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Abstract 
Human African trypanosomiasis (HAT) is caused by the Trypanosoma sub species (ssp.), T. 

brucei rhodesiense and T. brucei gambiense. It is exclusively associated with Glossina species 

(tsetse fly) habitats, and therefore restricted to sub-Saharan Africa. Animals, including pigs, 

have shown to be able to carry human-pathogenic T. brucei ssp. and are therefore important in 

disease transmission.  

 

Determining the Trypanosoma prevalence in pigs and tsetse flies in the Northwestern region of 

Uganda, a historical HAT hotspot, was suggested in consultation with Coordinating Office for 

Control of Trypanosomiasis in Uganda (COCTU). Between February and June 2019, tsetse 

flies and pigs were sampled in six government intervention sites and six control sites in Arua 

and Maracha districts. Pigs were screened for infection with Trypanosoma and tsetse traps were 

deployed to monitor vector occurrence, followed by dissection and microscopy to establish 

infection rates with Trypanosoma spp. Deoxyribonucleic acid (DNA) was extracted from pig 

blood samples and blood meals of tsetse flies for further classification of Trypanosoma species 

using Internal transcribed spacer (ITS)-Polymerase chain reaction (PCR) and to establish the 

host preference of the vectors.  

 

The results showed that 7/1262 (0.56 %) of the sampled pigs were Trypanosoma positive under 

the microscope, all of these were from the intervention villages. 223/341 (65.4%) of the PCR 

analyzed pig samples were positive, 60% from intervention sites and 40% from control sites, 

and all were T. vivax infections. 

 

There were 583 tsetse flies collected and 360 of them were dissected. Thirteen of the 360 

dissected tsetse flies (3.8%) were shown to be positive for Trypanosoma under the microscope. 

In addition, 59 of the dissected flies (16.4%) had bloodmeals present. The difference in captured 

tsetse flies in the government intervention sites in comparison to the control sites was 

significant (p<0.05), with a tsetse fly density of 0.68 tsetse/trap/day in the intervention sites, 



                                                                     
 
 
 
 
 
 

 
 

  

and 1.24 tsetse/trap/day in control site. Seasonality did not play a substantial role in the tsetse 

fly density (p>0.05).  

 

This project illustrated that pigs can carry the causative agent for African Animal 

Trypanosomiasis (AAT), Trypanosoma vivax, even though considered resistant to 

Trypanosoma vivax infection. The low vector abundance in a historical HAT hotspot in Uganda 

was also exemplified.  

  



                                                                     
 
 
 
 
 
 

 
 

  

Popular scientific summary 
 

Several animals can get infected with both Trypanosoma brucei gambiense and Trypanosoma 

brucei rhodesiense, the causative agents for Human Africa Trypanosomiasis (HAT); and in 

addition, show no symptoms. This results in some animals, including pigs, being able to act as 

reservoir for the HAT infection. Therefore, the Trypanosoma prevalence was determined in 

pigs and tsetse flies in the Northwestern region of Uganda, a historical HAT hotspot.  

 

Trypanosoma are single-cell blood parasites. It is spread by the vector tsetse flies which only 

can be found in Sub-Saharan Africa. T. b. gambiense is found mostly in the western and central 

parts of Africa and T. b. rhodesiense is found in the eastern and southern parts of Africa. Uganda 

is the only African country with reported cases of both T. b. rhodesiense as well as T. b. 

gambiense.  

 

The two detection methods that were being used throughout this study were microscopy and 

Polymerase Chain Reaction (PCR). It has been explained by various studies that microscopy is 

a detection method that has a more reduced sensitivity if compared to other methods and this 

was further confirmed by this work. Significantly more of the samples were positive with the 

molecular technique. This further confirms that microscopy is a method that might not have the 

ability to detect lower concentrations of the parasite. Due to the low sensitivity of the 

microscope, cryptic infections and low parasitemia could have been missed.  

 

It has previously been theorized that the tsetse fly likes cooler environment and are therefore 

usually more in numbers during rainy season. It was therefore important to catch the tsetse flies 

during both rainy as well as dry season for comparison. However, with this work seasonality 

was shown to not play a substantial role statistically on the tsetse fly density (p>0.05).  

 

In the area where this study took place, there are vector control programs ongoing, in order to 

contribute to the elimination of g-HAT. According to this work, the tsetse fly apparent density 



                                                                     
 
 
 
 
 
 

 
 

  

(AD) was significantly lower in the government intervention sites. This confirms that this work 

was a valuable contribution to the ongoing monitoring activities.   

 

Keywords: Human African Trypanosomiasis (HAT), Glossina species, Sensitivity, Latent 

infection, cryptic reservoir, pigs, Uganda. 
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1. Introduction  

1.1 Background  

Human African Trypanosomiasis (HAT), also known as African sleeping sickness, is a disease 

that is restricted to sub-Saharan Africa since it is exclusively associated with Glossina species 

(tsetse fly) habitats (Franco et al, 2013). HAT is endemic in 36 Sub-Saharan African countries. 

Since the 1970s, there has been a series of epidemics of HAT induced by T. b. gambiense (g-

HAT) occurring in Angola, the Democratic Republic of Congo (DRC), southern Sudan, and 

Uganda. The reduction of HAT is primarily due to extensive prevention work that has been 

ongoing in several endemic African countries. The reduction of the Glossina vectors remains a 

significant tool for reducing the incidence of the disease, although considered expensive and 

difficult to deploy in resource poor settings with reported cases of g-HAT (WHO, 2015).    

 

A very effective tool to reduce tsetse fly apparent density (AD) have been Tiny Targets, a piece 

of netting fabric, with the colors blue and black, saturated in insecticides (pyrethroids).  

Tiny Targets have been deployed in large-scale programs to control sleeping sickness in Chad, 

Guinea, Côte d’Ivoire, the Democratic Republic of Congo (DRC) and Uganda (Tirados et al., 

2015). 

 

The north western part of Uganda, including Arua and Maracha district, is an important region 

for cross-border trade and non-governmental organizations, resulting in frequent movement of 

people between Uganda, DRC and South Sudan. This is a crucial and important aspect as HAT 

is endemic in DRC and South Sudan. From 2008 to 2012, the largest number of cases in Uganda 

were reported from Arua district (n = 200) (Philippe Büscher et al, 2017; Migchelsen et al, 

2011; Wamboga et al., 2017).  

 

With  fewer than 2,200 cases being reported globally in 2016,	WHO has set the goal to eliminate 

g-HAT as a public health issue by 2020 and achieve zero transmission to humans by 2030 

(Büscher et al, 2018). This may however be challenged by factors that can contribute to 
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continuous transmission including latent human infections. Animal infections can also 

contribute to transmission as some animal groups have the ability to carry and act as reservoir 

for the human infectious Trypanosoma ssp. (Büscher et al., 2018). 

 

Animal African trypanosomiasis (AAT) is an important limitation in livestock production due 

to the high mortality. It can affect a wide range of animals and causes production losses for the 

farmers and subsequently lead to economic losses (Holt et al, 2016). Some animals do not 

typically get sick when infected with Trypanosoma and can then subsequently act as a disease 

reservoir for Trypanosoma species that is pathogenic to animals and/or humans. Pigs for 

instance are mainly asymptomatic when infected with most of the Trypanosoma species (except 

T. simiae and T. suis) which furthermore makes it more difficult to diagnose.  

 

The prevalence of trypanosomes in pigs were in addition also examined by Ng’ayo et al in 

Western Kenya, (Ng’ayo et al., 2005). This illustrated that out of the 402 sampled pigs, five 

were microscopically positive consisting of: One T. congolense infection, one T. vivax infection 

and one T. brucei infection. However, with Polymerase Chain Reaction (PCR), 86 of the 402 

stored samples were found to be Trypanosoma positive. This included pigs being positive for 

T. simiae, T. congolense, T. vivax, and T. brucei rhodesiense, and showed that pigs can be a 

reservoir for AAT, or nagana, in cows (T. vivax, T. congolense) and HAT (T. b. rhodesiense).  

Moreover, there have been experiments conducted where pigs have been successfully infected 

with the human infectious T. b. gambiense strains isolated from human patients. This indicates 

that pigs might play a key role in transmission of human infectious Trypanosoma species 

(Büscher et al., 2018).  

 

The aim of my work was therefore to observe and analyze the occurrence of g-HAT transmitting 

Glossina species as well as the role pigs play in being a potential reservoir, in historical g-HAT 

foci in North-west Uganda.  
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Pig production is becoming increasingly important as a livelihood activity in Uganda, including 

in North West Uganda, thus the possible significance of  potential animal reservoir hosts is of 

high relevance when controlling g-HAT in  endemic areas  (Ng’ayo et al., 2005; Waiswa, et al 

2003; Waiswa, 2010).  

 

Against this background, the aim of my thesis was to improve the knowledge of  the current 

local epidemiology of g-HAT in the West Nile region of Uganda by addressing the following 

specific objectives: i) to determine the occurrence of Glossina species, ii) to determine mature 

and immature Trypanosoma infection rates in tsetse flies, and iii) to determine the Trypanosoma 

species infection rates in pigs.  
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2. Literature Review 

 

2.1 Human African Trypanosomiasis (HAT) 

HAT is a neglected tropical parasitic infection caused by the Trypanosoma subspecies (ssp.), 

Trypanosoma brucei rhodesiense (T. b. rhodesiense) and Trypanosoma brucei gambiense (T. 

b. gambiense). It is a vector-borne infection which is transmitted mainly by various species of 

the genus Glossina, also known as tsetse fly, but the possibility of mother to child and sexual 

transmission has been discussed as well (Büscher, 2002; Rocha et al, 2004). This tropical 

disease affects both humans and animals within the tsetse belt of Sub-Saharan Africa. 

Gambiense Human African Trypanosomiasis (g-HAT) results in chronic illness and is 

characterized by a primary asymptomatic infection followed by a symptomatic infection that 

can persist for months, up to years. Humans are generally regarded as the main parasite 

reservoir (Büscher, 2002; Njiokou, 2010; Wenk et al, 2003).  

 

Rhodesiense Human African Trypanosomiasis (r-HAT) results in an acute illness. It is a 

zoonotic disease, that is characterized by acute symptoms with clinical signs apparent within 

days or weeks after infection (Wenk et al, 2003). For further persistence in the human body, T. 

b. rhodesiense encodes for Serum Resistance Associated (SRA) gene which makes it possible 

for T. b. rhodesiense to conceal itself from the immune system and survive in the human body 

(Echodu et al., 2015).  

 

T. b. rhodesiense is commonly reported in the eastern and southern parts of sub-Saharan Africa 

while cases of T. b. gambiense has been reported in the western and central part of Africa, as 

well as parts of eastern Africa including South Sudan and Uganda. Uganda is the only African 

country that has reported presence of both human pathogenic Trypanosoma ssp., with T. b. 

rhodesiense found in south-east Uganda and T. b. gambiense in the northern part of Uganda 

(Simarro et al, 2008). 
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Infections with human infectious Trypanosoma are primarily diagnosed when entering blood 

and lymph, with symptoms such as fever, severe headache, joint pains and swollen lymph nodes 

in humans (Wenk et al 2003). However, if not treated in a timely manner, the parasite can pass 

the blood-brain-barrier and invade the central nervous system (Kennedy, 2013). If left untreated 

at this point, more severe symptoms develop, such as tremor, paralysis, disruption of the sleep 

cycle and eventually death. The genome of the Trypanosoma parasite encodes for Variant 

Surface Glycoproteins (VSG) which plays an important role throughout the infection as it 

encodes for antigenic variation on the surface, as well as immune evasion. There is about ten 

copies of surface coated VSG and the variation of these glycoproteins is essential for evasion 

of the adaptive immune system during parasitemia (Hutchinson et al, 2016).  

 

2.1.1 Epidemiology of r-HAT 

The zoonotic subspecies T. b. rhodesiense is predominantly found in areas with high numbers 

of wild animals and livestock which are known to be the main reservoirs of the disease (FAO, 

2009). Humans are considered “accidental” hosts, and T. b. rhodesiense is not as widely spread 

as T. b. gambiense with fewer human cases being reported (Charbonnier et al, 2012; FAO, 

2009).  

 

Most recent data reported by WHO, informed that there were 24 new r-HAT cases, globally, 

during 2018, including four new reported r-HAT cases in Uganda (WHO, 2019). This shows 

that the risk of contracting infection with T. b. rhodesiense has declined significantly in Uganda 

compared to 15 years ago, when 338 new r-HAT cases were reported (Franco et al., 2018; 

WHO, 2019). 

 

2.1.2 Epidemiology of g-HAT 

With the initiation of the WHO and the National Sleeping Sickness Control Programs 

(NSSCPs), human cases of g-HAT have reduced significantly in Uganda since the early 2000s. 

This has subsequently resulted in less than 3,000 global cases being reported in 2015 (Büscher 

et al, 2017; WHO, 2015). However, there are still some gaps in the knowledge of g-HAT 
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distribution (Tong et al.,2011). Moreover, little is known about the epidemiological role of 

putative domestic animal reservoirs which could possibly result in re-emergence of the disease, 

if control work stops before eradication (Stanton et al., 2018).   

 

The role that animal plays in the epidemiology of g-HAT is considered limited, however, it has 

been shown that animals can, in addition to being reservoirs to T. b. rhodesiense, act as 

reservoirs for T. b. gambiense. T. b. gambiense can infect a number of animals (Table 1), and 

when infected, most of these animals are asymptomatic with low concentrations of parasites 

present in the blood resulting in some being able to subsequently act as cryptic reservoir for the 

g-HAT infection. According to Büscher at al. (2018), T. b. gambiense have not been detected 

in non-human mammals in Uganda since prior to 1990, when it was detected in the Sitatunga 

antelope Tragelaphus spekii. However, T. b. gambiense have been shown to be detected in 

domestic pigs in some parts of Africa (Büscher et al., 2018).  

 

Table 1. The host range of Trypanosoma species and subspecies including pigs as T. brucei s.l. 

carriers. Acquired from a literature review by Roesel K., Grace D., Mehlitz D., and Clausen P.-

H., The Free University of Berlin/International Livestock Research Institute, 2018. 

Species and subspecies Host range 

T. vivax (nagana in cattle) Bovinae3, Equidae2, Camelidae2, 

Caprinae1, Suidaer, Carnivora1, antelopes 

and giraffe0 

T. congolense (nagana in cattle) 

 

Bovinae2, Equidae1, Camelidae1, 

Caprinae1, Carnivora1, Suidae1, 

antelopes0, giraffe0 

T. simiae (nagana in pigs) Camelidae3, Suidae3, Equidae0, Bovinae0, 

Caprinae0, Carnivora0 

T. godfrey Suidae 



                                                                     
 
 
 
 
 
 

 
 

 7 

T. brucei brucei (nagana in horses) Equidae3, Camelidae3, Carnivora2, 

Bovinae1, Suidae1, Caprinae0, antelopes0 

T. brucei gambiense (g-HAT) Humans2, pigs0, cattle0, sheep0, dog0, 

antelopes0 

T. brucei rhodesiense (r-HAT) Humans3, pigs0, wildlife0 (antelopes, 

giraffe, hippopotamus, hyena, lion, 

warthog) 

T. suis Suidae1/2 

0 = reservoir but no clinical symptoms; 1 = low pathogenicity; 2 = moderate pathogenicity; 3 = high pathogenicity; r = 

resistant/refractory.  

 

2.1.3 History and present status of HAT 

The presence of HAT can be traced back as far as the middle ages (Strong, 1944).  In the 20th 

century, there were three big HAT epidemics in Africa. The first severe epidemic started 1896, 

mainly in Uganda and the DRC. This epidemic was ongoing up till 1906 and costed an estimate 

of 800,000 lives. The second epidemic started in 1920 and lasted for approximately 20 years.  

 
Figure 1. Map of Sub-Saharan Africa displaying the distribution of the reported HAT cases 

between 2010 and 2014 (g-HAT in red, r-HAT in blue). Adapted from World Health 
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Organization (WHO) by Franco J.R., Cecchi G., Priotto G., Paone M., Diarra A., Grout L., 

Mattioli R. C. and Argaw D., (2017). Open Access publication.  

 

After gaining independence in the 1960s, many HAT-endemic African countries had 

difficulties to maintain the routine control efforts (Médicins Sans Frontières, 2019). That was 

mainly because of inadequate budgets and the armed conflict that was ongoing in historically 

large HAT foci which included Uganda, Sudan and DRC. This resulted in a HAT epidemic 

between the 1980s and 1990s (CDC, 2012). The ban of the insecticide 

Dichlorodiphenyltrichloroethane (DDT), during the 1970s, in malaria control, also played a 

role in increasing number of sleeping sickness cases (Steverding, 2008). In response to the 

outbreaks, screening humans for sleeping sickness was initially set up in 1980s in Uganda by 

Médicins Sans Frontières (MSF). In 2001, the World Health Organization (WHO) established 

a program to fight and eventually eradicate HAT. This included distributing free treatment to 

patients in endemic countries (CDC, 2012). There has been a continuous reduction of reported 

cases of both g-HAT and r-HAT since then, due to extensive work led by various organizations. 

This has brought the disease under control and for the first time in more than 50 years (Franco 

et al. 2018).  

 

2.1.4 Situation in the Uganda   

Both human pathogenic Trypanosoma species can be found in Uganda (Figure 1), but the two 

foci have been separated by Lake Kyoga. According to data presented by WHO, HAT  was 

actually eliminated from Uganda during the 1960s, however, the disease re-appeared again with 

an epidemic of the r-HAT disease occurring in the south-eastern part of Uganda from 1976 to 

1983 (Picozzi et al., 2005).  

 

Between 1998-2000, during an outbreak in northern Uganda, T. b. rhodesiense was found in 

HAT patients outside the established south-east focus, north of Lake Kyoga, where the disease 

had previously been absent (Fèvre et al, 2001). The authors (Fevre et al, 2001) suggested that 
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due to large-scale livestock restocking activities, the infectious parasite may have been 

introduced in the cattle reservoir from western Kenya. 

 

2.1.5 Situation in the West Nile region   

Since 2011, there has been excessive ongoing intervention work with deployments of Tiny 

Targets, in the Northwestern part of Uganda. Tiny Targets are comprised of a blue cloth and 

black netting, colors that are known to attract the tsetse flies, and saturated in a pyrethroid 

insecticide, an organic compound derived from the plant chrysanthemums. Its effect on flies as 

well as mosquitos includes the damaging and disruption of the nervous system which 

subsequently results to its death (CDC, 2002). These traps are deployed alongside river and 

lakes. This is a part of the ongoing vector control in West Nile initiated by Liverpool School of 

Tropical Medicine (LSTM) in order to contribute to the elimination of g-HAT (Stanton et al., 

2018; Waiswa, 2013).  

Berrang-Ford et al (2006) stated that one of the latest known g-HAT cases in West Nile region 

was reported in 2005. During this period, there was a g-HAT outbreak that had persisted in the 

north-western area of Uganda which was associated with Ugandan returnees who temporarily 

had been residing in the g-HAT endemic countries South Sudan and DRC (Berrang-Ford, Odiit, 

Maiso, Waltner-Toews, & McDermott, 2006).  

 

Despite the ongoing tsetse fly control programs in the West Nile region, the current T. b. 

gambiense control efforts may be threatened due to the insecurity in neighboring countries. 

West Nile region thus continues to be a focus of interest for g-HAT as it is an area with 

continued disease spread (Berrang-Ford et al., 2006; Picado et al, 2017). Omugo health care 

center, which is located in Terrego county in Arua district, has the mandate to handle all the 

sleeping sickness cases in the West Nile region. Their last known HAT case was allegedly from 

2013 (personal communication, 2019). 
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2.2 Animal African Trypanosomiasis 

In addition to HAT, African Animal Trypanosomiasis (AAT), normally termed ‘nagana’, is 

very relevant (Malan et al, 2001), particularly from a food security and livelihoods perspective. 

The most important clinical sign, when suspecting nagana, is anemia. Common signs also 

include symptoms such as fever, enlarged lymph nodes and decreased fertility (Grace et al, 

2007; Malan et al., 2001).  

 

There are various Trypanosoma species that are known to infect animals. The most pathogenic 

species affecting cattle are T. congolense and T. vivax. However, T. simiae, T. suis, T. godfreyi 

and T. b. equiperdum tend to affect other domestic and companion animals (Holt et al, 2016). 

Numerous animals, including pigs, are able to carry both human-pathogenic T. brucei 

subspecies (Table 1) (N’Djetchi et al., 2017), however, when infected, symptoms are generally 

not shown in pigs (Hamill et al , 2013).  
 
2.3 The Vector 

2.3.1 Glossina spp.  

Glossina species, known as tsetse flies, can be found in a region comprising ten million square 

kilometers of sub-Saharan tropical Africa, between latitudes 14 °N and 29 °S (Figure 2). Tsetse 

flies prefer the shady and humid areas such as forests and river. The tsetse fly is brown in color 

with a life span of approximately four weeks. There are 29 different Glossina species currently 

identified, divided into three different groups named after the major species in the groups: G. 

morsitans, G. palpalis and G. fusca (FAO, 1992; WHO, 2010).  
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Figure 2. This map illustrates the distribution of the tsetse flies in Sub-Saharan Africa, (1980) 

by International Livestock Research Institute (ILRI), Open Access. 

 

The Glossina palpali group it is present in the western- as well as the central part of Africa. 

The Glossina species in this group are more commonly called riverine tsetse. This group also 

plays an important role in transmitting trypanosomiasis to human hosts as the vectors in this 

group can transmit the infectious T. b. gambiense. Members in the Glossina palpalis group 

includes species such as G. fuscipes, and G. palpalis (FAO, 1992).  

 

The dominant vector for HAT in Uganda is Glossina fuscipes fuscipes (Tirados et al., 2015), 

which is a member of Glossina palpalis group, a riverine species. Alternatively, members of 

the Glossina morsitans group can also be found in parts of Uganda (FAO, 2019).   

 

Both males and females are blood eaters and therefore, both sexes play a role as potential vector 

for Trypanosoma. In addition to that, once a tsetse fly has been infected, they remain infected 

throughout its life (Krasfur, 2010; Washington, 1917).  
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2.3.1.1 Host preferences of Glossina spp. 

Tsetse flies have a wide range of host preference, and depending on the circumstances, tsetse 

flies will feed on mammal hosts, both wild and domestic animals, and humans. Even though 

tsetse flies can transmit the infections to humans, humans are considered accidental hosts 

(WHO, 1997). Different tsetse fly species have different host preferences, however, cattle are 

is one of the  preferred hosts as they are an easier prey for the tsetse fly (OIE, 2013). Female 

tsetse flies require feeding on a host around every eight days, for survival and reproduction 

(Lord et al, 2017). 

 

2.3.1.2 Blood meal identification methods 

Analyzing the blood meal can be used to identify host preference. This kind of identification 

method is important as it can provide vital information on feeding habits of the different 

Glossina species (Muturi et al., 2011).   

 

Serology has previously been used for blood meal identification. These techniques include 

agglutination test and enzyme-linked immunosorbent assays (ELISA). However, due to 

development of molecular techniques there has been a development of bloodmeal 

identification. These methods include polymerase chain reaction (PCR) and PCR-restriction 

fragment length polymorphism analysis (PCR-RFLP) where the Cyth gene is used for 

identification of origin for the blood meal (Muturi et al., 2011).  

 

2.3.1.3. Infection with Trypanosoma species 

Different Trypanosoma species can be found in distinctive parts of the anatomy of the Glossina 

species. T. vivax can be found in the proboscis (mouthpart), where its entire development takes 

place. T. congolense multiplies in the midgut of the Glossina species before entering the 

proboscis and that is the reason T. congolense is most likely the Trypanosoma spp. when 

Trypanosoma is detected in the proboscis and midgut. T. brucei also has a stage involving 

development in the salivary glands. Thus, if Trypanosoma is detected in all three organs 

(proboscis, salivary glands and midgut) T. brucei is suggested. As different Trypanosoma 
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species have different development cycles, a dissection of the tsetse fly is preferred, to assess 

the infection rate (Abdi et al, 2017).  

 

2.3.1.4 Direct Trypanosoma species detection methods  

Trypanosoma in potential hosts can be detected microscopically, by serology or through genetic 

analysis. For detection of a possible infected tsetse flies; a dissection of the fly has to be 

executed to subsequently observe the infection rate under a binocular stereoscopic microscope 

(Bouyer et al, 2015). Even though microscopy is the most common technique for detection of 

the infection in the Glossina species, it is a method that is low in sensitivity, which therefore 

makes it difficult to differentiate the mixed infections of Trypanosoma species and its 

development stages. For higher sensitivity and a high genetic diversity, molecular and 

serological techniques are recommended (Abdi et al, 2017).  

 

2.4 Parasitological diagnosis 

2.4.1 Direct methods 
 

2.4.1.1 Microscopical diagnosis 
 

The hematocrit centrifugation method (HCT) is a form of a microscopical method which is 

based on whole blood being sampled from a patient, subsequently centrifuged and the cellular 

and extracellular components of the blood being separated. This method could be used for 

detection of Trypanosoma as examining the buffy coat, the fraction of the blood consisting of 

the white blood cells and platelets, under a microscopy can uncover potential trypomastigote 

movements (Woo, 1969). A blood sample should be examined within 20 minutes of collection 

because delaying examination will minimize the motility of the parasite and increase the risk 

of lysis in the sample. For discovery of Trypanosoma, it is easier to find the parasite under fresh 

preparation because of its motility (CDC, 2013). 
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Chronically ill humans and animals as well as healthy carriers are less likely to be detected 

when using this method of detection. This is why it is important to do several diagnostic 

analyses for confirmation, preferably molecular techniques such as PCR, with higher sensitivity 

as well as specificity (Rosenblatt, 2009).  

 

2.4.2 Indirect methods 

 

2.4.2.1 Molecular tests 
For higher sensitivity and a high genetic diversity, molecular techniques are recommended, 

including PCR (Abdi et al, 2017). This method can identify various parasites on a subspecies 

level (Simo et al., 2015). Using microscopy as a screening method and subsequently PCR as a 

confirmatory method would provide data that enables a better understanding of the transmission 

cycle of the disease as well as the epidemiology of HAT (Simo et al., 2015).  

 

For the detection of Trypanosoma spp., the ribosomal DNA sequence region harboring the 

internal transcribed spacer (ITS) region is found to be reliably valuable in differentiating closely 

related species including piroplasms and their subspecies (Salim et al, 2011). This region is 

amplified, and subsequently separated through gel electrophoresis as a means to differentiate 

different DNA fragments, based on size (Deborggraeve et al, 2010).  
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Problem statement  

Reported HAT cases has reduced significantly through active screening, treatment and proper 

vector control in recent years. Therefore, the aim of HAT eradication has been presented by 

WHO. However, the fact that animals could potentially play a role as reservoir for human 

infectious Trypanosoma species, can interfere with WHO goal of eradication, especially 

considering that various animal hosts can carry both T. b. gambiense as well as T. b. rhodesiense 

and in addition be asymptomatic (Büscher et al., 2018; Mehlitz et al, 2019).  

Thus, the problem that needed to be tackled was the knowledge, as well as, the transmission of 

HAT in Uganda, mainly of g-HAT, in the North Western region of the country. By approaching 

this, the specific objectives can be addressed. 
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Objectives 

 

Main Objectives 

The aim of this project was to provide more evidence on the Trypanosoma epidemiology in 

north western Uganda in order to reduce the risk for human infection.  

 

Specific Objectives 

The specific objectives are to: 

• Determine the prevalence of Glossina species in the West Nile region, 

• Determine the prevalence of Trypanosoma in the proboscis, salivary glands and                                                             

midgut of the Glossina species, 

• Determine the prevalence of Trypanosoma in pigs.   
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3. Methods and materials 

3.1 Study area  

Uganda is the only African country with the presence of both human infectious ssp. of 

Trypanosoma brucei, which is why it was chosen as a country of interest. Determining the 

Trypanosoma prevalence in the vector as well as in pigs in West Nile region, a historical g-

HAT focus, was suggested in consultation with the government agency COCTU, who has 

ongoing vector control activities there (Mukiibi et al., 2017). The area was a point of interest 

because there has been an increasing number of pigs, especially at the border areas with the 

DRC and South Sudan.  The study areas Arua and Maracha districts are located in the 

northwestern part of Uganda and in close proximity to the borders with DRC and South Sudan 

(N’Djetchi et al., 2017). The two selected districts were considered suitable surveillance 

sentinel sites with a known presence of tsetse flies and a proportionally high density of pigs 

(Balyeidhusa, Kironde, & Enyaru, 2012; Tirados et al., 2015).  

 

The study was conducted between February and June 2019 in twelve different villages in both 

Arua district and Maracha district (Figure 3); six of them were COCTU control sites and six 

were COCTU intervention sites. 

 

The intervention sites consisted of villages where Tiny Targets were being deployed by 

government tsetse control programs (Table 2). This included Elepi, Alioudri and Noa village in 

Arua district, as well as Nyoo, Abinyu and Andruvu village in Maracha district. In addition to 

this, three other villages in both Arua and Maracha, respectively, was used as control sites, 

where no Tiny Targets have been deployed and relatively high numbers of tsetse flies have been 

reported before (Tirados et al., 2015). Those villages consisted of Ayizeveku, Onyai and Bira 

in Arua and Agei, Asuru, Kurua in Maracha.  
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Table 2. Table illustrating the different villages where sampling took place. 

 

District Sub County/ 

Town Council 

Parish Village River/Valley COCTU 

intervention/control 

site 

Arua Omugo Yidu Elepi Enyau Intervention 

Arua Omugo Angazi Aliouri Enyau Intervention 

Arua Omugo Noapi Noa Oru Intervention 

Arua Aroi Aliba Ayizevku Enyau  Control 

Arua Aroi Noapi Onyai Enyau Control 

Arua Katrini Ochopi Bira Enyau Control 

Maracha Kijomoro Lamila Nyoo Emve Intervention 

Maracha Kijomoro Lamila Abinyu Emve Intervention 

Maracha Yivu Bura Andruvu Oru Intervention 

Maracha Oluvu Ombachi Agei Ayikuru Control 

Maracha Oluvu Ombachi Asuru Ayikuru Control 

Maracha Oluvu Ombachi Kurua Kurua valley Control 

 

There was a total of 48 traps being set up, with a minimum of four traps being deployed in each 

village. A sketch illustrating the tsetse fly traps is shown in Figure 4. The traps were being set 

alongside nearby rivers and valleys, with the distance between each of the traps in each village 

being 50-100 meters. The traps were emptied every 24 hours, for 72 hours.  

Correspondingly, pig sampling took place in the same villages where traps were being 

deployed. 
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Figure 3 Left: West Nile region in northern Uganda showing (in red) Maracha district (north) 

and Arua district (south). Right: Map illustration of the selected district for deployment as well 

as sampling.  
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Figure 4. A sketch illustrating the tsetse trap which is used as a deployment method to collect 

various Glossina species, Illustration by (Foulger, 1980).  

Vector Control - Methods for Use by Individuals and Communities. - Control measures. 

(Foulger, 1980). Permission acquired from World Health Organization (WHO). 

 

3.2 Study design   

A repeated cross-sectional study was conducted with entomological sampling twelve days each 

month over a five months period, from February to June 2019. This included both a dry season, 

from February to March, and a rainy season, between April and June, in an attempt to compare 

the density of tsetse flies between the two seasons. Concurrently, a repeated cross-sectional 

study was conducted for determining the Trypanosoma prevalence in pigs.  
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Throughout sampling, the GPS co-ordinates were established by using Google maps, which 

subsequently were used to illustrate the various sampling and deployment sites (Figure 5).  

 

3.3 Sampling of Glossina species  

Tsetse traps were deployed in bushy areas close to river and/or valley streams (Figure 5), in 

previous g-HAT hotspots with reported high concentration of riverine tsetse flies  (Ministry of 

Agriculture; Animal Industry and Fisheries (MAAIF)/ Uganda Bureau of Statistics (UBOS), 

2009). In total, sampling occurred during an interval of twelve days each month with 

deployment and collection occurring in the morning between 8.00 am and 12.00 pm.  

 

 
 

Figure 5. Deployment of tsetse trap with the colors, blue, white and black in one of the selected 

villages in Arua district. 

 

Free-roaming pigs, as well as other animals, are also known to be present near the rivers and 

the valleys (Figure 6) which puts them in a higher risk of getting bit by the tsetse fly and 

subsequently contract the infection.  

b) a) 
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Figure 6. Free-roaming pigs in close proximity to the tsetse traps that were being deployed in 

Arua district. (photo credit: Sadiya Maxamhud) 

 

The flies that were collected from the traps were subsequently stored and transported in an ice 

box, to the LSTM local laboratory in Arua town for dissection.  A standard operating procedure 

form by LSTM (Annex I), was utilized to document information such as, age, sex, breed, 

location (village) and date of capture.  

 

3.3.1 Dissection of tsetse flies  

The collected traps were beforehand kept in the refrigerator (4-5 °C) for approximately fifteen 

minutes to reduce the flies mobility. When this was not possible, for reasons such as no power 

being accessible, the tsetse flies mobility was reduced by cracking its thorax. The flies were 

then separated into different petri dishes, which were labeled according to the different sites the 

traps were being deployed and kept on an ice block. The dissection procedure was thereafter 

initiated by observing if the fly was alive or not by examining the color of their eyes. If alive, 

the eyes were dark red in color. If the fly had just passed recently, the eyes was more of a gold 

green color, but if they have been dead for an extended period of time, their eyes were 
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completely black. It is useless to dissect the tsetse flies if they were dead, as the parasite dies 

as soon as its host dies. Only the female flies could be useful if dead, because age determination 

can still undergo by looking at the ovaries. However, for this project, age determination was 

not performed. 

 

Before dissection, it was also possible to determine the sex of the fly by observing the abdomen 

of the fly. A male tsetse fly possesses a hypopygium, which is located on the 9th abdominal 

segment and has the copulatory organs. Under the microscope it appears as a button-like 

structure with a crack running through it. Female tsetse flies on the other hand, do not possess 

a hypopygium, which makes it easy to differentiate a male tsetse fly and a female tsetse fly 

(Standard Operating Procedure for tsetse dissection LSTM) (figure 7).  

 

 

 
Figure 7. The abdomen of the tsetse fly with the male abdomen being shown to the left (A) and 

female abdomen being illustrated to right (B) 

Source: Medical and Veterinary Entomology (William L. Krinsky, 2002). 

Reproduced with permission from Elsevier. 

 

Dissection of the fly was performed under a stereomicroscope (Stemi 2000, Zeiss, 1,8x – 20x). 

Isotonic saline solution, also known as Ringer’s solution), was initially positioned on the slide, 

to maintain the organs in a hydrated environment during dissection. The saline solution was 

prepared by dissolving one phosphate buffered saline (PBS) tablet (Sigma Life Science, 
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Germany) in 200 mL distilled water. One drop of the solution was positioned on each end of 

the slide where the salivary gland and the proboscis respectively was placed during dissection. 

The midgut was kept in the middle of the slide, where two drops of PBS were positioned. This 

was to prevent cross-contamination.  

 

The dissection procedure started by placing the fly on its dorsal side, followed by removing the 

wings of the fly. The fly was then put on its head and thorax in the central pool of saline solution. 

Afterwards, the head was carefully pulled up from the thorax to retrieve the salivary gland. The 

salivary gland was placed from the neck down to the thorax/abdomen, so it was important to be 

careful when removing the salivary gland, but if the salivary gland could not be retrieved from 

the neck of the fly, it could have been removed from the abdomen of the fly instead. When 

retrieved, it was important to keep the salivary gland in the saline solution to prevent it from 

drying out. Once the salivary gland and head were completely removed, they were put in the 

smaller pool of saline in the two ends of the slide.  

 

The head was subsequently used to retrieve the proboscis of the fly. The proboscis consists of 

three parts: The labium, the hypopharynx and the labrium. The labium is the part of interest 

when wanting to detect presence of potential Trypanosoma movement. For removal of the 

proboscis, the first step consisted of removing the hypopharynx, which is in line with the 

labium. To be able to remove it, the head had to be squeezed with one set of forceps. This 

resulted in the proboscis to bulb out, and it was important to then grip where the proboscis join 

the head with the other set of forceps and remove it.  

 

Lastly, when removing the midgut from the abdomen, it was important to pull slowly to reduce 

the risk of damaging it halfway through. This was done by holding the abdomen steady with 

one set of the forceps and pulling the content of the abdomen with the other. The midgut was 

subsequently shredded to release potential Trypanosoma. When observing the midgut of the 

fly, presence of blood meal could be detected. If the blood that was present in the midgut of the 

fly was darker red in color, it meant that the blood had been digested. If it was instead lighter 
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red in color, it suggested that the fly recently fed and that the blood had not been digested yet. 

If a bloodmeal was present, it was smeared onto Whatman filter paper (GE Health care Life 

Sciences, United States of America). The filter paper was labelled with a specific identification 

number and date, using a pencil, before smearing the sample on it. By shredding the midgut 

content and using a pipette, the bloodmeal was transferred on to the filter paper. This was then 

used for further genetic studies to determine host preference of the tsetse fly. After removing 

the salivary gland, the midgut and the proboscis, the presence of trypanosomes was observed 

under a microscope, at a magnification of 10x. If microscopically positive, the infected organ(s) 

were stored in an Eppendorf tube consisting of 60 μL 97% ethanol, at 4-5 °C in the laboratory. 

These samples were used for further molecular analysis. 

 

The forceps that were used for dissection, had to be cleaned between each dissection by using 

wipes and 97% ethanol, to avoid cross-contamination. 

 

3.4 Pig sampling 

In parallel to tsetse fly collection, pigs were being sampled in the same villages. For each 

village, a minimum of twenty pigs were sampled, every four weeks, during a period of five 

months.  

 

The aim was to sample 324 new pigs each sample period during the 5 months of trapping tsetse 

flies. This was an equivalent of 1,620 pigs over the entire study period, according to sample 

size calculations. When all pigs in a village were sampled, some were resampled, however not 

at the same sampling time.  

 

If there were no parasite-positive vectors, we assumed that the proportion of pigs that were 

going to be positive was approximately 0.05. If the village had parasite-positive vectors, we 

expected the proportion to be approximately 0.5. Using a 1-sample 2-sided sample size 

equation assuming 80% power and at 5% level of significance, then for negative traps, it 

needed n = 27 pigs and for positive traps n = 26 pigs per village. As it was unknown whether 
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traps were positive or negative, the sample size was at least 27 pigs per village. This gave a 

total sample size of 27 x 12 villages = 324, and also accounted for clustering effects. 

Recruitment of the pigs in the villages was purposive and based on availability and 

willingness to participate. The farmers were informed that pigs were needed for sampling, 

with all pigs being eligible. These assumptions and calculation were made in order to be sure 

that scientifically valid results could be achieved while keeping the number of pigs used for 

the study as low as possible.  
 

Each month, prior to sampling, the village chairman (Local Council 1, LC1) was told to inform 

and mobilize the pig farmers about the upcoming activity. The sampling of the pig was 

commenced by capillary blood being drawn from the vein along the cranial and caudal edges 

of the ear using a lancet for perforation. The hematocrit (HCT) technique was used as a 

detection method to discover potential infections in the sampled pigs. For each pig, a duplicate 

blood sample was collected in a 75 mm/ 75 µl heparinized capillary tubes which was 

subsequently cut using a diamond cutter to fit the centrifuge available. It was important to avoid 

getting air bubbles while filling the capillary tube because bubbles could interfere with the even 

distribution of rotational force during centrifugation. The tube needed additionally to be sealed 

by using plasticine after sampling, to prevent outflow.  

 

Prior to centrifugation of the samples, a level had to be placed both vertically as well as 

horizontally on top of the centrifuge to give it accurate equilibrium. Thereafter, the blood 

samples were centrifuged, by means of a microhematocrit centrifuge (MSE, Micro Centaur 

Plus, United Kingdom). The capillary tubes were subjected to a centrifugal force of 12,000 rpm, 

with the sealed end facing outwards, for three minutes. Following centrifugation, the Packed 

Cell Volume (PCV) was read by using a microhematocrit reader, to moreover be able interpret 

whether or not the host was anemic or not. According to The MSD Veterinary Manual, the 

normal  reference value for PCV in pigs is 36-43 % (Fielder, 2010).  
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To analyze trypanosome movement microscopically, the buffy coat was extracted by cutting 

the tube approximately 1 mm below the buffy coat with a diamond tipped pencil. This was 

subsequently extruded onto a microscopic slide and covered with a cover slip (22x22mm). The 

sample was then observed and examined under a microscope (Leica DM500) with 10x 

magnification to discover potential trypomastigote movements. Positive results were 

considered when at least one trypanosome was observed. Negative results were considered 

when no parasite was observed. To be able to theorize the species of Trypanosoma solely by 

observing the movement of the parasite under a microscope, the Compendium of Diagnostic 

Protocols of the OIE Reference Laboratory for Animal Trypanosomoses of African Origin was 

used (OIE, 2017).  

 

In addition to this, there was a data sheet prepared, as a way of obtaining supplementary 

information (metadata) regarding the pigs that were being sampled (Annex II).  If trypanosomes 

were detected, one drop of the whole blood was smeared onto labelled Whatman Fitzco/Flinder 

Technology Agreement (FTA) cards (GE Healthcare Life Sciences, United States of America), 

air-dried at room temperature, stored and furthermore used for species detection with PCR.  

During the last two sampling cycles, both microscopy positive and negative pig samples were 

stored on FTA cards and tested by PCR-based methods (n=483). These samples were 

subsequently transported to Gulu University, where the molecular detection took place. 

 

3.5 Molecular detection  

In order to increase the sensitivity of the screening, and to characterize the trypanosomes, 

molecular testing has been arranged to be conducted at the Bioscience Research Laboratory 

located at Gulu University, in Gulu town, located in the northern part of Uganda. Further 

molecular studies will be done to detect potential Trypanosoma species/subspecies in the pigs, 

infected tsetse flies, and the bloodmeal present. These molecular detection techniques were 

conducted for blood meal identification, determining the infection stage on infected tsetse flies 

and presence and prevalence of Trypanosoma in pigs. 
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Before undergoing the first step, DNA extraction, the FTA cards as well as the Whatman filter 

paper, had to be cut into smaller pieces, using a razor blade alternatively a scissor. They were 

then dissolved into a 1.5-microcentrifuge tube with 200 µL of 1X PBS buffer. The PBS buffer 

was prepared by using a 1x PBS tablet (AmericanBIO, United States of America) consisting of 

the components 0.14 M Sodium Chloride, 0.01M Phosphate and 0.003 M Potassium Chloride. 

For dilution and preparation of the PBS buffer, one tablet was dissolved in 200 mL distilled 

water. The sample was preserved for at least one hour in the buffer before initiating the DNA 

extraction procedure. 

 

3.5.1 DNA extraction 

A commercial DNA extraction kit was used (DNeasy Blood & Tissue Kits, Qiagen, Germany) 

for DNA extraction on the samples. The first step in the process of DNA extraction was to 

prepare a 56 °C water bath and the wash buffer (Buffer AW1 and Buffer AW2) accordingly as 

instructed in the manual (Qiagen Manual protocol). Subsequently, the PBS liquid where the 

samples had been put in was extracted by using a pipette and added into another 1.5 ml 

microcentrifuge tube, which was then used as the sample extract. Twenty (20) μL proteinase K 

stock solution and 200 μL of Buffer AL was added to the sample and thereafter mixed by 

vortexing. To ensure efficient lysis, it was essential that the sample and Buffer AL were mixed 

immediately after and thoroughly. In the case of DNA extraction of infected tsetse fly, the 

samples were instead dissolved in 40 µL proteinase and vortexed until certain that the content 

of the sample is discharged and dissolved properly.  

 

The solution was thereafter put in a 56 °C water bath for 10 minutes. After 10 minutes of 

incubation, the samples were briefly centrifugated to remove drops from inside the lid. After 

centrifugation, 200 μL of 99% ethanol was added to the sample and mixed thoroughly by 

vortexing it. It was essential that the mixture was vortexed thoroughly. The samples were 

thereafter briefly centrifuged to remove drops from inside the lid.  
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Afterwards, the mixture was dispensed into a QIAamp Mini spin column in a 2 ml collection 

tube and centrifuged at 6000 x g (8000 rpm) for one minute. After centrifugation, the 2 ml 

collection tube that contained the filtrate was discarded and the QIAamp Mini spin column was 

placed in a new, clean 2 ml collection tube.  

 

The lid of the QIAamp Mini spin column was opened and 500 μL Buffer AW1 was added 

without wetting the rim. The cap was closed and centrifuged at 6000 x g (8000 rpm) for one 

minute. Once again, the 2 ml collection tube containing the filtrate was discarded after 

centrifugation and the QIAamp Mini spin column was placed in a clean 2 ml collection tube. 

Thereafter, 500 μl Buffer AW2 was added and subsequently was centrifuged at full speed 

(20,000 x g; 14,000 rpm) for three minutes. Here it was recommended to put the QIAamp Mini-

spin column in a new 2 ml collection tube and centrifuge it again at full speed for 1 minute to 

eliminate the chance of possible buffer AW2 carryover.  

 

In this step, the QIAamp Mini spin column was afterwards placed in a clean 1.5 ml 

microcentrifuge tube and the collection tube that contained the filtrate was discarded. 200 μL 

Buffer AE was added in the QIAamp Mini spin column before it was incubated at room 

temperature (15–25°C) for one minute. The samples were then after centrifuged at 6000 x g 

(8000 rpm) for one minute. Lastly, the QIAamp Mini spin column was discarded, and the eluted 

DNA collected in the 1.5 ml microcentrifuge tube was stored at -80 °C, while waiting for DNA 

amplification.  

 

3.5.2 DNA Amplification 

 

Once the DNA extraction procedure was done, the samples was amplified using ITS PCR in 

order to amplify the potential Trypanosoma DNA present. Prior to DNA amplification 

procedure, a master mix has to be prepared (Table 3).  
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Table 3. Master mix ingredients for ITS PCR amplification. 
Component Final 

concentration 

1 sample 

ITS1-CF 100	µM 0.5 µL 

ITS1-BR 100	µM 0.5 µL 

Buffer 10x 2.5 µL 

MgCl 25mM 2.0 µL 

dNTPs 10	µM 0.5 µL 

BSA 5 mg/mL 0.1 µL 

Taqman* 5000 U/mL 0.125 µL 

Distilled water 

(H2O) 

 16.775 µL 

Total volume   23 µL	/sample  
*important to be stored in -20°C temperature when not in use 

 

All the samples were tested for presence of trypanosomes, using ITS1 PCR (Thermo Fisher 

Scientific, USA), which can even identify mixed infections in a sample. The ITS1 rDNA 

primers that was used included 100	µM ITS-CF (forward primer) and 100	µM ITS-BR (reverse 

primer). A master mix was prepared by combining 25 mM MgCl, 10 µM deoxynucleoside 

triphosphates (dNTPs), 5 mg/mL Bovine serum albumin (BSA), 5000 U/mL Taq DNA 

polymerase and 100 µM of forward and reverse primers.   

2 µL of DNA extract from each sample was subsequently pipetted into the well plates where 

the master mix was added afterwards. This was thereafter amplified by using ITS-PCR.  

Amplification products were lastly visualized in 2 % molecular grade agarose gel.  

 

3.5.3 Gel electrophoresis  

A gel was initially prepared, prior to loading the samples. To prepare a 1.5 % agarose gel 

suitable to load 100 samples, 3 gram of agar powder was weighed and dissolved in 200 mL of 

1x Tris/Borate/EDTA (TBE) buffer in a flask consisting of 10 mL 10x TBE and 190 mL of 

distilled water. The agar powder was then after dissolved in the prepared 1x TBE buffer and 

put in the microwave for approximately five minutes to completely dissolve the powder, but it 
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was also important to not let it boil over while in microwave, therefore, it needed to be 

supervised. Hereafter, the solution was swirled and cooled down before staining the mixture 

with 6 µL of ethidium bromide (EtBr). The agarose was then poured into a gel tray with the 

well comb in place. The gel had to sit for about 30 minutes, for it to completely solidify.  

While the gel was forming, 4 µL of dye was added to the PCR products. When the gel was 

formed, it will be poured into a tank containing 10x TBE buffer. Any bubbles visible was 

pushed away with a pipette tip. Subsequently, 15 µL of the product as well as 7 µL DNA ladder 

was added into the various wells in the gel. Thereafter, the gel tank was closed, the power-

source was switched on and the gel ran at, 100 volts, 400 mA and 300 W during a period of one 

hour.   

 

After running the gel for one hour, it was then taken to an UV lightbox for analysis. Depending 

the size of the band shown on the gel, the putative Trypanosoma species was theorized (Table 

4).   

 

Table 4. The Trypanosoma equivalent in band size. Source; BioMed Central by S M Thumbi, 

F A McOdimba, R O Mosi and J O Jung’a (2008). Open access publication.  
Species Base Pair 

Trypanozoon members (T. brucei) 480 

T. congolense 700  

T. congolense Kilifi 620  

T. congolense forest 700  

T. vivax 250  

 

If Trypanosoma was shown to be present, a species-specific primer will be used to be able to 

confirm species and also, if needed, determine sub-species.  



                                                                     
 
 
 
 
 
 

 
 

 32 

 

3.5.4 Species specific PCR  

Trypanosoma species was determined by looking at the visible bands present on the agarose 

gel. By looking at the size of the bands, the Trypanosoma species was determined and 

continually, a specific Trypanosoma sub-species primer were used (Table 5) by undergoing the 

same steps as illustrated under section 3.5.2. 

 

Table 5. Species specific primer that can be of use for detection of specific Trypanosoma  

species. Source: Biomed Central by Nakayima et al, 2012. Open Access publication. 

  
Trypanosoma species Primer Primer sequence (5’ to 3’) 

Trypanosoma spp. ITS1 CF 

ITS BR 

CCGGAAGTTCACCGATATTG 

TTGCTGCGTTCTTCAACGAA 

T. congolonse Savannah TCS1 

TCS2 

CGAGAACGGGCACTTTGCGA 

GGACAAAGAAATCCCGCACA 

T. congolense Kilifi TCK1  

TCK2 

GTGCCCAAATTTGAAGTGAT 

ACTCAAAATCGTGCACCTCG 

T. congolense forest TCF 1 

TCF 2 

GGACACGCCAGAAGGTACTT  

GTTCTCGCACCAAATCCAAC 

T. evansi TeRoTat 920F 

TeRoTat 1070R 

CTGAAGAGGTTGGAAATGGAGAAG  

GTTTCGGTGGTTCTGTTGTTGTTA 

T. vivax  DTO 155 

TviCatL1 

TTAAAGCTTCCACGAGTTCTTGATGATCCAGTA 

GCCATCGCCAAGTACCTCGCCGA 

T. b. rhodesiense Forward 

Reverse 

ATAGTGACAAGATGCGTACTCAACGC  

AATGTGTTCGAGTACTTCGGTCACGCT 

T. b. gambiense Sense 

Anti-sense 

GCTGCTGTGTTCGGAGAGC  

GCCATCGTGCTTGCCGCTC 
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Statistical calculations 

The apparent density (AD) of fly population was calculated by dividing the number of flies 

caught with the number of traps deployed multiplied by the number of days of deployment and 

expressed as fly/trap/day (FTD) (FAO, 2019). T-test was in addition also applied to calculate 

the collected data, to observe the differences in the results and see if it was statistically 

significant. The statistical analysis was performed using the software STATA 14.2 (StataCorp 

LLC, Tx, US). 

 

Ethical considerations 

Ethical approval to conduct this study was obtained from the College of Veterinary Medicine, 

Animal Resources and Biosecurity at Makerere University, Kampala, Uganda (Ref.: 

SBLS/SM/2019); the Institutional Research Ethics Committee at the International Livestock 

Research Institute, Nairobi, Kenya (Ref.: ILRI-IREC2019-13) and the Institutional Animal 

Care and Use Committee at the International Livestock Research Institute, Nairobi, Kenya 

(Ref.: IACUC2019-14). In addition, we obtained permission from the Uganda National Council 

of Science and Technology to conduct research in the selected sites in Uganda (Ref.: NS 669). 

Aliquots of the samples have been retained in Uganda at Gulu University. 

Prior to the sampling, the farmers were given an oral explanation by the local team before 

consenting to participating in the study, after which sampling could start. The farmers were 

informed that they can at any time leave the study. Data was anonymized before being analyzed 

in order to guarantee farmer privacy (e.g. by allocating sample IDs that are not related to any 

personal data). The actual blood sampling was done by veterinarians or technicians assigned 

from the veterinarian and efforts were made to reduce the time when pigs were restrained to 

reduce discomfort. Farmers were compensated for their time and the stress to the animals with 

albendazole being administered orally to the pigs, as a treatment for gastrointestinal parasitic 

worm infestation. In addition to this, if Trypanosoma positive, the pigs were also treated with 

a single intramuscular injection of diminazene diaceturate (3.5 mg/ kg body weight).  
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4. Results 

 

4.1 Sampling of Glossina species 

 

4.1.1 Tsetse fly density 

 

A total of 583 tsetse flies were collected throughout the entire sampling period, and 360 of these 

583 flies (61%) were dissected. The remaining 39% of the captured tsetse flies were found to 

be dead and thus not dissected.  

 

As illustrated in Figure 8, tsetse flies were being collected each month from February to June 

2019 to be able to observe change in tsetse fly density over time. The overall apparent density 

(AD) of all the captured tsetse flies during the dry season (February – March) and the wet 

season (April-June) are in addition also shown in Figure 9. This showed the average AD during 

the two months of dry season and three months during rainy season in the two selected districts. 

There was no statistically significant difference in the tsetse fly density between the two seasons 

(p>0.05). 
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Figure 8. Monthly distribution of tsetse fly catches during the five months that the sampling 

period transpired, from February to June 2019. 

 

 
Figure 9. Chart illustrating the average apparent tsetse fly density during dry season (Feb-Mar) 

compared to the rainy season (Apr-June) in Arua and Maracha districts. 

 

The tsetse flies that were shown to be Trypanosoma positive under the microscope, were 

detected in both intervention sites and control sites (Figure 10). The difference in the tsetse fly 

AD from the intervention sites, in comparison to the control sites, indicated there was a 

statistically significant difference (p<0.05) in the mean value (Table 7).  

 

Table 6. The different apparent tsetse fly densities in intervention sites in comparison to the 

control sites in Arua district and in Maracha district, Uganda. 
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GROUP MEAN VALUE; APPARENT 

DENSITY (AD) 

95% CONFIDENCE INTERVAL  

CONTROL SITES 4.77 4.40 - 5.146 

INTERVENTION SITES 2.32 2.19 - 2.45 

COMBINED 3.34 3.15 - 3.52 

 

 

 

4.1.2 Fly infection rates 

Out of the 360 dissected flies, 13 (3.6 %) were microscopically positive for Trypanosoma 

(Table 7) with three of them having bloodmeals present which was subsequently used for 

further testing.  
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Figure 10.  Number of the dissected tsetse flies and the microscopically positive with cross 

referenced with the villages where sampling had undergone. It illustrates the correlation 

between the tsetse flies that were dissected with the ones that were microscopy positive for 

Trypanosoma. 

 

About 85% (11/13) of the positive flies had Trypanosoma present in the proboscis suggesting 

a T. vivax infection. About 15% (2/13) of the microscopy positive tsetse flies had Trypanosoma 

detected in the midgut.  
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Table 7. Location of trypanosome developing forms in G. fuscipes fuscipes that were trapped 

in the twelve different villages surveyed in the Arua and Maracha districts.  
Village District COCTU 

Intervention/

Control site 

Collected 

tsetse flies 

Proportion of 

detected blood 

meals (%) 

Quantity 

of 

infected 

tsetse 

flies 

Infected 

organ(s) 

Interpretatio

n 

Elepi Arua Intervention 62 34,4 2 1) Mouthpart 

2) Mouthpart 

1) T. vivax 

2) T. vivax 

Alioudri Arua Intervention 42 5 0 - - 

Noa Arua Intervention 23 14.3 2 1) Mouthpart 

2) Mouthpart 

1) T. vivax 

2) T. vivax 

Ayizeveku Arua Control 110 18.8 1 Mouthpart T. vivax 

Onyai Arua Control 43 26.7 1 Midgut - 

Bira Arua Control 89 17.7 0 - - 

Nyoo Maracha Intervention 33 9.1 0 - - 

Abinyu Maracha Intervention 41 7.4 0 - - 

Andruvu Maracha Intervention 38 19.1 0 -  

Agei Maracha Control 72 11.8 2 1) Mouthpart  

2) Midgut 

1) T. vivax 

2) - 

Asuru Maracha Control 29 4.4 5 1) Mouthpart 

2) Mouthpart 

3) Mouthpart 

4) Mouthpart 

5) Mouthpart 

1) T. vivax 

2) T. vivax 

3) T. vivax 

4) T. vivax 

5) T. vivax 

Kurua Maracha Control 1 0 0 - - 
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4.2 Pig sampling 

In addition to that, a total of 1,262 pigs were sampled in Arua district and Maracha district, with 

a minimum of 20 pigs being sampled in each of the twelve selected villages during every 

sampling period. The sampled pigs were of different breeds including local breeds, exotic 

breeds and improved breeds (based on phenotype).  

 

A total of 777 female pigs, and 480 male pigs between the age of 1 month and 8 years (96 

month) were sampled. The data on the sex of five of the sampled pig was not noted. Their 

weights ranged between 0.5 kg and 150 kg. 

 

Table 8. Table illustrating the quantity of pigs that were being sampled each month.  
Month Number of pigs sampled 

February  265 

March  251 

April  262 

May  243 

June  241 

TOTAL 1262 

 

4.2.1 Pig infection rates 

Calculations showed that 0.56 % (7/1262) of the sampled pigs were microscope positive for 

Trypanosoma.  All microscope positive pigs were detected in intervention sites, with two found 

in Arua and five in Maracha. In addition to that, all the microscope positive pigs were females.  

 

4.2.2 Parasitological detection 

Through morphological evaluation of the parasite under microscope, the suggested 

Trypanosoma species in the microscopy positive pigs was T. congolense, which  is known to 

be small, long, cylindrical, slow, and in close proximity to red blood cells under microscope 

(OIE, 2017).  
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Seven of the analyzed samples were shown to be microscopy positive for Trypanosoma. All 

the pigs that were Trypanosoma positive under microscope, was residing in intervention sites.  

Three of them were detected during dry season (February – March), four during rainy season 

(April – June). 

 

During the last two sampling periods (May and June), all of the 483 samples that were collected 

from pigs were stored for molecular analysis. At the time of submission of the thesis, merely 

341 blood samples from pigs have been analyzed through both microscopic and molecular 

means. There were 223/341 samples (65.4%), including microscopy positives, that were 

Trypanosoma positive with PCR. All (100%) of the PCR positive samples were shown to be 

positive for Trypanosoma vivax infections. Example on visualization from gel electrophoresis 

displaying T. vivax is shown in Figure 11. Sixty percent of the PCR positive samples were found 

in intervention sites and 40% in control sites.  
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Figure 11. Visualization of T. vivax, with the size of 250 Bp.  
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5. Discussion 

 

5.1 Tsetse fly density 

 

A total of 583 tsetse flies of the Glossina species Glossina fuscipes fuscipes were collected 

throughout the entire sampling period. Out of the 360 alive flies that were dissected, 13 (3.6%) 

were Trypanosoma positive under the microscope.  

 

When investigating and comparing the tsetse fly density in the government control and 

intervention sites, there was a significant difference in tsetse fly catches (p<0.05). There was a 

significant higher concentration of tsetse flies being captured in the control sites, which is 

realistic, considering that there is ongoing vector control with deployment of Tiny Targets and 

regular monitoring occurring in the selected intervention sites (Tirados et al., 2015).  

Because of Tiny Target deployment, there has been a significant reduction in tsetse flies since 

2011. According to previous reports, the tsetse fly density has gone down from 2.4 

tsetse/trap/day in Arua and Maracha district, to 0.5 tsetse/trap/day within a three years period 

(2010-2013) (Tirados et al., 2015).  

 

The deployment of Tiny Targets and the various vector control activities ongoing in the West 

Nile region in Uganda, is well-known, however there is a lack of recent data publication in 

scientific literature available on tsetse fly density in Arua and Maracha district.   

Based on the calculations made from this project, the average AD in both Arua and Maracha 

district was shown to be 0.68 tsetse/trap/day in the intervention sites. 

 

Areas of reported high tsetse fly infestation has been shown to be present along the river Nile, 

up to South Sudan, with a catch between 60 and 160 flies per trap per day. This includes catches 

from the whole north western region of Uganda (Ministry of Agriculture; Animal Industry and 

Fisheries (MAAIF)/ Uganda Bureau of Statistics (UBOS) & Animal, 2014). 
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It has previously been theorized that the tsetse fly likes a cooler environment and are therefore 

usually more in numbers during rainy season (Charbonnier & Launois, 2012). The present study 

did not confirm this because there was no statistically significant difference in the tsetse fly 

density (AD) during rainy season in comparison to the dry season.   

 

During this sampling period, some traps were lost due to heavy raining, but this was accounted 

for when calculating the AD. Traps being lost due to heavy raining, is a common thing to 

happen (Tirados et al., 2015).  

 

Tirados et al. (2015) mentioned that smaller populations of tsetse flies are expected during the 

dry season. In contrary, Lukaw et al. (2016) reported more tsetse flies being obtained during 

dry season, when compared to rainy season (Lukaw et al., 2016). This is furthermore confirmed 

by Nnko et al. (2017), who obtained more tsetse flies during dry season and additionally also 

explained that this potentially might have been due to the fact that the tsetse fly do not move 

within a wider range during this period.  

 

5.2 Tsetse fly infection rate 

 

Out of the 13 Trypanosoma infected tsetse flies, 85% (11/13) had Trypanosoma present in the 

proboscis which suggested a T. vivax infection, one causative agent of nagana in cattle. T. vivax 

usually is acquired from cattle, and not from pigs because pigs are reportedly 

resistant/refractory to infection with T. vivax (Balyeidhusa et al, 2012; Biryomumaisho et al, 

2009; Biryomumaisho et al, 2013; Hamill et al, 2013; Ng’ayo et al., 2005; Waiswa, 2010).  
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5.3 Pig sampling  

There was a total of 1,262 pigs that were being sampled throughout these five months, however, 

only seven of them (0.56%, 95% CI 0.22-1.14%) were microscopically positive. Based on the 

morphology of the parasite, it was a suggested that the putative Trypanosoma species identified 

was T. congolense, a causative agent of nagana in cattle, however this is contradicted by the 

PCR results finding only T. vivax. Subsequently, this would indicate that these pigs could play 

a role in being potential reservoir for nagana in cattle and that the tsetse fly could furthermore 

transmit the animal infectious Trypanosoma species to other animal hosts.  

 

An infection rate of 0.56% is a very low infection rate amongst the sampled pigs. However, 

considering that latent infections as well as low parasitemia is a relevant issue, some 

Trypanosoma positive pigs might have been missed under microscope, and this suspicion was 

confirmed by the PCR.  

 

A previous study conducted in the West Nile region by Cunningham et al. (2017), which 

included blood samples being drawn from pigs in Arua and Moyo districts, reported that 3% of 

the 766 sampled pigs were infected with T. brucei s.l. Subsequently, for the samples that was 

shown to be positive for T. brucei s.l., The pig samples were negative for both T. b. gambiense 

and T. b. rhodesiense confirming earlier results of Balyeidhusa et al. (2012) who concluded that 

there is an apparent lack of  domestic animal reservoir of g-HAT in northwest Uganda. 

 

By detecting trypanosomes microscopically, a preliminary diagnosis and identification of the 

Trypanosoma species was done; however, for confirmation, molecular techniques were used. 

Even though microscopy is a cheap and easy way of detecting various potential Trypanosoma 

infections, it has some limitations. In addition to false identification being plausible, this 

method has also been shown to have lower sensitivity. 
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Due to the low sensitivity of microscopic evaluation, cryptic infections could have been missed. 

This is further confirmed by Ng’ayo et al, (2005), who examined 403 animals for presence of 

Trypanosoma with both microscopy and PCR. They confirmed the low sensitivity with only 

four of the samples being positive (1%) by microscopy but 86 (21.3%) being Trypanosoma 

positive with PCR. 

 

The microscopically positive samples in the present study were obtained from pigs residing in 

intervention sites. However, it is known that pigs are able to travel within a radius of an average 

of 4 km (Thomas et al., 2016), which could have resulted in pigs travelling to control villages, 

and possibly get infected there.  

 

Due to ongoing political conflicts in the neighboring countries of South Sudan and the DRC, 

there has been an increased influx of refugees entering Uganda for sanctuary. Uganda has kept 

their borders open which makes it easy for residents from neighboring countries to enter 

Uganda (Picado et al, 2017). According to reports made by the United Nations refugee agency, 

UNHCR, there are approximately one million people from South Sudan and DRC, who have 

been displaced to Uganda (since 2016) due to conflicts, with a majority of them being from 

South Sudan. Most of these refugees are located and live in the northern region of Uganda, 

specifically in West Nile (UNHCR, 2016). As HAT cases are endemic in both South Sudan and 

DRC, the influx of people from these countries plays an important role in possible HAT 

transmission, considering that people also frequently travel with livestock. 

 

5.3.1 Molecular detection 

The molecular data revealed that 223 samples of the 341 molecular analyzed samples (65.4%) 

were shown to be Trypanosoma positive. All of these samples were positive for Trypanosoma 

vivax, the causative agent for nagana in cattle. This illustrates the role pigs could play in being 

reservoir for the animal infectious Trypanosoma species. This has been previously discussed 

(Balyeidhusa et al., 2012; Hamill et al., 2013; Ng’ayo et al., 2005).   
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Ng’ayo et al (2005) detected ten Trypanosoma infected pigs with five of them being infected 

with T. vivax. Hamill et al (2013) who sampled 168 domestic pigs, detected six single T. vivax 

infections in the pigs sampled. In contrary, Balyeidhusa et al (2012) sampled 161 pigs in 

northwestern Uganda with no single T. vivax infections. Biryomumaisho et al. (2009) had the 

purpose of possibly detecting T. vivax in pigs, to further give an overall picture on how the 

infection displays itself in pigs. This was done through observation of samples through both 

microscopy and molecular methods and concluded that pigs can serve as hosts for T. vivax. 

Conclusively, this work as well as the work done by Ng’ayo et al. (2005), Hamill et al (2013) 

and Biryomumaisho et al (2009) illustrated the important role pigs could potentially play as a 

significant reservoir forAAT.   

 

5.4 Conclusions 

 

The low prevalence of tsetse fly density as well as low incidence of Trypanosoma infection in 

the vector was most likely due to the ongoing vector control activities. However, due to the fact 

that this project was performed during a short period of time, it would have been essential to 

continue with this work, preferably over a larger scale area in Uganda.  

 

The molecular results illustrated the reduced sensitivity of the microscopic method 

with 7/341 (2.1%) of the pig samples being positives by microscopy and 223/341 (65.4%) 

being positive by PCR. The infected pigs were shown to carry the Trypanosoma vivax parasite, 

one of the causative agents of Nagana in cattle which illustrates the important role pigs can play 

in being a significant reservoir for animal trypanosomiasis.  

 

However, it was a bit questionable that all the PCR positives were shown to be single T. vivax 

infections, with no mixed nor other single Trypanosoma species detected, because there has 

been other species detected in this study area.  
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In regard to future work, it would be preferable to continue working with these samples to get 

confirmation in regard to the results that were obtained. In this case, sequencing would be the 

best approach. This will give a better overview of the collected samples in the aspect of the 

genomic information. 

 

5.5 Limitations of the study 

Overall, the pig sampling went smoothly with no major problems occurring. However, there 

were some relevant limitations with the project.  

 

This included the fact that all pigs were screened for Trypanosoma infections microscopically 

by using the HCT method. This is a method that is not sensitive enough to detect very low and 

intermittent parasitemia and, thus, probably missing cryptic infections in animal reservoirs. 

During the last two sampling periods, all pig samples were therefore saved for later molecular 

testing.  
 

A drawback with the entomological study would be the fact that it occurred during a short 

period of time. If executed during a longer period of time, it would have given a more in-depth 

knowledge regarding the tsetse fly density in the West Nile region in Uganda.  
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Figures and Tables 

 

 

Table 9. The Trypanosoma positive tsetse flies. 

Number 

I.D 

Date of 

deployment  

Date of 

collection 

Village District Organ 

parasite 

positive  

Microscopy 

Interpretetion 

F055 15-Mar-19 16-Mar-19 Ayizeveku Arua Mouthpart 

(MP) 

T.vivax 

F071 15-Mar-19 17-Mar-19 Onyai Arua Midgut (MG) - 

F106 21-Mar-19 22-Mar-19 Asuru Maracha Mouthpart 

(MP) 

T.vivax 

F117 21-Mar-19 24-Mar-19 Asuru Maracha Mouthpart 

(MP) 

T.vivax 

F127 12-Apr-19 13-Apr-19 Elepi Arua Mouthpart 

(MP) 

T.vivax 

F128 12-Apr-19 14-Apr-19 Noa Arua Mouthpart 

(MP) 

T.vivax 

F140 12-Apr-19 15-Apr-19 Elepi Arua Mouthpart 

(MP) 

T.vivax 

F192 20-Apr-19 22-Apr-19 Asuru Maracha Mouthpart 

(MP) 

T.vivax 

F198 06-May-19 

 

08-May-19 

 

Noa Arua Mouthpart 

(MP) 

T.vivax 

F256 15-May-19 

 

16-May-19 

 

Asuru Maracha Mouthpart 

(MP) 

T.vivax 

F325 14-Jun-19 

 

16-Jun-19 

 

Agei Arua Mouthpart 

(MP) 

T.vivax 
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Table 10. The bloodmeals stored on Whatman filter paper grade 1 and furthermore used for 

bloodmeal analysis to determine tsetse host preference. 
Number I.D Date of 

deployment  

Date of 

collection 

Village  District Blood meal 

F009 13-Feb-19 14-Feb-19 Ayizeveku Arua Pending 

F010 13-Feb-19 14-Feb-19 Ayizeveku Arua Pending 

F011 13-Feb-19 14-Feb-19 Ayizeveku Arua Pending 

F026 13-Feb-19 15-Feb-19 Ayizeveku Arua Pending 

F027 13-Feb-19 15-Feb-19 Ayizeveku Arua Pending 

F033 13-Feb-19 16-Feb-19 Ayizeveku Arua Pending 

F047 20-Feb-19 22-Feb-19 Adravu Maracha Pending 

F050 12-Mar-19 15-Mar-19 Elepi Maracha Pending 

F052 15-Mar-19 16-Mar-19 Bira Maracha Pending 

F053 15-Mar-19 16-Mar-19 Onyai Maracha Pending 

F055 15-Mar-19 16-Mar-19 Ayizeveku Maracha Pending 

F057 15-Mar-19 16-Mar-19 Ayizeveku Maracha Pending 

F059 15-Mar-19 16-Mar-19 Ayizeveku Maracha Pending 

F067 15-Mar-19 17-Mar-19 Ayizeveku Maracha Pending 

F081 15-Mar-19 17-Mar-19 Bira Maracha Pending 

F082 15-Mar-19 17-Mar-19 Onyai Maracha Pending 

F084 15-Mar-19 17-Mar-19 Ayizeveku Maracha Pending 

F114 21-Mar-19 24-Mar-19 Agei Maracha Pending 

F118 12-Apr-19 13-Apr-19 Noa Arua Pending 

F123 12-Apr-19 13-Apr-19 Elepi Arua Pending 

F353 14-Jun-19 

 

16-Jun-19 

 

Asuru Maracha Mouthpart 

(MP) 

T.vivax 

F354 14-Jun-19 

 

17-Jun-19 

 

Agei Arua Midgut (MG) - 
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F131 12-Apr-19 14-Apr-19 Elepi Arua Pending 

F135 14-Apr-19 15-Apr-19 Bira Arua Pending 

F161 14-Apr-19 16-Apr-19 Bira Arua Pending 

F165 14-Apr-19 17-Apr-19 Ayizeveku Arua Pending 

F195 06-May-19 07-May-19 Elepi Arua Pending 

F196 06-May-19 07-May-19 Elepi Arua Pending 

F208 09-May-19 10-May-19 Onyai Arua Pending 

F210 09-May-19 10-May-19 Onyai Arua Pending 

F211 09-May-19 10-May-19 Bira Arua Pending 

F212 09-May-19 10-May-19 Bira Arua Pending 

F220 09-May-19 11-May-19 Onyai Arua Pending 

F221 09-May-19 11-May-19 Onyai Arua Pending 

F229 09-May-19 11-May-19 Ayizeveku Arua Pending 

F243 12-May-19 13-May-19 Abinyu Maracha Pending 

F255 15-May-19 16-May-19 Agei Arua Pending 

F257 15-May-19 17-May-19 Agei Arua Pending 

F256 15-May-19 18-May-19 Agei Arua Pending 

F272 07-Jun-19 08-Jun-19 Alioudri Arua Pending 

F277 07-Jun-19 08-Jun-19 Elepi Arua Pending 

F281 07-Jun-19 10-Jun-19 Elepi Arua Pending 

F282 07-Jun-19 10-Jun-19 Elepi Arua Pending 

F283 07-Jun-19 10-Jun-19  Arua Pending 

F284 07-Jun-19 10-Jun-19 Elepi Arua Pending 

F285 07-Jun-19 10-Jun-19 Elepi Arua Pending 

F286 07-Jun-19 10-Jun-19 Noa Arua Pending 

F287 07-Jun-19 10-Jun-19 Elepi Arua Pending 

F288 11-Jun-19 12-Jun-19 Onyai Arua Pending 

F290 11-Jun-19 12-Jun-19 Onyai Arua Pending 

F293 11-Jun-19 12-Jun-19 Bira Arua Pending 

F296 11-Jun-19 13-Jun-19 Bira Arua Pending 

F299 11-Jun-19 14-Jun-19 Bira Arua Pending 

F301 13-Jun-19 14-Jun-19 Nyoo Maracha Pending 

F302 13-Jun-19 14-Jun-19 Nyoo Maracha Pending 
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F306 13-Jun-19 14-Jun-19 Andruvu Maracha Pending 

F319 13-Jun-19 14-Jun-19 Andruvu Maracha Pending 

F326 14-Jun-19 16-Jun-19 Agei Arua Pending 

F337 13-Jun-19 16-Jun-19 Andruvu Maracha Pending 

F340 13-Jun-19 16-Jun-19 Abinyu Maracha Pending 

F353 14-Jun-19 16-Jun-19 Asuru Maracha Pending 

F354 14-Jun-19 17-Jun-19 Agei Arua Pending 

 

Table 11. Trypanosoma positive pigs under microscope. 
Pig I.D 

 

Date of sampling Village Trypanosoma species 

(PCR) 

P032 2019-02-12 Alioudri T. vivax 

P225 2019-02-22 Andruvu T. vivax 

P233 2019-02-22 Andruvu T. vivax 

P797 2019-05-06 Elepi T. vivax 

P958 2019-05-14 Andruvu T. vivax 

P959 2019-05-14 Andruvu T. vivax 

P960 2019-05-14 Andruvu T. vivax 
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Annex 

 

Annex I 

Data sheet for tsetse fly dissection 

 

 
     Parasite 

present 

      

Fly 

ID 

Date of 

deployment 

Date of 

collection 

Village Fed/ 

Unfed 

MG SG MP Male/ 

Female 

Used for 

blood 

meal 

analysis? 

Yes/No 

District Additional 

comments 
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Annex II 

Data sheet for pig sampling 

 
Pig 

ID 

Date District Village Breed Sex 

(M/F) 

Color Age 

(months) 

Weight 

est. (kg) 

PCV 

(%) 

Tryp. 

Pos/Neg 

           

           

           

           

           

           

           

           

           

           

           

           

           

           

           

 

 

  



                                                                     
 
 
 
 
 
 

 
 

 66 

 


