Wang et al. Infectious Diseases OfPOVGI’ty (2024) 13:63 |nfecti0us Disea ses Of Poverty
https://doi.org/10.1186/540249-024-01233-0

. ®
Prevalence and correlations e

of schistosomiasis mansoni and schistosomiasis
haematobium among humans and intermediate
snail hosts: a systematic review

and meta-analysis

Xin-Yao Wang"**#* Qin Li', Yin-Long Li', Su-Ying Guo', Shi-Zhu Li'®, Xiao-Nong Zhou'~, Jia-Gang Guo®,
Robert Bergquist’, Saleh Juma® Jian-Feng Zhang?** Kun Yang?**? and Jing Xu'"

Abstract

Background The control of schistosomiasis is particularly difficult in sub-Saharan Africa, which currently harbours
95% of this disease. The target population for preventive chemotherapy (PC) is expanded to all age group at risk

of infection, thus increasing the demands of praziquantel (PZQ) tablets according to the new released guide-

line by World Health Organization. Due to the gap between available PZQ for PC and requirements, alternative
approaches to assess endemicity of schistosomiasis in a community, are urgently needed for more quick and precise
methods. We aimed to find out to which degree the infection status of snails can be used to guide chemotherapy
against schistosomiasis.

Methods We searched literature published from January 1991 to December 2022, that reported on the prevalence
rates of Schistosoma mansoni, S. haematobium in the intermediate snails Biomphalaria spp. and Bulinus spp., respec-
tively, and in humans. A random effect model for meta-analyses was used to calculate the pooled prevalence estimate
(PPE), with heterogeneity assessed using |-squared statistic (), with correlation and regression analysis for the explora-
tion of the relationship between human S. mansoni and S. haematobium infections and that in their specific interme-
diate hosts.

Results Forty-seven publications comprising 59 field investigations were included. The pooled PPE of schistosomia-
sis, schistosomiasis mansoni and schistosomiasis haematobium in humans were 27.5% [95% confidence interval (Cl):
24.0-31.1%)], 25.6% (95% CI: 19.9-31.3%), and 28.8% (95% CI: 23.4-34.3%), respectively. The snails showed an overall
infection rate of 8.6% (95% CI: 7.7-9.4%), with 12.1% (95% CI: 9.9-14.2%) in the Biomphalaria spp. snails and 6.9%
(95% CI: 5.7-8.1%) in the Bulinus spp. snails. The correlation coefficient was 0.3 (95% Cl: 0.01-0.5%, P < 0.05) indicat-
ing that the two variables, i.e. all intermediate host snails on the one hand and the human host on the other, were
positively correlated.
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Conclusions The prevalence rate of S. mansoniand S. haematobium is still high in endemic areas. Given the signifi-
cant, positive correlation between the prevalence of schistosomes in humans and the intermediate snail hosts, more
attention should be paid to programme integration of snail surveillance in future.

Keywords Schistosoma mansoni, Schistosoma haematobium, Bulinus, Biomphalaria, Prevalence, Correlation analysis,

Meta-analysis, Africa

Background

Schistosomiasis (bilharziasis), a parasitic disease caused
by different species of trematode worms, is prevalent in
78 countries across Asia, Latin America, the Middle East
and Africa [1]. Among the six schistosome species infec-
tive for humans, Schistosoma japonicum, S. mansoni and
S. haematobium are the major species, with extensive
distributions and considerable disease burdens [2]. The
previous two cause intestinal schistosomiasis, whereas
S. haematobium is responsible for the urogenital form
of the disease. Over 250 million people worldwide are
infected, with more than 95% occurring in sub-Saharan
Africa, primarily attributed to S. mansoni and S. haema-
tobium [3-5].

The life cycle of this parasite involves an intermedi-
ate snail host and a definitive mammalian host. Infec-
tion of the latter occurs through contact with freshwater
contaminated by schistosome cercariae (the infectious
form of schistosomes) released from infected snails.
After maturing into adult male and female worms, the
parasites reproduce and release eggs that are excreted
into the aquatic environment with faeces (S. mansoni, S.
japonicum) or urine (S. haematobium). These eggs hatch
and infect certain freshwater snails, where the parasites
undergo asexually multiplication and finally develop into
cercariae [4, 6]. The endemicity of schistosomiasis is
related to the presence of appropriate intermediate host
snails, with Biomphalaria spp. serving as intermediate
hosts of S. mansoni [7, 8] and Bulinus spp. of S. haema-
tobium [9]. These snail species are hermaphroditic, capa-
ble of self- or cross-fertilization and widely distributed
in Africa, Latin America and the Middle East as well as
countries bordering the Indian and the Mediterranean
Seas [10].

In 2001, the World Health Assembly (WHA) proposed
a global strategy (resolution 54.19) for controlling schis-
tosomiasis through preventive chemotherapy (PC) pro-
grammes predominately to school-age children (SAC)
in endemic settings, which rapidly achieved remarkably
positive results [3, 11, 12]. This resolution recommends
regular treatments by mass drug administration (MDA)
with praziquantel (PZQ) which still remains the solely
available drug for treating and controlling schistoso-
miasis [13]. Although PZQ has been the cornerstone for
morbidity control of schistosomiasis since the mid-1980s,

snail control is not routinely implemented due to higher
cost and not considered as important as before PZQ
became widely available [14]. However, in the last decade
there has been a revival for snail control and it is recom-
mended to also integrate other measures, such as water,
sanitation and hygiene (WASH) and health education to
accelerate schistosomiasis elimination in Africa [5, 15,
16]. Due to the high heterogeneity of schistosomiasis
infection rates in different countries, scientific and reli-
able data are needed to provide support for improving
resource utilization and adjusting countermeasures.

A malacological survey is an important component of
epidemiological survey of schistosomiasis. The finding
of infected snails and the identification of miracidia in
aquatic samples are the two vital components of a mala-
cological survey [17]. However, little attention has been
given to malacological approaches as one of the con-
trols of schistosomiasis [18]. Morbidity reduction and
ultimate elimination via integrated control actions have
been the targets of the existing schistosomiasis control
progammes. It has been suggested that precise identi-
fication of the infections in humans and intermediate
snail hosts, the definitive and intermediate hosts, respec-
tively, is of paramount use in achieving these goals. The
vast majority of researches on schistosomiasis have been
given major emphasis on disease prevalence and intensity
of infection among human populations. Although previ-
ous studies reported that snail infections are supposed
to indicate the infection rate and magnitude of human
schistosomiasis, efforts to identify and target the inter-
mediate snail hosts in endemic areas are apparently over-
looked [19]. Therefore, integrating snail distribution with
human infection data is quite useful for the ongoing con-
trol program.

In 2019, approximately 61.8 million SAC and 1.1 mil-
lion adults worldwide received PC [20], resulting in
significant reduction of schistosomiasis-associated mor-
tality and morbidity [11, 21]. Although the guideline for
PC have been revised for the endemic settings, the crite-
ria for frequency of MDA and assessment of effectiveness
of interventions are mainly based on the prevalence in
SAC and have largely remained the same for the last two
decades [22, 23]. In February 2022, World Health Organi-
zation (WHO) released updated guideline for the control
and elimination [24], and interruption of transmission
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of human schistosomiasis where feasible in selected
endemic countries by 2030 [25]. In the new guideline,
the target population for PC has been expanded from
SAC to all age groups at risk of infection, thus increas-
ing the demand of PZQ tablets considerably [26]. Consid-
ering the gap between available PZQ and requirements,
the heterogeneity of schistosomiasis due to the differ-
ent species and ongoing interventions [27], alternative
approaches to assess endemicity of schistosomiasis in a
community, especially in Africa, are urgently needed [28].

Previous studies have highlighted the role of the inter-
mediate host for spread the disease [29]. But the relation-
ship of infection rates between intermediate host and
humans remains unclear. This systematic review aimed to
identify the correlation of prevalence rates in snail hosts
and humans for the two major forms of human schisto-
somiasis, schistosomiasis mansoni and schistosomiasis
haematobium, by investigating what has been published
on the matter as this could assist policy-making for cam-
paigns against schistosomiasis.

Methods

Literature search strategy and selection criteria

Relevant publications from the literature published from
January 1991 to December 2022 were searched in pub-
lic databases (PubMed, Web of Science, Science Direct).
The Scopus and Cochrane databases were also included
but did not yield additional data. The following keywords
and combinations were used in the search: ((Schistosoma
mansoni) OR (S. mansoni) OR (Schistosoma haemato-
bium) OR (S. haematobium)) AND ((schistosome inter-
mediate host) OR (freshwater snails) OR (malacological
survey) OR (Biomphalaria) OR (Bulinus)) AND (human)
AND ((infection rate) OR (prevalence) OR (positive
rate)), without language restrictions. The references of
the retrieved literatures were scrutinized and screened
to capture any study potentially overlooked during the
electronic search process (Additional file 1). Titles and
abstracts of papers retrieved were manually screened to
remove irrelevant references and the full texts of poten-
tially relevant papers were reviewed further [30]. This
process was conducted independently by three reviewers
(XYW, KY and JX). The systematic review and selection
of relevant literature was done according to the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
analysis (PRISMA) guidelines [31] with PROSPERO
(CRD42023471218).

Relevant studies fulfilling the inclusion and exclusion
criteria were enrolled. The main inclusion criterion was
that retrospective, descriptive or observational stud-
ies should focus on the intermediate and the definitive
hosts of S. mansoni and S. haematobium without restric-
tions. Exclusion criteria included exclusively dealing with
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intermediate host snails or exclusively with definitive
hosts, non-human schistosomes and/or other trematode
species. The detailed inclusion and exclusion criteria are
described in the Additional file 1.

Data were extracted by QL and YLL and reviewed by
SYG. Data were extracted using a standardised form.
Discrepancies were resolved by consensus. Where the
same study was described in more than one publication,
the publication with the highest sample size and most
detailed information was used, supplemented by the
other publications. A study consists of multiple surveys,
with data collected separately for each survey. If a study
provided data for one year or more, we used the start-
ing year or year with the most detailed information. The
following information was extracted from the selected
literature: name of first author, year of study (the years
of the studies included in the review were categorized
into three groups, namely; the 1991-2000, 2001-2010
and 2011-2022, to assess the trends of infection rates
during the periods), study area (e.g., site and country),
study type (e.g., cross-sectional or longitudinal), Schis-
tosoma species, target population, number of people
assessed, number of positive cases, snail species, number
of snails examined, number of infected snails, and diag-
nostic method(s) used. All extracted data were indepen-
dently recorded with Microsoft Excel 2016 (Microsoft,
Redmond, Washington, USA) by those of the authors
involved at this stage.

Quality assessment

The quality of the selected studies was assessed accord-
ing to the Joanna Briggs Institute (JBI) prevalence
critical appraisal Tool [32]. All included studies were
scored using the 10 quality control items suggested by
the tool. A score of 1 was given for each fulfilled item,
with 0 for each unmet item. The overall quality of each
included study was classified based on the total number
of scores generated, i.e., 0-3=1low, 4—6=moderate and
7-10=high (Additional file 1: Table S1) [33].

According to the scoring results, we selected literatures
with high scores for inclusion in the study. We assessed
methodological quality and risk of bias for all included
studies using RevMan 5.4 (The Cochrane Centre Col-
laboration, Copenhagen, Denmark), and assessed evi-
dence of publication bias by generating funnel plots [34].
We considered the presence of such a bias risk across the
selected studies assessing them by funnel plot as intro-
duced by Light and Pillemer [35]. Briefly: a symmetric
funnel shape arises from an acceptable dataset makes
publication bias unlikely, while an asymmetrical plot
indicates the opposite. Publication bias was evaluated by
visual inspection of funnel plots method.
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Statistical analysis

The pooled prevalence estimate (PPE) of schistosomes
in humans and snails were pooled using random effect
model for meta-analysis from the eligible studies [36].
Forest plot, a tool that sums up information on studies in
a figure that gives a visual indication (https://s4be.cochr
ane.org/blog/2016/07/11/tutorial-read-forest-plot/), was
used to estimate the overall pooled effect size with 95%
confidence interval (CI). The percentage of total variation
due to interstudy heterogeneity was evaluated using the
P measure by RevMan 5.4 software, the values of which
at 25%, 50% and 75% are considered low, moderate and
high heterogeneity, respectively. Subgroup analysis was
further performed based on Schistosoma species, snail
species, years of studies conducted, population and coun-
try to explore the source of heterogeneity. The data analy-
sis was conducted using RevMan software.

The normality distribution of prevalence values of
schistosome infections between intermediate host and
humans was quantified by the Kolmogorov—Smirnov
(K-S) test [37]. The correlation coefficient (r) was cal-
culated to assess the strength of the linear relationship
between two variables. At r<0.4, the strength of correla-
tion was stratified as weak, at 0.4<r<0.8 moderate and
at r>0.8 strong [38, 39]. Regression analysis was used
to calculate the regression coefficient and the regression
equation. The F test conducts a significant test of the
regression equation. If the P value of the overall F test is
significant, the regression model predicts the response
variable better than the mean of the response [40]. Out-
liers were tested for using residuals and q-q plots when
warranted. Analysis of these variable is not always
straightforward and standard linear analysis could be
problematic. We present the most common approach to
dealing with this problem: a logit, a double arcsine and
an exponential transformation of the percentages, fol-
lowing which standard linear association analysis can
be conducted on the transformed value. The strength of
the linear association is expressed by the coefficient of
determination (R?), which ranges from 0 (no linear asso-
ciation) to 1 (perfect linear association, whether posi-
tive or negative). All analytical functions were analyzed
by the statistical software SPSS 20.0 (International Busi-
ness Machines Corporation, Armonk, New York, USA).
P<0.05 was considered statistically significant.

Results

Search results

An initial number of 1015 relevant studies were identi-
fied, 212 of which were removed due to duplications
and 640 based on the title and abstract screening. The
remaining 145 full-text articles were assessed for eligi-
bility, which led to the exclusion of 98 arriving at a final
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count of 47 articles containing 59 field investigations of
schistosomiasis in human and snail hosts to be used for
meta-analysis. The flow diagram of the process is shown
in Fig. 1.

The 47 studies [5, 41-87] included in this review had
been conducted in 21 countries (Additional file 1: Fig S1),
mostly in Africa, with special reference to Ethiopia (n=7),
Tanzania (n=5) and Nigeria (n=5), with Brazil (n=4).
Among the included 47 studies, 26 focused exclusively on
the prevalence of S. haematobium in humans and Buli-
nus spp. snails and 13 exclusively on infection rates of S.
mansoni in humans and Biomphalaria spp. snails, while
the 8 studies included both species in humans and their
specific snail hosts. All diagnoses had been carried out by
microscopy: in humans for S. haematobium after filtra-
tion [88] and for S. mansoni by Kato-Katz faecal smears
[89], while cercarial shedding technique [90] had been
used for all snail studies. 35 of the included studies were
cross-sectional and 12 longitudinal. According to the JBI
prevalence critical appraisal method, all studies covered
by this review were deemed to be of high quality with
scores ranging from 8 to 9 (Tables 1, 2).

Subgroup pooled prevalence estimates of human
schistosomiasis

In the 47 included articles, a total of 71,019 people were
examined and 15,751 of them were found to be infected,
either by S. mansoni or by S. haematobium. The PPE was
27.5% (95% CI: 24.0-31.1%), with the prevalence varying
from 0.4% to 86.9%, thus showing a high degree of het-
erogeneity (I°=100%, P<0.01) (Fig. 2).

Subgroup analyses were performed based on publica-
tion year, areas surveyed, Schistosoma species and vari-
ous populations. Accordingly, the PPE of schistosomiasis
in humans was 38.2% (95% CI: 30.0-46.4%) from 1991
to 2000; 26.9% (95% CI: 20.5-33.4%) from 2001 to 2010;
and 22.7% (95% CI: 18.1-27.3%) from 2011 to 2022. Geo-
graphically, the highest PPE was obtained from Africa
29.0% (95% CI: 24.5-33.4%); followed by Latin America
20.3% (95% CI: 11.7-28.8%); and only Jordan from West
Asia 0.9% (95% CI: 0.6-1.1%). Specifically, the PPE of
schistosomiasis haematobium in humans was 28.8% (95%
CI: 23.4-34.3%), while that of schistosomiasis mansoni
was 25.6% (95% CI: 19.9-31.3%). Among populations, the
PPE was 29.3% (95% CI: 23.4—35.1%) obtained from stu-
dents, 26.5% (95% CI: 19.0-34.1%) for community popu-
lations, and 24.7% (95% CI. 14.9-34.5%) for all others
(Additional file 1: Fig. S2-S5).

Subgroup pooled prevalence estimates of infected snails

A total of 84,954 snails were examined and 4125 of them
were infected by either S. mansoni or S. haematobium.
The overall PPE of schistosome cercariae in snails was
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Fig. 1 PRISMA flow diagram of studies identified for the study of the correlation of human and snail schistosome infections

8.6% (95% CI: 7.7-9.4%). The prevalence extracted from
included studies ranged from 0 to 84.8%, with substantial
heterogeneity across studies (I?=99%, P<0.01) (Fig. 3).

Subgroup analysis was performed using the year of
publication, areas surveyed and snail species. From
1991 to 2000, the PPE in snails was 12.9% (95% CI: 10.6—
15.2%); from 2001 to 2010 it was 14.2% (95% CI: 9.2—
19.3%); and from 2011 to 2022, it decreased to 5.2% (95%
CI: 3.8-6.5%). The highest PPE in snails was observed in
Africa, ie. 8.5% (95% CI: 7.6-9.4%); followed by Latin
America (Brazil) with 7.8% (95% CI: 3.5-12.1%); and Asia
without infection snails [43]. The infection rate of schis-
tosomes in Bulinus spp. was 6.9% (95% CI. 5.7-8.1%),
while it was 12.1% (95% CI: 9.9-14.2%) in Biomphalaria
spp. (Additional file 1: Fig. S6-S8).

Publication bias

The funnel plot dissymmetry demonstrated the presence
of publication bias among intermediate host and defini-
tive host studies included in this meta-analysis (Addi-
tional file 1: Fig. S9-S10). A high level of heterogeneity
was observed (F*>90%), something which could not be
reduced through subgroup analysis.

Correlation analysis between the infection rates

in the intermediate host and definitive host

The results of the K-S test indicated that the data didn’t
follow a normal distribution, so the rank correlation
from a non-parametric correlation analysis was used
to describe the degree and direction of the correla-
tion between the two variables. The non-parametric
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Table 1 Schistosoma haematobium studies included in the meta-analysis

First author Study year Population No. infected Examined snail No. infected Location Sampling JBI score
(Published year) investigated humans species (n) snails approach
[reference no.] (n) (prevalence, %) (prevalence, %)
Rudge et al. 2005 Students 76 Bulinus globosus 6 Tanzania Cross-sectional 8
(2008) [76] (150 (50.7) (120 (5.0)
Légeretal. (2020) 2016-2018 Others 581 B. globosus, B. 91 Senegal Longitudinal 9
[a] [63] (869) (66.9) truncatus (2532)  (3.6)
Légeretal. (2020) 2016-2019 Others 21 B. umbilicatus 6 Senegal Longitudinal 9
[b] [63] (716) (29.5) (4694) (0.1
Tchuenté et al. 2015-2017 Others 275 B.camerunensis, 5 Cameroon Longitudinal 9
(2018) [79] (1173) (23.4) B. truncates, B. (0.5)

forskalii (1064)
Ivoke et al. (2014) 2012-2013  Students 137 B. globosus 62 Nigeria Longitudinal 9
[60] (894) (15.3) (308) (20.1)
Veraetal (1992) 1988 Students 77 B. senegalensis 3 Niger Cross-sectional 8
[81] (92) (83.7) (600) (0.5)
Medhat et al. 1993 Others 75 B. truncates 1 Egypt Cross-sectional 9
(1993) [65] (920) 8.2 (1039) .1
Verle etal. (1994) 1994 Community 306 B. globosus, B. 106 Senegal Cross-sectional 9
[82] (352) (86.9) truncatus, B. (17.6)

forskalii, B. sen-

egalensis

(601)
Traquinhoetal. 1995 Students 839 Bulinus spp. 345 Mozambique Cross-sectional 9
(1998) [80] (994) (84.4) (407) (84.8)
Pennanceetal. 2014 Students 125 B. globosus 26 Tanzania Cross-sectional 9
(2016) [74] (744) (16.8) (1111) (2.3)
Angelo et al. 2015-2017  Students 42 B. nasutus 132 Tanzania Longitudinal 9
(2018) [40] (250) (16.8) (4899) (2.7)
Dabo et al. (2015) 2011-2012 Students 259 B. globosus, B. 11 Mali Longitudinal 9
[50] (1761) (14.7) truncatus, B. (2.5

forskalii

(438)
Anyan et al. 2012-2013  Students 149 B. truncates 7 Ghana Cross-sectional 9
(2019) [42] (383) (389) (896) 0.8)
Ofoezie et al. 1991-1992  Students 51 B. globosus 55 Nigeria Longitudinal 8
(1997) [a] [72] (128) (39.8) (1472) (3.7)
Ofoezie et al. 1992-1993  Students 33 B. globosus 37 Nigeria Longitudinal 8
(1997) [b] [72] (99) (333) (1343) (2.8)
Chimbari et al. 2001-2002 Others 45 B. globosus 4 Zimbabwe Longitudinal 9
(2003) [49] (570) (7.9) (120) (3.3)
De Clercg et al. 1997-1999 Community 84 B. senegalensis, 15 Senegal Longitudinal 9
(2000) [52] (233) (36.1) B. truncates, B. (5.8)

forskalii

(257)
Emejulu et al. 1990-1992  Community 736 B. globosus, B. 117 Nigeria Longitudinal 9
(1994) [53] (1773) (41.5) truncates (5.0)

(2323)
Dahesh et al. 2016 Students 52 B. truncates 8 Egypt Cross-sectional 9
(2016) [51] (1285) 4.1) (74) (10.8)
Kaiglova et al. 2018 Community 69 B. globosus 6 Kenya Cross-sectional 8
(2020) [61] (451) (15.3) (68) (8.8)
Okeke et al. 2012 Students 15 B. senegalensis, B. 5 Nigeria Cross-sectional 9
(2013) [73] (323) (4.6) globosus 0.6)

(857)
Chaula et al. 2013 Students 73 Bulinis spp. 6 Tanzania Cross-sectional 9

(2014) [48] (488) (15.0) (46) (13.0)
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Table 1 (continued)
First author Study year Population No. infected Examined snail No. infected Location Sampling JBI score
(Published year) investigated humans species (n) snails approach
[reference no.] (n) (prevalence, %) (prevalence, %)
Anosike et al. 2001-2002 Others 466 B. globosus, B. 45 Nigeria Cross-sectional 9
(20006) [41] (2104) (22.2) truncatus, B. (21.4)

senegalensis

(210)
Mutuku et al. 2009-2010 Community 336 B. truncates 6 Kenya Cross-sectional 9
(2011) [70] (777) (43.2) (156) 3.9
Zongo et al. 2009-2010 Students 138 B. senegalensis, 13 Burkina Faso  Cross-sectional 9
(2012) [83] (648) (21.3) B. globosus, B. (4.5)

truncates

(291)
Krauth et al. 2014-2015 Community 16 B. globosus, B. 0 Cote d'lvoire  Cross-sectional 8
(2017) [62] (743) (22) truncates, B. (0.0)

forskalii

(76)
Tchuem- 1999 Community 1 B. forskalii 0 Cameroon Cross-sectional 8
Tchuenté et al. (241) (04) (300) (0.0)
(2001) [78]
Ibikounlé et al. 2010-2012 Students 466 B. globosus, B. 0 Benin Cross-sectional 9
(2014) [59] (1585) (29.4) forskalii (0.0)

(165)
Poole etal. (2014) 2012 Students 63 B. globosus 0 Malawi Cross-sectional 9
[75] (373) (16.9) (250) (0.0)
Gbalégba et al. 2014-2015 Students 86 B. senegalensis, 0 Mauritania Cross-sectional 9
(2017) [54] (2162) (4.0) B. truncates, B. 0.0

forskalii

(284)
Assaré et al. 2016 Students 7 B. globosus, B. 0 Cote d'lvoire  Cross-sectional 8
(2020) [44] (274) (2.6) truncates, B. (0.0)

forskalii

(42)
Campbell et al. 2016 Others 96 B- camerunensis, 2 Cameroon Cross-sectional 9
(2017) [471 (338) (28.4) B- truncates, B- (0.4)

forskalii

(451)
Ndyomugyenyi ~ 1991-1992  Students 230 B. globosus, B. 0 Tanzania Cross-sectional 9
etal. (2001) [71] (483) (47.6) nastus, B. afri- (0.0)

canus

(148)
Arbaji et al. 1996 Others 49 B. truncates 0 Jordan Cross-sectional 9
(1998) [43] (5637) 0.9 (195) (0.0)
Moser et al. 2019 Community 101 B. truncates 0 Chad Cross-sectional 9
(2022) [69] (258) (39.2) 398) (0.0)
Mushi et al. 2021 Students 342 B. globosus, B. 18 Tanzania Cross-sectional 9
(2022) [84] (649) (52.7) nastus (1.8)

(947)

JBI=Joanna Briggs Institute; [a] and [b] represent studies carried out in different regions of area country but published in one article

correlation analysis indicated that the correlation was
statistically significant. The correlation coefficient r was
0.3 (95% CI: — 0.01-0.5, P<0.05) indicating that the two
variables of all intermediate host snails and definitive
hosts were positively correlated. The non-parametric
correlation analysis of different schistosomiasis subgroup
indicated that the correlation of S. haematobium and
Bulinus spp. was statistically significant (r=0.3, 95% CL:

— 0.04-0.6, P<0.05), while the correlation of S. mansoni
and Biomphalaria spp. was not statistically significant
(r=0.3,95% CI. — 0.02-0.7, P=0.17).

The regression test indicated that there was a rela-
tionship between the infection rates in humans and
snail intermediate hosts. The optimal model equation is
obtained by fitting the linear and nonlinear models with
two sets of parameters. The equation is Y=0.001x>—0
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Table 2 Schistosoma mansoni studies included in the meta-analysis

First author Study year Population No. infected Examined snail No. infected Location Sampling JBI score
(Published year) investigated humans Species (n) snails approach
[reference no.] (n) (prevalence, %) (prevalence, %)
Ibikounle et al. 2003-2006 Others 26 Biomphalaria 200 Benin Longitudinal 8
(2009) [58] (35) (74.3) pfeifferi (357) (56.0)
Léger et al. 2016-2018 Others 80 Bi. pfeifferi (407) 9 Senegal Longitudinal 9
(2020) [c] [63] 671) (11.9) (2.2)
Traquinhoetal. 1995 Students 5 Biomphalaria 19 Mozambique Cross-sectional 9
(1998)[c] [80] (994) (0.5) spp. 61.3)

(€1)]
Dabo et al. (2015) 2011-2012  Students 22 Bi. pfeifferi (189) 2 Mali Longitudinal 9
[c] [50] (1497) (1.5 (1.1
Anyan et al. 2012-2013  Students 222 Bi. pfeifferi (780) 14 Ghana Cross-sectional 9
(2019)Ic] [42] (383) (58.0) (1.8)
Chimbari et al. 2001-2002  Others 32 Bi. pfeifferi 2 Zimbabwe Longitudinal 9
(2003)[c] [49] (464) 6.9) 42) (4.8)
Alebie et al. 2013 Students 293 Bi. pfeifferi (375) 32 Ethiopia Cross-sectional 9
(2014) [38] (384) (76.3) 8.5)
Amsalu et al. 2010 Students 172 Bio. pfeifferi 1 Ethiopia Cross-sectional 9
(2015) [39] (384) (44.8) (31 (3.2
Mengistu et al. 2007 Community 136 Biomphalaria 325 Ethiopia Cross-sectional 9
(2011) [68] (517) (26.3) spp. (58.0)

(560)
Calasans et al. 2013-2014  Community 7 Bi. glabrata 912 Brazil Longitudinal 9
(2018) [46] (232) (3.0) (10,270) (8.9)
Mekonnenetal. 2011 Students 106 Bi. pfeifferi 2 Ethiopia Cross-sectional 9
(2012) [66] (403) (26.3) (80) (2.5
Zongo et al. 2009-2010 Students 36 Bi. pfeifferi 4 Burkina Faso  Cross-sectional 9
(2012)[c] [83] (203) (17.7) (64) (6.3)
Guerra et al. 1988 Community 91 Bi. glabrata (356) 30 Brazil Cross-sectional 8
(1991) [57] (162) (56.2) (84)
Gryseels et al. 1982 Community 6,017 Bi. pfeifferi 249 Burundi Longitudinal 9
(1991) [56] (23,955) (25.1) (29,199) 0.9
Massara et al. 2001-2003  Students 101 Bi. glabrata 17 Brazil Cross-sectional 9
(2004) [64] (1186) (8.5) (2733) 0.6)
Krauth et al. 2014-2015 Community 7 Bi. pfeifferi (43) 0 Cote d'lvoire  Cross-sectional 9
(2017)[c] [62] (743) (1.0) 0.0
Assaré et al. 2016 Students 26 Bi. pfeifferi (92) 0 Cote d'lvoire  Cross-sectional 9
(2020)[c] [44] (274) 9.5) (0.0)
Bekana et al. 2018-2019 Students 363 Bi. pfeifferi (1463) 357 Ethiopia Cross-sectional 9
(2022) [45] (492) (73.8) (24.4)
Gomes et al. 2000 Community 653 Bi. glabrata 357 Brazil Cross-sectional 9
(2022) [d] [55] (2012) (32.5) (2214) (16.1)
Gomes et al. 2010 Community 409 Bi. glabrata 272 Brazil Cross-sectional 9
(2022) [e] [55] (2459) (16.6) (4707) (5.8)
Gomes et al. 2020 Community 179 Bi. glabrata 115 Brazil Cross-sectional 9
(2022) [f1[55] (2028) (8.8) (1607) (7.2)
Tamir et al. 2022) 2021 Students 20 Bi. pfeifferi (27) 2 Ethiopia Cross-sectional 9
[771 (421) (4.8) (7.4)
Meleko et al. 2021 Community 41 Bi. pfeifferi, Bi. 66 Ethiopia Cross-sectional 9
(2022) [67] (206) (19.9) sudanica (505) (13.1)

JBI=Joanna Briggs Institute. [c] represents S. mansoni results published in articles that also show S. haematobium results; [d], [e] and [f] represent studies carried out
in different regions of a country but published in one article

.056x*+1.790x+20.761 (where y is the infection rate of ~known infection rate in snail intermediate hosts can pre-
schistosomes in definitive hosts, and x is the infection  dict the human schistosomiasis infection rate. The results
rate in intermediate hosts). Through this equation, the  of the F test gave F=2.9 (P<0.05), which means that the
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Risk difference

Risk difference
IV, random, 95%CI
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Study or subgrou Risk difference SE _weight IV, random, 95% CI
Alehie 2014 0763 0.0217 1.7% 0.7630(0.7205, 0.8055]
Amsalu 2015 04479 00254 1.7% 0.4479[0.3981,0.4977)
Angelo 2018 0168 00236 1.7% 0.1680[0.1217,0.2143]
Anosike 2006 0.2215 0.0091 1.7% 0.2215[0.2037, 0.2393)
Anyan 2019 0.389 0.0249 1.7% 0.3890[0.3402, 0.4378]
Anyan 2019 [c] 05796 00252 1.7% 0.5796([0.5302, 0.6290)
Arbaji 1998 0.0087 00012 1.7% 0.0087 [0.0063,0.0111]
Assaré 2020 00255 00095 1.7% 0.0255([0.0069, 0.0441)
Assaré 2020 [c] 0095 0.0177 1.7% 0.0950[0.0603, 0.1297]
Bekana 2022 0.738 0.0198 1.7% 0.7380(0.6992, 0.7768]
Calasans 2018 00302 00112 1.7% 0.0302[0.0082, 0.0522)
Camphell 2017 0.284 0.0245 1.7% 0.2840(0.2360,0.3320]
Chaula 2014 0.1496 0.0161 1.7% 0.1496[0.1180,0.1812]
Chimbari 2003 00789 00113 1.7% 0.0789[0.0568,0.1010]
Chimbari 2003 [c] 0.069 0.0118 1.7% 0.0690[0.0459, 0.0921]
Daho 2015 01471 00084 1.7% 0.1471[0.13086, 0.1636)
Daho 2015 [c] 0.0148 0.0031 1.7% 0.0148[0.0087, 0.0209)
Dahesh 2016 0.0405 00055 1.7% 0.0405([0.0297,0.0513]
De Clercg 2000 0.3605 00315 1.6% 0.3605[0.2988, 0.4222)
Emejulu 1994 04151 00117 1.7% 0.4151[0.3922, 0.4380]
Ghalégha 2017 0.0398 00042 1.7% 0.0398[0.0316,0.0480]
Gomes 2022 [d) 03246 00104 1.7% 0.3246[0.3042, 0.3450]
Gomes 2022 [e] 01663 00075 1.7% 0.1663[0.1516,0.1810]
Gomes 2022 [f] 0.0883 00063 1.7% 0.0883[0.0760, 0.1006)
Gryseels 1991 02512 00028 1.7% 0.2512[0.2457, 0.2567)
Guerra 1991 05617 0.039 1.6% 0.5617[0.4853, 0.6381]
Ibikounle 2009 07429 00739 1.3% 0.7429[0.5981,0.8877)
Ibikounlé 2014 0294 0.0114 1.7% 0.2940(0.2717,0.3163]
Ivoke 2014 01532 0012 1.7% 0.1532[0.1297, 0.1767)
Kaiglova 2020 0153 0017 1.7% 0.1530[0.1197,0.1863]
Krauth 2017 0022 0.0054 1.7% 0.0220[0.0114,0.0326]
Krauth 2017 [c] 0.01 00037 1.7% 0.0100([0.0027,0.0173)
Léger 2020 [a] 06686 0.016 1.7% 0.6686[0.6372,0.7000]
Léger 2020 [b] 02947 0017 1.7% 0.2947 [0.2614, 0.3280]
Léger 2020 [c] 01182 00125 1.7% 0.1192[0.0947,0.1437)
Massara 2004 0.0852 0.0081 1.7% 0.0852[0.0693, 0.1011)]
Medhat 1993 0.0815 0.008 1.7% 0.0815[0.0639, 0.0991)
Mekonnen 2012 0.263 0.0219 1.7% 0.2630(0.2201, 0.3059]
Meleko 2022 0199 0.0278 1.7% 0.1990[0.1445,0.2535]
Mengistu 2011 0.2631 00194 1.7% 0.2631[0.2251,0.3011)]
Moser 2022 03915 00304 1.7% 0.3915[0.3319, 0.4511]
Mushi 2022 0527 0.0196 1.7% 0.5270[0.4886, 0.5654]
Mutuku 2011 0.4324 00178 1.7% 0.4324[0.3975,0.4673)
MNdyomugyenyi 2001 0.4762 00227 1.7% 0.4762[0.4317,05207)
Ofoezie 1997 [a] 0.3984 00433 1.6% 0.3984[0.3135,0.4833)
Ofoezie 1997 [h] 03333 00474 16% 0.3333[0.2404,0.4262)
Okeke 2013 0.0464 00117 1.7% 0.0464 [0.0235, 0.0693)
Pennance 2016 0168 0.0137 1.7% 0.1680[0.1411,0.1949]
Poole 2014 01689 00194 1.7% 0.1689([0.1309, 0.2069)
Rudge 2008 05067 00408 1.6% 0.5067 [0.4267, 0.5867)
Tamir 2022 0.0475 00104 1.7% 0.0475[0.0271,0.0679)
Tchuemn Tchuenté 2001 0.0041 0.0041 1.7% 0.0041 [-0.0039, 0.0121]
Tchuenté 2018 0.2344 00124 1.7% 0.2344[0.2101,0.2587)
Traguinho 1998 0.8441 00115 1.7% 0.8441[0.8216, 0.8666)
Traguinho 1998 [c] 0.005 0.0022 1.7% 0.0050[0.0007,0.0083]
Vera 1992 0.837 0.0385 1.6% 0.8370[0.7615,0.9125]
Verle 1994 08693 0.018 1.7% 0.8693[0.8340, 0.9046)
Zongo 2012 0213 0.0161 1.7% 0.2130[0.1814, 0.2446)
Zongo 2012 [c] 01773 00268 1.7% 0.1773[0.1248,0.2298]
Total (95% cr) 100.0% 0.2752[0.2395, 0.3109]

Heterogeneity: Tau®= 0.02; Chi*= 25108.75, df= 58 (p < 0.00001); F=100% ! J
Test for overall effect: Z=15.11 (p < 0.00001)

Fig. 2 Forest plot diagram showed the prevalence of infecting human schistosomes. * Each red dot represents risk difference of individual studies,
and the horizontal line represents the 95% CI. The diamond indicates the pooled effect. a and b represent studies carried out in different regions
of a country but published in one article. ¢ represents S. mansoni results published in articles that also show S. haematobium results
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Risk difference Risk difference
Study or subgroup Risk difference SE _Weight IV, random, 95% CI IV, random, 95%CI
Alehie 2014 00853 00144 21% 0.0853[0.0571,0.1135] "
Amsalu 2015 00323 00317 1.2% 0.0323[-0.0298, 0.0944) T=
Angelo 2018 00269 00023 26% 0.0269[0.0224,0.0314) o
Anosike 2006 02143 00283 1.3% 0.2143[0.1588, 0.2698) T
Anyan 2019 0.0078 00029 26% 0.0078[0.0021,0.0135)
Anyan 2018 [c] 00179 00048 26% 0.0179[0.0085,0.0273] i
Arhaji 1998 0 1] Not estimable
Assaré 2020 0 0 Mot estimahble
Assaré 2020 [c] 0 1] MNot estimable
Bekana 2022 0.244 00112  2.3% 0.2440(0.2220,0.2660] 2
Calasans 2018 0.0888 00028 26% 0.0888[0.0833,0.0943) &
Camphell 2017 0.0044 0.0031 2.6% 0.0044 [-0.0017,0.0105]
Chaula 2014 01304 00497 06% 0.1304[0.0330,0.2278) [z
Chimbari 2003 0.0333 00164 20% 0.0333[0.0012,0.0654] i&
Chimbari 2003 [c] 00476 00329 1.1% 0.0476[-0.0169,0.1121) =
Daho 2015 0.0251 00075 25% 0.0251[0.0104, 0.0398] i
Daho 2015 [¢] 00106 00074 25% 0.0106[-0.0039,0.0251) i
Dahesh 2016 0.1081 0.0361 1.0% 0.1081 [0.0373,0.1789] o
De Clercg 2000 00584 00146 21% 0.0584[0.0298, 0.0870) ik
Emejulu 1994 0.0504 00045 26% 0.0504[0.0416,0.0592) 2
Ghalégha 2017 0 0 Mot estimahle
Gomes 2022 [d) 01612 00078 25% 0.1612[0.1459,0.1765) 5
Gomes 2022 [e] 00578 00034 26% 0.0578[0.0511,0.0645) z
Gomes 2022 [f] 00716 00064 25% 0.0716([0.0591,0.0841) T
Gryseels 1991 0.0085 00005 2.7% 0.0085([0.0075, 0.0095]
Guerra 1991 0.0843 00147  21% 0.0843[0.0555,0.1131] F
Ibikounle 2009 05602 00263 1.4% 0.5602[0.5087, 0.6117) e
Ibikounlé 2014 0 0 Mot estimable
Ivoke 2014 02013 00228 1.6% 0.2013[0.1566, 0.2460] 2
Kaiglova 2020 00882 00344 1.1% 0.0882[0.0208, 0.1556) =
Krauth 2017 0 0 Not estimahle
Krauth 2017 [c] 0 0 Not estimahle
Léger 2020 [a] 0.0359 00037 26% 0.0359([0.0286,0.0432) s
Léger 2020 [b] 00013 00005 27% 0.0013[0.0003,0.0023)
Léger 2020 [c] 00221 00073 25% 0.0221[0.0078, 0.0364) i
Massara 2004 0.0062 00015 2.7% 0.0062[0.0033, 0.0091)
Medhat 1993 0.001  0.001 2.7% 0.0010[-0.0010, 0.0030]
Mekonnen 2012 0025 0.0175 1.9% 0.0250[-0.0093, 0.0593] ¥
Meleko 2022 01307 0015 21% 0.1307([0.1013,0.1601) =
Mengistu 2011 05804 00209 1.7% 0.5804([0.5394,0.6214) e
Moser 2022 0 a Not estimahle
Mushi 2022 0019 0.0044 26% 0.0190[0.0104,0.0276] i
Mutuku 2011 00385 00154 2.0% 0.0385([0.0083, 0.0687) [
Ndyomugyenyi 2001 0 0 Mot estimahle
Ofoezie 1997 [a] 00374 00049 26% 0.0374[0.0278,0.0470] i
Ofoezie 1997 [b) 00276 00045 26% 0.0276[0.0188, 0.0364) I
Okeke 2013 0.0058 00026 26% 0.0058[0.0007,0.0109)
Pennance 2016 00234 00045 26% 0.0234[0.0146,0.0322) i
Poole 2014 0 0 Not estimahle
Rudge 2008 005 00199 1.8% 0.0500([0.0110,0.0890] [
Tamir 2022 0.0741 00504 06% 0.0741[-0.0247,0.1729] =
Tchuem Tchuenté 2001 0 0 Not estimable
Tchuenté 2018 0.0047 0.0021 26% 0.0047 [0.0006, 0.0088)
Traguinho 1998 08477 00178 1.9% 0.8477([0.8128,0.8826) ™
Traguinho 1998 [c] 06129 00875 02% 0.6129[0.4414,0.7844) = =e
Vera 1992 0.005 0.0029 2.6% 0.0050[-0.0007,0.0107]
Verle 1994 01764 00155 2.0% 0.1764[0.1460, 0.2068) T
Zongo 2012 0.0447 0.0121 2.2% 0.0447[0.0210,0.0684) =
Zongo 2012 [c] 00625 00303 1.2% 0.0625[0.0031,0.1219] Ra
Total (95% CI) 100.0% 0.0855 [0.0765, 0.0944] |
Heterogeneity: Tau?= 0.00; Chi®= 6396.15, df= 47 (p < 0.00001); F= 99% t t t i

Test for overall effect: Z= 18.68 (P < 0.00001) - "0 0 e L

Fig. 3 Forest plot diagram showing the prevalence of schistosomes cercariae in snails. * Each red dot represents risk difference of individual studies,
and the horizontal line represents the 95% CI. The diamond indicates the pooled effect. a and b represent studies carried out in different regions
of a country but published in one article. ¢ represents S. mansoni results published in articles that also show S. haematobium results
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nonlinear relationship between the explained variable
and its predictors was significant. The R?=0.14, suggests
that the intermediate host snail is a factor affecting the
changes in local epidemic of schistosomiasis.

Discussion

Although schistosomiasis is a vector-borne disease
and the appropriate intermediate host snail is regarded
as an important factor impacting the distribution and
endemicity of schistosomiasis, the correlations of the
prevalence of schistosomiasis in definitive host and
intermediate host is not well known. To the best of our
knowledge, this study is the first systematic review and
meta-analysis aiming at exploring the relationship of
infection rates of schistosomes between intermediate
host and humans worldwide, particularly focusing on S.
haematobium and S. mansoni.

The results of this review indicate a persistently high
global infection rate, primarily concentrated in sub-Saha-
ran African countries. The PPE of students was highest
in all populations. However, it is worth noting that the
prevalence of schistosomiasis in the community and oth-
ers was almost the same as SAC, indicating that the fre-
quency of MDA against schistosomiasis and assessment
of effectiveness of interventions only based on the preva-
lence in SAC are unreasonable [91, 92]. It supports the
recommendation of the WHO’s new guideline for control
and elimination of human schistosomiasis to extend PC
from SAC to all age groups at risk of schistosome infec-
tion, with aims to eliminate schistosomiasis as a public
health problem or interrupt the transmission of schisto-
somiasis in endemic communities. The infection rate of
S. haematobium and S. mansoni in humans, seen in the
subgroup analysis, was 28.8% and 25.6% respectively,
basically identical with the results obtained by Feleke
et al. [93] and Cando et al. [94]. The pooled prevalence of
schistosomiasis in humans was 38.2% from 1991 to 2000,
26.9% from 2001 to 2010 and 22.7% from 2011 to 2022,
showing a slowly decreasing trend over time. In addition,
the demographic differences, the years of investigations
conducted, as well as the number of snails in each area,
may contribute to the difference detected in prevalence
of schistosomiasis in humans across countries.

The overall pooled prevalence of schistosome cercariae
was 8.6%, emphasizing the importance of snail control.
This finding is very similar to the reports on freshwa-
ter snails in Brazil and other meta-analyses [95]. The
downward PPE trend in snails from 12.9% in 1991-2000
over 14.2% in 2001-2010 to 5.2% in 2011-2022 con-
firms the decreasing trend presented by Nwoko et al,
who reported that the pooled prevalence of schistosome
cercariae decreased from 6.0% in the 1990s to 1.0% in
the 2000s [49]. PC together with improved sanitation,
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environmental modification, better health education and
behaviour changes might contribute to the recent low-
ering infection rates among freshwater snails. The high-
est pooled prevalence of schistosome cercariae obtained
from Africa, with 8.5%, followed by Brazil (7.8%), is in
line with the geographical prevalence tendency of schis-
tosomiasis in humans.

The regression test indicated that there was a relation-
ship between human schistosomiasis and the infection
rate in the intermediate host. The optimal model equa-
tion suggests that the intermediate host snail can be a
factor affecting the local variations in human schistoso-
miasis prevalence. We also found a statistical correlation
between the prevalence of all schistosomiasis in inter-
mediate host snails and definitive hosts locally, but the
correlation was considered weak as the r value was less
than 0.4. By subgroup analysis, this correlation existed
between the prevalence of S. haematobium in humans
and infection in Bulinus spp. snails, but was not detected
between the prevalence of S. mansoni in humans and
Biomphalaria spp. snails. This could be explained by
many factors influencing human schistosomiasis levels,
such as frequency of water contact, human behaviour
with respect to water contact, the distance between vil-
lages and water bodies, intervention strength, capacity
of snail survey and case finding [23, 96]. However, map-
ping the geographical distribution of schistosomiasis in
humans as well as in the snail hosts would benefit tar-
geted interventions in critical areas and support resource
allocation.

Snail control, mainly by molluscicides, is the corner-
stone of schistosomiasis control before the strategy for
morbidity control, and has contributed to many success-
ful control outcomes [5]. Early large-scale global schisto-
somiasis control programmes also emphasized on snail
control. However, snail control had been challenged as
excessive mollusciciding was considered to lead environ-
mental pollution, destruct aquatic resources and require
high cost [97]. WHO recommends WASH interventions,
environmental interventions (water engineering and focal
snail control with molluscicides) and behavioural change
interventions as essential measures to help reduce trans-
mission of Schistosoma spp. in endemic areas [23]. This
study is the first meta-analysis to prove that the preva-
lence of schistosomiasis in humans and snails presented
statistically significant relationships, supporting that pol-
icymakers should pay more attention to the integration
of snail control to the ongoing deworming programmes
against schistosomiasis.

There are a few limitations in this study, although
valuable information was generated specially on the
prevalence of S. mansoni and S. haematobium among
freshwater snails and humans. First, available prevalence
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data were only obtained from 47 studies in 21countries,
accounting for only a part of all endemic settings or coun-
tries. The pooled prevalence may not fully represent the
real infection status of S. mansoni or S. haematobium in
humans and snails, leading to a correlation bias. Second,
the study was limited by the conventional microscopic
techniques as the shortcomings of less sensitivity of these
techniques might have a certain impact on the results.
We didn’t include data based on molecular techniques for
meta-analysis because most research based on molecular
techniques were laboratory-based and the methods have
not been completely unified [98]. Third, there are limited
data on the prevalence of schistosomiasis in West Asia.
Some surveys done in Asia could not be included in this
analysis because the data were not readily available for
both humans and snails. More high-quality research, e.g.,
high-sensitivity diagnostics is needed to assess whether
data obtained from snail survey can be used to guide
interventions against schistosomiasis.

Conclusions

Our findings showed that the overall PPE of either S. hae-
matobium or S. mansoni in human host was 27.5% and
the prevalence of schistosome cercariae was 8.6%, high-
lighting the need of sustained PC programme and snail
control. The prevalence of schistosomiasis in humans and
snails presented statistically significant relationships, so
the distributions and strengths of infection in the inter-
mediate host snail can be used as an indicator of the
level of schistosomiasis risk. Further studies are needed
to understand the ecology and transmission of the para-
site between the snails and definitive hosts. In addition,
policymakers should pay more attention to integration of
snail control strategies to the ongoing de-worming pro-
grammes against schistosomiasis. This analysis has laid
the foundation for the follow-up work and providing a
scientific basis for decision-making.
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