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Abstract: A consensus on the recommended screening algorithms for schistosomiasis in asymp-
tomatic high-risk subjects in non-endemic areas is lacking. The objective of this study was to evaluate
the real-life performance of direct microscopy and ELISA serology for schistosomiasis screening
in a high-risk population in a non-endemic setting. A retrospective cohort study was conducted
in two out-patient Tropical Medicine units in Barcelona (Spain) from 2014 to 2017. Asymptomatic
adults arriving from the Sub-Saharan region were included. Schistosomiasis screening was con-
ducted according to clinical practice following a different strategy in each setting: (A) feces and
urine direct examination plus S. mansoni serology if non-explained eosinophilia was present and
(B) S. mansoni serology plus uroparasitological examination as the second step in case of a positive
serology. Demographic, clinical and laboratory features were collected. Schistosomiasis cases, clinical
management and a 24 month follow-up were recorded for each group. Four-hundred forty individu-
als were included. The patients were mainly from West African countries. Fifty schistosomiasis cases
were detected (11.5% group A vs. 4 % group B, p = 0.733). When both microscopic and serological
techniques were performed, discordant results were recorded in 18.4% (16/88). Schistosomiasis cases
were younger (p < 0.001) and presented eosinophilia and elevated IgE (p < 0.001) more frequently.
Schistosomiasis is a frequent diagnosis among high-risk populations. Serology achieves a similar
performance to direct diagnosis for the screening of schistosomiasis in a high-risk population.

Keywords: schistosomiasis; non-endemic; diagnosis

1. Introduction

Human Schistosomiasis is a neglected tropical disease caused by trematodes of the
gender Schistosoma spp. Approximately 240 million people worldwide are affected by
this condition [1]. Meanwhile, individuals with chronic sequelae after infection are an
estimated 440 million [2]. Endemic areas are located in the tropical and subtropical regions
of around 70 countries in Asia, America and Africa, although the Sub-Saharan region
gathers up to 90% of the cases [1]. Six species of Schistosoma sp. affecting humans have
been identified whose distribution is related to the fresh-water snail host occurrence [3].
Schistosoma (S)mansoni, S. japonicum, S. mekongi, S. intercalatum and S. guineensis invade the
mesenteric plexus causing gastrointestinal manifestations, while S. haematobium affects the
pelvic veins causing genitourinary disease [3]. Acute infection may present with fever and
eosinophilia but often goes unnoticed and evolves to chronic forms, which often remain
asymptomatic but may lead to severe consequences in the long-term as result of chronic
tissue inflammation.

In low and non-endemic areas, schistosomiasis has gained prominence due to migra-
tion streams, increased travel to endemic regions and variations in climate conditions that
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affect the intermediate host distribution [4,5]. The prevalence in high-risk groups such as
migrants from endemic areas could reach up to 15%, and even autochthonous outbreaks in
Western countries have been documented [6,7]. The implementation of different screening
strategies in non-endemic settings have been proposed for high-risk groups [8].

The direct microscopic observation of eggs in urine or fecal samples by concentration
techniques such as Kato-Katz has been considered the reference standard for screening in
endemic populations, despite its low sensitivity. Direct observation shows a wide intra-
and inter-individual variability due to circadian changes in the egg load and throughout
the different phases of the infection, as well as to the observer’s experience [9,10]. Antigenic
methods such as circulating antigen detection have been shown to improve the detection
of S. mansoni infections in these high-risk populations [11]. On the other hand, antibody
detection by commercial non-species-specific tests (mainly enzyme-linked immunosorbent
assay, ELISA) is widely used in screening protocols for travelers. However, the clinical
interpretation of the serological results is often unclear in endemic populations chronically
exposed to Schistosoma spp. [12].

As a result, a consensus on recommended screening algorithms using available tech-
niques is lacking. The aim of our study was to describe two different screening strategies
for a high-risk group in a non-endemic area, using direct microscopy observation and
serological detection by ELISA respectively, in order to determine accuracy and usefulness
in a real-world setting.

2. Materials and Methods
2.1. Definitions

Both natives and travelers coming from highly endemic areas (mainly Sub-Saharan
Africa) were considered as groups at high-risk for the presence of schistosomiasis, with a
general expected prevalence of around 15% [6,8], and were therefore candidates for screening.

We use the term migrant based on the United Nations Educational, Scientific and
Cultural Organization (UNESCO) definition as “any person who lives temporarily or
permanently in a country where he or she was not born and has acquired some significant
social ties to this country” [13]. Individuals of European origin living in endemic areas
were considered emigrant, while subjects arriving from endemic areas were considered
immigrants. The term recently arrived migrant was applied to individuals who had arrived
in Europe up to 6 months before inclusion. A subgroup of visiting friends and relatives
(VFR) was categorized according to the Centers for Disease Control and Prevention (CDC)
definition as those migrants who had ever returned to their home country since their arrival
to Europe [14].

2.2. Study Design

A retrospective longitudinal cohort study was performed in order to compare two
different screening strategies for schistosomiasis used in the clinical practice.

2.3. Settings

The study was conducted in two out-patient units specialized in tropical medicine,
belonging to the International Health Program of Catalan Institute of Health (PROSICS) in
Barcelona, Spain. Both units provide free medical care to self-referred individuals and re-
ferred cases from general practitioners and other medical specialists, public health services
and non-governmental organizations (NGOs). Each clinic performs a different schistoso-
miasis screening strategy: (A) hemogram and feces and urine concentration techniques
for direct examination, followed by S. mansoni serology if non-explained eosinophilia was
present, and (B) S. mansoni serology and uroparasitological direct examination at a later
time in case of a positive serology. Coproparasitological analysis was also performed in
group B patients as part of general parasitosis screening, but not specifically for Schis-
tosoma screening. All samples were analyzed at the Parasitology Unit of Vall d’Hebron
Microbiology Department.
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2.4. Study Population and Data Collection

Asymptomatic adults arriving from the Sub-Saharan African (SSA) region from Jan-
uary 2014 to December 2017 were included. Subjects with a previous history of either
eosinophilia or high levels of immunoglobulin E (IgE), schistosomiasis or macrohematuria
were excluded. Demographic, clinical and laboratory data at baseline were collected in
all subjects.

Laboratory tests included hemogram [with absolute eosinophil count (AEC)] and
biochemical panel. Mild eosinophilia was defined as AEC between 500 and 1000 cells/µL,
moderate eosinophilia as AEC between 1000 and 3000 cells/µL and severe eosinophilia
as AEC ≥ 3000 cells/µL. The upper normality limit for relative eosinophils count was
settled in 4.5%, according to the recommendations of the expert group of the Spanish
Society of Tropical Medicine and International Health (SEMTSI) for the diagnosis and
treatment of imported eosinophilia [15]. Total serum IgE levels were also recorded when
available and considered normal below 500 KU/L, following the local reference threshold.
Routine migrant screening, including viral hepatitis serology (hepatitis B surface antigen
and anti-hepatitis C antibodies), human immunodeficiency virus (HIV) antibodies and
antigen-p24 detection and syphilis serology (TPHA and RPR), were performed in all sub-
jects. Asymptomatic individuals aged below 35 years were also tested for tuberculosis
infection by either tuberculin skin test or tuberculosis blood test (Quantiferon-TB Gold®).
Other latent infections, such as malaria and filariasis, were screened based on the patient’s
individual risk assessment. Microscopic examination of stool and urine was performed
through concentration techniques. Stool examination was carried out using the Ritchie’s
formalin-ether technique, while urine samples were processed by centrifugation. The
identification of the different Schistosoma species was established according to the morpho-
logic characteristics of the eggs. An enzyme-linked immunosorbent assay (ELISA) for IgG
against S. mansoni (Novagnost S. mansoni IgG; Siemens Diagnostics, Marburg, Germany)
was performed following manufacturer instructions. The results were expressed by index
and considered positive when the index was ≥1.1, negative when the index was ≤0.9 and
grey zone in values ranging from 0.9 to 1.1.

Complementary examinations [abdominal ultrasound (US) and X-ray] were performed
at the discretion of the physician in charge. Treatment regimens and follow-up at month 6,
12 and 24 after therapy were also recorded. Figure 1 shows a flowchart of the study design.

2.5. Case Definition

Confirmed cases were established after direct observation of Schistosoma eggs in either
feces or urine samples. They were classified as either intestinal or genitourinary disease
according to the identified Schistosoma species [16]. A probable schistosomiasis case was
defined by a positive serology, which was considered clinically relevant (this is followed by
a subsequent treatment prescription) by the responsible physician, without parasitological
confirmation. The disease location was considered undetermined due to the inability to
identify the parasite species in probable cases. Cases considered false positive according to
the medical records were also recorded.

2.6. Statistical Analysis

Univariate analysis of the dataset included measures of distribution, central tendency
(median or mean depending on distribution), and dispersion (standard deviation or in-
terquartile range [IQR]). Normally distributed quantitative variables were compared with
the Student t-test. Non-normally distributed quantitative variables were analyzed with the
Mann-Whitney U test. Categorical variables were described in frequency and percentage.
The bivariate analysis was carried out using the χ2 test or the Fisher’s exact test for frequen-
cies below 5%. Hypothesis testing was conducted with a 5% alpha risk and 95% confidence
intervals (CI), and considered statistically significant if the two-tailed p-value was below
0.05. Statistical analysis was conducted using IBM SPSS, version 26.0 for Windows (SPSS
Inc., Armonk, NY, USA).
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2.7. Ethics Statement

Ethical approval was obtained from the Ethical Committee of the University Hospital
Vall d’Hebron PR(AG)112/2016. All data of the subjects participating in the study was
anonymized. The need for informed consent was waived due to the study’s design.

3. Results
3.1. Baseline Features

A total of 566 patients were tested for schistosomiasis in both settings during the study
period. Four-hundred and forty patients met the inclusion criteria and were included in
the analysis; 399 (90.7%) were screened by urine and feces examination (group A), while 41
(9.3%) were screened by serology (group B). The flowchart is summarized in Figure 1.

Table 1 summarizes the baseline characteristics of the overall cohort and by screening
strategy. Most subjects were male (56.4% in group A vs. 61.0% in group B) with an overall
median age of 36 years (36 vs. 32 years, p = 0.06). Most of the cohort arrived from Western
Africa; predominantly from Equatorial Guinea (190 subjects, 43.2% of the overall cohort).
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Table 1. Baseline characteristics in the overall cohort and by screening strategy.

Overall
(n = 440)

Group A
(n = 399)

Group B
(n = 41) p-Value

Male * 250 (56.8%) 225 (56.4%) 25 (61.0%) 0.32
Age (years) ** 36.0 [20] 36.0 [20] 32.0 [18] 0.06
Country of origin *

− Equatorial Guinea 190 (43.2%) 178 (44.6%) 12 (37.1%) 0.06
Past medical history *

− HIV
− Chronic viral hepatitis
− Cardiovascular risk-factors

15 (3.4%)
16 (3.6%)
43 (9.8%)

11 (2.8%)
14 (3.5%)

41 (10.3%)

4 (9.8%)
2 (4.9%)
2 (4.9%)

0.02
0.66
0.27

Type of migrant *

− Emigrant
− Immigrant

VFR
Newly arrived

13 (3.0%)
427 (97.0%)
145 (33.0%)
157 (35.7%)

7 (1.8%)
392 (98.2%)
136 (34.1%)
139 (34.8%)

6 (14.6%)
35 (85.4%)
9 (22.0%)

18 (43.9%)

<0.001
-

0.03
0.26

Peripheric eosinophilia * 82 (18.6%) 72 (18.1%) 10 (24.4%) 0.32
Elevated IgE * 242 (55.0%) 239 (61.3%) 3 (100%) <0.001

* frequency (%); ** median [IQR]. HIV human immunodeficiency virus; IgE total immunoglobulin E; VFR visiting
friends and relatives. Peripheric eosinophilia was determined as absolute eosinophile count above 500 cells/µL;
Elevated IgE was defined as total IgE levels above 117 KU/L.

The country of origin of the individuals from the general cohort are represented in
Figure 2.
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Figure 2. Country of origin of individuals in overall cohort (n = 440) by absolute frequency.

A vast majority of the subjects (372, 84.5%) did not have a significant past medical
history. Fifteen subjects (3.4%) presented known HIV infection, with a significantly higher
proportion in group B (2.8 vs. 9.8%, p = 0.019). Sixteen subjects (3.6%) had a previous
history of chronic viral hepatitis (9 cases of hepatitis B, 6 cases of hepatitis C and 1 coin-
fection). Notably, known history of cardiovascular risk factors (i.e., dyslipidemia, arterial
hypertension and diabetes mellitus) prevailed over infectious diseases in the general cohort
(43 subjects [9.8%] vs. 31 [7.0%]).
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3.2. Schistosomiasis Screening Outcomes

Fifty subjects (11.4%) were diagnosed with a Schistosoma infection during the study
period. The general features of the schistosomiasis cases and the comparison to subjects
without schistosomiasis are presented in Table 2. Absolute and relative eosinophilia were
more frequent in the schistosomiasis group (50% vs. 12.6% in absolute count, 82% vs. 31.3%
in relative count, both p < 0.001).

Table 2. Schistosomiasis cases diagnosed by screening strategy.

Schistosomiasis Cases * Group A
(n = 399)

Group B
(n = 41)

Confirmed cases

− S. haematobium
− S. mansoni
− S. intercalatum

37 (9.3%)
26 (6.5%)
4 (1.0%)
6 (1.5%)

3 (7.3%)
3 (7.3%)

-
-

Probable cases 9 (2.0%) 1 (2.4%)
Total 46 (11%) 4 (9.8%)

* n (%). Probable cases were defined by a positive serology considered as clinically relevant by the physician in
charge. Confirmed cases were established after direct observation of Schistosoma spp. eggs in excreta.

Grades of eosinophilia in schistosomiasis cases are represented in Figure 3. No signifi-
cant differences were found in the presence of eosinophilia between subjects with confirmed
probable schistosomiasis.
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The proportion of schistosomiasis cases did not differ significantly r between both
strategies (46 cases [11.5%] in group A vs. 4 cases [9.8%], p = 0.733). According to the
screening strategy:

3.2.1. Group A

In group A, based on copro and uroparasitological direct examination, 46 cases (11.5%)
of schistosomiasis out of 399 screened subjects were detected. Thirty-seven (9.3%) cases
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were diagnosed by urine and/or feces examination; the vast majority were stool samples
(30 cases; 26 subjects presented S. intercalatum eggs, four cases with S. mansoni eggs). Uro-
parasitological samples yielded positive results in six subjects, in which S. haematobium
eggs were observed. One case with positive results in both stool (S. intercalatum) and urine
(S. haematobium) examination was detected. Serology was performed in a second-step
diagnosis as part of an eosinophilia study in two subjects with confirmed gastrointestinal
schistosomiasis by S. intercalatum and S. mansoni, respectively, and results were negative
in both cases. Serology was performed for a second time in 45 subjects with previous
negative results in urine and stool microscopic observation as part of the investigations
for eosinophilia and/or hyper IgE found in baseline blood test. Eleven subjects tested
positive, although a probable schistosomiasis was assumed in nine cases (81.8% of the cases
with a positive ELISA result). The remaining two cases presented a positive serology for
Strongyloides stercolaris (high titles) and were diagnosed as such, considering Schistosoma
spp. serology positivity due to probable cross-reaction.

3.2.2. Group B

Screening was conducted through baseline Schistosoma ELISA serology in 41 cases.
The results were positive in six individuals, two of which were not interpreted as clin-
ically relevant according to medical records. No cases were detected by stool analysis.
Among the four probable cases, three subjects underwent uroparasitological examination.
Genitourinary schistosomiasis was confirmed in all three cases with the observation of
S. haematobium eggs in urine specimen.

Table 3 shows the correlation between serology and copro/uroparasitological studies
when both the direct examination technique and serology were performed. Both tests
were performed in 88 subjects. Sixteen (18.4%) of them showed discordance between the
different techniques (either positive serology with negative uroparasitological examination
or positive microscopic observation with negative serology). Out of the seventeen subjects
with a positive serology, no Schistosoma spp. eggs were found in fourteen (82.4%); among
seventy patients with negative serology, eggs were found in two (2.9%).

Table 3. Correlation between serology and copro-uroparasitological examination.

Copro/Uroparasitological Sample Examination

S. mansoni S. intercalatum S. haematobium No eggs Total
S. mansoni. serology

(ELISA IgG)
Positive 0 (0%) 0 (0%) 3 (17.6%) 14 (82.4%) 17

Negative 1 (1.4%) 1 (1.4%) 0 (0%) 69 (97.2%) 71

3.3. Schistosomiasis Treatment, Complementary Examinations and Follow-Up

Among 50 subjects with schistosomiasis diagnosis, 46 received antiparasitic treat-
ment with praziquantel. Four subjects (8.0%) were lost in the follow-up before receiving
treatment. Treatment regimens were non-systematically collected in medical records. The
most commonly therapeutic scheme was 40 mg/kg/day, administered twice a day on two
consecutive days (34 cases, 68%); however, other therapeutic regimens, such as 40 mg in a
single dose, or repeated doses 15 days later, were also administered. Concerning comple-
mentary examinations, abdominal US was performed in 12 subjects (24%). Pathological
findings were present in four of them (33.3%), consisting of bladder wall irregularities and
thickening in all cases.

Schistosoma serology after a 6-month follow-up was performed in seven subjects who
had previously tested positive. Serological test persisted as positive in six of them, and
titles did not present a significant decrease in any of them. Serology was repeated after
12 months in two subjects, showing a persistent positive result in both. Re-treatment was
administered in one case due to persistent eosinophilia.
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3.4. General Screening Results

From the overall cohort, 188 subjects (42.7%) were diagnosed with 215 other infections
during systematic screening; 45 individuals (23.9%) showed concomitant coinfections.
Among Schistosoma-infected subjects, 26 (52.0%) were diagnosed with other infectious
diseases. The most frequent diagnosed infections in the overall cohort are summarized in
Figure 4.
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Figure 4. Absolute and relative frequency of newly diagnosed infections in the general cohort
(n = 440). HIV human immunodeficiency virus; LTB latent tuberculosis. * The category “other”
included cases of amebiasis, gonorrhea and Mansonella, Toxocara canis, Taenia solium and Dicrocoelium
dendriticum infections.

Coinfections were more frequent in subjects with baseline eosinophilia (71.6% vs. 36.9%,
p < 0.001). Among the twenty-five schistosomiasis cases with baseline absolute eosinophilia,
14 (56%) were diagnosed with any other infections. Considering both previously known
and newly diagnosed cases, chronic conditions such as chronic viral hepatitis and HIV
reached 10.5% and 6.6% prevalence in the overall cohort, respectively.

4. Discussion

Our study analyzed two schistosomiasis screening strategies used in the clinical
practice of an International Health Institution in Barcelona, Spain, from 2014 to 2017. All
diagnosed cases correspond to immigrants, mostly from Equatorial Guinea. This country
is probably over-represented due to historical and cultural ties with Spain and the high
degree of awareness of the importance of screening in this group. Similar demographic
characteristics have been reported in cohorts within the Spanish territory [17,18].

The rationale for screening schistosomiasis in a population from endemic areas is that
the disease is highly prevalent, and treatment with praziquantel is safe and effective [18,19].
Studies have reported a prevalence of schistosomiasis ranging from 20 to 40% in endemic
populations [19,20]. In migrants, the prevalence ranged from 1% to 18% depending on
the screening strategy (parasitological vs. serological study), according to a recent meta-
analysis [21–23]. In our study, the overall detected prevalence including both screening
strategies was 11.5%.

It should be noted that the accuracy of the parasitological study depends largely on
the experience of the observer, and therefore may vary significantly between laboratories.
Moreover, in contexts with a low egg burden, egg excretion may present great variations
throughout the day; even in the same sample, the eggs may be unevenly distributed [24,25].
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The use of automatized techniques would allow screening to be expanded and performed
in primary care units, and not necessarily in specialized centers.

In this situation, the sensitivity of the technique should be prioritized over specificity,
although performing two tests in parallel could be used to increase the accuracy of detection
and inform schistosome species [8]. In our study, the percentage of diagnosed cases were
similar in both described strategies. A possible explanation could be the high specialization
of the reference laboratory, which optimizes the sensitivity of direct observation techniques.
This condition might not be generalized to other contexts with less specialized laboratory
personnel. Nevertheless, in the case of intestinal schistosomiasis, other more sensitive
techniques, such as the saline gradient or the helminthex method, could improve the
sensitivity of direct diagnosis [26].

In this study, the serology used was an ELISA based on crude antigens of S. mansoni.
Several studies show that this technique is more sensitive than the direct visualization
of eggs, especially in adults with light infections from non-endemic areas [27,28]. Nev-
ertheless, the sensitivity of the serological tests for other Schistosoma species could be
compromised. Thus, sensitivity varies between 50 and 90% for S. mansoni and 20 and 70%
for S. haematobium [29].

The prevalence of imported eosinophilia among travelers and immigrants is reported
between 8% and 28.5%, consistently with the reported prevalence of 16.8% in our cohort.
Etiological diagnosis is often troublesome. Depending on the depth of the study and the
population analyzed, a parasitic cause is identified in 17% to 75.9% of individuals. Among
the difficulties encountered to compare studies are the heterogeneity of the studied popu-
lations, the study designs and the different diagnostic protocols [15]. In schistosomiasis,
eosinophilia is not a consistent finding [30,31], especially in adult migrants in whom infec-
tion has probably happened in childhood and presented a low parasite load. In our study,
50% had eosinophilia. However, this finding could be influenced by the usual presence of
coinfections, such as strongyloidiasis, filariasis and soil-transmitted infections. Consistent
with other studies [18,32], IgE elevation was more prevalent than eosinophilia (68%). How-
ever, one third of the tschistosomiasis cases presented no abnormal IgE levels. Therefore,
screening of the disease should be based primarily on origin in the case of migrants, and on
risk activities in the case of travelers, rather than on the presence of these parameters [21].

Once screening has been performed, the exact procedure to follow once individuals
are considered positive is not clear. There are few guidelines on the management of these
patients, either symptomatic or asymptomatic. Some guidelines recommend performing a
parasitological examination in the case of a positive serology, and performing an ultrasound
only if eggs are found [33]. Although this is essential to differentiate the species, the
low sensitivity of the parasitological test and the presence of lesions in patients without
egg detection suggest that an ultrasound should be performed in all patients, regardless
of the parasitological result and the presence of symptoms [34,35]. In our study, in all
patients diagnosed either by parasitological study or by serology, treatment was considered.
However, the percentage of ultrasounds performed was very low, reflecting the difficulties
on an appropriate management in many contexts. One third of the performed ultrasounds
showed pathological findings related to the infection.

One limitation of schistosomiasis serology is that its use to differentiate between
current and past infection is very limited, since antibody titers vary significantly after
administering an adequate treatment [36]. In our study, only 2.5% of patients underwent
control serology, of which 73% resulted positive. Follow-up of migrant subjects is difficult,
especially regarding screening of asymptomatic populations, due to socioeconomic and
linguistic barriers, high mobility and lack of disease perception [37]. Mechanisms need
to be in place to ensure non-discrimination in access to health care, such as availability
of cultural mediators, improvement of health literacy through targeted health promotion
interventions, supranational communication system and effective asylum policies, among
others [38,39].
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Due to the limitations of both techniques currently used, new tests with higher sensitiv-
ity and specificity that are capable of differentiating current from past infections should be
developed. Meanwhile, the combination of several serological techniques, the western blot
technique, or the immuno-chromatographic test (ICT) have shown a higher sensitivity [29].

A recent evaluation of several diagnostic tools found that a rapid commercial sero-
logical ICT test with a 96% sensitivity would have the potential for being used as a single
screening test for migrants from Sub-Saharan Africa [40]. Molecular techniques (serum or
excreta PCR) also have a high performance, improving the sensitivity of serology and allow-
ing confirmation of the Schistosoma species involved. Furthermore, they can be useful for
outcome monitoring [41]. More efforts should be made to make these tests widely available
for their use in daily practice. Lateral flow (LF) essays for the detection of worm-related
circulating antigens have also been developed in urine and blood-related products [42,43].
LF-circulating anodic antigen (CAA) in serum has shown to be useful in order to monitor
treatment response, although wider evidence is needed for non-endemic areas [42,43].

Regarding schistosoma treatment, wide heterogenicity has been observed in prescribed
antiparasitic regimens [44,45]. In our cohort, the most commonly prescribed therapeutic
scheme (40 mg/kg/day, twice a day during two consecutive days) overcame the dosages
recommended by WHO (40 mg/kg/day) and CDC (40–60 mg/kg/day one single day).
However, these are recommendations for disease control in endemic areas; an increase
in dosages and duration of antiparasitic treatment were common in a recent review of
cases from non-endemic areas, emphasizing the need for randomized clinical trials in
this setting [44]. Regarding general screening, an important proportion of the cohort was
diagnosed with some infectious diseases, which encourages the maintenance of screening
programs with the active participation of actors such as NGOs, community organizations
and other health care departments. The lower rate of infections in our study compared to
similar publications could be probably explained due to the exclusion of individuals with
symptoms or known eosinophilia/elevated IgE [17,18]. Concerning general migrant health
status, it is worthy to report the high prevalence of cardiovascular conditions, even among
such a young population as that included in this cohort [46]. Specific, culturally oriented
strategies and resources should be available to ensure the detection and management of
non-communicable diseases in these vulnerable populations [47].

This study presents important limitations, mainly due to its retrospective design.
Information bias due to incomplete data in medical records could have influenced the
results concerning the serological interpretation. As foresaid, selection bias could not
be completely avoided, despite the tight inclusion criteria. Also, the sample size of both
strategies considerably differs, making difficult a significant comparison between groups. In
the same line, the sample of schistosomiasis cases is too limited to draw robust conclusions.
The high rate of loss at follow-up, related to the precarious life conditions, is the cause of a
substantial amount of data losses, especially concerning follow-up information. Finally, it
is worthy remarking that inclusion was limited to asymptomatic subjects coming from SSA;
thus, the results might not be generalized to other populations. Despite these remarkable
limitations, we believe that this study provides valuable data on the screening of Sub-
Saharan migrants in the clinical practice.

5. Conclusions

Serology achieves a similar performance to direct diagnosis for the screening of schis-
tosomiasis in a high-risk population. Due to the standardization of the serology technique
and its availability at all levels of care, facilitating access to all patients, this strategy is
recommended. Screening should be based primarily on origin rather than on the presence
of eosinophilia and/or elevated IgE levels, due the inconsistence of these parameters.

Author Contributions: Conceptualization, L.R. and C.B.; methodology, L.R., E.S. and C.B.; vali-
dation, I.M. and E.S.; formal analysis, L.R.; investigation, L.R. and C.B.; resources, E.S. and I.M.;
writing—original draft preparation, L.R.; writing—review and editing, L.R., E.S., C.B., F.S., B.T.,
F.Z., L.G., N.S.-D., I.O.-S., M.L.A., D.P., A.S.-M., P.B.-N., J.E.-P. and I.M.; visualization, C.B. and F.S.;



Trop. Med. Infect. Dis. 2023, 8, 44 11 of 13

supervision, I.M.; project administration, I.M. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was conducted in accordance with the Declara-
tion of Helsinki and approved by the Ethical Committee of the University Hospital Vall d’Hebron
PR(AG)112/2016.

Informed Consent Statement: Patient consent was waived due to retrospective analysis of the cohort.
All data were anonymized.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Deol, A.K.; Fleming, F.M.; Calvo-Urbano, B.; Walker, M.; Bucumi, V.; Gnandou, I.; Tukahebwa, E.M.; Jemu, S.; Mwingira, U.J.;

Alkohlani, A.; et al. Schistosomiasis—Assessing Progress toward the 2020 and 2025 Global Goals. N. Engl. J. Med. 2019, 381,
2519–2528. [CrossRef]

2. Gryseels, B.; Polman, K.; Clerinx, J.; Kestens, L. Human schistosomiasis. Lancet 2006, 368, 1106–1118. [CrossRef] [PubMed]
3. Mc Manus, D.P.; Dunne, D.W.; Sacko, M.; Utzinger, J.; Vennervald, B.J.; Zhou, X.N. Schistosomiasis. Nat. Rev. Dis. Prim. 2018, 4,

1–19.
4. Rollinson, D.; Knopp, S.; Levitz, S.; Stothard, J.R.; Tchuem Tchuenté, L.A.; Garba, A.; Mohammed, K.A.; Schur, N.; Person, B.;

Colley, D.G.; et al. Time to set the agenda for schistosomiasis elimination. Acta Trop. 2013, 128, 423–440. [CrossRef] [PubMed]
5. de Laval, F.; Savini, H.; Biance- Valero, E.; Simon, F. Human Schistosomiasis: An Emerging Threat for Europe. Lancet 2014, 384,

1094–1095. Available online: http://linkinghub.elsevier.com/retrieve/pii/S014067361461669X (accessed on 12 December 2021).
[CrossRef] [PubMed]

6. Beltrame, A.; Buonfrate, D.; Gobbi, F.; Angheben, A.; Marchese, V.; Monteiro, G.B.; Bisoffi, Z. The hidden epidemic of schistosomi-
asis in recent African immigrants and asylum seekers to Italy. Eur. J. Epidemiol. 2017, 32, 733–735. [CrossRef]

7. Boissier, J.; Grech-Angelini, S.; Webster, B.L.; Allienne, J.-F.; Huyse, T.; Mas-Coma, S.; Toulza, E.; Barré-Cardi, H.; Rollinson, D.;
Kincaid-Smith, J.; et al. Outbreak of urogenital schistosomiasis in Corsica (France): An epidemiological case study. Lancet Infect.
Dis. 2016, 16, 971–979. [CrossRef]

8. Agbata, E.N.; Morton, R.L.; Bisoffi, Z.; Bottieau, E.; Greenaway, C.; Biggs, B.-A.; Montero, N.; Tran, A.; Rowbotham, N.; Arevalo-
Rodriguez, I.; et al. Effectiveness of screening and treatment approaches for schistosomiasis and strongyloidiasis in newly-arrived
migrants from endemic countries in the EU/EEA: A systematic review. Int. J. Environ. Res. Public Health 2019, 16, 11. [CrossRef]

9. Katz, N.; Chaves, A.; Pellegrino, J.P. A simple device for quantitative stool thick-smear in Schistosoma mansoni. Rev. Inst. Med.
Trop. Sao Paulo 1972, 14, 397–400. [PubMed]

10. Bärenbold, O.; Raso, G.; Coulibaly, J.T.; N’ Goran, E.K.; Utzinger, J.; Vounatsou, P. Estimating sensitivity of the Kato-Katz
technique for the diagnosis of Schistosoma mansoni and hookworm in relation to infection intensity. PLoS Negl. Trop. Dis. 2017,
11, e0005953. [CrossRef]

11. Kittur, N.; Castleman, J.D.; Campbell, C.H.; King, C.H.; Colley, D.G. Comparison of schistosoma mansoni prevalence and intensity
of infection, as determined by the circulating cathodic antigen urine assay or by the kato-katz fecal assay: A systematic review.
Am. J. Trop. Med. Hyg. 2016, 94, 605–610. [CrossRef] [PubMed]

12. Hinz, R.; Schwarz, N.G.; Hahn, A.; Frickmann, H. Serological approaches for the diagnosis of schistosomiasis—A review. Mol.
Cell. Probes 2017, 31, 2–21. [CrossRef] [PubMed]

13. United Nations Educational Scientific and Cultural Organization UNESCO. Learning to Live Together [Internet]. Available
online: https://wayback.archive-it.org/10611/20171126022441/http://www.unesco.org/new/en/social-and-human-sciences/
themes/international-migration/glossary/migrant/ (accessed on 20 December 2021).

14. Centers for Disease Control and Prevention. CDC Yellow Book 2020: Health Information for International Travel [Internet]; Oxford
University Press: Oxford, UK, 2020; Chapter 9. Available online: https://wwwnc.cdc.gov/travel/yellowbook/2020/travel-for-
work-other-reasons/visiting-friends-and-relatives-vfr-travel (accessed on 23 December 2021).

15. Salas-Coronas, J.; Ramírez-Olivencia, G.; Pérez-Arellano, J.L.; Belhassen-García, M.; Carranza-Rodríguez, C.; García-Rodríguez,
M.; Villar-Garcia, J.; Treviño-Maruri, B.; Serre-Delcor, N.; López-Vélez, R.; et al. Diagnosis and treatment of imported eosinophilia
in travellers and immigrants: Recommendations of the Spanish Society of Tropical Medicine and International Health (SEMTSI).
Rev. Esp. Quimioter Public Soc. Esp. Quimioter. 2017, 30, 62–78.

16. World Health Organisation. Schistosomiasis. Available online: https://www.who.int/news-room/fact-sheets/detail/
schistosomiasis (accessed on 19 November 2021).

17. Salas-Coronas, J.; Cabezas-Fernandez, M.T.; Lozano-Serrano, A.B.; Soriano-Perez, M.J.; Vazquez-Villegas, J.; Cuenca-Gomez,
J. Newly arrived african migrants to Spain: Epidemiology and burden of disease. Am. J. Trop. Med. Hyg. 2018, 98, 319–325.
[CrossRef]

http://doi.org/10.1056/NEJMoa1812165
http://doi.org/10.1016/S0140-6736(06)69440-3
http://www.ncbi.nlm.nih.gov/pubmed/16997665
http://doi.org/10.1016/j.actatropica.2012.04.013
http://www.ncbi.nlm.nih.gov/pubmed/22580511
http://linkinghub.elsevier.com/retrieve/pii/S014067361461669X
http://doi.org/10.1016/S0140-6736(14)61669-X
http://www.ncbi.nlm.nih.gov/pubmed/25241713
http://doi.org/10.1007/s10654-017-0259-6
http://doi.org/10.1016/S1473-3099(16)00175-4
http://doi.org/10.3390/ijerph16010011
http://www.ncbi.nlm.nih.gov/pubmed/4675644
http://doi.org/10.1371/journal.pntd.0005953
http://doi.org/10.4269/ajtmh.15-0725
http://www.ncbi.nlm.nih.gov/pubmed/26755565
http://doi.org/10.1016/j.mcp.2016.12.003
http://www.ncbi.nlm.nih.gov/pubmed/27986555
https://wayback.archive-it.org/10611/20171126022441/http://www.unesco.org/new/en/social-and-human-sciences/themes/international-migration/glossary/migrant/
https://wayback.archive-it.org/10611/20171126022441/http://www.unesco.org/new/en/social-and-human-sciences/themes/international-migration/glossary/migrant/
https://wwwnc.cdc.gov/travel/yellowbook/2020/travel-for-work-other-reasons/visiting-friends-and-relatives-vfr-travel
https://wwwnc.cdc.gov/travel/yellowbook/2020/travel-for-work-other-reasons/visiting-friends-and-relatives-vfr-travel
https://www.who.int/news-room/fact-sheets/detail/schistosomiasis
https://www.who.int/news-room/fact-sheets/detail/schistosomiasis
http://doi.org/10.4269/ajtmh.17-0604


Trop. Med. Infect. Dis. 2023, 8, 44 12 of 13

18. Delcor, N.S.; Ascaso, C.; Essadik, H.O.; Maruri, B.T.; Romero, I.M.; Guiu, I.C.; Soley, M.E.; Arandes, A.S. Infectious diseases in
sub-Saharan immigrants to Spain. Am. J. Trop. Med. Hyg. 2016, 94, 750–756. [CrossRef]

19. Kärki, T.; Napoli, C.; Riccardo, F.; Fabiani, M.; Dente, M.G.; Carballo, M.; Noori, T.; Declich, S. Screening for Infectious Diseases
among Newly Arrived Migrants in EU/EEA Countries—Varying Practices but Consensus on the Utility of Screening. Int. J.
Environ. Res. Public Health 2014, 11, 11004–11014. [CrossRef]

20. Bocanegra, C.; Salvador, F.; Sulleiro, E.; Sánchez-Montalvá, A.; Pahissa, A.; Molina, I. Screening for imported diseases in an
immigrant population: Experience from a teaching hospital in Barcelona, Spain. Am. J. Trop. Med. Hyg. 2014, 91, 1277–1281.
[CrossRef]

21. Asundi, A.; Beliavsky, A.; Liu, X.J.; Akaberi, A.; Schwarzer, G.; Bisoffi, Z.; Requena-Méndez, A.; Shrier, I.; Greenaway, C.
Prevalence of strongyloidiasis and schistosomiasis among migrants: A systematic review and meta-analysis. Lancet Glob. Health
2019, 7, e236–e248. [CrossRef]

22. Salvador, F.; Ribera, E.; Crespo, M.; Falcó, V.; Curran, A.; Ocaña, I.; Eynde, E.V.D.; Molina, I.; Pahissa, A.; Navarro, J.; et al. Tropical
diseases screening in immigrant patients with human immunodeficiency virus infection in Spain. Am. J. Trop. Med. Hyg. 2013, 88,
1196–1202. [CrossRef]

23. Sánchez-Montalvá, A.; Camps, I.R.; Barba, P.; Valcarcel, D.; Sulleiro, E.; Sanz-García, E.; Molina, I.; Salvador, F. Imported Disease
Screening Prior to Chemotherapy and Bone Marrow Transplantation for Oncohematological Malignancies. Am. J. Trop. Med.
Hyg. 2016, 95, 1463–1468. Available online: http://www.ncbi.nlm.nih.gov/pubmed/27928093 (accessed on 20 December 2021).
[CrossRef]

24. Utzinger, J.; Booth, M.; N’ Goran, E.K.; Müller, I.; Tanner, M.; Lengeler, C. Relative contribution of day-to-day and intra-specimen
variation in faecal egg counts of Schistosoma mansoni before and after treatment with praziquantel. Parasitology 2001, 122,
537–544. [CrossRef] [PubMed]

25. de Vlas, S.J.; Gryseels, B. Underestimation of Schistosoma mansoni prevalences. Parasitol. Today 1992, 8, 274–277. [CrossRef]
[PubMed]

26. Oliveira, W.J.; Magalhães, F.D.C.; Elias, A.M.S.; De Castro, V.N.; Favero, V.; Lindholz, C.G.; Oliveira, A.; Barbosa, F.S.; Gil, F.;
Gomes, M.A.; et al. Evaluation of diagnostic methods for the detection of intestinal schistosomiasis in endemic areas with low
parasite loads: Saline gradient, Helmintex, Kato-Katz and rapid urine test. PLoS Negl. Trop. Dis. 2018, 12, e0006232. [CrossRef]
[PubMed]

27. Knopp, S.; Mgeni, A.F.; Khamis, I.S.; Steinmann, P.; Stothard, R.; Rollinson, D.; Marti, H.; Utzinger, J. Diagnosis of soil-transmitted
helminths in the era of preventive chemotherapy: Effect of multiple stool sampling and use of different diagnostic techniques.
PLoS Negl. Trop. Dis. 2008, 2, e331. [CrossRef]

28. Bierman, W.F.W.; Wetsteyn, J.C.F.M.; Van Gool, T. Presentation and diagnosis of imported schistosomiasis: Relevance of
eosinophilia, microscopy for ova, and serology. J. Travel Med. 2005, 12, 9–13. [CrossRef]

29. Kinkel, H.F.; Dittrich, S.; Baümer, B.; Weitzel, T. Evaluation of eight serological tests for diagnosis of imported schistosomiasis.
Clin. Vaccine Immunol. 2012, 19, 948–953. [CrossRef]

30. Elfaki, T.E.M.; Arndts, K.; Wiszniewsky, A.; Ritter, M.; Goreish, I.A.; Mekki, M.E.Y.A.A.E.; Arriens, S.; Pfarr, K.; Fimmers, R.;
Doenhoff, M.; et al. Multivariable Regression Analysis in Schistosoma mansoni-Infected Individuals in the Sudan Reveals Unique
Immunoepidemiological Profiles in Uninfected, egg+ and Non-egg+ Infected Individuals. PLoS Negl. Trop. Dis. 2016, 10, e0004629.
[CrossRef]

31. Marchese, V.; Beltrame, A.; Angheben, A.; Monteiro, G.B.; Giorli, G.; Perandin, F.; Buonfrate, D.; Bisoffi, Z. Schistosomiasis in
immigrants, refugees and travellers in an Italian referral centre for tropical diseases. Infect. Dis. Poverty 2018, 7, 56–65. [CrossRef]

32. Belhassen-García, M.; Pardo-Lledías, J.; Pérez Del Villar, L.; Muro, A.; Velasco-Tirado, V.; Blázquez De Castro, A.; Vicente, B.;
García García, M.I.; Bellido, J.L.M.; Cordero-Sánchez, M. Relevance of eosinophilia and hyper-IgE in immigrant children. Medicine
2014, 93, e43. [CrossRef]

33. Chaves, N.J.; Paxton, G.A.; Biggs, B.-A.; Thambiran, A.; Gardiner, J.; Williams, J.; Smith, M.M.; Davis, J.S. The Australasian
Society for Infectious Diseases and Refugee Health Network of Australia recommendations for health assessment for people from
refugee-like backgrounds: An abridged outline. Med. J. Aust. 2017, 206, 310–315. [CrossRef]

34. Tilli, M.; Gobbi, F.; Rinaldi, F.; Testa, J.; Caligaris, S.; Magro, P.; Buonfrate, D.; Degani, M.; Minervini, A.; Carini, M.; et al. The
diagnosis and treatment of urogenital schistosomiasis in Italy in a retrospective cohort of immigrants from Sub-Saharan Africa.
Infection 2019, 47, 447–459. [CrossRef]

35. Salas-Coronas, J.; Vázquez-Villegas, J.; Lozano-Serrano, A.B.; Soriano-Pérez, M.J.; Cabeza-Barrera, I.; Cabezas-Fernández, M.T.;
Villarejo-Ordóñez, A.; Sánchez-Sánchez, J.C.; Vivas-Pérez, J.I.A.; Vázquez-Blanc, S.; et al. Severe complications of imported
schistosomiasis, Spain: A retrospective observational study. Travel Med. Infect. Dis. 2020, 35, 101508. [CrossRef] [PubMed]

36. Yong, M.K.; Beckett, C.L.; Leder, K.; Biggs, B.A.; Torresi, J.; O’ Brien, D.P. Long-term follow-up of schistosomiasis serology
post-treatment in Australian Travelers and Immigrants. J. Travel Med. 2010, 17, 89–93. [CrossRef] [PubMed]

37. Pavli, A.; Maltezou, H. Health problems of newly arrived migrants and refugees in Europe. J. Travel Med. 2017, 24, 1–8. [CrossRef]
[PubMed]

38. Netto, G.; Bhopal, R.; Lederle, N.; Khatoon, J.; Jackson, A. How can health promotion interventions be adapted for minority ethnic
communities? Five principles for guiding the development of behavioural interventions. Health Promot Int. 2010, 25, 248–257.
[CrossRef] [PubMed]

http://doi.org/10.4269/ajtmh.15-0583
http://doi.org/10.3390/ijerph111011004
http://doi.org/10.4269/ajtmh.14-0206
http://doi.org/10.1016/S2214-109X(18)30490-X
http://doi.org/10.4269/ajtmh.12-0714
http://www.ncbi.nlm.nih.gov/pubmed/27928093
http://doi.org/10.4269/ajtmh.16-0458
http://doi.org/10.1017/S0031182001007752
http://www.ncbi.nlm.nih.gov/pubmed/11393827
http://doi.org/10.1016/0169-4758(92)90144-Q
http://www.ncbi.nlm.nih.gov/pubmed/15463638
http://doi.org/10.1371/journal.pntd.0006232
http://www.ncbi.nlm.nih.gov/pubmed/29470516
http://doi.org/10.1371/journal.pntd.0000331
http://doi.org/10.2310/7060.2005.00003
http://doi.org/10.1128/CVI.05680-11
http://doi.org/10.1371/journal.pntd.0004629
http://doi.org/10.1186/s40249-018-0440-5
http://doi.org/10.1097/MD.0000000000000043
http://doi.org/10.5694/mja16.00826
http://doi.org/10.1007/s15010-019-01270-0
http://doi.org/10.1016/j.tmaid.2019.101508
http://www.ncbi.nlm.nih.gov/pubmed/31704484
http://doi.org/10.1111/j.1708-8305.2009.00379.x
http://www.ncbi.nlm.nih.gov/pubmed/20412174
http://doi.org/10.1093/jtm/tax016
http://www.ncbi.nlm.nih.gov/pubmed/28426115
http://doi.org/10.1093/heapro/daq012
http://www.ncbi.nlm.nih.gov/pubmed/20299500


Trop. Med. Infect. Dis. 2023, 8, 44 13 of 13

39. Rechel, B.; Mladovsky, P.; Ingleby, D.; Mackenbach, J.P.; Mc Kee, M. Migration and health in an increasingly diverse Europe.
Lancet 2013, 381, 1235–1245. [CrossRef]

40. Beltrame, A.; Guerriero, M.; Angheben, A.; Gobbi, F.; Requena-Mendez, A.; Zammarchi, L.; Formenti, F.; Perandin, F.; Buonfrate,
D.; Bisoffi, Z. Accuracy of parasitological and immunological tests for the screening of human schistosomiasis in immigrants and
refugees from African countries: An approach with Latent Class Analysis. PLoS Negl. Trop. Dis. 2017, 11, e0005593. [CrossRef]
[PubMed]

41. Guegan, H.; Fillaux, J.; Charpentier, E.; Robert-Gangneux, F.; Chauvin, P.; Guemas, E.; Boissier, J.; Valentin, A.; Cassaing, S.;
Gangneux, J.-P.; et al. Real-time PCR for diagnosis of imported schistosomiasis. PLoS Negl. Trop. Dis. 2019, 13, e0007711.
[CrossRef]

42. van Grootveld, R.; van Dam, G.J.; de Dood, C.; de Vries, J.J.C.; Visser, L.G.; Corstjens, P.L.A.M.; van Lieshout, L. Improved
diagnosis of active Schistosoma infection in travellers and migrants using the ultra-sensitive in-house lateral flow test for detection
of circulating anodic antigen (CAA) in serum. Eur. J. Clin. Microbiol. Infect. Dis. 2018, 37, 1709–1716. [CrossRef]

43. van Lieshout, L.; Polderman, A.M.; Deelder, A.M. Immunodiagnosis of schistosomiasis by determination of the circulating
antigens CAA and CCA, in particular in individuals with recent or light infections. Acta Trop. 2000, 77, 69–80. [CrossRef]

44. Casacuberta-Partal, M.; Janse, J.J.; van Schuijlenburg, R.; de Vries, J.J.C.; Erkens, M.A.A.; Suijk, K.; van Aalst, M.; Maas, J.J.;
Grobusch, M.P.; van Genderen, P.J.J.; et al. Antigen-based diagnosis of Schistosoma infection in travellers: A prospective study.
J. Travel Med. 2020, 27, taaa055, PMCID:PMC7359925. [CrossRef] [PubMed]

45. Cucchetto, G.; Buonfrate, D.; Marchese, V.; Rodari, P.; Ferrari, A.; Zanotti, P.; Bottieau, E.; Silva, R.; Bisoffi, Z.; Gobbi, F. High-dose
or multi-day praziquantel for imported schistosomiasis? A systematic review. J. Travel Med. 2019, 26, taz050. [CrossRef]

46. Ciccacci, F.; Orlando, S.; Majid, N.; Marazzi, C. Epidemiological transition and double burden of diseases in low-income countries:
The case of Mozambique. Pan. Afr. Med. J. 2020, 37, 49. [CrossRef] [PubMed]

47. James, S.L.; Abate, D.; Abate, K.H.; Abay, S.M.; Abbafati, C.; Abbasi, N.; Abbastabar, H.; Abd-Allah, F.; Abdela, J.; Abdelalim,
A.; et al. Global, regional, and national incidence, prevalence, and years lived with disability for 354 Diseases and Injuries for
195 countries and territories, 1990–2017: A systematic analysis for the Global Burden of Disease Study 2017. Lancet 2018, 392,
1789–1858. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1016/S0140-6736(12)62086-8
http://doi.org/10.1371/journal.pntd.0005593
http://www.ncbi.nlm.nih.gov/pubmed/28582412
http://doi.org/10.1371/journal.pntd.0007711
http://doi.org/10.1007/s10096-018-3303-x
http://doi.org/10.1016/S0001-706X(00)00115-7
http://doi.org/10.1093/jtm/taaa055
http://www.ncbi.nlm.nih.gov/pubmed/32307517
http://doi.org/10.1093/jtm/taz050
http://doi.org/10.11604/pamj.2020.37.49.23310
http://www.ncbi.nlm.nih.gov/pubmed/33209176
http://doi.org/10.1016/S0140-6736(18)32279-7
http://www.ncbi.nlm.nih.gov/pubmed/30496104

	Introduction 
	Materials and Methods 
	Definitions 
	Study Design 
	Settings 
	Study Population and Data Collection 
	Case Definition 
	Statistical Analysis 
	Ethics Statement 

	Results 
	Baseline Features 
	Schistosomiasis Screening Outcomes 
	Group A 
	Group B 

	Schistosomiasis Treatment, Complementary Examinations and Follow-Up 
	General Screening Results 

	Discussion 
	Conclusions 
	References

