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ABSTRACT ARTICLE HISTORY
This study aims to analyze, map, and identify the prevalence of, service Received 12 February 2021
provision for, and risk distribution and control for Human African Accepted 21 March 2022
Trypanosomosis (HAT), or sleeping sickness, in the endemic areas of KEYWORDS

Greater Equatoria Region (GER), including Eastern, Central, and Western Human African
Equatoria States of South Sudan. Passive and active screening data, detec- Trypanosomosis (HAT);
tion data, and existing facilities and centers for sleeping sickness were Gambian HAT (gHAT);
used to assess the prevalence, screening coverage, and overall risk in the parasite; tsetse fly; South
region for the 2016-2018 period. In addition, historical literature and Sudan

surveillance information were used. The results show that 0.43%

(N = 14,552) of the total at-risk population (N = 3,399,400) of GER were

subjected to passive or active screening for Gambian HAT (gHAT), which

showed an infection rate of 0.30%. Out of the total area of 196,211 km?,

58.77% of the region (115,311 km?) was found to be endemic to HAT. The

population remains at high or very high risk for the disease in Western

Equatoria State due to a number of active historic gHAT foci. With relative

peace currently prevailing in the region, there is need to reinforce the

leadership of South Sudan’s health ministry with sufficient internal and

external resources to support its activities.

Introduction

Human African Trypanosomosis (HAT), also known as sleeping sickness, is a lethal parasitic
disease transmitted by tsetse flies. Ancient and medieval histories show that people in parts of sub-
Saharan Africa (SSA) may have been living with the disease for a long time (Steverding, 2008). It
was first reported in Southern Sudan, however, only in the early 1900s, and over 3,000 cases were
documented there between 1920 and 1925 (Ruiz-Postigo et al., 2012). It was most likely introduced
into Southern Sudan during the colonial era. Colonial soldiers, laborers, and traders are thought to
have carried sleeping sickness from its ancient endemic foci in West Africa into the Belgian Congo
and then into the Lado Enclave, part of Southern Sudan, and into Uganda in the late 1880s (Palmer
& Kingsley, 2016). With inconsistent funding from international organizations like the World
Health Organization (WHO) and Médecins Sans Frontieres (MSF) and a lack of commitment from
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colonial governments including British and Belgian and the governments of the Sudan and its
regional government of Southern Sudan, the control of sleeping sickness in the region has been
mixed at best.

With international and some local efforts, the spread of the disease was considerably reduced in
the late 1960s and early 1970s (Moore et al., 1999; Palmer & Kingsley, 2016). However, devastating
civil wars, population displacements, poor health facilities, insecurity, and lack of investment in
HAT control have resulted in a reemergence of the disease over the past few decades (Gao et al.,
2020; Moore et al., 1999), especially in the Greater Equatoria Region (GER) of South Sudan, which
boarders the Democratic Republic of Congo (DRC), Uganda, and Central Africa Republic (CAR;
Lukou & Ochi, 2020). HAT remains one of the deadly neglected tropical diseases (NTDs) in South
Sudan (Gao et al., 2020; Mohammed et al., 2008; World Health Organization, 2020) due to the
presence of Trypanosoma brucei (T. b. gambiense, the parasite that causes Gambian HAT (gHAT))
in the region (Ford, 2007). South Sudan was a signatory to international treaties and conventions
for the control and elimination of targeted NTDs by the year 2020 (World Health Organization,
2018). In line with these treaties, South Sudan developed its Master Plan (2016-2020) for eliminat-
ing NTDs including sleeping sickness (South Sudan Ministry of Health, 2016). However, South
Sudan’s optimistic goal of doing so by 2020 was unrealizable for two main reasons. First, the
country did not invest financially (South Sudan Ministry of Finance, 2019) in the recognition of its
set goals. Second, persistent civil strife, a weak health system, and inadequate control and surveil-
lance activities made it difficult to achieve strategic objectives (Franco et al., 2020). For instance,
South Sudan has one of the poorest health infrastructures in SSA, but the government reduced its
spending to only 2% of its total 2018-2019 budget toward health care (South Sudan Ministry of
Finance, 2019) in the hope that international non-governmental organizations (INGOs) would
address the gap. This study helps to assess how the country might best attain its goal of eradicating
sleeping sickness (Courtin et al., 2019; Franco et al., 2020). Emerging from one of the longest and
bloodiest civil conflicts and decades of political and social unrests in the world, South Sudan’s
capacity for health care and disease control continues to be extremely limited, leaving international
agencies free to act with unfettered mandates (Palmer & Kingsley, 2016). South Sudan’s lack of clear
focus and priorities has encouraged international actors to focus on their own tools over domestic
systems (Palmer & Kingsley, 2016), something that contributes to the erosion of the authority of
weak states (Tvedt, 1998). This study helps us to better understand how the political situation in the
country affects the spatial management and control of HAT in GER. With the outbreak of COVID-
19 and sharply fluctuating global oil prices, South Sudan’s financial state might further deteriorate
in coming years. The spread of coronavirus might exacerbate simmering tensions in the country,
putting extra strain on fragile political settlements between the government and rebels groups
(Carboni, 2020) and on HAT control activities in the region. Urgent actions are, therefore, required
to address the threats of sleeping sickness in the region.

Trypanosoma is a unicellular parasitic protozoan that causes infectious diseases in humans
including Chagas, limited to Latin America, and Human African Trypanosomosis, limited to
Africa (Kirchhoff, 1994). Chagas is caused by Trypanosoma cruzi (T. cruzi), while HAT exists in
two distinguishable forms (Samdi et al., 2009): Gambian HAT (gHAT), caused by Trypanosoma
brucei gambiense (T. b. gambiense) usually found in western and central Africa; and Rhodesian
HAT (rHAT), caused by T. b. rhodesiense, which is endemic in eastern and southern Africa. Both
gHAT and rHAT invariably lead to death if appropriate treatment is not provided (Lumbala et al.,
2015). T. b. gambiense causes a chronic form of the disease that can infect an individual for
months or even years without the patient showing major symptoms. T. b. Rhodesiense causes
a more acute form of the disease, in which the first signs are observed a few weeks after infection
(Selby et al., 2019; World Health Organization, 2020). The geographical distribution of HAT is
usually confined to a spatially limited tsetse fly belt referred to as the endemic ‘foci’ of the disease,
predominantly found between latitude 14°N and 29°S in Africa (Dumas & Boa, 1988; Simarro
et al., 2010).
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Sleeping sickness presents in two phases. The first stage is known as the hemolymphatic phase in
which the trypanosomes are restricted to the blood and lymphatic system (World Health
Organization, 2020). The patient experiences fever, headaches, joint pains, itching, malaise, weak-
ness, fatigue, and arthralgia (Centers for Disease Control and Prevention, (CDC), 2020; World
Health Organization, 2020). The second or late stage is known as the neurological phase in which
the parasite moves into the cerebrospinal fluid (World Health Organization, 2020). This stage is
generally characterized by confusion, disturbed sleep patterns, sensory disturbances (e.g., paresthe-
sia, hyperesthesia, anesthesia, pruritus, and visual problems), and neurologic symptoms including
abnormal reflexes, seizures, and coma, just to mention a few (Centers for Disease Control and
Prevention, (CDC), 2020; World Health Organization, 2020). Currently, gHAT, known as an
anthroponosis, causes roughly 98% of reported cases of sleeping sickness in Africa, and the other
2% are caused by rHAT, known as a zoonosis (World Health Organization, 2020). Gambian HAT is
found in 24 countries in west and central Africa, while rHAT is found largely in 13 eastern and
southern African countries (Wamboga et al., 2017; World Health Organization, 2020). Gambian
HAT remains a public health problem in many countries of central Africa where humans are
assumed to be the main reservoir of the parasite (Palmer et al., 2014). Due to its chronic nature, high
levels of T. b. gambiense endemicity often go undocumented in the early period of transmission due
to mild and unrecognizable symptoms. However, T. b. rhodesiense produces an acute epidemic
disease when transmitted close to human populations, especially by a riverine species of the tsetse
fly (Smith et al., 1998).

Sleeping sickness is mediated by the interaction of trypanosomes with the vectors (tsetse flies)
that transfer the disease to human and animal hosts within a particular environment (Alibu et al.,
2015). Hence, the risk of HAT infection depends on tsetse flies infected with T. b. gambiense (Smith
et al.,, 1998) or T. b. rhodesiense (Selby et al., 2019). The people most at risk are those who work
outdoors for long periods and are therefore most exposed to the bites of tsetse flies (Lehane et al.,
2016). The last decade of the twentieth century was one of the worst periods in history for HAT,
with a peak of 50,000 new cases reported in a year. These alarming levels necessitated surveillance
and control efforts at the beginning of the twenty-first century to decrease occurrences of the
disease. Efforts from the global community, including by MSF, the WHO, the Belgian Development
Cooperation (BDC), and the Drugs for Neglected Diseases Initiative (DNDi), just to mention a few,
led to the initiation of the WHO NTD roadmap, which included the ambitious goal of eliminating
HAT by 2020 (Franco et al., 2020; Gao et al., 2020; World Health Organization, 2018). Achieving
this goal required that all HAT endemic countries have less than 2000 annual reported cases by 2020
and show a 90% reduction in areas reporting more than one case per 10,000 people per year
calculated over a 5-year period compared to the 2000-2004 baseline (Castafio et al., 2020; Franco
etal., 2017, 2020). However, the WHO has realized the limitations of such ambitious targets and has
now moved the goalpost to 2030 (Courtin et al., 2019). This study helps us to assess whether South
Sudan is meeting its responsibilities in the global and sub-continental efforts to reduce HAT.

Sleeping sickness due to T. b. gambiense in South Sudan is predominantly confined to the GER
including Eastern, Central, and Western Equatoria States (Lukou & Ochi, 2020). This is partly due
to the presence of the tsetse fly vector Glossina fuscipes fuscipes, which is an effective transmitter of
the parasite (Mohammed et al., 2008). Due to protracted civil wars and unrests, and lack of
sustained funding and strategic planning to control the disease in this region, South Sudan has
experienced periodic large-scale outbreaks of sleeping sickness, along with some successful large-
scale control efforts. However, these initiatives have either been scaled down or collapsed due to
limited funding and insecurity, which has resulted in the resurgence of the disease. For example, in
the 1970s, the Belgian Sudanese trypanosomiasis treatment and control initiatives successfully
reduced the number of sleeping sickness in the region, but political instability and insecurity
brought the program to a halt (Moore & Richer, 2001; Moore et al., 1999). Consequently, by late
1990s, in the midst of the second Sudanese civil war (1983-2005), the prevalence of HAT rose by
19% among residents in southwestern communities bordering the DRC (currently Western
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Equatoria State), which remains one of the endemic foci in the country (Ford, 2007; Moore et al.,
1999). In 2007, the International Medical Corps (IMC) took over HAT activities from MSF
Switzerland in Kajo Keji County hospital but halted operations there just a year later. Since the
IMC’s closure, HAT cases from Kajo Keji have been diagnosed in Magwi county (Nimule hospital),
and Yei, and sometimes in bordering HAT centers in Uganda (e.g., Moyo hospital; Ruiz-Postigo
et al., 2012). No screening for HAT has been performed in Kajo Keji since 2008. Understanding the
variations in the disease control patterns is crucial for its elimination (Simarro et al.,, 2010).
Moreover, disease maps are required for planning, managing, and monitoring purposes across
the whole spectrum of neglected tropical diseases. Disease distribution maps are also required to
better estimate the at-risk population and needed interventions (Simarro et al., 2012).

Therefore, this study aims to analyze, identify, and map the prevalence, service provision, and
risk distribution and control for gHAT in all endemic areas of GER, South Sudan, where cases have
been reported. The paper explores and discusses some of the risk factors underlying distributions,
variations, and control of sleeping sickness within and between the counties and states in GER. The
study elucidates the risk factors involved and their implications in the gHAT elimination process as
an important heath problem in South Sudan. Knowledge of gHAT risk classification is important
for informing policies that prioritize sleeping sickness control with limited resources in environ-
ments of civil unrest and war. This paper helps the reader to understand how civil unrests and wars
in South Sudan have weakened gHAT control activities and exacerbated its persistence in its ancient
foci, while most other gHAT endemic countries are achieving some milestones in reducing sleeping
sickness (Courtin et al., 2019; Franco et al., 2017, 2020).

Methods
Study site description

South Sudan is a nascent country in the eastern region of Africa. It is landlocked with an estimated
area of 645,920 km” and a population density of about 13 persons per km”. The country lies within
the Central African Region and the Sahel Belt with 90% of its area within the Nile Basin and a vast
swamp called the Sudd region. South Sudan is bordered by the Republic of the Sudan to the north,
Ethiopia to the east, Kenya to the southeast, Uganda to the south, the Democratic Republic of the
Congo to the southwest, and the Central African Republic to the west (Figure 1). The country has 10
states divided into counties, which are further subdivided into payams (sub-counties). Payams are
constituted of several bomas (villages), which are the smallest administrative units in the country.
Although South Sudan has vast reserves of wealth including raw materials and fresh water, its
economy has heavily depended on oil.

Climatic and environmental conditions make South Sudan vulnerable to food shortages, epi-
demics, and tropical diseases, including a wide range of neglected tropical diseases such as sleeping
sickness. This study was conducted in the Greater Equatoria Region (GER), which has an estimated
area of 196,211 km?” and a population of 3,399,400 people (National Bureau of Statistics, 2015). The
last census of the region was done in 2008 before it seceded from Sudan. Since then the Government
of South Sudan has relied on population estimates made by its census bureau and international
NGOs (National Bureau of Statistics, 2015; South Sudan Ministry of Finance, 2019; United Nations
Population Fund, 2021; United States of America Central Intelligence Agency, 2021; World Health
Organization, 2020). In 2021, a population survey was conducted in preparation for a 2022-2023
census. We selected the GER for this study partly because it is located within the tsetse fly belt
surrounded by countries, including Kenya, Uganda, and the Democratic Republic of Congo, that
have or continue to experience HAT outbreaks due to the presence of the efficient tsetse vector
Glossina fuscipes fuscipes (Mohammed et al., 2008). In addition, the region is a HAT endemic part of
South Sudan (Mohammed et al., 2008). Sleeping sickness endemic regions refer to areas with
persistent presence of the disease.
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Figure 1. Study area.

The country has some of the worst health indicators in the world. Accurate statistics are hard to
get, but estimates suggest that about one-third of the population has no access to health services,
and nearly two-thirds of rural health facilities are nonfunctional or are in a state of disrepair. Rural
health facilities are further affected by lack of qualified staff and insecurity due to wars and civil
unrests (AbuAgla et al., 2013; Bunny, 2017). Medical malpractice is also widespread, especially in
rural communities, largely due to the practice of deploying untrained and/or uncertified health
workers in the face of acute shortages of health personnel. Qualified health practitioners are more
likely to be employed by NGOs in non-medical fields and/or to work in urban areas. The result is
a highly uneven geographic distribution of health workers in favor of urban areas, which widens the
sharp inequities in health-care access in a country where more than 80% of the population still lives
in rural areas (National Bureau of Statistics, 2015; United Nations Population Fund, 2021; United
States of America Central Intelligence Agency, 2021). General estimates show that South Sudan has
a life expectancy of about 59 years and a death rate of 9.84 persons per 1000 for 2021. Because of
population collapse owing to conflict and population displacement, nearly 42% of the population of
South Sudan is below the age of 15 (National Bureau of Statistics, 2015; United Nations Population
Fund, 2021; United States of America Central Intelligence Agency, 2021).

Data collection

The study used gHAT data collected for the counties in the three states of the GER. Sleeping
sickness screening and detection data on the county levels for 2016-2018 were obtained from the
South Sudan National Ministry of Health (South Sudan Ministry of Health, 2016), while the spatial
data were obtained from the South Sudan National Bureau of Statistics (NBS; National Bureau of
Statistics, 2015). Population estimates were collaborated between data collected from the NBS,
United Nations Population Fund, and the United States of America Central Intelligence Agency
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Table 1. Thresholds for the definition of sleeping sickness risk categories.

Category of risk Threshold level HAT cases per annum

Very high >1072 >1 per 10% People

High 103 <R<107 >1 per 10° people AND, <1 per 10% people
Moderate 10*<R<1073 >1 per 10* people AND, <1 per 10° people
Low 10°<R<10™* >1 per 10° people AND, <1 per 10* people
Very low 10°<R<107° >1 per 10° people AND, <1 per 10° people

Source: Simarro et al. (2012).

(National Bureau of Statistics, 2015; United Nations Population Fund, 2021; United States of
America Central Intelligence Agency, 2021). In addition, extensive literature on the number of
HAT cases and the mean population in South Sudan endemic counties from 2013 to 2018 was
obtained from a 2020 WHO Report (National Bureau of Statistics, 2015; South Sudan Ministry of
Finance, 2019; World Health Organization, 2020). Based on the report, gHAT surveillance in the
region was done passively — people go to health facilities to be screened - and actively - at-risk
communities were massively screened for sleeping sickness. The South Sudan Ministry of Health
(MoH) was able to provide us with only three years (2016-2018) of gHAT data (Stanton et al., 2018;
Wamboga et al., 2017). No additional data were available from the MoH.

Data analysis

The estimated coverage was obtained by dividing the total passively and actively screened sleeping
sickness cases by the total population at risk for each state and year. Available HAT facilities and
centers in the region were mapped based on the county where they are located and the type(s) of
services they offer (World Health Organization, 2020). HAT risk indices and endemism (preva-
lence) were calculated based on the sum of all passively and actively screened cases per annum (p.a.)
divided by the estimated exposed total population for each county. The calculated indices were then
generated based on the HAT risk classes (Table 1) established by Simarro et al. (Simarro et al.,
2012). The total at-risk area was calculated by dividing the total endemic area of the state with
screened gHAT cases by the total land mass of the state and the GER, respectively. All analyses were
done using ArcGIS 10.7.

Ethics statement

No ethics approval was needed for the study because no physical contacts were established with
human participants and no one was interviewed. The study relied exclusively on data obtained from
the South Sudan Ministry of Health, NBS, and WHO Reports, which contain fully anonymous
information.

Results
HAT screening and outreach

Table 2 presents the results of gHAT passive and active screening in the Greater Equatoria Region
(GER) for 2016-2018. The results show a total of 760 people passively monitored for HAT
infections in 2016: 243 in Western Equatoria State, 393 in Central Equatoria State, and 124 in
Eastern Equatoria State. There were no active cases screened for the same year in the three states. In
2017, a total of 1,128 people were passively screened in GER: 104 in Western Equatoria State, 1,023
in Central Equatoria State, and only 1 in Eastern Equatoria State. In the same year, a total of 2,223
people were actively screened for gHAT infection in Magwi County, Eastern Equatoria State. In
2018, a total of 921 and 9,520 people were passively and actively screened, respectively, in the whole
of Greater Equatoria Region with no active screening in Western Equatoria that year.
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Table 2. Total number of people passively or actively screened for Gambian HAT in the period 2016-2018.

Year 2016 2017 2018
State Location Passive Active Passive Active Passive Active
Central Equatoria Yei 0 0 817 0 537 4,694
Kajo Keji 0 0 1 0 0 0
Lainya 0 0 45 0 0 0
Morobo 0 0 0 0 0 0
Juba 124 0 160 0 125 0
Sub-total 124 0 1,023 (1] 662 4,694
Eastern Equatoria Magwi 393 0 1 2,223 38 4,826
Sub-total 393 0 1 2,223 38 4,826
Western Equatoria Tambura 2 0 47 0 26 0
Maridi 0 0 0 0 23 0
Mundri-Lui 241 0 57 0 172 0
Yambio 0 0 0 0 0 0
Ibba 0 0 0 0 0 0
Nzara 0 0 0 0 0 0
Sub-total 243 0 104 (1] 221 0
Grand Total 760 0 1,128 2,223 921 9,520

Data Source: South Sudan National Ministry of Health.

HAT infections were passively detected in 17 people (7 in Magwi, 2 in Tambura, and 8 in
Munduri-Lui) of the 760 people screened in 2016, while 12 (1 in Kajo Keji, 5 in Juba, 1 in Magwi, 2
in Tambura, and 3 in Munduri- Lui) and 15 (10 in Juba, 2 in Tambura, and 3 in Munduri-Lui)
infections were found among the 1,128 and 921 people passively screened in 2017 and 2018,
respectively (not shown in Table 2). The gHAT cases found in 2016 were across the two disease
stages (Centers for Disease Control and Prevention, (CDC), 2020; World Health Organization,
2020). All detected cases in 2017 were in stage I of the disease. Out of the 15 confirmed gHAT cases
found in 2018, 14 were in stage II and 1 was in stage I of the disease. A total of 0, 2,223, and 9,520
people were actively screened for gHAT in 2016, 2017, and 2018, respectively. A cumulative total of
14,552 people were passively and actively screened for sleeping sickness over the three years in the
three states of GER (Table 2), which is equivalent to 0.43% of the overall estimated at-risk
population (N = 3,399,400) of the region. With a total of 44 confirmed cases, the infection rate
was 0.30% among passively and actively screened patients (N = 14,552) in the three years of review.

Figure 2 shows the percentage of people screened for gHAT from 2016 to 2018 in GER.
The results indicate that none of the three states met the required sleeping sickness outreach
target of 75% (Courtin et al., 2015; Tirados et al., 2015) over the three-year time period.
Central Equatoria (CE) and Western Equatoria (WE) states did not reach 1% coverage. In

3.00% 2772
2.50%
2.00%
1.50%
1.00%

0.50% 0.15% 0.24%
2 o
0,01% -ﬂ Odg 59, 0.10%
é |

0.00%

Percentage of People Screened for HAT

CE EE WE
States of Greater Equatoria Region

m2016 m2017 2018

Figure 2. HAT's screening outreach in Greater Equatoria Region. Data Source: National Ministry of Health.
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Eastern Equatoria (EE), monitoring increased 12-fold from 0.24% in 2016 to 2.77% in 2018
but was still below the required outreach threshold for screening gHAT infections among
residents in the region. Overall, South Sudan screened less than a quarter of the at-risk
population from 2016 to 2018.

HAT service centers

Figure 3 shows gHAT service facilities, including diagnostic, confirmation, and treatment centers,
in the study area. The diagnostic facilities are used only for diagnostics purposes, while the
confirmation and treatment facilities confirm and treat sleeping sickness, respectively. Active
screening at diagnostic centers is done using the Card-Agglutination Trypanosomiasis Test
(CATT), while passive screening uses clinical symptomatology or the Rapid Diagnostic Test
(RDT). Positive cases are further confirmed using a parasitological test with real time or loop-
mediated isothermal amplification (LAMP) and polymerase chain reaction (PCR). Some counties
are equipped with diagnostic, confirmatory, and/or treatment facilities for HAT, but some do not
have any. For example, in Western Equatoria State, only Maridi County has a gHAT confirmatory
facility, Tambura and Mundri East counties have treatment facilities, but Ibba County has both
diagnostic and confirmatory facilities. In Central Equatorial State, the counties of Lainya, Kajo Keji,
and Morobo have diagnostic facilities, but Yei has diagnostic, confirmatory, and treatment service
centers, and Juba has only treatment facilities. Magwi is the only county in Eastern Equatoria State
with both diagnostics and treatment service centers (Figure 3). Although counties with no data
might have other basic health facilities, they did not have services to handle sleeping sickness cases
during the period of review. In general, GER has very dispersed health centers located in the urban
parts of the counties to provide gHAT services. ‘Urban’ does not necessarily mean the county has all
the services to qualify as an urban area, but it has a comparatively large population and some basic
government services. Hence, when confirmatory results are needed, the patients’ blood samples can
be taken to the relevant service centers.

Terekeka
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Figure 3. Distribution of Gambian HAT centers in the counties of Greater Equatoria Region. Data Source: South Sudan National
Ministry of Health.
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Figure 4. Gambian HAT risk distribution in the counties of Greater Equatoria Region for the period 2013-2018. Data Source: WHO
report (World Health Organization, 2020).

Table 3. Total endemic areas for Gambian HAT in Greater Equatoria Region.

State Total area (km?)  Total endemic area (km?) % Total endemic per state % Total endemic per GER
Western Equatoria 73,976 66,787 90,28% 34.04%
Central Equatoria 43,284 43,284 100% 22.06%
Eastern Equatoria 78,951 5,240 6.64% 2.67%
Total 196,211 115,311 58.77% 58.77%

HAT risk and endemism

Figure 4 illustrates the distribution of the 5-year average gHAT risk in the various counties of GER.
The results show three classes of HAT risk: high and very high, moderate, and low and very low.
Mundri East and West counties exhibited high and very high risk of gHAT in Western Equatoria
and the whole GER. Tambura, Nagero, Yambio, and Maridi counties showed moderate risk, while
Ezo and Ibba counties exhibited low and very low risk for gHAT in Western Equatoria State. All
counties in Central Equatoria State showed moderate risk for the disease. Overall, Western
Equatoria State showed all three risk categories compared to Central Equatoria State, whose
counties all showed moderate risk. Only one county, Magwi, in Eastern Equatoria State showed
moderate risk with the rest having no data.

Table 3 indicates the endemic areas within and among the three states of the Greater Equatoria
Region. Out of a total area of 196,211 km?, 58.77% (115,311 km?) was endemic to gHAT. Within the
three states, 90.28%, 100%, and 6.64% of Western, Central, and Eastern Equatoria States, respec-
tively, were endemic to HAT. The results show that 34.04% (66,787 km?) and 22% (43,284 km?) of
Western and Central Equatoria States, respectively, accounted for the regional total HAT endemism
in GER. Eastern Equatoria State represented only about 3% (5,240 km?) of the total endemic foci of
sleeping sickness in the study area.

The study shows that gHAT endemic areas in GER (115,311 km®) constitute about 18.0% of the
total area of South Sudan (644,329 km?). Overall, 1.7% (10,983 km?), 13.5% (86,646 km?), and 2.7%
(17,681 km?) of the area in South Sudan falls within the high and very high, moderate, and low and
very low risk indices for gHAT, respectively.
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Limitations

This study has some limitations worth noting. The South Sudan Ministry of Health (MoH) was only
able to provide us with three years’ worth of gHAT data for passive and active screening and
detection (2016-2018) in Greater Equatoria Region (GER). Hence, the study depended heavily on
secondary data obtained from government and WHO reports. The limited dataset hindered our
ability to do a more comprehensive spatiotemporal HAT variation analysis and draw wider
conclusions about the gHAT situation in the GER. With poor health-care infrastructures and
many unqualified health practitioners at work, it was hard to assess the quality of screening and
detection services provided in the available health facilities and better understand the gHAT cases in
the dataset. Wars and civil unrests might have aggravated the situation of the disease and compro-
mised many control efforts. The MoH has limited access, possession, and control over data collected
in its own territory by many INGOs.

Based on the perception that South Sudan lacks a tradition of disease control, data manage-
ment skills, and health infrastructure, many INGOs collect data but do not share them with
relevant state ministries (Palmer & Kingsley, 2016). Ongoing conflicts, and the long-term
presence of international actors, might be contributing to the erosion of local authorities not
only in South Sudan but also in similar countries in sub-Saharan Africa (SSA) that have weak
institutional structures (Tvedt, 1998). Rather than contribute to bettering its health-care sys-
tems, the South Sudan government reduced its health-care budget for the 2018-2019 fiscal year
in the hope that INGOs would fill the gap. Knowingly or unknowingly, the delegation of the
country’s essential services to INGOs with unfettered mandates has had monumental conse-
quences, not only in South Sudan but in similarly weak states in SSA. Some of these effects
include a lack of control over data collected in their own territories and reliance on secondhand
information from international reports rather than data from their own repositories and
relevant ministries. It is important that conflict-prone countries in SSA recognize the realities
of outside domination in terms of aid or international assistance and start building needed
institutions in order to avoid the intentional or unintentional ‘crowding out’ of their legitimacy
by international actors (Tvedt, 1998). We should note that this statement is not meant to oppose
international assistance but to caution in-conflict countries in SSA at risk of becoming ‘blank
slates’ for international actors (Palmer & Kingsley, 2016) when they transfer their states’
responsibilities to global players.

Discussion

The main objective of this study was to analyze and map the prevalence of, service provision for,
and risk distribution and control for gHAT (sleeping sickness) in Greater Equatoria Region (GER),
South Sudan. Literature shows that medical treatments, including diagnostics through routine
passive and active screening and detection (Stanton et al., 2018; Wamboga et al., 2017), are essential
for controlling sleeping sickness (Welburn & Maudlin, 2012). However, screening must reach at
least 75% of the at-risk population for the program to be effective (Robays et al., 2004). This study
showed outreach ominously lower (just 0.43%) than the target coverage required for the effective
mitigation of the spread of sleeping sickness (Courtin et al., 2015; Tirados et al., 2015). With such
limited coverage, South Sudan cannot claim it is moving toward eradicating the disease in its own
territory and thus meet its regional and global commitments. In general, the control threshold of at-
risk population monitoring has not been met in South Sudan and the gHAT endemic foci of GER.
This failure is due to several factors.

First, the Government of South Sudan has not made the necessary financial commitment
toward combating gHAT in its territory. The country has relegated most of its essential health
services to INGOs with no monitoring strategies (Franco et al., 2020; South Sudan Ministry of
Finance, 2019).
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Second, GER has a huge land mass and low population density, and the poor state of
communication networks presents insurmountable challenges for universal health service cov-
erage and delivery in the region. HAT facilities are mainly located in predominantly ‘urban’
areas, but they serve the neighboring rural villages where they are less likely to offer compli-
mentary types of services. For example, only two of the counties, Yei in Central Equatoria and
Magwi in Eastern Equatoria, have health facilities that can provide both diagnostic and treat-
ment services for sleeping sickness. In addition, all diagnosed patients are subjected to con-
firmatory examination and treatment at the closest HAT facility. The different health facilities
are linked and send patient samples to other health centers where services are available.
However, the dispersed nature of these facilities and continuous civil unrests and wars in the
region present a barrier to reaching other centers. Unfortunately, patients can die while
awaiting diagnosis, confirmation, and/or treatment. Moreover, samples may be lost in transit
to another health facility. In many parts of South Sudan, people need to travel about 20 km on
average to reach a primary health-care unit (PHCU). Over 80% of the at-risk population live
within a 5-h walk of a fixed health facility offering diagnosis and/or treatment for gHAT
(Simarro et al., 2014), but the estimated distance and time to the health facilities do not
necessarily mean accessibility for many people due to poor roads, insecurities, and communal
tensions (Carboni, 2020). Consequently, the broad dispersion of overstretched health facilities
and resources, at least in the medium term, challenges equitable access to basic health services
(South Sudan Ministry of Health, 2016) and could contribute to the persistence of sleeping
sickness in the GER.

Third, continuing political instability makes it difficult for those in need to access the few
available health facilities that provide gHAT-related services. As mentioned above, only two years
after its independence, another civil war broke out in the country in 2013. A peace accord was
signed in 2015 but was violated in 2016. During and after the civil wars, GER faced continuing
unrests. Currently, tensions are high in many parts of the country, especially GER, due to escalating
intercommunal violence (Carboni, 2020). The ongoing intra- and intercommunal violence may
lead to the collapse of the shaky 2018 peace agreement, further weakening already poor gHAT
surveillance and treatment in the region.

Fourth, the region lacks sufficient human and medical resources to handle complex gHAT
diagnostics and treatment. The lack of skilled staft is complicated by a high turnover rate due to
unfavorable working conditions (AbuAgla et al.,, 2013; Bunny, 2017). These challenges are
further complicated by the remoteness of the treatment and diagnostic centers and political
instability, all of which present significant hurdles to effectively diagnose and treat cases of gHAT
and lower the prevalence of the disease (Tong et al., 2011). Hence, there is an urgent need for
gHAT service centers with diagnostic, confirmatory, and treatment facilities that are adequately
and appropriately staffed with qualified medical personnel to better control sleeping sickness
in GER.

We found that although the study area predominantly shows moderate to low and very low
risk for sleeping sickness, some of the counties have a high risk for one or more cases of the
disease per 10,000 people per year. When interpreting these risk estimates, it is important to
recognize the uncertainty that surrounds the number of at-risk people and the positive cases of
sleeping sickness detected in the study area (Simarro et al., 2012). During the study period,
there were pockets of civil unrests in the region that could have prevented at-risk populations
from being tested for gHAT due to displacements. In addition, we were not able to attain
primary data from the responsible ministry in the Government of South Sudan. HAT caused by
Trypanosoma brucei gambiense is a particularly problematic disease that surges during conflict
in endemic areas. Given the resulting disruption of gHAT control activities, and its chronic
nature of transmission, incidence can peak several years after infections (Tong et al., 2011),
which may contribute to its risk distribution and persistence. South Sudan is a country where
civil wars persisted for decades and continue in many parts of the region. In the GER, these
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wars create political instabilities and insecurities, which, combined with population displace-
ment and poor health facilities, have culminated in the resurgences of sleeping sickness (Moore
et al., 1999). The situation may have also resulted in the persistence of gHAT in its endemic foci
in GER.

It should be acknowledged, however, that gHAT medical intervention (screening, detection,
and treatment of cases) is only successful in reducing infection levels, controlling outbreaks,
and preventing people who are already infected from dying - it fails to protect people from
being infected in the first place. Hence, there is also a need for vector control programs
(Tirados et al., 2015). Currently recommended HAT control practices include a combination
of medical intervention (screening, detection, and treatment of cases) and vector controls that
target the human reservoir. Vector control is an effective and cost-efficient way to disrupt the
transmission of gHAT (Grébaut et al., 2004) by breaking the fly-human cycle and reducing the
disease vector (Glossina sp.) population. Vector control has been used in several SSA countries,
including Cameroon, Equatorial Guinea, and Chad, with considerable success (Grébaut et al.,
2004; Mahamat et al., 2017; Simarro et al., 2006). Targeting the human reservoir using
systematic and periodic case finding surveys coupled with appropriate screening and detection
methodologies, broad coverage, and treatment of all HAT cases can rapidly reduce the
prevalence and transmission of the disease (Simarro et al., 2006). However, we found no
evidence that South Sudan has tried to eradicate the gHAT vector in GER. Consequently,
poor gHAT screening coverage and the lack of vector control activities are contributing factors
in sustaining transmission in known HAT foci with historically endemic cases.

Compared to other SSA countries, 6% of South Sudan’s total area is at risk for gHAT, while the
Democratic Republic of Congo (DRC) leads with 65% of its total area at risk for the disease
(Franco et al., 2020), followed by Angola at 8.5% and Central African Republic (CAR) at 6%.
Compiled cases of gHAT for the period 2009-2018 show DRC with a total of 39,090 cases,
followed by CAR with 2,596 cases, Chad with 1,666 cases, and South Sudan with a total of 1,432
cases of sleeping sickness (Franco et al., 2020). Out of the 15 SSA countries where gHAT is
endemic, South Sudan ranked fourth in number of cases recorded between 2009 and 2018
(Franco et al., 2020). At the country level, an estimated 15,754 cases of sleeping sickness were
reported between 2000 and 2009 (Simarro et al., 2010) in the gHAT endemic region of Southern
Sudan, which is now the separate nation of South Sudan after secession from Sudan in 2011. As of
2012, the total number of gHAT cases in South Sudan dropped to an estimated 1,270 (Simarro
et al,, 2012). Our study shows that about 18.0% of the South Sudan region was endemic to gHAT
between 2013 and 2018. This endemic area is slightly larger than what earlier researchers found
between 2000 and 2009 (15.8%; Simarro et al., 2012). The differences in endemic areas could
partly be due to changing number of people and the environments due to displacements and wars
in the region. The difference could also be because of the different study periods used and the
changing boundaries of South Sudan owing to disputed regions. Due to inter- and intra-tribal
tensions, the country has not asserted clear internal state and external country boundaries with
neighboring countries (Carboni, 2020; Justin & De Vries, 2019). Nonetheless, the endemic
regions in South Sudan represent 7.4% of the total endemic countries to gHAT in Africa
(Simarro et al., 2012).

With an infection rate of only 0.30% among screened cases between 2016 and 2018, authorities
in South Sudan should not take comfort but rather exert more effort to make sure monitoring in the
region improves to cover more at-risk populations. South Sudan officials could not provide
evidence for the low number of reported positive gHAT cases they claimed in the country based
on epidemiological evidence, control, and surveillance activities in 2017 (World Health
Organization, 2020). With further monitoring, it is more likely that more gHAT cases would be
found in the region. Hence, the low number of cases in South Sudan must be interpreted with
caution as capacities for screening and detection have continued to deteriorate and gHAT endemic
areas are highly insecure (World Health Organization, 2020). Although outreach, screening, and
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detection for sleeping sickness, the distribution and availability of gHAT service facilities, and the
percentage of endemicity of gHAT in the GER were explored, the study was not able to fully assess
all gHAT risk factors in the region due to limited available data.

Nevertheless, HAT is known to be confined to endemic foci areas, and it is in these areas that the
disease tends to persist over time as long as the factors responsible for its transmission continue to exist.
However, many factors, including interactions between the environment, the host, the vector, and the
parasite, might influence distribution patterns of HAT (Franco et al., 2014). Therefore, complex
interactions between the environment, the host, and the parasite seem to offer plausible explanations
for gHAT distribution and probability in or around the endemic foci. These relationships, however, are
not well understood (Franco et al., 2014) in the study area. Hence, poor gHAT screening coverage and
lack of vector control in the region, plus inherent problems of insecurity and lack of human and financial
resources, could all be contributing to the country’s limited ability to effectively reduce the risk to
sleeping sickness in the region. An integrated approach that includes vector control and medical
treatment seems to effectively reduce T. b. gambiense transmission and cases (Courtin et al., 2015;
Grébaut et al., 2004; Mahamat et al., 2017; Simarro et al., 2006). The combination of vector control and
medical interventions could reduce sleeping sickness duration and the number of new infections in
many SSA countries (Grébaut et al., 2004; Mahamat et al., 2017; Simarro et al., 2006). Vector control that
targets areas of human-tsetse fly interaction will reduce the level of human exposure to gHAT,
specifically where it is high (Courtin et al, 2015). Therefore, a comprehensive approach to gHAT
control may produce needed results and consequently lead to elimination of sleeping sickness not only
in South Sudan but also in HAT-affected countries throughout SSA.

Such comprehensive control programs require a coordinated approach: treatment of infected
individuals; passive or active case finding by global and regular screening and/or detection in the
population; health education; and vector control measures (usually by trapping at sites of human-
fly contact). These measures are difficult to achieve and have so far defeated the capacities of INGOs
on a country-wide scale (Smith et al., 1998). Financial resources are required for control programs,
while financial constraints are important barriers that negatively impact HAT monitoring and
control programs and prevent wider use of existing facilities (Franco et al., 2017). With limited and
dwindling global support, aid-dependent countries in SSA like South Sudan should start prioritiz-
ing their limited resources to enhance their health situation.

Conclusion

Gambian HAT risk seems spatially and temporally persistent in already known HAT foci in the
three states of the Greater Equatoria Region (GER). However, due to the data limitations explained
above, these results need to be interpreted with caution. The South Sudan government should
demand more access to data collected in its territory by INGOs to help local or international
researchers independently analyze and interpret the HAT status in the country. Access to macro-
and microdata will assist researchers and governments in evaluating, revaluating, and suggesting
local HAT control programs and management strategies in South Sudan rather than depending
solely on INGO reports. The situation could change if South Sudan commits more of its financial
resources to improving its health systems. This study shows that the risk of gHAT varies in
proportion within and between counties and states in the GER. Currently, South Sudan is not
meeting its global and regional target of having not more than one case of HAT per 10,000 people
per year. This failure seems to be due to a number of interrelated factors, some of which are
explained above. High and very high risk distribution is mainly confined to the Western Equatoria
State, which has a number of historic gHAT endemic foci.

Despite the data limitations outlined above, there is a clear need to increase passive and active
HAT screening and detection coverage, in addition to vector control activities, in order to improve
the quality of gHAT health-related services in GER. With relative peace currently prevailing in the
region, the leadership of the South Sudan Ministry of Health needs to be reinforced with sufficient
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internal and external resources to support its activities. These conditions would help to bring the
risk of sleeping sickness under effective control, leading to elimination in the GER, South Sudan.
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