Biomphalaria pfeifferi and intestinal schistosomiasis in Lake Malawi
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Abstract Two malacological surveys have demonstrated Biomphalaria pfeifferi in Lake Malawi. The emergence of intestinal schistosomiasis was confirmed upon targeted epidemiological examination of 175 local children across three primary schools. Our findings highlight hitherto unknown autochthonous transmission of Schistosoma mansoni in Lake Malawi and the need to revise international travel advice.

Throughout sub-Saharan Africa, Biomphalaria pfeifferi is a keystone freshwater intermediate snail host for Schistosoma mansoni, the blood fluke responsible for intestinal schistosomiasis (1(, its geographical distribution broadly delineates actual or potential disease transmission zones (2). Save the historical report of a single Biomphalaria shell at Karonga in the far north of Lake Malawi by Smith (3), considered by Mandahl-Barth to be from a marginal swamp (4), B. pfeifferi does not occur within Lake Malawi (5). In November 2017, however, during malacological surveillance for intermediate hosts of schistosomiasis in Mangochi District at the southern-most tip of Lake Malawi, two discrete populations of Biomphalaria in submerged Vallisneria sp. beds were unexpectedly encountered (see Figure 1A). Upon DNA sequence analysis of the mitochondrial cytochrome oxidase subunit 1 (cox1) following (6), the obtained cox1 sequences (1,006 bp) differed from B. pfeifferi from Chiweshe, Zimbabwe (GenBank Accession numbers DQ084829, i.e. HCO/LCO region and DQ084872, i.e. Asmit1/2 region) in only 3 synonymous single nucleotide polymorphisms.

<please insert Figure 1 near here>

To clarify B. pfeifferi colonisation within the lake and suspected transmission risk of intestinal schistosomiasis, a conjoint malacological and parasitological survey was undertaken in May 2018 with ethical approvals from Liverpool School of Tropical Medicine, UK (application 17-018) and Ministry of Health and Population, Malawi (application 1805). All prior malacological sampling locations were re-visited with an additional 43 sites inspected. Further populations of B. pfeifferi were found (Figure 1A); its occurrence reaffirmed at site M9 in large numbers (n > 50) alongside innumerable dead shells. All Biomphalaria collected were inspected for shedding cercariae and although cercariae were seen by eye from M5 snails, identification by microscopy (x100) did not meet with success. Supplementary analysis of cox1 sequences from 9 snails from M2, M5, M7, M10 and M11 were identical. 
[bookmark: _Hlk529983487][bookmark: _Hlk529985633]The epidemiological survey examined 175 school children, aged 5-15 years of balanced gender, across three primary schools purposively selected closest to B. pfeifferi site M9 (Figure 1B). Mean prevalence of intestinal schistosomiasis by circulating cathodic antigen (CCA) urine-dipstick was 34.3% [95%CI 27.9-41.3] with prevalence by school variable: Samama 46.7% [95%CI 36.7-56.7], Mchoka 25.0% [95%CI 15.0-36.7] and Palm Beach 9.1% [95%CI 0.0-22.7]. A single stool sample was requested from each CCA positive child (n=60), with 46 children able to provide; upon duplicate Kato-Katz examinations, ova of S. mansoni were confirmed in 7 children and graded of light-infection intensity (< 100 eggs per gram of stool). All urine samples were inspected for ova of Schistosoma haematobium by filtration (10 ml) finding general prevalence of 14.9% [95%CI 9.8-20.1] with 52% of these also positive by CCA urine-dipstick indicative of S. mansoni co-infections. To further determine autochthonous transmission of S. mansoni, two egg-positive children from Samama and Mchoka pinpointed, by foot, their shoreline water collection/bathing site(s) and shown to match M10 and M11 locations (Figure 1B). Children either CCA-positive or S. haematobium egg-patent were provided with praziquantel (40 mg/kg) treatment. 
The demonstration of successful colonisation of B. pfeifferi in Lake Malawi and in fringing water bodies is of concern, especially as active S. mansoni infections were found within local children. This highlights emergence of intestinal schistosomiasis, a disease not previously documented here (5, 7, 8) or detected within this vicinity by the most recent national survey (Fiona Fleming, SCI, UK personal communication). It has, however, been shown in children some 150 km away along the lower Shire River shoreline (9).  Finding both snail and infected children here in Mangochi District is suggestive of recent ecological and epidemiological change. In May 2018, the lake level was some 75-80 cm higher than in November 2017 which perhaps favoured first detection of Biomphalaria in then more accessible Vallisneria beds. Seasonal dynamics, such as lake level fluctuations are well-known alongside more longer-term perturbations of the lake biota, either induced by climate change or mediated by anthropogenic activities; these have altered the transmission of urogenital schistosomiasis (10) with over-fishing, particularly of molluscivorous fish Trematocranus placodon, changing many freshwater snail distributions (5). 
Local aquaculture of fish such as Chambo (Oreochromis sp.), using water pumped inland from the lake, has also created novel, permanent water bodies colonised by B. pfeifferi (e.g. M2-M7) which may now (re)seed snails into the lake to establish further. An absence of cox1 genetic diversity in B. pfeifferi sampled here implies a limited number or even single founder event but as conditions for autochthonous transmission became favourable, upon introduction of S. mansoni, emergence of intestinal schistosomiasis has occurred in local school children. This is of significant public health concern when set against current control with annual praziquantel distribution in schools (7, 8) and we call for increased surveillance of snails and characterisation of schistosomes, with intensified control interventions to arrest further spread. Furthermore, health and travel advice given to shoreline communities and international tourists who make use of the lake here needs revision and updating.
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Figure 1A. Diagrammatic map of all sampled locations in November 2017 (grey dots) and May 2018 (black dots) with presence(+)/absence(-) of B. pfeifferi in each survey with collected snail numbers indicated in white circles holding B. pfeifferi (2017, n=2; 2018 n = 10) versus those that did not (2017, n=12; 2018 n = 36). Over 50 Biomphalaria were collected at M9 on each sampling occasion. The GPS coordinates of B. pfeifferi positive sites M1 - M11 in decimal degrees are:  M1: S14.27752°, E35.10419°; M2: S14.31371°, E35.14174°; M3: S14.31424°, E35.14383°; M4: S14.31354°, E35.14424°; M5: S14.31568°, E35.14030°; M6: S14.32033°, E35.13613°; M7: S14.32100°, E35.13072°; M8: S14.36919°, E35.17629°; M9: S14.39363°, E35.22104°; M10: S14.42708°, E35.23349° and M11: S14.44928°, E35.23890°. Figure 1 B. Outline position of the 3 sampled primary schools (Palm Beach School GPS: S14.391346°, E35.215137°; Samama School GPS: S14.417465°, E35.217580°; Mchoka School GPS: S14.439481°, E35.220644°) with local prevalence (%) and 95%CI of intestinal schistosomiasis indicated by CCA urine-dipstick. The water collection sites pinpointed by the two egg-patent children from Samama and Mchoka are indicated, respectively.


