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Abstract: In Rwanda, the initial school-based mapping of schistosomiasis and soil-transmitted helminth (STH) infections was 

completed in 2008. Despite the classification of low endemicity of intestinal schistosomiasis (Schistosoma mansoni) in Rusizi 

district, the Neglected Tropical Disease (NTD) programme has received warnings two years after the mapping on high infection 

level on Nkombo Island located in this district. This study aims to report on prevalence of Schistosoma mansoni infection in an 

area which was the last to be investigated in Rwanda and provide some critics on current mapping guidelines. The study was 

done in January 2011 with a sample of 311 schoolchildren aged 10-19 years. Stool screening was performed by Kato-Katz 

technique. Overall prevalence of S. mansoni was found to be 62.1% (95%CI: 56.4-67.5), ranging from 28.6% (95%CI: 19.2-39.5) 

to 77.9% (95%CI: 67.0-86.6) across the schools. The prevalence of S. mansoni among the schoolchildren of Nkombo Island was 

found to be the highest in Rwanda. These findings confirm the extreme focality of schistosomiasis and the fact that the current 

mapping guidelines are likely to miss some hotspots. For the validation of schistosomiasis distribution at country level, there is 

need for new innovative mapping methodology that can provide to control programmes more accurate data for planning and 

undertaking control interventions at the district and the lowest implementation levels. When mapping units have to be designed 

they should give more priority to areas surrounding perennial water bodies that are considered high-risk zones. 
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1. Introduction 

In Rwanda, the Neglected Tropical Disease (NTD) control 

programme was established in 2007 with objective to decrease 

the morbidity due to seven NTDs (three soil-transmitted 

helminth (STH) infections: ascariasis, trichuriasis and 

hookworm; schistosomiasis, trachoma, lymphatic filariasis 

and onchocerciasis) to the levels where the diseases are not of 

public health significance. Many collaborating partners were 

engaged to support the Rwandan Ministry of Health. These 

included the Schistosomiasis Control Initiative (SCI), Geneva 

Global, Global Network for Neglected Tropical Diseases 

(GNNTDC), Columbia University and Access Project [1]. 

Although this program was established to fight against seven 

NTDs, only schistosomiasis and STHs were found to 

constitute public health problems in Rwanda [2-3]. The first 

nationwide mapping completed in 2008 revealed that the 

prevalence of intestinal schistosomiasis (Schistosoma 

mansoni) was ranging from 0 to 69.5% across all surveyed 

schools while urinary schistosomiasis (Schistosoma 

haematobium) was not found [3, 4].  

Until early 2011, the NTD control programme was 
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smoothly implemented at national level and comprised mass 

drug administration (MDA) [1] for STHs in all districts of the 

country while MDA for schistosomiasis was restricted to areas 

where the mapping revealed a prevalence of at least 10% in 

randomly sampled schools. Adults from riverine villages were 

treated only if the prevalence exceeded 30% according to 

National MDA Plan – adapted from WHO Guidelines [5]. The 

mapping was performed in accordance with the current 

guidelines of the World Health Organization (WHO) [6]. 

However, based on routine data, the NTD control programme 

has received some warnings on high infection level on 

Nkombo Island located in Rusizi district contradicting the 

classification of low endemicity of intestinal schistosomiasis 

by the aforementioned mapping. This study aims to provide 

decision-makers and scientists with reliable epidemiological 

data on intestinal schistosomiasis endemicity on Nkombo 

Island and a critical note about the current inadequate 

mapping procedures. 

2. Materials and Methods  

2.1. Study Area and Participants 

Nkombo is the largest Rwandan island with a surface of 22 

km2. It is seated on the Lake Kivu that stands 1463 m above 

sea level with a surface area of 2370 km2 

[http://www.lakekivu.org/about_kivu]. The island is one of 

administrative sectors of Rusizi district. The latter is 

characterized by moderate tropical climate with average 

temperature varying between 20
0
 and 23

0
C and annual 

average rainfall of about 1450 mm. The population of 

Nkombo is estimated at 16,000 inhabitants 

[www.rusizi.gov.rw], distributed in one large and 2 small 

sub-islands. Nkombo has 4 primary schools and one 

secondary school. Despite the sterile soil which does not favor 

any food crop, subsistence farming is practiced by the 

majority of the population. The population uses the lake water 

for most their day-to-day activities (i.e. cooking, drinking, 

washing, bathing and swimming is frequently practiced by 

children as leisure). Fishing is commonly practiced by both 

adults and children.  

Disregarding their age, all pupils who were attending 

classes 4, 5 and 6 in primary schools of Nkombo Island during 

the time of data collection in late January 2011 were eligible to 

participate in our study. Since 2008, the school children of 

Nkombo were given albendazole or mebendazole for STH 

control as part of the national MDA campaigns. 

2.2. Ethics Statement 

Although this study would not require institutional ethical 

clearance given the circumstances in which it has been 

conducted: emergency investigation and rapid interventions of 

the Ministry of Health, the NTD control programme has 

considered this study as an additional investigation to the 

nationwide mapping completed in 2008. The latter was 

approved by the Rwanda National Ethics Committee (RNEC) 

and the Institutional Review Board (IRB) of Columbia 

University – New York. Permission to collect data was 

obtained from the school directors who informed teachers and 

parents on the importance of schistosomiasis screening among 

schoolchildren. Informed written consent from the 

parents/guardians and the assent from the participants were 

also obtained as a prerequisite.  

2.3. Sample Size and Sampling Procedures  

All 4 primary schools of Nkombo were included and it was 

estimated that a sample of 70 children from upper classes (4, 

5, and 6) in each school would be adequate [7]. The sampling 

frame was the lists of pupils for each upper class from which 

a systematic sampling allowed to select the equal number of 

boys and girls.  

2.4. Questionnaire 

Data on participants’ identification including names, age, 

sex, class and school were collected using a paper-based 

questionnaire. These data were supplemented with the 

outcome parasitological evaluation. In addition, Global 

Positioning System (GPS) by the means of an HP ipaq 

Personal Digital Assistant (PDA) was used to record the 

geographical coordinates for each school.  

2.5. Procedures 

Four trained and experienced medical laboratory 

technicians with two of them having participated in the 

national mapping were recruited to perform microscopy 

using Kato-Katz technique [8]. The selected school children 

were supplied with labelled plastic containers with applicator 

sticks and waterproof papers and were instructed to bring 

proper stool samples (single sample for each schoolchild). 

All specimens were checked for correct labelling and 

quantity of sample. Two slides per stool specimen (2 × 41.7 

mg of faeces) were prepared and read by two microscopists.  

2.6. Quality Assurance 

The quality control was performed in the field by a senior 

laboratory technician from the National Reference 

Laboratory (NRL). Each day of the survey, at least 10% of 

samples of each microscopist were randomly picked and 

rechecked without prior knowledge of the results. A 

discrepancy of up to 10% for egg counts was considered as 

normal, but if the discrepancy was larger, the laboratory 

technician from NRL read the slides again for final result. 

2.7. Data Management and Statistical Analysis 

Double data entry and cross–checking was performed in 

Epi-Info 3.5.3 of 2011 (United States Centers for Disease 

Control and Prevention (CDC), Atlanta, GA) by the NTD 

control program staff under supervision of the programme 

data manager. Single identification was given for each 

participant to avoid double counting. For statistical analysis, 

we used Epi-Info Software, version 3.5.3. Prevalence and 

intensity [9] of infections were calculated, with the latter 
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expressed as the arithmetic mean of egg counts ( EPG/n)Ʃ  

including only cases (n). This was further categorized into 

three outcomes namely light infection, moderate infection 

and heavy infection as per WHO definition of intensity of 

infection. The prevalence of S. mansoni also considered low 

(<10%), moderate (≥10% but <50%) and high (≥50%) [9, 

10]. 

3. Findings 

3.1. Demographic Data 

A total of 311 schoolchildren from the 4 primary schools of 

Nkombo Island namely Bugumira, Nkombo, Gihaya and 

Ishywa were screened. The proportion of boys and girls was 

similar with 155 boys (49.8%) and 156 girls (50.2%). Sex 

ratio was 0.99. In all schools the age of the children ranged 

between 10 and 19 years. Overall mean age was 13.8 (SD=1.7) 

years with 14.2 (SD=1.9) years for Bugumira and 13.6 years 

for each of the remaining schools. Participants were 

distributed in schools as following: 84 (27.0%), 81 (26.0%), 

77 (24.8%) and 69 (22.2%) children for Ishywa, Bugumira, 

Gihaya and Nkombo, respectively. (Table 1) 

3.2. Prevalence of Schistosomiasis Mansoni 

Overall S. mansoni infection was diagnosed in 193 

schoolchildren giving a prevalence rate of 62.1% (95% CI: 

56.4-67.5). Boys were more infected than girls with a 

prevalence of 65.8% (95% CI: 57.8-73.2) and 58.3% (95% CI: 

50.2-66.2), respectively, but the difference was not 

statistically significant (p>0.05). At school level, the highest 

infection prevalence was found in Gihaya with 77.9% (95% 

CI: 67.0-86.6) followed by Bugumira with 72.8% (95% CI: 

61.8-82.1), Nkombo with 72.5% (95% CI: 60.4-82.5) whilst 

the prevalence was far lower in Ishywa with 28.6% (95% CI: 

19.2-39.5) (Table 2). 

3.3. Intensity of S. mansoni infection 

The faecal egg count (eggs per gram faeces (EPG)) ranged 

from 12 to 14400 and the overall average of positives was 

176.9 EPG (number of infected individuals as denominator). 

The intensity was predominantly light with 137 individuals 

out of the 193 (71.0%) having a light infection intensity. 

Moderate infection intensity accounted for 48 cases (24.9%) 

while heavy infection intensity was relatively rare with only 8 

cases (4.1%) (Table 3) 

3.4. Prevalence and Intensity of STH Infections 

Overall, the proportion of children harboring at least one 

STH was 95.2% (95% CI: 92.0-97.2), and the prevalence of 

individual STHs was 92.9% (95% CI: 89.3-95.4), 35.7% (95% 

CI: 30.4-41.3) and 11.6% (95% CI: 8.3-15.8) for T. trichiura, 

A. lumbricoides and hookworm, respectively. The prevalence 

of infection with at least one STH was 96.1% (95% CI: 

89.0-99.2), 88.4% (95% CI: 78.4-94.9), 96.3% (95% CI: 

89.6-99.2) and 98.8% (95% CI: 93.5-100.0) in Gihaya, 

Nkombo, Bugumira and Ishywa, respectively (Table 2). STH 

infections were mainly of light intensity (92.0%, 65.8% and 

100.0% for T. trichiura, A. lumbricoides and hookworm 

infection, respectively). Moderate intensity was found in 

34.2% and 8.0% of children for A. lumbricoides and T. 

trichiura, respectively. None of the STH infections were of 

heavy intensity (Table 3). 

4. Discussion 

The present study shows that S. mansoni infection is highly 

endemic on Nkombo Island with an overall prevalence of 

62.1% in schoolchildren, ranging from 28.6% to 77.9% across 

the primary schools. Based on these results, this area ranks 

higher than other schistosomiasis foci so far investigated in 

Rwanda. Previous studies have reported moderate to high 

endemicity of S. mansoni around Lakes Ruhondo, Burera, 

Muhazi, Rweru and some sites of Lake Kivu - east shore [2, 3, 

11- 13]. The situation of intestinal schistosomiasis on Nkombo 

was unknown before the present data were collected, and this 

area was assumed to be a low prevalence zone based on the 

mapping results obtained from six schools randomly selected 

elsewhere in Rusizi district. With this context, it is clear that 

unbiased sample may not be optimally achieved using the 

current WHO guidelines that recommend random sampling of 

few schools based on ecological zones [8, 11] and 

consequently, omission of some high endemic communities 

that would be qualified for mass treatment. Several authors 

have described the small-scale focality of schistosomiasis 

[14-20].  

With this update, the highest prevalence of S. mansoni 

infection in Rwanda is found on Nkombo Island. For the 

control of its related morbidity, mass distribution of 

praziquantel to school age children and adults should be 

implemented as per the current national MDA plan. In 

addition, supply of potable water, improved sanitation and 

health education should inevitably be planned to reduce the 

transmission of schistosomiasis on this island.  

While accurate data are needed and an attempt for 

transmission control and schistosomiasis elimination is 

getting on the international public health agenda [21], there is 

extreme need for new innovative mapping methodology that 

takes account of the focality of schistosomiasis. This infection 

usually occurs within 5 km of perennial water bodies. Thus a 

high-risk 5km-buffer zone around these water bodies and the 

creation of mapping units to allow selection of schools in a 

good number where schistosomiasis is most likely to occur, 

are some of the recommendations that should be considered 

when elaborating new guidelines. 
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Table 1. Demographic characteristics of participants. 

Characteristic Bugumira Nkombo Gihaya Ishywa Total 

Age (years)      

Mean (SD) 14.2 (1.9) 13.6 (1.8) 13.6 (1.8) 13.6 (1.4) 13.8 (1.7) 

Sex      

Male (n, %) 42 (51.9) 36 (52.2) 35 (45.5) 42 (50.0) 155 (49.8) 

Female (n, %) 39 (48.1) 33 (47.8) 42 (54.5) 42 (50.0) 156 (50.2) 

Table 2. Prevalence of S. mansoni and STHs among surveyed schoolchildren. 

 Prevalence n (%) [95% CI] 

Characteristic S. mansoni T. trichiura A. lumbricoides Hookworm Any STH 

Overall 

(n=311) 

193 

62.1 (56.4-67.5) 

289 

92.9 (89.3-95.4) 

111 

35.7 (30.4-41.3) 

36 

11.6 (8.3-15.8) 

296 

95.2 (92.0-97.2) 

Per school      

Bugumira 
59 

72.8 (61.8-82.1) 

76 

93.8 (86.2-98.0) 

23 

28.4 (18.9-39.5) 

3 

3.7 (0.8-10.4) 

78 

96.3 (89.6-99.2) 

Nkombo 
50 

72.5 (60.4-82.5) 

59 

85.5 (75.0-92.8) 

28 

40.6 (28.9-53.1) 

6 

8.7 (3.3-18.0) 

61 

88.4 (78.4-94.9) 

Gihaya 
60 

77.9 (67.0-86.6) 

72 

93.5 (85.5-97.9) 

28 

36.4 (25.7-48.1) 

24 

31.2 (21.1-42.7) 

74 

96.1 (89.0-99.2) 

Ishywa 
24 

28.6 (19.2-39.5) 

82 

97.6 (91.7-99.7) 

32 

38.1 (27.7-49.3) 

3 

3.6 (0.7-10.1) 

83 

98.8 (93.5-100.0) 

Per sex      

Male 
102 

65.8 (57.8-73.2) 

148 

95.5 (90.9-98.2) 

72 

46.5 (38.4-54.6) 

19 

12.3 (7.5-18.5) 

149 

96.1 (91.8-98.6) 

Female 
91 

58.3 (50.2-66.2) 

141 

90.4 (84.6-94.5) 

39 

25 (18.4-32.6) 

17 

10.9 (6.5-16.9) 

147 

94.2 (89.3-97.3) 

Table 3. Intensity of S. mansoni and STHs.  

Intensity in infected individuals 
S. mansoni 

n=193 

T. trichiura 

n=289 

A. lumbricoides 

n=111 

Hookworm 

n=36 

Overall mean EPG 177 389 4820 64 

Intensity category (n, %)     

Light 137 (71.0) 266 (92.0) 73 (65.8) 36 (100.0) 

Moderate 48 (24.9) 23 (8.0) 38 (34.2) none 

Heavy 8 (4.1) none none none 
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