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Abstract 

Background  Urogenital schistosomiasis caused by the parasitic blood fluke Schistosoma haematobium is the most 
common form of that constitutes a majority of over 240 million schistosomiasis cases. The enigmatic absence of uro‑
genital schistosomiasis in Uganda has, until now, been attributed to the absence of substantial populations of suitable 
snail intermediate hosts.

Methods  Malacological surveys were carried out in 73 sites southeast of Lake Albert, Uganda in October 
and November 2020. Collected snails were transported to the laboratory for identification. The snails were identified 
using partial mitochondrial cytochrome c oxidase subunit one and nuclear internal transcribed spacer barcoding. 
Schistosome infections in snails were also assessed using cercarial shedding and rapid diagnostic PCR techniques.

Results  We found Bulinus globosus and Bulinus nasutus productus, the main intermediate species in the transmission 
of S. haematobium in mainland East Africa. In this survey, B. globosus was more common than B. nasutus productus, 
with the former reported at four sites (total count = 188) and the latter reported at one site (total count = 79). Molecu‑
lar testing revealed a high prevalence of Schistosoma bovis in B. nasutus productus (16%), but no S. haematobium infec‑
tions were found.

Conclusions  Given the abundance of snail hosts and the risky human water contact behaviours observed, we high‑
light the potential for urogenital schistosomiasis transmission in the region.

Keywords  Lake Albert, Schistosomiasis, Emerging disease, Bulinus globosus, Bulinus nasutus productus, Schistosoma 
haematobium

Background
Schistosomiasis is a debilitating neglected tropical dis-
ease caused by blood flukes of the genus Schistosoma. 
Over 240 million people are estimated to infected with 
schistosomiasis [1], with Schistosoma haematobium, the 
causal agent of urogenital schistosomiasis, responsible 
for 67% of the cases worldwide [2]. Urogenital schisto-
somiasis infection can have severe health consequences, 
including anaemia, stunted growth in children, kid-
ney and urinary tract complications, infertility, and an 
increased risk of human immunodeficiency virus (HIV) 
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infection [3]. Certain species of freshwater snails, such as 
Bulinus globosus, Bulinus nasutus nasutus, Bulinus nasu-
tus productus, Bulinus africanus and Bulinus truncatus 
can act as an intermediate host of S. haematobium [4, 5], 
and their distribution determines where S. haematobium 
infections are likely to occur. Climate change is predicted 
to drastically alter the geographical distribution of Buli-
nus snails and, consequently, that of their infecting para-
sites [3]. Snails of the genus Bulinus are also implicated in 
the transmission of bovine schistosomiasis; for example, 
Schistosoma bovis afflicts mainly cattle, causing produc-
tivity losses and thus economic losses. Hybridisation of 
S. bovis with S. haematobium results in offspring with an 
increased host range, altered virulence and hybrid vigour 
[6–8]. Therefore, a One Health approach is paramount 
for effective prevention and control of schistosomiasis.

In Uganda, intestinal schistosomiasis caused by Schis-
tosoma mansoni is highly endemic and widespread, espe-
cially around the Great Lakes [9]. In contrast, urinary 
schistosomiasis is virtually absent, with the exception of 
a few cases in the central northern region of the coun-
try and, therefore, this infection is not considered to be 
of public health importance [10]. Nevertheless, the nar-
row geographical distribution of S. haematobium has 
been enigmatic and thought to be a result of the absence 

of suitable intermediate Bulinus snail hosts [11]. During a 
routine malacological survey, we encountered, unexpect-
edly, a high abundance of these intermediate host snails 
in the southern part of the Lake Albert region of Uganda 
(Fig. 1). The region is endemic to S. mansoni, with recent 
estimates indicating over 50% prevalence of intestinal 
schistosomiasis despite regular mass drug treatment [9]. 
Clearly, open defecation and urination behaviours are 
common practices in these communities, thereby also 
favoring the potential transmission of urinary schistoso-
miasis if the respective Bulinus species would be present. 
However, until now, there have been no reports of the lat-
ter nor of S. haematobium cases in this region.

Methods
We conducted malacological surveys in 73 sites (Fig. 1) in 
October and November 2020. At each site, we recorded 
information on the locality, including human activi-
ties such as swimming, bathing, washing of household 
items, and animal grazing and watering, using an obser-
vation checklist in which the sex and number of people 
involved in the activity were noted at the time of snail 
collecting. The substrate was then actively searched for 
snails for 30  min by one person using a metallic sieve 
attached to a 2-m-long handle. The collected snails were 

Fig. 1  Distribution of the snails Bulinus globosus and Bulinus nasutus productus across 73 sites south-east of Lake Albert in Uganda sampled 
in October and November 2020. The maroon-coloured circles indicate locations where B. globosus was found, the green-filled circles represent 
the location of the Tuhumwire site where B. nasutus productus was found. The size of the circle represents the total number of snails collected. 
The locations where Schistosoma haematobium was previously reported [21] are indicated by green rectangles with dashed outlines. Schistosoma 
haematobium has also been reported in neighbouring countries, including the Democratic Republic of Congo, South Sudan, Kenya and Tanzania
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placed in plastic containers, pooled per sampling site 
and transferred in ambient water to the laboratory where 
they were identified based on morphological character-
istics [4]. Specimens were then individually placed in 
tissue culture plates to which mineral water was added. 
The plates were placed under artificial white light and 
checked after 2 h for emerging cercariae (parasitic lar-
vae) under a stereo microscope. The snails were exposed 
to artificial light during daylight hours, usually between 
10:00 am and 4:00 pm, to correspond to the natural pat-
terns of parasite emergence [6]. Infected snails were indi-
vidually placed in 2-ml tubes together with a subset of the 
emerged cercariae and fixed in 90% ethanol. The remain-
ing snails were pooled per species/morphotype, per site, 
fixed in 90% ethanol and stored for DNA extraction at a 
later date. Bulinus snail morphotypes were selected and 
photographed before the entire snail tissue was separated 
from the shell and homogenised using a sterile scalpel; 
excess ethanol was removed using blotting paper. DNA 
was extracted using the E.Z.N.A. Mollusc DNA Kit pro-
tocol (OMEGA Bio-tek, Norcross, GA, USA), diluted 
with 1/10 ultrapure water and stored in the freezer at 
− 20 °C for later analysis.

The presence of Schistosoma spp. in the snail DNA 
extracts was determined using a two-step approach 
described by Schols et  al. [12]. In the first step, termed 
infection rapid diagnostic PCR (RD-PCR), three markers 
were used to detect the presence of snail, trematode and 
Schistosoma spp. DNA concurrently. The performance 
of the PCR assays was compared with positive controls 
(DNA extract of adult worms) and a negative control 
(water). The second PCR, termed Schistosoma RD-PCR, 
discriminates among Schistosoma species and was only 
applied to samples that tested positive in the infection 
RD-PCR. A universal forward primer, Asmit1, was com-
bined with species-specific reverse primers (Sh.R for 
S. haematobium, Sman.R for S. mansoni, Smat.R for S. 
mattheei and Sb.R for S. bovis/S. curassoni/S. guineen-
sis), resulting in the amplification of cytochrome c oxi-
dase subunit (COX1) gene fragments of different lengths 
depending on the parasite species. PCR products were 
run in a 3% agarose gel for visual interpretation.

Partial COX1 gene sequences for Bulinus snails were 
amplified using different primer combinations: the uni-
versal barcoding primers (LCO1490-HCO2198) [13], 
BulCox6-BulCox12 and Asmit1-Asmit2 [14]. Addition-
ally, the entire internal transcribed spacer (ITS) region 
was amplified using the primers ETTS1 and ETTS2 [15]. 
The PCR reaction was performed according to the Qia-
gen™ Taq DNA polymerase Kit (Qiagen, Hilden, Ger-
many) and the cycling conditions described by Kane 
et al. [14]. Specifically, 2.5 μl of DNA solution was added 
to 22.5 μl of the PCR master mix (2.5 μl PCR buffer ×10, 

0.75 μl dNTP, 0.75 μl MgCl2, 1 μl of 10 µM primer1, 1 μl 
of 10 µM primer2, 0.15 μl TAQ, and 16.35 μl dH2O). The 
cycling conditions for COX1 and ITS region PCR reac-
tions were: 94  °C for 5 min; 45 cycles of 94  °C for 15  s, 
40  °C for 30  s and 72  °C for 45  s; and a final extension 
at 72  °C for 7  min. PCR fragments were separated in a 
1% agarose gel, and the PCR products were purified for 
sequencing using the ExoSAP-IT™ PCR Product Cleanup 
Reagent (Thermo Fisher Scientific, Waltham, MA, USA) 
and then sequenced in both directions using the Big-
Dye Terminator Protocol V3 (Qiagen). The forward and 
reverse DNA sequences were edited and aligned using 
Geneious Prime® version 2023.1.1 (Biomatters Ltd, 
Auckland, New Zealand). We then checked sequences 
for stop codons, indels and nuclear mitochondrial DNA 
sequences (NUMTs), which can be identified by read-
ing frame shifts in the coding regions. To validate the 
species identities of the samples, we employed a BLAST 
(Basic Local Alignment Search Tool) search against 
the GenBank database. In addition, the following sam-
ples within the sub-Saharan region were retrieved from 
GenBank for phylogeny reconstruction: AM921839, 
AM921808, FN546814, OP233113, AM286294, 
ON117872, ON117894, AM921970 and MK414454 for 
B. globosus; AM286299 and AM921811 for B. nasutus 
nasutus; AM921815, OP233133, AM921989, AM921988 
and AM286302 for B. nasutus productus; and AM286295 
and AM286296 for B. africanus [5, 14, 16–18]. A multiple 
sequence alignment was constructed using the MUSCLE 
algorithm in MEGA X programme using default set-
tings [19], which was trimmed to 631 bp for the ‘Folmer’ 
region, 360 bp for the ‘Asmit’ region and 439 bp for the 
ITS2 sequences. The best fitting nucleotide substitution 
model was chosen for the COX1 gene in MEGA X, based 
on the Bayesian information criterion (BIC) criterion. 
The phylogenetic relationships were inferred using maxi-
mum likelihood (ML) in MEGA X with 10,000 bootstrap 
replicates while uncorrected pairwise distance values 
(p-distances) were computed. Biomphalaria sudanica 
(OL423117 [20]) was used as an outgroup. A Chi-square 
(χ2) test was performed in R statistical software (v4.1.0; R 
Core Team 2021, R Foundation for Statistical Computing, 
Vienna, Austria) to compare snail abundance sampled in 
October and November.

Results
A total of 267 individuals of Bulinus globosus (n = 188) 
and B. nasutus productus (n = 79) morphotypes were 
collected from five out of the 73 sampled sites (Fig.  1). 
The identity of B. globosus and B. nasutus productus col-
lected at three and one sampling site(s), respectively, 
were confirmed by molecular barcoding (see below). At 
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the Bulenge2 site, the B. globosus specimen was identified 
morphologically due to failure of DNA amplification.

Bulinus globosus was more abundant than B. nasutus 
productus and was collected from permanent stream 
points frequently used by humans and animals while 
B. nasutus productus was collected at a seasonal pond 
located in a communal livestock grazing field in Tuhum-
wire village (1.05143°N, 30.66487°E). More B. globosus 
snails were collected in November (n = 110) than in Octo-
ber (78; χ2 = 5.45, p = 0.02) while B. nasutus productus 
abundance remained constant in these two months (39 
and 40, respectively; χ2 = 0.013, p = 0.91) (Table 1). None 
of the collected B. globosus snails shed cercariae, and RD-
PCR results were negative for Schistosoma spp. infection. 
In contrast, two of the 32 (6.25%) B. nasutus productus 
snails shed Schistosoma sp. cercariae, with the prevalence 
increasing to 16% (4/25) when checked by infection RD-
PCR. The infecting Schistosoma species was identified as 
Schistosoma bovis based on the Schistosoma RD-PCR.

A total of 11 COX1 sequences were generated for B. 
globosus across all sites. However, B. globosus DNA was 
challenging to amplify using the Folmer primers, with 
only four successful sequences, of which three were from 
snails from the same site (Kolanya). Primers targeting 
the Asmit region (Asmit1-Asmit2; 443 bp) were success-
fully used to amplify B. globosus from three of the four 
sites (Kolanya, n = 4; Tegeta, n = 2; Bwera, n = 1). There-
fore, B. globosus at the Bulenge site was only identified 

morphologically. Different primer combinations were 
needed for certain isolates, as had been proposed by 
Kane et al. [14], which can probably be explained by vari-
ations in the primer binding site rather than PCR inhibi-
tors since the internal control of the infection PCR (i.e. 
18S snail marker) gave a positive signal and all samples 
had a DNA concentration > 7.6 ng/µl. Based on the par-
tial COX1 sequences (631  bp from the Folmer region), 
one haplotype of B. globosus was identified that was 
highly similar (uncorrected p-distance = 0.16%) to the 
sequences from the Albert Nile (about 300 km away from 
our study area: AM9286291) in Moyo, Uganda, differ-
ing by three substitutions. This close relationship is also 
reflected in the phylogenetic tree (Fig. 2). Lower similar-
ity was found with B. globosus haplotypes from Kenya 
(3.65% and 4.13% p-distance with reference sequences 
MK414454 and OP233113, respectively), Zanzibar 
Island (p-distance = 4.60%), Nigeria (p-distance = 4.92%) 
and Senegal (p-distance = 5.56%). However, higher vari-
ability was observed in the Asmit region. The intraspe-
cific p-distances between the three obtained haplotypes 
ranged from 0.28% to 0.83% between the populations at 
Bwera and Tegeta, and Kolanya and Bwera, respectively. 
The haplotype at Bwera was identical to the haplotype 
from Kyaninga Crater Lake (ON112320). A similar phy-
logenetic clustering as in Fig. 2 was observed where the 
Ugandan population clustered with the East African 
populations (Additional file 1: Fig. S1), while B. nasutus 

Table 1  Observed human activities and abundance of snails at locations in the Lake Albert region of western Uganda where Bulinus 
globosus and Bulinus nasutus productus were sampled in October and November 2020

COX1 Cytochrome c oxidase subunit gene, ITS internal transcribed spacer region, rDNA ribosomal DNA

The accession numbers of the sequenced samples for the partial COX1 and ITS rDNA regions are shown. For the ‘Folmer’ region, each species had only one haplotype 
while three haplotypes, one at each site, were obtained among B. globosus in the ‘Asmit’ region
a B. nasutus productus at Tuhumwire had a Schistosoma bovis prevalence of 6.25% (n = 32) and 16% (n = 25) as determined by shedding and diagnostic PCR techniques, 
respectively

Site GPS coordinates Observed 
activities

Bulinus globosus Bulinus nasutus 
productus

GenBank no. COX1 GenBank no. ITS 
rDNA

October November October November ‘Folmer’ region ‘Asmit’ region

Bulenge 0.98913°N, 
30.71254°E

Bathing, cattle 
drinking

0 2 0 0 _ _ _

Bwera 0.98388°N, 
30.75554°E

Water collection, 
cattle drinking

20 10 0 0 OR553989; 
OR553992

OR553988 _

Kolanya 1.01909°N, 
30.63013°E

Washing, water 
collection

54 89 0 0 OR553990; 
OR553991

OR553985; 
OR553986; 
OR553987

OR553999; 
OR554002

Tegeta 1.04047°N, 
30.70325°E

Washing, water 
collection, 
swimming

4 9 0 0 _ OR553983; 
OR553984

_

Tuhumwire 1.05143°N, 
30.66487°E

livestock grazing 0 0 40 39a OR553993; 
OR553994; 
OR553995; 
OR553996

– OR554000; 
OR554001; 
OR554003

Total 78 110 40 39
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productus, B. africanus and B. globosus from West Africa 
formed a second clade. However, the bootstrap support 
values were low, indicating low resolution in the Asmit 
alignment.

Seven identical COX1 sequences were obtained from 
B. nasutus productus from the Tuhumwire site using 
the Folmer COX1 primers. The intraspecific differences 
with GenBank sequences ranged from 0.31% with the 
Tanzanian population, 0.63% with the Cawente (Lake 
Kyoga-Ugandan) population, to 1.27% with the Kenyan 
populations. Generally, the COX1 phylogenetic analysis 
positioned both B. globosus and B. nasutus productus 
firmly within their respective species (Fig.  2). The ITS2 
phylogenetic tree follows the same topology as the COX1 
tree (Additional file 1: Fig. S2).

Discussion
The aim of this study was to gain an understanding of the 
enigmatic absence of S. haematobium in the Lake Albert 
region of Uganda and specifically to investigate whether 
this absence results from the lack of suitable intermediate 
snail hosts. Our results indicate that the snails B. globosus 
and B. nasutus productus are present in the study area, 

with the former being both more widespread and more 
abundant in our study area than the latter. Similarly, 
the geographical distribution of B. globosus is known to 
be wider in sub-Saharan Africa compared to B. nasutus 
productus and even other hosts of S. haematobium [4], 
making it an important host of the disease. Notably, the 
B. nasutus productus specimens recorded from this study 
is the western-most case report in the known range of 
the species. Both species were present in relatively high 
numbers, suggesting that these are viable populations 
that have been sustained over time. The presence of three 
haplotypes of B. globosus collected at three locations, 
indicating the presence of distinct subpopulations with 
possibly different colonisation origins in the East Afri-
can region, supports this notion of viable populations. 
Nevertheless, the isolates cluster closely with B. globosus 
populations from the East African region [14, 17, 18], 
confirming their close relationship and possible (recent) 
introduction from endemic regions of S. haematobium. 
However, our study recorded high genetic distance in 
the partial COX1 gene of B. globosus from the West Afri-
can snail populations, similar to findings of other stud-
ies, when compared with the East African populations [5, 

Fig. 2  Phylogenetic relationships of Bulinus globosus and Bulinus nasutus productus from the Lake Albert region in this study (in bold) and GenBank 
reference sequences (with accession numbers, place and countries of origin where available) inferred using 631 bp of cytochrome c oxidase subunit 
1 and maximum likelihood with the Hasegawa–Kishino–Yano model [22]. Only bootstrap values (10,000 replicates) > 50 are shown
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14, 18], indicating the complexity of the B. globosus group 
[23]. Moreover, Tumwebaze et al. [17] reported that the 
name “Bulinus globosus” was being used to group dif-
ferent species based on morphological similarity of the 
shell. For example, the GenBank sequence from Senegal 
with accession number AM921808 [14] used for compar-
ison in the present study was considered to be a differ-
ent species [17]. Our study, therefore, provides additional 
evidence for considering the re-evaluation of the taxon-
omy of the B. globosus species complex.

Bulinus globosus is by far the most important snail host 
of S. haematobium in Africa, occurring in most areas 
with active disease transmission [18, 24]. The absence of 
S. haematobium in B. globosus snails in the present study 
suggests the absence of infective larvae in the study area, 
despite our observations of the local populations coming 
into contact with water on a regular basis and showing 
open urination behaviours at snail-infested sites. Never-
theless, urinary schistosomiasis was reported in Lango 
region of Uganda north of Lake Kyoga (about 300  km 
away from our study area) as early as 1951, with a mean 
prevalence of 56.8% [25], and more recently in 2011, with 
a mean prevalence of 3.74% [10]. However, in the latter 
study [10], Adriko et al. did not find any B. globosus or B. 
nasutus productus specimens during their malacological 
surveys. They only identified, morphologically, Bulinus 
tropicus and Bulinus forskalii, which are not known to 
naturally transmit S. haematobium [4, 18]; none of these 
snails were shedding S. haematobium cercariae, despite 
urinary schistosomiasis cases detected in the community. 
Nevertheless, Kane et al. [14] previously identified B. glo-
bosus previously collected in the Moyo district, and con-
firmed this identification through molecular barcoding; 
the presence of this snail species could be responsible for 
S. haematobium transmission in the region. The rapidly 
changing situation of urogenital schistosomiasis is sub-
ject to discussion and partly attributable to mass drug 
administration (MDA). There is some evidence indicating 
a reduction in infection from 28.2% pre-MDA to 12.3% 
[26], potentially attributable to the reduction in the pres-
ence of the snail intermediate hosts.

Our current findings show that all conditions are ideal 
to support the transmission of urogenital schistosomia-
sis in Lake Albert hinterlands. The suitable snail hosts 
are present, as are risky public health practices, such as 
bathing and washing in rivers and ponds and open def-
ecation/urination behaviours ([9]; Additional file  1: 
Figs. S1, S2), and the parasite is present in neighbouring 
regions and countries. It is a very dynamic area in terms 
of human mobility, with movement from neighbouring 
endemic regions and countries such as the Democratic 
Republic of Congo; consequently, introductions from 
these areas is possible. There are many cases of outbreaks 

of urinary and intestinal schistosomiasis following eco-
logical changes and subsequent snail introduction, such 
as the construction of dams in Senegal [27] or the recent 
emergence of S. mansoni in Lake Malawi as a result of 
colonisation by Biomphalaria pfeifferi snails [28]. Schis-
tosoma mansoni emergence quickly transitioned to an 
intestinal schistosomiasis outbreak in an area that was 
only known to be endemic for S. haematobium [29].

The partial COX1 sequences of B. nasutus productus 
obtained from this study is highly similar to the GenBank 
samples from Tanzania and Kenya. Natural transmission 
of S. haematobium by B. nasutus productus was recently 
reported in neighbouring Kenya [18] and previously in 
Tanzania [30], indicating that the Ugandan population 
could also support the transmission of urogenital schis-
tosomiasis. However, to date, we have only found the 
presence of S. bovis cercariae in B. nasutus productus and 
no infections with S. haematobium, as confirmed by the 
RD-PCR tests. The prevalence of S. bovis was high (16% 
based on the infection PCR), indicating ongoing trans-
mission of bovine schistosomiasis in cattle from the com-
munal grazing fields where the snails were sampled. It is 
therefore important to investigate the extent of S. bovis 
distribution among livestock in the surrounding commu-
nities and the associated economic damage caused to the 
livestock industry in the area. This information should 
be shared with the respective communities together with 
possible treatment and prevention strategies.

Conclusions
In summary, the presence of snail hosts in the Lake 
Albert region known to naturally transmit S. haemato-
bium highlights the potential outbreak risk for urogenital 
schistosomiasis in the area. A better understanding of the 
dynamics of the snail population and status of parasite 
infection in space and time will provide further clarity 
into the exact magnitude of this risk. We therefore urge 
for increased snail monitoring and S. haematobium sur-
veillance in the surrounding communities with the aim 
to rapidly detect a potential outbreak. Additionally, con-
trolled snail infection experiments are needed to study 
the susceptibility of both snail species towards Ugan-
dan S. haematobium isolates and those of neighbouring 
countries.
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Additional file 1. Figure S1: Phylogenetic relationships of Bulinus globo-
sus from Lake Albert region (this study; in bold) and GenBank reference 
sequences (with accession numbers, place and countries of origin when‑
ever available) inferred using 360 bp of the cytochrome c oxidase subunit I 
(Asmit region) and maximum likelihood with the Hasegawa–Kishino–Yano 
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model + Gamma model [22]. Only bootstrap values (n = 10,000) above 
50% are shown. Figure S2: Phylogenetic relationships of Bulinus globosus 
and Bulinus nasutus productus from Lake Albert region (this study; in 
bold) and GenBank reference sequences (with accession numbers, place 
and countries of origin whenever available) inferred using 439 bp of the 
nuclear internal transcribed spacer 2 (ITS2) and maximum likelihood with 
the Hasegawa–Kishino–Yano (HKY + I) model [22]. Only bootstrap values 
(n = 10,000) above 70% are shown.
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