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Abstract
Trypanosoma brucei gambiense and Trypanosoma brucei rhodesiense – two distinct forms of a vector-borne parasitic disease, Human African Trypanosomiasis (HAT), otherwise known as the sleeping sickness are under threat of convergence in Uganda.  Because each form has distinct clinical manifestations, and requires different diagnostic, preventative, and treatment methods, overlap of the two forms may introduce severe challenges in the ability to control the disease, resulting in the reemergence of double epidemic. Livestock is the main reservoir host of the parasite, which is transferred to tsetse flies, who feed on the blood of the animals.  Once the tsetse flies are infected with the parasite, they transfer the disease through their bites to humans. (Fevre, E.M. et al., 2006). I propose two forms of prevention, and proactive interventions. Vector control through regional, cost-effective community based projects to control tsetse flies populations, and stricter regulations on livestock trade and movement.  The latter may be achieved through collaborative efforts between veterinary, agriculture and health services, as well as national government and international organizations.

Introduction/Epidemiology
A protozoan parasite of the genus Trypanosoma is the causative agent of Human African Trypanosomiasis (HAT), or sleeping sickness. Infected with the parasite, through the bite of the tsetse fly, humans may develop one of two distinct forms of the disease. Trypanosoma brucei rhodesiense is predominant in eastern and southern Africa, while Trypanosoma brucei gambiense is mostly found in western and central Africa.  HAT, classified under the neglected diseases category has reemerged within the past 30 years as the third epidemic since the 1900s and in some African countries has a prevalence of up to 50% infection, close to that of AIDS.  The earliest recorded outbreak occurred between 1901 and 1915, followed by 1940-1946, and 1976-1989.  On average, an estimate of 30,000 cases have been reported annually over the past 10 years, however it is estimated that 300,000 to 500,000 people actually have the disease (www.who.int).   Numerous successful programs have been implemented in the 1920s and with prompt treatment the disease in humans was cured and virtually eradicated. Within the past 40 years, however, increased political instability, regional wars, and extreme poverty, all contributed to the breakdown of public health infrastructure in many African countries and have resulted in disruption of control programs.  In addition, the initial success of eradicating the disease has encouraged local governments, as well as international donors to switch focus, and withdraw funding from diagnosis, prevention, and treatment of sleeping sickness, directing it towards more visible issues such as the exploding AIDS epidemic.  As such, Trypanosomiasis, has been on the rise, and recently has been emerging in areas which were previously disease free.  
The most urgent concern is the possibility of the two forms of the disease converging in Uganda, the foci of both forms of the disease. Over 9 million people are currently at risk of infection from the disease in Uganda. (Wamboga-Mugirya, 2007). People began returning to the areas they had vacated during the civil unrest of the 1980’s, bringing with them their livestock. Trade for most farmers is the main source of income and survival, and unfortunately since the livestock demography drives the epidemiology of sleeping sickness, particularly T.b. rhodesiense, the introduction of animals into the tsetse-belt area has been the main reason of the reemerging epidemic in Uganda.  Although currently the geographical distribution of the two forms is separated by the Great Rift Valley, continued human and animal migration may ultimately result in the crossing and convergence of the two forms of the disease. (Kioy, Mattock, 2005).  
Throughout the epidemiological history of the disease various forms of control measures have been implemented to eradicate Trypanosomiasis. Some have been more successful then others, yet each one had numerous challenges. Spread of Trypanosomiasis may be eradicated through either of three approaches. Vector-control programs of the tsetse flies populations, which will prevent humans from being infected, livestock treatment through massive insecticide spraying, and finally human treatment through timely administration of medications.  The latter having three more essential steps of accurate diagnosis, cost-effectiveness of drugs, and availability and accessibility of such medications.  Each of the above approaches has the potential of being an effective measure in the control of the disease, yet numerous challenges, must be taken into consideration.  More specifically, for effective eradication and control of the disease, demographical, social and economic factors must be taken into account prior to implementation of either of the approaches. 
Trypanosoma brucei gambiense (T.b.g.)/Trypanosoma brucei rhodesiense (T.b.r.)

Sleeping sickness manifests itself in two distinct forms, with varying clinical features of infection, the geographical range of the parasites, the epidemiology, transmission and the control options that are available. Currently no vaccine exists to prevent the disease, and without treatment, both forms will result in death.  In both forms however, once the trypanosomes proliferate into the human host, they gradually invade all the organs of the individual.  Initially, most of the parasites are destroyed by the person’s immune response, however due to highly mutatable nature of the parasite (antigenic variation), which modifies its surface membrane and expresses thousands of variants, the immune system isn’t able to catch up, and is always one step behind. T.b. rhodesiense causes an acute infection in humans, progressing rapidly through different stages.  During the early stage of the infection known as the haemolymphatic phase, the parasite moves from the blood and lymphatic systems to the central nervous system (CNS) multiplying in both the blood and the lymph.  Two to three days after the bite of the tsetse fly, redness, pain and swelling may occur at the cite of inoculation. Such physical manifestations are said to be called “chancre”, which is a localized immune response attempting to fight the infection. (Moore et al. 2002, as cited in Fevre et al. 2006). One to four weeks after infection, physical symptoms include, swollen lymph nodes, irritability, fever, severe headache fatigue, and skin rash. (Thomas, 2002). The late stage of infection or the meningoencephalitic stage occurs when the parasites cross the blood-brain barriers and enter the CNS, at which point inflammation of the brain tissue occurs, as well as the cellular infiltration of spinal nerve tissue and inflammation of visceral organs. At this point physical symptoms include slurred speech, confusion, and ambulation difficulties.  If treatment is not available, death usually occurs in 6-8 months. (Fevre et al. 2006). This form represents less then 10% of reported cases. By contrast T.b. gambiense, causes a chronic infection, where the parasite lives and multiplies within a human host, usually for months, and even years before progressing into the latent stage and infecting the central nervous system. The Gambian sleeping sickness symptoms usually involve the brain, with physical manifestations of slurred speech, slowed mental processes, personality changes, seizures and changes in sleep pattern.  As such, the name sleeping sickness was acquired due to a complete reverse, and loss of control of the sleeping pattern.  A person is fatigued during the day, and develops insomnia during the night, leading up to a coma and resulting in death. The long incubation and subsequent transmission time result in the higher infection rates, and as such, this form of the disease represents more than 90% of reported cases. (Caremark.com).
The Host - Domestic livestock
A number of domestic animals such as pigs, dogs, goats, sheep and cattle have found to carry human-infective trypanosome species, and as such are important in the epidemiology of trypanosomiasis. In East Africa, large numbers of cattle are found to be in close contact with humans; however it is important to note that it is the combination of contacts of both livestock and humans with tsetse flies in their habitats that is essential in the transmission of the bacteria, not the contact between humans and livestock themselves.  Studies found that in Iyolwa county, southeast Uganda, 4.9% of cattle tested during the 1988 were carrying T. brucei infections, and 25% of these were human serum resistant, which indicated that they were likely T.b. rhodesiense.   Discovered by Welburn et al. (2001b), 18% of cattle were carrying human-infective parasites during the T.b. rhodesiense epidemic area.  In addition, numerous studies have identified pigs as the main reservoir of T.b. gambiense in the West and Central Africa. (Fevre et al, 2006).
The Vector - Tsetse Flies 
Tsetse flies are of the genus Glossina, and are only found on the African continent.  They occur in pockets, and survive only in very specific types of habitat, such as the dry season around rivers and streams.  Tsetse of both sexes feed exclusively on the blood of animals and humans.  As such they are potential vectors of trypanosomes, and their presence presents a risk for parasite transmission.  The cycle begins when a fly bites an infected mammal and ingests the parasite.  The protozoa then multiply and develop within the gut and salivary glands of the fly over a series of weeks.  When the fly bites another human or animal, the mature forms of the parasite enter the host, settling in the blood and the spinal fluid. Tsetse flies have one to six months life spans, and once infected with the parasite, they remain able to transmit trypanosomiasis to humans for the remaining of their life span.(Thomas, 2002).
Life Cycle

The protozoan hemoflagellates, which belong to the Trypanosoma brucei, are the causative agents of two forms of disease in humans.  The extensive life cycle begins when the tsetse fly becomes infected with bloodstream trypamastigotes when taking a blood meal on an infected mammalian host.  In the fly’s mid-gut, the parasites transform into epimastigotes.  Binary fusion is a form of asexual reproduction in single celled organisms, whereby one cell divides into two identical cells. (Angert, 2006). The epimastigotes reach the fly’s salivary glands and continue to multiply by binary fission.  This cycle in the fly takes approximately 3 weeks. At the time the infected fly bites and feeds on the blood of the human, metacyclic trypomastigotes are injected into the skin tissue.  The parasites then enter the lymphatic system and pass into the bloodstream.  Inside the host, they transform into bloodstream trypomastigotes, are carried to other sites throughout the body, reach other blood fluids, such as lymph, spinal fluid, and continue to replicate by binary fission.  The entire life cycle of African Trypanosomes is represented by extra-cellular stages.  Humans are the main reservoir for Trypanosoma brucei gambiense, but this species may also be found in animals.  Wild game animals, and recently discovered domestic livestock are the main reservoir of T.b. rhodesiense. (www.dpd.cdc.gov)
Stages of Life Cycle (See Chart)
1. Tsetse fly feeds on host (Injecting Metacyclic trypomastigotes)
2. Metacyclic trypomastigotes are injected and transformed into bloodstream trypomastigotes – then carried to other sites.
3. Trypomastigotes multiply by binary fission in blood, lymph and spinal fluid.
4. Trypomastigotes in blood
5. Tsetse fly feeds on host (Ingesting bloodstream trypomastigotes).
6. Bloodstream trypomastigotes are transformed into procyclic trypomastigotes in tsetse fly’s mid-gut. Procyclic tryposmatigotes then multiply by binary fission.
7. Procyclic trypomastigotes leave the mid-gut and transform into epimastigotes.
8. Epimastigotes multiply in salivary gland, and transform into metacyclic trypomastigotes.
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Diagnostic/ Prevention/Treatment
Diagnostic measures require three steps. Firstly, to screen for potential infection, the use of serological tests and checking for clinical signs is essential.  Secondly, the diagnosis establishes whether the parasite is present, and lastly the stage of progression of the disease must be recognized through examination of cerebro-spinal fluid. To be accurate, such diagnostic techniques require the use of expensive and sophisticated tools, as well as medical expertise, knowledgeable of their operations.  Diagnostic tools such as microscopy, Card Agglutination Test for Trypanosomiasis (CATT/T.b. gambiense), the enzyme-linked immunosorbent assay (ELISA), Polymerase Chain Reaction (PCR), and the Peptide nucleic acid (PNA) probes, exist, however are not available in the regions where the most marginalized and impoverished people reside, and where the disease is most prevalent. (Fevre et al, 182). As a result, many infected people may die before they are tested and treated.  Currently several medications exist which if implemented in a timely manner, are able to cure the disease, however with such treatment methods, numerous challenges exist as well.  Four medications: Pentamidine, Suramin, Melarsoprol, and Eflornithine, may be administered, at different stages of the disease progression however. These medications have been found to have severe adverse reactions, in some cases even resulting in death, they require additional help in administration, and are very expensive.  Although, the resurgence of trypanosomiasis, since the 1970s, has led to collaborative methods of WHO and the manufacturing companies to provide medication free of charge to endemic countries, the lack of infrastructures, medical personnel and awareness of the disease by the local populations, treatment options are often inaccessible and ineffective in controlling the disease. (www.who.int). Finally, several options of the preventative aspect of trypanosomiasis control exist, and based on examples of previous successes have the potential of being effective measures in the eradication of the disease. 
Vector Control- South Sudan
During the 1990s a resurgence of the sleeping sickness epidemic occurred in South Sudan. Although mass screening and treatment techniques were present, the epidemic was still not under control, and hundreds of thousands of deaths were reported. In 1997, local public health officials introduced an extra component - vector control method through the trapping of the tsetse flies.  Attributing to the success of this concerted effort of combination of diagnosis, prevention and treatment, was the fact that the tsetse traps project was uniquely designed to include the participation of the local population of Tambura County.  The essential components of tsetse control lay in a few critical steps.  Firstly, a ‘train-the-trainer’ program was launched, where national health officials were trained in tsetse biology and control methodology, and an intense community mobilization where volunteers from the community were selected.  County health officials then trained these volunteers to be trap monitors and worked with the volunteers to prepare maps of villages with key sites for trap placement.   Secondly, bicycles were then given out to the selected individuals in charge of supervising the trap monitors.  With such an essential and relatively simple tool, they were able to collect and submit caught flies to the county health officials.  The tsetse fly traps themselves, were made by the local women’s groups who tailored specific colored clothes (black and blue, since the flies are attracted to light and dark colors), and were suspended from trees or bushes.  As such the flies would alight, get trapped and die.  These traps were placed in all places of increased human-vector contact, which was near village farm plots, water sources, and areas in which people gather firewood. Maintenance cost of one trap for duration of a full year was recorded to be 2000 Sudanese pounds, which is US $4.00.  In the Tambura County, 3,250 traps were set up between 1997 and 2001.  As was reported from the beginning of the project through the end, the number of the flies caught, dropped from 25 per trap per week, to fewer than 3 flies per trap per week.  This preventative strategy of vector control was combined with an aggressive human treatment of the disease and the prevalence of sleeping sickness was drastically reduced from 9% in 1997, to less then 2% in 1999.  (Joja, Okoli, 2001).
The above example has numerous important implications for the future of control and eradication of sleeping sickness, in other areas with the exploding of the epidemic.  It may be said that the active involvement and participation of the local community was an essential component in the success of the project.  Firstly, it was region specific, relatively simple to implement and maintain, and most importantly cost-effective.  Secondly, the training and education of the volunteers empowered the entire community, whereby they were given the opportunity to be active participants rather then silent, powerless bystanders of the prevention and treatment efforts of the disease which impacted on their own individual health and survival  In my view this created a spill over effect; increased local participation lead to increased knowledge, which then resulted in more motivation of others to actively participate in prevention strategies, resulting in higher cooperation and turnout for screening and testing of the disease. This, in turn allowed researchers, and clinicians a more accurate estimation of infection numbers and rates, leading to more specific, targeted treatment, finally resulting in the eradication of the disease.
Veterinary Action—Animal Hosts

In southeastern and northwestern Uganda, trypanosomiasis has been endemic for the past two decades.  The spread of the disease in Uganda has been linked to the massive restocking projects of cattle.  Since the mid 1990s traders have moved large numbers of cattle from southeastern Uganda to the eastern district of Soroti.  Farmers in Soroti rely on the purchase of the cattle to replace their herds which have been attacked and destroyed during the civil unrest of various ethnic wars.  Through such trading of the cattle, in many instances infected cattle have been bought and have been the source of infection of local population.  It was found that from 1999 to 2002, 60 cases of sleeping sickness have been reported annually in Soroti, a previously disease free zone.  Such reporting however is largely underestimated since, underreporting due to lack of knowledge, lack of medical infrastructure, and accessibility is wide spread.    In response to such developments, local veterinarians have been refusing to issue movement permits to cattle traders before their animals had been treated.  According to the Director of Animal Resources, William Olaho Mukhani, the farmers were responsible in meeting of the cost of treatment of their animals, which was estimated to be between US $0.50 and US $1 of a single dose, while US$100 for the unit price of mature cattle.  (Wendo, 2002).  As veterinarians are implementing treatment of the cattle, for this preventative measure to be effective, the veterinarians’ actions must be backed by an official policy, tightening stricter rules and regulations on cattle movement and trade.
Preventative Strategy Proposal.
As numerous studies indicate, and facts are abound, trypanosomiasis is prevalent among the most marginalized, and impoverished populations, where civil unrest, regional wars, migration of people and animals are all factors contributing to the spread and rise of the disease.  Taking into consideration both the challenges and successes of past and current control methods, it is necessary to devise a preventative strategy which is localized, cost-effective, and specific to the growing spread of the disease, and which especially addresses the convergence risk currently existing in Uganda.  As noted earlier adequate diagnosis of the disease, although would contribute to the eradication and control of the sleeping sickness, requires sophisticated tools and extensive medical expertise.  As such, diagnosis programs aimed at eradicating the disease are not effective, since the highest prevalence of sleeping sickness occurs in remote areas with extreme poverty, and lack in medical infrastructure, rendering it virtually impossible for proper diagnosis. (Brun, Balmer, 2006).  Current medications on the market, Pentamidine, Suramin, Melarsoprol, and Eflornithine, as mentioned earlier, each have drawbacks.  Pentamidine, although effective in the early stage of both T.b. gambiense and T.b. rhodesiense is not effective to treat the later stages, and studies have shown that certain parasite strains are becoming resistant to these medications. Suramin must be administered intravenously and as such makes administration difficult in remote areas where a person either cannot access a medical facility, or where adequate health clinics do not exist.  In addition, this medication has adverse side effects.  Melarsoprol, which is a famous medication, and has been used extensively, is old (over 50 years), and according to the findings kills between 4% and 12% of all patients who receive it. Finally Eflornithine, which is a relatively new drug, originally developed as an anticancer agent, treats only the Gambian form of the disease. It is however, extremely expensive, and as such largely inaccessible to most of the population suffering from sleeping sickness. (Stich et al, 2003). As such, treatment programs are not the most effective means of trypanosomiasis control.
I propose a preventative, vector control program to be applied in Uganda, and modeled on the project implemented in South Sudan in 1997.  Although treatment of the disease does exist, I propose that tsetse control will be more effective in the long run, in contributing to the eradication of the disease.  Building localized community based tsetse traps is a proactive strategy which is currently very cost-effective, and will be so in the future, as opposed to the reactive method of treatment.  Currently numerous foreign donors are providing some of the medications free of charge to endemic countries, however due to the complicated nature of administration and adverse side effects, this approach is not always effective.  In my view, instead of investing in costly medications, and medical personnel, foreign donors should assist in funding large scale tsetse control projects, educate the local public, and enable them to actively participate in the disease eradication.  This will result in more effective long term results, and in fact will be cheaper even for the international donating organizations, since, as demonstrated earlier tsetse traps are easier to built and maintain, rather than to develop, and administer costly drugs. Numerous organizations do exist today which were designed to deal specifically with assisting countries such as Uganda in trypanosomiasis control.  For instance, the Programme Against African Trypanosomiasis (PAAT) was created in 1995 in order to coordinate the four mandated international organizations of African Union, (AU), Food and Agricultural Organization (FAO), the International Bureau for Animal Resources (IAEA), and finally the World Health Organization (WHO). 
In dealing with the potential threat of the convergence of trypanosome brucei rhodesiense and trypanosome brucei gambiense, in Uganda it is important to take note of some social and demographic contributing factors.  During the 1970s and 1980s Uganda experienced extensive internal displacement of the rural population, illegal human and cattle movements, and a collapse of sleeping sickness prevention and control methods.  Such events largely contributed to the increased human vector contact and resulted in the transmission of the disease in to the previously disease free zones.   New outbreaks, which occurred in the Soroti District, have been linked to cattle restocking projects from infected southern districts. (Berrang-Ford et al, 2006).  As such, immediate intervention is required.  Livestock carrying the potentially infective parasite must be treated by veterinarians prior to their movement and introduction into the market of disease free zones.  This action must be collaborated between the national government, who should be responsible in implementing stricter trade regulations, mandating all livestock holders and farmers to treat their cattle.  As noted by Charles Wendo (2002), movement permits of livestock should not be issued until treatment is completed.  The additional cost of the medications required to treat the animals should be subsidized either by the national governments or international donating organizations, who already are investing in other forms of control.  
Eradication of this deadly disease will be successful only once all actors take full responsibility and participation in the control of sleeping sickness. Firstly, national governments must enforce rules and regulations in livestock treatment. Secondly international organizations must collaborate with each other, national governments, as well as local communities, veterinarians, the Ministry of Agriculture and health services, to create a proactive vector control program, which will be cost-effective, community based, and enable the impoverished, marginalized, and often seen as helpless populations to be actively involved in their own health and well being. Such empowerment of the people suffering from a disease will result in tremendous results, as opposed to a mere imposition of a foreign constructed and operationalized control program. Currently activities are not collaborated and usually occur in response to an emergency only. A proactive community integrated action will be more sustainable in the long run, economically affordable to the affected communities, national governments, as well as international donating organizations.
 . 
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