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Abstract

Schistosomiasis remains an important public health problem in Espirito Santo, Brazil,
particularly in municipalities characterized by greater socioeconomic vulnerability,
frequent contact with freshwater bodies, and inadequate sanitation coverage. This stu-
dy aimed to investigate the associations between the occurrence of snails of the genus
Biomphalaria, the historical occurrence of Schistosoma mansoni at the municipal level,
sanitation indicators, and schistosomiasis positivity across municipalities in the state of
Espirito Santo (ES). This longitudinal ecological study used secondary data from 2011 to
2019 and included 2,766 investigated cases in ES. Descriptive analyses, analysis of va-
riance, Pearson’s chi-square test, and multiple linear regression were performed. An ove-
rall decreasing trend in the number of cases was observed throughout the study period.
Biomphalaria species richness was not significantly associated with the schistosomiasis
test positivity rate. In contrast, the presence of B. glabrata and a history of S. mansoni
occurrence in the municipality were significantly associated with higher schistosomiasis
positivity rates. Conversely, the occurrence of B. straminea and B. tenagophila was ne-
gatively associated with schistosomiasis positivity, whereas sewage treatment coverage,
total population size, and the proportion of the population living in urban areas were not
associated with the positivity rate after adjustment for the effects of the other variables.
These findings indicate that the presence of Biomphalaria alone does not explain the mu-
nicipal distribution of schistosomiasis, while highlighting the epidemiological relevance
of B. glabrata compared with other congeneric species recorded in Espirito Santo, as well
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as the importance of previous S. mansoni occurrence. These results reinforce the need to
integrate epidemiological surveillance, malacological surveillance, expansion of sanita-
tion services, and molecular methods for Biomphalaria species identification to improve
the identification of areas at risk and strengthen schistosomiasis control strategies in
Espirito Santo.

KEYWORDS: Schistosomiasis; Epidemiology; Malacology; Biomphalaria; Schistosoma

mansoni.

Introduction

Schistosomiasis is among the neglected tropical diseases with the
greatest impact on global public health, with its distribution concentra-
ted in regions where poverty and inadequate sanitation policies constrain
both disease prevention and control (GRIMES et al., 2014). In Brazil, are-
as with the highest endemic burden overlap with regions characterized
by limited environmental surveillance and poor basic sanitation covera-
ge, indicating that the persistence of transmission is largely determined
by socioenvironmental factors (GAZZINELLI et al., 2006; SANTOS et al.,
2023). This pattern shows that municipalities with higher schistosomiasis
incidence tend to exhibit the greatest levels of social and environmental
vulnerability, making the disease a sensitive indicator of territorial ine-
quality and shortcomings in public sanitation infrastructure policies (GA-
ZZINELLI et al., 2006; OLIVEIRA et al., 2013).

Transmission of Schistosoma mansoni, the etiological agent of schis-
tosomiasis, occurs through a biological cycle closely associated with ina-
dequate sanitation conditions (GRIMES et al., 2015). The cycle begins with
the excretion of parasite eggs in the feces of infected individuals, which
may reach freshwater bodies as a consequence of absent or inadequate
sewage collection and treatment. In these environments, snails of the ge-

nus Biomphalaria, which serve as intermediate hosts, become infected
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and subsequently release cercariae, the free-swimming infective larvae
that actively penetrate human skin during contact with contaminated wa-
ter (GRIMES et al., 2014; GRIMES et al., 2015). Inadequate access to treated
water further exacerbates this scenario by increasing reliance on natural
water bodies for daily activities, thereby increasing the frequency of ex-
posure to infective stages (GRIMES et al., 2015). Accordingly, basic sani-
tation indicators represent important environmental determinants of the

persistence of schistosomiasis transmission at the municipal level.

In Brazil, schistosomiasis is heterogeneously distributed, with a hi-
gher prevalence in states such as Minas Gerais, Sdo Paulo, and Espirito
Santo, where climatic conditions favor the proliferation of Biomphalaria
snails and the maintenance of disease transmission (CARNEIRO et al.,
2025). However, disease persistence does not depend solely on environ-
mental conditions. Evidence indicates that improvements in sanitation
infrastructure and hygiene practices are associated with reductions in in-
fection and disease rates (CRUZ et al., 2025). Conversely, social inequa-
lities, inadequate urban infrastructure, the accumulation of solid waste,
and open sewage contribute to the persistence of infectious and parasitic
diseases, particularly in rural communities and informal settlements, whe-
re access to public sanitation services is often limited (NAHAS et al., 2019;
SOUZA et al., 2020).

Espirito Santo is among the Brazilian states with the highest schisto-
somiasis burden. In an epidemiological study conducted in southeastern
Brazil between 2013 and 2023, the state had the second-highest cumulative
prevalence of the disease (OLIVEIRA et al., 2025). According to the Epide-
miological Bulletin issued by the Espirito Santo State Health Department,
this pattern is related to the interaction of climatic and geographic factors,
such as altitude and precipitation, together with proximity to endemic

states and deficiencies in basic sanitation (ESPIRITO SANTO, 2023). To
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investigate the factors underlying the high prevalence of schistosomiasis
in Afonso Claudio, an endemic municipality in Espirito Santo, a previous
study assessed variables including age, income, educational level, place
of residence, and the level of knowledge about the disease among affec-
ted individuals. The findings revealed a widespread lack of awareness of
community-based educational initiatives, as well as inadequate sanitation
infrastructure, particularly in rural areas, where the predominance of ru-
dimentary pit latrines was shown to be ineffective in preventing conta-
mination of water resources and the consequent maintenance of parasite
transmission (FREITAS et al., 2022). These findings reinforce the endemic
nature of schistosomiasis in Espirito Santo, where transmission dynamics
result from interactions among environmental, social, and structural fac-

tors that vary among municipalities.

Previous studies have examined schistosomiasis diagnosis and oc-
currence in relation to socioeconomic and health-related variables, inclu-
ding the Human Development Index (HDI), as well as the spatial and envi-
ronmental distribution of reported cases, particularly in Minas Gerais and
northeastern Brazil (SOUZA et al., 2022). However, ecological studies inves-
tigating the association between basic sanitation indicators and schistoso-
miasis detection in Espirito Santo remain scarce, particularly those incor-
porating ecological characteristics of both the parasite and its intermediate
host (SANTOS et al., 2023). Therefore, this study aimed to investigate the
association between municipal sanitation indicators, ecological characte-
ristics of the biological groups involved in the natural transmission cycle
of schistosomiasis, and disease detection in Espirito Santo from 2011 to
2019 through an ecological time-series study based on publicly available
data. We hypothesized that the distribution of the etiological agent and its

Biomphalaria host species is significantly associated with schistosomiasis
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incidence across municipalities in Espirito Santo, even after controlling for

population size and municipal sewage treatment coverage.

Methods

This longitudinal ecological study was conducted at the municipal le-
vel using secondary data on Schistosoma mansoni, the occurrence of snails
of the genus Biomphalaria, and municipal-level indicators related to schisto-
somiasis in the state of Espirito Santo, Brazil, from 2011 to 2019, comprising
a total of 2,766 investigated cases. The study period ended in 2019 because
this preceded both the statewide change in disease notification procedures
implemented in 2020 and the systemic effects of the COVID-19 pandemic
on surveillance and diagnostic testing. The municipality was adopted as the
unit of analysis for all variables included in the study to avoid problems
arising from multiple associations within the dataset. Interpretation of the
results considered both statistical significance and the biological plausibili-
ty of schistosomiasis transmission, given that the presence of Biomphalaria
snails is a necessary condition for maintaining the S. mansoni life cycle in
the environment. Likewise, the presence of the etiological agent within a

municipality is required for local disease transmission.

The epidemiological variables analyzed were the number of individu-
als examined, the number of schistosomiasis-positive cases, the presence
or absence of a historical record of S. mansoni in each municipality (bi-
nary variable), the presence or absence of historical records of Biompha-
laria snails (binary variable), and the schistosomiasis positivity rate. Po-
sitivity was calculated as the number of positive examinations divided by
the total number of individuals examined and multiplied by 100, and was
treated as a continuous quantitative variable. The occurrence of S. man-

soni was defined as the presence of positive cases at any time in a given
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municipality, based on the map of schistosomiasis distribution in Espirito
Santo (RAMOS, 2018).

Malacological variables included the presence or absence of species
of the genus Biomphalaria in the municipalities evaluated. Municipal oc-
currence of each Biomphalaria species was determined based on the spe-
cialized reference “Moluscos Hospedeiros Intermediarios de Schistosoma
mansoni do Brasil”, by Omar dos Santos Carvalho, published in 2020. This
classification allowed municipalities to be compared according to their
malacological profiles, considering the three species reported for Espirito

Santo: B. glabrata, B. straminea, and B. tenagophila.

Descriptive analyses were initially performed to characterize the epi-
demiological and malacological profiles of the municipalities included in
the study. Quantitative variables were summarized using measures of cen-
tral tendency and dispersion, including the mean, standard deviation, me-
dian, minimum, and maximum values, according to the distribution of the
data. Categorical variables were expressed as absolute and relative frequen-
cies. The total number of individuals examined, number of positive cases,
mean positivity rate per municipality, occurrence of schistosomiasis, and
presence or absence of Biomphalaria species were described. We also cha-
racterized the temporal trend in the total number of schistosomiasis cases,
disease incidence according to self-reported race/color, and the types of

water bodies most frequently reported as potential sites of infection.

Because the original dataset could contain multiple records for the
same municipality, data were aggregated at the municipal level before in-
ferential analyses. This procedure was adopted to avoid artificial replica-
tion of population data or municipal characteristics across multiple re-
cords, which could violate the assumption of independence required for

inferential statistical tests. Accordingly, municipality-level measures were

Summa Med. Health Sci. 2026; 2: 141
summajournals.org/smhs n 6
BY SA

© 2026. The Author(s). Published under CC BY-SA 4.0 license. The authors grant SUMMA Medical and Health Sciences the right of first publication.



https://creativecommons.org/licenses/by-sa/4.0/
https://doi.org/10.63923/smhs.2026.141
https://crossmark.crossref.org/dialog/?doi=10.63923/smhs.2026.141&domain=pdf

Medical
Relationship between Biomphalaria snail occurrence, schistosomiasis incidence, and
and Health

treated sewage coverage in municipalities of Espirito Santo, Brazil :
d Sciences ‘*’

calculated for each municipality, including the mean number of cases and
mean positivity rate. After aggregation, each municipality represented an
independent analytical unit, thereby reducing the risk of overestimating

statistical significance due to duplicated observations.

Analysis of variance (ANOVA) was used to compare mean schistoso-
miasis positivity rates among groups defined by the presence of one or
more of the three Biomphalaria species reported in Espirito Santo. In this
analysis, schistosomiasis positivity rate was treated as the quantitative de-
pendent (response) variable, whereas the presence of one, two, or three
Biomphalaria species was treated as the categorical independent (expla-
natory) variable. ANOVA followed by Tukey’s post hoc test was used to as-
sess whether mean schistosomiasis positivity differed significantly among
municipalities grouped according to their malacological profiles. Results
were expressed as mean differences, standard errors, and p-values derived
from Tukey’s test. Model assumptions were evaluated, including indepen-
dence of observations, approximate normality of residuals, and homoge-

neity of variances among groups.

To assess the association between schistosomiasis occurrence and
the presence of B. glabrata, B. straminea, and B. tenagophila, three con-
tingency tables were constructed using occurrence data for each species
and the historical occurrence of schistosomiasis. Municipalities in Espi-
rito Santo were classified as positive if they had a historical record of the
disease and as negative if no such record was available, and were subse-
quently compared according to the presence or absence of each Biompha-
laria species. Associations between categorical variables were assessed
using Pearson’s chi-square test to determine whether schistosomiasis oc-
currence differed significantly according to the presence of each potential

intermediate host species.
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Additionally, multiple linear regression analysis was performed to
evaluate the relationship between the municipal schistosomiasis positivity
rate and social, malacological, and epidemiological variables of interest. Ex-
planatory variables included total municipal population, percentage of the
population covered by sewage services, percentage of the population living
in urban areas, historical occurrence of the etiological agent S. mansoni (bi-
nary variable classified as positive when the municipality had a documen-
ted history of confirmed infection), and historical occurrence of B. glabra-
ta, B. straminea, and B. tenagophila (binary variables classified as positive
when the species had been documented for the municipality in the 2020
reference by Omar dos Santos Carvalho). Multiple linear regression was
used to estimate the magnitude and direction of the associations between
the municipal malacological profile and schistosomiasis positivity after ad-
justment for the available socioeconomic variables. This approach allowed
assessment of whether the presence or identity of intermediate host species
was associated with higher or lower schistosomiasis positivity rates among
municipalities. Results were reported as regression coefficients (estimates),

confidence intervals, and p-values for each explanatory variable.

All statistical analyses were performed using jamovi software. The fo-
rest plot summarizing the multiple linear regression results was generated
with the assistance of an artificial intelligence tool using the original data

from the present study.

Results

The highest number of reported schistosomiasis cases in Espirito
Santo was recorded in 2011 (n = 529), followed by a progressive decline
until 2017 (n = 195), with a subsequent increase in 2018 (n = 307) and 2019

(n = 385). The fitted trend line indicated an overall decreasing temporal
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trend, with a slope coefficient of -14.57 and accounting for 15.29% of the

observed variability (Figure 1).

Regarding self-reported race/color, most cases occurred among White in-
dividuals (n = 1,440; 52.1%), followed by Brown (*pardo*) (n = 916; 33.1%), Black
(n = 213; 7.7%), Asian (n = 44; 1.6%), and Indigenous individuals (n = 13; 0.5%).

Race/color information was missing for an additional 98 cases (Figure 2).

The municipalities with the highest cumulative number of reported
cases relative to population size were Marechal Floriano, Dores do Rio Pre-
to, Santa Maria de Jetiba, Domingos Martins, Irupi, and Muniz Freire, with
values of 1.1%, 1.0%, 0.6%, 0.6%, 0.6%, and 0.4%, respectively. These values
provide an estimate of disease occurrence adjusted for population size but
should not be interpreted as the percentage of the population infected,
because the number of cases for each municipality represents the cumu-
lative total recorded over the entire 2011-2019 study period (Figure 3).

Figure 1. Temporal variation in schistosomiasis cases in the state of Espirito Santo from
2011 to 2019, showing the fitted trend line (dashed line) and its regression equation.
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Figure 2. Total number of schistosomiasis cases in Espirito Santo from 2011 to 2019,
grouped by self-reported race/color.

Figure 3. Municipalities in Espirito Santo with the highest cumulative schistosomiasis
occurrence from 2011 to 2019, adjusted for total population and expressed as the num-
ber of cases per 100 inhabitants.

Among the reported water bodies, the most frequent probable sites
of infection were rivers, lakes, streams, waterfalls, and drainage ditches,

accounting for 11.68%, 5.60%, 3.76%, 2.82%, and 1.08% of cases, respecti-
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vely. Of the 2,766 cases investigated, 1,905 had no information available

regarding the probable site of infection (Table 1).

Comparison of schistosomiasis positivity rates among categories de-
fined by the occurrence of the three Biomphalaria species using analysis
of variance (ANOVA) showed no statistically significant difference in the
overall analysis (F = 1.47; p = 0.231) or in pairwise comparisons among mu-
nicipalities with no recorded Biomphalaria species and those with one,
two, or three species (Table 2). In contrast, a historical record of S. man-
soni in the municipality was significantly associated with schistosomiasis
positivity, with municipalities with a documented history of the etiologi-
cal agent showing a mean positivity rate 16 percentage points higher than
municipalities without such a record (F = 8.0; p = 0.006).

Table 1. Distribution of schistosomiasis cases according to the suspected site of infec-
tion in Espirito Santo from 2012 to 2019.

Site Number of cases Percentage of cases

Rio 323 11,68
Lagoa 155 5,60
Corrego 104 3,76
Cachoeira 78 2,82
Valdo 30 1,08
Lago 16 0,58
Brejo 14 0,51
Nascente 13 0,47
Barragem 11 0,40
Outros 117 4,23
N3éo sabe informar 1905 68,87

TOTAL 2766 100,00
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Table 2. Results of the ANOVA using Biomphalaria species richness (S; 0, 1, 2, or 3 species)
and the presence or absence (0/1) of a historical S. mansoni record in each municipality of
Espirito Santo as categorical variables, and the municipal schistosomiasis positivity rate
as the quantitative response variable. MD = mean difference; SE = standard error.

S de Biomphalaria DM EP ptukey
0 1 -7,012 6,83 0,734
2 -6,329 8,37 0,874
3 9,265 8,82 0,720
1 2 0,683 7,84 1,000
3 16,277 8,32 0,214
2 3 15,594 9,62 0,374

Ocorréncia de S. mansoni

0 1 -16 5,64 0,006

In municipalities where the occurrence of B. glabrata was confir-
med, the mean positivity rate of diagnostic tests reached 71.1%, indicating
a high level of schistosomiasis transmission in areas where this species
occurs, despite differences in demographic characteristics and sanitation
infrastructure. Contingency-table analysis showed a significant associa-
tion between municipal schistosomiasis occurrence and the presence of
B. glabrata (x* = 6.06; p = 0.014), with an odds ratio (OR) of 3.96 (95% CI:
1.27-12.3), indicating that the odds of schistosomiasis occurrence were
nearly four times higher in municipalities where this species was recor-
ded. For B. straminea, no statistically significant association with schisto-
somiasis occurrence was observed (y* = 0.00178; p = 0.966), with an OR of
0.974 (95% CI: 0.292-3.25). Finally, the presence of B. tenagophila was sig-
nificantly associated with municipal schistosomiasis occurrence (y* = 6.06;

p = 0.014). However, the odds ratio was below 1 (OR = 0.253), indicating an
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inverse association between the occurrence of this species and schistoso-

miasis occurrence (Table 3).

In the multiple linear regression analysis, the model yielded a cor-
relation coefficient (R) of 0.547 and a coefficient of determination (R?) of
0.299, indicating that approximately 29.9% of the variability in municipal
schistosomiasis positivity rates was explained by the variables included in
the model. Historical occurrence of S. mansoni was positively and signi-
ficantly associated with the positivity rate (Estimate = 21.2219; SE = 6.489;
t = 3.27; p = 0.002), corresponding to an average increase of approxima-
tely 21.2 percentage points in municipalities with a historical record of
the etiological agent. In contrast, the occurrence of B. straminea showed a
significant negative association (Estimate = -15.1578; SE = 7.182; t = -2.11;
p = 0.040), corresponding to an average reduction of approximately 15.2
percentage points in municipalities where this species was recorded. To-
tal municipal population (Estimate = 3.02 x 107%; p = 0.316), sewage service
coverage (Estimate = 0.0413; p = 0.707), percentage of the population living
in urban areas (Estimate = -0.0647; p = 0.691), occurrence of B. glabrata
(Estimate = -2.0372; p = 0.739), and occurrence of B. tenagophila (Estimate
= 2.2074; p = 0.747) were not significantly associated with schistosomiasis

positivity after adjustment for the effects of the other variables (Figure 4).
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Table 3. Contingency tables for the categorical variables schistosomiasis occurrence
(No/Yes) and the occurrence of each Biomphalaria species in municipalities of Espirito
Santo. OR = odds ratio; 95% CI = 95% confidence interval.

B. glabrata occurrence Schistosomiasis occurrence
No Yes Total
No Observed 19 24 43
% 44,2% 55,8% 100,0%
Yes Observed 5 25 30
% 16,7% 83,3% 100,0%
Total Observed 24 49 73
% 32,9% 67,1% 100,0%
B. glabrata x Esquistossomose p value OR IC(95%)
0,014 3,96 1,27 12,3
B. straminea occurrence Schistosomiasis occurrence
No Yes Total
No Observed 19 39 58
Line (%) 32,8% 67,2% 100,0%
Yes Observed 5 10 15
Line (%) 33,3% 66,7% 100,0%
Total Observed 24 49 73
Line (%) 32,9% 67,1% 100,0%
B. straminea x Esquistossomose p value OR IC(95%)
0,966 0,974 0,292 3,25
B. tenagophila occurrence Schistosomiasis occurrence
No Yes Total
No Observed 5 25 30
Line (%) 16,7% 83,3% 100,0%
Yes Observed 19 24 43
Line (%) 44,2.% 55,8% 100,0%
Total Observed 24 49 73
Line (%) 32,9% 67,1% 100,0%
B. tanegophila x Esquistossomose p value OR IC(95%)
0,014 0,253 0,0813 0,785
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Figure 4. Forest plot showing the results of the linear regression analysis, with the per-
centage of positive results in each municipality as the response variable.

Discussion

The study hypothesis that historical records of S. mansoni and spe-
cies of the genus Biomphalaria, its potential intermediate hosts, would be
significantly associated with schistosomiasis incidence across municipa-
lities in the state of Espirito Santo after adjustment for population size and
municipal sewage treatment coverage was only partially supported. Our
results are also consistent with the alternative hypothesis that some Biom-
phalaria species may be associated with a lower risk of disease, as they

showed inverse associations with schistosomiasis incidence.

Despite the essential role of Biomphalaria species in the life cycle of S.
mansoni (CARVALHO & AMARAL, 2008), the mere presence of intermediate
hosts in a municipality was not associated with parasitological test posi-
tivity. This finding suggests that factors related to transmission intensity,
local environmental conditions, sanitation, and human contact with con-

taminated water bodies may be more important in explaining the spatial
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distribution of schistosomiasis than the occurrence of host species alone,
since these snails may be present locally without effectively transmitting
the parasite (SOUZA, 2018; CONCEICAO et al., 2016; SANTOS et al., 2023).

Moreover, among the three Biomphalaria species recorded in Espi-
rito Santo, only B. glabrata showed a significant positive association with
schistosomiasis incidence, consistent with the literature identifying this
species as the main intermediate host of S. mansoni in Brazil (CARVALHO;
AMARAL, 2008). In contrast, B. straminea and B. tenagophila showed null
and/or negative associations with the percentage of positive diagnostic
results. This departure from the expected transmission pattern may be ex-
plained by taxonomic issues involving the genus Biomphalaria. As repor-
ted in the literature, B. straminea and B. tenagophila, both susceptible to
S. mansoni, are morphologically indistinguishable from B. kuhniana (CAL-
DEIRA et al., 2000) and B. occidentalis (COIMBRA JUNIOR; ENGEL, 1982;
PARAENSE, 1981; PARAENSE; CORREA, 1982), respectively, whereas the
latter two species are refractory to infection by the parasite (CARVALHO
et al., 2008; TEODORO et al., 2010). Historically, this marked phenotypic
overlap has already resulted in mapping errors in other regions of Brazil,
requiring subsequent epidemiological reassessment (PARAENSE, 1986;
PIZA et al., 1972; TELES, 1989; VAZ et al., 1983). Therefore, our findings
suggest the possibility of taxonomic misidentification bias in statewide
distribution records, whereby species naturally resistant to S. mansoni
may have been mistakenly classified as species associated with transmis-
sion risk. This represents an important point of concern and highlights
the need for future studies on snail spatial distribution in Espirito San-
to to incorporate molecular biology techniques alongside morphological
identification (CALDEIRA et al., 2000). Such an approach would impro-

ve taxonomic accuracy and may lead to updates in species distribution

Summa Med. Health Sci. 2026; 2: 141

summajournals.org/smhs n 16
BY SA

© 2026. The Author(s). Published under CC BY-SA 4.0 license. The authors grant SUMMA Medical and Health Sciences the right of first publication.



https://creativecommons.org/licenses/by-sa/4.0/
https://doi.org/10.63923/smhs.2026.141
https://crossmark.crossref.org/dialog/?doi=10.63923/smhs.2026.141&domain=pdf

Medical
Relationship between Biomphalaria snail occurrence, schistosomiasis incidence, and
and Health

treated sewage coverage in municipalities of Espirito Santo, Brazil :
d Sciences ‘*’

maps and, consequently, in estimates of schistosomiasis transmission risk

across municipalities in Espirito Santo.

The occurrence of cases associated with natural aquatic environ-
ments, particularly rivers, lakes, streams, and waterfalls, together with
variation in basic sanitation coverage, reinforces the complexity of the
transmission cycle and the importance of integrated public health appro-
aches for effective schistosomiasis control in Espirito Santo, including im-
provements in sanitation infrastructure and strengthened malacological
surveillance (ESPIRITO SANTO, 2010; CONCEICAO et al., 2016). The hi-
gher occurrence of the disease in inland municipalities was accompanied
by a high proportion of cases among self-identified White individuals, as
observed in the present study, in areas with a substantial population of
Pomeranian descendants (SPAMER, 2016). These findings reinforce the
need to expand sewage collection and treatment systems and strengthen
control measures targeting intermediate hosts in regions farther from the
state’s main political and economic centers, thereby promoting more equi-

table public health coverage across the population of Espirito Santo.

Conclusions

This study has limitations inherent to the use of administrative sys-
tems and secondary databases, which may introduce biases related to sur-
veillance coverage, data quality, and completeness of records. Potential
underreporting of schistosomiasis cases and inconsistencies in records of
parasite detection and potential intermediate hosts may affect the accura-
cy of the estimates and comparability among the municipalities analyzed.
Nevertheless, the results indicate that the presence of snails of the genus
Biomphalaria alone was not associated with schistosomiasis occurrence in

Espirito Santo. In contrast, a significant association was observed betwe-
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en disease occurrence and B. glabrata, reinforcing the role of this species
as the main intermediate host involved in schistosomiasis transmission
in the state. Conversely, B. tenagophila and B. straminea did not show the

same pattern and were associated with lower disease occurrence.

Molecular studies are needed to reassess the geographic distribution
of these species in Espirito Santo and to investigate the possibility that
some records may correspond to alternative species refractory to S. man-
soni, as previously reported in other regions of Brazil. Such studies could
contribute to a more accurate identification of areas at risk for schistoso-
miasis transmission in the state. Surveillance and disease-control measu-
res should be targeted toward priority areas, while health education should

be strengthened as a permanent strategy for schistosomiasis prevention.

Author contributions

Data curation: MGF; NMC

Formal analysis: BGP; EPP; BMLM; VLS
Methodology: RTZF; VOAAC

Project administration: SASM
Visualization: MSD

Writing — original draft: YSR; LAEE; HAFRX; RTZF; VOAAC; MSD; BGP; EPP;
BMLM; VLS; GADM; LRM; IAFD; YDI; MJSME

Writing — review & editing: SASM

Conflict of Interest

The authors declare no conflicts of interest related to this study. This work was
conducted independently, without influence from institutions, organizations, or
sponsors that could affect the results or the interpretation of the data presented.

Summa Med. Health Sci. 2026; 2: 141

summajournals.org/smhs n 18
BY SA

© 2026. The Author(s). Published under CC BY-SA 4.0 license. The authors grant SUMMA Medical and Health Sciences the right of first publication.



https://creativecommons.org/licenses/by-sa/4.0/
https://doi.org/10.63923/smhs.2026.141
https://crossmark.crossref.org/dialog/?doi=10.63923/smhs.2026.141&domain=pdf

Medical
Relationship between Biomphalaria snail occurrence, schistosomiasis incidence, and
and Health

treated sewage coverage in municipalities of Espirito Santo, Brazil :
d Sciences ‘*’

Data Availability

The authors declare that the data supporting the results of this study are avai-
lable in the article. Derived data supporting the study's conclusions that are not
found in the article may be requested from the corresponding author.

Funding

This work was conducted without specific funding from public, commercial, or
non-profit funding agencies.

References

CALDEIRA, R. L.; VIDIGAL, T. H. D. A.; MATINELLA, L.; SIMPSON, A. J. G.; CAR-
VALHO, O. S. Identification of planorbids from Venezuela by polymerase chain
reaction amplification and restriction fragment length polymorphism of the ITS
of the RNA ribosomal gene. Memorias do Instituto Oswaldo Cruz, Rio de Janeiro,
V. 95, n. 2, p. 171-177, 2000. DOI: 10.1590/50074-02762000000200006.

CARNEIRO, A. T. M. et al. Estudo Epidemioldgico da Esquistossomose no Bra-
sil. Brazilian Journal of Implantology and Health Sciences, Macapa, v. 7, n. 8, p.
1333-1347, 2025. Disponivel em: doi.org.

CARVALHO, O. D. S., Mendonga, C. L. F., Teles, H. M. S., Finau, J., Caldeira, R. L.,
Scholte, R. G. C., & Mesquita, S. G. (2020). Moluscos hospedeiros intermediarios de
Schistosoma mansoni do Brasil. Belo Horizonte/Instituto René Rachou/Fiocruz.

CARVALHO, O. S.; AMARAL, R. S. Biomphalaria glabrata, principal hospedeiro
intermediario de Schistosoma mansoni no Brasil. In: CARVALHO, O. S.; COELHO,
P. M. Z.; LENZI, H. L. (Org.). Schistosoma mansoni e Esquistossomose: uma visédo
multidisciplinar. Rio de Janeiro: Editora FIOCRUZ, 2008. p. 393-418.

CARVALHO, 0. S.; COELHO, P. M. Z.; LENZI, H. L. (Org.). Schistosoma mansoni e
esquistossomose: uma visao multidisciplinar. Rio de Janeiro: Editora FIOCRUZ,
2008. 1124 p.

COIMBRA JUNIOR, C. E. A.; ENGEL, L. A. Suscetibilidade de Biomphalaria occiden-
talis do Acre e do Mato Grosso a infecgdo pelo Schistosoma mansoni e sua impli-
cacao na epidemiologia da esquistossomose na Amazonia Ocidental, Brasil. Acta
Amazonica, Manaus, v. 12, n. 4, p. 795-799, 1982. DOI: 10.1590,/1809-43921982124795.

Summa Med. Health Sci. 2026; 2: 141
summajournals.org/smhs n
BY SA

© 2026. The Author(s). Published under CC BY-SA 4.0 license. The authors grant SUMMA Medical and Health Sciences the right of first publication.



https://creativecommons.org/licenses/by-sa/4.0/
https://doi.org/10.63923/smhs.2026.141
https://crossmark.crossref.org/dialog/?doi=10.63923/smhs.2026.141&domain=pdf

Medical
Relationship between Biomphalaria snail occurrence, schistosomiasis incidence, and
and Health

treated sewage coverage in municipalities of Espirito Santo, Brazil :
d Sciences ‘*’

CONCEICAQ, M. M. et al. Aspectos hidricos e epidemioldgicos da transmissio da
esquistossomose mansonica. Revista Saude e Biologia, v. 11, n. 2, p. 55-64, 2016.

CRUZ, W. M. et al. Saneamento basico inadequado e condi¢des de satde relacio-
nadas: uma revisdo integrativa. Physis: Revista de Saude Coletiva, Rio de Janei-
ro, v. 35, n. 2, e350236pt, 2025. Disponivel em: doi.org.

ESPIRITO SANTO (Estado). Secretaria de Estado da Sauide. Boletim Epidemiold-
gico da Esquistossomose 2023: Superintendéncia Regional de Saude de Vitoria.
Vitéria: SESA, 2023. Disponivel em: saude.es.gov.br.

ESPIRITO SANTO (Estado). Secretaria de Estado da Saude. Vigilancia da Esquis-
tossomose Mansoni: diretrizes técnicas. Vitéria: SESA, 2010.

FREITAS, B. S.; BERGER, M. S.; VOLPI, S. J. Esquistossomose: compreendendo os
fatores para alta prevaléncia da doenga em um municipio endémico no Estado
do Espirito Santo. Natureza Online, [s. 1.], v. 20, n. 1, p. 1-13, jan./abr. 2022. Dispo-
nivel em: naturezaonline.com.br.

GAZZINELLI, A. et al. Socioeconomic determinants of schistosomiasis in a poor
rural area in Brazil. Acta Tropica, v. 99, n. 2-3, p. 260-271, 2006. DOI: 10.1016/].
actatropica.2006.09.001.

GRIMES, J. E. T. et al. The relationship between water, sanitation and schistoso-
miasis: a systematic review and meta-analysis. PLoS Neglected Tropical Disea-
ses, V. 8, n. 12, p. €3296, 2014. DOI: 10.1371/journal.pntd.0003296.

GRIMES, J. E. T. et al. The roles of water, sanitation and hygiene in reducing
schistosomiasis: a review. Parasites & Vectors, v. 8, p. 156, 2015. DOI: 10.1186/
$13071-015-0766-9.

NAHAS, Maria Inés Pedrosa; MOURA, Arlete Soares Alves de; CARVALHO, Rodrigo
Coelho de; HELLER, Léo. Desigualdade e discriminagéo no acesso a 4gua e ao esgo-
tamento sanitario na Regido Metropolitana de Belo Horizonte, Minas Gerais, Brasil.
Cadernos de Saude Publica, v. 35, n. 4, 00100818, 2019. Disponivel em: doi.org.

OLIVEIRA, D. S. et al. Schistosomiasis mansoni in urban Northeast Brazil: in-
fluence of rainfall regime on the population dynamics of Biomphalaria sp. Revis-
ta da Sociedade Brasileira de Medicina Tropical, v. 46, n. 5, p. 654-657, 2013. DOI:
10.1590/0037-8682-1671-2013.

Summa Med. Health Sci. 2026; 2: 141

summajournals.org/smhs n
BY SA

© 2026. The Author(s). Published under CC BY-SA 4.0 license. The authors grant SUMMA Medical and Health Sciences the right of first publication.



https://creativecommons.org/licenses/by-sa/4.0/
https://doi.org/10.63923/smhs.2026.141
https://crossmark.crossref.org/dialog/?doi=10.63923/smhs.2026.141&domain=pdf

Medical
Relationship between Biomphalaria snail occurrence, schistosomiasis incidence, and
and Health

treated sewage coverage in municipalities of Espirito Santo, Brazil :
d Sciences ‘*’

OLIVEIRA, M. A. M.; LINS, C. M. L.; COSTA, L. B. B. Analise da esquistossomose
no Sudeste (2013-2023). Revista Ibero-Americana de Humanidades, Ciéncias e
Educacgdo, Sao Paulo, v. 11, n. 3, p. 1173-1187, mar. 2025. DOI: doi.org.

PARAENSE, W. L. Biomphalaria occidentalis sp. n. from South America (Mollusca
Basommatophora Pulmonata). Memorias do Instituto Oswaldo Cruz, Rio de Ja-
neiro, v. 76, n. 2, p. 199-211, 1981. DOI: 10.1590/S0074-02761981000200010.

PARAENSE, W. L. Distribui¢cdo dos caramujos no Brasil. In: REIS, F. A.; FARIA, L.;
KATZ, N. (Ed.). Modernos conhecimentos sobre esquistossomose mansénica.
Belo Horizonte: Academia Mineira de Medicina, 1986. p. 117-128.

PARAENSE, W. L.; CORREA, L. R. Unsusceptibility of Biomphalaria occidenta-
lis to infection with a strain of Schistosoma mansoni. Memorias do Instituto
Oswaldo Cruz, Rio de Janeiro, v. 77, n. 1, p. 55-58, 1982. DOI: 10.1590/S0074-
02761982000100006.

PIZA, J. T.; RAMOS, A. S.; BRANDAO, C. S. H.; CAMARGO, L. S.; CASTRO, N. F. A
carta planorbidica do Estado de Sdo Paulo. Sdo Paulo: Secretaria de Estado da
Saude (Campanha de Combate a Esquistossomose), 1972.

RAMOS, R. F. (2018). Modelagem de nicho ecolégico de Biomphalaria spp (Preston,
1910) no Estado do Espirito Santo-Brasil.

SANTOS, M. C. S. et al. Schistosomiasis, soil-transmitted helminthiases and
sanitation: a cross-sectional study in a low-endemic area in Brazil. Revista do
Instituto de Medicina Tropical de Sdo Paulo, v. 65, e41, 2023.

SANTOS, M. C. S.; OLIVEIRA, G. L.; MINGOTI, S. A.; HELLER, L. Effect of environ-
mental factors in reducing the prevalence of schistosomiasis in schoolchildren:
an analysis of three extensive national prevalence surveys in Brazil (1950-2018).
PLoS Neglected Tropical Diseases, v. 17, n. 7, €0011480, 2023.

SOUZA, H. P. de et al. Doencgas infecciosas e parasitarias no Brasil de 2010 a 2017:
aspectos para vigilancia em saude. Revista Panamericana de Salud Publica, v.
44, e10, p. 1-11, 2020. Disponivel em: doi.org.

SOUZA, M. D. R.; DE JESUS, D. M. S.; SANTOS, A. H. C.; et al. Risk clusters of
Schistosoma mansoni infection in an endemic state of Brazil: space-time mo-
delling and association with socio-economic and environmental factors. Tran-
sactions of the Royal Society of Tropical Medicine and Hygiene, v. 116, n. 2, p.
135-145, 2022.

Summa Med. Health Sci. 2026; 2: 141

summajournals.org/smhs n
BY SA

© 2026. The Author(s). Published under CC BY-SA 4.0 license. The authors grant SUMMA Medical and Health Sciences the right of first publication.



https://creativecommons.org/licenses/by-sa/4.0/
https://doi.org/10.63923/smhs.2026.141
https://crossmark.crossref.org/dialog/?doi=10.63923/smhs.2026.141&domain=pdf

Medical
Relationship between Biomphalaria snail occurrence, schistosomiasis incidence, and
and Health

treated sewage coverage in municipalities of Espirito Santo, Brazil :
d Sciences ‘*’

SOUZA, R. Z. R. Ecoepidemiologia da esquistossomose mansoni em areas de baixa
endemicidade no estado do Espirito Santo, Brasil. 2018. Dissertacgédo (Mestrado em
Doengas Infecciosas) - Universidade Federal do Espirito Santo, Vitéria, 2018.

SPAMER, H. (2016). Migracgao e identidade étnica pomerana no Espirito Santo. I
Coléquio Internacional de Mobilidade Humana e Circularidade de Ideias.

TELES, H. M. S. Distribuicao de Biomphalaria tenagophila e B. occidentalis no
Estado de S&o Paulo (Brasil). Revista de Saude Publica, Sdo Paulo, v. 23, n. 3, p.
244-253, 1989. DOI: 10.1590/50034-891019890003000009.

TEODORO, T. M.; JANOTTI-PASSOS, L. K.; CARVALHO, O. S.; CALDEIRA, R. L.
Occurrence of Biomphalaria cousini (Mollusca: Gastropoda) in Brazil and its
susceptibility to Schistosoma mansoni (Platyhelminths: Trematoda). Molecu-
lar Phylogenetics and Evolution, v. 57, n. 1, p. 144-151, 2010. DOI: 10.1016/j.ym-
pev.2010.05.019.

VAZ, J. F.; TELES, H. M. S.; CORREA, M. A.; LEITE, S. P. S. Ocorréncia no Brasil
de Biomphalaria occidentalis Paraense, 1981, em um foco de esquistossomose
mansonica. Revista de Saude Publica, Sdo Paulo, v. 17, n. 5, p. 343-361, 1983. DOI:
10.1590/50034-89101983000500001.

Submission history - Submitted: 2026-08-04 - Acepted: 2026-09-08
DOI: 10.63923/smhs.2026.141
Responsible Editor: Gustavo Martins Rocha @

© 2026. The authors. Open-access article published by SUMMA Medical and Health Sciences. The authors retain the copyright to their work and
grant SUMMA Medical and Health Sciences the right of first publication. This article is licensed under the Creative Commons Attribution-ShareAlike
4.0 International (CC BY-SA 4.0) license, which permits use, distribution, and reproduction in any medium, including for commercial purposes,
provided the original work is properly cited and derivative works are distributed under the same license.

Summa Med. Health Sci. 2026; 2: 141

summajournals.org/smhs n 22
BY SA

© 2026. The Author(s). Published under CC BY-SA 4.0 license. The authors grant SUMMA Medical and Health Sciences the right of first publication.



https://creativecommons.org/licenses/by-sa/4.0/
https://doi.org/10.63923/smhs.2026.141
https://crossmark.crossref.org/dialog/?doi=10.63923/smhs.2026.141&domain=pdf
https://orcid.org/0000-0002-8191-866X
https://lattes.cnpq.br/4175309331752635

	_GoBack

