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Introduction: Brazilian guidelines for schistosomiasis elimination recommend regular search of
infection carriers and their timely treatment. This study evaluates the effect of educational ac-
tions (EAs) among schoolchildren on adherence to diagnosis and treatment, as well as on
knowledge of the disease.

Methods: In April/2013, a questionnaire was applied to 6th-to-8th-grade pupils of eight public
schools to evaluate prior knowledge of disease and self-reported risk behavior. Baseline parasi-
tological survey (PS) was done in May/2013, followed by selective treatment and cure assess-
ment. The schools were then randomly allocated to experimental (EG) and control (CG)
groups, with and without EAs, respectively. EAs were conducted for 3 months from August/
2013. Questionnaire was reapplied in November/2013, April/2014, October/2014, and Octo-
ber/2015 to evaluate changes in knowledge about the disease and self-reported risk behavior.
Two further annual PSs (May/2014 and May/2015), each followed by treatment of positives,
allowed to evaluate between-group differences and intra-group changes in adherence to diag-
nosis and treatment, and to follow-up prevalence and intensity of infection.

Results: Adherence to diagnosis did not differ significantly between EG (84.1%) and CG (81.1%)
at baseline but was significantly higher in EG in subsequent PSs. Overall, adherence to treat-
ment was higher than 90% in all three PSs; cure was 98.4%, egg-reduction was 99.8% and rein-
fection, 2.8%. Prevalence fell significantly in EC (from 23.5% to 6.8%) and CG (from 21.8% to
2.4%), the same occurring with intensity (from 54.2 to 4.6 epg in EG and from 38.4 to 1.3
epg in CG). Disease knowledge increased significantly in EG and CG; knowledge about disease
transmission increased significantly more in the EG. Self-reported risk behavior remained
above 67% and did not differ significantly between EG and CG.

Conclusion: EAs increased adherence of schoolchildren and improved knowledge about the disease,
confirmingthatEAsarean important tool toenhanceschoolchildrenparticipationincontrolcampaigns.
© 2021 The Authors. Published by Elsevier Ltd on behalf of World Federation of Parasitologists.

This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
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1. Background

Schistosomiasis is one of the main neglected diseases perpetuated by poverty in the world (King, 2010). At present, World
Health Organization recommends its control by large-scale periodical treatment of population groups under risk, access of
these groups to potable water, sanitation and health education, and control of intermediate hosts (WHO, 2020). As none of
these measures employed separately has shown to be sustainable and effective in the long run, the involvement and effort of var-
ious public sectors, and the adequacy of different control strategies to local realities is essential (Rollinson et al., 2013; Tchuem-
Tchuenté et al., 2017; Bergquist et al., 2017; Hurlimann et al., 2018; Parisi et al., 2019).

It is consensus that treatment conjugated to sanitation and safe water supply are the most effective measures to eliminate
schistosomiasis (Al Ghahtani and Amin, 2005; N'Diaye et al., 2016; Shiff, 2017; Bergquist and Gray, 2019). The sustainability of
these measures may be enhanced if they are associated to educational health initiatives capable of considering local specificities
(Schall, 1987; Massara and Schall, 2004; Ejike et al., 2017; Sun et al., 2017; Inobaya et al., 2018; Hailu et al., 2018; Appleby et al.,
2019).

Children at school age are a particularly important target group in actions related to the control of schistosomiasis in endemic
areas. First, because they concentrate relatively high prevalence and intensity rates of infection, associated to persistent risk fac-
tors, including behavioral (Gazzinelli et al., 2017); second, because this group's rates of infection may be used as a reference to
determine the most appropriate treatment scheme in the communities under risk (WHO, 2006, 2011), as well as to evaluate
the reach of morbidity control and elimination goals (WHO, 2013a). It is therefore, a group who has to be specially mobilized
and sensitized not only to avoid risk behaviors (Munisi et al., 2017) but also to accept the offer of frequent treatments in high
risk areas and have periodic follow-up stool tests, even in low-risk areas.

Low adherence rates in school-age children are common in areas subject to repeated test-and-treat cycles (Massara et al.,
2006; Favre et al., 2015) as well as periodic mass drug administration (MDA), (Sady et al., 2013; Knopp et al., 2016; Inobaya
et al., 2018), which may hamper WHO recommendations (WHO, 2011) not only of treatment coverage (75% or more of children
in school-age under risk), as also of follow-up tests in sentinel schools to obtain minimally reliable prevalence estimates. The oc-
currence of low adherence in this key group can compromise the work of local health teams, hinder the satisfactory implemen-
tation of control actions and weaken the efforts to eliminate the disease as a public health problem (Cabello et al., 2016).

The present Brazilian Ministry of Health (MoH) guideline for most of the endemic areas involves active search followed by
treatment of infection carriers, through periodic parasitological surveys of populations under risk; the minimum coverage recom-
mended is 80% for diagnosis and treatment (Brasil, 2014; Favre et al., 2015). Although the MoH does not follow strictly WHO's
recommendation of administering praziquantel annually to elementary and junior high school students independent of individual
diagnosis (WHO, 2012), this guideline meets public health policies and the epidemiological specificities of the country, maintain-
ing the commitment with WHO's (WHO, 2013a) goals of eliminating schistosomiasis.

As occurs in various schistosomiasis endemic countries (Price et al., 2015; Sacolo et al., 2018), in Brazil school has been con-
sidered a strategic space to construct, debate and spread issues related to this and other diseases that engage the community as a
whole (Massara and Schall, 2004; Gazzinelli et al., 2006; Favre et al., 2009; Pereira et al., 2010; Gazzinelli et al., 2016). The school
space is also especially advantageous for implementing strategies that involve diagnosis and treatment and a starting point to ex-
pand such actions for the community (Cabello et al., 2016).

Under this perspective, the present study developed an educational strategy directed and adequate to the reality of children
from elementary schools of endemic municipalities, having schistosomiasis as inductor theme, the school as operational base
and teachers as multipliers of knowledge of the disease. The study's primary goal was to evaluate if this strategy may contribute
to obtain and/or maintain satisfactory levels of adherence to the diagnosis by stool testing and treatment with praziquantel. The
secondary goal was to verify if such strategy is also capable of improving the knowledge of the disease.
2. Materials and methods

2.1. Study area and baseline information

The study was carried out in Malacacheta municipality, located in the schistosomiasis endemic area in Minas Gerais, Brazil.
Cabello et al. (2016) described the municipality's demographic and socioeconomic characteristics and obtained baseline informa-
tion of the disease in the elementary school population (1st to 9th grades). Thus, of 3102 schoolchildren enrolled in March 2013,
2519 (81.2%) adhered to the baseline parasitological survey using the Kato-Katz method (Katz et al., 1972), one stool sample with
two slides, that identified 539 (21.3%) positives for S. mansoni. Of the positives, 503 (93.3%) adhered to treatment with
praziquantel (60 mg/kg); however, only 363 (72.1%) of those who received treatment adhered to the follow-up survey 45 days
after.

Cabello et al. (2016) also applied a closed-question questionnaire to schoolchildren from 6th to 8th grades to obtain informa-
tion on their previous knowledge of schistosomiasis and risk behavior related to it. Thus, of a total of 924 schoolchildren who an-
swered the questionnaire, 95% showed some knowledge of schistosomiasis, although 76.2% reported contact with untreated
water.
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2.2. Study design and target group

This was a longitudinal intervention study, carried out from March 2013 to October 2015, in which schoolchildren from 6th to
8th grades of the elementary schools were target of an educational strategy, having schistosomiasis as inducing theme. This strat-
egy, applied in four schools chosen as Experimental Group, consisted of: (a) providing a refresher course in schistosomiasis for
teachers of 6th to 8th grades in August 2013, (b) implementing EAs from August to October 2013 and (c) holding thematic
fairs (one at each school) in November 2013; in four other schools, chosen as Control Group, this educational strategy was not
implemented. Schoolchildren from both groups were presented to the following activities during the study (Fig. 1): (a) three an-
nual parasitological surveys (May 2013, May 2014, May 2015), each followed by treatment of those positive, allowing to evaluate
differences between groups and intragroup changes in adherence to diagnosis and treatment, and also to follow up the prevalence
and intensity of infection during the period, and (b) questionnaire application on five occasions (April 2013, November 2013,
April 2014, October 2014, October 2015), allowing to compare the knowledge and reported risk behavior between baseline
(Pre-EAs) and each subsequent time point, as well as within groups.

The impact of the educational strategy was evaluated comparing differences between the two groups (experimental and con-
trol) as for the proportion of schoolchildren that adhered to each diagnosis and treatment cycle among those who were attending
school at the times of all three annual parasitological surveys. Changes in knowledge and self-reported risk behavior were
followed up in schoolchildren of both groups that answered the questionnaire on all occasions (from April 2013 to October 2015).

2.3. Inclusion and exclusion criteria

This study included schoolchildren who, in April 2013, were enrolled in the 6th, 7th or 8th grades of eight schools that, from
the 18 elementary schools in the municipality, were chosen to constitute the experimental and control groups. The choice of these
schools was made by the following reasons: (a) the content “waterborne diseases”, previewed in the Science classes, would have
been approached and therefore could enhance the research's educational actions, (b) inclusion of schoolchildren whose age group
would have enough insight to understand and answer the questionnaire and (c) students from the middle years would remain at
the same school during the 2 years of follow-up, reducing loss of subjects due to change of school caused by schooling
progression.

2.4. Sample size

The minimum size of each group was calculated at 388 to detect two-tailed statistical significance at the 5% (0.05) level, power
of 80% (Lwanga and Lemeshow, 1991). However, to compensate follow-up losses all students enrolled from the 6th to the 8th
grade were invited to participate.

2.5. Data collection

2.5.1. Questionnaire
The questionnaire, described in the baseline study (Cabello et al., 2016), consisted of closed questions to access knowledge on

schistosomiasis and self-reported risk behavior including three types of variable categories: (a) demographic: school, age, gender
and area of residence (rural/urban); (b) knowledge of schistosomiasis: if they have heard of the disease (yes/no), if the theme was
approached at school (yes/no), if they know people who have or had the disease (yes/no), if the schoolchildren had or have the
disease (yes/no), if they know where transmission occurs (water/earth/air), if they know the transmitting agent (snail/mosquito/
kissing bug), if they know where the transmission agent lives (water/earth/air), if they know what biological material is used for
diagnosis (stool/urine/blood) and if they know if the disease can be treated (yes/no); and (c) risk behavior: if they have contact
with freshwater bodies (yes/no) and the kind of contact (multiple answers): washing animals; washing vehicles/car/bike/clothes/
utensils; swimming, fishing, collecting sand and bathing. For the analysis, occurrence of risk behavior was considered affirmative if
the schoolchildren marked at least one of the options of contact with freshwater bodies.

The questionnaire was first applied before the beginning of the research, in April 2013, to access students' previous knowledge
of the disease (Cabello et al., 2016). At that time neither the status of infection by S. mansoni nor the intervention group in which
schools would be allocated were known. The questionnaire was reapplied after one (November/2013–1 M post-EAs), six (April/
2014–6 M post-EAs), 12 (October/2014–12 M post-EAs) and 24 (October/2015–24 M post-EAs) months of EAs completion, the
same procedure being adopted on all five occasions. Changes of knowledge and self-reported behavior were evaluated comparing
answers provided in the pre-EAs application with each the four post-EAs applications. To avoid doubts and reduce chances of bias
due to exchange of information between schoolchildren, a member from the research team applied the questionnaire, reading
question by question, informing the rule for its filling out and clarifying doubts.

2.5.2. Parasitological information
The baseline parasitological survey was carried out in May 2013, right after the first application of the questionnaire, and in-

cluded all schoolchildren that were attending school in April 2013 (Cabello et al., 2016). Diagnosis of schistosomiasis was per-
formed by parasitological testing, using Kato-Katz quantitative method (Katz et al., 1972). The survey included distribution of
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Fig. 1. Timeline of questionnaire applications, parasitological surveys, selective treatments (all in red) and educational actions (in blue) against schistosomiasis
mansoni targeted at schoolchildren in the middle years of schooling (6th to 8th grades) from to 2013 to 2015 in eight elementary schools of Malacacheta,
Minas Gerais, either subjected to the educational actions in 2013 (Experimental Group) or not (Control Group). (For interpretation of the references to colour
in this figure legend, the reader is referred to the web version of this article.)
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containers and collection of samples the following day, preparation and reading of slides by experienced technicians. For quality
control 10% of samples were read by an outside microscopist (WHO, 2013b).

The baseline survey allowed identify schoolchildren infected by S. mansoni, estimate the individual egg load and prevalence in
the eight schools studied. Those tested positives were treated with 600 mg praziquantel tablets (Farmanguinhos/Fiocruz), admin-
istered in school environment under medical supervision, in a single 60 mg/kg dose as MoH's recommendation; those having soil-
transmitted helminths (STH) received one tablet of albendazol (400 mg) to be taken at home under parental supervision (Brasil,
2014; Cabello et al., 2016). At 45 days after the first cycle of treatment, those positive to S. mansoni at baseline were invited to
provide a new stool sample to evaluate treatment efficacy (WHO, 2013b). Two other annual surveys followed by treatment of
the positives were carried out in May 2014 and May 2015 to follow up infection.

2.6. Paring and allocating schools in intervention groups

Six of the eight schools were paired according to the number of schoolchildren enrolled from the 6th to the 8th grades, the
type of area they were located (rural/urban), and the percentages of adherence to the test and of positives for S. mansoni obtained
in the baseline survey (Cabello et al., 2016). After pairing, these schools were allocated at random in the two intervention groups:
Manoel, Mucuri and Stella in the Experimental Group, and Aristides, Coimbra and Monsenhor in the Control Group. Two other
schools were allocated without pairing: Jaguaritira (rural) in the Experimental Group and Mestre (urban) in the Control Group.

2.7. Refresher course for teachers

In the beginning of August 2013, after schools had been allocated in the intervention groups, a refresher course of knowledge
of schistosomiasis was offered to ten teachers from the 6th to the 8th grades of the four schools in the experimental group.
Teacher participation was voluntary and approved by the direction of the four schools. The course took 5 days, full time, with
the goal of informing, instrumenting and motivating teachers to act as knowledge multipliers on the disease in the classroom.
4
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It was developed to allow critical discussions on the “whys” of the disease's permanence in our country and in the municipality,
orienting contents to the participant's reality.

The theoretic content available at classes was supplemented with laboratory and field practices, in order to make the process
more dynamic and attractive by associating the theoretic content to real conditions where disease transmission occurs and em-
phasizing social and environmental aspects that determine the epidemiological reality of the municipality.

2.8. Selection of educational material

A workshop was carried out during the course to define the most adequate educational material for the target group and to
standardize procedures to be adopted in the EAs to be implemented in the classroom by all multiplier teachers. Various educa-
tional materials were made available by the research group to approach the theme (booklets, mockups, videos, games, pieces
in “cold porcelain”, showcase box with snail shells, microscopy slides of the developmental stages of S. mansoni, posters, folders).
After ample discussion by the research team and multiplier teachers on the ludic nature of materials, their adequacy to the target
age-range and coherence of themes to be approached, an “educational kit” to be used in the classroom by teachers was defined,
consisting of the following material: (a) theoretical lesson, set up by multiplier teachers and revised by researchers, (b) the video
“The X in ‘Xistose’” (https://www.youtube.com/watch?v=9xYRkS5Eq1U), a cartoon approaching the elements involved in the dis-
ease transmission cycle from a story of a pupil and his friends, (c) the video “Schistosomiasis: breaking the cycle” (https://www.
youtube.com/watch?v=w7RXt8d1u6g), a documentary associating the disease cycle to narratives of residents of an endemic area
in Northeastern Brazil, (d) booklets approaching the developmental stages of the parasite in hosts and the environment (Schall
et al., 2007a, 2007b), (e) games to identify developmental stages of S. mansoni and assembly of the biological cycle and
(f) showcase box for identifying shells of host snails and other freshwater snails. At the end of the course, all multiplier teachers
received a certificate of participation issued by the Academic Secretariat of the René Rachou Institute - Fiocruz Minas.

2.9. Implementation of EAs

A second workshop was carried out with multiplier teachers before the beginning of EAs to discuss the best approach for each
material, standardize the dynamics and basic procedures and define the time necessary for developing the EAs. After considering
the other tasks of teachers at school and the school calendar, it was defined that the EAs would be implemented in two weekly
classes, during the months of August, September and October/2013.

Two follow-up meetings were carried out with teachers during the implementation of EAs in the classroom to guide any pos-
sible adjustments, avoid discontinuity of actions and ensure that all educational kit material was addressed. A total of 19 classes
and 520 schoolchildren participated in EAs and had access to the educational kit.

In December 2013, after the closing of EAs, science fairs on schistosomiasis were held at the four experimental schools. Mate-
rials and contents developed by schoolchildren and teachers during EAs (mockups, brochures, booklets, poems, dolls representing
schistosomiasis carriers, parodies, songs and plays) approached aspects of local epidemiologic reality, disease cycle and risk situ-
ations were presented to the entire school community. The fairs were set up under the supervision of the research team, that
furnished other material to enrich the exhibition, and they were shown during a whole day at each school, so that schoolchildren
enrolled in all grades and teachers from all school shifts could have access to the material.

After applying the questionnaire 24 months post-EAs, in October 2015, the same schistosomiasis refreshing course was offered
to all teachers of the four schools of the Control Group, and their schoolchildren had access to the same educational strategy im-
plemented in the schools of the Experimental Group.

In November 2015, a fair called “’Xistose’ X-Day (Schisto Fair)” was set up in the main municipality square, in which educa-
tional material, songs and plays developed by schoolchildren and teachers of all eight schools were exhibited to the entire
community.

2.10. Data management and analysis

Data were double entered into Microsoft Office Excel 2013, crosschecked for accuracy, and exported to Systat 13 for statistical
analysis. Categorical variables such as adherence (yes/no) to testing and to praziquantel treatment, presence of parasite eggs
(yes/no), gender (male/female), area of residence (rural/urban), classes of infection intensity (light/moderate/heavy) and the
questionnaire answers (yes/no or correct/incorrect) were presented as frequencies and percentages (Cabello et al., 2016).

The following indices were calculated for S. mansoni infection (WHO, 2011; WHO, 2013b): (a) prevalence of infection was es-
timated as the proportion (%) of egg-positives among the tested subjects; (b) intensity of infection was expressed as the arith-
metic mean of egg counts per gram of stool (epg) of the tested subjects; (c) the positive subjects were categorized into classes
of egg counts: light (1–99 epg), moderate (100–399 epg) and heavy (≥ 400 epg); (d) parasitological cure rate was estimated
as the proportion (%) of egg-positive subjects at baseline who became negative at 45 days after first treatment; (d) egg reduction
rate (ERR) at 45 days after treatment was calculated by the formula: ERR (%) = 100 x (1- (arithmetic mean epg at follow up/ar-
ithmetic mean epg at baseline); (e) reinfection rate was determined by the proportion (%) of egg-negative subjects at 45 days
after first treatment who became egg-positive at a subsequent parasitological survey. Adherence to stool testing was calculated
as the percentage of subjects provided with collection containers who then returned stool samples. Adherence to treatment
with praziquantel was calculated as the percentage of egg-positives who took the medication as prescribed.
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The statistical analysis followed the guidelines of Sokal and Rohlf (1995). Univariate analysis of the adherence between the
intervention groups (experimental/control), areas of residence (rural/urban) and gender (girls/boys) was performed by Pearson's
chi-square (χ2) test at each time point (2013, 2014 and 2015 surveys). p-Values below 0.05 (5%) was assumed to indicate statis-
tical significance. Binary logistic regression analysis was used to assess the independent effect of the variables shown to be statis-
tically significant by univariate analysis. School clustering was accounted for and robust standard errors were used. Odds Ratio
(OR) and 95% Confidence Intervals (CI) were used to evaluate significant effects of each variable; if the 95% CI did not contain
unity, the effect was considered as significant. Significant differences (p < 0.05) in egg counts between experimental and control
groups was determined by t-test of log10-transformed values, 1 being added to each egg-count value to include the logarithm of
zero egg counts (negative results). The significance of differences in the percentages of assertive or correct responses on the
knowledge of schistosomiasis and risk behaviors within each group (EG and CG), between baseline (Pre-EAs) and each subse-
quent time point (one, six, 12 and 24 months after the EAs) was evaluated by the McNemar test. The significance of the differ-
ences between the two groups (EG and CG) in each questionnaire application was evaluated by Pearson's chi-square (χ2) test.

3. Results

A total of 937 schoolchildren were enrolled in the study, as they were attending school at the times of all three annual par-
asitological surveys. Of the 767 adhering to stool testing in 2013, 395 (51.5%) were rural residents, 388 (50.6%) were females
(Table 1), and their age was 12.7 ± 1.4 years (arithmetic mean and standard deviation). Adherence of participants to the yearly
stool testing was higher in the 2013 survey than in the two subsequent ones and did not significantly differ between the groups
later chosen as experimental and control. It decreased progressively in subsequent surveys in both intervention groups staying
above 70% and significantly higher in the experimental group. In the three surveys, adherence to stool testing was significantly
higher among schoolchildren residing in the rural area than those from the urban area and did not differ between boys and
girls (Table 1). The logistic regression to evaluate the independent effect of the intervention group and area of residence in the
adherence to stool testing showed that, at baseline, being resident in the rural area increased chances of adhering to testing; in
the two subsequent surveys, both residing in the rural area and belonging to the experimental group, i.e. having access to EAs,
significantly increased the chance of adhering to stool testing (Table 2).

Table 3 shows parasitological data relative to the schoolchildren who adhered to stool testing in each of the three annual sur-
veys. At baseline, 64.2% of the egg-positives had light infection, and 35.8% eliminated more than 100 epg (moderate-to-high in-
fection). In the 2014 and 2015 surveys there was a significant reduction in prevalence of infection as well as of moderate and
intense infections that may be attributed to selective treatment, since adherence was above 94% in the three cycles and the par-
asitological cure after the first treatment was 98.4%. Of 125 schoolchildren who tested negative after treatment in 2013, three be-
came egg-positive in the 2014 survey and none of them tested positive in 2015. In 2015, of the 27 positives, 24 (89%) had low
infection and only three of them eliminated more than 100 epg.

At baseline, prevalence of infection was 30.3% (CI 95%: 23.5%–37.5%) in EG and 21.8% (CI 95%: 15.1% - 29.4%) in CG; intensity
of infection was 54.2 (95% CI: 35.1–73.3) eggs per gram of stool (epg) for EG and 38,4 (95% CI: 12.9–64.0) epg for CG. Prevalence
of infection fell to 12.7% (CI 95%: 8.7%–17.6%) in EG and 4.9% (95% CI: 2.5%–8.2%) in CG in 2014, and it fell further to 6.8% (95% CI:
3.9%–10.7%) in EG and 2.4% (95% CI: 0.7%–5.5%) in CG in 2015. Intensity of infection fell to 15.3 epg (95% CI: 6.0–24.6 epg) in EG
and 7.5 epg (95% CI: −0.7–15.7 epg) in CG in 2014, and also fell further to 4.6 epg (95% CI: 1.3–7.9 epg) in EG and 1.3 epg (95%
CI: −0.3 3.0 epg) in CG in 2015. The dataset of these results is available from the first author and the corresponding author upon
request.

Table 4 shows the answers on knowledge and risk behavior of 279 schoolchildren who adhered to the stool testing in the
three annual surveys and answered the questionnaire on the five occasions in which it was applied. At baseline, the percentages
of assertive (yes) or correct answers did not differ significantly between EG and CG for topics 1, 2, 3, 4, 6 and 8; however, they
were significantly higher in EG for topics 5 and 7, referring to the transmission agent (snail) and the biological material (stool)
used for diagnosis, respectively. The lowest percentages were observed in topic 3, related to the individual disease history
(16.7% in EG and 12.2% in CG). Percentages of reported contact with water bodies (topic 9 in Table 4) were 52% in EG and
59% in CG at baseline and did not differ significantly within or between the groups throughout the study. The percentages of re-
ported risk behavior (topic 10 in Table 4), which were 85.3% in EG and 87.5% in CG at baseline, did not differ significantly be-
tween groups but decreased significantly within them along the study to 72.4% and 67.5%, respectively.

4. Discussion

Adherence (81.8%, 95% CI: 78.8%–84.6%) to the stool testing in the baseline survey was satisfactory, considering that the Tech-
nical Guidelines of the MoH recommend at least 80% of diagnosis coverage (Brasil, 2014). This high adherence may be attributed,
in part, to the fact that the survey was carried out in the classroom, an environment that concentrates schoolchildren in a physical
space where they socialize and tend to be more sensitive to the influence of teachers (Favre et al., 2009; Pereira et al., 2010). It
may have been a consequence of the general mobilization triggered by the research team in the school environment before the
first survey, through meetings with guardians and the school team where the importance of schistosomiasis in the local epidemi-
ological context was stressed. The opportunity of knowing the individual infection status for both schistosomiasis and STH
followed by prompt treatment of the infection carriers, after at least 4 years without any active-search campaign in the munici-
pality, may have also contributed to the high adherence at baseline.
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Table 1
Univariate analysis of the adherence to yearly stool testing from2013 (baseline) to 2015 among schoolchildren in themiddle years of schooling (6th to 8th year) in eight
public schools of Fundamental Education inMalacacheta,Minas Gerais, either subjected to schistosomiasis-related educational actions in 2013 (Experimental Group) or
not (Control Group).

Parameter 2013 2014 2015

n (%) 95% CI n (%) 95% CI n (%) 95% CI

Number adhering to stool testing (N = 937) 767 (81.8) 78.8–84.6 632 (67.4) 63.9–70.8 557 (59.4) 55.7–63.0
By intervention Group Experimental (N = 414) 343 (84.1) 78.2–86.7 306 (73.9) 68.7–78.6 307 (74.2) 68.9–78.8

Control (N = 523) 424 (81.1) 76.8–84.7 326 (62.3) 57.3–67.0 250 (47.8) 42.8–52.7
Test statistics χ2 = 0.49, p = 0.48 χ2 = 14.12, p = 0.00⁎ χ2 = 66.57, p = 0.00⁎

By area of residence Rural (N = 449) 395 (88.0) 84.0–91,1 358 (79.7) 75.0–83.8 355 (79.1) 74.3–83.2
Urban (N = 488) 372 (76.2) 71.5–80.3 274 (56.2) 50.9–61.2 202 (41.4) 36.3–46.5

Test statistics χ2 = 21.72, p = 0.00⁎ χ2 = 69.28, p = 0.000⁎ χ2 = 137.65, p = 0.00⁎
By gender Female (N = 461) 388 (84.2) 80.0–87.7 314 (68.1) 62.9–72.9 273 (59.2) 53.9–64.3

Male (N = 476) 379 (79.6) 75.1–83.6 318 (66.8) 61.7–71.5 284 (59.7) 54.4–64.7
Test statistics χ2 = 3.26, p = 0.07 χ2 = 0.18, p = 0.67 χ2 = 0.02, p = 0.89

Significance of differences in adherence between intervention groups, between areas of residence (rural/urban) and between genders (female/male) were evalu-
ated by chi-square (χ2) test. p-Values below 0.05 indicate statistical significance. N, total number of children attending school at the times of the three annual par-
asitological surveys; n, number of adhering individuals; CI, confidence interval
⁎ Significant difference (p < 0.05).

Table 2
Binary logistic regression analysis to assess the independent effect of the intervention group (experimental vs. control) and the area of residence (rural vs. urban) on the
data of Table 1.

Parameter 2013 2014 2015

OR 95% CI OR 95% CI OR 95% CI

Group (Experimental) 0.92 0.65–1.31 1.36 1.01–1.83⁎ 2.44 1.81–3.28⁎

Area (rural) 2.33 1.61–3.36⁎ 2.87 2.12–3.88⁎ 4.61 3.43–6.20⁎

OR, odds-ratio; CI, confidence interval. Asterisks indicate a statistically significant effect, as the 95% CI did not contain unity.

Table 3
Parasitological variables of schoolchildren in themiddle years of schooling (6th to 8th year) who adhered to stool testing among those attending school at the times of
the three annual parasitological surveys from to 2013 to 2015 in eight public schools of Fundamental Education in Malacacheta, Minas Gerais, Brazil.

Variables Year

2013 (N = 767) 2014 (N = 632) 2015 (N = 557)

Positives for S. mansoni (n, %, 95% CI) 187 55 27
24.3 (20.9–28.0) 8.7 (6.3–11.5) 4.8 (3.0–7.3)

Positives with light infection (1–99 epg) (n, %, 95% CI) 120 42 24
64.2 (55.0–72.2) 76.4 (59.0–88.0) 88.9 (66.0–97.8)

Positives with moderate infection (100–399 epg) (n, %, 95% CI) 47 7 3
25.1 (17.7–33.3) 12.7 (3.8–26.6) 11.1 (1.2–31.0)

Positives with heavy infection (≥ 400 epg) (n, %, 95% CI) 20 6 0
10.7 (5.8–17.1) 10.9 (2.8–24.3)

EPG (Arithmetic mean, 95% CI) 45.5 11.3 3.1
(29.0–62.0) (5.1–17.4) (1.2–5.1)

Adherence to selective treatment (n, %, 95% CI) 176 53 27
94.1 (88.7–97.2) 96.4 (84.7–99.6) 100 (85.1–100)

Adherence to testing at 45 days after treatment (n, %, 95% CI) 127 – –
72.2 (63.7–79.3)

Egg –negatives at 45 days after treatment (n, %, 95% CI)a 125 – –
98.4 (93.1–99.8)

Egg reduction rate at 45 days after treatment (n, %, 95% CI) 127 – –
99.8 (99.4–100)

Re-infected after negativation at 45 days (n, %, 95% CI) – 3 0
2.8 (0.3–8.7)

N, number of individuals adhering to stool testing. n, number of individuals in each variable; CI, confidence interval; epg, eggs per gram of stool; AM, arithmetic
mean.

a Parasitological cure.
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It is possible that embarrassment of schoolchildren as they grew older may have increased refusal to provide stool samples, as
other studies have reported difficulties in obtaining adherence from teenagers (Massara et al., 2006; Sady et al., 2013; Favre et al.,
2015). However, the significant difference in adherence to the testing between the two groups in the 2014 and 2015 surveys
7



Table 4
Percentage values of assertive (yes) or correct answers to topics relative to knowledge of schistosomiasis and risk behavior reported by 279 schoolchildrenwho adhered
to the stool testing in the three annual surveys and answered the questionnaire on the five occasions in which it was applied.

Topics Groups Statistics Pre-EAs 1 month
post-EAs

6 months
post-EAs

12 months
post-EAs

24 months
post-EAs

1) If already heard of schistosomiasis
(yes/no)

CG % (yes) 87.0 95.9 99.2 99.2 100
McNemar's p – 0.00 0.00 0.00 0.00

EG % (yes) 94.2 100 100 100 100
McNemar's p – 0.00 0.00 0.00 0.00

CG vs
EG

χ2/p 3.58/0.06 4.35/0.04 0.01/0.05 0.01/0.91 0.00/1.00

2) If already heard of disease at school
(yes/no)

CG % (yes) 56.1 80.5 92.7 97.6 93.5
McNemar's p – 0.00 0.00 0.00 0.00

EG % (yes) 64.7 97.4 97.4 99.4 100
McNemar's p – 0.00 0.00 0.00 0.00

CG vs
EG

χ2/p 1.81/0.18 20.04/0.00 2.51/0.11 0.56/0.46 8.24/0.00

3) If has or had schistosomiasis (yes/no) CG % (yes) 12.2 28.5 27.6 29.3 30.1
McNemar's p – 0.00 0.00 0.00 0.00

EG % (yes) 16.7 42.9 41.7 46.2 47.4
McNemar's p – 0.00 0.00 0.00 0.00

CG vs
EG

χ2/p 0.77/0.38 5.62/0.02 5.31/0.02 7.57/0.01 7.94/0.01

4) Where transmission occurs
(water/soil/air)

CG % (water) 82.9 91.9 93.5 95.1 96.7
McNemar's p – 0.01 0.01 0.00 0.00

EG % (water) 81.4 100 99.4 99.4 100
McNemar's p – 0.00 0.00 0.00 0.00

CG vs
EG

χ2/p 0.29/0.86 10.91/0.00 5.81/0.02 3.46/0.06 3.10/0.08

5) What animal transmits schistosomiasis
(snail/mosquito/kissing bug)

CG % (snail) 30.9 65.9 73.2 78.9 81.3
McNemar's p – 0.00 0.00 0.00 0.00

EG % (snail) 43.5 98.7 96.8 98.7 100
McNemar's p – 0.00 0.00 0.00 0.00

CG vs
EG

χ2/p 4.18/0.04 53.47/0.00 30.65/0.00 27.87/0.00 29.39/0.00

6) Where transmitter animal lives
(water/soil/air)

CG % (water) 56.9 76.4 74.8 77.2 85.4
McNemar's p – 0.00 0.00 0.00 0.00

EG % (water) 65.4 97.4 97.4 98.1 98.1
McNemar's p – 0.00 0.00 0.00 0.00

CG vs
EG

χ2/p 1.75/0.186 27.14/0.000 30.10/0.000 28.17/0.000 14.19/0.000

7) What material is used for schistosomiasis
diagnosis (stool/blood/urine/other)

CG % (stool) 43.1 89.4 92.7 95.1 96.0
McNemar's p – 0.00 0.00 0.00 0.00

EG % (stool) 59.6 96.2 86.5 98.1 99.4
McNemar's p – 0.00 0.00 0.00 0.00

CG vs
EG

χ2/p 6.88/0.01 3.90/0.05 2.10/0.15 1.09/0.30 2.38/0.12

8) Can schistosomiasis be treated (yes/no) CG % (yes) 95.3 98.1 99.1 99.1 99.1
McNemar's p – 0.08 0.21 0.21 0.21

EG % (yes) 93.2 97.2 98.3 97.8 98.8
McNemar's p – 0.05 0.02 0.03 0.00

CG vs
EG

χ2/p 2.77/0.09 0.51/0.48 0.00/1.00 0.07/0.79 0.00/1.00

9) If has or had contact with water bodies
(yes/no)

CG % (yes) 59.0 56.1 60.4 59.0 55.7
McNemar's p – 0.47 0.71 1.00 0.41

EG % (yes) 52.0 44.0 52.6 49.1 45.7
McNemar's p – 0.05 0.89 0.48 0.18

CG vs
EG

χ2/p 0.00/0.96 0.01/0.91 1.32/0.25 0.31/0.58 0.00/0.97

10) If contact with water bodies involved
any risk behaviora (yes/no)

CG % (yes) 87.5 78.9 74 77.2 67.5
McNemar's p – 0.03 0.00 0.02 0.00

EG % (yes) 85.3 73.7 71.2 71.8 72.4
McNemar's p – 0.00 0.00 0.00 0.00

CG vs
EG

χ2/p 0.19/0.66 0.49/0.49 0.15/0.70 0.80/0.37 0.59/0.44

The Experimental Group (EG) had 156 children and the Control Group (CG), 123. Significant differences (p-values <0.05) between baseline (Pre-EAs) and each
subsequent time point (1 month, 6 months, 12 months, and 24 months post-EAs) were evaluated by the McNemar test. Significant differences between the
two groups in each questionnaire application was assessed by chi-square (χ2) test.

a Washing animals/vehicles/clothes/utensils, swimming, fishing, collecting sand, bathing.
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allows infer that EAs implemented by multiplier teachers, contextualized to the students' epidemiological reality, employing the
educational kit adopted and reinforced by thematic fairs was a motivating strategy and contributed to maintain higher adherence
to stool testing. Gazinelli et al. (2006) developed two educational strategies based on dialogues with schoolchildren of an endemic
location in Minas Gerais and concluded that they encouraged the construction of concepts about the disease and influenced the
adoption of positive attitudes toward their health, including improvement in adherence to testing. Studies carried out in China
also promoted a higher adherence of children and teenagers to test and treatment after the implementation of EAs (Hu et al.,
2005; Zhou et al., 2013). Evidence that EAs may contribute to increase adherence to stool tests is of special importance consider-
ing that MoH recommends regular test-and-treat cycles in low-risk areas. The difficulty of access of rural residents both to diag-
nosis and to treatment, may have contributed to a higher adherence of schoolchildren from this area (Table 2), where
socioeconomic and environmental conditions tend to be more precarious and the risk of disease transmission higher if compared
to urban areas.

Schoolchildren adherence to treatment in the three cycles was above the 80% percentage recommended for endemic areas by
MoH (Brasil, 2014). The difficulty of ingestion of praziquantel by children due to the tablet size and bitterness, as well as the fear
of adverse events (Coulibaly et al., 2018) were probably the main reasons for not achieving complete adherence in the two first
cycles. In 2013, 11 infected schoolchildren did not adhere to treatment. Treatment by the local doctor proceeded without any se-
rious adverse event and adherence reached 100% in the third treatment cycle.

The high percentage of treatment coverage and parasitological cure obtained here were particularly beneficial if we take in ac-
count that in 2013, 35.8% of schoolchildren infected by S. mansoni had moderate-to-intense infections, which are related to severe
morbidity (McManus et al., 2018). Therefore, selective treatment was capable of zeroing or diminishing the egg load, decreasing
the chance of serious sequelae in adult life (Savioli et al., 2004).

The following points may be important in reaching the high adherence to treatment in the 3 years of the study: (a) relevant
information about the disease being provided by the research team to guardians and school staff, (b) easy access to infection sta-
tus by delivering individual test results directly, (c) prompt treatment of the infection carriers overcoming the difficulty in
obtaining praziquantel timely through the local health service. The difficulty of access to praziquantel has been reported in
other municipalities of the endemic area in Minas Gerais (Reis et al., 2010; Quites et al., 2016).

Prevalence of S. mansoni obtained in the baseline survey was 24.3%, although the National Schistosomiasis Control Program has
carried out successive control campaigns in this area since 1998. This worrying situation may be explained by the epidemiological
history of the disease, the persistence of precarious socioeconomic and environmental conditions favorable to transmission, and
the lack of any active-search campaign in the municipality in the previous 4 years (Cabello et al., 2016). A substantial reduction
observed in both prevalence and intensity of infection after two annual stool surveys followed each by treatment of the positives.
Studies carried out with schoolchildren resident in endemic localities in Brazil and in other countries also observed a similar im-
pact of treatment for S. mansoni (Favre et al., 2009; Galvão et al., 2010; Olliaro et al., 2011; Reta and Erko, 2013; Favre et al.,
2015). It is important to highlight that the 4.8% of positives registered in 2015 (Table 3) may reflect cases not previously detected
by Kato-Katz and/or new cases represented by infected schoolchildren who, even attending school at the occasion of the two pre-
vious surveys did not deliver the stool sample to be tested.

The observed decrease in both prevalence and intensity of infection indicate an unquestionable impact of treatment, regardless
of the educational actions implemented in EG, especially considering that a parasitological cure of 98% was detected before the
beginning of EAs. The data show a desired and expressive reduction in infection, but they do not allow to attest the effectivity
of EAs employed and affirm its direct contribution in reducing infection. Isolating the effect of EAs on infection is a methodolog-
ically complex task and ethically unworkable, as the MoH recommends that the identification of infection carriers must be
followed by prompt treatment (Brasil, 2014). This difficulty was not exclusive to the present study. Other works designed to eval-
uate the impact of EAs on indicators of infection by S. mansoni were not capable of establishing a direct relation between Infor-
mation, Education and Communication (IEC) actions and reduction of prevalence (Schall et al., 1993; Lima-e-Costa et al., 2002;
Price et al., 2015). However, as pointed out by Asaolu and Ofoezie (2003), health education is a key measure for providing sus-
tainability to results produced by treatment and sanitation. A meta-analysis carried out by Zhou et al. (2013) on the effects of
health education in the prevalence of schistosomiasis japonicum showed a considerable impact in disease prevention, particularly
if educational actions are implemented long term.

High percentages of schoolchildren from both groups reported having already heard of the disease at baseline (topics 1 and 2
in Table 4). It is not unlikely that control interventions, which ceased 4 years earlier, may have given some prior knowledge about
the disease. However, the most plausible explanation is that previous knowledge may have been acquired when the theme “wa-
terborne diseases” was presented as part of the curriculum content. However, it cannot be ruled out that baseline knowledge
about the disease may have been influenced by the discussion triggered by the research team during the preliminary school meet-
ings. In them, it was clear that the research's goal was to construct an educational proposal, adequate to schoolchildren reality,
taking in account the previous knowledge they had of the disease, which would be accessed from answers in the Pre-EAs ques-
tionnaire. We emphasized that information exchanged during meetings should not be discussed at home or in the classroom. It is
noteworthy that when the meeting was carried out, we did not know which schools would be target of the EAs. Thus, if there was
leakage of information to schoolchildren, it was random and had a chance of occurring at any school.

Schoolchildren from both EG and CG showed a significant increase in most of the assertive (yes) or correct answers between
baseline and each subsequent time point (Table 4), both in topics that reflect a more generic knowledge of the disease (topics 1,
2, 3) and those that involve a more specific level of information (topics 4, 5, 6, 7). The percentage of schoolchildren responding
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that the disease can be treated (topic 8) was greater than 90% in both groups at baseline and remained so in subsequent appli-
cations of the questionnaire; however, it increased significantly in EG but not in the CG.

Despite the overall improvement of schoolchildren knowledge of schistosomiasis, there were important differences between
EG and CG (Table 4). At one-month post-EAs, the percentages of assertive (yes) or correct answers in topics 1 to 6 were signif-
icantly higher in EG. This indicates that information on schistosomiasis was satisfactorily addressed, allowing the schoolchildren
from EG to enlarge knowledge of the disease and have better performance in the questionnaire soon after the implementation
of EAs in the classroom. Six months after the EAs, children from EG maintained significantly higher percentages of correct answers
in topics that denoted a more specific knowledge about transmission (where transmission occurs, what animal is the transmitter
and where does it live), probably because they were shown snails and taught about the life cycle of schistosomes.

One of the practices implemented by multiplier teachers was the construction of a showcase box, an innovative activity in the
school context and that allowed schoolchildren to identify the snail and get closer to local reality by creating their own material.
As pointed out by Schall et al. (1987), the educational approach for the age group studied should make use of materials that help
discrimination in learning and that makes schoolchildren experience science not only in school books or in readymade materials,
but “setting their hands to work” and creating their own material, perceiving reality. As percentages of correct answers about the
transmitter animal (topics 5, 6) remained significantly higher in EG up 2 years post-EAs, it is plausible to claim that the
knowledge acquired through this innovative activity is more enduring.

Persistence of self-reported risk behaviors in both groups may be attributed to the lack of leisure options in the municipality,
an issue not approached in the study, but pointed out by teachers, parents, and schoolchildren from both groups. Children, youth
and even adults residing in the municipality adopt swimming, fishing, and bathing of animals as outdoor leisure. It is noteworthy
that more than 50% of the schoolchildren who adhered to stool testing lived in the rural area (Table 1) where the supply of piped
water is intermittent thus obliging families to frequently use freshwater bodies for leisure and domestic activities. Takeuchi et al.
(2019) also observed high percentages (70% - 80%) of contact with unsafe water even after educational activities and suggested
that the lack of leisure alternatives propitiates the maintenance of risk behaviors.

Other studies that developed educational programs in health also were not well succeeded in changing water-contact behavior
(Palmeirim et al., 2018; Takeuchi et al., 2019). Uchoa et al. (2000), in a work developed in a small village in the north of Minas
Gerais, Brazil, report disappointing results since the educational program was not effective in transforming information in preven-
tive practices to avoid contact with transmission foci. Stothard et al. (2016), working on urinary schistosomiasis in teenage
schoolchildren obtained unsatisfactory results when applying an educational strategy based on comic books and concluded that
it is inadequate to think of reaching voluntary changes of behavior by using only educational material. However, an integrated
health education module applying the Knowledge, Attitudes and Practices (KAP) approach may achieve improved preventive be-
havior in relation to schistosomiasis (Sacolo et al., 2018) and STH (Nath et al., 2020). Educational interventions to prevent schis-
tosomiasis infection need to be coupled with alternative and safe water sources for occupational and recreational use to minimize
infective water contact.

5. Conclusion

This study shows that EAs significantly improve adherence to stool surveys and knowledge about schistosomiasis among
schoolchildren. The results confirm the importance of developing EAs in endemic communities associated to a broad mobilization
of the target group in the school setting. This accomplishment may be attributed mainly to the involvement of teachers as mul-
tiplier agents of knowledge to ensure the attainment and sustainability of EAs in the classroom and promote reflections on the
socioeconomic and cultural factors that determine disease, affect health of schoolchildren and exposes them to infection.

6. Study limitations

The main limitation of this study was a prior awareness about schistosomiasis elicited by the presence of the research team
and by the diagnosis and treatment actions carried out at baseline in the 18 schools of the municipality, including the eight
schools of this study. This may have made the impact of EAs less clear, as the number of children who reported having heard
about the disease previously were high in both EG and CG. Other limitation of the study was the bias caused by interchange be-
tween EG and CG participants, which may have favored the diffusion of information and consequent improvement of knowledge
among CG participants, since many of them attend common social spaces and even the same residence for being relatives. Al-
though this situation may represent a bias, dissemination of relevant information on a health problem that disturbs the entire
community is a desirable outcome. Further work is needed to validate the results, including in areas subjected to MDA, where
individual diagnosis is not a precondition for treatment.

7. Research ethics

Before the study began, parents and guardians of the children at the 18 schools were invited to attend a meeting at their
school, where they received clarifications about the study's goals and procedures and how it would benefit their children. Once
informed and assured as to the terms of the study, they were asked to sign a declaration of free and informed consent to their
child's inclusion in the study.
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n°18/2011). Research clarification procedures and signature of the Informed Consent Form for the students' participation in the
research were the same as those adopted and described in the baseline study (Cabello et al., 2016).
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