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A B S T R A C T   

Background: Vector control is an important approach in the control of most parasitic and vector- 
borne diseases including malaria, and schistosomiasis. Distribution of these two infections often 
overlaps and in such areas it’s more economically viable to employ an integrated approach in the 
control of their vectors which largely shares the same breeding ecosystem. We carried out a 
baseline epidemiological and vector surveys for malaria and schistosomiasis in Mwea, Kirinyaga 
County, in preparation for the upscaling of integrated vector management (IVM) for the two 
diseases. 
Methods: This was a repeated cross sectional survey, where mosquito and snails were sampled 
during dry and wet seasons in three different ecological zones, Kiamaciri, Thiba and Murinduko 
to identify possible breeding sites. Mosquito larvae were collected using standard dippers, adults 
using CDC miniature light traps while snail vectors were sampled using standard snail scoops in 
different breeding habitats. A total of 1200 pupils from 12 primary schools were tested for ma-
laria using rapid diagnostic tests (Malaria Pf/PAN Ag combo). Stool samples were processed using 
the Kato Katz technique for intestinal schistosomiasis. 
Results: The overall prevalence of intestinal schistosomiasis was 9.08 % (95 % CI: 07.00–11.00), 
with Kiamaciri zone recording the highest prevalence at 19 % (95%CI: 15.00–23.00) and Mur-
induko zone the least at 0.17 % (95%CI: 0.00–0.01). Majority of the infections were of light 
intensity 78.9 % (95%CI: 70.04–86.13). There was no positive malaria case detected in this study. 
Of the 3208 adult mosquitoes sampled during the dry season, 20.6 % (95 % CI: 19.25–22.08) 
were Anopheles gambiae s.l while 79.4 % (95 % CI: 77.92–80.75) were culicines. During the wet 
season, 3378 adult mosquitoes were collected, of which 14.7 % (95 % CI: 13.56–15.98) were 
Anopheles gambiae s.l and 85.3 % (95 % CI: 84.02–86.44) culicines. Overall, 4085 mosquito larvae 
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were collected during the two seasons, of which, 57.3 % and 42.7 % were anopheles and culicine 
respectively. Majority of the larvae (85.1 % (95%CI: 84.01–86.10) were collected during the wet 
season, with only 14.9 % (95%CI: 14.10–16.00) being collected during the dry season. A total of 
2292 fresh water vector snails were collected with a majority (69.6 % (95%CI: 68.00–71.10) 
being Biomphalaria pffeiferi responsible for transmission of intestinal schistosomiasis. 
Conclusion: This study demonstrates that intestinal schistosomiasis is prevalent in Kiamaciri and 
Thiba zones, and points to the possibility of active transmission of schistosomiasis in Murinduko 
zone. Malaria vectors were predominantly observed in all sites despite there being no malaria 
positive case. Culex quinquefaciatus responsible for the spread of several arboviruses was also 
observed. The presence of these vectors may lead to future disease outbreaks in the area if 
concerted control initiatives are not undertaken. The disease vectors shared the same breeding 
sites and thus its economical and feasible to adopt an integrated vector management approach in 
control efforts for these disease in the study area.   

1. Introduction 

Schistosomiasis is a parasitic disease caused by a trematode worm of the genius Schistosoma [1]. The disease has a high global 
burden with an estimated over 240 million people being infected with one or more of the Schistosoma species [2], and over 280,000 
deaths annually [3]. The bulk of schistosomiasis global transmission occurs in sub-Saharan Africa [4]. In Kenya, recent data estimates 
that approximately nine million people are infected with schistosomiasis and about eighteen million are at risk of infection [5]. 

Malaria remains a public health problem globally with an estimated 247 million cases and 619,000 deaths being reported in 2021. 
Sub-Saharan countries carries the greater burden with an estimated 234 million cases (95 %) and 593,000 deaths (96 %) [6]. In Kenya, 
nearly 6.7 million clinical cases of malaria are reported annually, with 70 % of the population being at risk of malaria [7]. It is 
estimated that approximately 4000 people die from malaria annually, most of them being children. Besides, malaria is responsible for 
13–15 % of outpatient consultations [8]. Malaria is transmitted through bites of an infected female Anopheles mosquito which breeds 
in water. 

The distribution of schistosomiasis and malaria often overlaps due to various conditions that favour multiple parasitic species 
survival and transmission [9]. Studies have shown that, the two infections do occur together [10–12]. The two infections have also 
been shown to have complex immunological and pathological interactions [12,13]. People with heavy intestinal schistosomiasis tend 
to have increased malaria susceptibility [14], suggesting that having an integrated approach in the control for both diseases could yield 
significant additive benefits. Currently, the control for schistosomiasis in Kenya is through preventive chemotherapy which involves 
periodic mass drug administration (MDA) of praziquantel to populations at risk [15]. While this approach has resulted in reduction of 
long-term morbidities of schistosomiasis and other helminths especially among school going children [16], there is still ongoing active 
local transmission [17]. Children typically suffer from high rates of reinfection, and the broader community (preschool children, 
adolescents, and adult populations) remains affected with schistosomiasis [18,19]. There is now growing interest in improving 
morbidity control through reduction or elimination of schistosomiasis [20]. In addition to MDA, one complementary approach is the 
local control of intermediate host to interrupt the non-human phase of the Schistosoma lifecycle [20,21]. In the recent past, there has 
been very little effort in vector control for schistosomiasis in the country. 

The control of malaria in Kenya on the other hand is focused on a combination of several primary vector control interventions. 
These interventions include use of long lasting insecticide nets (LLINs) which are given for free during the mass net distribution 
campaigns, indoor residual spraying (IRS) [22,23], accelerated adoption of universal parasitological diagnosis in health facilities, and 
administration of artemisinin-based combination therapies (ACTs) to at risk populations [22,24]. 

Vector control has been an instrumental and effective tool in the control and elimination of most parasitic and vector-borne diseases 
including malaria [25,26], and schistosomiasis [20,27]. Implementation of the control measures has always been disease specific and 
mostly with different actors. However, in areas where the two diseases are co endemic, it may be more economically viable to employ 
an integrated approach to the vector control, which also brings forth collaborations of different actors. 

Integrated vector management (IVM) strategy is defined by World Health Organization (WHO) as a rational decision-making 
process, that encourages optimal use of resources for efficient, cost-effective and sustainable vector control [28]. The strategy is 
based on the premise that effective control is not the sole preserve of the health sector but of various public and private agencies, 
including communities. IVM calls for strengthening vector control through increased capacity to community members as part of 
intervention so that they become key players in disease prevention and control. It also involves improved surveillance, better coor-
dination and integrated action across sectors and diseases. 

We carried out a baseline epidemiological and vector surveys for malaria and schistosomiasis in Mwea, Kirinyaga county, to un-
derstand the current burden of malaria and schistosomiasis, to identify vector breeding sites for the two infections and to explore the 
feasibility of implementation of an integrated vector management (IVM) for the two diseases. 

P.M. Gichuki et al.                                                                                                                                                                                                    



Heliyon 9 (2023) e20966

3

Fig. 1. Map of Kirinyaga County showing the study areas.  
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2. Material and methods 

2.1. Study area 

This study was carried out in Mwea, Kirinyaga county. The County covers an area of 1478.1 square kilometers and lies between 
1158 m and 5380 m above sea level in the South and at the Peak of Mt. Kenya, respectively. There are six major rivers namely; Sagana, 
Nyamindi, Rupingazi, Thiba, Rwamuthambi and Ragati, all of which drain into the Tana River. Water from these rivers has been 
harnessed through canals to support rice irrigation farming at the lower areas of the county. The county has five sub counties namely 
Kirinyaga East, Kirinyaga Central, Kirinyaga West, Mwea East and Mwea West [29]. The mean annual rainfall in the county is 950 mm 
with long rains in March to May (wet season) and short rains in October to December (dry season). The average temperatures are in the 
range of 16–26.5 ◦C and relative humidity varies from 52 to 67 % [29]. 

Mwea West and Mwea East sub counties were purposively selected for the study for various reasons. The giant Mwea irrigation 
scheme (MIS) is located within these two counties. In the irrigation scheme, over 50 % of the scheme area is used for irrigated rice 
cultivation while the remaining area is used for subsistence farming, grazing, and community activities [30]. Secondly, this area is 
endemic for both intestinal schistosomiasis and malaria. The area has many shallow water canals and water drainage systems that 
surround rice farms and settlement villages. The water bodies are breeding places for snails and mosquito vectors. Previous studies 
have reported prevalence of 23.1 % for intestinal schistosomiasis [18]. The transmission of malaria in the area has been reported to be 
meso-endemic with Anopheles Arabiensis being the main mosquito sustaining malaria parasite transmission with prevalence of 10 % 
[31]. Control of malaria in this area involves use of LLINs at the households [28,32], while that of schistosomiasis is through mass drug 
administration of praziquantel to school going children through the School based deworming program (SBDP) [ 16, 18]. The study was 
carried out in three ecological zones represented by Kiamaciri (lowlands), Thiba (midland) and Murinduko (highlands area) (Fig. 1). 

2.2. Study design 

This was a repeated cross sectional study. Data was collected during the wet and dry seasons to allow for vector density com-
parisons. For wet seasons were between the months of March and May with dry seasons covering the months of October and November. 

2.3. Study populations 

The study population involved heads of households for the houses where adult mosquitoes were collected and school going children 
aged between 5 and 16 years in 12 selected primary schools. 

2.4. Sampling and sample size determination 

For epidemiological data, a two stage sampling design was employed to sample schools: (i) schools (primary sampling units) were 
selected using probability proportional to size (PPS); (ii) In each school, a fixed number of children (n = 100) (secondary sampling 
units) were randomly selected using a Microsoft Excel generated table of random numbers [33]. Houses for adult mosquito sampling 
were selected purposively based on the following criteria, within a radius of 2 km from a participating school and consenting by the 
household head. House characteristics including the roof type (grass thatch and iron sheet), wall type (mud) and proximity to the water 
bodies was collected. Each participating village was divided into four sub-sectors (East, west, North & South) in which 5 representative 
houses were selected per sub-sector. 

2.4.1. Mosquito vector sampling 
Due to the sustained use of vector control interventions in the area, mosquito abundance was likely to be low. In order for the study 

to achieve a good coverage and increase the collections, 20 houses were selected from each of three areas. 

2.4.2. Parasite prevalence 
The sampling frame was based on the primary schools within each area. e The unit of analysis was prevalence of infection among 

children aged 5–16 years within a school. In each school, 100 children were randomly selected, 20 from each of grade 2–6 using 
computer-generated random table numbers [34]. Age-corrected, population-weighted parasite prevalence (PfPR2-10) predicted from 
modelled data in 2010 was used as a mean estimate of risk for Kirinyaga county which was given as 3.75 %. Assuming a design effect of 
2 as per the previous school surveys that have been undertaken in Kenya [35] and considering that Kirinyaga county had low malaria 
prevalence and high prevalence of schistosomiasis, we estimated a sample size of 1200. In total 12 primary schools were enrolled in the 
study, 6 schools in Murinduko, 4 schools in Kiamaciri and 2 schools in Thiba. 

2.5. Inclusion and exclusion criteria 

For epidemiologic data, we included selected schools and in those schools, children whose parents gave signed consent for their 
children to participate and children who assented to the study. For households where mosquito was collected, we included households 
whose heads or an adult person gave written consent to participate in the study. The study excluded schools which were not selected, 
children whose parents did not consent and also children who did not assent to participate in the study. It also excluded households 
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whose heads did not give written consent to the study. 

2.6. Data collection procedures 

2.6.1. Malaria and schistosomiasis epidemiological data collection 
In each school, 100 children were sampled randomly, 20 children from each of grade 2–6. They were asked to provide a stool 

sample, and a finger prick blood sample. The stool sample was used to assess for intestinal schistosomiasis while blood sample was used 
to assess malaria infection (Plasmodium species) using rapid diagnostic tests (RDTs). The RDT used in the study was CareStart™ 
Malaria Pf/PAN Ag combo (Access Bio, Inc65 Clyde Rd., Suite A, Somerset, NJ 08873, USA), which uses monoclonal antibodies 
(HRP2/pLDH). Malaria tests were done in school, while the stool samples were transported to Kimbimbi sub county hospital labo-
ratory. In the laboratory, two slides were prepared from each stool sample and examined microscopically for presence and intensity of 
intestinal Schistosomiasis using the Kato-katz technique [36]. For quality checks, 10 % of all the slides were re-examined by a senior 
technologist. Children positive for intestinal Schistosomiasis were treated with praziquantel. 

2.6.2. Sampling of mosquito larvae 
Water bodies surrounding the selected villages were identified. The water bodies included canals, rice paddies, man-made dams, 

water collection points, drainage channels and temporary stagnant water points. Mosquito larvae were sampled during the wet and dry 
seasons using standard dippers. The water bodies included rice canals, man-made dams and rice paddies. Mosquito immatures were 
grouped to early instars (L1& L2), late instars (L3 & L4), and pupae. All pupae were kept in emergent cages in the insectary and 
identified as per taxonomic keys [37]. 

2.6.3. Adult mosquitoes sampling 
Adult mosquitoes were collected inside homesteads using Center for Disease Control (CDC) miniature light trap (Model 512) (John 

W. Hock Co., Gainesville, FL, USA). The traps were set in the evening at 1800hrs, and collected the following morning at 0600hrs and 
taken to Kimbimbi sub county hospital where they were sorted and identified to species on the basis of morphologic characters ac-
cording to identification keys [38,39]. 

2.6.4. Collection and identification of snails 
Snails were sampled from streams, rice canals, water pools (rice paddies) and man-made dams. This was done by two trained field 

collectors using standard snail scoops. Each site was sampled for 30 min between 08:30 h and 10:30 h. Each sampling site consisted of 
an area of approximately 5 m2. The collected snails were sorted and identified to species level based on shell morphological char-
acteristics using standard keys [40,41]. Biomphalaria and Bulinus species were labelled per site and time of collection and transported 
in separate perforated plastic containers to Kimbimbi sub county health center laboratory for processing. All the other species were 
returned back to the water after identification. In the laboratory, the snails were rinsed and placed individually in 24-well culture 
plates containing 1 ml of clear, filtered water (same source as site of collection) and exposed to indirect sunlight for 4 h to induce 
cercarial shedding. The time of cercariae shedding was carefully selected to coincide with the early peak shedding time (midday) [42]. 
The wells of the plates were then examined for presence of cercariae under a dissecting microscope. Snails that did not shed cercariae 
on the first exposure were re-exposed on the second day. 

2.7. Data analysis 

Data was entered and stored in an excel spreadsheet, and checked for accuracy to ensure completeness. Statistical analyses were 
carried out using STATA version 14.0 (Stata Corporation, College Station, TX, USA). Snail and mosquito abundance and prevalence of 
S. mansoni 95 % confidence interval (95 % CI) were calculated using binomial logistic regression taking into account clustering by 
schools and zone level. The Kato-katz method assumes evaluation of 41.7 mg of stool sample; to calculate eggs per gram of feaces (EPG) 
from the stool sample, a multiplication factor of 24 was applied to the number of parasite eggs counted, also known as fecal egg count 
(FEC) as 24 × 47.1 mg = 1000.8 mg or 1 g [43,44]. These were then classified into light, moderate and heavy infections, according to 
WHO guidelines [44]. 

2.8. Ethical consideration 

The study was reviewed and approved by the Scientific and Ethical Review Unit (SERU) of the Kenya Medical Research Institute 
(KEMRI), number (KEMRI/SERU/CGMR-C/068/3468. Prior to the beginning of data collection, meetings with the community gate 
keepers were held in the three study areas where objectives of the study were explained, followed with public community meetings 
(Barazas) for the same purpose. Household heads for houses where mosquitoes were collected provided written consent as well as 
parents to school children who participated in the study. Children were also asked for verbal assent. 
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3. Results 

3.1. Parasitological surveys 

There was no malaria positive case among the 1200 school children who participated in the study (Table 1). The overall prevalence 
of intestinal schistosomiasis was 9.08 % (95 % CI: 07.00–11.00). In Kiamaciri 19 % (95%CI: 15.49–23.25) of the participants were 
infected with intestinal schistosomiasis, while 16.5 % (0.11–0.22) of those who participated in Thiba had the infection. Only 0.17 % 
(95%CI: 0.00–0.01) were infected in Murinduko. Intestinal schistosomiasis was reported in seven of the twelve participating schools. 
Of the six schools in Murinduko, only one school reported a positive case of intestinal schistosomiasis. All the participating schools in 
Kiamaciri and Thiba reported cases of intestinal schistosomiasis. Wakaniu primary school in Kiamaciri reported the highest prevalence 
of intestinal schistosomiasis overall at 31.0 %, (95 % CI:22.12–40.31), followed by Mwea central primary school at 21 % (95%CI: 
0.13–0.29). A total of five schools did not record any positive case of intestinal schistosomiasis (Table 1). 

Of all the 9.08 % (109) (95 % CI: 07.00–11.00) cases of intestinal schistosomiasis, 17.4 % (95%CI: 10.83–25.87) were of heavy 
intensity infections (>400 eggs per gram), 3.7 % (95%CI: 01.01–09.13) moderate infection (100–399 eggs per gram) with the majority 
being of light intensity infection (1–99 eggs per gram) 78.9 % (95%CI: 70.04–86.13). Majority of the infections 80.7 % (95%CI: 
72.07–87.66) were among children of age group 11–16 years. Children of age group 5–10 reported the least infections at 19.3 % (95% 
CI: 12.34–27.93). 

3.2. Abundance of adult mosquito vectors 

A total 6586 adult mosquitoes were collected of which 3208 and 3378 were collected during the dry and wet season respectively. Of 
the mosquitoes collected during the dry season, 20.6 % (95 % CI: 19.25–22.08) were Anopheles and 79.4 % (95 % CI: 77.92–80.75) 
were culicine. During the wet season surveys, 14.7 % (95 % CI: 13.56–15.98) of the adult mosquitoes collected were Anopheles and 
85.3 % (95 % CI: 84.02–86.44) culicine. The population of Anopheles and culicine species differed significantly across the two seasons 
(p < 0.001, α = 0.05). Overall, Kiamaciri recorded the highest abundance of mosquitoes 57.15 % (95%CI: 55.96–58.35). The dis-
tribution of adult mosquitoes in the three study area is tabulated in Table 2. Anopheles gambiae s.l was the most predominant species 
across the three ecological zones. Other Anopheles species observed included An. coustani, An. pharoensis, An. funestus and An. pre-
toriensis. However, Culex quinquefasciatus was the most prevalent culicine mosquito found in the three zones occurring during both dry 
and wet seasons. 

3.3. Mosquito larvae 

A total of 4085 mosquito immatures were sampled during the wet and dry seasons. Of these, 14.9 % (607) (95%CI: 14.32–16.60) 
were collected during the dry season and 85.1 % (3,478) (95%CI: 84.13–86.52) during the wet season. During the dry season, 89.6 % 
(544) (95%CI: 87.46–92.10) were Anopheles’ larvae while 10.4 % (63) (95%CI: 08.31–13.17) were culicine. During the wet season, 
51.7 % (1798) (95%CI: 50.43–53.23) of all the mosquitoes collected were Anopheles while 48.3 % (1680) (95%CI: 47.11–49.32) were 

Table 1 
Prevalence of malaria and intestinal schistosomiasis among school going children aged 5–16 years.  

Zone Schools Number 
testeda 

Malaria 
Prevalence 

Intestinal schistosomiasis 
cases 

Prevalence (95 % 
CI) 

Intestinal schistosomiasis 
prevalence by zone 

Murinduko Mugamba 
ciura 

100 0.0 0 0.0   

St Joseph 100 0.0 0 0.0   
Karuangi 100 0.0 0 0.0   
Gathigi-Ini 100 0.0 1 1.0 % (0.00–0.03)   
Murinduko 100 0.0 0 0.0   
Mumbu-Ini 100 0.0 0 0.0  

Total  600 0.0 1  0.17 % (0.00–0.01) 
Kiamaciri Wakaniu 100 0.0 31 31.0 % 

(0.22–0.40)   
Destiny 100 0.0 6 6.0 % (0.01–0.11)   
Gitoo-ini 100 0.0 19 19.0 % 

(0.11–0.27)   
Kangai 100 0.0 19 19.0 % 

(0.11–0.27)  
Total  400 0.0 75  19.0 % (15.49–23.25) 
Thiba Mwea central 100 0.0 21 21.0 % 

(0.13–0.29)   
Thiba 100 0.0 12 12.0 % 

(0.06–0.18)  
Total  200 0.0 33  16.5 % (11.12–22.00) 
Overall  1200  109  9.08 % (07.00–11.00)  

a Number sampled per school. 
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culicine. Anopheles larvae were significantly abundant across the two seasons (p < 0.001). The distribution of larvae in the three study 
zones is tabulated in Table 3. 

3.4. Vector snails 

A total of 2292 fresh water snails were collected. Of these, 67.32 % (95%CI: 65.36–69.24) were collected during the dry season 
while 32.68 % (95 % CI: 30.76–34.64) were collected during the wet season. Overall, Biomphalaria pffeiferi, were significantly pre-
dominant snails across the dry and wet seasons (p < 0.001). During the dry season, majority of the Biomphalaria pffeiferi snails were 
collected in Murinduko 56.1 % (689) (95%CI: 53.24–58.86), followed by Thiba 35.7 % (439) (95%CI: 33.04–38.47), with Kiamaciri 
recording the least 8.2 % (101) (95%CI: 6.74–9.90). (Table 4). 

Table 2 
Summary of distribution of adult mosquito species collected inside houses during the wet and dry season.   

Mosquito species Dry season Wet season Total 

Murinduko An. gambiae 76 87 163  
An. coustani 5 7 12  
An. pharoensis 0 0 0  
An. funestus 7 2 9  
An. pretoriensis 0 2 2  
Total Anopheles (%) 88 (41.9) 98 (66.2) 186 (51.9)  
Cx. quinquefasciatus (%) 122 (58.1) 50 (33.8) 172 (48.1)  
Total Murinduko (%) 210 (100) 148 (100) 358 (100) 

Kiamaciri An. gambiae 399 103 502  
An. coustani 63 48 111  
An. pharoensis 0 0 0  
An. funestus 49 0 49  
An. pretoriensis 4 4 8  
Total Anopheles (%) 515 (21.3) 155 (11.60 670 (17.8)  
Cx. quinquefasciatus (%) 1908 (78.7) 1186 (88.4) 3094 (82.2)  
Total Kiamaciri (%) 2423 (100) 1341 (100) 3764 (100) 

Thiba An. gambiae 48 209 257  
An. coustani 5 12 17  
An. pharoensis 0 18 18  
An. funestus 5 3 8  
An. pretoriensis 1 3 4  
Total Anopheles (%) 59 (10.3) 245 (13.0) 304 (12.3)  
Cx. quinquefasciatus (%) 516 (89.7) 1644 (87.0) 2160 (87.7)  
Total Thiba (%) 575 (100) 1889 (100) 2464 (100) 

Totals Total Anopheles (%) 662 (20.6) 498 (14.7) 1160 (17.6)  
Total culicine (%) 2546 (79.4) 2880 (85.3) 5426 (82.7)  
Total mosquitoes (%) 3208 (100) 3378 (100) 6586 (100) 

An- Anopheles Cx- Culex. 

Table 3 
Summary of the number of mosquito larvae species distribution during different season in the study area.  

Larval stage Anopheles (dry) Culicine (dry) Anopheles (wet) Culicine (wet) Total anopheles Total culicine Total 

Murinduko LI (n, %) 68 (29.7) 31 (49.2) 243 (41.5) 299 (47.2) 311 (38.1) 330 (47.3) 641 (42.4)  
L2 (n, %) 37 (16.0) 16 (25.4) 121 (20.7) 210 (33.1) 158 (19.4) 226 (32.4) 384 (25.4)  
L3 (n, %) 64 (27.6) 10 (15.9) 89 (15.2) 57 (9.0) 153 (18.8) 67 (9.6) 220 (14.5)  
L4 (n, %) 56 (24.1) 2 (3.2) 101 (17.3) 49 (7.7) 157 (19.2) 51 (7.4) 208 (13.7)  
Pupae (n, %) 6 (2.6) 4 (6.3) 31 (5.3) 19 (3.0) 37 (4.50 23 (3.3) 60 (4.0  
Total (n, %) 232 (100) 63 (100) 585 (100) 634 (100) 816 (100) 697 (100) 1513 (100) 

Kiamaciri LI (n, %) 74 (45.5) 0 171 (56.1)) 102 (37.5) 245 (52.8) 102 (37.5) 347 (47.1)  
L2 (n, %) 54 (34.0) 0 98 (32.1) 99 (36.4) 152 (32.8) 99 (36.4) 251 (34.1)  
L3 (n, %) 21 (13.2) 0 16 (5.2) 41 (15.1) 37 (8.0) 41 (15.1) 78 (10.6)  
L4 (n, %) 10 (80.3) 0 18 (5.9) 21 (7.7) 28 (6.0) 21 (7.7) 49 (6.6)  
Pupae (n, %) 0 0 2 (0.7) 9 (3.3) 2 (0.4) 9 (3.3) 12 (1.6)  
Total (n, %) 159 (100) 0 305 (100) 272 (100) 464 (100) 272 (100) 737 (100) 

Thiba LI (n, %) 63 (41.2) 0 299 (32.9) 341 (44.1) 362 (34.1) 341 (44.1) 703 (38.3)  
L2 (n, %) 43 (28.1) 0 301 (33.1) 107 (13.8) 344 (32.4) 107 (13.8) 451 (25.6)  
L3 (n, %) 33 (21.6) 0 177 (19.5) 162 (20.9) 210 (19.8) 162 (21.0) 372 (20.3)  
L4 (n, %) 14 (9.1) 0 99 (10.9) 111 (14.4) 113 (10.7) 111 (14.3) 224 (12.2)  
Pupae (n, %) 0 0 32 (3.5) 53 (6.8) 32 (3.0) 53 (6.8) 85 (4.6)  
Total (n, %) 153 (100) 0 908 (100) 774 (100) 1061 (100) 774 (100) 1835 (100)  
Total 544 63 1798 1680 2341 1743 4085 

L-larvae Instar, Dry- Dry season, Wet- Wet season. 
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4. Discussion 

This study presents baseline epidemiological and disease vector data for malaria and schistosomiasis in Mwea. The results show 
that there was no positive malaria case despite abundance of malaria vectors. Previous studies have reported decreased cases of 
malaria [31] in the study area., However, malaria is still perceived as the most common disease [45], attributed to the high densities of 
mosquitoes which are present throughout the year. These findings could be attributed to the ongoing malaria control efforts which 
includes regular mass distribution of LLINs [22] and the high uptake and use of the distributed LLINs at the household level [46]. 

Although there was no positive malaria case reported, high abundance of both adult and larval stages of malaria vectors were 
collected from all the three study zones. Previous studies in the area have also reported high abundance of the malaria vectors in the 
three study sites [47]. 

The mosquito species collected included Anopheles gambiae sensu lato (s.l.) and Anopheles funestus., known vectors for malaria 
transmission [48,49]. Culex quinquefasciatus, was reported occurring in abundance in the study area. This specie of mosquito has been 
incriminated in the spread of several arboviruses including Rift Valley fever virus, West Nile virus and Chikungunya fever virus 
[50–52]. These mosquito species Anopheles gambiae sensu lato (s.l.), Anopheles funestus and Culex quinquefasciatus are also known 
important vectors of bancroftian filariasis [53,54]. 

The number of mosquitoes collected did not vary across the dry and wet season, suggesting little variation in environmental 
conditions across the two seasons in the study area. Similar findings have been reported [55]. However, there was significant dif-
ference in species composition across the two seasons. More Anopheles were collected during the dry season with culicine mosquitoes 
being more during the wet season. Anopheles mosquitoes has previously been shown to persist during the dry season [56] which has 
been attributed to aestivation [57,58] and migration [59]. Anopheles larval were more abundant during the dry season than wet 
season. This could be explained by the fact that during the wet seasons, there is formation of favorable larval breeding sites which dries 
up during the dry season. Similar findings have been reported in Kenya [60]. The presence of these important disease vectors in Mwea 
could lead to future disease outbreaks, and thus the need for concerted initiatives to control them. 

Our study shows that intestinal schistosomiasis is a public health problem in the area, with Kiamaciri zone reporting the highest 
rates of infection followed closely by Thiba zone. High prevalence of intestinal schistosomiasis across all age groups have been 
observed in the area [ 18] and among preschool going children [61]. Thiba zone is within the rice growing irrigation scheme where 
crop cultivation is carried out in a planned manner, and the water canals are managed by the irrigation scheme management. Kiamaciri 
zone is located outside the planned irrigation scheme where rice cultivation is uncontrolled and thus the water canals are solely 
managed by individual farmers. In these two zones, people reside in settlement aggregated villages and work in the expansive rice 
fields which are far from the homesteads. Water canals that serves the rice fields were shown to be important breeding habitats for both 
mosquito and snail vectors. Similar findings have been reported previously [62]. There are no toilets in the rice fields and thus there is 
possibility that open defecation in the rice canals is rampant. Open water bodies and fields have been shown to be particularly 
attractive sites for open defecation [63]. Studies have demonstrated that schistosome reproduces exponentially within the host snail, 
and therefore even small numbers of eggs entering freshwater may give rise to high risk of infection to people encountering the water 
[64]. The presence of ready breeding habitats for snail vectors, and the possibility of open defecation in the area may be the reason why 
the two zones reported high prevalence of intestinal schistosomiasis even when Kiamaciri had low densities of Biomphalaria snails. 

Murinduko which reported only one case of intestinal schistosomiasis is not within the traditional rice growing belt of Mwea 
irrigation scheme. However, rice cultivation has been introduced along the river valleys which may lead to a rise in schistosomiasis 
transmission if no control measures are put in place. Interestingly, Murinduko zone reported the highest abundance of Biomphalaria 
pfeifferi snails, and also the highest number of snails that shed cercariae suggesting a potential high risk of disease outbreak. The 
cercariae that transmits intestinal schistosomiasis are diurnal and are released during daylight hours peaking during midday and dawn 
[42] corresponding to the time when people are actively in the rice farms. This therefore means that there is already active trans-
mission of intestinal schistosomiasis in this zone, probably among the adult population who are more involved in rice cultivation. The 
low numbers of snails that shed cercariae in our study was consistent with previous studies carried out in Lake Victoria, Kenya [42,65], 
and in Uganda [66]. 

Table 4 
Summary of snail vectors collected and their distribution in the three study zones.  

Murinduko Snail species dry season wet season Total  

Biomphalaria (n, %) 689 (81.2) 219 (50.1) 908  
Bulinus (n, %) 80 (9.4) 52 (11.9) 132  
Other (n, %) 80 (9.4) 166 (38.0) 246  
Total (n, %) 849 (100) 437 (100) 1286 

Kiamaciri Biomphalaria (n, %) 101 (87.8) 1 (4.3)) 102  
Bulinus (n, %) 11 (9.6) 0 11  
Other (n, %) 3 (2.6) 22 (95.7) 25  
Total (n, %) 115 (100) 23 (100) 138 

Thiba Biomphalaria (n, %) 439 (75.8) 143 (49.4) 582  
Bulinus (n, %) 120 (20.7) 73 (25.3) 193  
Other (n, %) 20 (3.5) 73 (25.3) 93  
Total (n, %) 579 (100) 289 (100) 868  
Total 1543 749 2292  

P.M. Gichuki et al.                                                                                                                                                                                                    



Heliyon 9 (2023) e20966

9

Our study shows abundance of important disease causing vectors (malaria, filariasis, schistosomiasis, arboviruses) causing vectors 
(mosquitoes and snails). The vectors shared similar breeding habitats and therefore which makes it feasible for implementation of an 
integrated vector control strategy to achieve greater results using minimal resources. It also provides a platform for inter sectoral and 
intra sectoral collaborations in tackling different diseases at the same time, and using minimal resources. Integrated vector man-
agement (IVM) focuses on utilizing preventative methods to control or eliminate vector populations in a sustainable manner [67,68]. It 
involves employment of a range of proven vector control methods, either alone or in combination where several methods may be used 
against a single disease, or a single or several methods may be used against several diseases [69]. It is a strategy that leads to sus-
tainable control of the vectors and reduction in disease transmission. The strategy has previously been successfully implemented in 
Malindi Kenya [70] and Tanzania [71], and we recommend the same in the study area. 

One of the limitations of this study was that we did not study the quality of water found at the snail and larvae breeding sites and its 
possible association with abundance. Also the seasonal mosquito and snail abundance was studied over one season cycle which may 
not be sufficient enough to provide robust data on the ecological activities of these vectors, which is an opportunity for further studies 
on the same. 

5. Conclusion 

This study demonstrates that intestinal schistosomiasis is a public health problem in Kiamaciri and Thiba zones. There is great risk 
of active schistosomiasis transmission in Murinduko zone owing to reported infective vector snails and a positive reported case. 
Murinduko zone has previously been non-endemic for intestinal schistosomiasis. The study also shows that there was no positive case 
of malaria in all the three study zones despite abundance in malaria vectors. Both malaria and intestinal schistosomiasis vectors 
predominates all the three study zones although they vary from within the small geographical areas. The disease vectors were found to 
be sharing the same breeding habitats and therefore an integrated approach towards the control of these vector borne disease will yield 
better results while ensuring minimal use of available resources. 
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