EcoHealth 2, 183-194, 2005
DOI: 10.1007/s10393-005-6331-9

ECOHEALTH

Original Contributions

© 2005 EcoHealth Journal Consortium

Sleeping Sickness in Southeastern Uganda: A Systems

Approach

Lea Berrang—Ford,1 David Waltner-Toews,’ Dominique Charron,? Martin Odiit,’

John McDermott,* and Barry Smit’

"Department of Population Medicine, University of Guelph, Guelph, Ontario, N1G 2W1, Canada
2Foodborne, Waterborne and Zoonotic Infections Division, Public Health Agency of Canada, Guelph, Ontario, Canada

*Ministry of Health, Kampala, Uganda
“International Livestock Research Institute, Nairobi, Kenya

Department of Geography, University of Guelph, Guelph, Ontario, NIG 2W1, Canada

Abstract: Sleeping sickness continues to be a significant public health burden in southeastern Uganda.

Continued spread of the disease into new areas of Uganda highlights our inability to understand and predict

the distribution of infection. Multiple factors influence the distribution of sleeping sickness, including climate,

land cover, cattle movements, prevention and control activities, and social conflict. We draw on a systems

approach to conceptualize and characterize the multiple interacting forces and processes that influence the

spatial and temporal dynamics of sleeping sickness in Uganda. This synthesis reveals a complex system of

interactions among human and biophysical systems, feedback, and scale dependence. We identify some

common analytical modeling approaches relative to our system characterization and identify opportunities for

sleeping sickness research and improved understanding of disease dynamics in Uganda.
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INTRODUCTION

Sleeping sickness is the name used to describe the human
form of African trypanosomiasis (Trypanosoma spp.), a
protozoal parasitic disease that affects humans, livestock,
and many sylvatic species in much of sub-Saharan Africa.
Transmitted by the tsetse fly vector (Glossina spp.), try-
panosomiasis is a significant constraint to livestock devel-
opment in sub-Saharan Africa (Jordan, 1979, 1986;
McDermott and Coleman, 2001). Southeastern Uganda has
generally experienced the acute form of sleeping sickness,
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caused by the subspecies Trypanosoma brucei rhodesiense,
which is predominant in eastern and southern Africa
(Koerner et al., 1995; Welburn et al., 2001; Fevre et al.,
2004). A second subspecies, T. b. gambiense, causes a
chronic form of sleeping sickness and is prevalent pre-
dominantly in western and central Africa and southern
Sudan. Sleeping sickness has continued to be a significant
public health burden in southeastern Uganda, with epi-
demics in 1901-1915, 1940-1946, and 1976-1989 (MacK-
ichan, 1944; Hide, 1999; Fevre et al., 2004). More recently,
the spread of sleeping sickness into areas previously
thought to be free from the disease has highlighted gaps in
the ability of current research to explain and predict the
distribution of infection (Feévre et al., 2001).
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The incidence and control of sleeping sickness have
been subject to the interactions of multiple determinants in
space and time (Ford, 1969, 1971; Jordan, 1979, 1986;
Hendy and Makin, 1988; Hursey and Slingenbergh, 1995;
Mills and Pender, 1996; Reid et al., 1997; Bourn et al.,
2001). These include the ecology of the parasite, vector, and
host species, whose distributions and interactions are af-
fected by sociopolitical factors. In this article, we draw on a
systems approach to conceptualize and characterize the
multiple interacting forces and processes that influence the
spatial and temporal dynamics of sleeping sickness in
Uganda. On the basis of this systems characterization, we
identify some research opportunities relative to several
major modeling approaches used in sleeping sickness re-
search.

SLEEPING SickNESS IN UGANDA

Uganda, located in East Africa (Fig. 1), is surrounded on
the east by Kenya; on the west, by the Democratic Republic
of the Congo; on the north, by Sudan; and on the south, by
Tanzania and Rwanda. The country is located in a region
that has experienced extreme poverty and civil unrest over
the past 100 years, and these conditions have coincided
with, or preceded, outbreaks of sleeping sickness in Uganda
(Okiria, 1985; Mbulamberi, 1989b). References to sleeping
sickness in this article refer to the acute form of the disease
in humans, caused by T. b. rhodesiense. The epidemiology,
pathology, and ecology of T. b. rhodesiense vary signifi-
cantly from the more chronic form of sleeping sickness,
caused by T. b. gambiense (Mbulamberi, 1994). Early
symptoms of acute sleeping sickness include headache, fe-
ver, anxiety, and confusion, followed by disruption of
sleeping patterns, slurred speech, mental confusion, coma,
and eventual death within 6 to 12 months if untreated
(Hide, 1999). Trypanosomes infect many species, including
cattle and other livestock. Animal trypanosomiasis is gen-
erally considered to take an endemic form (i.e., consistent,
often low-level disease). Nonetheless, there have been sev-
eral epidemics of animal trypanosomiasis, particularly in
cattle, over the past 100 years (Ford, 1971; Leak, 1999;
Fevre et al., 2004). In this article, we use the term sleeping
sickness for the human infection, whereas the infection in
animals, sometimes called nagana in cattle, will be called
animal trypanosomiasis.

Sleeping sickness is influenced by the ecology of the
parasite and its tsetse fly vectors, including the differential

interactions of multiple vector species with multiple host
and parasite species. The epidemic nature of the disease
means that small changes in the factors influencing trans-
mission can trigger an epidemic (Platt, 1996). These trig-
gers include shifts in land use and agricultural activities,
population movements, animal movements, and bush
growth or elimination. Moreover, such changes are often
driven by social upheaval (Platt, 1996), including war and
movements of refugees and their livestock, cattle raiding,
and economic and agricultural policy changes in the region.

ScoOPE AND SCALE OF SLEEPING SICKNESS
RESEARCH

The forces that influence sleeping sickness operate on
different spatial and temporal scales (Rogers, 2000). Re-
search on sleeping sickness has occurred on a variety of
scales and in a range of disciplines, including ecology,
geography, history, veterinary epidemiology, parasitology,
medicine, and public health. Each research discipline tends
to focus on processes that occur at particular spatial and
temporal scales (Fig. 2). Research on the scale of the
African continent, for example, may use satellite imagery to
understand climate and land uses that represent preferred
vector habitat (Rogers, 2000; Rogers and Randolph, 2003).
Land cover as a determinant of sleeping sickness has been
investigated at the more local district level (Odiit, 2003).
Prediction of the effects of climatic changes on vector
habitat at the continental scale (McDermott et al., 2001) is
important for the understanding of long-term secular
trends. It also contributes to the understanding of changes
in vector distribution observed at the local and regional
levels.

In another example of the importance of scale, genetic
research conducted on the microscopic scale allows for the
identification of trypanosome species, strains, genotypes,
and isolated clusters (Hide et al., 1996; Hide, 1999). This
research has contributed to the understanding of sleeping
sickness patterns at the regional and national scales, re-
vealed new information on which trypanosome species may
have caused the 1900-1920 Ugandan outbreak (Hide et al.,
1996; Welburn et al., 2001), and highlighted the role of
cattle movements in parasite spread (Fevre, 2001; Fevre
et al., 2001). Research, by necessity, focuses on a particular
temporal and spatial scale. As the previous example of
genetic research indicates, however, research findings from
one discipline often have implications for research in other
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Figure 1. A: Map of Africa and Uganda. B: Map of Uganda and southeastern Uganda.
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disciplines at different scales. The following discussion
draws from several disciplines on research conducted at
different scales (Fig. 2) as a basis for our characterization of
sleeping sickness dynamics and interactions.

SYSTEM DESCRIPTIONS OF SLEEPING SICKNESS
IN SOUTHEASTERN UGANDA

Four system categories are used to structure our review of
sleeping sickness: the parasite life-cycle system, the bio-
physical system, the livestock livelihood system, and the
sociopolitical system. Interactions among these systems are
discussed at the end of the section.

Sleeping Sickness Parasite Life-Cycle System

The life cycle of trypanosomiasis includes the parasite, the
tsetse fly vector, and the human, wildlife, and livestock

j Figure 2. Spatial and temporal scales for
sleeping sickness research in Uganda.
Adapted from Gibson et al. (2000, p 227).

hosts of human-infectious trypanosome parasites. Not all
trypanosome parasites are infectious to humans. Only
Trypanosoma brucei causes sleeping sickness (Leak, 1999).
Two other parasites in southeastern Uganda, Trypanosoma
congolense and Trypanosoma vivax, cause infection in ani-
mals, but not in humans. Humans become infected by T.
brucei when bitten by an infected tsetse fly; this leads to
subsequent sleeping sickness symptoms. Wild animals and
livestock acquire parasite infection in the same way and can
act as a reservoir for human infection where tsetse are
transmitting the parasites from animals to humans. The
likelihood that a case of sleeping sickness generates addi-
tional or secondary cases of disease (the transmission po-
tential) is relatively low. This inherently low transmission
potential is influenced by the infectivity of T. brucei spp.,
which is lower than that of other major tsetse-transmitted
trypanosomes. Transmission is favored by a large ratio of
flies to humans, a relatively high prevalence of infection in



flies and humans, and a high level of contact between flies
and hosts (Rogers, 1988; Rogers and Williams, 1993; Hide,
1999). This low transmission potential is responsible for the
typical pattern of sleeping sickness in Uganda: generally
very low levels of sleeping sickness interrupted by distinct
epidemics. These epidemics arise from variations in the
determinants of transmission, such as ecological or social
upheaval (World Health Organization, 2001). The low
transmission potential of the disease has meant that control
targeted at interrupting the transmission of the parasite can
be very effective in reducing sleeping sickness incidence.
The sleeping sickness transmission cycle is a function of
the parasite species, the vector species, and their host pref-
erences. Each parasite is differentially able to infect and be
transmitted by the three tsetse species present in south-
eastern Uganda: these include Glossina pallidipes, G. fuscipes
fuscipes, and G. brevipalpis (Gashumba and Mwambu, 1981;
Matovu, 1982). Glossina fuscipes fuscipes, for example, is
considered the key vector for human infection by the par-
asite T. brucei in southeastern Uganda (Hide, 1999),
whereas the tsetse vector, G. pallidipes, may also play a role
in sleeping sickness transmission in some regions (Matovu,
1982; Okiria, 1985). In southeastern Uganda, T. brucei is
generally not associated with high rates of cattle mortality,
thus resulting in a larger reservoir of infected cattle (Olila et
al.,, 2002). The extent to which low-level but persistent
infections in cattle increase or decrease the potential for
human infection is the subject of current studies (Coleman
and Welburn, 2004). Issues of parasite detection and prev-
alence are further complicated by evidence of differing re-
sults due to diagnostic methods, which may significantly
underdetect trypanosome prevalence (Picozzi et al., 2002).

Biophysical System

Climate and vector habitat are key components of the
biophysical aspect of the sleeping sickness system. Each
tsetse vector uses a particular habitat. The main vector of
recent sleeping sickness in southeastern Uganda, G. f.
fuscipes (Abaru, 1985; Okiria, 1985), is generally a riverine
species found near rivers or lakes in riparian forests (Leak,
1999). Both G. f. fuscipes and G. pallidipes are vectors of
cattle trypanosomiasis; the latter is generally associated
with savannah ecology, as well as the distribution of
available wildlife, cattle, and human hosts (Allsopp et al.,
1972; Leak, 1999). Vegetation and land cover near riverine,
lacustrine, and savannah zones affect the distribution of the
sleeping sickness vector. For example, increased vegetation
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growth around homesteads and the resulting movement of
tsetse flies into peridomestic environments (Okoth, 1986)
likely contributed to the sleeping sickness outbreaks in
Kenya in 1965 and Uganda in the 1970s and 1980s
(Mbulamberi, 1989b).

Land cover, land use, and associated vector habitat are
affected by human population densities. In an assessment
of the effect of human population growth on tsetse vector
habitat, Reid et al. (2000) and McDermott et al. (2001)
suggested that population growth in the coming decades is
unlikely to significantly change the range of the riverine
tsetse, whereas the savannah and forest flies are expected to
experience decreases in habitat. In southeastern Uganda,
therefore, sleeping sickness may be relatively unaffected by
population growth, whereas the economically important
cattle disease may decrease in nonriverine savannah habi-
tats. Research by Odiit (2003) on sleeping sickness cases in
southeastern Uganda found that there was an association
between cases and areas of low population density; despite
the predicted trend of increased transmission with higher
population density, areas of lower population density may
still experience high rates of disease because of greater
human-fly contact. This association may arise from the
absence of flies in high-density urban areas (Reid et al,
2000) or increased human—fly contact caused by popula-
tion growth in low-density areas.

Reduced livestock illness improves livelihoods and
ability to control, prevent, and combat sleeping sickness.
Reduced levels of infection in livestock may also allow for
thus
increasing the potential for livestock infection and greater

expanded livestock development, paradoxically
transmission to humans by riverine tsetse. The interactions
and varying scenarios associated with land use change
indicate the importance of vector habitat in the sleeping
sickness system.

Climate variability and change provide an example of
the influence of factors that vary across wider spatial and
temporal scales. As noted by Rogers (1991), climate is a
dominant factor that controls the continental pattern of
tsetse distributions. The importance of climate change in
relation to tsetse habitat has come under increasing scrutiny
(Rogers and Packer, 1993; Robinson et al., 1997; McDer-
mott et al., 2001; Rogers and Randolph, 2003). Although it
plays a large role at the global level, climate variability and
change also contribute to the manifestation of local-scale
processes and background variability in sleeping sickness.
For example, local populations of G. f. fuscipes in Uganda
represent the eastern fringe of the continental distribution
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of the riverine vector (Ford and Katondo, 1977; Leak, 1999).
Climatic changes resulting in a small shift westward in the
continental distribution of the riverine fly zone could the-
oretically eliminate G. f. fuscipes from southeastern Uganda.
The likelihood of such a change, however, remains unclear.

Livestock Livelihood System

Livestock—cattle in particular—underlie much economic
and social activity in poor rural communities in Uganda.
Given the importance of cattle as a reservoir of sleeping
sickness, the livestock livelihood system plays an integral role
in shaping the risk and transmission of the disease. Recent
research by Fevre et al. (2001) in the Soroti District of eastern
Uganda suggests that cattle markets act as a major focus for
the transmission of trypanosomiasis, thus disseminating the
disease through cattle reservoirs to many groups of people.
In this case, re-stocking of cattle in Soroti from infected areas
is argued to have resulted in the spread of sleeping sickness to
a previously unaffected district. Livestock movements were
also a factor in the 1976-1989 outbreak in Uganda, when
parasite spread was facilitated by political instability and the
uncontrolled movement of people and livestock across the
Kenyan border (Mbulamberi, 1989b). At the wider regional
scale, cattle movements due to raiding and forced migration
create the potential for transmission of either tsetse vectors
or parasite species into new areas.

Sociopolitical System

Within Uganda, the history of conflict and political insta-
bility has had a dramatic effect on agriculture, economics,
ethnic relations, language, power struggles, and livelihoods.
British colonial rule at the start of the 1900s coincided with
severe outbreaks of sleeping sickness (Lyons, 1991; Wor-
boys, 1994). Social and political conditions under the
colonial government were characterized by disruption of
settlement and agricultural patterns, forced labor, and
warfare—factors that may have contributed to the severity
and extent of the outbreaks (Ford, 1971, 1979; Jordan,
1986; Musere, 1990; Worboys, 1994). Sleeping sickness
outbreaks in the 1970s and 1980s in Uganda also followed a
period of civil instability and conflict. Political instability
under Idi Amin in the 1970s led to economic decline, social
upheaval, collapse of public services, and dramatic shifts in
social and ecological systems; these factors are believed to
have played a key role in the increase in sleeping sickness
incidence after Amin’s rule (Matovu, 1982; Okiria, 1985;

Mbulamberi, 1989a, b). Increased movements of human
and animal hosts, for example, increased the potential for
vectors or parasites to be carried to new areas. Disruption
of public and health services, social infrastructure, and
coping capacities inhibited prevention and control mea-
sures. Social processes play a significant role in driving
sleeping sickness risk in Uganda; such processes may pro-
vide the triggers necessary to push transmission of disease
above epidemic thresholds and into new areas.

Finally, diseases other than trypanosomiasis influence
sleeping sickness in southeastern Uganda. Outbreaks of
rinderpest at the turn of the 20th century resulted in cat-
astrophic losses of cattle and reduction of tsetse popula-
tions (Ford, 1971). After this, it is believed that tsetse
populations became reestablished because of lusher vege-
tation free from grazing cattle (Ford, 1971; Jahnke, 1976) or
re-stocking with infected cattle (Fevre et al., 2004). The
social structure was particularly vulnerable because of
livestock losses and famine (Ford, 1971, 1980; Musere,
1990), thus creating the conditions for significant outbreaks
of trypanosomiasis in the early 1900s. Fevre et al. (2004)
suggest that parasite spread during the rebuilding of cattle
stocks after the rinderpest outbreaks may have provoked
the 1900-1920 sleeping sickness outbreaks.

The emergence of human immunodeficiency virus
(HIV)/acquired immunodeficiency syndrome in recent
years and related changes in the epidemiology of tubercu-
losis have taxed Ugandan health services and caused social
and economic upheaval because of high acquired immu-
nodeficiency syndrome and tuberculosis mortality in young
adults. Although Uganda’s rapid response to HIV has been
relatively successful, the prevalence of HIV remains high
(see Pisani [2002] for an excellent discussion of HIV in
Uganda). As noted by Mbulamberi [personal communi-
cation, 2004], funding for sleeping sickness surveillance and
control in Uganda has been significantly limited by the
demands of controlling malaria, HIV, and tuberculosis.

SYSTEM INTERACTIONS

Although the four systems described previously are helpful
in structuring a review of the factors that affect sleeping
sickness, they are subjective categorizations. The parasite
life-cycle, biophysical, livestock livelihood, and sociopolit-
ical systems are interconnected through the interactions of
humans with the shared habitat of wildlife hosts, livestock
hosts, and tsetse vectors. A change in livelihood changes the



rate at which humans are bitten by tsetse vectors. Fishing
and exploitation of forest resources result in higher vector—
host contact than cropping, for example (Leak, 1999).
Exposure to the parasite changed in the 1970s, when
abandoned cropping resulted in increased forest resource
extraction, such as charcoal and firewood collection
[Mbulamberi, personal communication, 2004]. Within
these interactions are also feedback mechanisms. For
example, increased prevalence of disease drains limited
health resources and worsens poor livelihoods, thus further
increasing vulnerability to disease.

Sleeping sickness in southeastern Uganda is driven by
processes that affect the transmission potential of the try-
panosome parasite. This transmission is affected by the
presence of appropriate parasite and tsetse species; these are
influenced by climate and land use, which affect tsetse habitat
(Ford, 1969; Rogers, 1991). Movements of people and cattle
carry the parasite or vector to new regions and populations.
Civil conflict can cause changes to tsetse habitat, population
movements, cattle movements, and prevention and control
programs, thus triggering an outbreak (Mbulamberi, 1989b).
Societies and communities burdened by poverty, civil unrest,
and poor health are more vulnerable to disease (Platt, 1996);
disease outbreaks may be more likely to occur, spread more
rapidly, and result in more damaging effects. For example,
general ill health and poor nutrition in the presence of par-
asites and vectors increase community vulnerability to dis-
ease while reducing the community’s capacity to respond. In
the case of sleeping sickness, detection and early treatment of
cases is central to reducing illness and death (Odiit, 2003).
Both detection and treatment are inherently linked to the
availability of sleeping sickness treatment centers, the quality
and quantity of detection and treatment supplies, and the
capacity of Uganda’s health-care infrastructure (Matovu,
1982; Abaru, 1985; Okiria, 1985; Odiit, 2003). Transmission
of sleeping sickness is strongly influenced by vector control
(Yu et al., 1995; Odiit, 2003) and the prevalence of infection
in cattle (Waiswa et al., 2003). Veterinary, public health, and
vector-control activities, for example, collapsed during the
Idi Amin period, and this eliminated organized control of
trypanosomiasis (Mbulamberi, 1989b). The economic and
political changes of this period, as discussed previously,
promoted changes that increased vulnerability to disease
outbreak and reduced the capacity of the health system to
respond to disease.

The four systems—the parasite life-cycle system, the
biophysical system, the livestock livelihood system, and the
sociopolitical system—provide a summary of the range of
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processes, scales, and interactions among factors that
influence spatial and temporal variation in sleeping sickness
in southeastern Uganda. Figure 3 is a graphic summary of
the conceptualization and characterization of sleeping
sickness dynamics developed in the preceding sections. This
systems graphic synthesizes the components, processes, and
interactions that influence the spatial and temporal
dynamics of sleeping sickness in southeastern Uganda.

APPROACHES TO MODELING SLEEPING
SICKNESS IN SOUTHEASTERN UGANDA

Descriptions of interlinked systems are useful in identifying
important interactions between factors that affect sleeping
sickness on various scales (Fig. 3). The components, pro-
cesses, interactions, and scales shown in Figure 3 are vari-
ously considered by different approaches to analytical
modeling of sleeping sickness. Common analytical ap-
proaches to vectorborne disease modeling in sleeping
sickness research include statistical epidemiological
regression, mathematical transmission models, and spatial
prediction models.

Statistical modeling focuses on associations between
the disease and a number of variables. In Uganda, for
example, regression analysis was used to assess the effect on
sleeping sickness incidence of human population density
and proximity to several land cover classes in two south-
eastern districts (Odiit, 2003). Regression modeling, how-
ever, has a limited capacity to address the complex
multiscale interactions identified in Fig. 3 (Rose, 1985;
Schwartz et al., 1999); this type of modeling also deals
poorly with infectious disease data, which often violate
assumptions of independence (Koopman and Longini,
1994). Statistical modeling of spatial and temporal depen-
dence has evolved in conjunction with developments in
Geographic Information Systems (GIS) (Odiit, 2003).

Mathematical transmission models focus on quantita-
tive estimation of infection parameters and host and vector
population sizes. Modeling of trypanosomiasis transmis-
sion is based on tsetse biting rates, proportion of tsetse
infected, proportion of tsetse bites resulting in a host
infection, mortality rates, recovery rates, and the ratio of
vectors to hosts (Rogers, 1988). Incorporation of sociopo-
litical determinants of risk factors (Fig. 3) is poorly devel-
oped in mathematical transmission modeling of sleeping
sickness. This is largely due to the challenges of quantifying
2001).

relevant variables (McDermott and Coleman,
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Figure 3. Rich picture of sleeping sickness in Uganda. The diagram
is centered around an individual in southeastern Uganda at risk of
sleeping sickness. Dominant system elements can be identified: the
sleeping sickness parasite life-cycle system, the biophysical system, the

McDermott and Coleman (2001) have extended the scope
of these base models to simulate scenarios of trypanoso-
miasis control strategies in cattle.

More recently, developments in GIS and remote
sensing have allowed for advanced spatial analyses of the
determinants of vectorborne diseases (Hay et al., 2000;
Rogers and Randolph, 2003). These have predominantly
been at the continental or national level. Spatial models of
the spread of trypanosomiasis have been used to predict the
effect of human population growth on tsetse populations in
Africa (Reid et al., 2000; McDermott et al., 2001). Inte-
grated GIS have been developed to examine spatial rela-
tionships between trypanosomiasis, tsetse distribution, and
land use in Togo and the Sinfra region of Cote d’Ivoire
(Hendrickx et al., 2000; Lointier et al., 2001); similar da-

tabases are currently being developed for Uganda (Farming
in Tsetse Conrolled Areas Project, 2004). There are spatial
analyses of sleeping sickness risk at the local level for

livestock livelihood system, and the sociopolitical system. These four

subjective categorizations are useful in grouping system processes
and facilitating system descriptions.

eastern Uganda (Fevre et al., 2001; Odiit et al., 2004a).

Diseases such as sleeping sickness that depend a great deal
on geographic factors are particularly suited to spatial
analyses such as those used in Cote d’Ivoire and elsewhere.
Models of trypanosomiasis tend to ignore sociopolitical
determinants of disease. This is largely due to the difficulty of
quantifying social or political factors. Our systems descrip-
tions identified social conflict as a determinant of sleeping
sickness risk because of its influences on land cover, human—
fly contact rates, cattle infection rates, and prevention and
control activities. Analyses of sociopolitical determinants of
sleeping sickness have been largely qualitative (Musere, 1990;
Lyons, 1991). Recent research in Uganda integrates quanti-
tative and qualitative analyses to assess the significance of
sociopolitical determinants of sleeping sickness. Odiit et al.
(2004b) examined diagnosis and treatment delays for
sleeping sickness patients in eastern Uganda between 2000
and 2002. Fevre and associates used analysis of historical



archives and retrospective data to provide context for the
1900-1920 Ugandan epidemic (Fevre et al., 2004) and the
1998 outbreak in the Soroti District (Févre et al., 2001); they
provide an excellent discussion of the social and environ-
mental processes that have contributed to cattle movements
and parasite spread during these events. Molecular identifi-
cation of parasite genotypes in eastern Uganda is consistent
with Fevre and colleagues’ findings (Hay et al., 1997; Wel-
burn and Odiit, 2002).

Understanding of sleeping sickness risk will benefit from
increased integration of spatial, statistical, mathematical, and
scenario-based approaches to the assessment of sleeping
sickness determinants. Mathematical transmission models
such as that developed by Rogers (Rogers, 1998), for exam-
ple, can be incorporated into a GIS to allow for spatial var-
iation of population variables and infection parameters.
These analyses can be integrated with scenario-based ap-
proaches, such as those used by Reid et al. (2000), McDer-
mott et al. (2001), and McDermott and Coleman (2001).
There has been recent integration of spatial analyses with
statistical modeling to study sleeping sickness in Uganda
(Fevre et al., 2001; Odiit et al., 2004a). These local and re-
gional analyses complement continued spatial research at the
continental scale (Hay et al., 2000; Rogers, 2000).

Spatial and multiscale analyses are constrained by data
availability. A basic transmission model of sleeping sickness
in Uganda, for example, requires data for variables such as
cattle populations, human populations, vector distribu-
tions, the proportion of cattle infected with human-infec-
tious parasites, and human—fly ratios. An exploration of
these factors across different regions and over time requires
data from many points in time from multiple locations.
Satellite imagery for multiple dates and locations is avail-
able and provides useful climatic and land cover data.
These can be used as surrogates of tsetse habitat at the
continental (Rogers, 1991, 1995) and district (Odiit, 2003)
levels for multiple time periods and different locations.
Information on the distribution and occurrence of histor-
ical sleeping sickness is limited, as are data on tsetse dis-
tributions in Uganda. The availability of these data is
limited by the occurrence of civil war during southeastern
Uganda’s most recent epidemic and the current lack of
resources for data collection and maintenance.

We have reviewed several modeling approaches to
sleeping sickness research relative to our systems charac-
terization of sleeping sickness dynamics (Fig. 3). From this
comparison, we identified two areas of research opportu-
nity related to sleeping sickness in Uganda: focus on
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sociopolitical determinants and comparison of analyses on
multiple temporal and spatial scales.

The sociopolitical determinants of sleeping sickness
have not yet been adequately explored. We suggest that a
retrospective analysis of 1976-1989 historical Ugandan
outbreak data with explicit consideration of sociopolitical
determinants would complement both research performed
on a finer spatial scale in Soroti (Fevre et al., 2001) and ret-
rospective research focusing on the 1900-1920 period (Fevre
et al., 2004). A review of case studies associating sleeping
sickness outbreaks with social conflict across the continent
would provide a useful macroanalysis of the sociopolitical
conditions under which outbreaks of disease might be ex-
pected. A parallel opportunity for modeling sociopolitical
determinants of sleeping sickness is the use of scenario-dri-
ven approaches. This would focus on simulating the effect of
changes in social factors on disease transmission.

There has been an increase in the use of spatial and
temporal tools in sleeping sickness research. Determinants
of disease distributions on a particular scale, however, are
not necessarily determinants of disease on other scales. Land
cover, for example, is an important determinant of the
continental distribution of trypanosomiasis (in both hu-
mans and animals; Ford, 1969; Jordan, 1979; Reid et al.,
2000). An association between land use/cover change and
sleeping sickness was also found on a more local spatial scale
in two districts in eastern Uganda (Odiit, 2003) for the
1976-1989 outbreak. Between the continental and local
scales, however, regional sleeping sickness distributions may
be more strongly influenced by the spread of the parasite by
infected hosts (Fevre et al., 2001) than by land cover vari-
ation. Risk projection would benefit from investigation into
whether land cover drives regional patterns of sleeping
sickness between outbreaks and between districts. The effect
of human population growth and tsetse habitat can be
simulated for Uganda. Models used for global simulation
can be replicated by using Uganda-specific data and vari-
ables. Comparison of these types of case-study application
would indicate to what extent sleeping sickness foci will
respond differently to population growth. Replication of
analyses on multiple scales indicates which levels of appli-
cation are appropriate for prediction and control initiatives.

CONCLUSIONS

This article has drawn on a systems approach to charac-
terize the multiple components and processes that influ-
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ence sleeping sickness in Uganda. System components and
processes, including the biophysical system, life-cycle sys-
tem, livestock livelihood system, and sociopolitical system,
interact between and within a range of temporal and spatial
scales. Statistical modeling and mathematical transmission
modeling have been used in conjunction with scenario-
based approaches, GIS, and historical accounts to analyze
and understand the dynamics of sleeping sickness and its
determinants. Our synthesis of sleeping sickness dynamics
and the approaches used to examine them highlight
opportunities for research. The understanding of sleeping
sickness in Uganda will benefit from increased focus on the
sociopolitical determinants of disease and comparison of
analyses at multiple spatial and temporal scales.
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