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Abstract: African trypanosomiasis, or sleeping sickness, is a neglected tropical disease caused by 
Trypanosoma brucei parasites and transmitted by tsetse flies. Traditionally recognized for its 
neurological manifestations, including meningoencephalitis and cognitive impairment, sleeping 
sickness also profoundly affects sleep patterns and quality of life among affected individuals. This 
comprehensive review explores the intricate interplay between African trypanosomiasis and sleep 
disorders, examining the disease's epidemiology, pathogenesis, clinical manifestations, and 
diagnosis. We delve into the mechanisms underlying sleep disturbances in sleeping sickness, 
including disruptions of circadian rhythms, neurotransmitter imbalances, immune system 
dysregulation, and neurological complications. Furthermore, we discuss the challenges and 
opportunities in diagnosing, treating, and managing sleep disorders in the context of African 
trypanosomiasis, emphasizing the importance of integrated approaches to healthcare delivery, 
community engagement, and interdisciplinary research collaboration. By synthesizing current 
evidence from clinical studies and experimental research, this review provides insights into the 
bidirectional relationship between African trypanosomiasis and sleep disorders, identifies gaps in 
knowledge, and proposes future research directions to improve clinical outcomes for individuals 
affected by sleeping sickness. 

Keywords: trypanosomiasis; sleeping sickness; sleep disorders; Trypanosoma brucei; circadian 
rhythms; parasitic infections; neuroimmunology; neurozoonotic; neuroparasitology; neglected 
tropical disease 

 

1. Introduction 

1.1. Background and Epidemiology 

African trypanosomiasis, commonly known as sleeping sickness, is a neglected tropical disease 
caused by the parasitic protozoa Trypanosoma brucei. The disease primarily affects rural 
communities in sub-Saharan Africa, where conditions are conducive to spreading the tsetse fly vector 
responsible for transmitting the parasite between humans and animals [1]. The two main subspecies 
of Trypanosoma brucei that cause sleeping sickness in humans are T. b. gambiense and T. b. 
rhodesiense, each with distinct epidemiological characteristics (Table 1) [2]. 

Table 1. The main characteristics of T. b. gambiense and T. b. rhodesiense. 

Subspecies T. b. gambiense T. b. rhodesiense 

Distribution Western and Central Africa Eastern and Southern Africa 

Epidemiology < 100 cases. It corresponds to 95- < 100 cases. It corresponds to 3-5% of all 

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and 
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting 
from any ideas, methods, instructions, or products referred to in the content.

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 12 December 2024 doi:10.20944/preprints202412.0911.v1

©  2024 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202412.0911.v1
http://creativecommons.org/licenses/by/4.0/


 2 

 

(2020) 97% of all the cases reported. the cases reported. 

Incidence 
Young adults involved in 

productive activities (hunting, 
fishing, and cultivating) 

Young adults of working age, tourists 
visiting areas where wildlife is preserved 

Vector G. palpalis and G. fuscipes G. morsitans and G. pallidipes 

Fly habitat Humid; river habitat Dry; savannah and woodland habitat 

Reservoir Anthropologic (humans) Zoonotic (animals) 

Transmission 
Human/ mammalian host - tsetse 

fly - human 

Animal - tsetse fly - animal 
Animal - tsetse fly - human 
Human - tsetse fly - human 

The seasonal variations in transmission 
linked to the density of the Glossina 

(higher after the rainy season) 

Symptoms and 
signs 

Chronic disease, lasting months to 
years 

Acute disease lasting a few weeks 

Mild fever, headache, personality 
disorder, and sleeping disorder 

Severe fever, persistent headache, and 
multi-organ damage 

Rarely skin manifestations More frequent skin manifestations. 

Laboratory 

Screening: available. Screening: not available. 

Microscopy: concentration 
methods Microscopy: concentration methods 

Staging: lumbar puncture Staging: lumbar puncture 

Vaccine No No 

Prognosis 
If left untreated, three years of 

survival. 
If left untreated, six to twelve months 

survival. 

T. b. gambiense is responsible for the chronic form of sleeping sickness, which is endemic in 
West and Central Africa. This subspecies accounts for approximately 98% of reported cases and is 
associated with a slower progression of symptoms, often leading to misdiagnosis and delayed 
treatment [3]. Transmission occurs in regions where humans live close to infected animals, 
particularly in rural areas with limited access to healthcare and adequate vector control measures. 

In contrast, T. b. rhodesiense causes acute sleeping sickness, predominantly found in East and 
Southern Africa. This subspecies is responsible for a smaller proportion of cases but tends to progress 
rapidly, leading to more severe symptoms and a higher risk of mortality if left untreated [4]. 
Transmission occurs in savannah areas where humans frequently come into contact with wild and 
domestic animals, emphasizing the importance of targeted vector control interventions [5]. 

Various factors, including environmental conditions, population movements, and 
socioeconomic determinants, influence the epidemiology of African trypanosomiasis [6]. The 
presence of suitable habitats for tsetse flies, such as dense vegetation and proximity to water sources, 
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contributes to the spatial distribution of the disease. Human activities, such as agriculture, livestock 
farming, and deforestation, can exacerbate the risk of transmission by altering tsetse fly habitats and 
increasing human-vector contact [7]. 

Furthermore, population movements within and between endemic regions play a significant 
role in the spread of the disease. Migration patterns, seasonal movements, and displacement due to 
conflicts or environmental disasters can introduce Trypanosoma brucei to new areas, leading to 
outbreaks and localized epidemics [8]. Additionally, socioeconomic factors, such as poverty, 
inadequate healthcare infrastructure, and limited access to diagnostic and treatment services, 
contribute to the persistence of African trypanosomiasis in affected communities [9]. 

Despite significant progress in disease control efforts over the past decades, African 
trypanosomiasis remains a significant public health challenge in many parts of sub-Saharan Africa. 
The complexity of the disease transmission cycle, coupled with socioeconomic and environmental 
factors, underscores the need for integrated approaches to prevention, diagnosis, and treatment [10]. 
In this study, we narratively reviewed the literature regarding African trypanosomiasis. 

1.2. Trypanosoma Brucei Parasitology 

Trypanosoma brucei is a unicellular parasitic protozoan belonging to the Trypanosoma genus 
and the family Trypanosomatidae. It is a flagellated organism with a complex life cycle involving 
multiple developmental stages and hosts. Also, Trypanosoma brucei exhibits a characteristic 
morphology that is typical of trypanosomes. The parasite is elongated and spindle-shaped, with a 
single flagellum protruding from the anterior end. The flagellum is essential for motility and 
contributes to the parasite’s ability to move within the bloodstream and tissues of its host [11]. 

The life cycle of Trypanosoma brucei involves the tsetse fly (Glossina species) and a mammalian 
host, typically humans or other animals (Figure 1). The parasite undergoes several developmental 
stages in each host, adapting to the specific environments encountered. The life cycle begins when a 
bloodstream form of Trypanosoma brucei, known as the trypomastigote, is ingested by a tsetse fly 
during a blood meal. Once ingested, the trypomastigotes transform into procyclic trypomastigotes 
within the fly’s midgut. These procyclic forms develop further, eventually differentiating into 
epimastigotes and infective metacyclic trypomastigotes. The metacyclic trypomastigotes migrate to 
the salivary glands of the tsetse fly, where they await transmission to a mammalian host during 
subsequent blood feeding [12]. 

 
Figure 1. Trypanosoma brucei Life Cycle. Tsetse fly acts as the parasite's vector; trypomastigotes are 
ingested when they bite an infected human. These undergo various developmental stages inside the 
fly, and when the fly bites another human, metacyclic trypomastigotes are released into the 
bloodstream. Cattle act as reservoirs. 
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Transmission occurs when an infected tsetse fly takes a blood meal, releasing metacyclic 
trypomastigotes into the bloodstream of the mammalian host. Once in the bloodstream, the 
metacyclic trypomastigotes transform into bloodstream trypomastigotes, the form responsible for 
causing clinical disease. These bloodstream trypomastigotes multiply by binary fission within the 
bloodstream, evading the host’s immune system through antigenic variation. The parasites can also 
cross the blood-brain barrier, leading to neurological manifestations in the late stage of the disease 
[13]. In addition to the bloodstream form, Trypanosoma brucei can also exist in a non-dividing, 
quiescent form known as the stumpy form, which plays a role in transmission back to the tsetse fly 
[14]. 

One of the critical survival strategies employed by Trypanosoma brucei is antigenic variation, 
whereby the parasite periodically changes the expression of its surface coat proteins [15]. This allows 
the parasite to evade host immune responses and persist in the bloodstream for extended periods. 
Antigenic variation contributes to the chronicity of infection and presents a significant challenge for 
vaccine development and immune-based interventions. 

1.3. Sleep Disorders 

Emerging evidence suggests that Trypanosoma brucei infection disrupts regular sleep-wake 
cycles, leading to a spectrum of sleep disorders ranging from insomnia to excessive daytime 
sleepiness [16]. In this context, African trypanosomiasis disrupts the body’s internal clock, leading to 
disturbances in circadian rhythms. Studies have shown alterations in the timing and duration of sleep 
phases, with individuals experiencing fragmented sleep patterns and difficulty maintaining a regular 
sleep-wake cycle. The disruption of circadian rhythms may result from direct effects of the parasite 
on the central nervous system or indirect consequences of systemic inflammation and immune 
activation [17]. 

Trypanosoma brucei infection can affect the neurotransmitters involved in sleep regulation, such 
as serotonin, dopamine, and gamma-aminobutyric acid [18]. Imbalances in these neurotransmitters 
may contribute to sleep disturbances observed in infected individuals, including changes in sleep 
latency, sleep efficiency, and rapid eye movement sleep. Additionally, alterations in neurotransmitter 
function may underlie the neuropsychiatric symptoms commonly associated with African 
trypanosomiasis, further exacerbating sleep problems [19]. 

The immune response to Trypanosoma brucei infection plays a crucial role in the pathogenesis 
of sleeping sickness and may also influence sleep patterns. Dysregulation of pro-inflammatory 
cytokines, such as tumor necrosis factor-alpha and interleukin-6, has been implicated in developing 
sleep disturbances in infectious diseases [20]. Chronic inflammation associated with African 
trypanosomiasis may contribute to sleep disorders by directly affecting brain regions involved in 
sleep regulation or inducing sickness behavior characterized by lethargy and increased sleepiness 
[21]. 

2. Pathophysiology of Sleep Disorders in African Trypanosomiasis 

2.1. Disruption of Circadian Rhythms 

African trypanosomiasis profoundly affects circadian rhythms, including sleep-wake cycles 
(Figure 2). The disruption of circadian rhythms in individuals infected with Trypanosoma brucei can 
lead to fragmented sleep patterns, altered sleep architecture, and disturbances in overall sleep quality 
[22]. Understanding the mechanisms underlying this disruption is essential for elucidating the 
pathophysiology of sleeping sickness and developing targeted interventions to improve sleep 
outcomes in affected individuals. 
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Figure 2. Pathophysiology of “sleeping sickness.” Trypanosoma parasites breach the blood-brain 
barrier and affect the hypothalamus and suprachiasmatic nucleus. Circadian rhythm is disrupted, 
thereby resulting in insomnia, hypersomnia, and lethargy. Complex inter-actions with macrophages, 
microglial cells, and the immune system underlie the African sleeping sickness. 

Trypanosoma brucei parasites have been shown to invade the central nervous system (CNS), 
including the brain regions involved in circadian rhythm regulation, such as the hypothalamus and 
suprachiasmatic nucleus [17]. This disruption can lead to desynchronization of the internal clock, 
resulting in irregular sleep-wake patterns and difficulty keeping a stable sleep schedule. In addition 
to direct effects on the CNS, African trypanosomiasis triggers a robust immune response 
characterized by neuroinflammation and activation of microglial cells within the brain [23]. Chronic 
inflammation in the CNS can interfere with the function of neurotransmitter systems implicated in 
sleep regulation, such as serotonin and dopamine. Imbalances in these neurotransmitters can disrupt 
the normal sleep-wake cycle, leading to insomnia, hypersomnia, or other sleep disturbances 
commonly observed in individuals with sleeping sickness. Also, studies have suggested that 
Trypanosoma brucei infection may alter melatonin production or secretion, potentially contributing 
to disturbances in sleep patterns [24]. Disruptions in melatonin signaling can affect the timing and 
quality of sleep, exacerbating sleep-related symptoms in infected individuals. 

Circadian rhythms are not limited to the CNS but are also present in peripheral tissues and 
organs throughout the body [25]. Trypanosoma brucei infection may perturb the synchronization 
between central and peripheral clocks, leading to dysregulation of metabolic processes, hormone 
secretion, and immune function. These systemic effects can further contribute to sleep disturbances 
and exacerbate the overall impact of sleeping sickness on health and well-being. 

2.2. Neurotransmitter Imbalance 

Serotonin can be affected by Trypanosoma brucei infection [26]. Studies have shown alterations 
in serotonin levels and receptor expression in infected individuals’ CNS, leading to sleep architecture 
and quality disruptions. Imbalances in serotonin signaling may contribute to insomnia, hypersomnia, 
and changes in REM sleep observed in patients with sleeping sickness. 
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Dopamine is also dysregulated in African trypanosomiasis [27]. The parasite-induced 
inflammatory response and neuroinflammation can alter dopamine synthesis, release, and receptor 
activity. Dysfunctional dopaminergic signaling may contribute to sleep disturbances, cognitive 
deficits, and neuropsychiatric symptoms commonly observed in infected individuals. 

Dysregulation of GABAergic neurotransmission in sleeping sickness may result from the direct 
effects of Trypanosoma brucei on GABA-producing neurons or secondary to neuroinflammatory 
processes [28]. Imbalances in GABA signaling can disrupt sleep onset, maintenance, and overall sleep 
quality, contributing to the burden of sleep-related symptoms in affected individuals. 

Glutamate is implicated in the pathogenesis of neurological complications associated with 
African trypanosomiasis [29]. The parasite-induced neuroinflammatory response can lead to 
excessive glutamate release and excitotoxicity, contributing to neuronal damage and dysfunction. 

Targeting neurotransmitter imbalances represents a promising approach for managing sleep 
disturbances and other neurological symptoms associated with sleeping sickness [30]. 
Pharmacological interventions to restore neurotransmitter homeostasis, such as selective serotonin 
reuptake inhibitors, dopaminergic agonists, or GABAergic modulators, may help alleviate sleep-
related symptoms and improve overall patient well-being. However, further research is needed to 
elucidate neurotransmitter dysregulation mechanisms in African trypanosomiasis and identify 
optimal therapeutic strategies for addressing these abnormalities. 

2.3. Immune System Modulation 

African trypanosomiasis involves a complex interplay between the parasite and the host 
immune system. The immune response mounted against the parasite plays a critical role in the 
pathogenesis of the disease, influencing the control of parasite growth and contributing to the 
development of various clinical manifestations, including sleep disturbances. Understanding the 
modulation of the immune system in sleeping sickness is essential for unraveling the mechanisms 
underlying sleep disorders and developing targeted therapeutic interventions to alleviate these 
symptoms [31]. 

Trypanosoma brucei infection induces a robust pro-inflammatory immune response 
characterized by the production of cytokines such as tumor necrosis factor-alpha, interleukin-1 beta, 
and interleukin-6 [32]. These cytokines are crucial in activating immune effector cells and 
coordinating the host defense against the parasite. However, excessive production of pro-
inflammatory cytokines can lead to neuroinflammation and disrupt normal CNS function, 
contributing to sleep disturbances [33]. 

In response to Trypanosoma brucei infection, microglial cells within the central nervous system 
activate and release pro-inflammatory mediators, amplifying the neuroinflammatory response [34]. 
Chronic neuroinflammation is associated with neuronal damage, disruption of synaptic function, and 
alterations in neurotransmitter signaling, all of which can contribute to sleep disorders. Microglial 
activation may directly impact sleep regulatory centers within the brain, leading to disturbances in 
circadian rhythms and sleep-wake patterns [35]. 

The immune response to Trypanosoma brucei infection can induce sickness behavior and 
nonspecific symptoms, including lethargy, anorexia, and increased sleepiness [36]. Sickness behavior 
is thought to be mediated by pro-inflammatory cytokines acting on the CNS, signaling the presence 
of infection and promoting behaviors that conserve energy and facilitate recovery. While adaptive in 
acute disease, persistent sickness behavior can lead to prolonged sleep disturbances and impaired 
quality of life in individuals with chronic sleeping sickness [37]. 

Trypanosoma brucei has evolved several strategies to evade the host immune response and 
establish chronic infection. These include antigenic variation, allowing the parasite to escape immune 
recognition and suppress host immune effector mechanisms [38]. By modulating host immune 
responses, the parasite can create an immunosuppressive microenvironment that facilitates its 
survival and dissemination within the host, further exacerbating immune-mediated pathology, 
including sleep disturbances. 
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Targeting the immune dysregulation associated with African trypanosomiasis represents a 
promising approach to managing sleep disturbances and other neurological symptoms. 
Immunomodulatory therapies, such as anti-inflammatory agents or immunosuppressive drugs, may 
help alleviate neuroinflammation and restore immune homeostasis, improving sleep outcomes in 
affected individuals. However, further research is needed to evaluate the safety and efficacy of such 
interventions in the context of sleeping sickness. 

3. Clinical Manifestations of Sleep Disorders in African Trypanosomiasis 

3.1. Subtypes of African Trypanosomiasis 

African trypanosomiasis, commonly known as sleeping sickness, encompasses two main 
subtypes based on the Trypanosoma brucei species involved and the disease's geographical 
distribution. These subtypes exhibit distinct epidemiological characteristics, clinical manifestations, 
and diagnostic and treatment considerations. 

Trypanosoma brucei gambiense is responsible for the chronic form of African trypanosomiasis 
and is primarily found in West and Central Africa [39]. Transmission of T. b. gambiense occurs 
primarily through the bite of infected tsetse flies of the genus Glossina, particularly in rural and 
forested areas where the human population comes into contact with the vector. The chronic form of 
sleeping sickness caused by T. b. gambiense is characterized by a prolonged incubation period lasting 
months to years. Patients often present with non-specific symptoms in the early stages, including 
fever, headaches, and joint pain. As the disease progresses, neurological symptoms such as sleep 
disturbances, behavioral changes, and cognitive impairment become prominent. Diagnosing T. b. 
gambiense infection relies on parasitological techniques such as microscopic examination of blood, 
lymph node aspirates, or cerebrospinal fluid. Treatment typically involves administering drugs such 
as pentamidine or suramin in the early stages of the disease. At the same time, late-stage infections 
require more potent medications such as eflornithine or a combination of eflornithine and nifurtimox 
[40]. 

Trypanosoma brucei rhodesiense is responsible for the acute form of African trypanosomiasis 
and is predominantly found in East and Southern Africa [41]. Transmission of T. b. rhodesiense 
occurs in savannah areas through the bite of infected tsetse flies, with humans frequently coming into 
contact with wild and domestic animals serving as reservoir hosts for the parasite. The acute form of 
sleeping sickness caused by T. b. rhodesiense is characterized by a relatively short incubation period 
lasting weeks to months. Patients typically present with a rapid onset of symptoms, including fever, 
malaise, and swelling at the site of the tsetse fly bite. Neurological involvement occurs early in the 
disease, with symptoms such as severe headaches, confusion, and motor disturbances. Diagnosis of 
T. b. rhodesiense infection is similar to that of T. b. gambiense infection, relying on parasitological 
techniques such as blood smear examination. Treatment usually involves administering drugs such 
as suramin or melarsoprol, effective against early-stage infections. Late-stage infections may require 
treatment with melarsoprol or a combination of eflornithine and nifurtimox [42]. 

3.2. Sleep Disturbances 

Sleep disturbances represent a significant clinical feature of African trypanosomiasis, 
contributing to the overall burden of the disease and impacting patients' quality of life. These 
disturbances manifest in various forms and severity levels, ranging from mild insomnia to severe 
disruptions in sleep architecture [43]. Understanding the spectrum of sleep-related symptoms and 
their severity is crucial for effectively diagnosing, managing, and monitoring individuals affected by 
sleeping sickness. 

Insomnia, characterized by difficulty falling or staying asleep, is a common manifestation of 
African trypanosomiasis [44]. Patients may report prolonged sleep latency, frequent awakenings 
during the night, and non-restorative sleep. Insomnia severity can vary, ranging from transient and 
mild sleep difficulties to chronic and severe insomnia that significantly impairs daytime functioning 
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and quality of life. The severity of insomnia may fluctuate throughout the disease, influenced by 
factors such as disease progression, treatment response, and comorbidities. 

Hypersomnia is excessive daytime sleepiness and prolonged sleep duration despite adequate 
nighttime sleep. Patients may experience persistent drowsiness, difficulty staying awake during 
daytime hours, and episodes of unintentional sleep. The severity of hypersomnia can range from 
mild sleepiness to severe impairment of wakefulness, leading to functional impairment, decreased 
productivity, and increased risk of accidents or injuries. Severe hypersomnia may interfere with daily 
activities and social functioning, contributing to the overall disease burden in affected individuals 
[45]. 

Fragmented sleep patterns are characterized by frequent awakenings at night, disrupting sleep 
continuity, and poor sleep quality [46]. Patients may experience multiple brief awakenings, difficulty 
maintaining deep or REM sleep stages, and a sense of non-restorative sleep. The severity of 
fragmented sleep patterns can vary depending on the frequency and duration of awakenings and 
their impact on sleep architecture and overall sleep quality. Severe fragmentation of sleep may lead 
to sleep deprivation, fatigue, and cognitive impairment, exacerbating the burden of disease in 
affected individuals [47]. 

Circadian rhythm disturbances involve disruptions in the timing and regularity of sleep-wake 
cycles, leading to irregular sleep patterns and difficulty maintaining a consistent sleep schedule. 
Patients may experience variations in sleep onset and wake times, as well as fluctuations in daytime 
alertness and sleep quality. The severity of circadian rhythm disturbances can range from mild 
deviations in sleep timing to severe misalignment of the internal clock, resulting in significant sleep 
fragmentation and daytime dysfunction. Severe circadian disruptions may exacerbate other sleep-
related symptoms and contribute to the overall severity of sleeping sickness [48]. 

In addition to primary sleep disturbances, African trypanosomiasis can cause various 
neurological symptoms that indirectly impact sleep, such as headaches, confusion, hallucinations, 
and motor disturbances [49]. These symptoms may exacerbate sleep-related difficulties and 
contribute to the severity of sleep disturbances in affected individuals. The severity of neurological 
symptoms can vary depending on the stage and progression of the disease, as well as individual 
differences in susceptibility and host response. Severe neurological manifestations may further 
compromise sleep quality and exacerbate the functional impairment associated with sleeping 
sickness. 

3.3. Differential Diagnosis Challenges 

The diagnosis of African trypanosomiasis, particularly in its early stages, presents several 
challenges due to the nonspecific nature of its symptoms and overlapping clinical features with other 
infectious and non-infectious conditions. Differential diagnosis requires careful consideration of 
epidemiological factors, clinical presentation, and laboratory findings to distinguish sleeping 
sickness from other diseases with similar manifestations. 

The early symptoms of African trypanosomiasis, such as fever, headache, malaise, and joint 
pain, are nonspecific and can mimic many infectious diseases prevalent in endemic regions, including 
malaria, typhoid fever, and viral illnesses [50]. Healthcare providers must maintain a high index of 
suspicion for African trypanosomiasis in individuals presenting with fever and other constitutional 
symptoms, particularly in endemic areas. Comprehensive clinical evaluation, including travel history 
and exposure to tsetse flies, can help narrow the list of differential diagnoses. 

Neurological symptoms, such as confusion, behavioral changes, and motor disturbances, are 
common in African trypanosomiasis but can also occur in other neurological conditions, including 
meningitis, encephalitis, and cerebral malaria [51]. Detailed neurological assessment, including 
evaluation of mental status, cranial nerve function, and motor coordination, is essential for 
distinguishing sleeping sickness from other causes of neurological impairment. Cerebrospinal fluid 
analysis, neuroimaging studies, and electroencephalography may provide valuable diagnostic 
information in cases of suspected CNS involvement. 
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African trypanosomiasis can present with variable disease progression, ranging from an acute, 
rapidly progressing form (T. b. rhodesiense) to a chronic, slowly evolving form (T. b. gambiense). 
The clinical course may be influenced by host immune response, parasite strain, and co-infections. 
Recognizing the different clinical patterns associated with T. b. rhodesiense and T. b. gambiense 
infections is essential for guiding diagnostic and treatment decisions. Epidemiological information, 
such as the geographical distribution of the parasite and the patient's travel history, can help 
differentiate between the two subtypes of African trypanosomiasis [52]. 

Laboratory confirmation of African trypanosomiasis relies on parasitological techniques, such 
as microscopic examination of blood, lymph node aspirates, or cerebrospinal fluid for the presence 
of trypanosomes [53]. However, the sensitivity and specificity of these tests can be variable, 
particularly in cases of low parasitemia or atypical clinical presentation. Clinicians should consider 
complementary diagnostic tests, such as serological assays (e.g., enzyme-linked immunosorbent 
assay, immunofluorescence), polymerase chain reaction (PCR) assays, or rapid diagnostic tests, to 
enhance the sensitivity and specificity of laboratory diagnosis. Repeat testing may be necessary to 
confirm the diagnosis, especially in cases with clinical suspicion but negative initial results. 

Coinfections with other infectious pathogens, such as HIV, tuberculosis, or parasitic diseases 
(e.g., malaria, schistosomiasis), are common in endemic regions and can complicate the clinical 
presentation of African trypanosomiasis [54]. Additionally, non-infectious conditions, such as 
autoimmune diseases or metabolic disorders, may present with symptoms overlapping with sleeping 
sickness. A comprehensive evaluation of the patient's medical history, physical examination findings, 
and laboratory results is necessary to identify potential coinfections or underlying comorbidities that 
may contribute to the clinical picture. Multidisciplinary collaboration between infectious disease 
specialists, neurologists, and other relevant healthcare providers is essential for accurate diagnosis 
and management. 

4. Diagnostic Approaches 

4.1. Polysomnography and Actigraphy 

The application of polysomnography and actigraphy in the context of African trypanosomiasis 
presents several challenges and considerations due to the unique features of the disease and its 
impact on sleep architecture and patterns [55]. While these sleep monitoring techniques are valuable 
tools in assessing sleep disorders, their utility in the context of African trypanosomiasis may be 
limited by factors such as the availability of resources, patient mobility, and the feasibility of 
conducting sleep studies in affected regions. 

Polysomnography (PSG) is the gold standard for diagnosing sleep disorders. It offers 
comprehensive monitoring of physiological parameters during sleep, including brain activity (EEG), 
eye movements (EOG), muscle tone (EMG), and respiratory variables [56]. Conducting PSG in the 
context of African trypanosomiasis presents logistical challenges, particularly in endemic regions 
with limited access to healthcare infrastructure and specialized sleep laboratories. The availability of 
trained personnel, equipment, and facilities for conducting PSG may be scarce in these areas. PSG 
may be feasible in research settings or specialized facilities that handle sleep studies in endemic 
regions. However, its implementation may be limited by cost, infrastructure, and the need for 
overnight stays, which can be impractical for patients in remote areas. Despite these challenges, PSG 
may be valuable for studying the impact of African trypanosomiasis on sleep architecture, respiratory 
function, and neurological manifestations [57]. Research using PSG could provide insights into the 
pathophysiology of sleep disturbances in sleeping sickness and inform the development of targeted 
interventions. 

Actigraphy is a non-invasive method for monitoring sleep-wake patterns and physical activity 
using a portable device worn on the wrist [58]. It provides objective data on sleep duration, sleep 
onset latency, wake after sleep onset, and overall sleep efficiency over extended periods. Actigraphy 
offers several advantages for studying sleep disturbances in African trypanosomiasis, particularly in 
resource-limited settings [59]. It is portable, easy to use, and well-suited for monitoring sleep patterns 
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in naturalistic environments, such as patients' homes or community settings. Actigraphy may be a 
valuable tool for assessing sleep disturbances and circadian rhythm disruptions in individuals with 
sleeping sickness. Longitudinal monitoring using actigraphy could help characterize sleep-wake 
patterns, identify trends over time, and evaluate the effectiveness of interventions in managing sleep-
related symptoms. While actigraphy is less resource-intensive than PSG, its accuracy in detecting 
sleep-wake patterns may be affected by factors such as movement artifacts, environmental 
conditions, and comorbidities. Interpretation of actigraphy data requires careful consideration of 
these factors and validation against other measures of sleep. 

4.2. Biomarkers and Laboratory Testing 

Biomarkers and laboratory testing play crucial roles in diagnosing, monitoring, and managing 
African trypanosomiasis. These tools aid in detecting the parasite, assessing disease severity, 
evaluating treatment response, and identifying potential complications. 

Microscopic examination of blood smears remains the primary method for diagnosing African 
trypanosomiasis. Giemsa-stained blood smears are examined for the presence of trypanosomes, 
which appear as slender, motile organisms within the blood. In cases of suspected central nervous 
system involvement, cerebrospinal fluid (CSF) analysis is performed to detect trypanosomes and 
assess inflammatory markers. CSF examination may reveal elevated white blood cell counts, protein 
levels, and the presence of trypanosomes, indicating meningoencephalitis. 

Human African Trypanosomiasis is classified into three subclasses according to the number of 
white blood cells (WBCs) on the CSF [60]. The first (hemo-lymphatic) stage is characterized by less 
than five WBCs and no trypanosomes in CSF. The second stage can be divided into 
meningoencephalitis (early second stage) and severe meningoencephalitis (severe second stage). In 
this context, the early second stage has more than five WBCs, and the severe second stage has more 
than 100 WBCs. Interestingly, the second stage is independent of the presence of trypanosomes in 
CSF. 

Serological assays, such as ELISA, detect specific antibodies against Trypanosoma brucei 
antigens in serum or plasma samples. ELISA can confirm the diagnosis of African trypanosomiasis 
and complement parasitological tests, particularly in cases of low parasitemia or extraneous tissue 
localization of the parasite [61]. The Card Agglutination Test for Trypanosomiasis (CATT) is a rapid 
serological test used for screening large populations in endemic areas [62]. It detects anti-
trypanosome antibodies in serum or plasma samples and provides rapid results suitable for mass 
screening campaigns. 

PCR-based assays amplify and detect Trypanosoma brucei DNA from various biological 
samples, including blood, CSF, and tissue specimens [63]. PCR offers high sensitivity and specificity 
and can detect low levels of parasitemia, making it valuable for diagnosing early or latent infections 
and monitoring treatment response. Loop-Mediated Isothermal Amplification (LAMP) is an 
isothermal nucleic acid amplification technique that detects T. brucei DNA with high sensitivity and 
specificity [64]. LAMP assays are particularly useful in resource-limited settings due to their 
simplicity, rapidity, and minimal equipment requirements. 

Measuring pro-inflammatory cytokines and inflammatory markers in serum or CSF samples 
provides insights into the host immune response to Trypanosoma brucei infection [65]. Elevated 
levels of cytokines may indicate active infection, disease progression, or treatment response. CRP is 
an acute-phase reactant that increases in response to inflammation. Elevated CRP levels may reflect 
systemic inflammation associated with African trypanosomiasis and can be a marker of disease 
severity or treatment response. 

Hematological abnormalities, such as anemia, leukopenia, and thrombocytopenia, are 
commonly observed in African trypanosomiasis and can provide valuable diagnostic information. 
CBC analysis helps assess disease severity, monitor hematological changes during treatment, and 
identify potential complications. Measurement of liver enzymes and renal function markers helps in 
assessing organ dysfunction and monitoring for drug-related toxicity during treatment. 
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4.3. Neuroimaging Techniques 

Neuroimaging techniques are vital in assessing neurological complications associated with 
African trypanosomiasis, particularly in CNS involvement.  

CT imaging provides detailed cross-sectional images of the brain, allowing visualization of 
structural abnormalities, such as brain atrophy, hydrocephalus, and focal lesions. CT scans help 
detect gross structural changes in the brain, particularly in cases of advanced neurological 
involvement or complications such as meningoencephalitis or intracranial hemorrhage [66]. 

MRI is the imaging modality for evaluating CNS involvement in African trypanosomiasis [67]. 
It can detect characteristic findings such as hyperintense signal changes in the basal ganglia, 
thalamus, and brainstem on T2-weighted and FLAIR sequences, indicative of encephalitic 
involvement. MRI also helps identify complications such as cerebral edema, demyelination, and 
ischemic lesions [68]. 

DTI can provide insights into microstructural changes in white matter integrity, such as axonal 
degeneration, demyelination, and gliosis, which may occur in neurological diseases such as African 
trypanosomiasis [69]. DTI can detect subtle alterations in white matter connectivity and assess the 
extent of damage to neuronal pathways. 

fMRI is valuable for studying functional alterations in the brain associated with African 
trypanosomiasis, such as changes in cerebral perfusion, connectivity disruptions, and alterations in 
neural networks involved in motor, cognitive, and emotional processing [70]. fMRI can provide 
insights into the pathophysiology of neurological symptoms and guide rehabilitation strategies. 

PET imaging can assess metabolic changes and neuroinflammatory responses in the brain 
associated with African trypanosomiasis. It may help identify regions of increased glucose uptake, 
microglial activation, or neuroreceptor alterations, providing valuable insights into disease 
pathogenesis and potential targets for therapeutic intervention. 

5. Management Strategies 

5.1. Pharmacological Interventions 

Pharmacological interventions for African trypanosomiasis, caused by Trypanosoma brucei 
parasites, aim to eliminate the parasites from the body, control disease progression, and manage 
symptoms. Treatment choice depends on the disease stage, the parasite species involved (T. b. 
gambiense or T. b. rhodesiense), and individual patient factors (Table 2) [71]. 

Table 2. Overview on drugs used for the treatment of African Trypanosomiasis. 

Drug Mechanism of action Indication Adverse effects Resistance 

Acoziborole 
Block protein biosynthesis 
by inhibiting leucyl-tRNA 

synthetase 

First and 
second 
stage 

Not available Not available 

Eflornithine 
(monotherapy) 

Suicide inhibitor of 
ornithine decarboxylase 

(ODC), inhibition of 
polyamine biosynthesis 

Alone only 
in the 

second 
stage 

Itching, fever, 
headache, 

abdominal pain, 
nausea/ 

vomiting, 
diarrhea, 

myelosuppressi
on 

Membrane 
transporter for 

aminoacids 

Fexinidazole 
Production of reactive 

amines and other 
First and 

early 
Vomit/ nausea, 

asthenia, 
Nitroreductase 

mutations, 
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metabolites with toxic 
effects on trypanosome 

second 
stage 

prolongation of 
QT interval 

possibly cross-
resistance with 

nifurtimox 

Melarsoprol 

Formation of toxic adducts 
with trypanothione and 

alterations of the parasite’s 
mitotic processes through 
action on multiple kinases 

First choice 
in the 

second 
stage and 
treatment 

of 
recurrent 
relapse 

after first-
line and 
rescue 

treatments 

Encephalopathic 
syndrome, heart 

failure 

Membrane 
transporters, 
pentamidine 

cross-resistance 

Nifurtimox/ 
eflornithine 
combination 

therapy 

Nifurtimox promotes the 
generation of free radicals. 

Unknown combination 
mechanism 

First choice 
in the 
severe 
second 

stage and 
early 

second 
stage 

Gastrointestinal 
symptoms, 
headache 

Nitroreductase 
mutations, 

possibly cross-
resistance with 

fexinidazole 

Pentamidine 

Preventing replication and 
transcription in the 
kinetoplast and the 

nucleus-inhibition of the 
plasma membrane Ca2+-

ATPase collapse of the 
mitochondrial membrane 

potential 

First stage 

Hypotension, 
nausea/vomitin

g, 
hyperazotemia, 

diabetes 
mellitus 

Membrane 
transporters, 
melarsoprol 

cross-resistance 

Suramin 

Inhibition of dihydrofolate 
reductase, thymidine 
kinase, and glycolytic 

enzymes 

First stage Nephrotoxicity 
Variant surface 

glycoprotein 

For early-stage T. b. gambiense infection, the drugs of choice include pentamidine and suramin 
[72]. Pentamidine is administered intramuscularly or intravenously, while suramin is given 
intravenously. These drugs effectively treat early-stage infection and prevent progression to the CNS. 
Late-stage T. b. gambiense infection and T. b. rhodesiense infection typically involve CNS 
penetration, requiring drugs that can cross the blood-brain barrier. Drugs such as melarsoprol, 
eflornithine, and nifurtimox are used for late-stage infections [73]. Melarsoprol is administered 
intravenously and is effective against both T. b. gambiense and T. b. rhodesiense. Eflornithine, often 
used with nifurtimox, is preferred for T. b. gambiense infections due to its better safety profile. 

Suramin, followed by melarsoprol, is the recommended treatment regimen for T. b. rhodesiense 
infection [74]. Suramin is initially administered intravenously, followed by melarsoprol, also given 
intravenously. This combination therapy effectively treats both early and late stages of T. b. 
rhodesiense infection. 
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Eflornithine-nifurtimox combination therapy is recommended as the first-line treatment for late-
stage T. b. gambiense infection, particularly in areas with prevalent melarsoprol resistance [75]. 
Eflornithine is administered intravenously, often in combination with oral nifurtimox, and is 
associated with lower toxicity compared to melarsoprol. 

In addition to specific trypanocidal medications, supportive therapy may be necessary to 
manage symptoms and complications associated with African trypanosomiasis. This may include 
treatment for fever, pain, inflammation, and neurological symptoms. Patients with severe disease 
may require hospitalization and supportive care to address fluid and electrolyte imbalances, 
nutritional deficiencies, and organ dysfunction. 

Pharmacological interventions for African trypanosomiasis carry risks of adverse effects and 
toxicity, necessitating careful monitoring of patients during treatment. Close monitoring for drug-
related adverse events, such as nephrotoxicity, hepatotoxicity, neurotoxicity, and cardiac toxicity, is 
essential. Laboratory tests, including renal and hepatic function tests, complete blood count, and 
electrocardiography, may be performed to assess treatment safety and efficacy. 

Continuous surveillance for drug resistance is critical for monitoring the effectiveness of 
pharmacological interventions and informing treatment guidelines. Surveillance involves 
monitoring parasite susceptibility to antitrypanosomal drugs and identifying emerging resistance 
patterns. Strategies for mitigating drug resistance include combination therapy, drug rotation, and 
the development of novel therapeutics. 

5.2. Non-Pharmacological Therapies 

Non-pharmacological therapies support the management of African trypanosomiasis, 
particularly in addressing symptoms, promoting patient comfort, and improving overall well-being. 
While pharmacological interventions target eradicating the parasite and controlling the disease, non-
pharmacological therapies focus on supportive care and adjunctive measures to enhance treatment 
outcomes. 

Non-pharmacological approaches such as heat therapy, massage, and physical therapy 
techniques can help alleviate pain and discomfort associated with African trypanosomiasis [76]. 
These modalities may be particularly beneficial for managing musculoskeletal pain, joint stiffness, 
and neuropathic pain. Cooling measures, such as tepid sponging, cool baths, and air conditioning, 
can help reduce fever and promote patient comfort. Hydration and fluid intake are essential to 
prevent dehydration and fever-related electrolyte imbalances. Nutritional counseling and 
supplementation may be necessary to address malnutrition and dietary deficiencies commonly 
observed in patients with African trypanosomiasis. A balanced diet rich in protein, vitamins, and 
minerals supports immune function, tissue repair, and overall health. 

Physical therapy interventions, including range of motion exercises, gait training, and balance 
exercises, help improve mobility and functional independence in patients with neurological deficits. 
Rehabilitation programs tailored to individual needs can address motor impairments, muscle 
weakness, and coordination difficulties. Occupational therapy focuses on restoring activities of daily 
living, cognitive function, and vocational skills in individuals with neurological sequelae of African 
trypanosomiasis [77]. Adaptive equipment, assistive devices, and environmental modifications may 
be recommended to promote independence and quality of life. Speech therapy interventions target 
communication and swallowing difficulties in patients with dysarthria, dysphagia, or cognitive 
communication impairments. Speech-language pathologists assess speech and language function 
and develop personalized treatment plans to optimize communication and swallowing function. 

Psychosocial support services, including individual counseling, group therapy, and family 
counseling, address psychological distress, anxiety, depression, and adjustment difficulties in 
patients with African trypanosomiasis [78]. Counseling interventions focus on coping strategies, 
stress management, and psychosocial adjustment to the disease and its consequences. Building strong 
social support networks, including family, friends, community members, and support groups, 
provides emotional support, practical assistance, and encouragement to patients and their caregivers. 
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Peer support networks and community-based organizations are valuable in reducing isolation, 
stigma, and social barriers to care. 

Patient education programs provide information about African trypanosomiasis, its 
transmission, symptoms, treatment, and preventive measures. Empowering patients with knowledge 
about the disease promotes treatment adherence, self-management skills, and early recognition of 
complications. Community-based health education initiatives raise awareness about sleeping 
sickness, vector control strategies, and the importance of early diagnosis and treatment. Health 
promotion activities, including community meetings, radio broadcasts, and educational campaigns, 
mobilize community members to participate in disease prevention and control efforts. 

Environmental interventions targeting tsetse fly habitat reduction, insecticide spraying, and 
insecticide-treated bed nets help reduce tsetse fly populations and prevent transmission of 
Trypanosoma brucei parasites [79]. Community-based vector control programs and integrated pest 
management strategies contribute to sustainable control of sleeping sickness. Improving access to 
clean water, sanitation facilities, and hygiene practices reduces the risk of disease transmission and 
secondary infections in endemic regions. Health education programs promote proper sanitation, 
hand hygiene, and waste management practices to prevent the spreading of infectious diseases. 

6. Impact on Public Health and Socioeconomic Burden 

6.1. Global Health Implications 

The global health implications of African trypanosomiasis extend beyond the affected regions, 
impacting public health, socio-economic development, and healthcare systems worldwide. 

African trypanosomiasis is classified as one of the neglected tropical diseases (NTDs), a group 
of infectious diseases affecting marginalized populations in low-resource settings. The burden of 
NTDs, including sleeping sickness, extends beyond endemic regions and contributes to the global 
health disparity, particularly affecting the most vulnerable and marginalized communities [80]. 

The socio-economic burden of African trypanosomiasis is substantial, affecting individuals, 
families, and communities in endemic regions [81]. The disease primarily affects rural populations 
engaged in agriculture, livestock farming, and other primary economic activities. Loss of productivity 
due to illness, disability, and premature death hampers economic growth, exacerbates poverty, and 
perpetuates cycles of deprivation. 

Diagnosing, treating, and controlling African trypanosomiasis pose significant challenges to 
healthcare systems in endemic regions [82]. Limited healthcare infrastructure, inadequate resources, 
and a staff shortage impede efforts to effectively prevent, diagnose, and treat sleeping sickness. The 
burden on health systems further undermines their capacity to address other health priorities and 
deliver essential health services. 

African trypanosomiasis threatens global health security because it can spread beyond endemic 
regions through human migration, travel, and trade. The movement of infected individuals, 
asymptomatic carriers, and animal reservoirs increases the risk of disease transmission to non-
endemic areas, raising concerns about the emergence of new foci of infection and potential outbreaks 
[83]. 

Despite advances in diagnosis, treatment, and control efforts, African trypanosomiasis remains 
a challenging and neglected disease. A sustained investment in research and development is needed 
to develop new diagnostic tools, safer and more effective treatments, and innovative control 
strategies. Collaborative efforts between researchers, policymakers, pharmaceutical companies, and 
funding agencies are essential to accelerate progress in combating sleeping sickness. 

The interconnectedness of global health systems underscores the importance of addressing 
African trypanosomiasis as part of broader efforts to strengthen health systems, promote universal 
health coverage, and achieve sustainable development goals. Addressing neglected tropical diseases, 
including sleeping sickness, requires a multisectoral approach, integrating health, agriculture, 
environmental, and socio-economic interventions. 
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6.2. Socioeconomic Factors Influencing Disease Burden 

Socioeconomic factors significantly influence the disease burden of African trypanosomiasis. In 
this context, poverty is a significant driver of African trypanosomiasis, with endemic regions 
characterized by high levels of poverty, food insecurity, and limited access to healthcare services [84]. 
Poverty exacerbates the risk of disease transmission through inadequate housing, poor sanitation, 
and lack of resources for vector control and healthcare infrastructure. 

African trypanosomiasis predominantly affects rural communities engaged in agriculture, 
livestock farming, and other primary economic activities [85]. Agricultural practices, such as slash-
and-burn cultivation, deforestation, and encroachment into wildlife habitats, increase human-tsetse 
fly contact and contribute to disease transmission in endemic regions. Livestock, particularly cattle, 
serve as reservoir hosts for Trypanosoma brucei parasites, sustaining transmission cycles in endemic 
areas. Livestock ownership and animal husbandry practices, such as extensive grazing and mixed 
farming systems, influence the risk of human exposure to tsetse flies and contribute to disease 
transmission among humans and animals. 

Gender dynamics shape the distribution of disease burden and access to healthcare services in 
endemic regions. Women and girls may bear a disproportionate burden of caregiving responsibilities, 
increasing their risk of exposure to tsetse flies during domestic activities such as fetching water, 
collecting firewood, and tending to livestock [86]. 

Population mobility, including rural-urban migration, seasonal movements, and displacement 
due to conflict or environmental factors, influences the spread of African trypanosomiasis beyond 
endemic regions [87]. Migration patterns contribute to disseminating infected individuals, 
asymptomatic carriers, and animal reservoirs, potentially seeding new foci of infection. 

Social determinants of health, such as education, literacy, and access to information, influence 
health-seeking behaviors, preventive practices, and treatment adherence among affected 
populations. Limited health literacy, cultural beliefs, and stigma associated with sleeping sickness 
may hinder early diagnosis, treatment uptake, and disease control efforts [88]. 

African trypanosomiasis significantly burdens affected communities, reducing productivity, 
agricultural output, and household income. Illness, disability, and premature death due to sleeping 
sickness undermine human capital development, perpetuate cycles of poverty, and impede socio-
economic development in endemic regions. 

7. Psychological Impact of Sleep Disorders 

The psychological impact of sleep disorders can be profound, affecting various aspects of mental 
health, cognitive function, emotional well-being, and quality of life. Sleep disorders disrupt normal 
sleep patterns, leading to sleep fragmentation, reduced sleep duration, poor sleep quality, and 
daytime sleepiness, which can exacerbate psychological distress and impair overall functioning [89]. 

Sleep disorders are strongly associated with mood disturbances, including depression and 
anxiety disorders. Chronic sleep deprivation and disrupted sleep patterns can exacerbate symptoms 
of mood disorders and increase the risk of developing depressive or anxiety symptoms [90]. 
Conversely, mood disorders can also contribute to sleep disturbances, creating a bidirectional 
relationship between sleep and mental health. 

Sleep is critical in cognitive function, including attention, memory, executive function, and 
decision-making [91]. Sleep disorders impair cognitive performance, leading to difficulties in 
concentration, memory consolidation, problem-solving, and information processing. Cognitive 
dysfunction due to sleep disorders can negatively impact academic, occupational, and daily 
functioning. 

Adequate sleep is essential for emotional regulation and resilience to stress. Sleep disorders 
disrupt the balance of neurotransmitters involved in mood regulation, such as serotonin, dopamine, 
and norepinephrine, leading to heightened emotional reactivity, irritability, and emotional instability 
[92]. Individuals with sleep disorders may experience mood swings, emotional outbursts, and 
difficulty coping with stressors. Sleep disorders impair daytime functioning and performance across 
various domains, including work, school, social interactions, and leisure activities. Excessive daytime 
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sleepiness, fatigue, and reduced alertness due to sleep disorders can lead to decreased productivity, 
impaired concentration, accidents, and errors in judgment. Chronic sleep deprivation further 
exacerbates these effects, compromising overall functioning and safety. Sleep disorders significantly 
impact the overall quality of life, affecting physical health, mental well-being, social relationships, 
and overall life satisfaction. Sleep disturbances can lead to decreased energy levels, reduced 
motivation, social withdrawal, and diminished enjoyment of activities. Poor sleep quality and 
daytime dysfunction contribute to impaired quality of life and subjective well-being. Sleep disorders 
are associated with an increased risk of developing psychiatric disorders, including mood disorders, 
anxiety disorders, psychotic disorders, and substance use disorders. Insomnia, in particular, is a 
common precursor to depression and anxiety disorders, while sleep disturbances are prevalent in 
individuals with schizophrenia, bipolar disorder, and substance use disorders. Sleep disorders can 
strain interpersonal relationships and family dynamics, affecting communication, emotional 
intimacy, and mutual support. Partners of individuals with sleep disorders may experience disrupted 
sleep themselves, leading to conflicts, resentment, and relationship dissatisfaction. Sleep disturbances 
in children can also impact family functioning and parental well-being. 

8. Prevention and Control Measures 

8.1. Vector Control Strategies 

Vector control strategies are essential to comprehensive efforts to prevent and control African 
trypanosomiasis, a vector-borne disease transmitted by tsetse flies. These strategies aim to reduce the 
population of tsetse flies, interrupt disease transmission, and minimize human-vector contact. 
Effective vector control measures not only prevent new infections but also contribute to eliminating 
and eradicating the disease. 

Altering or eliminating tsetse fly habitat can reduce the density of tsetse fly populations and 
minimize human-vector contact [93]. Habitat modification may involve clearing vegetation, draining 
swampy areas, removing dense undergrowth, and improving land use practices to create less 
favorable breeding and resting sites for tsetse flies. 

Insecticide-treated targets, such as cloth or canvas traps impregnated with insecticides, attract 
and kill tsetse flies when they come into contact with the treated surfaces [94]. Targets are strategically 
placed in areas with high tsetse fly density, such as riverbanks, forest edges, and animal resting sites, 
to lure and eliminate the flies. Insecticide-treated targets are cost-effective and environmentally 
friendly alternatives to aerial spraying. 

Treating cattle with insecticides, such as pour-on formulations or insecticide-impregnated ear 
tags, can reduce tsetse fly infestations and interrupt disease transmission to livestock. Insecticide-
treated cattle act as "bait" for tsetse flies, attracting them to the treated animals and decreasing the 
likelihood of transmission to humans [95]. Insecticide-treated cattle are particularly effective in areas 
where animal husbandry is a primary transmission mode. 

The sterile insect technique involves mass-rearing tsetse flies in insectaries, sterilizing them 
using ionizing radiation, and releasing them into target areas to mate with wild tsetse flies [96]. Sterile 
matings result in infertile eggs, gradually reducing the tsetse fly population. SIT has been successfully 
used to control tsetse flies in small-scale pilot projects and is being explored for larger-scale 
implementation. 

Trapping and monitoring tsetse fly populations provide valuable data for assessing the 
effectiveness of vector control interventions and guiding surveillance activities [97]. Various trap 
designs, such as biconical traps, pyramidal traps, and sticky traps, are used to capture tsetse flies for 
monitoring purposes. Trapping surveys help identify high-risk areas, monitor changes in tsetse fly 
abundance, and evaluate the impact of control measures. 

Engaging local communities in vector control efforts through education, awareness campaigns, 
and community-based interventions promotes sustainable disease control and fosters ownership of 
control activities. Community participation in habitat modification, trap deployment, and insecticide 
application enhances the effectiveness and acceptability of vector control strategies. 
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Integrated vector management combines multiple vector control interventions, including 
environmental management, insecticide application, biological control, and community engagement, 
to achieve sustainable and cost-effective control of tsetse flies and other vectors [98]. IVM emphasizes 
using evidence-based approaches tailored to local epidemiological, ecological, and socio-economic 
contexts. 

8.2. Public Health Education and Awareness 

Public health education and awareness campaigns are crucial to preventing and controlling 
African trypanosomiasis [99]. These initiatives aim to increase knowledge, raise awareness, promote 
behavior change, and empower communities to take action against the disease. Public health 
education and awareness activities target stakeholders, including affected populations, healthcare 
providers, policymakers, and the general public. 

Providing accurate, culturally appropriate information about African trypanosomiasis, its 
transmission, symptoms, prevention, diagnosis, and treatment is essential for raising awareness and 
dispelling myths and misconceptions [100]. Information materials, such as brochures, posters, 
leaflets, and fact sheets, are distributed through community outreach activities, health facilities, 
schools, and media channels. 

Engaging local communities in the planning, implementing, and evaluating public health 
interventions fosters ownership, participation, and sustainability [101]. Community meetings, focus 
group discussions, participatory workshops, and door-to-door outreach sessions facilitate dialogue, 
knowledge sharing, and collaborative problem-solving. Community leaders, traditional healers, and 
religious authorities are essential in mobilizing community support and promoting health-seeking 
behaviors. 

Integrating health education into school curricula and extracurricular activities gives children, 
adolescents, and their families critical messages about preventing and controlling sleeping sickness. 
Educational materials, interactive workshops, drama skits, and peer-led initiatives raise awareness 
among students about the importance of personal hygiene, vector control, and seeking prompt 
medical care for suspected symptoms. 

Training healthcare providers, including doctors, nurses, community health workers, and 
traditional birth attendants, enhances their capacity to recognize, diagnose, and manage cases of 
African trypanosomiasis [102]. Continuing education programs, workshops, and practical training 
sessions equip frontline health workers with the knowledge and skills to deliver quality care, conduct 
active case detection, and promote preventive measures. 

Leveraging mass media channels, such as radio, television, newspapers, and social media, 
amplifies public health messages and reaches diverse audiences across urban and rural areas. Public 
service announcements, radio dramas, televised documentaries, and social media campaigns raise 
awareness about sleeping sickness, encourage behavior change, and promote community 
participation in control efforts. 

Collaborating with diverse stakeholders, including government agencies, non-governmental 
organizations, international partners, and academic institutions, strengthen the impact of public 
health education and awareness initiatives. Intersectoral partnerships facilitate resource 
mobilization, coordination of activities, and integration of sleeping sickness control into broader 
health and development agendas. 

Monitoring and evaluating public health education and awareness campaigns assess their reach, 
effectiveness, and impact on knowledge, attitudes, and practices related to African trypanosomiasis. 
Surveys, focus group discussions, knowledge tests, and behavioral assessments provide feedback on 
campaign outcomes, identify areas for improvement, and inform future programming. 
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9. Future Perspectives 

9.1. Future Research Directions 

Future research directions in the field of African trypanosomiasis encompass a broad spectrum 
of scientific inquiries aimed at advancing our understanding of the disease, improving diagnostic 
tools, developing novel treatments, and enhancing control strategies. 

Further elucidation of tsetse fly biology, behavior, and ecology to identify vulnerabilities and 
develop innovative vector control strategies. Exploration of genetic, molecular, and environmental 
factors influencing tsetse fly populations and disease transmission dynamics. Evaluation of novel 
vector control interventions, such as genetic modification, biological control agents, and 
environmental management techniques. 

Investigate host-parasite interactions, immune responses, and disease pathogenesis to identify 
novel therapeutic targets and vaccine candidates. Characterization of parasite virulence factors, drug 
resistance mechanisms, and immune evasion strategies. Development of immune-based 
interventions, including vaccines, immunotherapies, and immune modulators, to enhance host 
immunity and control parasite replication. 

Development of sensitive, specific, and field-deployable diagnostic tests for early detection of 
Trypanosoma brucei parasites and disease staging. Validation of novel diagnostic platforms, 
including point-of-care tests, molecular assays, serological markers, and imaging modalities. 
Integration of diagnostic tools into surveillance systems to enhance active case detection, monitor 
disease trends, and guide control interventions. 

Discovery and optimization of new antitrypanosomal drugs with improved efficacy, safety, and 
pharmacokinetic profiles. Screening of compound libraries, natural products, and repurposed drugs 
for activity against Trypanosoma brucei parasites. Development of combination therapies, drug 
delivery systems, and drug formulations to overcome drug resistance, enhance treatment efficacy, 
and improve patient compliance. 

Epidemiological studies to elucidate disease transmission cycles, identify reservoir hosts, and 
assess risk factors for human infection. Modeling approaches to predict disease spread, evaluate 
intervention strategies, and optimize resource allocation for disease control. Integrating molecular 
epidemiology, spatial mapping, and surveillance data to track parasite genotypes, monitor 
transmission hotspots, and guide targeted interventions. 

Implementation research to evaluate the effectiveness, acceptability, and scalability of 
community-based interventions, health education programs, and behavior change strategies. 
Assessment of knowledge, attitudes, and practices related to sleeping sickness, vector control, and 
healthcare-seeking behavior among affected populations. Development of culturally sensitive 
communication strategies, social mobilization campaigns, and community empowerment 
approaches to promote disease awareness and participation in control efforts. 

9.2. Clinical Implications and Challenges 

The clinical implications of African trypanosomiasis encompass a range of challenges related to 
diagnosis, treatment, management, and prevention of the disease. 

Sleeping sickness presents diagnostic challenges due to its nonspecific symptoms and overlap 
with other febrile illnesses endemic to sub-Saharan Africa. Limited access to diagnostic facilities, lack 
of trained personnel, and variability in parasite detection methods hinder timely and accurate 
diagnosis. Differentiating between the two forms of sleeping sickness (T.b. gambiense and T.b. 
rhodesiense) is essential for guiding treatment decisions. Still, it may require specialized laboratory 
tests that are not widely available in endemic regions. 

The toxicity, route of administration, and limited availability of existing drugs complicate the 
treatment of sleeping sickness. First-line therapies, such as pentamidine and suramin for early-stage 
disease and melarsoprol and eflornithine for late-stage disease, have drawbacks, including adverse 
effects, parenteral administration, and challenges in procurement and distribution. Drug resistance, 
particularly to melarsoprol, poses a significant threat to treatment efficacy and patient outcomes. The 
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development of resistance further complicates treatment regimens and necessitates alternative 
therapeutic options. 

Late-stage sleeping sickness is characterized by neurological involvement, including 
meningoencephalitis, cognitive impairment, and motor dysfunction. Managing neurological 
complications requires specialized care, supportive therapy, and rehabilitation services to address 
functional limitations, cognitive deficits, and psychiatric symptoms. Neurological sequelae of 
sleeping sickness may persist even after successful treatment of the underlying infection, highlighting 
the need for long-term follow-up and multidisciplinary care to optimize outcomes. 

Access to healthcare services is limited in many endemic regions, with scarce infrastructure, 
resources, and skilled personnel. Remote and marginalized communities face barriers to healthcare 
access, including geographical distance, transportation challenges, financial constraints, and cultural 
beliefs. Strengthening healthcare systems, expanding coverage of diagnostic and treatment facilities, 
and training local healthcare providers are critical for improving access to care and reducing 
morbidity and mortality associated with sleeping sickness. 

Preventing sleeping sickness relies on vector control measures, such as insecticide-treated 
targets, trapping, and habitat modification, to reduce tsetse fly populations and interrupt disease 
transmission. Sustainable vector control strategies require community participation, intersectoral 
collaboration, and long-term infrastructure and capacity-building investment. Health education, 
awareness campaigns, and behavior change interventions promote preventive practices, such as 
using insecticide-treated bed nets, wearing protective clothing, and seeking early medical care for 
suspected symptoms. Targeting at-risk populations, such as travelers, migrant workers, and 
indigenous communities, enhances the effectiveness of preventive strategies. 

10. Conclusion 

In conclusion, African trypanosomiasis, or sleeping sickness, remains a significant public health 
concern in sub-Saharan Africa, posing clinical, social, and economic challenges to affected 
populations. The disease is characterized by complex epidemiology, diagnostic difficulties, limited 
treatment options, and neurological sequelae, highlighting the need for comprehensive prevention, 
diagnosis, and management approaches. Despite progress in research and control efforts, several key 
issues persist, including diagnostic limitations, treatment toxicity, healthcare access disparities, and 
vector control challenges. Addressing these challenges requires sustained investment in research, 
innovation, capacity building, and intersectoral collaboration to develop practical tools and strategies 
for combating sleeping sickness. Public health education, community engagement, and advocacy are 
critical for raising awareness, mobilizing resources, and promoting behavior change to prevent and 
control sleeping sickness. By empowering communities, strengthening healthcare systems, and 
advancing scientific knowledge, we can work towards eliminating sleeping sickness as a public 
health threat and improving the health and well-being of affected populations. 
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