infections 

amongst transhumant Zebu cattle in Karamoja Region, Uganda, using PE methods, serological 

techniques, tick vector assessment and molecular techniques. Our PE results indicated that 

Karamoja cattle keepers regard TBDs, in particular ECF and anaplasmosis, as the most 

important diseases of cattle due to high morbidity, high case fatality rates and treatment costs 

associated with the diseases. Control of ticks was done mostly by daily hand picking of ticks 

and irregular hand spraying with acaricides. The main constraints to the control activities 

were inadequate knowledge to manage the diseases, inadequate veterinary services and 
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limited availability of drugs. Inappropriate control practices and constraints to the control of 

ticks and TBDs may have contributed to the high morbidity and mortality. 

 

The low seroprevalence for T. parva in this study may be attributed to low T. parva infection 

challenge from ticks. This suggests a high likelihood of ECF in the animals at the time of peak 

exposure to T. parva and increased likelihood of disease following a single exposure. There 

seems to be a high level of endemic instability for ECF (T. parva infections) in the Karamoja 

Region that may be resultimg in high levels of mortality in all age groups of cattle in the region. 

High seroprevalence for A. marginale may be attributed to biological and mechanical 

transmission leading to high persistent infections, and subsequent seropositivity. Tick species 

that have not been reported in recent studies in Uganda were found in Karamoja Region. This 

may suggest that the ticks are spreading into Karamoja Region from neighbouring countries 

(especially Kenya), possibly due to uncontrolled animal movements and sharing of grazing 

areas with cross-border communities. The high tick infestation amongst cattle is likely to 

increase the risk of exposure of cattle to tick-borne pathogens. In general, this study 

demonstrated a high prevalence (nearly all cattle) and diversity of tick-borne haemoparasites 

amongst cattle in Karamoja Region. The prevalence was higher than previously reported from 

other parts of Uganda. The high prevalence of T. mutans and T. velifera infections amongst 

cattle may interfere with the diagnosis and control of theileriosis in cattle.  

 

There was variation over the full-length 18S rRNA gene for B. bigemina and T. mutans, 

indicating a wide genotypic diversity of these species. The low proportions of cattle in which 

parasitaemia for the more pathogenic parasites, T. parva, E. ruminantium, B. bigemina, was 

detected may indicate a likelihood of increased susceptibility of the cattle population to ECF, 

heartwater and babesiosis. The 16S rRNA gene sequence and phylogenetic analyses for A. 

marginale showed heterogeneity, indicating a variation in A. marginale strains in Karamoja. 

Amplification of the msp1α gene revealed multiple amplicons of different lengths from 

individual samples, which indicates infection with more than one A. marginale strain. We 

found four different kinds of msp1α tandem repeat sequences (UP39-F-M2-3), which 
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correspond to one strain of A. marginale that is unique to Karamoja cattle. One of the tandem 

repeats (UP39) was reported for the first time in this study. Our findings suggest significant 

effects of TBDs on cattle and this impacts cattle productivity and the livelihoods of the 

pastoralists. The information from this study can be used as a basis for planning future 

strategies for the control of TBDs in the study area and other pastoral areas in eastern Africa. 

 

7.3 Recommendations 

More effective control and prevention measures against TBDs should urgently be 

implemented in Karamoja Region. Given the relatively high incidence and case fatality rates 

of ECF, there is need to introduce and promote ITM vaccination to control ECF amongst cattle. 

Calves of 5 to 9 months, that are free from ECF, should be vaccinated so that acquired 

immunity is attained in the adults. The local governments and non-governmental 

organisations in the region should facilitate the immunisation initiative by providing financial 

and logistical support for delivery, storage and application of the vaccine. The immunisation 

technology can be promoted by facilitating the formation of cooperative associations of 

livestock keepers to facilitate the purchase of the vaccine, which individual herd owners 

cannot afford, since the vaccines comes in doses of 40. This will assist fast adoption once the 

vaccine becomes available. Owing to the high distribution of tick vectors amongst cattle in 

Karamoja Region, immunisation may contribute to the attainment of endemic stability to ECF. 

However, it will still be necessary to control ticks as ticks carry diseases besides ECF. Mild 

exposure to ticks is important to keep animals immune for life. The findings from this study 

will be presented to GALVmed and other stakeholders involved in the production and 

deployment of the ECF vaccine for possible financial support of vaccination of cattle in 

Karamoja Region.  

 

High tick infestation and high diversity of tick species were encountered amongst cattle in this 

study. Pastoralists should be sensitised to improve their ecological knowledge of the seasonal 

activity of ticks if strategic treatment with acaricides is to be successful. Strategic tick control, 
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during periods of high tick numbers, is required to allow the infected ticks to naturally sustain 

endemic stability through continuous challenge. Treatment before the natural peak of adults 

will suppress their numbers, reduce greatly the number of eggs, and result in many fewer 

adults and nymphs for the rest of the year. This will reduce acaricide use and other treatment 

expenses. A rational strategy for the control of ticks must also feature appropriate policies on 

drug usage and management. Extension services in Karamoja Region need to be improved. 

The government of Uganda should provide incentives to motivate veterinarians to work in 

the Karamoja Region. Veterinary services are essential as a source of knowledge for 

appropriate use of drugs and proper husbandry practices, and monitoring immunisation. 

Furthermore, a more creative and ‘pastoralist-friendly’ information network is needed to 

advise the livestock keepers. There is need to increase farmer awareness about the biology 

and ecology of tick species in the grazing areas and the clinical picture of TBDs, so as to 

optimise both the use of acaricides, by applying the most appropriate frequency, and early 

management of infection. Given the scarcity of veterinarians in rural pastoral areas, the 

activities of CAHWs can be strengthened through continuous training, improving access to 

supply of drugs and equipment, and putting appropriate policies in place. The local 

governments in Karamoja Region should create a favourable business environment so as to 

motivate private companies to extend and scale-up veterinary drug supplies, at modest 

prices, to the region. 

 

Long term approaches to the control of TBDs in Karamoja Region could target control of ticks 

by use of anti-tick vaccines, establishment of dip tanks and control transmission at the 

wildlife-livestock interface. There is also need for further research to generate more 

knowledge of TBDs and facilitate control strategies. Approaches for the control of TBDs in 

livestock keeping areas should involve adaptive trials and integration of appropriate anti-tick 

vaccines, especially those that can offer protection against multiple tick species, in control 

programmes. Control of ticks by vaccination has the advantages of being cost-effective, 

reducing environmental contamination and controlling both tick numbers and disrupting the 

tick vector-pathogen interface. Dip tanks are an efficient, practical and convenient means of 
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applying acaricide to livestock herds. The government of Uganda should facilitate the 

rehabilitation of the dilapidated dip tanks in Karamoja Region and construction of new ones. 

The livestock extension workers in the region can assist to improve the organisational skills of 

livestock keepers, through cooperative societies, to mitigate the problem of funding; thus 

providing a sustainable community-based model using cattle dips to reduce losses due to ticks 

and TBDs and increase cattle productivity.  

 

Lack of money to buy acaricides was mentioned by the pastoralists as one of the constraints 

to the control of TBDs in this study. We suggest that plant species especially those that have 

shown the highest consensus amongst Karamojong pastoralists (Byaruhanga et al., 2015), 

with regard to tick control, should be subjected to pharmacological studies for their anti-tick 

activity, and then processed and promoted for use in pastoral areas. The elimination of tick-

borne infections from cattle is unlikely to be accomplished solely by frequent acaricide use on 

cattle when grazing land is shared with buffalo. Long-term strategies to control transmission 

of TBDs at the wildlife-livestock interface should include the creation of grazing barriers 

between national parks or game reserves and the grazing areas for livestock. This can be done 

by electronic fencing and creation of grazing buffer zones so as to limit contact and 

transmission of diseases between wildlife and domestic animals. Further studies on the most 

important tick-borne infections in the area, including characterisation of multiple strains of 

tick-borne pathogens and their potential use as vaccines for cattle may enhance the control 

of TBDs. There is a need to investigate A. marginale genotypes from cattle in Uganda to 

provide more comprehensive data of diversity of A. marginale strains and investigate the 

possibility of superinfection in cattle.  

 

With regard to the endemic status of TBDs, more work would be required to generate data 

related to infection rates of ticks by pathogens, serial seroprevalence of antibodies in cattle, 

disease incidence for animals with diverse genotypes, and the dynamics of tick species 

diversity and burden over different years or seasons. There is need to investigate and predict 

the incidence of TBDs and seroprevalence to tick-borne infections in areas/farms/individual 
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animals with differing combinations of predictive factors including host genotype, 

genetic/antigenic diversity of pathogen, climatic variations, grazing system, tick burden, tick 

and TBD control approaches, and infection challenge in ticks. This will provide more 

comprehensive information on the endemic status of TBDs amongst cattle. Future studies 

should also evaluate the efficacy of other potential control methods on the tick species 

present, including the use of acaricides (various compositions, spraying intervals and 

application methods), which may contribute to the development of cost-effective methods 

for control of ticks and TBDs. Research should also target the contribution of multiple host 

species, including wildlife. The potential of the ticks as vectors of diseases of livestock, wildlife 

and humans should be further investigated, by testing the ticks for pathogens and conducting 

transmissibility studies.   
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Appendix 1: Table showing the detection of antibodies in serum samples of 397 cattle using 

competitive enzyme-linked immunosorbent assay [cELISA] (Anaplasma marginale) and 

indirect fluorescent antibody test [IFAT] (Theileria parva). The samples were collected from 

20 herds in two districts of Karamoja Region, Uganda, from November 2013 through January 

2014. The results are indicated as ‘+’ for positive and ‘-‘ for negative.  

S/No. District Identity 
of herd 

Identity 
of cattle 

Sex of 
cattle 

Age of 
cattle 

(months) 

cELISA for 
Anaplasma 
marginale 

IFAT for 
Theileria 

parva 

1 Moroto 1 MT1-1 F 12 + + 

2 Moroto 1 MT1-2 F 12 - - 

3 Moroto 1 MT1-3 F 12 + - 

4 Moroto 1 MT1-4 M 12 + - 

5 Moroto 1 MT1-5 F 12 + - 

6 Moroto 1 MT1-6 F 8 + - 

7 Moroto 1 MT1-7 F 9 + + 

8 Moroto 1 MT1-8 F 7 + + 

9 Moroto 1 MT1-9 F 18 + - 

10 Moroto 1 MT1-11 F 15 + - 

11 Moroto 1 MT1-12 F 18 + - 

12 Moroto 1 MT1-14 F 14 + + 

13 Moroto 1 MT1-15 F 9 + + 

14 Moroto 1 MT1-16 F 17 + + 

15 Moroto 1 MT1-17 F 18 + - 

16 Moroto 2 MT2-1 M 10 + + 

17 Moroto 2 MT2-2 F 18 + + 

18 Moroto 2 MT2-3 M 8 + - 

19 Moroto 2 MT2-4 F 36 + + 

20 Moroto 2 MT2-7 F 24 + - 

21 Moroto 2 MT2-9 F 12 + + 

22 Moroto 2 MT2-11 F 24 + - 

23 Moroto 2 MT2-12 M 18 + - 

24 Moroto 2 MT2-13 F 12 + - 

25 Moroto 2 MT2-14 F 24 + - 

26 Moroto 2 MT2-15 F 7 + - 

27 Moroto 2 MT2-21 F 36 + - 

28 Moroto 2 MT2-24 F 6 + - 

29 Moroto 2 MT2-25 M 5 + + 
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S/No. District Identity 
of herd 

Identity 
of cattle 

Sex of 
cattle 

Age of 
cattle 

(months) 

cELISA for 
Anaplasma 
marginale 

IFAT for 
Theileria 

parva 

30 Moroto 2 MT2-26 F 6 + - 

31 Moroto 3 MT3-1 F >48 + - 

32 Moroto 3 MT3-2 F 36 + - 

33 Moroto 3 MT3-3 F 24 + - 

34 Moroto 3 MT3-4 F 14 + - 

35 Moroto 3 MT3-5 M 12 + - 

36 Moroto 3 MT3-6 M 10 + - 

37 Moroto 3 MT3-7 M 9 + - 

38 Moroto 3 MT3-8 M 11 + - 

39 Moroto 3 MT3-9 F 48 + - 

40 Moroto 3 MT3-10 F 12 + - 

41 Moroto 3 MT3-11 F 9 + + 

42 Moroto 3 MT3-12 F >48 + - 

43 Moroto 3 MT3-13 M 15 + + 

44 Moroto 3 MT3-14 F 10 + + 

45 Moroto 3 MT3-15 F 11 + - 

46 Moroto 4 MT4-1 F 8 + - 

47 Moroto 4 MT4-2 M 8 + - 

48 Moroto 4 MT4-3 F 24 + + 

49 Moroto 4 MT4-4 F 24 + + 

50 Moroto 4 MT4-6 F 18 + - 

51 Moroto 4 MT4-7 F 20 + + 

52 Moroto 4 MT4-8 F 24 + - 

53 Moroto 4 MT4-9 F >48 + + 

54 Moroto 4 MT4-10 F 42 + - 

55 Moroto 4 MT4-12 F 30 + - 

56 Moroto 4 MT4-13 M 8 + + 

57 Moroto 4 MT4-14 F 12 + + 

58 Moroto 4 MT4-15 M 15 + + 

59 Moroto 4 MT4-16 F >48 + + 

60 Moroto 4 MT4-17 M 24 + + 

61 Moroto 5 MT5-1 F 12 + + 

62 Moroto 5 MT5-2 F 13 + + 

63 Moroto 5 MT5-3 F 13 + - 

64 Moroto 5 MT5-4 F 15 + - 

65 Moroto 5 MT5-5 F 8 + + 

66 Moroto 5 MT5-6 F 11 + - 

67 Moroto 5 MT5-7 F 12 + - 
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S/No. District Identity 
of herd 

Identity 
of cattle 

Sex of 
cattle 

Age of 
cattle 

(months) 

cELISA for 
Anaplasma 
marginale 

IFAT for 
Theileria 

parva 

68 Moroto 5 MT5-8 F 18 + + 

69 Moroto 5 MT5-9 F 9 + - 

70 Moroto 5 MT5-10 F 10 + + 

71 Moroto 5 MT5-11 F 18 + + 

72 Moroto 5 MT5-12 F 19 + + 

73 Moroto 5 MT5-13 F 16 + + 

74 Moroto 5 MT5-14 F 9 + - 

75 Moroto 5 MT5-15 F 15 + + 

76 Moroto 17 MR1-1 M 8 + - 

77 Moroto 17 MR1-2 M 12 - - 

78 Moroto 17 MR1-3 M 8 + - 

79 Moroto 17 MR1-4 F 8 - - 

80 Moroto 17 MR1-5 F >48 + - 

81 Moroto 17 MR1-6 F 42 + - 

82 Moroto 17 MR1-7 M 10 + - 

83 Moroto 17 MR1-8 M 14 + - 

84 Moroto 17 MR1-9 F >48 + - 

85 Moroto 17 MR1-10 F 7 + - 

86 Moroto 17 MR1-12 F 42 + - 

87 Moroto 17 MR1-13 F 42 + - 

88 Moroto 17 MR1-14 F 42 + - 

89 Moroto 17 MR1-15 F 36 + - 

90 Moroto 17 MR1-16 M 42 + - 

91 Moroto 18 MR2-1 F >48 + - 

92 Moroto 18 MR2-2 M 36 + - 

93 Moroto 18 MR2-3 F 24 + - 

94 Moroto 18 MR2-4 F >48 + - 

95 Moroto 18 MR2-5 F >48 + - 

96 Moroto 18 MR2-6 M >48 + - 

97 Moroto 18 MR2-7 M 30 + - 

98 Moroto 18 MR2-8 M >48 + - 

99 Moroto 18 MR2-9 F 36 + - 

100 Moroto 18 MR2-10 M 36 + - 

101 Moroto 18 MR2-11 F 30 + - 

102 Moroto 18 MR2-17 F 7 + - 

103 Moroto 18 MR2-18 F 12 + - 

104 Moroto 18 MR2-19 F 24 + - 

105 Moroto 18 MR2-20 M 12 + - 
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S/No. District Identity 
of herd 

Identity 
of cattle 

Sex of 
cattle 

Age of 
cattle 

(months) 

cELISA for 
Anaplasma 
marginale 

IFAT for 
Theileria 

parva 

106 Moroto 19 MR3-1 M 18 + - 

107 Moroto 19 MR3-2 F 10 + - 

108 Moroto 19 MR3-3 F 42 + - 

109 Moroto 19 MR3-4 F 30 + - 

110 Moroto 19 MR3-5 F 10 + - 

111 Moroto 19 MR3-6 F 10 + - 

112 Moroto 19 MR3-7 F 10 + - 

113 Moroto 19 MR3-8 F 11 + - 

114 Moroto 19 MR3-9 F 24 + - 

115 Moroto 19 MR3-10 F 24 + - 

116 Moroto 19 MR3-11 M 24 + - 

117 Moroto 19 MR3-13 F 42 + - 

118 Moroto 19 MR3-14 F 18 + - 

119 Moroto 19 MR3-15 M 6 + - 

120 Moroto 19 MR3-16 F 7 + - 

121 Moroto 20 MR4-1 M >48 + - 

122 Moroto 20 MR4-2 F 30 + - 

123 Moroto 20 MR4-3 M >48 + - 

124 Moroto 20 MR4-4 F >48 + - 

125 Moroto 20 MR4-5 M 30 + - 

126 Moroto 20 MR4-6 M 36 + - 

127 Moroto 20 MR4-7 F >48 + - 

128 Moroto 20 MR4-8 F 30 + - 

129 Moroto 20 MR4-9 F 36 + - 

130 Moroto 20 MR4-10 M 30 + - 

131 Moroto 20 MR4-11 F 36 + - 

132 Moroto 20 MR4-12 F 36 + - 

133 Moroto 20 MR4-20 F 5 - - 

134 Moroto 20 MR4-21 F 6 - - 

135 Moroto 20 MR4-22 M 12 - - 

136 Moroto 21 MR5-1 M 24 - - 

137 Moroto 21 MR5-2 M 9 - - 

138 Moroto 21 MR5-3 F 8 - - 

139 Moroto 21 MR5-4 F 9 - - 

140 Moroto 21 MR5-5 F 42 - - 

141 Moroto 21 MR5-6 M 7 - + 

142 Moroto 21 MR5-7 F 12 - - 

143 Moroto 21 MR5-8 F 36 - - 
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S/No. District Identity 
of herd 

Identity 
of cattle 

Sex of 
cattle 

Age of 
cattle 

(months) 

cELISA for 
Anaplasma 
marginale 

IFAT for 
Theileria 

parva 

144 Moroto 21 MR5-10 F 8 + - 

145 Moroto 21 MR5-11 M 8 + - 

146 Moroto 21 MR5-12 M 6 + - 

147 Moroto 21 MR5-13 M 5 + - 

148 Moroto 21 MR5-14 M 5 + - 

149 Moroto 21 MR5-18 F 42 + + 

150 Moroto 21 MR5-19 M 12 + - 

151 Kotido 6 KN1-1 F >48 + - 

152 Kotido 6 KN1-2 F >48 + - 

153 Kotido 6 KN1-3 M 9 + - 

154 Kotido 6 KN1-4 M 9 + - 

155 Kotido 6 KN1-5 F 24 + - 

156 Kotido 6 KN1-6 F >48 + - 

157 Kotido 6 KN1-7 F 36 + - 

158 Kotido 6 KN1-8 M >48 + - 

159 Kotido 6 KN1-9 F >48 + - 

160 Kotido 6 KN1-10 F >48 + - 

161 Kotido 6 KN1-11 F 30 + - 

162 Kotido 6 KN1-12 F >48 + - 

163 Kotido 6 KN1-13 F >48 + - 

164 Kotido 6 KN4-1 M >48 + - 

165 Kotido 6 KN4-2 F >48 + - 

166 Kotido 7 KN2-1 F 36 + - 

167 Kotido 7 KN2-2 F 30 + - 

168 Kotido 7 KN2-3 F 30 + - 

169 Kotido 7 KN2-4 F 36 + - 

170 Kotido 7 KN2-5 F >48 + - 

171 Kotido 7 KN2-6 F >48 + - 

172 Kotido 7 KN2-7 F 12 + - 

173 Kotido 7 KN2-8 F 8 + - 

174 Kotido 7 KN2-9 F >48 - - 

175 Kotido 7 KN2-10 F >48 + - 

176 Kotido 7 KN2-11 F 36 + - 

177 Kotido 7 KN2-12 F 42 + - 

178 Kotido 7 KN2-13 F 42 + - 

179 Kotido 7 KN2-14 F 42 + - 

180 Kotido 7 KN2-15 F 36 + - 

181 Kotido 8 KN3-1 F 24 + - 
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S/No. District Identity 
of herd 

Identity 
of cattle 

Sex of 
cattle 

Age of 
cattle 

(months) 

cELISA for 
Anaplasma 
marginale 

IFAT for 
Theileria 

parva 

182 Kotido 8 KN3-2 M 12 + - 

183 Kotido 8 KN3-3 M 9 + - 

184 Kotido 8 KN3-4 M >48 + - 

185 Kotido 8 KN3-5 M 36 + - 

186 Kotido 8 KN3-6 F >48 + - 

187 Kotido 8 KN3-7 F >48 + - 

188 Kotido 8 KN3-8 F 48 + - 

189 Kotido 8 KN3-9 F 42 + - 

190 Kotido 8 KN3-10 M 7 + - 

191 Kotido 8 KN3-11 M 9 + - 

192 Kotido 8 KN3-12 F 42 + - 

193 Kotido 8 KN3-13 M 36 + - 

194 Kotido 8 KN3-14 F 30 - - 

195 Kotido 8 KN3-15 M 12 + - 

196 Kotido 11 KN5-1 F >48 + - 

197 Kotido 11 KN5-2 F >48 + - 

198 Kotido 11 KN5-3 F 24 + - 

199 Kotido 11 KN5-4 F 30 + - 

200 Kotido 11 KN5-5 F >48 + - 

201 Kotido 11 KN5-6 F 8 + - 

202 Kotido 11 KN5-7 F 7 + - 

203 Kotido 11 KN5-8 F 8 + - 

204 Kotido 11 KN5-9 M 9 + - 

205 Kotido 11 KN5-10 F 18 + - 

206 Kotido 11 KN5-11 M 8 - - 

207 Kotido 11 KN5-12 F 9 + - 

208 Kotido 11 KN5-13 F 42 + - 

209 Kotido 11 KN5-14 F 9 - - 

210 Kotido 11 KN5-15 F 12 + - 

211 Kotido 10 KN6-1 F >48 + - 

212 Kotido 10 KN6-2 F 36 + - 

213 Kotido 10 KN6-3 F >48 + - 

214 Kotido 10 KN6-4 F 36 + - 

215 Kotido 10 KN6-5 F 42 + - 

216 Kotido 10 KN6-6 F >48 + - 

217 Kotido 10 KN6-7 F 30 + - 

218 Kotido 10 KN6-8 F 9 + - 

219 Kotido 10 KN6-9 F 36 + - 
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S/No. District Identity 
of herd 

Identity 
of cattle 

Sex of 
cattle 

Age of 
cattle 

(months) 

cELISA for 
Anaplasma 
marginale 

IFAT for 
Theileria 

parva 

220 Kotido 10 KN6-10 F >48 + - 

221 Kotido 10 KN6-18 F 7 + - 

222 Kotido 10 KN6-19 M 7 + - 

223 Kotido 10 KN6-20 F 6 - - 

224 Kotido 10 KN6-24 M 12 + - 

225 Kotido 10 KN6-27 M 6 + - 

226 Kotido 12 KR1-1 M 8 + - 

227 Kotido 12 KR1-2 M 12 + - 

228 Kotido 12 KR1-3 F 7 + - 

229 Kotido 12 KR1-4 F 9 + - 

230 Kotido 12 KR1-5 F 24 + - 

231 Kotido 12 KR1-6 F 18 - - 

232 Kotido 12 KR1-7 F 36 - - 

233 Kotido 12 KR1-8 F 24 - - 

234 Kotido 12 KR1-9 F 48 - - 

235 Kotido 12 KR1-10 F 36 + - 

236 Kotido 12 KR1-11 M 7 + - 

237 Kotido 12 KR1-12 M 8 + - 

238 Kotido 12 KR1-13 F 36 + - 

239 Kotido 12 KR1-14 M 8 + - 

240 Kotido 12 KR1-15 F 24 - - 

241 Kotido 13 KR2-1 F 30 + - 

242 Kotido 13 KR2-2 F 48 + - 

243 Kotido 13 KR2-3 F 36 + - 

244 Kotido 13 KR2-4 F 24 + - 

245 Kotido 13 KR2-5 F >48 + - 

246 Kotido 13 KR2-6 F 48 + - 

247 Kotido 13 KR2-7 F 36 + - 

248 Kotido 13 KR2-8 F >48 + - 

249 Kotido 13 KR2-9 F 36 + - 

250 Kotido 13 KR2-10 F 36 + - 

251 Kotido 13 KR2-11 F 18 + - 

252 Kotido 13 KR2-27 F 6 + - 

253 Kotido 13 KR2-28 F 6 + - 

254 Kotido 13 KR2-29 M 6 + - 

255 Kotido 13 KR2-30 M 6 + - 

256 Kotido 14 KR3-1 F 30 + - 

257 Kotido 14 KR3-2 F 18 + - 
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S/No. District Identity 
of herd 

Identity 
of cattle 

Sex of 
cattle 

Age of 
cattle 

(months) 

cELISA for 
Anaplasma 
marginale 

IFAT for 
Theileria 

parva 

258 Kotido 14 KR3-3 F 36 + - 

259 Kotido 14 KR3-4 F 36 + - 

260 Kotido 14 KR3-5 F >48 + - 

261 Kotido 14 KR3-6 F 42 + - 

262 Kotido 14 KR3-7 F 36 + - 

263 Kotido 14 KR3-8 F 24 + - 

264 Kotido 14 KR3-9 F 30 + - 

265 Kotido 14 KR3-10 F 30 + - 

266 Kotido 14 KR3-11 F 30 - - 

267 Kotido 14 KR3-12 F 36 + - 

268 Kotido 14 KR3-13 F 36 + - 

269 Kotido 14 KR3-17 F 6 + - 

270 Kotido 14 KR3-18 M 5 + - 

271 Kotido 15 KR4-2 M 9 _ - 

272 Kotido 15 KR4-3 M 9 + - 

273 Kotido 15 KR4-4 F 8 - - 

274 Kotido 15 KR4-5 F 36 + - 

275 Kotido 15 KR4-6 F >48 + - 

276 Kotido 15 KR4-7 F 12 + - 

277 Kotido 15 KR4-8 F 36 + - 

278 Kotido 15 KR4-9 F 6 + - 

279 Kotido 15 KR4-10 F 36 - - 

280 Kotido 15 KR4-11 F 24 - - 

281 Kotido 15 KR4-12 F >48 + - 

282 Kotido 15 KR4-13 F 48 + - 

283 Kotido 15 KR4-14 F >48 + - 

284 Kotido 15 KR4-15 F 5 + - 

285 Kotido 15 KR4-16 F 5 + - 

286 Kotido 16 KR5-1 F 42 + - 

287 Kotido 16 KR5-2 M 48 + - 

288 Kotido 16 KR5-3 F 36 + - 

289 Kotido 16 KR5-4 F 8 + - 

290 Kotido 16 KR5-5 F 48 + - 

291 Kotido 16 KR5-6 F 30 + - 

292 Kotido 16 KR5-7 F 24 + - 

293 Kotido 16 KR5-8 F 48 + - 

294 Kotido 16 KR5-9 F 36 + - 

295 Kotido 16 KR5-10 F 24 + - 
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S/No. District Identity 
of herd 

Identity 
of cattle 

Sex of 
cattle 

Age of 
cattle 

(months) 

cELISA for 
Anaplasma 
marginale 

IFAT for 
Theileria 

parva 

296 Kotido 16 KR5-11 F 36 - - 

297 Kotido 16 KR5-27 M 7 - - 

298 Kotido 16 KR5-28 M 9 + - 

299 Kotido 16 KR5-29 F 7 + - 

300 Kotido 16 KR5-30 F 7 + - 

301 Moroto 17 MR1-17 F 7 + - 

302 Moroto 17 MR1-18 M 6 + - 

303 Moroto 17 MR1-21 F 8 + - 

304 Moroto 17 MR1-22 F 7 - + 

305 Moroto 17 MR1-24 M 10 + - 

306 Moroto 18 MR2-21 F 6 + - 

307 Moroto 18 MR2-22 F 6 - - 

308 Moroto 18 MR2-23 F 12 - - 

309 Moroto 18 MR2-24 F 8 + + 

310 Moroto 18 MR2-30 F 6 + - 

311 Moroto 19 MR3-12 M 11 + - 

312 Moroto 19 MR3-17 M 8 + - 

313 Moroto 19 MR3-18 M 7 - + 

314 Moroto 19 MR3-19 M 7 - - 

315 Moroto 19 MR3-20 F 6 + - 

316 Moroto 20 MR4-18 M 8 + - 

317 Moroto 20 MR4-19 M 6 + - 

318 Moroto 20 MR4-23 F 8 + - 

319 Moroto 20 MR4-24 M 12 + - 

320 Moroto 20 MR4-25 M 8 + - 

321 Moroto 20 MR4-26 F 9 - + 

322 Moroto 20 MR4-27 F 8 + + 

323 Moroto 20 MR4-28 M 6 - - 

324 Moroto 21 MR5-15 F 6 - - 

325 Moroto 21 MR5-16 M 7 + - 

326 Moroto 21 MR5-17 M 6 + - 

327 Moroto 21 MR5-20 M 10 + - 

328 Moroto 21 MR5-21 F 9 - - 

329 Moroto 1 MT1-25 F 24 + - 

330 Moroto 1 MT1-26 F 12 + + 

331 Moroto 1 MT1-27 F >48 + - 

332 Moroto 1 MT1-28 F >48 + + 

333 Moroto 2 MT2-8 F 36 + - 
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S/No. District Identity 
of herd 

Identity 
of cattle 

Sex of 
cattle 

Age of 
cattle 

(months) 

cELISA for 
Anaplasma 
marginale 

IFAT for 
Theileria 

parva 

334 Moroto 2 MT2-18 M 7 + + 

335 Moroto 2 MT2-19 F 15 + + 

336 Moroto 2 MT2-20 F 24 + + 

337 Moroto 2 MT2-22 F 6 + - 

338 Moroto 2 MT2-23 F 12 + - 

339 Moroto 3 MT3-16 F 12 + + 

340 Moroto 3 MT3-19 F 12 + + 

341 Moroto 3 MT3-23 M 10 + - 

342 Moroto 3 MT3-24 F 10 + - 

343 Moroto 3 MT3-26 M 12 + + 

344 Moroto 3 MT3-29 F 9 - - 

345 Moroto 3 MT3-30 F 12 + - 

346 Moroto 3 MT3-31 F 12 + + 

347 Moroto 3 MT3-32 F 9 + + 

348 Moroto 4 MT4-5 F >48 + + 

349 Moroto 4 MT4-20 M 24 + + 

350 Moroto 4 MT4-23 F 7 + - 

351 Moroto 4 MT4-25 M 7 + - 

352 Moroto 4 MT4-27 F 9 + - 

353 Moroto 5 MT5-18 F 19 + - 

354 Moroto 5 MT5-19 F 18 + - 

355 Moroto 5 MT5-20 F 24 + - 

356 Moroto 5 MT5-30 F 10 + - 

357 Moroto 5 MT5-32 F 20 + - 

358 Kotido 12 KR1-16 F 7 + - 

359 Kotido 12 KR1-17 F 18 + + 

360 Kotido 12 KR1-22 M 7 + + 

361 Kotido 12 KR1-26 M 8 + + 

362 Kotido 12 KR1-31 M 6 + - 

363 Kotido 13 KR2-12 F >48 + - 

364 Kotido 13 KR2-13 F >48 - - 

365 Kotido 13 KR2-14 F 36 + - 

366 Kotido 13 KR2-15 F 36 + - 

367 Kotido 13 KR2-24 F 18 + - 

368 Kotido 14 KR3-14 F 30 + - 

369 Kotido 14 KR3-15 F 42 + - 

370 Kotido 14 KR3-16 F >48 - - 

371 Kotido 15 KR4-17 M 5 + - 
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S/No. District Identity 
of herd 

Identity 
of cattle 

Sex of 
cattle 

Age of 
cattle 

(months) 

cELISA for 
Anaplasma 
marginale 

IFAT for 
Theileria 

parva 

372 Kotido 15 KR4-19 M 6 + - 

373 Kotido 15 KR4-20 F 9 - + 

374 Kotido 15 KR4-21 F 7 - - 

375 Kotido 15 KR4-22 F 36 + - 

376 Kotido 16 KR5-18 F 11 + - 

377 Kotido 16 KR5-24 M 9 + + 

378 Kotido 16 KR5-25 F 18 + - 

379 Kotido 6 KN4-3 F 12 + + 

380 Kotido 6 KN4-4 F 9 + - 

381 Kotido 7 KN2-16 F 48 - - 

382 Kotido 7 KN2-17 F 48 + - 

383 Kotido 7 KN2-18 F 48 + - 

384 Kotido 7 KN2-19 F 48 - - 

385 Kotido 8 KN3-16 F >48 + + 

386 Kotido 8 KN3-17 F >48 + + 

387 Kotido 8 KN3-18 F 30 + - 

388 Kotido 8 KN3-19 F 36 - - 

389 Kotido 8 KN3-20 M 18 + + 

390 Kotido 11 KN5-16 F 36 - - 

391 Kotido 11 KN5-17 M >48 - - 

392 Kotido 10 KN6-14 M 9 - - 

393 Kotido 10 KN6-15 F 8 - - 

394 Kotido 10 KN6-17 F 12 + - 

395 Kotido 10 KN6-22 M 11 - - 

396 Kotido 10 KN6-23 F 36 + - 

397 Moroto 1 MT1-24 F 24 + - 
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Appendix 2: Representative pictures of 

ticks, which were collected on cattle in 

Karamoja Region, from November 2013 

through January 2014 

 
Rhipicephalus pulchellus 
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Hyalomma truncatum 
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Appendix 3: Table showing the detection of Anaplasma marginale, A. centrale, Theileria 

parva and Ehrlichia ruminantium in blood samples of cattle using reverse line blot (RLB) 

hybridisation and quantitative real-time PCR (qPCR) assays. The samples were collected from 

20 herds in two districts of Karamoja Region, Uganda, from November 2013 through January 

2014. The results are indicated as ‘+’ for positive and ‘-‘ for negative. Cells with no result 

correspond to samples that were not tested. 

Cattle ID District A. marginale A. centrale T. parva E. ruminantium 

  RLB qPCR RLB qPCR RLB qPCR RLB qPCR 

MR1-1 Moroto + + + - - - - - 

MR1-2 Moroto + + + - - - - - 

MR1-3 Moroto + + - - - -   

MR1-5 Moroto + + + + - -   

MR2-18 Moroto + + + - - - - - 

MR2-19 Moroto - + + - - - - - 

MR2-20 Moroto + + - - - -   

MR2-21 Moroto + + + + - -   

MR3-14 Moroto + + - - - - - - 

MR3-15 Moroto + + + + - - - - 

MR3-16 Moroto + + + + - -   

MR3-17 Moroto + + + + - -   

MR4-5 Moroto + + - - - - - - 

MR4-6 Moroto + + - - - - - - 

MR4-7 Moroto - + - - - -   

MR4-8 Moroto + + - - - -   

MR5-1 Moroto + + + - - - - - 

MR5-2 Moroto + + + - - - - - 

MR5-3 Moroto + + + + - - - - 

MR5-4 Moroto + + + - - - - - 

MR5-14 Moroto - + - - - -   

MR5-18 Moroto - - - - - -   

MR5-19 Moroto + + - - - -   

MR5-23 Moroto - + + + - -   

MT5-1 Moroto + + - - - - - - 

MT5-2 Moroto - + + - - - - - 

MT5-3 Moroto + + + - - -   

MT5-4 Moroto - + + + - -   

MT4-9 Moroto + + - - - - - - 

MT4-10 Moroto + + - - - - - - 

MT4-11 Moroto + + - - - -   

MT4-12 Moroto + + - - - -   
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Cattle ID District A. marginale A. centrale T. parva E. ruminantium 

  RLB qPCR RLB qPCR RLB qPCR RLB qPCR 

MT3-17 Moroto + + - - - - - - 

MT3-18 Moroto + + - - - - - - 

MT3-19 Moroto + + + + - -   

MT3-20 Moroto + + - - - -   

MT2-6 Moroto - + - - - - - - 

MT2-7 Moroto + + - - - - - - 

MT2-8 Moroto - + - - - -   

MT2-9 Moroto + + + + - -   

MT1-27 Moroto + + - - - - - - 

MT1-30 Moroto - - - - - - - + 

MT1-29 Moroto - - - - - - - - 

MT1-28 Moroto + + - - - - - - 

MT1-5 Moroto - - - - - -   

MT1-6 Moroto - + - - - -   

MT1-7 Moroto - - - - - -   

MT1-8 Moroto + + - - - -   

MT5-17 Moroto + + - - - - - + 

MT5-18 Moroto + + - - - - - - 

MT5-19 Moroto + + - - - -   

MT5-20 Moroto + + - - - -   

KN6-23 Kotido + + - - - - - - 

KN6-24 Kotido + + - - - - - - 

KN6-25 Kotido + + - - - -   

KN6-27 Kotido + + - - - -   

KN2-1 Kotido - + - - - - - - 

KN2-2 Kotido - + - - - - - - 

KN2-3 Kotido + + + + - -   

KN2-4 Kotido + + - + - -   

KN5-4 Kotido + + - - - - - - 

KN5-5 Kotido + + - - - - - - 

KN5-6 Kotido - + - - - -   

KN5-7 Kotido + + + + - -   

KN1-9 Kotido + + - - - - - - 

KN1-10 Kotido + + - - - - - - 

KN1-11 Kotido + + - - - -   

KN1-12 Kotido + + - - - -   

KN3-1 Kotido - - - - - - - - 

KN3-2 Kotido + + - - - - - - 

KN3-3 Kotido + + + + - -   

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 

 
 
 



APPENDICES 

351 

 

 

 

Cattle ID District A. marginale A. centrale T. parva E. ruminantium 

  RLB qPCR RLB qPCR RLB qPCR RLB qPCR 

KN3-4 Kotido + + - - - -   

KN1-1 Kotido - + - - - - - - 

KN1-2 Kotido + - - - - - - - 

KN1-3 Kotido - - - - - -   

KN1-4 Kotido + + - - - -   

KR5-1 Kotido - + - - - - - - 

KR5-2 Kotido + + + + - - - - 

KR5-3 Kotido + + + - - - - - 

KR5-4 Kotido + + - - - - - - 

KR5-27 Kotido + + - - - -   

KR5-28 Kotido + + - - - -   

KR5-30 Kotido + + + + - -   

KR5-29 Kotido + + + + - -   

KR4-10 Kotido + + - - - - - - 

KR4-11 Kotido + + - - - - - - 

KR4-12 Kotido - - - - - -   

KR4-13 Kotido + + - - - -   

KR3-7 Kotido - + - - - - - - 

KR3-8 Kotido + - - - - - - - 

KR3-9 Kotido - - - - - -   

KR3-10 Kotido + + - - - -   

KR2-5 Kotido - - + - - - - - 

KR2-6 Kotido - - - - - - - - 

KR2-7 Kotido + - - - - -   

KR2-8 Kotido + + - - - -   

KR1-13 Kotido + + - - - - - - 

KR1-14 Kotido - - - - - - - - 

KR1-15 Kotido - - - - - -   

KR1-16 Kotido + + - - - -   

MR1-6 Moroto + + - - - - - - 

MR1-7 Moroto - - + + - - - - 

MR1-8 Moroto + + - - - - - - 

MR1-9 Moroto + + - - - - - - 

MR1-12 Moroto - + - - - -   

MR1-13 Moroto + + - - - -   

MR1-14 Moroto + + - - - -   

MR1-15 Moroto + + - - - -   

MR2-1 Moroto + + - - - - - - 

MR2-2 Moroto + + - - - - - - 
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Cattle ID District A. marginale A. centrale T. parva E. ruminantium 

  RLB qPCR RLB qPCR RLB qPCR RLB qPCR 

MR2-3 Moroto + + - - - - - - 

MR2-4 Moroto + + + + - - - - 

MR2-5 Moroto + - - - - -   

MR2-6 Moroto + + + - - -   

MR2-7 Moroto + + + - - -   

MR2-8 Moroto + + - - - -   

MR3-1 Moroto + + + + - - - - 

MR3-2 Moroto - + - - - - - - 

MR3-3 Moroto - - - - - - - - 

MR3-4 Moroto + + - - - - - - 

MR3-5 Moroto + + - - - -   

MR3-6 Moroto + + + - - -   

MR3-7 Moroto - - - - - -   

MR3-8 Moroto + + - - - -   

MR4-1 Moroto + + + + - - - - 

MR4-2 Moroto + + + + - - - - 

MR4-3 Moroto + + - - - - - - 

MR4-4 Moroto + + + + - - - - 

MR4-9 Moroto + + - - - +   

MR4-10 Moroto + + - - - -   

MR4-11 Moroto + + - - - -   

MR4-12 Moroto + + - - - -   

MR5-5 Moroto + + + - - - - - 

MR5-6 Moroto + + - - - - - - 

MR5-7 Moroto + + + - - -   

MR5-8 Moroto + + - - - -   

MT1-1 Moroto - + - - - - - - 

MT1-2 Moroto - + - - - - - - 

MT1-3 Moroto - - - - - -   

MT1-4 Moroto + + + + - -   

MT2-1 Moroto + + - - + + - - 

MT2-2 Moroto + + - - - + - - 

MT2-3 Moroto + + - - + - - - 

MT2-4 Moroto + + - - - + - - 

MT2-10 Moroto + + - - - -   

MT2-11 Moroto + + - - - -   

MT2-12 Moroto + + - - - -   

MT2-13 Moroto + + - - - -   

MT3-1 Moroto + + - - - - - - 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 

 
 
 



APPENDICES 

353 

 

 

 

Cattle ID District A. marginale A. centrale T. parva E. ruminantium 

  RLB qPCR RLB qPCR RLB qPCR RLB qPCR 

MT3-2 Moroto + + - - - - - - 

MT3-3 Moroto + + - - + - - - 

MT3-4 Moroto + + - - + - - - 

MT3-5 Moroto + + - - + -   

MT3-6 Moroto - + - - - -   

MT3-7 Moroto + + - - - -   

MT3-8 Moroto - - + - - -   

MT4-1 Moroto + + - - - - - - 

MT4-2 Moroto - - - - - + - - 

MT4-3 Moroto + + - - - - - - 

MT4-4 Moroto + + - - - - - - 

MT4-5 Moroto + + - - + +   

MT4-6 Moroto - + - - - -   

MT4-7 Moroto - - - - - -   

MT4-8 Moroto + + - - - -   

MT5-5 Moroto + + - - - - - - 

MT5-6 Moroto + + - - - - - - 

MT5-7 Moroto + + - - - -   

MT5-8 Moroto + + - - - -   

KN1-5 Kotido + + - - - - - - 

KN1-6 Kotido - - - - - - - - 

KN1-7 Kotido + + - - - -   

KN1-8 Kotido + + - - - -   

KN2-5 Kotido + + - - - - - - 

KN2-6 Kotido - + - - - - - - 

KN2-7 Kotido - - - - - - - - 

KN2-8 Kotido + + - - - - - - 

KN2-9 Kotido - + - - - -   

KN2-10 Kotido + + - - - -   

KN2-11 Kotido + + - - - -   

KN2-12 Kotido + + - - - -   

KN3-5 Kotido + + - - - - - - 

KN3-6 Kotido + + - - - - - - 

KN3-7 Kotido + + - - - - - - 

KN3-8 Kotido - + - - - - - - 

KN3-9 Kotido + + - - - -   

KN3-10 Kotido + - - - - -   

KN3-11 Kotido - - - - - -   

KN3-12 Kotido - - - - - -   
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Cattle ID District A. marginale A. centrale T. parva E. ruminantium 

  RLB qPCR RLB qPCR RLB qPCR RLB qPCR 

KN5-8 Kotido + + + + - - - - 

KN5-9 Kotido + + - - - + - - 

KN5-10 Kotido + + - - - - - - 

KN5-11 Kotido + + + + - - - - 

KN5-12 Kotido - - - - - -   

KN5-13 Kotido + + - - - -   

KN5-14 Kotido + + + + - -   

KN5-15 Kotido + + - - - -   

KN6-3 Kotido + + - - - + - - 

KN6-4 Kotido + + - - - - - - 

KN6-5 Kotido + + - - - - - - 

KN6-6 Kotido - - - - - - - - 

KN6-7 Kotido - + - - - -   

KN6-8 Kotido - - - - - -   

KN6-9 Kotido + + - - - -   

KN6-10 Kotido - - - - - -   

KR1-1 Kotido + + - - - - - - 

KR1-2 Kotido + + - - - - - - 

KR1-3 Kotido + + + - - - - - 

KR1-4 Kotido + + + + - - - - 

KR1-5 Kotido + + - - - -   

KR1-6 Kotido + + - - - -   

KR1-7 Kotido - + - - - -   

KR1-8 Kotido + + - - - -   

KR2-1 Kotido + + - - - - - - 

KR2-2 Kotido + + - - - - - - 

KR2-3 Kotido - + - - - - - - 

KR2-4 Kotido - - - - - - - - 

KR2-9 Kotido + + - - - -   

KR2-10 Kotido + + - - - -   

KR2-11 Kotido + + - - - -   

KR2-12 Kotido - + - - - -   

KR3-3 Kotido + + - - - - - - 

KR3-4 Kotido + + - - - - - - 

KR3-5 Kotido + + - - - - - - 

KR3-6 Kotido - - - - - - - - 

KR3-11 Kotido + + - - - -   

KR3-12 Kotido + - - - - -   

KR3-13 Kotido + + + - - -   
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Cattle ID District A. marginale A. centrale T. parva E. ruminantium 

  RLB qPCR RLB qPCR RLB qPCR RLB qPCR 

KR3-14 Kotido + + - - - -   

KR4-2 Kotido - - + - - - - - 

KR4-3 Kotido + + + + - - - - 

KR4-4 Kotido - - - - + - - - 

KR4-5 Kotido + + - - - - - - 

KR4-6 Kotido + + - - - -   

KR4-7 Kotido + - - - - -   

KR4-8 Kotido + + - - - -   

KR4-9 Kotido + + - - - -   

KR5-5 Kotido - - - - - - - - 

KR5-6 Kotido + + + - - - - - 

KR5-7 Kotido - - - - - -   

KR5-8 Kotido - + - - - -   
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Appendix 4: Table showing the detection of tick-borne pathogens in blood samples of 240 cattle using genus- and species-specific probes that 

were covalently linked to a Biodyne C blotting membrane in a reverse line blot hybridisation assay. The samples were collected from 20 herds in 

two districts of Karamoja Region, Uganda, from November 2013 through January 2014. The results are indicated as ‘+’ for positive and ‘-’ for 

negative. Genus-specific probes: E/A, Ehrlichia/Anaplasma; T/B, Theileria/Babesia; T, Theileria; B1, Babesia 1; B2, Babesia 2. 

Species-specific probes: A cent, Anaplasma centrale; A. marg, Anaplasma marginale; A. phag, Anaplasma phagocytophilum; A. bov, Anaplasma 

bovis; A. sp. Om, Anaplasma species Omatjenne; B. big, Babesia bigemina; T. mut, Theileria mutans; T. pv, Theileria parva; T. tauro, Theileria 

taurotragi; T. vel: Theileria velifera. 

  Reverse line blot hybridisation assay genus- and species-specific probes 

District Cattle ID E/A  A. cent A. marg A. phag A. bov A. sp. Om T/B  T  B1  B2  B. big T. mut T. pv T. tauro T. vel 

Moroto MR1-1 + + + - - - + + + + - + - - + 

Moroto MR1-2 + + + + - - + + - - - + - - + 

Moroto MR1-3 + - + - - + + + + + + + - - - 

Moroto MR1-5 + + + - - + + + - - - + - - + 

Moroto MR2-18 + + + - - - + + - - - + - - + 

Moroto MR2-19 + + - - - + + + - - - + - - - 

Moroto MR2-20 + - + - - + + + - - - + - - + 

Moroto MR2-21 + + + - - + + + - - - + - - - 

Moroto MR3-14 + - + - - + + + - - - + - - + 

Moroto MR3-15 + + + - - + + + - - - + - - - 

Moroto MR3-16 + + + - - + + + + + - + - - - 

Moroto MR3-17 + + + - - + + + + - - + - - + 

Moroto MR4-5 + - + - - + + + + - - + - - - 

Moroto MR4-6 + - + - - + + + - - - + - - + 

Moroto MR4-7 + - - - - - + + - - - + - - + 
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  Reverse line blot hybridisation assay genus- and species-specific probes 

District Cattle ID E/A  A. cent A. marg A. phag A. bov A. sp. Om T/B  T  B1  B2  B. big T. mut T. pv T. tauro T. vel 

Moroto MR4-8 + - + - - + + + + + + + - - + 

Moroto MR5-1 + + + - - - + + + - - + - - + 

Moroto MR5-2 + + + - - - + + - - - + - - - 

Moroto MR5-3 + + + - - + + + + - + + - - + 

Moroto MR5-4 + + + - - + + + + + + + - - + 

Moroto MR5-14 + - - - - - + + + + - + - - - 

Moroto MR5-18 + - - - - + + + - - - + - - + 

Moroto MR5-19 + - + - - - + + - - - + - - + 

Moroto MR5-23 + + - - - - + + - - - + - - + 

Moroto MT5-1 + - + - - - + + - - - + - - + 

Moroto MT5-2 + + - - - - + + - - - - - - - 

Moroto MT5-3 + + + - - + + + + + - + - - - 

Moroto MT5-4 + + - - - + + + - - - + - - + 

Moroto MT4-9 + - + - - + + + - - - + - - - 

Moroto MT4-10 + - + - - + + + - - - + - - + 

Moroto MT4-11 + - + - - - + + - - - + - - - 

Moroto MT4-12 + - + - - + + + - - - + - - + 

Moroto MT3-17 + - + - - - + + - - - + - - - 

Moroto MT3-18 + - + - - + + + - - - + - - - 

Moroto MT3-19 + + + - - - + + - - - + - - + 

Moroto MT3-20 + - + - - - + + + - - + - - + 

Moroto MT2-6 + - - - - + - - - - - - - - - 

Moroto MT2-7 + - + - - + + + - - - - - - + 
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  Reverse line blot hybridisation assay genus- and species-specific probes 

District Cattle ID E/A  A. cent A. marg A. phag A. bov A. sp. Om T/B  T  B1  B2  B. big T. mut T. pv T. tauro T. vel 

Moroto MT2-8 + - - - - + + + - - - - - - + 

Moroto MT2-9 + + + - - - + + - - - + - - + 

Moroto MT1-27 + - + - - - + + - - - - - - + 

Moroto MT1-30 - - - - - - + + - - - + - - + 

Moroto MT1-29 - - - - - - + + - - - + - - + 

Moroto MT1-28 + - + - - - + + - - - + - - + 

Moroto MT1-5 + - - - - + + + - - - + - - + 

Moroto MT1-6 + - - - - - + + - - - + - - + 

Moroto MT1-7 + - - - - + + + - - - + - - - 

Moroto MT1-8 + - + - - + + + - - - + - - - 

Moroto MT5-17 + - + - - - + + - - - + - - + 

Moroto MT5-18 + - + - - - - - + + - - - - - 

Moroto MT5-19 + - + - - + + + - - - + - - + 

Moroto MT5-20 + - + - - + + + - - - + - - + 

Kotido KN6-23 + - + - - + + + - - - + - - + 

Kotido KN6-24 + - + - - + + + + - - + - - + 

Kotido KN6-25 + - + - - + + + - - - + - - + 

Kotido KN6-27 + - + - - - + + - - - + - - + 

Kotido KN2-1 + - - - - + + + - - - + - - - 

Kotido KN2-2 + - - - - + + + - - - + - - - 

Kotido KN2-3 + + + - - + + + + - - + - - + 

Kotido KN2-4 + - + - - - + + - - - + - - - 

Kotido KN5-4 + - + - - - + + - - - + - - + 
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  Reverse line blot hybridisation assay genus- and species-specific probes 

District Cattle ID E/A  A. cent A. marg A. phag A. bov A. sp. Om T/B  T  B1  B2  B. big T. mut T. pv T. tauro T. vel 

Kotido KN5-5 + - + - - + + + - - - + - - + 

Kotido KN5-6 - - - - - - + + - - - + - - - 

Kotido KN5-7 + + + - - - + + - - - + - - - 

Kotido KN1-9 + - + - - - + + - - - + - - + 

Kotido KN1-10 + - + - - + + + - - - + - - + 

Kotido KN1-11 + - + - - + + + - - - + - - - 

Kotido KN1-12 + - + - - + + + - - - + - - + 

Kotido KN3-1 - - - - - - + + - - - + - - - 

Kotido KN3-2 + - + - - + + + + - - + - - - 

Kotido KN3-3 + + + - - - + + - - - + - - + 

Kotido KN3-4 + - + - - - + + - - - + - - + 

Kotido KN1-1 + - - - - + + + - - - + - - - 

Kotido KN1-2 + - + - - + + + - - - + - - + 

Kotido KN1-3 + - - - - + + + - - - + - - + 

Kotido KN1-4 + - + - - + + + - - - + - - + 

Kotido KR5-1 + - - - - + + + - - - + - - + 

Kotido KR5-2 + + + - - - + + - - - + - - + 

Kotido KR5-3 + + + - - + + + - - - - - - + 

Kotido KR5-4 + - + - - - + + - - - + - - - 

Kotido KR5-27 + - + - - + - - - - - - - - - 

Kotido KR5-28 + - + - - + - - - - - - - - - 

Kotido KR5-30 + + + - - + + + - - - + - - - 

Kotido KR5-29 + + + - - - - - - - - - - - - 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 

 
 
 



APPENDICES 

360 

 

 

 

  Reverse line blot hybridisation assay genus- and species-specific probes 

District Cattle ID E/A  A. cent A. marg A. phag A. bov A. sp. Om T/B  T  B1  B2  B. big T. mut T. pv T. tauro T. vel 

Kotido KR4-10 + - + - - + + + - - - + - - + 

Kotido KR4-11 + - + - - + + + - - - + - - - 

Kotido KR4-12 + - - - - + + + - - - + - - - 

Kotido KR4-13 + - + - - - + + - - - + - - + 

Kotido KR3-7 + - - - - - - - - - - - - - - 

Kotido KR3-8 + - + - - + + + - - - + - - - 

Kotido KR3-9 + - - - - + + + - - - - - - + 

Kotido KR3-10 + - + - - + + + - - - + - - + 

Kotido KR2-5 + + - - - - + + - - - + - - + 

Kotido KR2-6 + - - - - + + + - - - - - - + 

Kotido KR2-7 + - + - - - + + + - - + - - + 

Kotido KR2-8 + - + - - - + + - - - - - - + 

Kotido KR1-13 + - + - - - + + + - - + - - + 

Kotido KR1-14 - - - - - - + + - - - + - - - 

Kotido KR1-15 - - - - - - + + - - - + - - + 

Kotido KR1-16 + - + - - - - - - - - - - - - 

Moroto MR1-6 + - + - - - + + - - - + - - + 

Moroto MR1-7 + + - - - + + + - - - + - - + 

Moroto MR1-8 + - + - - + + + - - - + - - + 

Moroto MR1-9 + - + - - - + + - - - + - - + 

Moroto MR1-12 + - - - + + + + - - - - - - + 

Moroto MR1-13 + - + - - + + + - - - + - - + 

Moroto MR1-14 + - + - - + + + - - - + - - + 
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  Reverse line blot hybridisation assay genus- and species-specific probes 

District Cattle ID E/A  A. cent A. marg A. phag A. bov A. sp. Om T/B  T  B1  B2  B. big T. mut T. pv T. tauro T. vel 

Moroto MR1-15 + - + - - + + + + - - + - - + 

Moroto MR2-1 + - + - - + + + - - - - - - + 

Moroto MR2-2 + - + - - - + + - - - + - - - 

Moroto MR2-3 + - + - + + + + + - - + - - + 

Moroto MR2-4 + + + - - + + + - - - + - - + 

Moroto MR2-5 + - + - - + + + - - - + - - + 

Moroto MR2-6 + + + - - + + + - - - + - - + 

Moroto MR2-7 + + + - - - + + - - - + - - + 

Moroto MR2-8 + - + - - + + + - - - + - - + 

Moroto MR3-1 + + + - - + + + - - - + - - + 

Moroto MR3-2 + - - - - - + + - - - + - - + 

Moroto MR3-3 + - - - - - + + - - - + - - + 

Moroto MR3-4 + - + - - - + + - - - + - - + 

Moroto MR3-5 + - + - - + + + + + - + - - - 

Moroto MR3-6 + + + - - + + + + - + + - - - 

Moroto MR3-7 + - - - - - + + + - - + - - + 

Moroto MR3-8 + - + - - + + + + + - + - - + 

Moroto MR4-1 + + + - - + + + - - - + - - + 

Moroto MR4-2 + + + - - + + + + - - + - - + 

Moroto MR4-3 + - + - - + + + - - - + - - + 

Moroto MR4-4 + + + - - + + + + - + + - - + 

Moroto MR4-9 + - + - - + + + - - - + - - + 

Moroto MR4-10 + - + - - + + + - - - + - - + 
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  Reverse line blot hybridisation assay genus- and species-specific probes 

District Cattle ID E/A  A. cent A. marg A. phag A. bov A. sp. Om T/B  T  B1  B2  B. big T. mut T. pv T. tauro T. vel 

Moroto MR4-11 + - + - - + + + - - - + - - + 

Moroto MR4-12 + - + - - + + + - - - + - - - 

Moroto MR5-5 + + + - - + + + + - - + - - - 

Moroto MR5-6 + - + - - + + + - - - + - - + 

Moroto MR5-7 + + + - - - + + + - - + - - + 

Moroto MR5-8 + - + - - - + + - - - + - - + 

Moroto MT1-1 - - - - - - + + - - - + - - - 

Moroto MT1-2 - - - - - - - - - - - - - - - 

Moroto MT1-3 - - - - - - + + - - - + - - + 

Moroto MT1-4 + + + - - + + + - - - + - - + 

Moroto MT2-1 + - + - - - + + - - - - + - - 

Moroto MT2-2 + - + - - - + + + - - + - - - 

Moroto MT2-3 + - + - - + + + + - + + + - + 

Moroto MT2-4 + - + - - + + + - - - - - - + 

Moroto MT2-10 + - + - + + + + - - - + - - - 

Moroto MT2-11 + - + - - + + + - - - + - - + 

Moroto MT2-12 + - + - - + + + - - - + - - + 

Moroto MT2-13 + - + - - + + + + - + + - - + 

Moroto MT3-1 + - + - - + + + - - - + - - + 

Moroto MT3-2 + - + - - + + + + - + + - - + 

Moroto MT3-3 + - + - - + + + + - - + + - + 

Moroto MT3-4 + - + - + + + + - - - + + - + 

Moroto MT3-5 + - + - - + + + + - - + + - + 
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  Reverse line blot hybridisation assay genus- and species-specific probes 

District Cattle ID E/A  A. cent A. marg A. phag A. bov A. sp. Om T/B  T  B1  B2  B. big T. mut T. pv T. tauro T. vel 

Moroto MT3-6 + - - - - + + + + - - + - - + 

Moroto MT3-7 + - + - - - + + + - - + - - - 

Moroto MT3-8 + + - - - - + + - - - + - - + 

Moroto MT4-1 + - + - + + + + - - - + - + + 

Moroto MT4-2 + - - - + + + + + - - + - - + 

Moroto MT4-3 + - + - + + + + + - - + - - + 

Moroto MT4-4 + - + - + + + + - - - + - - + 

Moroto MT4-5 + - + - - + + + - - - + + - - 

Moroto MT4-6 + - - - - + + + - - - - - + - 

Moroto MT4-7 + - - - + + + + - - - - - - + 

Moroto MT4-8 + - + - - + + + - - - + - - + 

Moroto MT5-5 + - + - - - + + - - - + - - + 

Moroto MT5-6 + - + - + - + + - - - + - - + 

Moroto MT5-7 + - + - - + + + - - - + - - + 

Moroto MT5-8 + - + - - - + + - - - + - - + 

Kotido KN1-5 + - + - - + + + - - - + - - + 

Kotido KN1-6 + - - - - + + + - - - - - - - 

Kotido KN1-7 + - + - - + + + - - - + - - + 

Kotido KN1-8 + - + - - + + + - - - + - - + 

Kotido KN2-5 + - + - - + + + - - - + - - + 

Kotido KN2-6 + - - - - - + + - - - + - - - 

Kotido KN2-7 - - - - - - + + - - - + - - - 

Kotido KN2-8 + - + - - - + + + - + + - - - 
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  Reverse line blot hybridisation assay genus- and species-specific probes 

District Cattle ID E/A  A. cent A. marg A. phag A. bov A. sp. Om T/B  T  B1  B2  B. big T. mut T. pv T. tauro T. vel 

Kotido KN2-9 + - - - - + + + - - - + - - + 

Kotido KN2-10 + - + - - + + + - - - + - - + 

Kotido KN2-11 + - + - - - + + - - - + - - - 

Kotido KN2-12 + - + - - + + + - - - + - - + 

Kotido KN3-5 + - + - - + + + - - - + - - + 

Kotido KN3-6 + - + - - + + + - - - + - - + 

Kotido KN3-7 + - + - - - + + - - - + - - - 

Kotido KN3-8 + - - - - - + + - - - + - - + 

Kotido KN3-9 + - + - - + + + - - - + - - + 

Kotido KN3-10 + - + - - - + + - - - + - - + 

Kotido KN3-11 + - - - - + + + + - - + - - + 

Kotido KN3-12 + - - - - + + + - - - + - - + 

Kotido KN5-8 + + + - - - + + + - - + - - + 

Kotido KN5-9 + - + - - - + + - - - + - - + 

Kotido KN5-10 + - + - - + + + - - - + - - + 

Kotido KN5-11 + + + - - + + + - - - + - - + 

Kotido KN5-12 + - - - - + + + - - - + - - - 

Kotido KN5-13 + - + - - - + + - - - + - - + 

Kotido KN5-14 + + + - - + + + + - - + - - + 

Kotido KN5-15 + - + - - + + + + - - + - - + 

Kotido KN6-3 + - + - - - + + - - - + - - + 

Kotido KN6-4 + - + - - - + + + - - + - - + 

Kotido KN6-5 + - + - - + + + - - - + - - - 
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  Reverse line blot hybridisation assay genus- and species-specific probes 

District Cattle ID E/A  A. cent A. marg A. phag A. bov A. sp. Om T/B  T  B1  B2  B. big T. mut T. pv T. tauro T. vel 

Kotido KN6-6 - - - - - - + + - - - + - - - 

Kotido KN6-7 + - - - - - + + - - - + - - + 

Kotido KN6-8 + - - - + + + + - - - + - - + 

Kotido KN6-9 + - + - - + + + - - - + - - + 

Kotido KN6-10 + - - - - + + + - - - + - - + 

Kotido KR1-1 + - + - - + + + + - + + - - + 

Kotido KR1-2 + - + - - + + + - - - + - - - 

Kotido KR1-3 + + + - - + - - - - - - - - - 

Kotido KR1-4 + + + - - - + + + - - - - - + 

Kotido KR1-5 + - + - - - + + - - - + - - - 

Kotido KR1-6 + - + - - + + + - - - + - - + 

Kotido KR1-7 + - - - - - + + - - - + - - + 

Kotido KR1-8 + - + - - + + + + - - + - - + 

Kotido KR2-1 + - + - - + + + - - - + - - + 

Kotido KR2-2 + - + - - + + + - - - + - - + 

Kotido KR2-3 + - - - - + + + - - - + - - + 

Kotido KR2-4 + - - - - + + + - - - + - - + 

Kotido KR2-9 + - + - - + + + + - - + - - + 

Kotido KR2-10 + - + - - - + + - - - + - - + 

Kotido KR2-11 + - + - - - + + + - - - - - + 

Kotido KR2-12 + - - - + + + + - - - + - - + 

Kotido KR3-3 + - + - - + + + - - - + - - + 

Kotido KR3-4 + - + - - + + + - - - + - - + 
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  Reverse line blot hybridisation assay genus- and species-specific probes 

District Cattle ID E/A  A. cent A. marg A. phag A. bov A. sp. Om T/B  T  B1  B2  B. big T. mut T. pv T. tauro T. vel 

Kotido KR3-5 + - + - - + + + - - - + - - - 

Kotido KR3-6 + - - - - + + + - - - - - - + 

Kotido KR3-11 + - + - - + + + - - - + - - - 

Kotido KR3-12 + - + - - - + + - - - + - - + 

Kotido KR3-13 + + + - - + + + - - - + - - + 

Kotido KR3-14 + - + - - + + + - - - + - - + 

Kotido KR4-2 + + - - - + + + - - - + - - + 

Kotido KR4-3 + + + - - + + + - - - + - - + 

Kotido KR4-4 + - - - + + + + + - - + + - + 

Kotido KR4-5 + - + - - + + + - - - + - - + 

Kotido KR4-6 + - + - - + + + - - - + - - + 

Kotido KR4-7 + - + - - + + + - - - + - - - 

Kotido KR4-8 + - + - - - + + - - - + - - + 

Kotido KR4-9 + - + - - - + + - - - + - - + 

Kotido KR5-5 + - - - - - + + - - - - - - - 

Kotido KR5-6 + + + - - + + + + - + + - - - 

Kotido KR5-7 + - - - - - + + - - - + - - - 

Kotido KR5-8 + - - - - + + + - - - + - - + 
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Appendix 5: An amplification plot of fluorescence signal versus cycle number during the 

detection of Anaplasma marginale in blood samples collected from cattle in Karamoja Region 

of Uganda, using TaqMan hydrolysis probes in a duplex quantitative real-time PCR specific for 

A. marginale (msp1β gene) and A. centrale (groEL gene) as previously described [Decaro et 

al., 2008]. 

 
The Ct (threshold cycle) is the intersection between the amplification curves and the threshold line 

(running horizontally). Reactions are characterised by the point in time during cycling when 

amplification of a PCR product is first detected. The Ct is a relative measure of the concentration of 

target in the PCR reaction. Lower Ct values correspond to higher starting copy number of the nucleic 

acid target. There was no amplification for negative samples and the negative control (lines running 

horizontally). The amplification curves correspond to the samples: Pos, positive control (from cattle in 

Mnisi community area, Mpumalanga, South Africa; confirmed positive by qPCR and species-specific 

gene sequence analysis); 1, MT2-9; 2, MT3-18; 3, MT5-19; 4, MT4-12; 5, MT3-19; 6, KN6-27; 7, MT5-

17; 8, MT3-20; 9, MT5-20; 10, MT1-27; 11, KN6-23; 12, MT4-10; and 13, MT5-18.  
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Appendix 6: An amplification plot of fluorescence signal versus cycle number during the 

detection of Anaplasma centrale in blood samples collected from cattle in Karamoja Region 

of Uganda, using TaqMan hydrolysis probes in a duplex quantitative real-time PCR for A. 

marginale (msp1β gene) and A. centrale (groEL gene) as previously described [Decaro et al., 

2008]. 

 
There was no amplification for negative samples and the negative control (lines running horizontally). 

The amplification curves correspond to the samples: Pos, positive control (A. centrale vaccine strain 

from Onderstepoort Biological Products, Pretoria, South Africa; confirmed positive by qPCR and 

species-specific gene sequence analysis); 1, KR1-1; 2, KR4-3. 
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Appendix 7: Amplification of Theileria parva DNA from cattle from Karamoja Region, Uganda, 

using a hybridisation probe-based real-time PCR specific for T. parva (18S rRNA gene) as 

previously described (Sibeko et al., 2008). 

 
There was no amplification for negative samples and the negative control (lines running horizontally).  

The amplification curves correspond to the samples: 1, MT2-1; pos, positive control (a known infected 

buffalo, KNP102, Onderstepoort Veterinary Institute); 2, MR4-9; 3, MT2-4; 4, MT2-2 
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Appendix 8: Letter approval for the PhD study ‘Diversity and epidemiological dynamics of tick-

borne haemoparasite infections amongst transhumant zebu cattle in Karamoja Region, 

Uganda’ issued by the Animal Ethics Committee, University of Pretoria, South Africa 
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Appendix 9: Letter approval for the PhD study ‘Diversity and epidemiological dynamics of tick-

borne haemoparasite infections amongst transhumant zebu cattle in Karamoja Region, 

Uganda’ issued by the Research Ethics Committee, Faculty of Humanities, University of 

Pretoria, South Africa 
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Appendix 10: Permission to do research in terms of Section 20 of the Animal Diseases ACT, 

1984 (ACT No. 35 of 1984) for the research project ‘Diversity and epidemiological dynamics 

of tick-borne haemoparasite infections amongst transhumant zebu cattle in Karamoja Region, 

Uganda’, issued by the Department of Agriculture, Forestry and Fisheries, Pretoria, South 

Africa 
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Appendix 11: Veterinary Import Permit for the transportation of 532 bovine serum samples 

and 400 FTA filter papers containing bovine blood spots, from Uganda to South Africa, for the 

research project ‘Diversity and epidemiological dynamics of tick-borne haemoparasite 

infections amongst transhumant zebu cattle in Karamoja Region, Uganda’ issued by the 

Department of Agriculture, Forestry and Fisheries, Pretoria, South Africa 
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