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ABSTRACT  24 

 25 

Aims: Soil Transmitted Helminths and Plasmodium infections are ubiquitous within the 
tropical and subtropical regions. However, the extent and consequences of Helminth-
Plasmodium co-infection at different spatial scales are poorly understood. This study defines 
the medical field of soil transmitted helminths and plasmodium coinfection among 
schoolchildren in Eastern Republic of Rwanda and studies the related risk factors. 
Study design: Cross Sectional Survey 
Place and Duration of Study: The survey was conducted in Bugesera district, Eastern 
Rwanda, between May and December 2020. 
Methodology: The survey was conducted among children between ages 5 and 18 years, 
across 21 randomly selected primary schools. Stool samples were collected and screened 
for soil transmitted helminths using Kato-Katz, while finger-prick blood samples were 
examined under the microscope to determine Plasmodium infection.  
Results: P. falciparum was common throughout the study area, with highest prevalence in 
provinces of Nyiragiseke (22.78%) and Shami (18.99%). The variation within the 
geographical distribution of STH was dominated by A. lumbricoides. The co-infection 
exhibited geographical variation and was higher in provinces with high A. lumbricoides 
prevalence. 
Conclusion: The highest prevalence of the respective infections in Nyiragiseke and Shami 
provinces calls for critical analysis to establish the ultimate cause.  This would inform the 
appropriate action plan. 
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1. INTRODUCTION  28 

 29 

A recent WHO report shows that 228 million cases of malaria occurred, with sub-Saharan 30 
Africa and South East Asia accounting for 97% of the burden [4]. Plasmodium falciparum 31 
remains the foremost rife Plasmodium within the WHO African Region, causing 99.7% of the 32 
cases, and 50% within the South East Asia Region. Globally, children are the foremost 33 
vulnerable accounting for 67% of all malaria mortality [4]. Helminth and Plasmodium 34 
infections proliferate underneath the favorable climatically and environmental conditions 35 
especially among the poorest communities, while malaria infection is ruled by climatic factors 36 
connected to vector ecology and parasite life cycle [15], [22], [32]. In Cameroon, 37 
Plasmodium-helminth co-infection was related to altitude [17]. It is important to note, 38 
however, that climatic, environmental, and socioeconomic factors influence the distribution of 39 
single and multiple species parasite infections. 40 
 41 

2. MATERIAL AND METHODS  42 

 43 

2.1 Study setting  44 

The survey was conducted in Bugesera District, Rwanda, between May and December 45 
2020. Bugesera District is one of the seven Districts that constitute the Eastern Province in 46 
Rwanda. It is located in the South West of the Province, ranging between 30o 05’ Eastern 47 
longitude, and 2o 09’ Southern Latitude, and covers the surface of 1337 km2. The District is 48 
characterized with a mixture of plateaus with an altitude varying between 1,100 m and 49 
1,780m and undulating hills dominated by varying heights. Bugesera climate is dry with 50 
temperature varying between 200 and 30°C. It has two dry seasons and two rainy seasons. 51 
The hydrographical network is mainly characterized by 3 rivers, namely; Akanyaru, Akagera 52 
and Nyabarongo. Besides these rivers, there are 9 lakes, though, with little effect on rainfall, 53 
but are exploited for fishing, tourism, transportation, power generation, agricultural irrigation 54 
and farming among others. The district was selected due to the high rate of protozoal 55 
infections and high prevalence of STH in Rwanda [24,27].  56 

2.2 Choice of school children 57 

Representative school children of the 79 public primary schools in Bugesera District were 58 
purposively selected for screening with the help of the district education and health officers. 59 
Initially, 21 schools were screened for the study. Children were enrolled irrespective of the 60 
infections. 61 

2.3 Survey procedures and sample collection 62 

Parents/guardians were invited to attend sensitization conferences at the chosen colleges. 63 
The study procedures were explained in the language that they felt most comfortable with.  64 
Written consent was obtained from all parents/guardians who were willing to have their 65 
children enrolled into the study.  66 

 67 

 68 

 69 

 70 
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3. RESULTS  71 

3.1 Single infections 72 

Overall, 5.35 % of the children were infected with any soil transmitted helminths species. 73 
The primary common species was A. lumbricoides (4.43%); followed by T. trichiura (0.76%) 74 
and Hook worm (0.16 %) as shown in table 2.  The prevalence of P. falciparum was 3.15%. 75 
The prevalence of A. lumbricoides and P. falciparum differed by sex. The prevalence of A. 76 
lumbricoides was highest among children aged 5–8 years whereas the prevalence of P. 77 
falciparum differed with with age (P < 0.001).  78 

3.2 Coinfections  79 

Overall, the prevalence of STH-Plasmodium coinfection was 36.15%. A. lumbricoides-80 
Plasmodium coinfection was the only coinfection recorded (Table three). The prevalence of 81 
A. lumbricoides-Plasmodium coinfection was different among age groups, though, more 82 
common in the age group (13-18), (p <0.05).   83 
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3.3 Geographical distribution of single infection and coinfection  84 

P. falciparum was common throughout the study area, with highest prevalence in provinces 85 
of Nyiragiseke (22.78%) and Shami (18.99%). The variation within the geographical 86 
distribution of STH was dominated by A. lumbricoides. The co-infection exhibited 87 
geographical variation and was higher in provinces with high A. lumbricoides prevalence. 88 

 89 

Fig 1. Geographical distribution of malaria infection 90 
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 91 

Fig 2. Geographical distribution of helminths 92 

 93 

Fig 3. Geographical distribution of coinfection 94 
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Table1: Description of study participants 95 

Characteristic 
Overall 

(n = 2,507) 
Boys (n = 1,200), 

(47.9%) 
Girls (n = 1,307), 

(52.1%) 
p-value 

Mean age (years, SD) 11.29 (2.96) 11.11 (2.79) 11.45 (3.09) <0.0001 

Age-group (years, n 
(%)) 

11.29(2.96)  
  

11.11 (2.79)  
  

11.45 (3.09)  
  

  

 5-8 452 (18.0) 212 (17.7) 240 (18.4) 

0.004 
 9-10 560 (22.3) 277 (23.1) 283 (21.7) 

 11-12 594 (23.7) 334 (27.8) 260 19.9) 

 13-18 901 (35.9) 377 (31.4) 524 (40.1) 

Class (n, (%))         

 Lower primary (1–
3) 

1272 (50.7) 638 (53.2) 634 (48.5) 
0.33696 

 Upper primary (4–
6) 

1235 (49.3) 562 (46.8) 673 (51.5) 

  96 
Table 2: Prevalence of helminth infection, malaria infection 97 

Characteristic 
Overall 

(n = 2,507) 
Boys (n = 1,200), 

(47.9%) 

Girls 
(n = 1,307), 

(52.1%) 
p-value 

Prevalence of helminth 
infection 

        

  A. lumbricoides (%, 95 % CI) 
4.43 (12.28-

29.65) 
4.50 (9.89-

35.26) 
4.36 (7.17-

31.71) 
 <0.001 

  T. trichiura (%, 95 % CI) 
0.76 (2.62-

7.27) 
0.58 (0.41-8.16) 

0.92 (1.97-
8.70) 

 0.05 

 Hookworm (%, 95 % CI) 
0.16 (0.70-

3.30) 
0.17 (0.50-8.85) 

0.15 (0.61-
7.85) 

 0.04 

Intensity of helminth Infection         

  A. lumbricoides (epg, 95 % 
CI) 

503 (295-712) 542 (237-846) 467 (172-761)   

  T. trichiura (epg, 95 % CI) 119 (63-175) 103 (10-196) 128 (47-209)   

 Hookworm (epg, 95 % CI) 48 (17-79) 60 (12 213) 36 (15-188)   

P. falciparum infection (%, 
95 % CI) 

3.15 (144.57-
828.39) 

3.33 (156.72-
971.08) 

2.98 (194.96-
414.07) 

  

Mean parasite density 
(parasites per μl blood) 

        

 Uninfected (n, %) 2428 (96.85) 1160 (96.67) 1268 (97.02)   

 Low (1–999) (n, %) 75 (2.99) 38 (3.17) 37(2.83)   

 Medium/high (≥1000) (n, %) 4 (0.16) 2 (0.17) 2 (0.15)   

 98 
Table 3: Overall Prevalence of co-infections 99 

Characteristic 
Overall 

(n = 2,507) 

Boys 
(n = 1,200), 

(47.9%) 

Girls 
(n = 1,307), 

(52.1%) 

p-
value 

Coinfection         

 T. trichiura- A. lumbricoides 
(%, 95 % CI) 

3.08 (4.34-17.16) 0 
5.97 (4.34-

17.16) 
 0.432 

  A. lumbricoides-P. 
falciparum (%, 95 % CI) 

36.15 (9.90-
11.89) 

30.16 (8.08-
11.08) 

41.79 (10.50-
13.07) 

 <0.05 
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 100 
Table 4: Prevalence of co-infection by Age group 101 

Characteristic Overall (n = 2,507) 
Boys (n = 1,200), 

(47.9%) 

Girls 
(n = 1,307), 

(52.1%) 
p-value 

Age-group  A. lumbricoides-
P. falciparum (%, 95 % CI) 

        

5-8 29.79(8.37-58.63) 42.11 (0.27-33.72) 
21.43 

(31.89-
79.12) 

 0.04 

9-10 14.89(29.24-119.90) 26.32 (0.77-14.37) 
7.14 (30-

314) 
  

11-12 17.02(6.57-19.43) 15.79 (2.04-19.96) 
17.86 
(2.28-
26.12) 

  

13-18 38.30(5.30-12.48) 15.79 (2.81-9.86) 
53.57 
(5.24-
13.56) 

 

13-18 33.85 (5.78-10.22) 39.68 (3.53-9.59) 
35.82 
(6.41-
12.09) 

 <0.05 

 102 
T able 5: Prevalence of helminths, malaria infections by Age group 103 
 104 

Characteristic 
Overall 

(n = 2,507) 
Boys (n = 1,200), 

(47.9%) 
Girls (n = 1,307), 

(52.1%) 
p-
value 

Helminths, A. lumbricoides 
 (%, 95 % CI) 

        

5-8 
23.08 (8.14-

32.33) 
22.22 (2.96-

21.61) 
20.9 (5.63-

55.37) 
  

9-10 
18.46 (14.51-

84.99) 
15.87 (5.35-

101.85) 
8.96 (9.02-

110.98) 
  

11-12 
24.62 (0.20-

31.49) 
22.22 (10.80-

65.15) 
19.41 (2.87-

12.36) 
  

13-18 
33.85 (5.78-

10.22) 
39.68 (3.53-

9.59) 
35.82 (6.41-

12.09) 
 <0.05 

Malaria (%, 95 % CI)         

5-8 
31.46 (155.06-

1638.78) 
38.64 (119.05-

400.95) 

24.44 (386.09-
2587.00) 

  

9-10 
19.10 (277.17-

1478.58) 
25.00 (59.02-

255.89) 

13.33 (254.22-
2572.44) 

  

11-12 
11.23 (3.45-

670.95) 
11.36 (129.10-

187.70) 

11.11 (229.90-
802.10) 

  

13-18 
37.07 (4.59-

1639.02) 
25.00 (671.20-

3023.35) 

48.89 (157.53-
446.83) 

 <0.05 

 105 

4. DISCUSSION   106 

Our study reports A. lumbricoides as the most predominant STH infection (4.43%) with more 107 
infections in boys (p <0.001); followed by T. trichiura (0.76%) with more girls infected than 108 
boys (P=0.05) and hook worm (0.16 %) with more boys infected than girls, (P=0.04). Overall 109 
boys were more infected than girls. The STH results of this study are similar with previous 110 
study conducted in the same district but with a significant reduction in the respective 111 
prevalence [22]. This is evidence of the positive impact and enforcement of the control 112 
programs in the eastern province of Rwanda. This reduction, though, is contrary to a recent 113 
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report from the Western province of Rwanda where the prevalence of the STH was 114 
respectively higher [14].  115 

The overall prevalence P. falciparum infection was 3.15 %, with more boys infected than 116 
girls (P < 0.001). This is extremely lower than earlier reported [22] but consisted with the 117 
tremendous positive trend of the control programs. 118 

Interestingly there was one principal common coinfection of Ascaris - Plasmodium with the 119 
overall prevalence of 36.15% but surprisingly with higher prevalence in girls than boys - 120 
approximately 42% (P<0.001). This is still lower than previously reported from the study in 121 
the same district [22]. Nevertheless, the higher prevalence in girls is still striking given that 122 
the respective single infections were higher in boys.  This outstanding discrepancy could be 123 
due additional microbiota infections in girls that have been reported associated with 124 
increased plasmodium infection elsewhere [19]. STH – Plasmodium coinfections have been 125 
associated with different malaria outcomes including uncomplicated to severe malaria as 126 
earlier reported from the study from this district and elsewhere [10,16,18,22,26,27]. 127 
nevertheless, our results could differ with the malaria outcome especially from the previous 128 
study conducted in the same region now that, there is evidence that additional microbiota 129 
infections moderate plasmodium infections differently.  130 

P. falciparum was common throughout the study area, with highest prevalence in provinces 131 
of Nyiragiseke (22.78%) and Shami (18.99%). The variation within the geographical 132 
distribution of STH was dominated by A. lumbricoides. The co-infection exhibited 133 
geographical variation and was higher in provinces with high A. lumbricoides prevalence. 134 
The variation within the geographical distribution of the respective infections could be due to 135 
different levels of enforcement of the control program by the policy controllers. 136 

 4. CONCLUSION  137 

The highest prevalence of the respective infections in Nyiragiseke and Shami provinces calls 138 
for critical analysis to establish the ultimate cause.  This would inform the appropriate action 139 
plan. 140 

 151 

CONSENT  152 
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All participants and parents/guardians gave consent to participate.  153 

ETHICAL APPROVAL  154 

The approval was provided by the University of Rwanda IRB (No. 380/CMHS).  155 
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