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ABSTRACT

Introduction: Schistosomiasis is an infection caused by a parasite
that remains silent for a long period of time and induces severe
complications. Schistosoma haematobium and Schistosoma mansoni
are the incriminating agents with freshwater gastropod molluscs as the
disease vectors. However, it is useful to have an idea of the potential
vector populations in order to model their spatial distributions and
ecological niches to anticipate and avoid the disease spread in risk areas.

Methods: In order to map the potential for schistosomiasis transmission
in the present and future, pathogen and vector occurrence data were
collected from the Global Biodiversity Information Facility (GBIF)
website, literature and fieldwork in high disease endemicity areas. Also,
occurrences were processed and environmental data were downloaded
to model the spatial distribution and ecological niche of the disease
using various algorithms (Maxent, BRT, and GLM).

Results: A total of four disease vectors (Bulinus globosus, Bulinus
truncatus, Bulinus forskalii, and Biomphalaria pfeifferi) were considered
in our study. As per the different models used, almost all of Benin is
exposed to the disease at present, except the Alibori department which
has low-risk areas. The future projection indicates that the northern
and central departments of the country are likely to present much
more favourable conditions for the disease.

Conclusion: Our results call for rigorous monitoring and surveillance
in the departments of Alibori, Atacora, Borgou, and Danga to limit the
potential expansion of schistosomiasis in Benin.
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Modelling, Benin
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Introduction

Schistosomiasis, which constitutes a significant public health
problem, is a parasitic disease showing an epidemiological
characteristic of prevalence in tropical regions.*? It is a
chronic endemic disease with a slow progression, high
mortality and severe or even fatal complications, often
leading to serious physical, social and economic disabilities.>
Its spread is a complex phenomenon involving a large
number of entities (host, vector, pathogen, environment,
geography, climate, vegetation, rainfall, etc.) interacting
on several spatial and temporal scales. By prevalence,
schistosomiasis ranks first among water-borne diseases
and only second to malaria in public health importance
in tropical and subtropical regions.5” Populations at risk
include children, pregnant women, fishermen, farmers
who use irrigation technology, and livestock keepers.®®

There are five species of schistosomes that parasitise
humans.%12 However, only three of them are found
in Africa, namely Schistosoma haematobium Sambo,
Schistosoma intercalatum Fisher, and Schistosoma mansoni
Bilharz. In Benin, two species of schistosomes have been
identified: S. haematobium (widely distributed) and S.
mansoni (that can reach a prevalence of 74%).13

They are transmitted to humans by freshwater gastropod
molluscs of the genus Biomphalaria of the family Planorbidae
and of the genus Bulinus of the family Bulinidae. According
to statistics from the “Programme National de Lutte contre
les Maladies Transmissibles”,'**> schistosomiasis is endemic

in almost all of Benin and affects 76 municipalities out of
the 77 in the country.

The fight against schistosomiasis, like that of most
vector-borne diseases, is based on prevention through
vector control and the medical management of those
who are already ill. However, in order to better prevent
schistosomiasis, it is useful to have an idea of the potential
vector populations in order to model their spatial
distributions and ecological niches to anticipate and avoid
the disease spread in risk areas.

The research questions that guided our investigations
were as follows:

e What are the potential populations of vectors involved
in schistosomiasis transmission in the study area and
what are their characteristics?

e What is the risk map for schistosomiasis spread
(analysed using spatial distribution and ecological
niche modelling of potential vectors)?

Material and Methods
Study Area

Study municipalities were chosen based on endemicity
with a focus on high endemicity areas, with a prevalence
greater than 50%.%* Thus, a total of eight municipalities
were selected for the study (Figure 1), namely: Aguégués,
S6-Ava, Dangbo, Tchaourou, Ouaké, Copargo, N’'Dali, and
Bembéréké. This study was conducted from August 2021
to September 2022.

Figure |.A Map showing the River System and Study Area'%'¢
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Review of the Occurrence Data of Potential
Vectors and Pathogens of Schistosomiasis

The occurrence data of the schistosomiasis pathogens
(Schistosoma haematobium and Schistosoma mansoni) and
their respective vectors (Bulinus africanus, Bulinus truncatus,
Bulinus globosus, Bulinus forskalii and Biomphalaria
pfeifferi) were obtained from quite heterogeneous sources.
They were downloaded from the Global Biodiversity
Information Facility (GBIF) website via the link http://
www.gbif.org. Additional occurrence data were collected
from the literature®*-*>17.18 gnd from fieldwork. In the field,
the epidemiological surveillance services’ databases, data
available in the registers of curative care and the District
Health Information System 2 (DHIS2) database of the
statistical services were consulted in the zonal hospitals
of each municipality of the study area.

Spatial Distribution and Ecological Niche
Modelling of Schistosomiasis

The spatial distribution modelling process involved
collecting occurrence data and downloading environmental
data (predictors). Once these data had been analysed
and processed, they were imported into RStudio for the
modelling step using the Species Distribution Models (SDM)
module. Predictors were first tested for collinearity using
the Vifstep function. After excluding collinear variables,
predictors with linear correlation were selected to run
the models (GLM, MaxEnt and BRT). The predict function
was used to predict the spatial distribution of species, and
the results were mapped using the QGIS 3.24.2 software.
Species distribution projection was also modelled according
to greenhouse gas emission scenarios RCP 4.5 and RCP 8.5.

Regarding occurrence data, a database was obtained in an
Excel file by merging the occurrence data from fieldwork,
literature, and the Global Biodiversity Information Facility
(GBIF) website. All data sets were grouped in an Excel
database and processed. The raw data are available on the
GBIF website at https://www.gbif.org/dataset/d34deb78-
9f33-461c-a3a9-8aa7f02496e€9. The present Bioclimate
data were downloaded from the WorldClim database,
version 2 via the link https://www.worldclim.org/data/
worldclim21.html*® while future climate projections were
obtained from AfriClim 3.0 (http://webfiles.york.ac.uk/KITE/
AfriClim) at 2.5 arc minutes resolution.® AfriClim database
was chosen for the future projections because it presents
Africa-specific climate data and fits well with the ecological
realities of the continent.?® Many regression-type models
are sensitive to collinearity for it may cause instability in
parameter estimation and biases in inference statistics.???
For this, we selected 15 bioclimatic variables (biol-bio7
and bio10-bio17) on WorldClim to perform the collinearity
test with the module “SP Thin” in R software.? This allowed

ISSN: 0019-5138

to retain four bioclimatic variables: biol (average annual
temperature) with a 4.2% contribution, bio3 (isothermality)
with a 66% contribution, bio13 (precipitation of the wettest
month) with a 12.3% contribution and bio14 (precipitation
of the driest month) with a 17.5% contribution. These
variables were selected from WorldClim for the present
prediction®® and from AfriClim for future projections (by
2055) under two greenhouse gas emission scenarios: RCP
4.5 (optimistic) and RCP 8.5 (pessimistic).?°

The algorithms were executed in R software;* more
precisely in the SDM package. The SDM method was
chosen due to its ability to predict species occurrence
based on environmental characteristics.?*?® The algorithms
used include generalised linear models (GLM),?” maximum
entropy modelling (MaxEnt),?#% and boosted regression
trees (BRT).3° GLMs are an extension of “simple” linear
regression models, which predict the variable response
as a function of several predictor variables. They find the
equation that best predicts the species occurrences for
the values of the environmental variables. The model has
three important components: the distribution probability
of the response variable, the Linear Predictor (LP), and the
link function.?”” MaxEnt is a stand-alone Java application for
geographical distribution modelling of species; an algorithm
that predicts a greater proportion of species occurrence
and is more useful for exploration purposes aimed at
discovering new species ranges. The unique feature of
this algorithm is its ability to work with both continuous
and categorical data.? BRT models are a combination of
two techniques: decision tree algorithms and boosting
methods.? This statistical method is particularly suited
to explore ecological variables and optimise prediction
performance.?® Fitting multiple trees in BRT overcomes
the biggest drawback of single-tree models: their relatively
poor predictive performance. Moreover, it is flexible and
easy to read.” BRTs take into account collinearity between
variables.

To fit the models, these three algorithms were used with
10 replications; 10,000 background points were randomly
generated and cross-validation was used as the replica-
tion method. Then to evaluate the model’s performance
using the get_evaluations function, we focused on True
Skill Statistic (TSS), Receiving Operator Curves (ROC), and
Area Under the Curve (AUC). The values of AUC were
interpreted as follows:3*%2 0.50 < AUC < 0.70: the model
has low accuracy; 0.70 < AUC £ 0.90: the model has mod-
erate accuracy; AUC > 0.90: the model has high accuracy.
The standard deviation was calculated in order to assess
the variability of AUC and TSS values around their means.
The results of distributions generated by the models were
mapped using the QGIS 3.24.2 software.
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Results

Point of Occurrence Data of Potential Vectors and
Pathogens of Schistosomiasis

The numbers of occurrence data for schistosomiasis
pathogens and their respective vectors downloaded from
the GBIF website were 54 occurrences of vectors and 23
occurrences of disease pathogens. Also in the field, 180
occurrences of vectors and 452 occurrences of disease
pathogens were observed. Similarly in the literature, 77
occurrences of vectors and 1106 occurrences of disease
pathogens were reported. After data cleaning, 979
occurrences were obtained for modelling through different
algorithms (Figure 2). Together, these data indicate a
strong presence of schistosomiasis in southern and central

Benin. This is due to the strong presence of stagstagnant
waterways favourable for vector development and the
social behaviour of populations.

Spatial Distribution and Ecological Niche
Modelling with Different Algorithms

Through the different model parameters used in Table 1,
the model results were overall acceptable. Indeed, the
AUC of the different models used were Maxent (0.77)
with a 4.8.10-2 standard deviation, GLM (0.71) with a
6.10-2 standard deviation, and BRT (0.77) with a 4.2.10-2
standard deviation. It should also be noted that the future
projections of all models through scenario 4.5 (pessimistic
future) present almost the same output as scenario 8.5
(optimistic future) by 2055.

Figure 2.Schistosomiasis and Vectors Occurrence Data Set

Table |.Parameters of Different Models Used

Standard Deviation of Standard Deviation .
Methods AUC AUC COR TSS of TSS Deviance
Maxent 0.77 4.8.107 0.43 0.44 6.8.10 1.22
GLM 0.71 6.1072 0.33 0.37 9.7.10% 1.11
BRT 0.77 4.2.107 0.42 0.45 8.4.107 1.08

AUC: Area Under the Curve, COR: Correlation, TSS: True Skill Statistic, Maxent: Maximum Entropy Modelling, GLM: Generalised Linear
Models, BRT: Boosted Regression Trees
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Results of the MaxEnt Model

The model indicated a moderate disease intensity in the
department of Alibori and high intensity in some parts of
other departments at present (Figure 3a). It predicted a
high intensity of the disease presence in most parts of the
Atacora department, in the whole department of Alibori,
and in the northern parts of the Borgou department in the
future. Overall, the future prediction of the MaxEnt model
indicated a very high disease intensity in the northern parts
and a very low intensity in the southern parts of Benin by
2055 (Figures 3b and 3c).

Results of the BRT Model

The model indicated a low intensity of the disease in the
department of Alibori and high intensity in some parts of
Atacora, Borgou, Donga, Collines, Zou, Plateau, Kouffo,
Mono, Ouémé, Atlantique, and Littoral departments at
present (Figure 4a). Its future projections showed a high
intensity of the disease in most parts of the Atacora de-
partment, in the whole department of Alibori and in the
northern parts of the Borgou department. Overall, the
future prediction of the BRT model indicated a very high
disease intensity in the northern parts and a low intensity
in the southern parts of Benin by 2055 (Figures 4b and 4c).

a) b)

<

Figure 3.Spatial Distribution of Schistosomiasis in Benin through MaxEnt at Present and in Future

a) b)

<)

Figure 4.Spatial Distribution of Schistosomiasis in Benin through BRT at Present and in Future
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Figure 5.Spatial Distribution of Schistosomiasis in Benin through GLM at Present and in Future

Results of the GLM Model

The model indicated a low intensity of disease in the de-
partment of Alibori and a high intensity in some parts
of Atacora, Donga, Collines, Zou, Plateau, Kouffo, Mono,
Ouémé, Atlantique, and Littoral departments in Benin
(Figure 5a). It predicted a very low intensity of schistoso-
miasis throughout Benin in the future. This reveals a lack
of model accuracy in predicting the presence of disease
(Figures 5b and 5c).

Discussion

Environmental Variables Governing the Spatial
Distribution of Schistosomiasis Pathogens

From the bio-ecology of schistosomiasis pathogens, biol,
bio3, biol3, and biol4 are the variables retained in the
models after selection.®® These variables take into account
temperature and precipitation. The temperature could
reflect the transmission mechanism of the pathogen and
precipitation could be more important than other factors
in limiting the mollusc vector distribution.? Indeed, tem-
perature affects the abundance of mollusc vectors*3¢ and
the development of the parasite within molluscs is highly
dependent on temperature: a temperature below 25 °C
would inhibit the asexual multiplication phase while too high
temperatures would deparasite mollusc vectors and increase
their mortality.' The work of Fan et al.?* also selected the
variables in this study with the exception of isothermality.
The selection of isothermality (bio3 = bio2/bio7) in Gaudreau
et al. and Hijmans et al.>”* could be due to the non-selection
of bio2 and bio7 variables in this study.

Algorithms Performance Used in View of the
Biology and Ecology of Pathogens

The results showed that schistosomiasis is present in almost
all departments of Benin at present; more precisely in the
south and centre according to the distribution of species
occurrence data. The Maxent and BRT models identified
the northern regions of Benin as possible high-risk areas
and the southern regions as possible low-risk areas in the
future. On the other hand, the GLM model had a lack of
accuracy in predicting the disease presence. The AUCs
(Table 1) belonged to the interval of 0.70 < AUC < 0.90
and indicated that the models had moderate accuracies.®
The TSS of the BRT model was the highest (0.45) with a
standard deviation of 8.4.102; while the TSS of Maxent
was 0.44 with a standard deviation of 6.8.10-2; and that
of GLM was 0.37 with a standard deviation of 9.7.10-2
(Table 1). Overall, the lowest AUC and TSS were noted in
GLM, indicating that the GLM model did not perform well
in predicting schistosomiasis. It should be noted that the
predictive ability of the Maxent and BRT algorithms was
much better than that of the GLM algorithm. This result is
in line with previous studies®#%4 where MaxEnt and BRT
were among the best-performing models.

Strengths

e ltis the first study on spatial modelling of schistoso-
miasis in Benin.

e It has used five algorithms in order to identify better
prediction models.

e It has used the occurrence data from two entities
(schistosomes and their vectors).
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e Itis a study on the current status of schistosomiasis
in Benin and a projection into the future.

Limitations

¢ It has used only climatic variables in the modelling
section.

e Schistosomiasis simulation would allow for a better
understanding of the transmission mechanism at the
local level.

¢ A malacological survey would provide much more
precision on vector location and identification.

Conclusion

We mapped the potential transmission of schistosomiasis
by predicting potential distributions at present and in future
using ecological niche modelling approaches. According
to the different models used, it can be seen that all of
Benin is exposed to the disease at present. In the future,
the northern and central departments of the country are
likely to present much more favourable conditions for the
disease. Schistosomiasis transmission may occur in lake
areas and unsanitised areas where the population has
difficulty accessing drinking water. However, our results
call for rigorous monitoring and surveillance in the depart-
ments of Alibori, Atacora, Borgou, and Danga to limit the
potential expansion of schistosomiasis in Benin.

Acknowledgment

We would like to acknowledge the financial support of
the JRS Biodiversity Foundation to the Masters and PhD
programmes in biodiversity informatics in Benin. We
would also like to acknowledge the coordinator of the
Programme National de Lutte contre les Maladies Trans-
missibles (PNLMT) who helped us by providing the available
data on schistosomiasis cases in Benin, the coordinators of
health zones who provided us with the available data on
the mass treatment of schistosomiasis in Benin, and the
contributions of the entire team of the Master Biodiversity
Informatics programme in Benin.

Source of Funding: None
Conflict of Interest: None
References

1. TeferaA,BelayT, Bajiro M. Epidemiology of Schistosoma
mansoni infection and associated risk factors among
school children attending primary schools nearby rivers
in Jimma town, an urban setting, Southwest Ethiopia.
PLoS One. 2020;15(2):e0228007. [PubMed] [Google
Scholar]

2. Cissé PA. Simulation a base d’agents de la propagation
de la Schistosomiase: une approche de composition et
de déploiement de modéles [dissertation]. Université
Pierre et Marie Curie-Paris VI; Université de Saint-Louis

ISSN: 0019-5138

10.

11.

12.

13.

(Sénégal); 2016. French. [Google Scholar]

McManus DP, Dunne DW, Sacko M, Utzinger J,
Vennervald BJ, Zhou XN. Schistosomiasis. Nat Rev Dis
Primers. 2018;4(1):13. [PubMed]

Dembele | [Internet]. Connaissances, attitudes et
pratiques face a la schistosomose aupreés des lycéens et
éleves professionnels de Baguineda. Bibliothéque de la
FMPOS; 2010 [cited 2023 Jun 27]. 99 p. Available from:
https://www.bibliosante.ml/handle/123456789/9406.
French. [Google Scholar]

Strauss E. Hepatosplenic schistosomiasis: a model
for the study of portal hypertension. Ann Hepatol.
2002:1(1):6-11. [PubMed] [Google Scholar]

Pambe CJ, Ngaroua D, Amvene JM, Kabeyene AC, Nkodo
JM. Histopathologie d"un rare cas de schistosomiase
intramédullaire et revue de la littérature. Pan Afr Med
J. 2020;37:153. French. [PubMed] [Google Scholar]
Engels D, Chitsulo L, Montresor A, Savioli L. The global
epidemiological situation of schistosomiasis and
new approaches to control and research. Acta Trop.
2002;82(2):139-46. [PubMed] [Google Scholar]
Ibikounlé M, Satoguina J, Fachinan R, Tokplonou
L, Batcho W, Kindé-Gazard D, Mouahid G, Mone
H, Massougbodji A, Courtin D. Epidémiologie de la
bilharziose urinaire et des geohelminthiases chez les
jeunes scolaires des zones lacustres de la commune
de So-Ava, sud-Bénin. J Appl Biosci. 2013;70:5632-9.
French. [Google Scholar]

Molyneux DH, Hotez PJ, Fenwick A. “Rapid-impact
interventions”: how a policy of integrated control for
Africa’s neglected tropical diseases could benefit the
poor. PLoS Med. 2005;2(11):e336. [PubMed] [Google
Scholar]

Organisation Mondiale de la Santé [Internet].
Schistosomiasis; 2022 [cited 2023 Jun 27]. Available
from: https://www.who.int/fr/news-room/fact-sheets/
detail/schistosomiasis. French.

Bouchut C [Internet]. La Bilharziose en France: etat des
lieux et perspectives de vaccin [dissertation]. Sciences
du Vivant [g-bio]. dumas-02938779; 2020 [cited 2023
Jun 27]. 92 p. Available from: https://dumas.ccsd.cnrs.
fr/dumas-02938779/document. French.

Compaore FR, Simpore MJ, Yacouba MH. Analyse
spatio-temporelle des facteurs environnementaux
et socio-sanitaires favorables a la persistance des
maladies liées a I'eau: cas de la schistosomiase au
Burkina Faso [dissertation]. Thése doctorale en
science et technologie de I'eau, de I'énergie et de
I’environnement; 2018. 148 p. French.

Ibikounlé M, Ogouyémi-Hounto A, de Tové YS, Dansou
A, Courtin D, Kindé-Gazard D, Mouahid G, Mone H,
Massougbodji A. Epidémiologie de la schistosomose
urinaire chez les enfants scolarisés de la commune

DOI: https://doi.org/10.24321/0019.5138.202337



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Todo ES et al.
J. Commun. Dis. 2023; 55(3)

de Péhunco dans le Nord Bénin: prospection
malacologique. Bull Soc Pathol Exot. 2014;107(3):177-
84. French. [PubMed] [Google Scholar]

Onzo-Aboki A, Ibikounlé M, Boko PM, Savassi BS,
DoritchamouJ, Siko EJ, Dare A, Batcho W, Massougbodiji
A, Tougoue JJ, Kabore A. Human schistosomiasis
in Benin: countrywide evidence of Schistosoma
haematobium predominance. Acta Trop. 2019;191:185-
97. [PubMed] [Google Scholar]

République du Bénin [Internet]. Programme National
de Lutte contre les Maladies Transmissibles. Plan
directeur national de lutte intégrée contre les maladies
tropicales négligées 2016 — 2020. PNLMT; 2017 [cited
2023 Jun 27]. Available from: https://espen.afro.who.
int/system/files/content/resources/BENIN_NTD_
Master_Plan_2016_2020.pdf. French.

Diva-Gis [Internet]. Download data by country; 2011
[cited 2023 Jun 27]. Available from: https://www.
diva-gis.org/gdata

Chippaux JP, Massougbodji A, Zomadi A, Kndafodiji
BM. Etude épidémiologique des schistosomes dans
un complexe lacustre cOtier de formation récente.
Bull Soc Pathol Exot [Internet]. 1990 [cited 2023 Jun
27];83(4):498-508. Available from: https://horizon.
documentation.ird.fr/exl-doc/pleins_textes/pleins_
textes_5/b_fdi_30-30/31447.pdf. French. [PubMed]
[Google Scholar]

Gaud J. Les bilharzioses en Afrique occidentale et
en Afrique centrale. Bull World Health Organ.
1955;13(2):209-58. French. [PubMed] [Google Scholar]
Fick SE, Hijmans RJ. WorldClim 2: new 1-km spatial
resolution climate surfaces for global land areas. IntJ
Climatol. 2017;37(12):4302-15. [Google Scholar]
Platts PJ, Omeny PA, Marchant R. AFRICLIM: high-
resolution climate projections for ecological applications
in Africa. Afr J Ecol. 2015;53:103-8. [Google Scholar]
Naimi B, Araujo MB. sdm: a reproducible and extensible
R platform for species distribution modelling.
Ecography. 2016;39(4):368-75. [Google Scholar]
Dormann CF, Elith J, Bacher S, Buchmann C, Carl G,
Carre G, Marquez JR, Gruber B, Lafourcade B, Leitao
PJ, Munkemuller T, McClean C, Osborne PE, Reineking
B, Schroder B, Skidmore AK, Zurell D, Lautenbach
S. Collinearity: a review of methods to deal with it
and a simulation study evaluating their performance.
Ecography. 2013;36(1):27-46. [Google Scholar]
Aiello-Lammens ME, Boria RA, Radosavljevic A, Vilela
B, Anderson RP. sp Thin: an R package for spatial
thinning for species occurrence records for use in
ecological niche models. Ecography. 2015;38(5):541-
5. [Google Scholar]

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Thuiller W. BIOMOD — optimizing predictions of species
distributions and projecting potential future shifts
under global change. Glob Chang Biol. 2003;9(10):1353-
62. [Google Scholar]

Elith J, Graham C. Do they? How do they? WHY do they
differ? On finding reasons for differing performances
of species distribution models. Ecography. 2009;32:66-
77. [Google Scholar]

Norberg A, Abrego N, Blanchet FG, Adler FR, Anderson
BJ, Anttila J, Araujo MB, Dallas T, Dunson D, Elith J,
Foster SD, Fox R, Franklin J, Godsoe W, Guisan A,
O’Hara B, Hill NA, Holt RD, Hui FK, Husby M, Kalas JA,
Lehikoinen A, Luoto M, Mod HK, Newell G, Renner I,
Roslin T, Soiminen J, Thuiller W, Vanhatalo J, Warton D,
White M, Zimmermann NE, Gravel D, Ovaskainen O. A
comprehensive evaluation of predictive performance
of 33 species distribution models at species and
community levels. Ecol Monogr. 2019;89(3):e01370.
[Google Scholar]

Guisan A, Edwards Jr TC, Hastie T. Generalized linear
and generalized additive models in studies of species
distributions: setting the scene. Ecol Model. 2002;157(2-
3):89-100. [Google Scholar]

Elith J, Phillips SJ, Hastie T, Dudik M, Chee YE, Yates CJ.
A statistical explanation of MaxEnt for ecologists. Divers
Distrib. 2011;17(1):43-57. [Google Scholar]

Phillips SJ, Anderson RP, Schapire RE. Maximum entropy
modeling of species geographic distributions. Ecol
Model. 2006;190(3-4):231-59. [Google Scholar]
De’ath G. Multivariate regression trees: a new technique
for modeling species—environment relationships.
Ecology. 2002;83(4):1105-17. [Google Scholar]

Swets JA. Measuring the accuracy of diagnostic systems.
Science. 1988;240(4857):1285-93. [PubMed] [Google
Scholar]

Streiner DL, Cairney J. What’s under the ROC? An
introduction to receiver operating characteristic curves.
Can J Psychiatry. 2007;52(2):121-8. [PubMed] [Google
Scholar]

Toffa Y, Fandohan AB. Evaluation des performances
des algorithmes et de la complexité des modéles pour
la prédiction de la répartition biogéographique du
genre cochlospermum Kunth. Rev Ivoir Sci Technol.
2021;37:123-42. French. [Google Scholar]

Fan J, Yuan X, Wang M, Zhu G. Mapping the potential
distribution of the schistosomiasis intermediate host
Biomphalaria straminea in China. Geospat Health
2018;13(2):723. [PubMed] [Google Scholar]

Gurarie D, King CH, Yoon N, Li E. Refined stratified-worm-
burden models that incorporate specific biological
features of human and snail hosts provide better

ISSN: 0019-5138

DOI: https://doi.org/10.24321/0019.5138.202337



Todo ES et al.
J. Commun. Dis. 2023; 55(3)

36.

37.

38.

39.

40.

41.

estimates of Schistosoma diagnosis, transmission,
and control. Parasit Vectors. 2016;9(1):428. [PubMed]
[Google Scholar]

Aubry P, Galizére BA. Schistosomoses ou bilharzioses.
Médecine Trop; 2018. p. 1-8. French

Gaudreau J, Perez L, Legendre P. Identification des
variables expliquant la distribution spatiale d’oiseaux de
la forét boréale et modélisation de tendances futures:
une approche multivariée. Cybergeo Eur ) Geogr. 2015.
Systemes, Modélisation, Géostatistiques, document
722. French. [Google Scholar]

Hijmans RJ, Cameron SE, Parra JL, Jones PG, Jarvis A.
Very high resolution interpolated climate surfaces
for global land areas. Int J Climatol. 2005;25:1965-78.
[Google Scholar]

Hao T, Elith J, Lahoz-Monfort JJ, Guillera-Arroita G.
Testing whether ensemble modelling is advantageous
for maximising predictive performance of species
distribution models. Ecography. 2020;43(4):549-58.
[Google Scholar]

Valavi R, Guillera-Arroita G, Lahoz-Monfort JJ, Elith
J. Predictive performance of presence-only species
distribution models: a benchmark study with
reproducible code. Ecol Monogr. 2022;92(1):e01486.
[Google Scholar]

Kaky E, Nolan V, Alatawi A, Gilbert F. A comparison
between Ensemble and MaxEnt species distribution
modelling approaches for conservation: a case
study with Egyptian medicinal plants. Ecol Inform.
2020;60:101150. [Google Scholar]

ISSN: 0019-5138

DOI: https://doi.org/10.24321/0019.5138.202337




	_Hlk41625823
	_Hlk43373457
	_Hlk44242959

