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Abstract 

Background:  Human African trypanosomiasis (HAT) is one of the world’s classical neglected tropical diseases repre-
senting a major public health threat in sub-Saharan Africa. Although the parasitic disease is in decline in the Republic 
of Congo, the better understanding of the epidemiological situation of active foci is required to reduce the risk of 
disease resurgence which could impede progress registered so far. The aim of this study was to determine the preva-
lence of HAT and the associated risk factors in individuals living in remote areas of the Republic of Congo.

Methods:  A cross-sectional survey was carried out in volunteers living in rural settings from June 2020 to January 
2021. Socio-demographic and Clinical parameters of the participants were recorded. The presence of HAT-specific 
antibodies was assessed in whole blood, and then confirmed in serial diluted plasma samples using Card-Agglutina-
tion Trypanosomiasis Test (CATT)/T.b. gambiense CATT. The Capillary Tube Centrifugation (CTC) and Lymph nodes (LN) 
examination were done for detecting trypanosome parasites in CATT-serum positive cases. The staging of positive 
participants was determined by cerebrospinal fluid (CSF) examination.

Results:  Out of 8556 enrolled participants, 48.5% were more than 15 years old, 57.7% were unschooled and 67.2% 
practiced peasant activities. The prevalence of HAT infection was 0.3% with the predominance of patients at stage 
1 of the disease (84.0%). The districts of Mindouli (OR: 25.9 (5.2–468); p = 0.0016) and Mpouya (OR: 13.3 (2.5–246); 
p = 0.0140) was revealed as the foci of high risk of HAT infection. Several factors were associated with an increased risk 
of HAT infection mainly including the non-schooling (OR: 5.1 (1.2–21.9); p = 0.0268), the life in couple or married (OR: 
3.3 (1.0–11.3); p = 0.0545) and the practice of peasant activities (OR: 6.9 (2.4–29.3); p = 0.0017).

Conclusion:  This study highlights the need of revising and strengthening the strategies of HAT control in Republic of 
Congo, using an approach which will take into account the education level, the marital status and the occupation of 
the population at risk.
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Background
Human African trypanosomiasis (HAT) also called sleep-
ing sickness, is a parasitic disease classified as one of the 
world’s classical “neglected tropical diseases” represent-
ing a major public health threat in sub-Saharan Africa 
[1]. Among the parasite species affecting the sub-Saharan 
Africa countries, Trypanosoma brucei gambiense (T.b. 
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gambiense) is the most infectious in West and Central 
Africa [2] causing chronical form of the disease. Trypa-
nosoma brucei rhodesiense (T.b. rhodesiense) is endemic 
in Eastern Africa and the pathogenic agent for the more 
acute form of the disease [3, 4]. In the last decade, the 
number of new cases fell below 10,000 for the first time 
in 50 years [1, 2]. However, the disease remains preva-
lent with a heterogeneous repartition across the conti-
nent. Over 60% of HAT cases have been reported in the 
Democratic Republic of Congo which bears the highest 
burden of the disease [1, 5]. Important progress has been 
achieved in the management of gambiense HAT cases in 
endemic areas including the development of new rapid 
diagnostic tests used for mass and passive screening, the 
introduction of new treatments for both stages 1 and 2 
of the disease [6, 7]. Despite to the presence of few active 
foci in several countries, the potential for outbreaks and 
disease resurgence is still at a high risk. This is due to the 
circulation of T. b. gambiense in both human and ani-
mal species [8, 9], movement of individuals in and out of 
endemic settings, and the presence of competent Tsetse 
fly in most epidemiological settings [10].

In Republic of Congo, the disease is in decline with a 
national prevalence of 0.1% [11]. According to the latest 
report of the National Control Program for human Afri-
can trypanosomiasis of the Republic of Congo, only the 
foci of savannah and of corridor (Congo River) are still 
active with regular transmission of HAT. The localities of 
Loudima, Ngabe, and Mpouya are at the forefront of the 
transmission [11]. A significant decrease of HAT trans-
mission has been reported across the country, may be 
due to the results of improved case detection, manage-
ment and vector control activities and the improvement 
of infrastructure like roads [12]. However, there is a still 
great challenge in determining the real epidemiological 
situation of HAT infections in remote areas, mainly the 
villages of the foci at risk due to the difficulty of access. A 
systematic survey of HAT cases as well as factors related 
to the perennation of the disease in these hotspots is thus 
required. Understanding of the epidemiological situ-
ation of the HAT in endemic foci will contribute to the 
strengthening of the strategy eradication, and to avoid 
resurgence of the disease impeding the progress recorded 
so far. The aim of this study was to determine the preva-
lence of HAT and the associated risk factors in individu-
als living in remote endemic areas of the Republic of 
Congo.

Methods
Study areas
The study was carried out in rural areas in four districts 
of the republic of Congo, including Mpouya (in plateaux 
Department), Mindouli (Department of Pool), Mossaka 

and Loukolela both located in the Department of Cuvette. 
These districts are predominated by a tropical savanna 
climate. Mpouya is a region located at 2°36′57″South, 
16°12′43″East with an altitude of 350 m. It is located 
near the Congo River and comprises 9000 inhabitants 
mainly involved in agriculture and fishing activities. 
Mindouli is geo-localized at 4° 16′ 24″ South, 14° 23′ 2″ 
East. It accounts for 53,584 inhabitants and agriculture 
is the main economic activity of the region. The district 
of Mossaka, located at 1° 13′ 53″ South, 16° 46′ 58″ East, 
accounts for 25,636 inhabitants. It is bounded to the east 
by the Democratic Republic of Congo and fishing is the 
main economic activity the locality. The Loukoléla dis-
trict is geo-localized at 1° 3′ 58″ South, 17° 10′ 6″ East, 
and has 21,442 inhabitants. It is located on the banks of 
the Congo River, at about 50 km upstream from the con-
fluence between the Congo and the Sangha. One of the 
main economic activities in this district is fishing and 
smoking of fish which is transported to the main con-
sumption centres of the country.

Study design
A cross-sectional study was conducted during a mass 
diagnostic campaign from June 2020 to January 2021. The 
population of interest included the participants of all age 
who lived in the study areas for at least 3 months. During 
the mass diagnostic in each district, we conducted a sim-
ple randomized sampling.

According to the sample size calculator Raosoft 2004, 
a sample size of 3709 participants was estimated (with 
a target of having at least 1/4 participants per district, 
which correspond to 928 participants/district), assum-
ing that the total size of population of the study areas 
was 109,662, a confidence level was fixed at 95%, an error 
margin of 0.1% and a prevalence of HAT in Republic of 
Congo of 0.1% (reference). The below Formula was used 
to determine the sample size:

Where n is the sample size; e is the marginal error, N is 
the population size of the locality; p is the prevalence of 
HAT. and z is the confidence level.

After obtaining the ethical clearance and the adminis-
trative authorizations, the participants were randomly 
enrolled in the study sites for blood sample collection. 
A consent form was provided by the participants or the 
parent of minor (< 18 years) participants. The sociode-
mographic and clinical parameters of the participants 
were recorded in a well-structured collection sheet (age, 
gender, school level, occupation etc). EDTA-blood (3 ml) 

n = N ×

Z2
×p×(1−p)

e2

N − 1+
Z2×p×(1−p)

e2
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and cerebrospinal fluid (CSF) were collected by a nurse, 
and transported to the Reference health Centre of each 
district for further processing. HAT screening was done 
according to the Algorithm of the national Program of 
HAT control in Republic of Congo. The first test was 
done using the card agglutination test for trypanosomia-
sis (CATT) in whole blood and plasma samples of each 
participant. The Capillary Tube Centrifugation (CTC) 
technique was used as additional test for detecting trypa-
nosoma parasites in participants with a positive CATT. 
The HAT positive cases were treated either with stage 1 
or stage 2 protocol based on the results of the cerebrospi-
nal fluid (CSF) examination, according to National Con-
trol Program for HAT of Republic of Congo.

Diagnosis of human African Trypanosomiasis
The diagnostic of HAT was based on active screening of 
the infection. Results of antibody and parasite detection 
were necessary to make the final decision of participant 
clinical status.

Titre antibody screening
CATT/T.b. gambiense was used for the detection of the 
T.b. gambiense specific antibody in sample as described 
by the manufacturers [13]. Briefly, the undiluted blood 
samples of each participant were firstly tested for HAT 
antibodies. The participants with a positive result were 
confirmed following antibody detection titration-method 
in plasma samples using the CATT. The titre (highest 
dilution giving agglutination) was determined. Partici-
pants with titres < 1∶8 were considered CATT negative, 
while titres ≥1∶8 were considered CATT positive.

Parasite detection and classification of HAT stages
The Capillary Tube Centrifugation (CTC) and Lymph 
nodes (LN) examination were used as additional test for 
detecting trypanosome parasites in participants with a 
positive CATT. All participants positive with CATT but 
negative with CTC were considered as healthy carriers 
[8, 14]. The presence of trypanosome and the number of 
white blood cells in the CSF were assessed to classify the 
disease progress of positive participants. The screening of 
the parasite was done after centrifugation of CSF imme-
diately after lumbar puncture [15]. The disease progress 
was classified as first stage when no trypanosomes were 
detected in the CSF and the WBC count was ≤5 WBC/
μl. The second stage of the disease was defined by the 
presence of trypanosomes in the CSF with > 5 WBC/μl.

Data analysis
Data management and tabulation were carried out 
using EpiInfo7 version 7.2.2.6 and Microsoft Excel 2010. 
All statistical analyses were done using R version 3.6.3 

(2020-02-29) and RStudio Version 1.2.5033 software. 
The normality of data distribution was checked using the 
Shapiro–Wilk test [16]. Qualitative data were expressed 
as percentages, and quantitative data by medians (with 
range) or mean (standard deviation). Pearson’s Chi-
square test (or Fisher’s exact tests when appropriate) 
was used to compare percentages between groups. The 
strength of association between each of the potential risk 
factors and the occurrence of HAT was calculated using 
univariate logistic regression using the complete cases. 
The odds ratios (OR) are given with a 95% confidence 
interval (CI). The statistical significance threshold for the 
tests was set at 5%.

Ethical consideration
This study received an ethical approval from the Insti-
tutional Ethics Committee of Fondation Congolaise 
pour la Recherche Medical (Ethical Clearance N° 023/
CIE/FCRM/2019) and the administrative authorisations 
from each mayor of the areas. All experiments were per-
formed in accordance with relevant guidelines and regu-
lations. Prior to enrolment, participants were informed 
in writing and orally about the study and its benefits. 
A written informed consent form was obtained from 
the adult participants for participating in the study. For 
the minor (< 18 years) a written informed consent form 
was obtained from their parent/guardian. In addition, 
a written assent form was obtained from children aged 
between 15 to 17 years hold.

Results
General characteristic of the study population
A total of 8556 participants were enrolled in this study 
(Table  1), coming from four districts including Louk-
olela (39.1%), Mindouli (22.9%), Mossaka (11.5%) and 
Mpouya (26.5%). The participant’s age ranged between 
0 and 94 years, with a median age of 14 years (IQR: 
10–34 years). Male participants were more represented 
(52.8%) in the study population compared to female. 
Among the participants with eligible age for schooling 
or marriage, the school level was highly represented by 
the group of unschooled participants (57.7%), while par-
ticipants living in couple (61.4%) was the predominant 
group regarding the marital status. Most of the par-
ticipants were either farmer (32.8%), student (32.7%) or 
fisher (man) woman (34.4%).

Human African trypanosomiasis diagnostic
The results of the HAT diagnostic showed that the preva-
lence of this disease was 0.3% (25/8556) in the study pop-
ulation (Fig.  1). Among the positive participants, 84.0% 
(21/25) were at stage 1 of the disease.
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Sociodemographic predictors of human African 
trypanosomiasis infection
The relationship of the participant characteristics with 
the presence of status of HAT infection was investigated 
in this study and the results were reported in Table  2. 
The distribution of the HAT infected participants among 
the study site showed that, the districts of Mindouli 
(OR: 25.9 (5.2–468); p = 0.0016) and Mpouya (OR: 13.3 
(2.5–246); p = 0.0140) were the foci at high risk of infec-
tion with important prevalence. Among the age groups, 
participants aged more than 15 years were significantly at 
high risk (OR: 7.4 (2.2–46.0); p = 0.0070) of HAT infec-
tion compared to the other age groups. HAT infection 
was significantly associated with the school level of the 
participants (p = 0.003), with a higher risk of infection 
observed in the group of the unschooled participants 
(OR: 5.1 (1.2–21.9); p = 0.0268), compared to other the 

groups with eligible age for schooling. Regarding the 
marital status of the participants with eligible age for 
marriage, there was a significant association(p = 0.0444) 
between this parameter and the HAT infection, with a 
higher risk of infection observed in participants living in 
couple or being married (OR: 3.3 (1.0–11.3); p = 0.0542).

Association of HAT infection with peasant activities, 
knowledge and communication action used on HAT
The results of the relationship of HAT infection with 
peasant activities of the participant of this study was 
reported in Table  3. It was shown individual practising 
peasant activities were at a high risk of HAT infection 
(OR: 6.9 (2.4–29.3); p = 0.0017). However, no relationship 
was found between HAT infection and the frequency on 
the practice of peasant activities (p > 0.9999), communi-
cational action (p = 0.4351) or knowledge of the disease 
(p = 0.4274).

Relationship of HAT infection with clinical signs 
of the participant
The association of HAT infection with the health state 
of the participants was determined in this study and 
reported in Table  4. Three clinical signs were recorded 
from the study population, including Inoculation can-
ker, sleep disorders and trypanids. Most of the partici-
pants had no sign related to HAT. There was a significant 
association between the presence of clinical signs and 
the HAT infection (p < 0.0001), with risk of the disease 
being strongly associated to sleep disorders (OR: 426.4 
(75.1–2.4e+ 03); < 0.0001). However, no relationship was 
observed between the HAT infection and the mental 
state of the participant in this study (p > 0.9999).

Discussion
The Republic of Congo is among countries still affected 
by HAT, with HAT-gambiense being the predominant 
species. Regular transmission of the disease occurs in five 
of the twelve departments (Bouenza, Niari, Pool, Plateau, 
and Cuvette) which are located in the savannah and the 
corridor (Congo river) of the country [11]. The present 
work aimed to determine the prevalence and risk factors 
in remote areas of the Republic of Congo, including the 
villages of the districts of Mpouya (in plateaux Depart-
ment), Mindouli (Department of Pool), Mossaka and 
Loukolela (both located in the Department of Cuvette).

The prevalence of the human African trypanosomiasis 
was 0.3% in the study population, with the majority of 
patients being in stage 1 of the disease. This prevalence 
is slightly higher than what has been reported by the 
national control programme of HAT of Congo (0.1%) 
in 2019 [11]. A retrospective study conducted in chil-
dren undergoing routine HAT diagnostic in Brazzaville 

Table 1  Characteristic of the study population

N Total number of enrolled participants, CI Confidence Interval

Sociodemographic 
characteristic

Number (N = 8556) Percentages 
(%)

District
  Loukolela 3351 39.1

  Mindouli 1956 22.9

  Mossaka 981 11.5

  Mpouya 2268 26.5

Age (years), Median (Range) 14 (0–94)

Age groups (years) (N = 8556)
  [0–11] 2892 33.8

  [12–14] 1509 17.6

  [≥15] 4145 48.5

  Missing 10 0.1

Gender (N = 8556)
  Female 4029 47.1

  Male 4514 52.8

  Missing 13 0.1

School level (N = 7774)
  Unschooled 4488 57.7

  Primary 2087 26.9

  Secondary 1199 15.4

Marital status (N = 5547)
  Single 1881 33.9

  Divorcee 19 0.3

  As a couple or married 3405 61.4

  Widower 21 0.4

  Missing 221 4.0

Profession (N = 8556)
  Farmer 2111 32.8

  Student 2108 32.7

  Teacher 4 0.1

  Fisher (man) woman 2219 34.4
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between 2004 and 2020 reported a prevalence of 2.7% 
corresponding to an annual prevalence of 0.17%. The 
majority of the positive cases in this study came from 
the districts Ngabe, Mossaka and Mpouya [17]. So, 
the link between the late onset of clinical signs (neuro-
logical stage) and the presence of infection which could 
undermine a passive approach to HAT control. The low 
annual prevalence of HAT reported in the previous study 
compared to our study may be due to the study design 
used. First; the recruitment of the participants in the 
previous study was affected by frequency of appoint-
ment of the patient in the health centre during 16 years 
(2004 to 2020). Secondly, this study was focused in chil-
dren, reducing the probability of having positive cases. 
In contrary, we conducted a mass diagnostic targeting 
the participants of all age groups. Furthermore, we found 
that the participants aged more than 15 years were more 
infected by HAT compared to the other age groups. HAT 
cases was significantly predominant in Mindouli and 
Mpouya districts, with a high risk of the infection, con-
firming what has been reported previously [12].

Many studies reported that the Glossina species identi-
fied as the main vector of the T. b. gambiense infection in 

Congo feed on both human and animal and always dis-
play infectivity [12]. All this suggests that more efforts are 
still needed for the eradication of the disease in these dis-
tricts, both in human and animal population.

The relationship between the risk of the HAT infection 
and vector control has been well documented, but little 
is still known concerning the human behaviour and per-
ennation of this disease. In this work, we determined the 
factors associated with the risk of HAT infection in the 
overall study population. It was shown that, unschooled 
participants as well as those aged more than 15 years 
were significantly at high risk of HAT infection compared 
to their counterpart groups. This suggest that education 
is a key tool in the fighting strategy against outbreak of 
this disease. In fact, the unschooling is one of the indica-
tors of underdevelopment that might be associated with 
a decrease of professional performance, and therefore 
with the socioeconomic development in a given region 
[18]. In addition, older participants are more likely to be 
involved in peasant activities (agriculture and fishing) 
and thus at higher risk of the HAT infection. Our find-
ings showed a significant association between practice 
of peasant activities and the high risk of HAT infection; 

Fig. 1  Outcomes of Human African Trypanosoma Infection in the study population. CATT: card agglutination test for trypanosomiasis. CSF: 
cerebrospinal fluid. Tryps: Trypanosoma. CTC: The Capillary Tube Centrifugation. LN: Lymph node. WBC: white blood cell. CSF tryps: presence of 
Trypanosoma in cerebrospinal fluid
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regardless of the regularity. It was reported that the rate 
of HAT infected children is generally less than half of 
that observed in adults because of their lower exposure 
to flies during daily activities [19]. In addition, the major-
ity of infected children are those who often accompany 
their parents during hunting or fishing activities as noti-
fied in the DRC, the most endemic country [1]. No rela-
tionship was observed between sex and the risk of HAT 
infection. This might be justified by the fact that, in areas 
of transitional vegetation in forest and wooded savannah, 
where infection is linked to agricultural work or activi-
ties around water points, the prevalence is similar in both 
sexes [19, 20].

A significant association was found between the mari-
tal status of participants and the HAT infection in this 
study, with a higher risk of infection observed in par-
ticipants living in couple or being married. This suggests 
that the proximity of the human beings might plays an 

important role during the transmission of the disease by 
the tsetse-fly. Beside human-human transmission via the 
vector, a possible Human-Animal transmission was sug-
gested, since the presence of T. b. gambiense in animals 
has been demonstrated in several studies [21, 22].

The association of HAT infection with health state 
of the participants was also investigated in this study. 
Three main clinical signs were recorded from the study 
population, including Inoculation canker, sleep dis-
orders and trypanids. Although the majority of the 
infected participants did not present any sign related to 
HAT, sleep disorders was the major HAT-related sign 
developed by patients of this study. This result is in line 
with what has been reported by Ibara et  al. during a 
retrospective study conducted in Bazzaville [17]. Som-
nographic studies conducted by Buguet and Damba 
showed that HAT disrupts the circadian rhythm of the 
sleep-wake cycle resulting in the sleep fragmentation 

Table 2  Association of HAT infection with sociodemographic characteristics

n (%) number of individuals (percentage of individuals), OR Odds Ratio, CI Confidence Interval
1 Pearson’s Chi-squared test
2 Fisher’s exact test

Socio-demographic characteristic HAT status Statistical test
(p-value)

Univariate logistic regression

Negative, n (%) Positive, n (%) OR 95% CI p-value

Districts
  Loukolela 3350 (99.97) 1 (0.03) 0.00011 1.0 –

  Mindouli 1941 (99.2) 15 (0.8) 25.9 5.2–468 0.0016
  Mossaka 981 (100) 0 (0) 0.0 0.9885

  Mpouya 2259 (99.6) 9 (0.4) 13.3 2.5–246 0.0140
Age groups (years)
  [0–11] 2890 (99.9) 2 (0.1) 0.00122 1.0 –

  [12–14] 1507 (99.9) 2 (0.1) 1.9 0.2–16.0 0.5152

  [≥15] 4124 (99.5) 21 (0.5) 7.4 2.2–46.0 0.0070
Gender
  male 4504 (99.8) 10 (0.2) 0.19781 1.0 –

  female 4014 (99.6) 15 (0.4) 1.7 0.8–3.9 0.2028

School level
  Primary 2085 (99.9) 2 (0.1) 0.0031 1.0 –

  Unschooled 4466 (99.5) 22 (0.5) 5.1 1.2–21.9 0.0268
  Secondary 1199 (100) 0 (0) 0.3 0.0–7.2 0.4954

Marital status
  single 1878 (99.8) 3 (0.2) 0.04442 1.0 –

  Divorcee 19 (100) 0 (0) 13.8 0.7–275.5 0.0864

  As a couple or married 3387 (99.5) 18 (0.5) 3.3 1.0–11.3 0.0542
  Widower 21 (100) 0 (0) 12.5 0.6–249 0.0984

Profession
  Fisher (man) woman 2211 (99.6) 8 (0.4) 0.00042 1.0 –

  Farmer 2097 (99.3) 14 (0.7) 1.9 0.8–4.6 0.1679

  Student 2108 (100) 0 (0) 0.0 0.9871

  Teacher 4 (100) 0 (0) 0.0 0.9994
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rather than the often described inversion [23]. How-
ever, no relationship was observed between the HAT 
infection and the mental state of the participant in this 
study.

The fact that this work was conducted on a large 
population constitutes one of the strengths of the 
study. Moreover, the participants came from remote 
endemic areas that are difficult to access. However, one 
limitation of the study is the lack of information about 
domestic animals during the survey which could be an 
important factor for HAT transmission in these areas.

Conclusion
This study highlights the need of strengthening the 
strategies of fighting against the HAT. This could be 
done by using an approach which will take into account 
the education level, the marital status and the occupa-
tion of the population at risk. In addition, a continuous 
mass diagnostic and treatment of the infected individu-
als, as well as the vector control may strengthen HAT 
intervention measures, and then prevent its resurgence 
in high-transmission settings.

Table 3  Association of HAT infection with peasant activities, knowledge and information about HAT

n (%) number of individuals (percentage of individuals), OR Odds Ratio, CI Confidence Interval
1 Pearson’s Chi-squared test
2 Fisher’s exact test

Sociodemographic 
characteristic

HAT status Statistical test
(p-value)

Univariate logistic regression

Negative
n (%)

Positive
n (%)

OR2 95% CI2 p-value

Practice of peasant activities
  No 4140 (99.9) 3 (0.1) 0.00031 1.0 –

  Yes 4384 (99.5) 22 (0.5) 6.9 2.4–29.3 0.0017
Regular practice of peasant activities
  Often (≤1/ week) 369 (99.7) 1 (0.3) 0.99992 1.0 –

  Always (>  2/week) 4045 (99.5) 21 (0.5) 1.9 0.4–34.4 0.5259

Knowledge about HAT
  No 5593 (99.7) 14 (0.3) 0.42741 1.0 –

  Yes 2938 (99.6) 11 (0.4) 1.5 0.7–3.3 0.3184

Communication action used on HAT
  Media 950 (99.9) 1 (0.1) 0.12741 1.0 –

  school 1 (100) 0 (0) 0.0 0.9968

  Missionary 2 (100) 0 (0) 0.0 0.9954

  Sensitisation 1985 (99.5) 10 (0.5) 4.8 0.9–8.8e+ 01 0.1358

Table 4  Association of HAT infection with observed clinical sign and mental health state

HAT status refers to the biological status

n (%) number of individuals (percentage of individuals), OR Odds Ratio, CI Confidence Interval
1 Pearson’s Chi-squared test
2 Fisher’s exact test

Sociodemographic 
characteristic

HAT status Statistical test Univariate logistic regression

Negative n (%) Positive n (%) OR 95% CI p-value

Clinical sign observed from the HAT
  No sign 8527 (99.8) 20 (0.2) < 0.00012 1.0 –

  Inoculation canker 1 (100) 0 (0) 0.0 0.9948

  Sleep disorders 3 (50.0) 3 (50.0) 426.3 75.1–2.4e+ 03 < 0.0001
  Trypanids 0 (0) 2 (100) 2.5e+ 09 0.00 - NA 0.9832

Mental health status
  Normal 8519 (99.7) 25 (0.3) > 0.99992 1.0 –

  Obsessed 2 (100) 0 (0) 0.0 0.9888



Page 8 of 9Elenga et al. BMC Public Health         (2022) 22:2322 

Acknowledgments
We are grateful to the residents of Mpouya, Mindouli, Mossaka and Louk-
olela who agreed to be part of this study. We are also grateful to Nkombo 
Loufouma Edith, Ngoulou Pierre, Okoueke Rigobert, Nkouka Edith Chantal 
for assistance during the HAT diagnostic of the study population. We express 
our gratitude to Velavan Thyralusamy for his support in this study. We also 
thank the “Organisation de Coordination pour la lutte contre les Endemies en 
Afrique Centrale” (OCEAC) and the Foundation MERIEUX for their support.

Authors’ contributions
VAE: investigation, methodology, writing – original draft, formal analysis, 
review and editing. A.L: investigation, methodology, writing – original draft, 
review and editing. DOEA: methodology, review and editing. CV: analysed 
the data. JCD: methodology, review and editing. RKB: Patient’s monitoring. FN: 
conceptualization, funding acquisition, investigation, methodology, project 
dministration, supervision, validation, visualization, review and editing. GA: 
conceptualization, investigation, supervision, validation, visualization, review 
and editing. All authors read and approved the final manuscript.

Funding
This study was supported by the Federal Ministry of Germany of the devel-
opment and economic cooperation (BMZ – Nr 2015.69.227 & BMZ – Nr 
2016.68.797) Awarded to the MNT project consortium. AL is Funded through 
the Fondation Merieux. This work received also support from CANTAM 
(EDCTP-CSA2020NoE-3100). The funders did not play a role in the design of 
the study, collection, analysis, and interpretation of data, as well as the writing 
of the manuscript.

Availability of data and materials
All data are fully available without restriction. Data are available from the FCRM 
Institutional Data Access. All request for Data should be addressed to the 
Executive Director of FCRM reachable by the following address Prof. Francine 
Ntoumi.
Villa D6-Cité OMS-Djoué – Brazzaville- République du Congo.
Tel. + 242 06997 79 80.
Email: franc​ine.​ntoumi@​uni-​tuebi​ngen.​de

Declarations

Ethics approval and consent to participate
This study received ethical approval from the Institutional Ethics Committee 
of Fondation Congolaise pour la Recherche Medical (Ethical Clearance N° 023/
CIE/FCRM/2019) and the administrative authorisations from each mayor of the 
areas. All experiments were performed in accordance with relevant guidelines 
and regulations. Prior to enrolment, participants were informed in writing 
and orally about the study and its benefits. A written informed consent form 
was obtained from the adult participants for participating in the study. For 
the minor (< 18 years) a written informed consent form was obtained from 
their parent/guardian. In addition, a written assent form was obtained from 
children aged between 15 to 17 years hold.

Consent for publication
Not applicable.

Competing interests
The authors have declared that no competing interests exist.

Author details
1 Fondation Congolaise pour la Recherche Médicale, Brazzaville, Republic 
of Congo. 2 Faculty of Science and Technique, University of Marien Ngouabi, 
Brazzaville, Republic of Congo. 3 Department of Biological science, Faculty 
of Science, University of Bamenda, Bamenda, Cameroon. 4 Institute of Tropical 
Medicine, University of Tübingen, Tübingen, Germany. 

Received: 5 August 2022   Accepted: 9 November 2022

References
	1.	 WHO. Trypanosomiasis, human African (sleeping sickness). 20 Avenue 

Appia G S, editor. World Health Organization., editor. Geneva, 2020.
	2.	 Franco JR, Cecchi G, Priotto G, Paone M, Diarra A, Grout L, et al. Monitor-

ing the elimination of human African trypanosomiasis at continental and 
country level: Update to 2018. PLoS Negl Trop Dis. 2020;14(5):e0008261. 
Epub 2020/05/22. https://​doi.​org/​10.​1371/​journ​al.​pntd.​00082​61.

	3.	 Barrett MP, Burchmore RJ, Stich A, Lazzari JO, Frasch AC, Cazzulo JJ, et al. 
The trypanosomiases. Lancet. 2003;362(9394):1469–80. Epub 2003/11/07. 
https://​doi.​org/​10.​1016/​S0140-​6736(03)​14694-6.

	4.	 Stich A, Abel PM, Krishna S. Human African trypanosomiasis. Bmj. 
2002;325(7357):203–6. Epub 2002/07/27. https://​doi.​org/​10.​1136/​bmj.​
325.​7357.​203.

	5.	 Tshimungu K, Okenge LN, Mukeba JN, Kande VB, De Mol P. Epidemio-
logical, clinical and sociodemographic characteristics of human African 
trypanosomiasis (HAT) in and around Kinshasa, Democratic Republic of 
Congo. Sante. 2009;19(2):73–80. Epub 2009/12/25. https://​doi.​org/​10.​
1684/​san.​2009.​0154.

	6.	 WHO. WHO interim guidelines for the treatment of gambiense human 
African trypanosomiasis. Geneva: World Health Organization. Licence: CC 
BY-NC-SA 3.0 IGO; 2019.

	7.	 Bottieau E, Clerinx J. Human African Trypanosomiasis: Progress and stag-
nation. Infect Dis Clin N Am. 2019;33(1):61–77. Epub 2019/02/05. https://​
doi.​org/​10.​1016/j.​idc.​2018.​10.​003.

	8.	 Informal Expert Group on Gambiense HATR, Buscher P, Bart JM, Boelaert 
M, Bucheton B, Cecchi G, et al. Do Cryptic Reservoirs Threaten Gambi-
ense-Sleeping Sickness Elimination? Trends Parasitol. 2018;34(3):197–207. 
Epub 2018/02/06. https://​doi.​org/​10.​1016/j.​pt.​2017.​11.​008.

	9.	 N’Djetchi MK, Ilboudo H, Koffi M, Kabore J, Kabore JW, Kaba D, et al. The 
study of trypanosome species circulating in domestic animals in two 
human African trypanosomiasis foci of Cote d’Ivoire identifies pigs and 
cattle as potential reservoirs of Trypanosoma brucei gambiense. PLoS 
Negl Trop Dis. 2017;11(10):e0005993. Epub 2017/10/19. https://​doi.​org/​
10.​1371/​journ​al.​pntd.​00059​93.

	10.	 Solano P, Torr SJ, Lehane MJ. Is vector control needed to eliminate 
gambiense human African trypanosomiasis? Front Cell Infect Microbiol. 
2013;3:33. Epub 2013/08/06. https://​doi.​org/​10.​3389/​fcimb.​2013.​00033.

	11.	 PNLTHA. Rapport annuel sur la maladie du sommeil. Programme National 
de Lutte contre la Trypanosomiase Humaine Africaine. Minsanté, Braz-
zaville, Congo: Minsanté; 2019.

	12.	 Bemba I, Bamou R, Lenga A, Okoko A, Awono-Ambene P, Antonio-
Nkondjio C. Review of the Situation of Human African Trypanosomiasis 
in the Republic of Congo From the 1950s to 2020. J Med Entomol. 
2022;59(2):421–9. Epub 2022/02/10. https://​doi.​org/​10.​1093/​jme/​tjab2​25.

	13.	 Magnus E, Vervoort T, Van Meirvenne N. A card-agglutination test with 
stained trypanosomes (C.a.T.T.) for the serological diagnosis of T. B. gam-
biense trypanosomiasis. Ann Soc Belg Med Trop. 1978;58(3):169–76 Epub 
1978/01/01.

	14.	 Jamonneau V, Ilboudo H, Kabore J, Kaba D, Koffi M, Solano P, et al. 
Untreated human infections by Trypanosoma brucei gambiense are 
not 100% fatal. PLoS Negl Trop Dis. 2012;6(6):e1691. Epub 2012/06/22. 
https://​doi.​org/​10.​1371/​journ​al.​pntd.​00016​91.

	15.	 Buscher P, Mumba Ngoyi D, Kabore J, Lejon V, Robays J, Jamonneau V, 
et al. Improved Models of Mini Anion Exchange Centrifugation Technique 
(mAECT) and Modified Single Centrifugation (MSC) for sleeping sick-
ness diagnosis and staging. PLoS Negl Trop Dis. 2009;3(11):e471. Epub 
2009/11/26. https://​doi.​org/​10.​1371/​journ​al.​pntd.​00004​71.

	16.	 Shapiro SS, Wilk MB. An analysis of variance test for normality (complete 
samples). Biometrika. 1965;52:591–611.

	17.	 Ibara BRO, Obili GS, Doukaga TA, Martin E, Mvoumbo G, Bendett P, et al. 
Passive human African Trypanosomiasis in children in Brazzaville from 
2004-2020. J Infect Dis Preve Med. 2021;9(3).

	18.	 Allen A. Raising people. Pedagog Cult Soc. 2021:1–4. https://​doi.​org/​10.​
1080/​14681​366.​2021.​19213​61.

	19.	 Abel PM, Kiala G, Loa V, Behrend M, Musolf J, Fleischmann H, et al. 
Retaking sleeping sickness control in Angola. Trop Med Int Health. 
2004;9(1):141–8. Epub 2004/01/20. https://​doi.​org/​10.​1046/j.​1365-​3156.​
2003.​01152.x.

	20.	 Robays J, Ebeja Kadima A, Lutumba P, Miaka mia Bilenge C, Kande Betu 
Ku Mesu V, De Deken R, et al. Human African trypanosomiasis amongst 
urban residents in Kinshasa: a case-control study. Trop Med Int Health. 

francine.ntoumi@uni-tuebingen.de
https://doi.org/10.1371/journal.pntd.0008261
https://doi.org/10.1016/S0140-6736(03)14694-6
https://doi.org/10.1136/bmj.325.7357.203
https://doi.org/10.1136/bmj.325.7357.203
https://doi.org/10.1684/san.2009.0154
https://doi.org/10.1684/san.2009.0154
https://doi.org/10.1016/j.idc.2018.10.003
https://doi.org/10.1016/j.idc.2018.10.003
https://doi.org/10.1016/j.pt.2017.11.008
https://doi.org/10.1371/journal.pntd.0005993
https://doi.org/10.1371/journal.pntd.0005993
https://doi.org/10.3389/fcimb.2013.00033
https://doi.org/10.1093/jme/tjab225
https://doi.org/10.1371/journal.pntd.0001691
https://doi.org/10.1371/journal.pntd.0000471
https://doi.org/10.1080/14681366.2021.1921361
https://doi.org/10.1080/14681366.2021.1921361
https://doi.org/10.1046/j.1365-3156.2003.01152.x
https://doi.org/10.1046/j.1365-3156.2003.01152.x


Page 9 of 9Elenga et al. BMC Public Health         (2022) 22:2322 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

2004;9(8):869–75. Epub 2004/08/12. https://​doi.​org/​10.​1111/j.​1365-​3156.​
2004.​01266.x.

	21.	 Cecchi G, Paone M, Argiles Herrero R, Vreysen MJ, Mattioli RC. Develop-
ing a continental atlas of the distribution and trypanosomal infec-
tion of tsetse flies (Glossina species). Parasit Vectors. 2015;8:284. Epub 
2015/05/23. https://​doi.​org/​10.​1186/​s13071-​015-​0898-y.

	22.	 Cecchi G, Paone M, Feldmann U, Vreysen MJ, Diall O, Mattioli RC. Assem-
bling a geospatial database of tsetse-transmitted animal trypanosomosis 
for Africa. Parasit Vectors. 2014;7:39. Epub 2014/01/23. https://​doi.​org/​10.​
1186/​1756-​3305-7-​39.

	23.	 Buguet A, Bourdon L, Bisser S, Chapotot F, Radomski MW, Dumas M. 
Sleeping sickness: major disorders of circadian rhythm. Med Trop. 
2001;61(4–5):328–39 Epub 2002/01/24.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1111/j.1365-3156.2004.01266.x
https://doi.org/10.1111/j.1365-3156.2004.01266.x
https://doi.org/10.1186/s13071-015-0898-y
https://doi.org/10.1186/1756-3305-7-39
https://doi.org/10.1186/1756-3305-7-39

	Risk factors and prevalence of human African trypanosomiasis in individuals living in remote areas of the republic of Congo
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Study areas
	Study design
	Diagnosis of human African Trypanosomiasis
	Titre antibody screening
	Parasite detection and classification of HAT stages
	Data analysis
	Ethical consideration

	Results
	General characteristic of the study population
	Human African trypanosomiasis diagnostic
	Sociodemographic predictors of human African trypanosomiasis infection
	Association of HAT infection with peasant activities, knowledge and communication action used on HAT
	Relationship of HAT infection with clinical signs of the participant

	Discussion
	Conclusion
	Acknowledgments
	References


